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Agency to leave children unprotected and public in the dark on cancer risks 
around nuclear power facilities 

Vital cancer study canceled as nuclear industry moves in to offer end-run cover-up 

TAKOMA PARK, MD, September 8, 2015 - Beyond Nuclear, a leading U.S. NGO of 
record on the health, safety and environmental dangers of nuclear power facilities, 
today decried the outrageous decision by the U.S. Nuclear Regulatory Commission 
(NRG) to cancel a study that would have examined cancer incidence and mortalities 
and the connection to U.S. nuclear facilities. 

"Study after study in Europe has shown a clear rise in childhood leukemia around 
operating nuclear power facilities, yet the NRG has decided to hide this vital information 
from the American public," said Cindy Folkers, radiation and health specialist at Beyond 
Nuclear. The study, initiated in 2009 and carried out under the auspices of the National 
Academy of Sciences (NAS), had completed Phase 1 and was looking at seven pilot 
nuclear sites around the country, a project that was estimated to cost $8 million. 

"An $8 million price tag for the next phase of this study is a drop in the bucket for an 
agency with a $1 billion annual operating budget," added Folkers. The NRG identified 
the "significant amount of time and resources needed and the agency's current budget 
constraints" as its excuse for terminating the study. 

Folkers noted that, in reality, nuclear industry manipulation, rather than budget 
constraints, could be behind the NRC's sudden decision to abandon the NAS study. 

In documents obtained by Beyond Nuclear it was revealed that NRG staff had been 
approached by the president of U.S. National Council on Radiation Protection and 
Measurements (NCRP), John Boice, offering a cheaper, faster and less sensitive study 
design to replace the NAS study, although the NRG has not yet agreed to accept the 
NCRP bid. 

"NCRP is not only funded in part by the nuclear industry but its decision-makers also 
have strong pro-nuclear ties," said Folkers, who has been leading a six .. year effort by 
Beyond Nuclear and other groups to ensure the NAS cancer study went forward with 
scientific integrity. 



"John Boice has repeatedly taken industry funding for health studies and has testified 
against plaintiffs in radiation exposure cases," Folkers continued. "The public will have 
absolutely no confidence in any conclusions reached by such a study and would 
recognize it as an attempt by the NRC to, yet again, bury public concerns about 
radiation exposure," Folkers added. 

What's also behind the cancelation, Folkers alleges, is the incontrovertible evidence of 
negative health impacts caused by the routine operation of nuclear power reactors and 
especially on children, that such a study would have made public. 

Last year, Dr. Ian Fairlie, a noted British radiation biologist, conducted a meta-analysis 
of cancer studies around nuclear plants in the UK, Germany, France and Switzerland 
and found "a highly statistically significant 37% increase in childhood leukemias within 5 
km (3 miles) of almost all nuclear power plants" in those countries. 

Reacting to the NRC's decision, Fairlie said it was "highly regrettable and inexplicable 
given the large amount of good evidence from countries outside the U.S. which strongly 
pointed to increased leukemias near nuclear power plants." 

The influence of the nuclear industry over the NRC is no surprise, given the agency 
receives 90% of its funding from the nuclear industry itself. But a recent pattern of 
dismissing public engagement and canceling minimal safety measures at U.S. nuclear 
plants is a worrying trend. 

"Funding a cancer study around nuclear power plants is a legitimate cost of doing 
radioactive business that the NRG could have collected through its licensing fees," said 
Paul Gunter, Director of Reactor Oversight at Beyond Nuclear and an NRG watchdog. 
"Instead, the NRC has decided to pass along another cost savings to the nuclear 
industry at the expense of public health and safety." 

-30· 

Beyond Nuclear aims to educate and activate the public about the connections 
between nuclear power and nuclear weapons and the need to abandon both to 
safeguard our future. Beyond Nuclear advocates for an energy future that is 
sustainable, benign and democratic. The Beyond Nuclear team works with diverse 
partners and allies to provide tt1e public, govemrrient officials, and the rr1edia with 
the critical information necessary to move J1urnanity toward a world beyond nuclear. 
Beyond Nuclear. 6930 Carroll Avenue, Suite 400, Takoma Parl<, MD 20912. 
lnfo@beyondnucfear.org. www beyoncfaL!c/ear.org. 
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NUMBER OF CASES IN THE AT RISK ZONE(<= 5 KM FROM 
A FACILITY) IN EUROPEAN STUDIES OF LEUKEMIA 

- -:'- _· .-'.'-?1IG:S ~-~-:f_¥:~t, '"iW:-;-=. --?-,~Y--'-~i'.' . 

'~L?ij;:~7~:::}'?]j~~l~g~~ri, 
Germany Kaatsch et al., 2008 

France Sermage-Faure et al., 
2012 

Britain COMARE, 2011 

Switzerland Spycher et al., 2011 

23 
17 

35 

24 

37 

24 

20 

8 



.,··'-

Risk Cases Years Years Cases Years Years 
increase Leukemia Breast ca Leukemia Breast ca 

20°/o 14,000 31 2 8,200 18 1 

40o/o 3,800 8 <1 2,200 5 <1 

200% 765 1.7 <1 <1 <1 <1 





Examines all cancers, al[ ~ges. More cases, 
more statistical power. \f 
Examines both incide,nce and mortality.~ 
No control needed. \j 
Examines associations based on residence 
at diagnosis or death. 

Can control for confounding only by using 
aggregate data. 

Can only estimate average in- and out­
migration rates. 

Particularly subject to "false positive" 
findings. 

IRB approvals may be need~d/and are likely 
to be undemanding. ·\f 
Hypothesis generating. 

Restricted to childhood cancers. Fewer cases, 
less statistical power. 

Examines incidence only. 

Control selection is required. 

Examines associations based on birth J11ace 
which can be considered more relev~rt\. 
Relevant information is available in the birth\J 
certificates. 

In-migration of cancer cases (but not control~ 
can be estimated; less mobile population._ f 
"False positive" findings are an issue. '\j 

IRS or equivalent body approvals will be 
needed. 
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SUBJECT: 

PURPOSE: 

'~ //,/ 

~----~~--.r 

The Commissioners 

NEXT STEPS FOR THE ANALYSIS OF CANCER RISKS IN 
POPULATIONS NEAR NUCLEAR FACILITIES STUDY 

The purpose of this paper is to inform the Commission of staff plans for the next steps of the 
Nuclear Regulatory Commission (NRC)-sponsored Analysis of Cancer Risks in Populations 
near Nuclear Facilities study. 

SUMMARY: 

In April 2010, the NRC staff requested the National Academy of Sciences (NAS) to perform a 
study on cancer mortality and incidence risks in populations living noar NRC-licensod facilities 
to update the 1990 National Cancer Institute (NCI) report on "Cancer Risks in Populations near 
Nuciear Facilities." The study was divided into two phases. In Phase 1, NAS explore<:I the 
feasibility of conducting an updated study by developing modem methods to perform the 
analysis. The staff ha• reviewed the results of tho Phase 1 S1udy and the NAS 
recommendations for the next phase. The staffs next step will be to proceed wttti the 
NAS.recommended approach to determine the feasibiltty of the Phase 1 mettiods through pilot 
studies at seven sites recommended by the NAS committee: Dresden in Illinois, Millstone in 
Connectieut, Oyster Creek in Now Jersey, Haddam Neck (decommissioned) in Connecticut. Big 
Rock Point (decommissioned) in Michigan, Sen Onofre in Caltfomia, and Nuclear Fuel Services 
in Tennessee. Upon completion of the pilot studies, NAS will coniment whether further study is 
beneficial, and the NRC staff will determine whether to pe~orm the studies at all NRC-lioensed 
facilities (Le., balance of operating nuclear power plants and fuel-cycle facilitJes). 

CONTACT: Terry Brock, RES/DSA 
301-251-7487 



Chidichimo, Gabriele 

From: 
Sent: 
To: 
Cc: 

Subject: 

Weber, Michael 
Tuesday, September 20, 2016 5:55 PM 
Albert, Michelle 
Ammon, Bernice; Clark, Michael; Clark, Usa; Hackett, Edwin. Tadesse, Rebecca; Spencer, 
Mary; Campbell. Tison: Pessin, Andrew; Mikula. Olivia; Cofgary, Jami;>s; Lewis, Robert 
RESPONSE - Quick Turnaround· FW: LRM tEHF-114~323] ENERGY Oversight Testimony 
on DOE's Decision to end its Low Dose Radiation Research Program #1140231926# 

Thanks, Michelle. Just seeing this now. We can live with the revised testimony. I would note that they did not 
address the two larger policy comments, but we have accomplished our objective of advising OMB of the 
concerns. 

From: Albert, Mlchetle 
Sent: Tuesday, September 20, 2016 2:51 PM 
To: Lewis, Robert <Robert.Lewis@nrc.gov>; Weber, Michael <Michael.Weber@nrc,gov>; Hackett, Edwin 
<Edwin.Hackett@nrc.gov>; Tadesse, Rebecca <Rebecca.Tadesse@rtrc.gov>; Spencer, Mary <Mary.Spencer@nrc.gov>; 
Campbell, Tison <Tisan.Campbell@nrc.gov>; Pessin, Andrew <Andrew.Pessin@nrc.gov>; Mikula, Olivia 
<Olivia,Mikula@nrc.gov>; Calgary, James <James.Colgary@nrc.gov> 
Cc: Ammon, Bernice <Bernice.Ammon@nrc.gov>; Clark, Michael <Michae!.Clark@nrc.gov>; Clark, Lisa 
<Lisa.Clark@nrc.gov> 
Subject: RE: Quick Turnaround - FW: LRM [EHF-114-323} ENERGY Oversight Testimony on DOE's Decision to end its low 
Dose Radiation Research Program #1140231926# 

OMS circulated a revised version of the draft testimony. Please see the attached for the response to the NRC 
staff's comments. 

I plan to inform OMB at 3 p.m. todav that the NRC staff has no further comments, unless I hear otherwise from 
you before then. 

Thank you, 

Michelle D. Albert 
Senior Attorney I Office df the General Counsel 
Legal Counsel, Legislation, and Special Projects Division 
U.S Nuclear Regulatory Commission 
(301) 287~92591 Michelle.A!bert@nrc.goy 

*"*OFFICIAL.USE ON! y·""·AIIORNEY..clie.i-JT PRIVILEGED IPJFORf'11ATIOtt; .. ATIORJ4Ei' ifv'ORK F'tlODUC I. 
AND/OR PREDE:CISION'l l~ffORMATION ... 

From: Albert, Michelle 
Sent: Tuesday, September 20, 2016 8:23 AM 
To: £DO_ACS Distribution <EDO ACSDistrfbution@nrc.gov>; EDO_ETAs <EDO ETAs@nrc.gov>; Spencer, Mary 
<Mary.Spencer@nrc.gov>; Campbell, Tison <Tison.Campbell@nrc.gov>; RidsNmssOd Resource 
<RidsNmssOd.Resource@nrc.gov>; Roman-Cuevas, Cinthya <Cinthya.Rorna.!l@nri:_,g9_':!>; Weber, Michael 
<Michael.Weber@nrc.gov>; Hackett, Edwin <Edwin.Hackett@nrc.gov>; Wylie, Maureen <Maureen.Wylie@nrc.gov>; 
Muessle, Mary <Marv.Muessle@nrc.gov>; Rossi, Anthony <:Anthony.Rossi@nrc.gov>; Calgary, James 
<Jam es.Colgary@nrc.gov> 
Cc: RidsOgcMailCenter Resource <RidsOgcMailCenter.Resource@nrc.gov>; RidsEdoMailCenter Resource 



<B.i.Q!?.~9.M.~.i.!£..~filgf.Rr;source@nrc.gov>; Ammon, Bernice <Bernice.Ammon@nrc.gov>; Clark, Michael 
<Michael.Clark@nrc.gov:.; Clark, Lisa <Lisa.Clark@nrc.gov> 
Subject: Quick Turnaround - FW: LRM [EHF· 114~323] ENERGY Oversight Testimony on DOE's Decision to end its Low 
Dose Radiation Research Program #1140231926# 
Importance: High 

.'..'.: OFFICIAi I ISE QNI Y -· ATTQRME'!'.-CLlliNT PRIVILEGED INFORMATION·,·ATTORNEY WORI( PROl'JUCT. 
AND/OR PREDECISIOMAL ll~FORMATIOl4"' 

Please provide any comments on the attached to me and Lisa Clark by 11 :30 a.m. today (Tuesday, 
September 20. 2016). 

(b)(5) 

Thank you. 

Michelle D. Albert 
Senior Attorney I Office of the General Counsel 
Legal Counsel. Legislation, and Special Projects Division 
U.S. Nuclear Regulatory Commission 
(301) 287-92591 Michelle Albert@nrc oov 

'"OFFICIAL USE ONLY -- ATTORNEY-CLIENT PRIVILE.GED.TNfORMAI ION. Al I ORNE! VVORK PRODUCT. 
ANO/OR PReQeGISIONAL INFORMATION ... 

From: LLO Resource 
Sent: Monday, September 19, 2016 5:49 PM 
To: Ammon, Bernice <Bernice.Ammon@nrc.gov>; Clark, Michael <Michael.Clark@nrc.gov>; Albert, Michelle 

<Miche11e.Albert@nrc.gov>; Clark, Lisa <Lisa.Clark@nrc.gov>; Michel, Eric <EricMichelOGC@nrc.gov> 
Subject: FW: LRM !EHF-114·323) ENERGY Oversight Testimony on DOE's Decision to end its Low Dose Radiation 
Research Program #1140231926# 

From: Fitter, E. Holly H. EOP/OMB 
5ent: Monday, September 19, 2016 5:48:40 PM (UTC-05:00) Eastern Time (US & canada) 
To: DL-CEQ·LRM; 'EPA'; 'HHS'; 'JUSTICE'; 'NASA'; DL·OSTP·LRM; LLO Resource 
Cc: Zaidi, All A. EOP/OMB; DL·WHO·WHGC·LRM; Pasquantmo, John C. EOP/OMB; McDonakj, Christine A. EOP/OMB; Bar­
Sh;;ilom, Tali EOP/OMB; Robinson, Donovan O. EOP/OMB; Arnett, Benton T. EOP/OMB; L('lity, Jirn A. EOP/OMB; Dorjets, 
Vlad EOP/OMB; Burnim, John D. EOP/OMB; Vaeth, Matt J. EOP/OMB; Fucile, Tamara L. EOP/OMB; Dee, carolyn M. 
EOP/OMB; Menter, Jessica N. EOP/WHO; Bauserman, Trent D. EOP/WHO; Hickey, Mike J. EOP/OMB; Burgess, Scott H. 
EOP/OMB; Aguilar, Brenda L. EOP/OMB; DL-WHO-DPCEC-LRM; Fah1ye (Fahiye.Yusuf@Hq.Doe.Gov) Yusuf 
(Es.biye.Yusuf®Hg.Doe.G~); 'Owen, Lil' 
Subject; (External_Sender) LRM [EHF~ 114~323) ENERGY Oversight Testirnony on DOE's Decision to end its Low Dose 
Radiation Research Program #1140231926# 

DEADLINE: 12:00 Noon Tuesday, September 20, 2016 

Please review the attached DOE statement for a 9/21 House Science hearing on DOE's decision to end its Low Dose 
Radiation Research Program in FY 2016, and provide any comments by the deadline above. Thanks. 

l 

______________________ ,,. 
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/ '"' ·""~eb.e.• •.• M.i.ch.a.e.l~~~~~~~~~~~~~~~~~--i(' ) 

From: Weber, Michael '- _/ 
Sent: Tuesday, September 20, 2016 8:24 AM ......._____ _.------
To: Albert Michelle 
Cc:: Gartman, Michael; Sampson. Michele 
Subject: RESPONSE· Quick Turnaround - FW: LRM [EHF-114-323] ENERGY Oversight Testirno 

on DOE's Decision to end its Low Dose Radiation Research Program #1140231926# 

Got 11. Will advise this morning by 1130 

Thanks 

From: Albert, Michelle 
Sent: Tuesday, September 20, 2016 8:23 AM 
To: EDO_ACS Distribution <EDO_ACSDistribution@nrc.gov>; EDO_ETAs <EDO_ETAs@nrc.gov>; Spencer, Mary 
<Mary.Spencer@nrc.gov>; Campbell, Tison <Tison.Campbell@nrc.gov>; RidsNmssOd Resource 
<RidsNmssOd.Resource@nrc.gov>; Roman-Cuevas, Cinthya <Cinthya.Roman@nrc.gov>; Weber, Michael 
<Michael.Weber@nrc.gov>; Hackett, Edwin <Edwin.Hacken@nrc.gov>; Wylie, Maureen <Maureen.Wylie@nrc.gov>; 
Muess!e, Mary <Mary.Muessle@nrc.gov>; Rossi, Anthony <Anthony.Rossi@nrc.gov>; Calgary, James 
<James.Colgary@nrc.gov> 
Cc: RidsOgcMailCenter Resource <RidsOgcMailCenter.Resource@nrc.gov>; RidsEdoMailCenter Resource 
<RidsEdoMailCenter.Res:ource@nrc.gov>; Ammon, Bernice <Bernice.Ammon@nrc.gov>; Clark, Michael 
<Michael.Clark@nrc.gov>; Clark, Lisa <Us:a.Clark@nrc.gov> 
Subject: Quick Turnaround - FW: LRM {EHF-114-323] ENERGY Oversight Testimony on DOF.'s Decision to end its Low 
Dose Radiation Research Program #1140231926# 
Importance: High 

···- orr1c1AL USE OtJL'( -- ATTOR:!~C: 1--CLIEllJ I PRIVILEGED INFORMA I ION, A I I ORNEY WORK PRoou·c·r: ... -
Ai'f[}IOR PREOECISIONAL INf'Cll~fiitATYO~ 

Please provide any comments on the attached 10 me and Lisa Clark by ~1:.30 a .. m~_toda_y (Tuesday. 
September 20. 2016). 

(b)(5) 

Thank you. 

Michelle D Albert 
Senior Attorney ! Office of the General Counsel 
legal Counsel. Leg1slat1on and Special Projects D1v1S10ri 
U.S. Nucl.ear Regulatory Commission 
(301) 287"9259 i Michelle Albert@nrc gov 

.... '.'.'..OEEICIAI I ISE ONI Y -- ATTORNEY-CLIENT PRIVILEGED INFORMATION. ATTORNEY WORK PROOUC 
AIWIOR PREDECISIONAL INEORMhTlml ... 



(b)(5) 

From: LLO Resource 
Sent: Monday, September 19, 2016 5:49 PM 
To: Ammon, Bernice <Ber1119~._A_mmon@n_rc.g91(>; Clark, Michael <M1<;h_aej __ Clark1Wnr_c,go_v>; Albert, Michelle 
<_~ichel!~,Atb_ert@ri~c.gov>; Clark, Lisa <tis_i:l-_C!_ar_kJi'!Jni:,c,goy>; Michel, Eric <Er·_ic.M.1chel9(iC@nr_c_.gQy> 
Subject: FW: LRM [EHF~114·323] ENERGY Oversight Testimony on DO E's Decision to end its Low Dose Radiation 
Research Program #114023192.6# 

From: Fitter, E. Holly H. EOP/OMB 
Sent: Monday, September 19, 2016 5:48:40 PM (UTC·OS:OO) Eastern lime (US & Canada) 
To: DL~CEQ~LRMi 'EPA'; 'HHS'; 'JUSTICE'; 'NASA'; DL~OSTP--'LRMi LLO Resource 
Cc: Zaidi, Ali A. EOP/OMB; DL-WHO-WHGC-LRMi Pasquantino, John C. EOP/OMB; McDonald, Christine A. EOP/OMB; Bar 
Shalom, Tali EOP/OMB; Robinson, Donovan 0. EOP/OMB; Arnett, Benton T. EOP/OMB; Laity, Jim A. EOP/OMB; Do~ets, 
Vlad EOP/OMB; Bumim, John D. EOP/OMB; Vaeth, Matt J. EOP/OMB; Fucile, Tamara L. EOP/OMB; Dee, Carolyn M. 
EOP/OMB; Menter, Jessica N. EOP/WHO; Bauserman, Trent D. EOP/WHO; Hickey, Mike J. EOP/Orv1B; Burgess, Scott H. 
EOP/OMB; Aguilar, Brenda L. EOP/OMB; DL·WHO-DPCEC·LRM; Fahiye (Fahiye.yusuf@Hq,Doe.Goy) Yusuf 
(fqhiye_.Y_µsufr~Hq.Doe.Gov); 'Owen, Lil' 
Subject: [External_5ender] LRM [EHF· l! 4-323] ENERGY OverSight T estirnony on DOE's Decision to end its Low Dose 
Radiation Research Program #1140231926# 

DEADLINE: 12:00 Noon l'uesday, September 20, 2016 

Please review the attached DOE statement for a 9/21 House Science hearing on DOE's decision to end its Low Dose 
Radiation Research Program in FY 2016, and provide any comments by the deadline above. Thanks. 

LRMID:EHF-114-323 
EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF MANAGEMENT AND BUDGET 

LEGISLATIVE REFERRAL MEMORANDUM 
Monday, September 19, 2016 
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Weber, Michael 

From: 
Sent: 
To: 
Cc: 

Subject: 

Weber, Michael 
Tuesday, September 20, 201610:26 AM 
Tadesse, Rebecca 
Case, Michael; Webber, Kimberly; Hackett. Edwin; Difrancesco, Nicholas; Armstrong, 
Kenneth; Gartman. Michael 
RESPONSE - Quick Turnaround - FW: LRM [EHF·114"323] ENERGY Oversight Testimo1 

on DOE's Decision to end its Low Dose Radiaf1on Research Program #1140231926# 

Thanks, Rebecca. Appreciate the prompt and quality turn"around on this review. 

From: Tadesse, Rebecca 
Sent: Tuesday, September 20, 201610:18 AM 
To: Weber, Michael <Michael.Weber@nrc.gov>; Albert, Michelle <Michelle.Albert@nrc.gov> 
Cc: Clark, Lisa <Usa.Clark@nrc,gov>; Case, Michael <MichaeLCase@nrc.gov>; Webber, Kimberly 
<Kimberly.Webber@nrc.gov>; Hackett, Edwin <Edwin.Hackett@nrc.gov>; Gartman, Michriel 
<Michael.Gartman@nrc.gov>; Sampson, Michele <Michele.Sampson@nrc.gov>; Brock, Terry <Terry.Brock@nrc.gov> 
Subject: RE: RESPONSE Quick Turnaround· FW: LRM [EHF·114w323] ENERGY Oversight Testimony on DOE's Decision 
end its low Dose Radiation Research Program #1140231926# 

H1 Michelle 

Attached is a background information on the M1!11on Worker Study 

Thanks 
Rebecca Tadesse, Chief 
Radiation Protection Branch 
Division of Systen1s Analysis 
Office of Nuclear Regulatory Research 
301"415,1824 

From: Weber, Michael 
Sent: Tuesday, September 20, 2016 9:25 AM 
To: Albert, Michelle <Miche!le.Albert@nrt.gov> 
Cc: Clark, Lisa <Lisa.Clark@nrc.gov>; Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov>; Case, Michael 
<MichaeLCase@nrc.gov>; Webber, Kimberly <Kin1berly.Webber@nrc.~ov>; Hackett, Edwin <Edwin.Hackett@nr~._g 
Gartman, Michael <Michael.Gartman@nrc.gov>; Sampson, Michele <Michele.Sampson@nrc.gov> 
Subject: RESPONSE - Quick Turnaround - FW: LRM [EHF~114·323] ENERGY Oversight Testimony on DOE's Decision 
its Low Dose Radiation Research Program #1140231926# 

Good morning. Michelle As promised. please find attached a few comments on the draft testimony Ot 
biggest concern is the premature and disruptive termination of the Million Worker Study. Although the 
testimony indicates the merits of the study. it does not specifically state why the study is being terminate 
point out the loss of this research to the Federal government and Nation. We can provide you with mar 
background from NRC's perspective on the Million Worker Study as you deem necessary 

In addition. although DOE is testifying why 1t is bringing the low dose radiation research program to a c 
does not clearly indicate that DOE (and the AEC before) has shouldered the primary obligation for con 
the radiation effects research for the US Governn1ent back to the 1940s T erminat1on of this program 
eliminates this support for the Federal government Because fundamental issues remain (as alluded t 



draft testimony), re~establishment of this program in one or more agencies would require additional resource 
and a substantial investment of intellectual and human resources and may not be as effective or efficient if it 
distributed across multiple agencies. By terminating the program without previously coordinating and 
establishing a successor program. DOE is putting this body of knowledge and the country at risk 

From: Albert, Michelle 
Sent: Tuesday, September 20, 2016 8;23 AM 
To: £DO_ACS Distribution <EDO AC~Distributi9n@orc.gov>; EDO ~ETAS <EDO ETAs@nrc,gov>; Spencer, Mary 
<ME!rYc~encer@nr(.gov>; Campbell, Ti5on <Tiso.n.Campbell@nrc.gov>; RidsNmssOd Resource 
<R(Q~N.IT!?.sOd.Resq1.,1i:ce@nrc.gov>; Roman-Cuevas, Cinthya <Cinthya.Ro.man@nrc.gov>; Weber, Michael 
<tflJ,\;b;te:LWeber@nrc.gov>; Hackett, Edwin <Edwin.Hackett@nrc.gov>; Wylie, Maureen <Maureen.Wylie@nrc.gov>; 
Muessle, Mary <Mary.Muessle@nrc.gov>; Rossi, Anthony <Anthony.Rossi@nrc.gov>; Calgary, James 
<J_?_n}f;!_~ S:~P lga ry@n r c.g ov > 
Cc: RidsOgcMailCenter Resource <RidsOgcMailCenter,~esource@nrc.gov>; RidsEdoMailCenter Resource 
<RidsE_doMailCe.nter.Resource@nrc.gov>; Ammon, Bernice <Bernice.An1n1on@nrc.gov>; Clark, Michael 
<fv1icha_eJ.Clark@nrc.gov>; Clark, Lisa <llsa.Clark@nrc.gov> 
Subject: Quick Turnaround - FW: LRM [EHF~ 114-323) ENERGY Oversight Testimony on DOE's Decision to end its Low 
Dose Radiation Research Program #1140231926# 
Importance: High 

... OFFICIAL USE ONLY ATTORNEY CLIENT PRIVILEGED '>lf'ORM'Tlml. 4 TTOR'l5Y WQRK PRQOI ICT 
AND/OR PRFOi.CISIONAL IMFOR1V1ATTON r** 

Please provide any comments on the attached to me and Lisa (~lark by .1~.;_~_Q ~~!!l!.J.()_~~y (Tuesday. 
September 20. 2016). 

{b)(5) 

Thank you 

Michelle D Albert 
Senior Attorney I Office of the General Counsel 
Legal Counsel Leg1slal1on. and Special Pro1ects 01v1s1on 
U.S Nuclear Regulatory Cornrn1ss1on 
(301} 287 -9259 i Michelle Alben@nrc gov 

*~Cl/'L USE O~lLY hTTORNCY Cl1Ef4T--PR!V!tt::GEEI INFORfV!A I l\.Ji\J A I I ORNE.Y WORK PRODUCT, 
AND/OR PREDECISIONAL ltJFORM\TION ... 

From; LLO Resource 
Sent; Monday, September 19, 2016 5:49 PM 
To: Ammon, Bernice <Bernice.Amn1on1.tDnrc.gov>; Clark, Michael <Michael Clark@nrc.gov>; Albert, Michelle 
<Miche.ll_e.Albert@nrc.gov>; Clark, Lisa <Lisa.Clark@nrcgov>; Michel, Eric <Eric.M1chelOGC@nrc.gov> 
Subject: FW: LRM [EHF-114·323] ENERGY Oversight Testimony on DOE's Decision to end its Low Dose Radiation 
Research Program #1140231926# 

' 



From: Fitter, E. Holly H. EOP/OMB 
Sent: Monday, September 19, 2016 5:48:40 PM (UTC-05:00) Eastern Time (US & canada) 
To: DL-CEQ-LRM; 'EPA'; 'HHS'; 'JUSTICE'; 'NASA'; DL-OSTP-LRM; LLO Resource 
Cc: Zaidi, Ali A. EOP/OMB; DL·WHO-WHGC-LRM; Pasquantino, John c. EOP/OMB; McDonald, Christine A. EOP/OMB; Ba 
Shalom, Tali EOP/OMBi Robinson, Donovan O. EOP/OMB; Arnett, Benton T. EOP/OMB; Laity, Jim A, EOP/OMB; Dofjets, 
Vlad EOP/OMB; Burnim, John D. EOP/OMB; Vaeth, Matt J. EOP/OMB; Fucile, Tamara L. EOP/OMB; Dee, c.arolyn M. 
EOP/OMB; Menter, Jessica N. EOP/WHO; Bauserman, Trent D. EOP/WHO; Hickey, Mike J. EOP/OMB; Burgess, Scott H. 
EOP/OMB; Aguliar, Brenda L EOP/OMB; DL·WHO-DPCEC-LRM; Fahiye (Fahiye.Yu5uf@IHq,Doe.Gov) Yusuf 
(.FP.hiye,Xusuf@)Hq.Doe.Gov); 'Owen, Lil' 
Subject: [External~Sender] LRM [EHF-114-323] ENERGY Oversight Testimony on DOE'S Decision to end its Low Dose 
Radiation Research Program #1140231926# 

DEADLINE: 12:00 Noon Tuesday, September 20, 2016 

Please review the attached DOE statement for a 9/21 House Science hearing on DOE's decision to end its Low Dose 
Radiation Research Program in FY 20161 and provide any comments by the deadline above. Thanks. 

LRM ID: Et!f .. 114 · 323 
EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF MANAGEMENT AND BUDGET 

LEGISLATIVE REFERRAL MEMORANDUM 
Monday, September 19, 2.016 

(b)(5) 

Thank you, 

] 



(bl(5) 

Testimony or A$50Ciate Dir«tor Sharlene WeathC<rwo: 
Office or Biologi1.:al and Environmental Research 

omce of Science 
U.S. Department of Energy 

Before the Committee on Science, Spac.-, and TC(Chnology 
U.S. House of Representative~ 

Stptem~r 21, 2016 

1 h11p:/ /www .bat!elle nrejd()t~/defaul1·dotument·l1brarv/m:nnnmk_,mpact_nl _ tht _ humanJennme_prnJl!ft ndf 



(b)(5) 

l.Jgncx:cllulo.11r Bioma_~, for Ad\anced Biufueb 
aRd Biopmd11rl.'l v.orlo:~hop rep..m 
hnp:/l...:iW,IT..nwrg' '""\ bf_!1_)£ili_;>/bcrirdll" orb~.: .it~~JD:-1.t,,.i,6.<n.< "!'--.~·.! l!!!~:.~1,·,_ll._1!'!;1~~ ' .. J!>!.~t\\L':'.~!.l'-'g.µ 
_B1ofuF], mid B1opn)du~<et:...C4f 
'2014 Bioenerr;y Reoean:h Cic·nter-; report a"allable 911litie 
b!\P .l1gcnorn1;·>;-1~nvr SJJ!J,.m:J!<));(<;'.CiJ11SJ~JiB£t.2JlL4!LR .. JhlJ 



(b)(5) 

Pre-decismnal. ORAFi. 

'Milil~w,·cn Tlw !l~''fr1 i! tl"1 5! um! for ij,,.~ l'f l"!lll'n~ r~J1J11<''1 <'!1 thl' h11m~n t-:od~ The a~~rd¥e pen;"n 
re«~••h ~ho_;u1 3.1 mSv rt'! ~CJ( ft om nlltural racl1~lu>n h11pJly, v."' nre g~WicJ.:hng-mJdot;.,;('o]kUmn'l/f,«;l­
•hcc1~10-effrcll·11ld1aoon.hlml 



(b)(5) 

Pre-ded-.ional. DRArT. 

' h ltp\ ://www.epa.gov/~i tc~/pro<luct1onlf1 lc~120 I .\-QlJ/<l0<.:umt'ntV..:anccr_gu 1deline~ _finaLJ-2.5" 
05 .ptlf 
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• http :I/energy .go vlseabfdownloi1diJlette1 ·low -Jcve\-r adiauou· research 
' http:l/science.encrgy .gov/-/mctlialbcrlberac/pd f/Reports/LD .. Program_ Charge_Lctter.pdf 
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Weber, Michael 

From: 
Sent: 
To: 
Cc: 

Weber, Michael 

Tuesday, September 20. 2016 8:26 AM 
Case, Michael; Webber, Kimberly 

Rebecca Tadesse (Rebecca.Tadesse@nrc.gov); Brock, Terry; Armstrong, Kenneth; 
Hackf;'tt Edwin, Difrancesco, Nicholas 

• 

Attachments: 

ACTION - Quick Tl.lrnaround - FW: LRM [EHF·114-323J ENERGY Oversight Testimo 
DOE's Decision to end its Low Dose Radiation Research Program #1140231926# 
Weatherwax Invite.pdf; HSST Low Dose Testimony-Weatherwax.docx 

Importance: 

Please advise promptly (next couple of hours) on whether we have any comments on the attached draft 
testimony by DOE. I'll review in parallel We need to get back with any comments to Michele and Lisa by 
1130 today. 

Thanks 

From: Albert, Michelle 
Sent: Tuesday, September 20, 2016 8:23 AM 
To: EDO_ACS Distribution <EDO ... ACSDistribution@nrc.gov:>; EDO_.ETAs <EDO _ETAs@nrc.gov>; Spencer, Mary 
<Mary.Spencer@nrc.gov>; Campbell, Tison <Tison.Campbell@nrc.gov>; RidsNmssOd Resource 
<RidsNmssOd.Resource@nrc.gov>; Roman-Cuevas, Cinthya <Cinthya.Roman@nrc.gov:>; Weber, Michael 
<Michael.Weber@nrc.gov>; Hackett, Edwin <f.dwin.Hackett@nrc.gov>; Wylie, Maureen <Maureen.Wylie@nrc.gov 
Muessle, Mary <Mary.Muessle@nrc.gov>; Rossi, Anthony <Anthony.Rossi@nrc.gov>; Colgary, Jarnes 
<James.Colgary@nrc.gov> 
Cc: RidsOgcMailCenter Resource <RidsOgcMai1Center.Resource@nrc.gov>; RidsEdoMailCenter Resource 
<RidsEdoMal!Center.Resource@nrc.gov:>; Ammon, Bernice <Bernice.Ammon@nrc.gov>; Clark, Michael 
<Michael.Clark@nrc.gov>; Clark, Lisa <Usa.Clark@nrc.gov::. 
Subject: Quick Turnaround· F'W: LRM [EHF-114·323] ENERGY Oversight Testimony on DOE's Decision to end its Li 
Dose ~adiation Research Program #1140231926# 

1 

Importance: High 

... OFFICl/,L USE OtJLY ATTORNEY CLIEtH PRIVILEOED ltffORMATIOr~ ATTORl~EY "°ORI< PRODUCT 
Afl.10 1012: PR56H£CISIONAL !NFOR~.1.0,TIOtJ ••• 

Please provide any comments on the attached to me and Lisa Clark by ,_1 .. :]9 __ !!!·IT1: .. _i.Q~_C!Y (Tuesday, 
September 20. 2016) 

(b)(5) 

Thank you 

Michelle D Albert 
Senior Attorney ! Office of the Gener al Counsel 
Legal Counsel. Legislation and Spec1a! Pro1ects Division 
U S. Nuclear Regulatory Commission 



(1!)(5) 

(301) 287-92591 M'chelle Albert@nrc gov 

IC~~ ~~~) 
... OFFICIAL USE Ol•LY -- ATTORNE¥·GttENT PRIVILEGED INFORMATION '<TTORNEY WORK-PRO[)! 'CT. 
ANDIOR PREOliCISION•L INFORMATION ... 

From: LLO Resource 

Sent: Monday, September 19, 2016 S:49 PM 
To: Ammon, Bernice <Bernice)\n1rnon@n_rc:gov>; Clark, Michael <Mjch9~J~J4rk@.nri;:.gqv>; Albert, Michelle 

<MJ.£bg!l~).AJQ~.r:t.@.nr~,gqy>; Clark, Lisa <~i~<:!:.C.1.'!r.~J~X]rs;,.gct\I>; Michel, Eric <Er.ir.(Y1i_t:he.1QG~@ri.~cJ.~Q'!> 
Subject: FW: LRM [EHF-114-323] ENERGY Oversight Testimony on DOE's Decision to end its Low Dose Radiation 
Research Program #1140231926# 

From: Fitter, E. Holly H. EOP/OMB 
sent: Monday, Septernber 19, 2016 5:48:40 PM (LITC-05:00) Eastern Time (US & Conada) 
To: DL·CEQ·LRM; 'EPA'; 'HHS'; 'JUSTICE'; 'NASA'; DL·OSTP·LRM; LLO Resource 
c;co Zaidi, Ali A. EOP/OMB; DL-WHO-WHGC-LRM; Pasquantino, John c. EOP/OMB; McDonald, Christine A. EOP/OMB; 
Shalom, Tali EOP/OMB; Robinscn, Donovan 0. EOP/OMB; Arnett, Benton T. EOP/OMB; Laity, Jim A. EOP/OMB; Dorje 
Vlad EOP/OMB; Burnim, John D. EOP/OMB; Vaeth, Matt J. EOP/OMB; Fucile, Tamara L. EOP/OMB; Dee, Corolyn M. 
EOP/OMB; Menter, Jessica N. EOP/WHO; Bauserman, Trent D. EOP/WHO; Hickey, Mike J. EOP/OMB; Burgess, Scott 
EOP/OMB; Aguilar, Brenda L. EOP/OMB; DL·WHO·DPCEC-LRM; Fahiye (Fahiye.Yusut&•Hq.Ooe.Gov) Yusuf 
(Fahiye •. Yui>uf@Hq.Doe.Gov); 'Owen, Lil' 
Subject: [External_Sender] LRM (EHFwl 14~323] ENERGY Oversight Testimony on DOE's Decision to end its Low Do5 
Radiation Research Program #1140231926# 

DEADLINE: 12:00 Noon Tuesday, September 201 2016 

Please review the attached DOE statement for a 9/21 House Scienc::e hearing on DOE1s decision to end its low Do! 
Radiation Research Program in FY 2016, and provide any comments by the deadline above. Thanks. 

LRMID'.F.!lF-~14-·1_ .; 

EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF MANAGEMENT AND BUDGET 

LEGISLATIVE RLFERRAL MEMORANDUM 
Monday, September 19, 2016 



(b)l51 

Thank you. 
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Weber. Michael 

From: 
Sent: 
To: 
Cc: 

Subject: 

Weber. Michael 
Thursday, May 12. 2016 6:06 PM 
Brock, Tetry 
Case, Michael; Webber, Kimberly; Hackett, Edwin; Armstrong, Kenneth; DiFrancesco, 
Nicholas; Harrison, John; Tadesse, Rebecca; Oxenberg. Tanya; Araguas, Christian; 
Milligan, Patricia 
RESPONSE Info on Ketones Protective of Ionizing Radiation 

Thanks, Terry_ Very helpful For greater awareness 1n the Federal community, it would be worthwhile for him 
to make a brief presentation at the ISCORS (lnteragency Steering Committee on Radiation Standards). as well 
as his outreach to NCRP. NMSS/MSTR (Dan Collins/Pam Henderson) coordinate NRC's participation in 
ISCORS_ Not sure when the next meeting is. but 1nteract1on now will be helpful to get this topic on the agency 
for awareness. He might also want to volunteer to make a presentation at the local chapter meeting of t11e 
Health Physics Society. which he could access through Tanya Oxenberg 

From: Brock, Terry 
Sent: Thursday, May 12, 2016 11:57 AM 

To: Weber, Michael <Michael.Weber@nrc.gov>; Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov> 

Cc: Case, Michael <Michael.Case@nrc.gov>; Webber, Kimberly <Kimberly.Webber@nrc.gov>; Hackett, Edwin 

<Edwin.tlackett@nrc.gov>; Armstrong, Kenneth <Kenneth.Armstrong@nrc.gov>-; DiFrancesco, Nicholas 
<Nlcholas.DiFrancesco@nrc.gov>; Harrison, John <John. Harrison@nre.gov> 

Subject: UPDATE RE: Response- Info on Ketones Protective of Ionizing Radiation 

H1 Mike. 

l spoke with Dr. Veech, the NIH biochemist and the interviewee of the podcast you forwarded on the subject­
line topic. As I started digging. he's actualty one of the more well-known biochen11sts in the field-he co­
authored and worked with the noble~pnze w1nn1ng biochen)ist Dr. Krebs of the "Krebs Cycle" fame. My best 
analogy is that he·s probably the John Boice of his field in stature-admittedly. I don·t run 1n his circles but 
that's my sense at this time. His lab is located in NI H's satellite campus just up the road near the Twinbrook 
metro station and the HHS complex on Parklawn Drive. With him being so close. I went up there yesterday for 
about an hour meeting with him and his staff to see where they are in developing ketone esters for wide-scale 
use as descnbed in their patent sent earlier (http_E_J/Vlfll\fW',Q~Ln_it:lg_o_'{l!~_c!lo9t9.9YlEZ=2_!:}_8_~~0_1_2) 

Dr. Veech informed me that they are currently at the laboratory-scale for production of the ketone-ester 
compound and are exploring options on increasing to an industrial~scale production. He envisions the 
compound could be administered orally to the public or workers prior to radiation exposure and/or up to seven 
days after an improvised nuclear device, reactor. and/or radioactive materials event. What's interesting about 
this compound is that it uses your own metabolism to create a reductive state 1n the cell to mitigate the damage 
from the free radicals produced by an acute in adiat1on They are also testing it to alleviate the symptoms from 
Parkinson's disease (interestingly, one of the researchers at the meeting has Parkinson·s and has been taking 
the ketone~ester and he told me it reduces his shaking). They seem to have the theory worked out. but one of 
the fundamental questions I asked is how effective is the compound in raising the LD50/30 {reducing mortality) 
for acute radiation doses-~have they published any in vivo efficacy testing. and the answer was no ln vivo 
testing in this case would involve administering the compound to an animal model (e.g. mice/rat) irradiating 
them, and observing what impact the compound has on survivability. Veech told me they are waiting on some 
anin1al study results from the Armed Forces Radiob1ology Research Institute (AFFRI). but have had sonie 
trouble with AFFRI sharing the results ! know NIH has some Cs~137-CI irradiators from when we were doing 
increased security measLires so I suggested he look in his own institution to do the in-vivo study 



Bottom~hn!_;!· 

As far as the NRC is concerned. 1f efficacy can be demonstrated 1n vivo. I see utility in NIH developing this for 
potential use by the general public and/or workers 1n a large scale radiation accident or even a single event like 
an industrial radiographer receiving an accidental acute dose However. they seem to be far away from having 
a product available for wide-scale use after an accident Dr Veech did not want any 111oney fr·om NRC but 
some rnoral support for the effort as he attempts to get the compound produced on a large~scale and navigates 
the approval process He's not plugged into the radiation protection community so we could help by 
facilitating some interactions with NCRP (I can do this passively rn my roL1tine 1nteract1ons with Boice). 
suggest we continue to monitor this work and I'll let you know of any new developments 

Terry 

Terry Brock, PhD 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Con1rniss1on 
Washinglon D.C. 20SSS 

Mail Stop TWFN·lO 

phone: 301·415"1793 

From: Weber, Michael 
Sent: Wednesday, April 27, 2016 11:40 AM 
To: Brock, Terry <T erry.Brock@inrc.r,ov>; Tadesse, Rebecca <Rellecca.Tadesse@nrc.r,ov> 
Cc: Case, Michael <M1chael.Case@nrc.~.ov>; Webber, Kimberly <KirntJerly.Wcbber@nrc.gov>; Hackett, Edwin 
<Fdwin. Hackett@nrcgov>; Armstrong, Kenneth <Kenneth.Armstron11@nrcgov>; OiFrancesco, Nicholas 
<Nicholas.OiFranccsco@nrc.gov>; Harrison, John <John.Harnson@lnrc.gov> 
Subject: Response· Info on Ketones Protective of Ionizing Radiation 

Thanks, Terry. Please keep us informed as you proceed 

From: Brock, Terry 
Sent: Wednesday, April 27, 2016 10:59 AM 
To: Weber, Michael; Tadesse, Rebecca 
Cc: Case, Michael; Webber, Kimberly; Hackett, Edwin; Armstrong, Kenneth 
Subject; RESPONSE: RE: FYI/QUERY" Info on Ketones Protective of Ionizing Radiation 

Mike. 

I did a little d1gg1ng 1nterest1ng stuff 

There seems to be something lo this idea. The interviewee frorn the podcast, Richard Veech. holds a patent 
on this idea o1 using ketones as a prophylaxis and treatment to reduce cell apoptos1s via DNA and RNA 
damage fron1 rad1at1on exposure, Veech and N!H have an open solicitation for research collaboration on this 
very topic_ I've reached out to the NIH POC to get more information on the status of the work, scope. etc. I'll 
send an update when I hear more, ln the meanwhile_ heres the NIH web link for the 
proposal https://www.ott.nih qo_v/technojoqy/e-258~2012 

Best 
Terry 

Terry Brock, Ph.O 
Office of Nuclear Regulatory Research 
U.S. Nuclear R.e@.u!atorv Commi~<;>ion 
Washington D.C. 20555 
Mail Stop TWFN·lO 
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phone: 301-415·1793 

From: Weber, Michael 
Sent: Friday, April 22, 2016 3:09 PM 
To: Brock, Terry <T~_rry.Brqf_k@nrcgov:::.; Tadesse, Rebecca <Rebecs:p_.}ad~sse@nrc.gov> 
Cc: Case, Michael <Michae! .. Case@nrc.g_ov>; Webber, Kimberly <l<ifY!_berly_\fv'ebb_~r@nrc._go_v>; Hackett, Edwin 
< E.dvtiti. Hac~~tt@nq:.gov>; Armstrong, Kenneth <Kenneth.Ar~n1strqng@n '.t_,gov> 
Subject: FYI/QUERY· Info on Ketones Protective of Ionizing Radiation 

Good afternoon. Rad1at1on Protection Branch. Anything new here? I discussed this briefly with John, who was 
excited to share this with me earlier this week when t saw him in the cafeteria I told him that research like this 
has existing for years indicating some level of prophyla'ct1c effect of certain chemicals 1n preventing or 
1111t1gating damage frorr1 ionizing radiation Sorneth1ng worth pursuing? 

From: Harrison, John 
Sent: Friday, April 22, 2016 2:12 PM 
To: Weber, Michael <Michael.Wf:her@nrc.r,ov> 
Subject: Info on Ketones Protective of Ionizing Radiation 

Hi Mike, 

Here's a link to the podcast that I mentioned to you on Wednesday 1n which Dr Richard Veech states that 
ketones protect the body from ionizing radiation 
.Qttps I ~ww.w l;l _ul J~tproof e _xec _com/ex cl us 1 ve- i nterv i ew-w1t h-1< etone -e xpe rt-d r -ri chard_-veech. 2 99 / 

The transcript of this podcast 1s attached 

Also, here's a link to a patent (application?) for a method of protecting animal tissue and cells from damage 
caused by radiation exposure. Dr. Veech is listed as a co-inventor: 
http://www. google. comipatents/U S201502 507 55 

Anyway, I couldn't help thinking of you when I stumbled across this info and wondered 1f the NRC, through its 
research program or otherwise, could somehow use this information to benefit those who are either 
intentionally or accidently exposed to ionizing radiation 

It was good to see you. Take care' 

:Jot,.,,, 
John Harrison 
Sr Business Process Improvement Specialist 
OCFOIDOC/ARB 
T·9D39 i301) 415·0151 

3 



Weber, Michael 

From: 
Sent: 
To: 
Cc: 
Subject: 

Thanks, Ken 

From: Armstrong, Kenneth 

Weber, Michael 
Wednesday, April 13, 2016 6:22 AM 
Armstrong. Kenneth 
Case, Michael: Webber, Kimberly; Bush-Goddard, Stephanie; Brock, Terry; Hackett, Edwin 
Response - Update Cancer Study One Pager 

Sent: Tuesday, April 12, 2016 10:34 AM 
To: Rihm, Roger <Roger.Rihm@nrc.gov:::. 

Cc: Weber, Michael <Michael.Weber@ntc.gov>; Hackett. Edwin <Edwin.Hackett@nrc.gov>; Araguas, Christian 
<Chrlstian.Araguas@nrc.gov>; Case, Michael <Michael.Case@nrc.gov>; Webber, Kimberly <Kimberly.Webber@nrc.gov>; 
Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov>; Brock, Terry <Terry.Brock@nrc.gov> 
Subject~ Response - Update Cancer Study One Pager 

Roger. 

Please see the attached updated file and let me know 1f you have any questions 

Thanks I 

From: Rihm, Roger 
Sent: Friday, April 08, 2016 2:54 PM 
To: Landau, Mindy <M1ndy.Land<lu@nrr r:ov> 
Subject: ACTION: Update One Pager 
Importance; High 

Mindy, just got out of a post-hearing meeting with the Chairman and he asked that we provide an update of 

the cancer study one pager for the house hearing coming up on 4/20. I've attached what I believe is the last 

version RES prepared (for hearings last fall). Not sure what update(s) might be necessary. The only thing that 

comes to my mind is that perhaps, since this is a budget hearing, we should include ln the "facts" the actual 

cost estimate for the study so the chairman is informed on what kind of financial commitment it would be 

(?) Just a thought. .. l assume he expects to get questioned along the lines of why aren't we doing this, it's 
important, etc ... 

Can I get this by TUESDAY AM? 



From: 
Sent: 
To: 
Cc: 

Subject: 

Weber, Michael , 
Monday, April 11, 201612:27 PM 
Case, Michael; Hackett, Edwin 
Armstrong, Kenneth, Webber, Kimberly; Bush-Goddard, Stephanie; Araguas, Christian; 
Rihm, Roger 
Response - Updale Cancer Study One Pager 

Thanks, Mike. My only suggestion is to broaden the types oT facilities beyond nuclear power plants in the last bullet. 
Could we just say "civilian nuclear facilities and users of radioactive material?" Wrth this change, I support. 

From: case, Michael 
Sent: Monday, April 11, 2016 07:41 AM 
To: Weber, Michael; Hackett, Edwin 
Cc: Armstrong, Kenneth; Webber, Kimbedy 
Subject: FYI: Update cancer Study One Pager 

FYI. We got a request to update the Cancer Study one-pager for the House hearing on 4/20 

From: Tadesse, Rebecca 
Sent: Friday, April 08, 2016 3:18 PM 
To: Bro(k, Terry <Terry.Brock@nrc.gov> 
Cc: Landau, Mindy <Mindy.Landau@nrc.gov>; Armstrong, Kenneth <Kenneth.Armstrong@nrc.gov>; Webber, Kimberly 
<Kimberly.Webber@nrc.gov>; Case, Michael <Michael.Case@nrc.gov> 
Subject: FW: ACTION: Update Cancer Study One Pager 
Importance: High 

Terry, 

I don't think there is any new information to add but could you please see if an update 1s needed 1f so please let Kirn or 
Mike !.ee it before you send it to Roger 

Thanks 
Rebecca 

From: Landau, Mindy 
Sent: Friday, April 08, 2016 3:04 PM 
To: Armstrong, Kenneth <Kenneth.Armstrq.11g.@nrc.gov>; Case, Michael <Michael.Case@nrc.gov>; Webber, Kimberly 
<Kimber_ly.W_e!?b~r@nrc.gov>; Tadesse, Rebecca <Rebecca.Tades~e@nrc.gov> 
Cc: Weber, Michael <MichaeLWeber@nrc,g9v>; Hackett, Edwin <EQ~in.Hacket_t(f!Jrirc.f:Ov> 
Subject: ACTION: Update Cancer Study One Pager 
Importance: High 

See below request to update the attached one~pager on Cancer Study - note short turnaround back to Roger 
by Tuesday a.m. 

Thanks 
Mindy 



From: Rihm, Roger 
Sent: Friday, April 08, 2016 2:54 PM 
To; Landau, Mindy <MlQ_i;lyJ,4,n_i;t~_\:IJ@,rir_c,RQv> 
Subject: ACTION: Update One Pager 
Importance: High 

Mindy, just got out of a post~hearing meeting with the Chairman and he asked that we provide an update of 

the cancer study one pager for the house hearing coming up on 4/20. I've attached what I believe is the last 

version RES prepared (for hearings last fall). Not sure what update(s) might be necessary. The only thing that 
comes to my mind is that perhaps, since this is a budget hearing, we should include in the "facts" the actual 
cost estimate for the study so the chairman is informetl on what kind of financial commitment it would be 
(7) Just a thought... I assume he expects to get questioned along the lines of why aren't we doing this, it's 

important, etc ... 

Can I get this by TUESDAY AM? 
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Analysis of Cancer Risks in Populations Living Near Nuclear Facilities Project Closeout 

Key Messages 

• The NRC staff reviewed the National Academy of Sciences (NAS) Pilot Planning Project 
Report and Pilot Execution Proposal. The pilot project's duration, cos~ and lack of 
useful results for communicating cancer risks preclude the agency from devoting 
further resources to this effort in the NRC's current budget environment. 

• The methods developed by NAS in Phase 1, and discussed further in the pilot 
planning project are publicly available for other agencies or organizations to use. 

• The staff will continue to monitor international and national studies in this area to 
dete""ine if any future work in this area is warranted. 

Facts 

• The NAS Phase I report called out several challenges to completing the study, not least of 
which was the work "may not have adequate statistical power to detect the presumed small 
increases in cancer risks arising from ... monitored and reported releases." 

• The Phase 2 report also explicitly warned that "any data collected during the pilot study will 
have limited use for estimating cancer risks in populations near each of the nuclear facilities 
or for the seven nuclear facilities combined because of the imprecision inherent in estimates 
from small samples.'' 

• These issues, when considered alongside the significant time and resources estimated for 
the pilot study, argue against continuing the project in the current budget environment 

• The NRC continues to find U.S. nuclear power plants comply with strict requirements that 
limit radiation releases from routine operations. The NRC and state agencies regularly 
analyze environmental samples from near the plants_ These analyses show the releases, 
when they occur, are too small to cause observable increases in cancer risk near the 
facilities. 



Weber, Michael 

From: 
Sent: 
To: 
Cc: 
Sobject: 
Attachments: 

Importance: 

From: landau, Mindy 

Weber, Michael 
Friday, April 08, 2016 3:24 PM 

Brock. Terry 
Tadesse, Rebecca; Araguas, Christian 
ACTION: Update Cancer St1.Jdy One Pager 
Cancer Study One Pager.docx 

High 

Sent: Friday, April 08, 2016 09:04 PM 
To: Armstrong, Kenneth; case, Michael; Webber, Kimberty; Tadesse, Rebecca 
Cc: Weber, Michael; Hackett, Edwin 
Subject: A en ON: Update cancer Study One Pager 

See below request to update the attached one~pager on Cancer Study - note short turnaround back to Roger 
by Tuesday a.m. 

Thanks 
Mindy 

From: Rihm, Roger 

sent: Friday, April 08, 2016 2:54 PM 
To: Landau, Mindy <Mindy.Landau@nrc.gov> 

Subject: ACTION: Update One Pager 
Importance: High 

Mindy, just got out of a post-hearing meeting with the Chairman and he asked that we provide an update of 

the cancer study one pager for the house hearing coming up on 4/20. I've attached what I believe is the last 

version RES prepared (for hearings last fail). Not sure what update(s) might be necessary. The only thing that 

comes to my mind is that perhaps, since this is a budget hearing, we should include in the "facts" the actual 

cost estimate for the study so the chairman is informed on what kind of financial commitrnent it would be 
(?) Just a thought ... I assume he expects to get questioned along the lines of why aren't we doing this, it's 

important1 etc ... 

Can I get this by TUESDAY AM? 

I 



Weber, Michael 

From: 
Sent: 
To: 
Subject; 

Weber, Michael 
Wednesday, March 30, 2016 5:30 PM 
'John Boice' 
RESPONSE - Meeting today 

Thanks, John. ! also had a meeting with the Comm1ss1oner. We might have just missed each other up 
there. He enjoyed his meeting with you. I emphas1ze.d our close cooperation with NCRP and also raised the 
Million Worker Study and DOE cancelling the funding for their part of the project 

From: John Boice (rnailtq(b)(6) 
sent: Wednesday, Marcli~l"ar, ""20"'1"6'"4"':'1"4.,,P"M.----~ 
To: Weber, Michael <M!chael.Weber@nrc.gov> 
Subject: {External_Sender] Meeting today 

Hi Mike 

J·Iad a pleasant meeting with Con1missioner Baran and also n1et Raeann Shane. 

Purpose \vas just to n1ake him a\vare ofNCRP and our NRC collaborations. 

Non Responsive 

He ¥.:as av.'are of the DOE problems v-.:ith Low Dose Radiation and we discussed our NCRP needs to complete 
the rv1illion Person Study ($20M over next 5 y and v.·e finish in 5 years; $1 rv1 per year and its 20 years)! 

Non Responsive 

Non Responsive 

Best \vishes 

John 

John D. Boice. Jr., Sc.D. 
President. National Council on Radiation Protection and Measuren1ents 
Poice•iilusx129n1in~.~Pr&..30l .657.2652 ext 19 
Professor of Medicine, Vanderbilt University School ofMt;>dicine 
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One Pager for the Million Worker Study 

9/20/16 

In 2012, the Office of Nuclear Regulatory Research (RES) entered into an interagency 
agreement with the U.S. Department of Energy (DOE) - Office of Science (SC) to study the 
health effects of more than 1 million radiation workers and atomic veterans, which is often 
referred to as the "Million Worker Study." The U.S. Nuclear Regulatory Commission (NRC), the 
U.S. Environmental Protection Agency (EPA), and the National Aeronautics and Space 
Administration (NASA) provided support to DOE in this multiagency effort with the goat to 
provide new information for future radiation protection standards setting bodies and any 
resultant occupational radiation dose standards. 

Recently, staff learned that DOE - Office of Science cancelled the multiagency Million Worker 
Study. NRC believes that there is still a very strong scientific and policy interest in the nuclear 
and health physics communities to complete this study to get actual risk estimates exp<!rienced 
by workers as a complement to the current paradigm of extrapolating risks from high dose and 
dose rate populations {e.g., Hiroshima and Nagasaki atomJc bomb survivors). In addition, this 
study was supported by the Advisory Commrttee on Reactor Safeguards in the last RES 
program review. The results would be very influential in our understanding of radiation risk, 
particularly at lower dose rates, at the typical occupational exposure patterns the U.S. work 
force experiences. These results can be used to support future radiation protection standard 
setting bodies in broad areas such as reactor and facility siting, occupational dose, emergency 
response, off-site consequence analysis, and decommissioning and waste disposal. Scientific 
and medical committees continue to grapple with how best to estimate risks associated with the 
gradual exposures received from environmental, medical, and occupational radiation. 

As a result of NRC's participation in the Million Worker Study. two NRC radiation worker 
cohorts in the nuclear power and industrial radiographer occupations were established. In 
addition to the NRC cohorts. the study was to research DOE uranium workers, atomic veterans, 
DOE plutonium workers, and medical workers. The Million Worker Study would provide a 
definitive study on the health risks to workers exposed to radiation at the dose rates 
experienced 1n an occupational setting. The results would be very influential in our 
understanding of radiation risk at the typical occupational exposure patterns the U.S. work force 
experiences 

DOE's original estimate was $25M over 5 years to complete the study. So far. DOE contributed 
$1 Min fiscal year (FY) 2012 to this study; no further monies were provided. The NRC 
contributed $1.SM in FY12, $517K in FY14 and $100K 1n FY16. NASA has contributed nearly 
$1 M to date, while EPA's contribution was smaller. on the order of $200K 
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Examining the Reasons for Ending the Cancer Risk Stud( /) 

Scott Burnell \ 
Public Affairs Officer ~, // 

~~~~~.- ..... ~.~-------~ 

One way NRC regulations protect communities around U.S nuclear power plants is by requiring 
the plants to regularly sample air. water. and vegetation around their sites. Results of this 
sampling are sent to the NRC (and 1n some cases state agencies) to show only very tiny 
amounts of radioactive material are released during normal operations 

Even with this scrutiny~~ and a 1990 study showing no difference 1n cancer mortality rates 
between those living near US reactors and those living elsewhere-· questions persist about 
cancer risk from nearby reactors. The NRC had worked with the National Academy of Sciences 
(NAS) since 2010 on a study into the potential cancer risk of living near a US. nuclear power 
plant. But we ended this work earlier this month after a ha.rd look at our budget situation and the 
low likelihood of getting usable results 1n a reasonable time frame 

Why are we comfortable that this dec1s1on is in hne with our m1ssion to protect public health and 
safety? 

First and foremost, the staff considered existing conditions around U.S. reactors. as shown by 
the ongoing environmental sampling and analysis we mentioned earlier That evidence supports 
the conclusion that the average U.S citizen's annual radiation dose from natural sources. such 
as radon and cosmic rays. 1s about a hundred times greater than the largest potential dose from 
a normally operating reactor 

This information shows how complicated 1t would be to single out an operating reactor's 
potential contribution to cancer risk. Researchers looking for small effects need a very large 
study population to be confident in their results. The NAS discussed this issue in its report on 
Phase 1 of the cancer risk study The NAS said that the effort "may not have adequate 
statistical power to detect the presumed small increases in cancer risks arising from .. 
monitored and reponed releases." 

The NRC staff examined the NAS Phase 2 report plans to validate the methods recommended 
in Phase 1. The Academy was very clear that the pilot study at seven U.S. sites was unlikely to 
answer the basic risk question. The NAS proposal said: "any data collected during the pilot 
study win have limited use for estimating cancer nsks in populations near each of the nuclear 
facilities or for the seven nuclear facilities combined because of the imprec1sion inherent in 
estimates from small samples_" 

The pilot study would also examine potential differences between individual states cancer 
registries. Large differences in registry quality or accessibility would hurt the study's chances of 
generating useful results 

The NAS concluded they would need more than three years and $8 million to complete the pilot 
study. If the pilot succeeded, expanding the research to all U.S. operating reactors would 
require additional years and tens of mr!l1ons of dollars. The NRC decided that in our current 
budget environment the time and money would not be well spent for the possible lack of useful 
results 
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Million Person Study 

• Welcome to the NRC, Michael Weber, Deputy Executive Director for 
Materials, Waste, Research, State, Tribal and Compliance Programs 

• Pleased to host and support this meeting 

• Congratulate John Boice on his nomination as President NCRP - an 
important national asset that supports the U.S. Government on 
radiation protection by providing unbiased, scientifically sound 
recommendations; vital to supporting our mission of protecting public 

health and safety and the environment 

• Recognize the group - you are leaders in the field of radiation 

epidemiology; you play a key role in building the scientific basis for 

our system of radiation protection 

• NRC adheres to the three principles of radiation protection 
o Justification of exposure 
o Individual dose limits 
o ALARA or optimization 

• Dose limits are based on a combination of scientific information and 
value judgments - we need the best scientific information on radiation 
risk to inform our decision making; your work here this week directly 

fulfills this need - not Just for the NRC and other agencies of the U.S 
government, but all the nations of the world committed to protecting 
public health 

• Exciting aspect of your work is that the radiation risks you are 
evaluating occur in populations of workers in a somewhat controlled 
environment - doses and dose rates much closer to existing limits; 
avoids the uncertainty associated with extrapolating risks from higher 
doses and dose rates 

• Because of the importance of your work, pleased to announce that 
NRC will be joining DOE in a collaborative effort to support your work 
- working out the details of an interagency agreement with our DOE 
colleagues 

• Welcome again to the NRC and wish you a productive and successful 
workshop; look forward to seeing the results of your deliberations 



From: 
To: 
Subjec.t: 
Date: 
Attachments: 

J.Qb.IJ..ll.QJ.(g 
Erock Terry 
(E~te1nal_Scnder] Re: Re; Re; input needed on MWS 

Wednesday, November 18. 2015 2:31:23 PM 

-WRDOOO.jpg 

I'm with ya! I re1nain optin1istic, but if the nation chooses another direction there's not much 
else \Ve could have done. 

John 

Duplicate Record 
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NCRP SC 1-23 

Members 
• Eleanor Blakely (Co-Chair) 
• Lawrence Dauer (Co-chair) 
• Elizabeth Ainsbury 
• Joseph Dynlacht 
• David Hoel 
• Barbara Klein 
• Don Mayer 
• Christina Prescott 
• Raymond Thornton 
• Eliseo Vano 
• Gayle Woloschak 

Consultants 
• Cynthia Flannery 
• Lee Goldstein 
• Nobuyuki Hamada 
• PhungTran 

NCRP Staff Consultant 
• Michael Grissom 

Status 
• In Final Publication 

,t'U.S.NRC 



Cataract Types 

Normal Cortical Nuclear PSC Mixed 

NCRP Commentary 26 





SC 1-23 Core Questions 

• Should radiation-induced cataracts be characterized 
as stochastic or deterministic effects? 

•What effects do LET, dose rate, acute and/or 
protracted dose delivery have on cataract induction 
and progression? 

• How should detriment be measured and/ or 
evaluated for cataracts? 

• Based on current evidence, should NCRP change the 
recommended limit for the lens of the eye? 



Guidance on Radiation Dose 
Limits for the Lens of the Eye 

CURRENT NCRP GUIDANCE 

NICIRIP 
rJal1on a~ C oun c~I on !lad i ~1 ion Prate c!ia n & Me as uiem e 111s 



Objectives of Radiation Protection 

• To prevent the occurrence of clinically significant 
radiation induced deterministic effects by 
adhering to dose limits that are below the apparent 
threshold levels and ... 

• To limit the risk of stochastic effects, cancer and 
genetic effects to a reasonable level in relation to 
societal needs, values, benefits gained and economic 
factors. 

NCRP-116 (1993) 



Principles of Radiation Protection 

•Justification - on the basis that the expected 
benefits to society exceed the overall societal cost. 

• Optimization - to ensure that the total societal 
detriment from justifiable activities is maintained 
ALARA, economic and social factors being taken into 
account. 

• Limitation - application of individual limits to 
ensure that procedures of justification and ALARA 
do not result in individuals or groups exceeding 
levels of acceptable risk. 

NCRP-91 (1987) & NCRP-116 (1993) 
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Change in ICRP 
Understanding of 

Lens Dose 
Tissue Reactions 

(ICRP-118) 

Old Limit New Limit 

-4.s Gy -·o.s Gv 
Career /\ Career 

0.5 
0.15 0.15 0.02 

Cataract Threshold Lens Opacity Threshold Yearly Limit 
• 1990 Acute Threshold • 1990 Protracted Threshold 2012 Acute or Protracted Threshold 



Current Occupational Dose Limits (mSv) 

Effective Dose 

-Annual 50 /y 20 /y 
- Cumulative 10 xAge Avg of 5 y, no y > 50 

Equivalent Dose 

- Lens 150 /y 20/y 
Avg of 5 y, no y > 50 

- Skin, Hands, Feet 500 /y 500 /y 



Relevant Earlier NCRP Documents 

• NCRP-91: Lens opacification ID as nonstochastic. 

• NCRP-115: Cataract as late somatic effect. 

• NCRP-116: Lens of eye limit for deterministic effects. 

• NCRP-132: Limit scatter dose to lens to ,..,1-3 Gy. 

• NCRP-153: Likely unidirectional nature of cataracts. 

• NCRP-167: New research questioning threshold? 

• NCRP-168: Emphasizes ALARA principle for eye. 

rin 
NICIRIPI~ 

National Council on Radiation Pro\ect1on & r.ieasurements 
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Other Recent Lens of Eye Reviews 

• ICRP-118: Nominal threshold of 0.5 Gy acute or protracted. 
• UNSCEAR (2008, 2011, 2013): pre-clinical lens opacity 

lesions possible < 1 Gy, additional follow-up of cohorts is 
needed. Weak evidence for 2x sensitivity in children. 

• IAEA BSS/EC Directive: incorporated ICRP-118. 
• UKHPA/PHE: endorsed conclusion of ICRP-118. 
• CNSC: proposed new recommendations in alignment. 
• IRP A: causality should be verified. Concerned with treating 

fatal and non-fatal effects similarly. 
• HPS: need to delineate the scientific basis for cataract 

development from chronic exposures before changing the 
annual eye dose limit. 

• EPRI: recent review of radio biology and radioepidemiological 
literature. 



rJ) 

E-< 
u 
~ 
~ 
~ 
~ 

rJ) 

z 
~ 
~ 

~ 

~ 
C-' 
0 
~ 
0 .... 
~ 

~ 
~ 
~ 



"' u 
e 
0 
0 

"' :::> 
Q) 

u 
:::> 
z 

::::JD 
Ul .. 
0 

•• 

D• 





Normal Differentiation of Lens 

Lens epithelium 

epithelial cells 
Migration 

towards lens bow 

Molecular Hallmarks 

Differentiation genes 

Elongation 
& enucleation 

Apoptosis sensitivity 
Cyclin-dependent kinase inhibitors CDKls 

Cyclin-dependent kinases 
E2Fl/Rb 

Lens fiber cells 

Blakely, 
2014 



Underlying Mechanism of Radiation-induced 

Lens epithelium 

Cataractogenesis 

Migration 
towards 
lens bow 

Elongation & 
enucleation 

Lens fiber cells 

Differentiation genes 
Apoptosis sensitivity 

Etiology still not fully 
known - multifactorial. 

Cyclin-dependent kinase inhibitor CDKI (p21) 

~ 
Cyclin dependent kinases E2Fl/Rb Blakely, 2014 



Review and Summary of 
Eye Biology & Lens Effects 

• Lens Anatomy & 
Proliferative Organization 

• Cataracts 
Cataracts / Opacifications 

Types / Severity 

Causes / Mechanisms 

Examination and 
Quantification of Lens 
Changes (scoring) 

• Radiation Effects 
Normal Tissue Complication 
Probability for Lens 

• Radiation Cataractogenesis 
Dose / Dose Rate 

Fractionation / RBE 

Age / Gender / Steroid 

Latency 

• Mechanisms 
Cell Biology 

Protein Accumulation 

Molecular Biology 

Oxidative Stress 

DNADamage 

Genetic Susceptibility 
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Other Recent Reviews of Radiation 
Cataractogenesis Epidemiological Studies 

• Shore & Worgul, 1999. 

• Ainsbury et al, 2009. 

• Cooper et al, 2009. 

• Blakely et al, 2010. 

• Shore et al, 2010. 

• Blakely, 2011. 

• Martin, 2011. 

• Bouffler et al, 2012 

• ICRP, 2012. 

• Hammer et al, 2013 

• Little, 2013. 

• EPRI, 2014. 

• Hamada, 2014. 

• Hamada & Fujimichi, 2014. 

• Shore, 2016. 

• General Conclusions: 
Strong likelihood of an 
association between exposure 
to ionizing radiation and 
initiation or development of 
various opacifications and/ or 
cataracts. 
Recognize large uncertainty. 
A lower threshold or no 
threshold may be an 
appropriate model for 
radiation cataractogenesis 
risk. 



Populations Evaluated (>60 publications) 

• Atomic Bomb Survivors. 
• Chernobyl Liquidators and 

Cleanup workers. 
• Medical Patients. 
• Health Care Personnel. 
• Flight Personnel and 

Astronauts 
• Other Occupational 
• External Exposure 
• Internal Exposure 
• Single Person Results 
• Population Studies and 

Residentially Exposed 

• Large Variation in Studies: 
Only a few investigate low 
dose effects. 
Differ in: 

Radiation source / type. 
Exposure condition. 
Study design / size. 
Method (if any) of dose 
estimation. 
Range of lens doses. 
Lens detriment endpoint. 
Method (and possible 
scoring) of endpoints. 
Adjustments or assessment 
of potential other risk 
factors and/or confounders. 



Quality of Epidemiological Studies (EPRI, 2014) 

• Quality score according to 
methodology strengths and 
weakness 

Tyilical approach when 
evaluating available 
epidemiologic evidence for 
outcomes due to exposures 
(as does the EPA, e.g., 
Wartenberg et al, 2010). 

o for expected good design. 
+1 for strengths. 
-1 for evident shortcomings. 

• 9 Tier I - most informative. 
• 15 Tier II - important. 
• 34 Tier III - unreliable. 

Quality Evaluated On: 
1. Study Design 
2. Dosimetry 
3. Age Adjustment 
4. Confounding Causes 
5. Numerical Risk Assess 
6. Exposure-Response 
7. Account for Latency 
8. Reporting Bias 
9. Selection Bias 
10. Pathology Method 
11. Blinded Path or Scoring 
12. Cataract Scoring Method 



Odds Ratio Meta-analysis 

• Tier 1 and 2 Studies that provided Odds Ratio 
covered --4 population groups: 

Atomic Bomb Survivor Cohorts 

Some difficulties - lack of standard photographic method, unclear 
focus of photographs difficult to judge, retro-illumination camera 
not used for examination of cortical and PSC cataracts. 
In process of revising the studies (RERF 2014). 

Chernobyl Liquidators and Clean-up Workers 

Clinically Exposed Infants 

Radiation Technologists 
< 60 mGy questionnaire study with relatively high RR but not 
statistically significant. 



Odds Ratio Meta-analysis 

• Recognizing several limitations and questions, the 
meta-analysis results of these 4 study populations: 

PSC OR=1.45 at 1 Gy (95%, 1.15-1.85). 

Cortical OR=1.37 at 1 Gy (95%, 1.20-1.56). 

Mixed OR=1.75 at 1 Gy (95%, 1.26-2.46). 

Nuclear OR=1.07 at 1 Gy (95%, 0.5-2.0). 

• Likelihood of an association between exposure to 
ionizing radiation at - 1 Gy and initiation or 
development of PSC, mixed, and/ or cortical 
cataracts. 



Threshold Evaluations ? 

• Only two(2) Tier 1 or Tier 2 study populations 
evaluated threshold for cataractogenesis: A-Bomb 
(being re-evaluated), and Chernobyl. 

• Considerable uncertainty in these estimates, which 
depend heavily upon the dose response function 
used and uncertainties in dose estimates. 

• Too few data, not possible to perform meta-analysis. 
• Currently not enough available information to make 

any new specific conclusions with regard to chronic 
or acute exposure thresholds for cataracts. 





Members of the Public - per ICRP 

• Equivalent Dose for Lens of Eye Limit of 15 mSv /y. 
• Effective Dose Limit of 1 mSv /y. 
• ICRP-118 - no new limit for public exposure to lens of 

the eye, as the Commission judged that the existing limit 
was adequately protective, and therefore a reduction 
could impose unnecessary restrictions. 

• Highly improbable a member of the public would receive 
>0.5 Gy in a planned exposure situation, considering 
application of the effective dose limit of 1 mSv /y, low 
likelihood of the lens being preferentially exposed for 
significant periods, and optimization of protection below 
the equivalent dose limit for lens of the eye. 



Occupational: Populations / Protection 

• Medical 
Interventional Radiology and 
Cardiology 
Radiopharmacy, 
Radiochemistry, Nuclear 
Medicine 
Other workers 
Patients 

• Nuclear Facilities 
Issues with EDEX? 
High Beta Fields? 

• Industrial Radiography 
• Astronauts / Pilots 

• Engineering, Safe Work 
Practices, Administrative 
Controls 

• PPE 
Screens, Goggles, Leaded 
Glasses 
Face Shields 
Respirator Face Shields 
Bubble Suit Masks 

• Monitoring Lens Dose 
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Rising Use of Radiation in Medicine 

•Annual E per capita for Med Procedures: 
United States 0.5 mSv (1980) to 3.0 mSv (2006) 

Worldwide 0.3 mSv (1980) to o.6 mSv (2007) 

• United States (2006) 
337 M Diagnostic/Interventional Radiology 

18 M Nuclear Medicine 

• Worldwide (2006) 
3.6 B Total 

3.1 B Diagnostic/Interventional Radiology 

0.5 B Dental 

37 M Nuclear Medicine 
Mettler et al, Radiology, 2009,253 



Computed Tomography Usage 

• Was growing -10%/y 

• Up to -So M/y in U.S. 

• -10% in children 

• Perhaps slowing some ... 

• ED CT usage continues 
to increase. (Larson 2011). 

Growing -16%/y 

Double every 4. 7 y 

U.S. CT Usage Est. (Millions) 
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Radiation Therapy - Cataract Epidemiology 

• Early studies specifically 
associated with RT 
(1950s) 

• - 2-8 Gy threshold 
0-84 y age 
1-40 y followup 
o.2-69Gy Lens doses 
Small case series 
Cogan and Dreisler (' 53) 
Merrriam and Focht ('57) 
Qvist and Zachau (' 59) 

• Recent studies - lower 
thresholds for posterior 
lens changes 

• 0.2-0.8 Gy (Tinea 
capitis) Albert ('68) 

• 0.1-0.4 Gy (Skin 
hemangioma) Wilde and 
Sjostrand ('97), Hall 
('99). 

• Uncertainties, but still 
lower than before. 

• See NCRP SC 1-23. 



Comparing Some Potential RT Complications 

Detriment/Effect Tissue Gy (Acute to Fractionated) 

Loss of Eyelashes Eyelid 10 to >20 

Acute Conjunctivitis Conjunctiv 27 to >30 
a 

Chronic Conjunctivitis Conjunctiv 50 
a 

Ocular Dryness Lacrimal >30 to> 50 (1+ y latency) 

Ulceration Cornea 20 to >60 

Irisitis Iris 20 to >70 

Retinopathy Retina 30 to >70 

Cataract Lens -0.5 - 2 (10+ y latency) 



RT Optimization Possible? 

• Tradeoff between high tumor dose and clinically 
acceptable organs at risk dose. 

• Threshold doses for tissue reactions can be reached 
in some patients during RT (including lens). 

• Most treatment planning systems do not accurately 
account for such low doses (especially out of field). 

• Doses to RT patients from associated imaging 
procedures are not generally accounted for. 

• While local control is paramount, RT plans and 
processes should be examined with care. 

Dauer L, York E, et al 2016 



Patient Potential for >0.5 Gy to Lens of Eye 

• Radiation Therapy 
External Beam 
Brachytherapy 

• N euroradiology 
Interventional 
Procedures 

• Repeated Brain 
Perfusion CT 

81-348 mGy (Zhang2012) 

124 mGy (Perisinakis2013) 

• Repeated Head CT 
• Repeated Dental Cone 

Beam CT? 

• Optimization strategies 
should attempt to 
minimize the possibility 
of exceeding 0.5 Gy for 
lens of eye in patients, 
both for individual high­
dose exposures and 
multiple moderate dose 
exposures (repeated 
head CT or 
interventional 
procedures) 

(Vano, Miller, Dauer 2015) 



Lens Dose - CT Optimization Strategies 

(Nikupaavo et al 2015, AJR) 
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(Kudomi et al 2014, ECR) 

(Prins et al 2011, Oral Surg) 



Lens Dose - CT Optimization Strategies 

CT Dose Image Noise 

Bismuth Shield <10-40% >20-30% 

Organ Based TCM <25-50% >20-30% 

Gantry Tilt Angle 
10-12 degrees <75-85% <~25% 

6-7.5 degrees <7-20% ~ 

(shorter range <DLP overall) 

Dental Cone Beam CT Dose Image Noise 

<Field of View <20-50% <~25% 

Patient Lead Glasses <60-70% ~ take care positioning 
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UNSCEAR (2008 Annex B) 

UNSCEAR 
• ,..,760 person-Sv worldwide in 1994. 

• ,..,3540 person-Sv worldwide in 2002. 

• Physicians, technicians, nurses and others 
involved constitute the largest single group of 
workers occupationally exposed to man-made 
sources of radiation. 

• More than 80% of CT techs and general 
radiographers do not have measurable exposure. 

• IR/IC FGI MDs are the most exposed in 
medicine. 



NCRP-160 (2009) 

• Medical staff exposures contributed the most 
(39%) to the U.S. occupational exposures. 

• --2.5 Million monitored workers. 
• --o. 75 Million received measured doses. 

• --550 Person-Sv. 
•Average E = 0.75 mSv. 
• Data from --2006. 
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Expanding Use of Radioactive Materials 

• Diagnostic Imaging/IR/IC 
• PET Imaging 

Scans and Rad One Sims 

• Multimodality 
PET/CT 

PET/MRI 

• Nuclear Medicine 
Tracers 

Stress Tests 
Scan 

• Localization 
Sentinel Node 
Rad Seed Localization 
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~ Measurable Unprotected LDE (mSv/y) 
2011 Data MSKCC and Commercial Radiopharmaceuticals 

(Dauer, HP.I, 2013) 

IR/FGI MD no Pb glasses 11.1 0.1 0.5 7.0 19.3 32.5 35.7 36.5 

Radiopharmacist 4.7 0.1 4.3 5.0 6.4 8.0 8.5 8.61 

IR/ FGI Tech-Nurse no Pb 2.5 0.1 0.4 1.1 1.9 12.0 19.1 19.3 

NM Tech-Nurse 2.4 0.1 0.3 0.9 2.8 9.8 15.5 19.0I 

Hospital Average ** w 0.1 0.2 0.5 2.0 8.5 19.6 36.5 

NMMD 1.9 0.1 0.5 1.4 2.6 6.2 7.2 7.6 

Research Radiochem 1.9 0.1 0.1 0.6 3.3 6.3 7.8 8.2 

!Commercial Radiopharm 1.6 0.1 0.1 0.3 1.3 7.1 23.5 70.2 

Health Physics - Rad Safety 1.1 0.1 0.5 1.0 1.9 2.2 2.3 2.3 

Inpatient Nurse 0.4 0.1 0.2 0.3 0.4 0.9 1.8 2.2 



IR/IC FGI Lens Doses Vary by Procedure 

Unshielded LDE Nominal Estimates 

Embolization o.8 

Cardiology 0.5 

ERCP 0.5 

Biliary Stent/Drain 0.3 

Vertebroplasty 0.1 

TIPS 0.03 

Cerebral Angio 0.02 

•Training 
• Methodology 
• Complexity 
• Patient Factors 
•Equipment 
• Lens Dose correlates 

with Patient Dose 

-4-7 µGy Lens /Gy cm2 



FGI IR/IC Protection Controls (NCRP-168) 

• Engineering 
Equipment 
Structural Shielding 
Equipment Shielding 

• Safe Work Practices 
SOPs 
10 Commandments/Pearls 

• Administrative 
Training/ Credentialing 
Expectations 

• PPE 
(aprons/collar/glasses, 
etc.) 

(a) 

I 

' 

I I 
50 cm 

mGy h 1 I rl --{? 

40! 

'··+·s~J 2.0 

NCRP-168 



Operator Training / Credentialing 

• Equipment design and 
shielding help ... BUT 

• Training and 
Credentialing needs 
improvement. 

• Europe leads in operator 
training requirements. 

• Not all states have 
enacted legislation 
regarding radiation 
education for FGI 
operators 

' ' . , .. 

-----... 

·-· 

:~llJii, I 

-
- I 

"1 





Important to Perform a Monitoring Assessment 

Assessment Categories: 
; 

• Exposure Scenario I 
• Type of Radiation Field ' . ,, . ~'-

'°"'' ' 
• Energy and Angle iii' 

' " 
•Geometry ~~""' --"~~ (. .. • ·. ~ ,_ . I 

·. { . ' • Homogeneity ' : ~ ' 

. ' ·~ 

• Protective Equipment I' ~- . ..__ •- ~. 
·~ ....... '-.... . . . =---~ ~ . .,, -. 

• Mixed Radiation Fields (UCSF, 2016) 



How to Monitor Lens Dose? 

lttlf11A\it.5iltmn• ~(o.07)/H1ens Hp(3)/H1ens Hp(10)/H1ens 

Photons< 30 keV 

Photons> 30 keV 

Electrons 

Adequate? 

0.9 - 5 o.6 - 1 0.01 - 0.9 

o.8 - 1.1 1 - i.2 0.9 - 1.2 

1-500 ~1 <<1- 1.2 

Perhaps for OK for Photons. Not for low E 
photon radiation Necessary for Beta photons or beta. 

R. Behrens and G. Dietze 
Phys Med Bio 55 (2010) 4047-4062 

Phys Med Bio 56 (2011) 511 



Practical Lens Dosimeter Choices 
- Starts with actually wearing them! 

• DDE dosimeters (Whole Body) HP(10): 
On trunk or waist far from eyes. 

Underestimate at low photon energies (too thick) 

Under lead apron if in use. 

• SDE dosimeters (Extremity) HP(o.07): 
Must be worn facing the beam/scatter 
Worn near eye (note NCRP-168 factor of -1 at collar) 

(!:;:> 

·<:) 

OK for photons, overestimates for high energy beta (too thin) 

• LDE dosimeters (Eye) Hp(3) - exist?: 
Must be worn facing the beam/scatter 

Only type OK for both photons and high energy beta. 



How to Monitor Lens Dose? 
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Monitoring in Medicine 

Properly calibrated HP(3) with dosimeter worn close to eye -
if impractical ... consider the following: 

At trunk 

Radiochemistry 

Radiopharmacy 

Nuclear Medicine Staff 

Researchers(> 40 keV) 

Brachytherapy general 

Floor Nurses 

General Radiology Tech 

Health Physics 

At Eyes behind glasses -
or At neck and apply CF 

lnterventional Radiology 

lnterventional Cardiology 

lnterventional Tech 

lnterventional Nurse 

lnterventional Anesthesia 

Implant Brachytherapy 

If beta >0.7 MeV -
and Not shielded 

Beta Brachytherapy 

Beta Radiochemistry 

Beta Radiopharmacy 

Beta Researchers 

(Quinn B, Miodownik D, Dauer L, et al 2016) 



Lens of Eye Monitoring - Some Challenges 

• Absorbed dose to the lens in mGy. 
Lens modeling 
How best to monitor with available dosimeters? 

• Shielding and PPE modeling 
• Interventionalists (radiology/cardiology) 

@ 

' 
Badge location (generally outside the collar, nearer eye 
needed?, shield correction factor?) 

• What if leaded glasses or ceiling shields are used? 
Divide by 3+ if audited use can be verified/validated- likely a 
conservative estimate of actual lens dose. 



ICRP External Dose Factors for Lens of Eye 
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• Stylized eye phantoms. 

• New dose conversion 
coefficients. 

• ICRP-116, Appendix F. 
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ALARA / Optimization for IR Staff 

• Training, Behavior Modification & PPE 
-45% reduction in LDE over 3 year period. 

• Protect the Patient = Protect the staff 
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Optimization in IR Procedures 
Reduces Lens of Eye Dose as well 

• Dose > in larger patients. 
• mA low as possible. 

• kVp high as needed. 

• Patient at max distance 
from x-ray tube 

• Detector as close to the 
patient as possible. 

• Don't overuse geometric 
or electronic 
magnification. 

• Remove grid on small 
patients if image quality 
not compromized. 

• Always collimate down to 
the area of interest. 

• Use PPE (shield patient, 
use ceiling shields, 
leaded eyewear). 

• Keep beam on time, 
photospot shots, and 
movies to minimum. 



• 

Shielding Strategies for FGI LDE reduction 

• • •• 

r1 ,-l 
~ 

I . 
• 

• 

Strategy 

Leaded glasses 
; ' 

I Shielded drape 

I 
Leaded glasses 
+drape 

, Ceiling shield 

I Rolling shield 

Reduction 
Factor 

3 -10 

25 

140 

130 

1000 

Thornton, Dauer et al 2010 JVIR 



Monte Carlo Assessment of Dose to the Lens of the Eye IR 
(Xu, Dauer et al. 2016 [RPI/MSKCC]- AAPM meeting) 
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Monte Carlo Assessment of Dose to the Lens of the Eye IR 
(Xu, Dauer et al. 2016 [RPI/MSKCC]- AAPM meeting) 
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Monte Carlo Assessment of Dose to the Lens of the Eye IR 
(Xu, Dauer et al. 2016 [RPI/MSKCC]- AAPM meeting) 
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SC 1-23, Commentary 26 Conclusions 

• Should radiation-induced cataracts be characterized 
as stochastic or deterministic effects? 

Several authors indicate radiation-induced opacities may be 
stochastic in nature. 
Mechanism and link between induction of minor opacities and 
occurrence of clinically-relevant, visual-impairing cataracts 
within a relevant timescale is still far from clear. 
Best epidemiological evidence still indicates a threshold 
model. 
Continue to use this model for radiation protection purposes. 
Not possible to make a specific quantitative estimate of the 
threshold at this time. 



SC 1-23, Commentary 26 Conclusions 

•What effects do LET, dose rate, acute and/or 
protracted dose delivery have on cataract induction 
and progression? 

Although different studies have looked at many of these factors 
independently, there is still very little evidence upon which to 
base an answer to this question. 
Mechanistic evidence is perhaps stronger in some instance 
(e.g., differential effect of increased radiation ionization 
qualities enhancing the induction and progression of 
opacities). 
More high-quality epidemiological and mechanistic studies are 
required. Need for better dosimetry and scoring methods. 



SC 1-23, Commentary 26 Conclusions 

• How should detriment be evaluated for cataracts? 
Vision-impairing cataracts could be considered the endpoint of 
greatest concern. They certainly may affect individuals' ability 
to carry out their occupations or other daily tasks. 

Mechanisms underlying transition of minor lens opacifications 
to clinically significant vision-impairing cataracts are still not 
well understood. 
NCRP SC 1-23 encourages NCRP-168 recommendation to 
regard eye exposures in much the same way as whole-body 
exposures (i.e., ensure exposures are consistent with ALARA 
principles). This includes careful justification and optimization 
in exposure situations including radiation doses to the lens of 
the eye. 



SC 1-23, Commentary 26 Conclusions 

• Based on current evidence, should NCRP change the 
recommended limit for the lens of the eye at this 
time? 

Current epidemiology and biology studies indicate an 
association between exposure to ionizing radiation and 
initiation or development of PSC, cortical and/ or mixed 
visually-impairing cataracts for various exposure situations, 
perhaps even at lower doses than previously considered for 
lens dose limits. 
As in prior NCRP Report No. 132, use absorbed dose when 
addressing specific tissue reactions (or deterministic effects). 
Reduce Occupational Annual lens of eye limit to 50 mGy. 
Member of Public Annual lens of eye limit as 15 mGy. 





Several Needs and Opportunities 

• Need for new, high-quality 
epidemiology and basic 
research on mechanisms of 
action. 

Patients 
Occupational Staff 

• Increasing knowledge of 
pathogenesis, prevention 
and treatment of lens 
damage. 

• Quality treatment planning 
in EBRT, Brachy. 

• Dosimetry - modeling + 
algorithms for occupational 
exposure scenarios? 

• On-going opportunity for 
dose-sparing optimization 
(e.g. CT) and the need for 
more education and more 
accurate dose assessment 
for potentially exposed 
populations. 

• Need additional 
information on children 
effects. 

• Longitudinal studies. 



Stakeholder Engagement & Actions 

EPRI 

·: ·p- r·, I·- -~ 1 ,,- .- , -j -;· - ·1 - : 

'>< ,....,.~ f\J. y ,,.j '"''"-'' ~, R.,j,,~,,... "'"'"' "'"' """' til Ill Wcol.,i,.,, 
Pro:...,.),~ 

)\:io ''C-jNI•- "' i'F~-,~-

NCRP & GNYCHPS 

Lens of Eye Guidance­
Next Steps 

A Stakeholder Workshop 

on Implementation and Research 

Memcr1,1I s:oJn Ke!le••ng ~,p,., Yorio. 

' ,,, -,, . '' •. ' ,, "ii'" 



Guidance on Radiation Dose 
Limits for the Lens of the Eye 

Status of NCRP SC 1-23, Commentary 26 



From: 

Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Cindy 

Brock, Terry 
1Sep2016 13:44:08 +ODDO 
Flannery, Cindy 
Holahan, Vincent;Tadesse, Rebecca 
dose to the lens of the eye· workshop summary 
Summary Aug 29 2016_Cataract Workshop NYC.pptx 

I thought the workshop was well done. Below is a link to the slides and John Boice's sketch 
summary is attached. 

Larry Dauer did some interesting work at his hospital looking at the distribution of lens doses-­
my read is that current lens doses are low, almost all below the new NCRP recommended limit 
of 50 rnGy/year, but I think we need to know the distribution of doses fron1 some ot11er big 
hospitals in the country due lo the lack of reporting to REIRS. I found the dosimetry piece 
interesting and the lack of guidance/standards on how to measure/calculate the lens dose-­
Landauer can1e up with their own approach using a con1bo of the ODE and SDE dosimeter 
measurements that are reported by the licensee to REIRS. 

As a reminder, Larry plans to give NRC a sponsor briefing on the NCRP cor11n1entary on 9/21 at 
10 AM. 

Terry 

http ://ncrponli ne. org/wp-
con lenVlhemes/ncrp/PD Fs/2016/LensE ye Workshop presentations.pd! 



New NCRP Guidance - Ellie Blakely- lower than before but not as low as ICRP recommends 
Lens of Eye Dosimetry- Chris Passmore - How to measure what you've not been told what 
Nuclear Power Plant - Dennis Quinn - not a problem EXCEPT .. Fuel pools, higher energies, 
Could do a study of NPP workers 150K. Also 1SOK medical.. Landauer files. 
Medical Facilities - Larry Dauer - Medicine. Were the dose is. Increasing. 10% children. 
IRPA Guidelines - Steve Balter - Hp10 emphasis, Some IR/FGI approach higher 20 mSm. 
Glasses, need them on the side. 
Emergency ... mix of gammas and betas differ and challenging issues. 
Europe, Radiobiology, Mechanisms - Liz Ainsbury - a lot we don't know, what are target 
cells 
Research & Study Needs - Gayle Woloschak - radiation doesn't cause cancer, but 
cataracts. 
Q&A Moderator - Mike Grissom 
[] 
[] 

So much is needed. Is it worth the cost for rad protection. Biology epidemiology. 
Practical Need for guidance on measurements, Hp3 vs HplO. Orientation, PPE 
What is the "dose" to measure for compliance and how to do it. 



[] NCRP/160 medical doses update - CDC - UNSCEAR update also. 
[] Scanners in airport. Less than 2 minutes in flight -Aircrew doses - CDC 
[] Dosimetry complex. Not sure what to measure. Hp3 etc and how to do it. Can be 5% differences. Soares 

NCRP council. But 5% differences. So what? If the orientation badge position >>does it matter? If 1 mGy 
or 100 mrem .. Does it matter whether its even 2 mGy. Or re NRC, is the cost (which can be substantial) 
worth the level of protection. 

[] Science. NASA .. HZE and high LET ... but what is the% exposure to high LET. 
[] Reducing patient exposure could be meaningful. Dental cone beam CT. Pt Lead Glasses ... BMT 

Recognized. See lnskip paper (CCSS 2016). But workers increase. 
[] IR/FGI MD no Pb glasses. Average 11 mSv, 75% percentile 19 mSv 
[] Medical, Hp .07 shallow today, Hp3 switch ok photons, but needed for beta. HplO not so great. 
[] Protect patient= protect the staff .. training important 
[] Studies. 150K NPP. Link with Medicare. All eye disease. Cataracts. 
[] Time to wear bowtie. 
[) Spherical geometry? Better for above and below exposures. 
[] Hp3 not universal? HplO. 
[) Wear badge in medicine, or leave in desk and don't be hassled. Industrial radiographers ... leave in truck. 
[] Dosimeters that recognize if being worn .. 
[] Look at stochastic effects-makes a difference in regulations. And more on monitoring. 

Because enough room to cover. 



[] 
[] 
[] 
[] 
[] 
[] 
[] 
[] 
[] 
[] 

[] 
[] 

[] 

[] 
[] 
[] 
[] 
[] 

Slides being put on NCRP website "soon". Pdf'd and permissions needed. 
Major cause of blindness in world 
We will all get cataract if we live long enough .. 
Don't understand how initial result of insult on eye results in cataract. 
PPE matters, but remember the sides. 
medical, under or over the apron? 
Education and training most important 
Rad Protection Week .. Oxford in Sept. 
Epi evidence suggest a threshold 
Deterministic or stochastic. .. critical regulations. IF number of cells die, then easier to regulat. Stochachstic 
then look differently. 
How to add to detriment. Based on fatal cancer weights of assume genetics. Quality of life ... 
High LET neutrons. Cataracts in pilots, Lufthansa, flyers. Proton therapy, baths in low level neutrons. Astro 
doses are low but specialized on effectiveness of HZE particles. 
NEEDS. Regulations on what to measure and how. LET matters. RESEARCH needs. NASA has no human 
analogue for HZE bullets. Fe .. Zipping threw space. Dose rate matters. Sex vs Males. Males more 
sensitive. Than females. Opposite with cancer. Limits time in space. 
Humans only, rad bio only, doesn't work. We are trying to integrate with best of both epidemiology 
Wonder world of omics, biology, connectomics, Computer power, genectic sequencing. Huge capability. 
Speakers. Come for picture. 
Do we protect plastic lens. Should we, affects quality of life etc. 3pm. 
Don't be stupid. Radiation causes cataracts. Your occupation gets it. 



~ 
Public Health 
England 

Mechanisms: Biological and biochemical considerations for initiation and 

development of cataracts, especially at low doses 
- What are the target cells (technological development needed)? 

- What is the initiating event? 
- How is latency determined (Hamada et al., 2014)? 
- What is the effect of dose, LET, age, gender, genetics (Hamada et al., 2016) ... 
-Consideration of the lens as a bioindicator of global radiosensitivity (Worgul et 

al., 1996) 
-Potential role of countermeasures (e.g. Un et al., 2016) 

Epidemiology: 
- Development/implementation of a single classification scheme for cataracts 
- Large scale reanalyses to be carried out to reduce statistical uncertainty 
- Development of screening programs for occupational exposures 



~ 
Public Health 
England 

There have been few radiobiology studies of the lens that have been done in the past 20 years. 

Technology has changed drastically during this time; the initiation of new studies at this time could benefit 
from this technology revolution. 

Radiation-induced cataracts are risks of occupational and therapeutic exposures and affect a significant 
population of people. While effects might not be life-threatening, morbidity is significant. 

Understanding mechanisms will help us understand basic questions in radiobiology that will have a 
broader consequence. 



Fram: 
Sent: 
To: 
Subject: 
Attachments: 

John Boice 
15 Jul 201613:13:12 -0400 
Brock, Terry;Mike Boyd 
[External_Sender] DOE and MPS March 2016 
Low Dose Radiation U.S DOE Mar 2016.pdf 

F\'I ... .Interesting support of MPS (attached also) ... hope the transfer to D<)E to NCRP 
\vorks (thanks 'l'erry). 

11The [,ow [)ose Progra1n is also supporting, through intra- and interagency 
efforts; a 1nortality study of the early U.S. workers of the nuclear age. The 10 Million U.S. 
Worker Study11 builds on the investn1ents 111ade and foundations laid by researchers. and 
govem111ent agencies over the past 30-40 years. These efforts had established early 
\Vorker cohorts that can no\V provide ansvvers to questions on 
the lifetime human health risks associated \vith low-level radiation exposures. 11 

Mike ... thanks for kind words re I JPS award .. sec you in Spokane! 

John 

John D. Boice, Jr., Sc.D. 
President, National Council on Radiation Protection and Measurements 
f1oicc((i:ncrponlinc.orv 301.657 .2652 ext 19 
Professor ofMedieine, Vanderbilt Universit 'School oflvledicint: 
jQJ:UJJ2Qi~-~_(f£_~'.-~nQ_~rQ_UJJ~Q-~ .A..lso: (b )(6i 

@·.T\(:R.P_(JR.G 
'-~~~~~~~~--' 



Fram: 
Sent: 
To: 
Cc: 
Subject: 
Study 
Attachments; 

Terry 

John Boice 
21 Jul 201611:55:37 -0700 
Brock, Terry 
Mike Boyd 
[External_Sender] Fwd: NRC funding to DOE DE-SC0008944 Miiiion Man 

DE-SC0008944_AwardModRequest_NCE_2016-07-2!.pdf 

FYI .. submitted the NCE. Should be able to submit the required grant.Rov stuff, budget, 
justification etc by today. 

Thanks again for all your efforts (and with DOE especially)' 

John 

---------- For\\1arded 1nessage ----------
Fron1: John Boice .. l(b"')_.16")-~--------' 
Date: Thu, Jul 21, 2016 at 9:50 AM 
Subject: Re: NRC: tunding to DOE DE-SC:0008944 Million Man Study 
To: ''Anderson, Todd" <Todd.AndersonGJ:.;_science.doe.!!ov> 
(' c: '' Qgj.~.:.9f~!D.9J1?E)J1Lin£,.\2J:g '' <l29.is:.9.Cl!lnf!l"1PDLi.Ds~,E?.tl\>, ''Corcoran. Joan nc '' 
<Joanne.Corcoran(lLscience.doe.gov·>, Kathy Held <kathy.held((i)ncrponline.org·>, Laura 
At'h'ell <Laura.Atvvellri:J)ncrponline .org> 

Todd 

1. PAMS has in their records that I subtnittcd a request to you on July 19 for additional 
access ... 

11 LJser Requested Additional Award Access Boice, John D?/J 9/2016 01:07 P!\1 ET " 

2. But doesn't 111attcr for the here and now, since Laura found and sent n1e Dave Smith's 
authorization passvvord, and I vvas able to sub1nit the NCE just no\v under his authority ... 
He's still our ED for about a week. 

I Jere's the justification ... and attachment fron1 PAMS for the NCE request. I lope 
adequate. 
"0712012016 
REQ-0000001376 No Cost Extension Submitted" 

We \vould like to request a one-year, no cost extension for our grant entitled 
11 Epide1niologic Study of(lne Million IJ.S. Radiation Workers and Veterans" (D()f:~ 
Grant No. DESC0008944). 1\lthough \Ve havti n1ade substantial progress. additional ti1ne 



is needed to complete so1ne of the aims of the investigation. Specifically to finalize the 
dosin1etry assessn1ents and1nanuscript sub1nissions of several in1portant coho11s, 
specitically the nuclear pov.'er plant v.'orkers and industrial radiographers. Funds will 
rc1nain in the grant after the current end date of 14 Septe1nber 2016. 

V/e would like to request a one-year no-cost extension until 14 September 2017. The 
justification is to complete the aims and manuscripts tOr ihe two cohorts below. 

I. Dose-Response among Nuclear Pov;•cr Plant (NPP) \\1orkcrs: Follo\v-up through 
2011 identified 30,993 deaths fron1 all causes. including 71 from chronic ly1nphocytic 
leuketnia (CLL) and 319 fron1 leuke111ia other than CLL. The 1nean <lose to active bone 
1narro'W' fron1 external radiation was 19.5 n1Gy (111aximum 1.0 Gy) overall, and the 
percent of \Vorkcrs \Vi th cun1ulativc doses >I 00 m(Jy \Vas 8.3%. Nearly 40,000 \Vorkcrs 
had >50 n1Sv career dose esti1nates. The extension will allow us to finalize the 
n1anuscript on leukernia dose-rtisponsti~ and cotnplele dose response n1anuscripts on lung 
cancer, heart disease and other sites of particular interest. 

2. Dose-Response among Industrial Radiographers: Follow-up through 2011 
identified 21,045 death~ ffon1 all causes, including 41 ffo1n chronic lymphocytic 
leuke1nia (C:LI.,) nnd 174 from lcukcn1ia other than('L.L. The 1ncan do5c to nctivc bone 
marrov..r from external radiation \Vas 12.2 n1(Jy (1naxlmum 1.0 (_iy) overall, and the 
percent of \Vorkers \Vi th c111nulative doses > 100 mGy \Vas 3.0°/o. Nearly 17 ,000 \Vorkers 
had ;>50 mSv career dose estimates. T'he extension \vill allow us to finalize the 
1nanuscript on leuken1ia dose-response. and complete dose response 1nanuscripts on lung 
cancer, heart disease and other sites of particular interest. 

Results for the NPP and industrial radiographer studies would be subsequently co111bined 
for enhanced statistical power. 

Thanks for help' 

Un Wed, Jul 20, 2016 at 7:58 AJ'v1, Anderson, "!'odd <T'odd.Andcrson(t1)sciencc.doc.trov> 
v;rrote: 

Thanks John 



Safe Travels. 

Todd 

From: John Boice [mailt~(b)(6) 
Sent: Wednesday, July 2 , 2616 16:57 AM 

l'o: 1~_ndersonj 'fodd <'Todd.Anderson(lhscience.doe.guv> 
Cc: boice(c/;ncrponline.org: Corcoran, Joanne <Joa11ne.C'orcoranGl.::science.doe.gov;,"" 
Subject: Re: NRC funding to DOE DE-SC0008944 Million Man Study 

Todd 

Thanks. I've been checking too. Request to you \Vas sent and the response was that I'll 
get an cn1ail. I'll recheck ... 

But no proble1ns. Our Office 1nanager who \Vas on vacation just got back to me and 
she had the codes tOr nH~ to enter for login and Pll be able to enter the NC'.E. 1'111 HO\\' 

in I)enver about to take off for Dulles. Jill have the NCE submitted tonight 

The proposal not that far behind. 

Best wishes and thanks for help. 

John 

On Wed, Jul 20, 2016 at 6:24 AM, Anderson, Todd 
""..::'t odd.1\nderson(lt)science.Joe.gov:> \Vrote: 

John, 

I have not yet received any NCE request via PAMS. Please double check to be sure it was 

submitted and not just saved within the PAMS system. 

Thanks, 

Todd 

From: John Boice [mailt~.,.(b~)~(6~)==~----~ 
Sent: Tuesday, .July 19, 2016 1:10 PM 



To: Anderson, Todd <'roJd.1\nJerso111lf)science.Joe.gov:> 
Cc: boicera:ncrnonline,org; Corcoran, Joanne <Joanne.C:orcoranCa)science.doe.gov> 
Subject: Re: NRC funding to DOE DE-SCOIJ08944 Million Man Study 

Todd 

Thanks! Understood. 

It turns out on PAMS I didn't have "approval" to subn1it the NCE ... only to vic\v, 
just sent you a request a minute ago through PArY1S ... 

"Todd, ll turns oul l didn't have authurity to sub111it the NCE. So if this ""·as 
granted I'd 111ove quickly. Sorry for delay. John" 

John 

On Tue, Jul 19, 2016 at 7:45 AM, Anderson, Todd 
<Todd. AndcrsonlZi>scicncc .doc. gov> wrote: 

John, 

Just FYI. \A/hen you prepare your budget you \~;ill need to plan for a total amount 

of $97.087.38 instead of the full $100,000. There is an ad1T1in1str·ativc fee ('·'3?,S) 

that 1p..r1ll need to come out of the interagencv funds. 

Best, 

Todd 

From: John Boice [mailtd~(b_)_(6~)------~ 
Sent: Monday, July 18, 2016 5:50 PM 
To: Anderson, Todd <Todd.Anderson1@science.doe.gov> 

Cc: boice@ncrponline.org; Corcoran, Joanne <Joanne.Corcoran@science.doe.gov> 

Subject: Re: NRC funding to DOE DE-SC0008944 Million Man Study 



Dear Todd 

Thanks for good ne\V·s. Sorry about the tin1e rush. 

Jl1n in Spokane at Heallh Physics Society and chairing a session tor rest of 
aftc111oon and have evening activities I have to attend. 1'11 try to get this all out 
ASAP. Now 5:50 pin your ti1nc, 2:50p1n n1y time .. Pacific. 

Jln1 on PAMS but couldn't find a way to submit and NC:E (should be obvious but 
l'tn missing sotnething). \\1e're in bet\veen Executive Directors (nev"' one starts 
next \V'eck) .. Thought I 1night 111ovc quickly on this ... 

. A.ny chance you n1ight quickly remind inc ho\\' to subn1it the NCE? I \Vrotc it as 
belo\V'. (The other specitic are pretty straightforward ... changing to 2017 etc). 
Will start \York on proposal bet\veen breaks. 

Thanks 

John 

No c:ost Extension for D()E Cirant No. DESC'0008944 

[)ear l)r. Anderson: 

\\le \Vould like to request a onc~ycar, no cost extension for our grant entitled 
"Epide1niologic Study of One Million U.S. Radiation Workers and Veterans'· 
(DOE Grant No. DESC0008944). Although we have made substantial progress, 
additional titne is needed to eon1plete sotne of the aitns of the investigation. 
Specifically to complete the follow-up, dosi1nctry asscssn1cnts and 1nanuscripts 
of several in1portant cohorts including nuclear pov.'cr plant v.rorkcrs and 
industrial radiographers a1nong others. Funds \vill remain in the grant after the 
currrnt end date of 14 September 2016, i.e., $3,329.48. 

We \:voul<l like to request a one-year no-cost extension until 14 Septe1nbcr 2017. 

Thanks very n1uch for your continued support of this ongoing research etfort. 



On Mon, Jul 18, 2016 at 11 :46 AM, Anderson, Todd 

<I.Q.4.9.,A!lQ~r?.9.n.@:.~i;:i.~n.~~,.4.Q\}.,gQs.> \"Tote: 

Dear Dr. Boice, 

I received confirmation fro1n my DOE-C'hicago Office colleagues (and Terry 
Brock) that the NRC supplied funding (back in March) to the Million Man 
Study (DE-SC0008944) via the intcragcncy collaborative arrangcn1cnt with 
DOE. NC'RP has not received these funds because I \Vas not a\varc that any 
funds were sent until today. Had we known about this earlier we could have 
assen1bled the required intOn11aliun in a timelier n1anner, Nov.1 \\'C will be 
under a n1sh to assc1nblc the required docun1cnts to allo\v NCRP to access 
these funds. 

We're going to need: 

1) a no-cost extension request sub1nittcd by N(:RP for this project through 
the PAMS systcn1 ASAP. The av.1ard currently expires in 60 days. 

2) a proposal (with a budget), sub111itted via Granls.gov, in response to the 
annual solicitation (DE·FOA-0001414 ). As a supplc1ncnt \Vi thin scope of the 
original a\vard, there's no need for additional n1crit revie\v. 'rhe proposal 
1night be (n1ostly) a copy of \Vhatever \Vas subrnitted to NRC to justify the 
additional funds. 

These things need to happen quickly. Vv'c arc already 18 days beyond O()E's 
deadline for this fiscal year to complete award actions. Apologies in advance 
for the r\lshed sC'hedule b\lt th,1t's where \Ve are. 

Best Regards, 

Todd 



Robert T. Anderson Ph.D. 

Director, Biological Systems Science Division 

Office of Biological and Environrnental Research 

SC-23.2 I Germantown Building 

U.S. Department of Energy 

1000 Independence Ave., S.W. 

Washington. DC 20585-1290 

tel 301-903-3213 

fax 301-903-0567 

Todd.Anderson(d)science.doe.gov 

**************************************** 

BER a(lvances i-vorld-class biological and cnl'ironnu:utal research prugra111s· 
and scientific_f"acilities./Or DOE tnissions in energ}', environn1ent, and hasic 
research. 

John D. Boice, Jr., Sc.D. 
President, National Council on R_adiation Protection and J\1easurerncnts 

t?.Qi.~.~(q)Jl!;IP.2n.li.ns:,.vr.g ... ~.Q.lJi.5..7..,~.6.5..~ .. ~!i1..L9.. 
Professor of Medicinei \' anderbilt University School of Medicine 
iohn.boice(ci)vanderbiltedu Also:l(b)(6) I 

lclNCRP ORG 

John D. Boice, Jr., Sc.D. 
President, National <:ouncil on Radiation Protection and Measure1nents 
boice(</:·ncrponline.org 301.657 .2652 ext 19 
Professor of Medicine. Vanderbilt University School of l\1cdicinc 



john.hoicc(ii::vanderhilt.cdu Als1._(b_l_(6_1 _______ __. 

iiD,NCRP ORG 

John D, Boice, Jr,, Sc,D, 
President, National Council on Radiation Protection and Measurements 
boicc(ilJncrponlinc.org 301.657 .2652 ext l 9 
Professor of Medicine, Vanderbilt Univcrsi School of Medicine 
john.boice(a)vanderbiltedu Als (b)(6) 

ra:l\CRP ORG '----------' 

John D, Boice, lL, Sc,D, 
Prcsidcnl, National Council on lla<lialion Prolcction and Mcasurc1ncnts 

QQi.\.'..~.C(~!1£[QQ.U.l.i.n~.,.QXZ .. 3.Q.J,.6.2.7.,.fJ?.2.~ ... ~£;!.J.2 
Protessor of Medicine, \'anderbilt LJniversity School of Medicine 
john.boice(iDvanderbilt.edu Alsol 

(b)(6) 

0ll\CRP ORG ~-------------~ 

John D. Boice, Jr., Sc.D. 
President, National ('ouncil on Radiation Protection and Measurements 
boice(li_',ncrponline.org 301.657 .2652 ext 19 
Professor of Medicine, Vanderbilt niv r i 
john.boice(ii:·vanJcrbilt.cdu Also (b)(6) 

~-------~ !dl\CRP ORG 



Tracking#: REQ-0000001376 A\vard Modification Request - No Cos.t Extension 

Award Information 

Institution I t~atio0al Council on R<>.d·ati::;;• Pro:ection and roleasurements. Bethesd<J, :V1D 

Pl Boice. Joh'l 

Award DE-SCOD08944 Ep•der:1iologic Study of One Million L;_S ~diat;on VVorke-rs and '/e!erans 

Budget Period 09/15i2D12 - 09/1412016 

Project Period 09115121;12 - 09/1412015 

Submitle!'" Information 

Name 

' Submitted On I 07:21 i2016 12:34 P"A E"'." 

Email I srrich@ncrpo1'1ne.org 

Phone I (3C1) 657-2652 Ext '.20 

PAMS Award Role SROIBOi.l'•.O 

Position Title 

Award Modification Request Information (Provided by Sub1nitter) 

Proposed End Date 09i14!2C17 

Amount of Funding Still Unspent S 3,329.0C 

Justification \Provided by Submitter} 

1/-Jc wou1d like- t;:; ·eqt;c-st a o-;c-yca,. ro ccst extcr>s1o:i for 01,v gran'. e:-i!lllcd ·Ep1de"TJ1otc:g:c Study :if One M·!q:;ir Ll S Radiat1or. •Yorkers and Veterans' 
(JOE Gran! No_ DESCCO:J3944) Alchough we have made S.Jbstantiill progress, additional t 1me is needed co cornp1ete soPie cf :he aims of l"e in11estigacion 
SµBc1fically to f1ns:1ze the dosimetry assessrf1ents srid n.an:Jscnpt subrr1ss1ons oC se.-eral unportant cohorts. spec1f1cally tt"e n~clear power plar:t workers 
and industrial radiographers. Funds will ren-,a111 1~ the granc after !he currenc end date cf 14 Septerrber 2C' 6. 

'!-le would like tc request a o'1e-year no-cost exte'1s100 u0!1I 14 Seplern::ier 2D1 7. The 1ust1fica1.on 1s 10 complete the aims and man:.:scnp1s fo" tr.e t110 

cohorts belO'N. 

Dose-Response amon;; Nuclear Pov.·er P!ani (NPP) \Vorkers; Fol!ow-:_ip ttiraugh 2011 1dert1t"1ed 30,993 deaii'·S fror, all causes, 1ncludv1g 71 from chrome 
lyrrp~ocyl:c lou~_err«.a (C~L) ar.d 3i g from leuke~ia ether than CLL -;-re mean Cose to <ictivo bone marrow To:n exh;•nal rad.alien was 19.5 mGy 
(craximum 1 0 Gy; overall. ari::i :he ;;erce>I of workers w·th curru!ative doses >100 rnGy ·Nas 8 3°;; '\early 4CJ,OCO IJ\Drkers !>ad >50 mSv ca-e--er dose 

es!;rna!es The extension wi·I a·!ow us lo finaliLe che ma'luscrip! on leLkemia dose-response, and com;;le1e d0se response n1aruscripts on lung C8'1Cer, 
react d1<;ease .an::l other <;1\es cf ran:1cular 1n:::eresl 

Dose-Respo"lse arf'org lndustr,al Raoio'._;raphers Fol ow-'-<P :hrough 201 c 1de'llified 21 045 Jeaths from al· causes :nci.Jding ~ 1 frorn cf-'nu'l1C 
lyn:phocyl:c leukem.s (C,~L) ar.d ~74 from leuke~ia ether than CLL -;-re 1nean Cose to active bone marrow '.'ro:n exle:-nal rad.alien was 12.2 inGy 
l_T'<IX!'llllm 1 0 Gy; 01rerall, an::i :he cerce:-il of workers w:th curr:u!<itive doses >100 mGy 'N<1S 3,0"{,. \:early 17.0{;0 worke~s haj >50 mSv ca:eer dose 
cst,m<itcs The extension O\TI a·!ov; '.JS to finaliz-c Che ma'luscript on lc\,kcm1a dose-response, <ind comole1c dose response mcoruscnpts on lung cznccr, 
hea•t disease arid other sites of parricular in:erest 

Resd'.s for the NPP a-:C: inC:uslrial radiographer studies would oe subsequen~ly c::;mb·ned fo~ en'lancec s\atislical power 



Fram: 
Sent: 
To: 
Cc: 
Subject: 
Supplemental Award 

John Boice 
5 Aug 201612:15:32 -0400 
Brock, Terry 

Mike Boyd 
[External_Sender] Fwd: Recommendation for DOE Office of Science 

Thanks! Looks like \\'e1re golden, and reiroach ve to 7/22/16. 
John 

---------- ForlA<·arded n1essage ----------
From: P.4.MS <PA!\1S.Autoreplyfihscience.doe.12ov> 
Date: Fri, Aug 5, 2016 at 11:53 AM 
Subject: Recom1nendation for DOE Office of Science Supplemental Award 
To: boiceCd·ncmonline.org 
Cc: Robert Anderson <Todd.AndersonCli)science.doe.gov>. Joanne Corcoran 
<Joanne. Corcoran(ii:.scic11cc .doc. guv>, Theresa Lagana 
<'J'erry.Luganarr-oscience.doe.gov> 

'The follovving supplcn1ental proposal has been rcco1nn1cndcd by the ()fficc of Biological 
& Environrnental Research within the Departn1ent ofEnt:rgy (DOE) Offii.:e ufScie1u.:e for 
negotiation of a financial alA<·ard: 

Award Number: DE-SC0008944 
Institution: National Coun\:il on Radiation Protection and Measure1nents. Bethesda. MD 
Principal Investigator: Boice, Juhn 
Proposal Title: Epiden1iological study of one n1illion U.S. radiation \vorkers and veterans 
Solicitation: DE·FOA-00014 I 4, FY 2016 Continuation of Solicitation for the Office of 
Science Financial Assistance Progran1 
I\ v.'ard 'Type: Grant 
Supplement Start Date: 07/22/2016 
A1nount Rcco1nn1cndcd for Supplc1ncnt: $97,087 

If an award is to be n1ade, the Ofticti of Science - Chicago ofthti DOE will be in i::ontact 
with the appropriate business representatives at your institution to negotiate that a\\1ard. 

The DOE 1nakes no co1nmitment and assumes no obligation with this letter. Only an 
a\vard docu1nenl sign\jd by thlh': appropriatlh': official obligates DOE to support a projlh':ct. 

Thank you fOr your submission to the D()E ()t'ficc of Science. We look fon~1ard to 
continuing to work with you. 

Sincerely. 
Robert Anderson 



Progra1n l\1anagcr, Office of Biological & Environmental Research 
·r0Jd.Andersonr{1)science.Joe.gov 

John D. Boice, Jr., Si::.D. 
President, National C'ouncil on Radiation Protection and Mcasurcn1ents 
boicc((L,ncrpnnlinc_orp 301.657 .2652 ext 19 
Professor of Medicine. Vanderbilt Universit ·School of Medicine 
j9bJJ.J29j_£_t(f£YJIQ£t~rb.iJJ,~Q1~ ,!\\so: (b )(6) 

'-~~~~~~~~~--' 

(iDJ\CRP ORG 



From: 
Sent: 
To: 
Cc: 

Held, Kathryn D 
27 Sep 201618:36:49 +0000 
Brock, Terry 
Laura Atwell 

Subject: [External_Sender] Re: NRC-HQ-60-14-G-0011: M0002 

Terry, 
Thank you! 
Kathy 

We really appreciate your help and support. 

Sent from my iPhone 

On Sep 27, 2016, at 1 :29 PM, Brock, Terry <T crry. r~rock 'i{Jlrc.gov> wrote: 

FYI 

Terry Brock, Ph.D. 

OfFice of Nuclear Regulatory Re&earch 

U.S. Nuclear Regulatory Commission 

Washington D.C. 20555 

Mall Stop TWFN~10 

phone: 301~415~1793 

From: Carr, M'Lita 
Sent: Tuesday, Septernber 27, 20161:11 PM 
TO: bo1ce(Wncrponl1ne.org 

Cc: Shaffer, Sarah <Sar21h.Shaffer@nrc.gov>; Zuber, Gordana <Gorciana.Zuber@nrc.gov>; 

Brock, Terry <I<ill:JLfu:<2£Ki!!'!lli~"£> 
Subject: NRC-HQ-60-14-G-OOll: M0002 

Dr. Boice, 

Please see tl1e attacl1ed 111odificatio11. Tl1a11k: you. 

'T'hanks, 

M'Lita R. Carr 
Contra.ct & Gra_nt Specialist 
U.S. N11clestr Reg11latOf)' Commission 
Acquisition Ma11agement Divisio11 
Mail Stop: TWFN-T5-E02 
Phone: (301) 415-6869 
Email: MLita.Carrra:nrc.gov 
Office Sc}1cdulc: f'v1onda,;.r - 'Thursda)r 5:00 at11 - 3:30 I)tn 



(·011/identia/itr /\iotice: 7/1c ahot'C c111ai/ llk~\'Sl(!!,C. fO«,;erhcr trith lll(\' f~~lJJJFtfC(f 
c111ai/s or arrac11111c11t(s). is.for the sole 11.1e oftj_rc i11rc1u/cd reLjJW«Htt(j and !!11(\' 
co11rai11 if1/br111atio11 tlrat is sc11siti.1·.c, 11ri1·i/cp:er~or!JldJJmi27ror orhcr\t'isc JJrotcctctl 
jr(!tll rli.l'i'/(!sllre 1111rler ajJjJ/icuh/e federal !t!JJ: . .,,.,.+n~11a11fh(!rf::..ed II.\(' or disclosure of 
the c111ail n1cs.~a.!!,l' iuu/ a11_1' ussoclf1Le-H-trffiichn1c11t(s)'i1· prohihitcd. lf'rou hclici'e 
fflllf you /ia1·e f'CCC/\'r'~~11Y{/[/ in Cl'/'01', jJ/cOSC !IOfif.>vJ1e !1Cl/rfcr i111111cdf11fC~\' fllhf 

delete it ti·o111 1JJW·-:rr·sre111 ~ 
• _J~ 

<downloadFonn.pdf? 



Fram: 
Sent: 
To: 
Cc: 
Subject: 
HQ-60-14-G-011 

Thank you! 

Kathy 

Held, Kathryn D 
23 Sep 2016 12:40:09 +0000 
Brock, Terry 
Laura Atwell;John Boice 
[External_Sender] Re: Re: 3-month No cost extension for NCRP grant 

From: Brock, Terry <Tcrry.Brock«~nrc.gov> 
Sent: Friday. Scplctnbcr 23, 2016 8:39 AM 
To: Held, Kathryn D 
(:c: Laura Ahvell; John Boice 
Subject: RE: Re: 3-month No cost extension for NC'RP grant tiQ-60- 14-G-O 11 

Thanks Kathy. That should do it. I'll let you know if we need anything else 

Terry 

From: Held, Kathryn D [rriailto:K<Jthy.Held@ncrponlinc.org] 
Sent: Thursday, Septernber 22, 2016 5:06 PM 
To: Brock, Terry <Terry.Brock@nrc.gov> 
Cc: Laura Atwell <Laura.Atwell@ncrponline.org>; John Boice 4(b)(6) I 
Subject: [External_Scnder] Re: 3 ·month No cost extension for NCRP grant HQ .6Q. 14·G·011 

Dear Terry, 

I apologize for not expressing our NCE request correctly in the modified budget on the 

request and thus causing confusion. Attached is a modified request on which I have 

changed the budget request (I hope expressing it correctly now) and included an 

explanation for why our NCE request is for $21,810, although we had $60,495.49 as of 

the end of August, 2016. I hope this is a clear explanation. If there are additional 

questions or other information needed, please let me know. 

Thank you so much for your help! 

Kathy 

Fram: Held, Kathryn D 
Sent: Thursday, September 22, 2016 11:10 AM 
To: Brock, Terry 
Cc: Laura Atwell; John Boice 
Subject: Re: 3-month No cost extension for NCRP grant HQ-60-14-G-011 



Hi Terry, 

Thanks for update. The $60,495 amount was as of the end of August. Because of the 

very heavy expected effort by staff consultant, editor and other staff in September as 

we do pre-publication work and final reviewing on the report, we estimated about $39k 
in total costs to be charged in Septen1ber, hence the NCE request of about $22k. 
I'm out of my office until 3:30 and don't have detailed numbers with me, but will send 

you full info when I get back to my office at 3:30. 
Thanks. 

Kathy 

Sent from my iPhone 

On Sep 22, 2016, at 10:14 AM, Brock, Terry <Terry.Brock@nrc.gov> wrote: 

Hi Kathy 

The revised budget for the NCE should reflect the total for the grant. See 
below_ We have on record th;;:it there is still $60,495.49 remaining. Would 
you please verify the exact amount left on the submittal as soon as 
possible. 

Thanks, 
Terry 

Terry Brock, Ph.D. 

Office of Nucle;.1r Regultitory Research 

U.S. Nuclear Regulatory Commission 

Washington D.C. 20555 

Mail Stop TWFN-10 

phone: 301-415-1793 

From: Davis, Chon 

Sent: Thursday, September 22, 2016 9:39 AM 
To: Brock, Terry <Tcn·y.Brock@nrc.gov> 
Cc: Shaffer, Sarah <Sarah.Shaffcr@nrc gov>; Tadesse, Rebecca 
<Rebecca .T adcssc@nre.gov> 
Subject: RE: 3-month No cost extension for NCRP grant HQ-60-14-G-011 

Importance: High 

Hi Terry. 
Sarah and I just reviewed the budget you sent us It looks like they are 
asking for an add1t1onal $21,810. If this 1s truly a no-cost extension the 
bud et should look like this: 

Category Year 1 
~-~~-~ 

Personnel $44,928.82 

Fringe $11,901.64 

Year 2 
$14,136.00 

$3,733.11 

Total 

$64,310.14 

$17,035.75 

NCE 
$5,245 

$1,401 



Benefits 

Travel $29,116.29 $14,794.24 $43,910.53 0 
Other $25,000.00 $5,900.00 35,000,00 $4,100 

Indirect $114,053.25 $39,626.33 $164,743.59 $11,064 
Charges 

Totals $225,000.00 $78,190 $325,000.00 $21,810 

Their ASAP report shows that they have $60,495.49 remaining as of 
9/12/16. We need to know exactly how much money they have left and how 
they plan to use it during the extension period. 

Please have the recipient revise the budget to reflect a true no cost 
extension and please contact M'Lita Carr with a CC to us to ensure she is 
willing to process the no cost extension given that the grant expires on 
9/29/16 and this request is corning with a less than 30 day turnaround time. 
I've copied her on this email so that she will be aware that you'll be speaking 
to her. 

Thanks very much! 
Chon and Sarah 

From: Brock, Terry 
Sent; Friday, September 16, 201611:36 AM 
To: Davis, Chon <Chon.Davis@nrc.gov> 

Cc: Shaffer, Sarah <Sarah.Shaffer@nrc gov> 

Subject: RE: 3-month No cost extension for NCRP grant HQ-60-14-G-011 

Here you go. 

Thanks 

From: Davis, Chon 

Sent: Tuesday, Septen1ber 13, 2016 12:46 PM 
To: Brock, Terry <Terry.Brock@nrc.gov> 

Cc: Shaffer, Sarah <Sarah.Shaffer@nrc.gov> 
Subject: RE: 3-month No cost extension for NCRP grant HQ-60-14-G-011 

Hi Terry. ThE'y should be •Jble to subrr1it it in the s,:ime fonriat they used initi,:illy, 
unless there's something l1 n1 unaware of. Sarah is out of the office the rest of this 

week so if you could please forward the revised budget to me I will initiate the 

zeroreq. 

From: Brock, Terry 

Sent: Tuesday, September 13, 201610:28 AM 

To; Shaffer, Sarah <Sarah.Shaffcr@nrc.gov>; Davis, Chon <Chon,Duvis@nrc.gov> 

Cc: Tadesse, Rebecca <Rcbccca.Tadcssc@nrc.gov> 
Subject: RE: 3~month No cost extension for NCRP grant HQ~G0~14~G~011 



Do you have a preferred fonnat for the budget? 

Terry 

From: Shaffer, Sarah 
Sent: Tuesday, September 13, 2016 9:57 AM 
To: Brock, Terry <Terry.Brock@nrc.gov>; Davis, Chen <Chon.Dav1s@nrc.gov> 

Cc: Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov> 
Subject: RE: 3-month No cost extension for NCRP grant HQ,-60-14-G-011 

Terry 

The granteP. neP.ds to send in a rP.Vi$P.d budget. And we need it ASAP, 5ince we 

only have a couple of weeks until it expires. 

From: Brock, Terry 

Sent: Tuesday, September 13, 2016 9:43 AM 
To: Shaffer, Sarah <Sarah.Shaffer@nrc.gov>; Davis, Chon <Chon.Davis@nrc.gov> 

Cc: Tadesse, Rebecca <fulli£:r;gcli>Q£;gJ!!llw;RQ:1> 
Subject: 3·month No cost extension for NCRP grant HQ·60·14·G·011 

Sarah/Chon, 

NCRP requested a 3 month no-cost extension for grant NRC-HQ-60-14-G-
0011 "Dose to the Lens of the eye··. It was to end on 9·29~16, now to end on 
12-31-2016. 

Here's the justification: 

NCRP has finalized the Report and processing will begin shortly for 
publication as a hard copy and in electronic form. The reason for the 
request is that the processing costs for publication will continue after the 
grant ends on 09/29/2016. Funds allocated for the publication processing 
remain in the grant, and NCRP needs a no cost extension through 
12/31/2016 just to cover the publication processing cost. NCRP anticipates, 
however, that the publication will be out in a shorter time since this is their 
highest priority for publication. 

Terry Brock, Ph.D. 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Comn1ission 
Washington D.C. 20555 
Mail Stop TWFN-10 
phone: 301-415-1793 



Fram: John Boice 

Sent: 
To: 

18 Nov 2015 11:44:37 -0500 
Brock, Terry 

Subject: [External_Sender] Re: Re: input needed on MWS 

Attachments: 
11.pdf 

Million Person Study of Low Dose Radiation Health Effects 2015-07-

Terry 

I 111ay have sent the CDC: Foundation Proposal ... but here it is again. It was 1ny attempt to 
explain \vhy the MPS is so critical to the nation. 
A thun1bnail sketch of all things associated VY'ith the iiludy. 

Best \Vishes 

John 

On Wed, Nov 18, 2015 at 11:31 AM. John Boice .... l(b-l(_6_1 ______ _,f wrote: 
Terry · · 

Thanks! C'on1forting that disi.:ussions are being held at such high levt:ls! 

Best 
John 

On Wed, Nov 18, 2015 at 11:26 AM. Brock, Terry <Terry.Brock1c/;·nrc.gov> vvrote: 

Thanks John. This is very helpt\.Jl. Mike \Y'cber \.vill be calling DOE-NE soon. Our 
C:hain1)an meets with the I>OE~NE Asst. Secretary John Kotek in Dccc1nbcr and the MWS 
is on the <lgenda for thein to take over fro1n SC. 

Best. 

From: John Boice [mailtdu(b"')"-(6'-')~~~~~~---' 
Sent: \\iednesday, Noventber 18, 2015 11 :04 AM 
To: Brock, Tc1Ty <Tcrrv.Brock(l(nrc.gov> 
Subject: [External_SenderJ Re: input needed on M\V'S 

Terry 

Thanks very 1nuch for the call about Bill. .. Bil V·las \Vcll likcd/lovcd and it's a tragic 
loss. He was only 62 y. 



I'tn in Emergency Response n1eeting in Nor,.vich C'T and \vill try to provide as I can 

Title is 

Epidemiologic study of one million U.S. radiation '0/orkers and veterans 

The total amount wa' $21,733.858.00 

Technically I a1n not certain whether "award" is the proper tcnn. It was "approved" . 

"The attached \Vas the original sub1nission, approved for $211\.1. T"f1en rcsub1nission ln 
July 2012 for reduced amount, 

Effective date ofav,·ard was Effective Date: 9/15/2012 (see attached) for 
$2.544.000.00 

Period of Performance through 9/ 14/20 l 4. 

V./e've had 2 NC'E's ... the one just rect:ntly \Vas through 9/ 14/2016 (atta1.:hed). $4K 
\Vas the carryover through 9/14/2016. DOE said this \vould be a 1nechanism for 
\Vhieh other agencies could provide funds, but not necessarily any fltnds fro1n the111. 
Sec attached NC'E. 

()ver the years, NRC~, EPA, NASA contributed funds through the mechanism. Ada1n 
DeMella asked nle to prepare a total funding description tor the ~tillion Person 
Study ... I1vc attached this also F"Y-1, updated as of today for you. 

FY I "' I've attached a June 20 IS letter to Sec Moniz from the DOE SEAB regarding 
low dose studies. "SE.AB does not believe DOE should abandon its research effort 
on lo\.v-level radiation etl'ects.'' 

NASA did provide a 3 year grant which keeps the lights on. It \vas S75K for this 
year. As v.'c1vc discussed, the subcontractors arc no\v nioving to other projects that 
support their level of effort needed. And, tragically, Bill Morgan provides an 
ex.:lmple of\vhat continues to concern me,., if we don't act now, the national 
opportunity is lost. 

Ifn1orc needed, I'll try to get back \Vhcn I can 

Best 

John 



On Wed, Nov 18, 2015 at 9:30 AM, Brock, Terry <Is:rrY. ... ~rQ£)5:{{?:'.!1££,g~'.~'?· \Vrote: 

John, 

We're going to call DOE-NE about the l'v'IWS, but I need some info before \\'C 

call 

The infonnation I need is facts like -

official title ofprojcet-1 know it has morphed a hit over the years? 

grant with NC~RP? \\!'hen started? Current period ofpcrforrnancc? 

Thanks, 

Terry 

John D. Boice, Jr., Sc.D. 
President, National ('ouncil on Radiation Protection and Measurements 
boicer.>1:11H.:rponline.org 301.657 .2652 ext 19 
Professor of Medicine, Vanderbilt University School of Medicine 
john.boicc((l:vandcrbiltcdu Also:l(b)(e) I 

@NCRP ORG 

John D. Boice, Jr., Sc.D. 
President, National Council on Radiation Protection and Measurements 
boicc(alncrponlinc.org 301.657 .265? ext l 9 
Proft:ssor ofl\1edicine, Vanderbilt University School oflvledicine 
john.boice(a>vanderbilt.edu Also:l(b)(6) I 

\qiNC::l\P_QRQ 



John D. Boice, Jr., Sc.D. 
President, National ('ouncil on Radiation Protection and Mcasurcn1cnts 
h!Lt~.~.(~fln.~rP.D.n.!.lJ.!£,.9.!:g. 3 o I . 6 5 7 .26 5 2 ext I 9 
Professor ofJVledicine. Vanderbilt lJniversit 'School of Medicine 
john.boict:(i.:lvanderbilt.edu Also: (b)(6) 

1ii:NCRP ORG 



Title: Million Person Study of Low Dose Radiation Health Effects 

Principal Investigator: John D. Boice, Jr., Sc.D. (Brief bio) ( '·" ''Jf" ' ' 

President, National Council on Radiation Protection and Measurements, Bethesda, MD 

Professor of Medicine, Vanderbilt University School of Medicine, Nashville, TN 

Overview: A study of one million Americans to determine the health effects of exposure to ionizing radiation at low 

doses and low dose rates. The populations include; 

• Manhattan Project workers (360,000) - Department of Energy (DOE) 

• Veterans who participated at Atmospheric Weapons Tests (115,000) - Department of Defense (DOD) 

• Nuclear Power Plant Workers (150,000) - Nuclear Regulatory Commission (NRC) Licensees 

• Industrial Radiographers (150,000) - Nuclear Regulatory Commission (NRC) Licensees 

• Medical Workers (225,000) - radiologists, technologists, radiation oncologists, nuclear medicine 

Why it matters: A critically important gap in knowledge surrounds the health consequences of exposure to radiation 

received gradually over time. Much is known about the health effects of brief high dose exposures, such as from the 

atomic bombings in Japan, but the concerns today focus on the frequent low dose exposures received by the public. 

Ever~increasing population exposures come from medicine (CT scans), nuclear waste and facility cleanups, nuclear 

power generation, occupation (interventional radiologists), increased air travel and cosmic·ray exposures, 

technologically enhanced naturally occurring radioactive materials (TENORM) in the environment from hydraulic 

fracturing, reactor accidents (Fukushima) and the possibility of terrorist events with dirty bombs or improvised 

nuclear devises. 

Policy and health: The irnportance of the Million Person Study is reflected in the Low Dose Radiatior1 Research Act of 

that was passed by the House and is now being considered by the Senate. The purpose of H.R. 35 is "To 

increase the understanding of the health effects of low doses of ionizing radiation" in order to improve public 

prote<:tion and "to inform improved risk management methods". 

The research is timely as the NRC and EPA are currently assessing radiation standards in the United States and will 

propose changes that continue to protect workers and the public from adverse health effects without unduly 

restricting beneficial uses. Precise and accurate knowledge of radiation health effects on prolonged exposures 

typically experienced by Arnericans today can inform protection actions that are neither excessively restrictive nor 

overly lenient. 

The need for relevant population studies: The direct study of low doses and low dose rates is of immeasurable value 

in understanding the possible range of health effects from gradual exposures and in providing guidance for radiation 

protection and worker compensation. Healthy American workers are more representative of the American public 

than are Japanese atomic bomb survivors exposed in 1945 who lived in a war·torn country and subjected to 

malnutrition, infections, and deprivation. Current radiation standards and guidance, however, are based largely on 

the atornic bomb survivor data, which requires rather tenuous assurnptions on how to extrapolate brief high dose 

exposures received by an Asian population in 1945 to low-dose gradual exposures received by Americans today. 

Population identification: Since the 1940s, the diverse populations of American workers and veterans exposed to 

radiation have been assembled by US government agencies for occupational monitoring, epidemiologic research, 

licensee requirements and compensation purposes. Access to these populations has taken nearly 30 years, including 

the necessary IRB and Human Subjects Research approvals, and one million persons are now available for study. Also 

available are the essential ingredients for high quality epidemiologic research: well defined populations with personal 

identifiers (name, date of birth and social security number); occupational records (dates of employment, job titles); 

radiation records on doses received over time; and bioassay data (e.g., urine san1ples) as needed to determine any 

intakes of radioactive material. Women con1prise approximately 35% of the study population. 



Vital Status: Tracing populations from the 1940s and 1950s is challenging. We match the study rosters against the 

Social Security Mortality Files of over 80 111illion deaths in the US since the 1960s using the CDC probabilistic matching 

program (LinkPlus). We make similar n1atches against 19 state mortality tapes such as California, Texas, and Florida. 

The National Death Index began in 1979 and provides cause of death directly. Alive status is determined by sending 

our rosters to the Social Security Administration who match our data against Medicare files, Internal Revenue tax 

returns and other data sets to report back whether a person is known to be alive. These strategies have resulted in 

location rates above 95%. 

Dosimetry: The key to good epidemiology is reflected in the quality of the exposure assessn1ent. As such we have 

assembled the top dosimetry experts in the United States to provide guidance on the collei;:tion, utilization and 

reconstruction of radiation doses for the diverse populations. Initial guidance has been published in 2015 for the 

entire !YUHl9.JJ. .. ~g!'."c?.9JJ .. ?1lJ.9Y and in 2014 for the'"''"'""''''''·'·'·· 

Analysis: A variety of statistical analyses are being used to compare the mortality experience of the million person 

with the estimates of radiation organ doses (e.g., to bone marrow for leukemia evaluations). Time dependent Cox 

analyses, Poisson regression approaches, standardized mortality ratio programs are all being used. Approaches to 

handle possible uncertainties 1n dosimetry have been developed. The estimates of risk at low doses will be 

compared directly to the risks extrapolated from high dose studies to learn whether they are the same, lower or 

higher, and thus inform risk management decisions, compensation schemes, and n1odels of carcinogenesis. 

Progress: The feasibility to conduct the Million Person Study was confirmed in methodological, lli?.ill!l§'.t'Jfand 

?.!.R1l?.~J.i:::.i!.l studies that were followed by proof of principal investigations of workers at 8.9.\::b.QJ.~JY.D.~. (Atomics 

International), Mound (Dayton, Ohio) and currently Mallinckrodt (St. Louis, Missouri). Preliminary results have been 

subn1itted tor publication on health effects an1ong atomic bon1b survivors and nuclear utility workers. 

How Unique is the Study: The Million Person Study is 12 times larger than the study of 86,000 atomic bomb 

survivors and, because of sheer numbers, has many more low-dose subjects and many more high-dose subjects. 

Because of the average age of the population, it is estiniated that nearly 400,000 deaths will have occurred. Such 

large nurnbers and br()ad dose distrlb\1tlons provide subslantial statistic;al ability to uncover and reveal precise 

estimates of radiation risk for individual organ sites from exposures received gradually over time. One ultimate goal is 

to integrate radiation biology with the Million Person Study to even further enhance the understanding and 

prediction of disease following low dose exposures. Because oft he r:n-:ying of' the r·acJia ti on workfon:e and the 

associated diminution of human capital, the opportunity to conduct paradigm changing research (with implications 

for science, prevention, and policy decisions) ls now. 

Collaborators: National Council on Radiation Protection and Measurements, Vanderbilt University, University of 

Southern California, Harvard University, Oak Ridge Associated Universities, Oak Ridge National Laboratory, Risk 

Assessment Corp., International Epidemiology Institute, Landauer Inc., University of Washington, Mel Chew Assoc. 

Sponsors: Over the years, financial and in-kind support has come from a variety of sources including the NRC, t_PA, 

NASA, DOE, DOD, CDC, the Departmenl of Veterans Affairs, Vanderbilt University, the National Cancer Institute, and 

the military services (US Army, US Navy and US Air Force). It is a nationwide study but support has been irregular and 

mainly on a year by year basis. 

Financial need: The inspiration for the Million Person Study and the assembling of the cohorts have occurred, and it 

ls only the perspiration (the straightforward but arduous and mundane tasks of tracing the populations, obtaining 

death certificates and causes of death, reconstructing the radiation doses and analyzing the data) that remains. At 

the current rate of funding it will take 20 years to complete the study in its entirety, which is longer than the 

expected lifespan of many of the senior investigators. To co1nplete the research in the next five years approximately 

5 million dollars annually would be required. 



Fram: 
Sent: 
To: 
Cc: 
Subject: 

Thanks Kathy! 
John 

John Boice 
14 Sep 2016 18:43:51 -0400 
Held, Kathryn D 
Brock, Terry; Laura Atwell 
[External_Sender] Re: Re: NCE for NRC-HQ-60-14-G-0011 

On Wed, Sep 14; 2016 al 6:41 PI\1, Held; Kathryn D <Kathv.Heldca:'ncroonline.org> 
wrote: 

I Ii Tcny. 

As per your instructions, \Ve've prepared a budget for the no-cost extension (requesting 
carry forward of $2 J ,8 JO into the NCE period). showing it as an additional colu111n on 
our original budget request I have included this at the botto1n of Dr. Boice's previous 
letler, and this revised version is attached. 

If you have questions or \Ve can provide any additional infonnation, please let us 
know. 

Thank you for your kind attention to our request. 

Kathy 

Kathryn D. Held, Ph.D. 

Executive Director/Chief Science Oflicer 

National Council on Radiation Protection and Mcasurc111cnts (NCRP) 

Kathv.held(ii1ncrponline.ora (301) 657-2652 ext. 20 or (cell) J~(b_J_(e_i _____ ~ 

From: Held, Kathryn D 
Sent: Tuesday, September 13, 201611:18 AM 
To: Brock, Terry 
Cc: Laura Atwell; John Boice 
Subject: Re: Re: NCE forNRC-HQ-60-14-G-00! 1 



Hi Terry, 

'Thanks so much! 1111 gei ii to you ASAP, 

Kathy 

Fron1: Brock, 'Terry <'T'crry.Brock(i.i:nrc.i;ov> 
Sent: Tuesday, September 13, 2016 11 :07 AM 
To: Held, Kathryn D 
c:c: Laura Atwell; John Boice 
Subject: RE: Re: NCE for NRC-HQ-60-14-0-0011 

Hi Kathy, 

Just send the budget info to inc. /\dd another colu1nn for the last 3 1nonths and the 
planned expenditures. Here's the format fro1n your resear.:h updates to use Add it to 
John's earlier \vrite-up and send it lo me. 

Terry 

[ cid:image003,png@O I D20DAF,059870CO] 

'T'crry Brock, Ph.L). 

Office of Nuclear Regulatory Research 
lJ,S, Nuclear Regulatory Co111mission 
\\/ashington IJ.(:. 20555 
Mail Stop TWFN-10 
phone: 301-415-1793 

Fron1; I lcld, Kathryn D [ mailto; Kathy.I lcldiZi;-ncrponlinc.org] 
Sent: Tuesday, Scptcn1bcr 13, 2016 10:14 AM 
To: Brock, Terry <'f'erry.Brock({i)nrc.gov> 
Cc: Laura At\vell <Laura"A.t\ve\ICZvncmonline.on:r>~ John Boice 
1!61!61 I 
Subject: [External_ Sender] Re: NCE for NRC-HQ-60-14-0-0011 

Iii Tcny, 

Docs this budget need to be on any specific tOnn or in any specific fonnat? Docs it get 
sent directly to you or sub1nittcd in so1nc other fashion online? 



Thanks so 1nuch for you help. 

Kathy 

Kuthryn D. Held, Ph.D 

Executive Director/Chief Science Officer 

National C'ouncil on Radiation Protertion and Measuren1ents (NC'RP) 

Kathv.hcldCU::ncmonlinc.org (30 I) 657-2652 ext. 20 or ( cc111 
(b)(6) 

~--------~ 

From: John Boice l..,(b~)~(6~)-------~ 
Sent: Tuesduy, September 13. 2016 10:08 AM 
To: Brock, Terry 
Cc: Held, Kathryn D; Laura Atw-ell 
Subject: Re: NCE forNRC-HQ-60-14-G-OOl l 

T'hanks 'T'crry, I'll ask Kathy to put this together, 
John 

<Jn cr\lc, Sep 13, 2016 at 10:00 AM. Brock, crcrry 
<T crrv. Brock((i.'nrc.gov<n1ailto: Terry .Brock(ci)nrc.gov> > \\.Tote: 

John. 

To process the no cost extension I need a revised budget of the remaining funds over 
the extended time period-\vc need this soon to process before the end of the rnonth. 

Thanks. 
Teri)' 

Terry Brock, Ph.D. 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Co1nn1ission 
Washington D.C. 20555 
Mui! Stop TWFN-10 
phone: 301-415- l 793<tel:301-415-1793> 

From: John Boice [mailroJtb)(6) ~rnailtol(b)(6) iJ 
Sent: Saturday, September 10, 2016 12:56 PM ~-------~ 



To: Brock, Terry <T crrv.Brock!~Dnrc.gov<mallto:Tcrry.BrockCii::nrc.gov>> 
Cc: Held, Kathryn D 
<kathv .he\d(rincrponli ne.org<mailto:kathv .he ldCa)ncmonl ine.org> >; Laura Atvve II 
<:Laura.At\vcJ].'(f'·ncrno11linc.org<1nailto:Laura,;\t\VCil(a.'ncmonlinc.org.>:> 
Subject: [External Sender] NCE for NRC-HQ-60-14-G-OO\ \ 

Hi Te1Ty 
I lope you enjoyed beautiful downto\vn Oak Ridge last week. I'll be there on Monday. 
'The cataract Workshop at n1emorial v.,ras very successful (in 1ny view) and it v..ras great 
you wert: able to attend. Hopefully the Corrnnt:ntary will be valuable for the NRC, th.:: 
nation (and perhaps the \vorld), 
The Comtnentary is going to C'indy for publication processing next week and is our 
highest priority. 
\\

1e'd like to request a NCE for 3 nlonths (attached) to covt:r the publication processing 
costs. There are 1nore than adequate funds re1naining in the Grant. The Comn1entary 
\Vi11 be eo111pletc but the hard copy publication and electronic version takes sonic tin1c 
(and effort) to finalize. We can probably co1nplete in ()ctober but arc requesting 
through December to cover any glitches (unexpected at this stage). 
Besi vvishe~ 
John 
PS: Though you and fan1ily nlight be interested in a recent photo of Jennifer and 
Helen Maroulis (the USA first fe1nale gold medal winner in wrestling). Helen is local 
and went to Cashell. She came back to her elementary school a week ago to speak 
vvith the kids and 111cs1ncrized thcrn for 2 hours, and then gave then1 her tncdal to pass 
from one to another. Jennifer \\'as her cle1nentary school 1nusic teacher. 

John f). Boice. Jr,, Sc.I). 
President, National ('ouncil on Radiation Protection and Measurements 
boicerCi:1 ncrponline.org <1nailto:john.boice(rDncrponline.org> 301.657.2652 ext 
12<tel:30l.657.2652 1;{120ext0,~2019> 

Professor of Medicine, Vanderbilt University School of Medicine 
john. buicc(i/·vandcrbi [ t.cdu<1nai]t,j(b )(6) I ,I\. !so: 

(b)(6) mai!tol(b)(6) I 
mage remove y sender. https://twitter.con1/J\'CRP Bethesda] 

C4lNCRP _ ORG<https://twittcr.co1n/NCRP Bethesda> 

John D. Boice, Jr., Sc.D. 
President, National Council on Radiation Protection and Measurements 
boice(ll.!.ncrponline.org <1nailto:john.boicerl/:.;ncrponline.org> 301.657 .2652 ext 19 
Professor of Medicine, Vanderbilt Llnivcrsi 1 School of Medicine 
'ohn.boicc (i:·vandcrbilt.cdu<1nailto (b)(6) .!\.\so: 

(b)(6) 



[Image rc1novcd by sender. https:/,...t\vittcr.co1n/l\'('RP Bethesda] 
@;NCRP _ ORG<https:/tt\vitter.con1iNC'.H .. P Bethesda> 

John D. Boice, Jr., Si::.D. 
President, National C'ouncil on Radiation Protection and Mcasurcn1ents 
boicc((L·ncrpnnlinc.orp 301.657 .2652 ext 19 
Professor of Medicine. Vanderbilt Universitv School of Medicine 

j9lu1.J29J.£.~ff£YJIQ£t~rb.iJJ,~Q1~ .A \so: (b )(6) 

(iDJ\CRP ORG 



From: 
Sent: 
To: 
Cc: 
Subject: 

Mike, 

Brock, Terry 
13 Nov 201513:19:37 +0000 
Case, Michael 

Tadesse, Rebecca;Coffin, Stephanie 

FW: RE: Follow-up on million worker study call 

From Todd Anderson below .. It doesniJ€TMt look like DOE Office of Science has any issue with 
us working with DOE-NE an the million worker study, nor do they want a phone call between 
Office Directors. 
Terry 
From: Anderson, Todd [rnailto:Todd.Anderson@science.doe.gov] 
Sent: Thursday, November 12, 2015 3:14 PM 
To: Brock, Terry 
Subject: [External_Sender] RE: Follow-up on million worker study call 
Hi Terry, 
Schedules are pretty complicated around here ove( the next couple of weeks. Is a call needed? Is there a 

particula1· concen1 from the NRCi3€""s point of view? 

Nobody here is particularly concerned or has an issue about the proposed path forward we talked about 

last Friday. 
Best, 

Todd 

From: Brock, Terry [mailto:Terry.Brock@1nrc.gov] 
Sent: Tuesday, November 10, 2015 10:06 AM 
To: Anderson, Todd 
Subject: Follow-up on million worker study call 
Hi Todd, 
It was good to talk with you last Friday. I was wondering if we could set-up a call between our 
respective office directors say next week Wednesday or Thursday? 
Thanks, 
Terry 
Terry Brock, Ph.D. 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Con1rnission 

Washington D.C. 20555 

Mail Stop TWFN-10 
phone: 301-415~1793 



From: Brock, Terry 
Sent: 20 Sep 201614:22:14 +DODD 
To: Mikula, Olivia 
Subject: FW: RESPONSE· Quick Turnaround· FW: LRM [EHF-114-323] ENERGY Oversight 
Testimony on DOE's Decision to end its Low Dose Radiation Research Program #1140231926# 
Attachments: million man worker study.docx 

It looks like a couple folks are working on this issue. We did provide funding. DOE's original 
estimate was $25M over 5 years to complete the study. So far, DOE contributed $1M in fiscal 
year (FY) 2012 to this study; no further monies were provided. The NRG contributed $1.5M in 
FY12, $517K in FY14 and $100K in FY16. NASA has contributed nearly $1M to date, while 
EPA's contribution was smaller, on the order of $200K. 

Attached is a one-pager 

Terry Brock, Ph.D. 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Commission 
Washington D.C. 20555 
Mail Stop TWFN· 10 
phone: 301-415-1793 

From: Tadesse, Rebecca 
Sent: Tuesday, September 20, 201610:18 AM 
To: Weber, Michael <Michael.Weber@nrc.gov>; Albert, Michelle <Michelle.Albert@nrc.gov> 
Cc: Clark, Lisa <Lisa.Clark@nrc.gov>; Case, Michael <Michael.Case@nrc.gov>; Webber, Kimberly 
<Kimberly.Webber@nrc.gov>; Hackett, Edwin <Edwin.Hackett@nrc.gov>; Gartman, Michael 
<Michael.Gartman@nrc.gov>; Sampson, Michele <Michele.Sampson@nrc.gov>; Brock, Terry 
<Terry.Brock@nrc.gov> 
Subject: RE: RESPONSE· Quiel< Turnaround· FW: LRM [EHF-114-323] ENERGY Oversight Testimony on 
DOE's Decision to end its Low Dose Radiation Research Program #1140231926# 

Hi Michelle, 

Attacl1ed is a background information on tl1e rvlill1on Worker Study. 

Thanks 
Rebecca Tadesse, Chief 
Radiation Protection Branch 

Division of Systems Analysis 

Office of Nuclear Regulatory Research 
301 ~415-1824 

From: Weber, Michael 
Sent: TlJesday, Septernber 20, 2016 9:25 AM 
To: Albert, Michelle <Michcllc.Albcrt@nrc gov> 
Cc: Clark, Lisa <Lisa.Clark@nrc.gov>; Tadesse, Rebecca <Rcbccca.Tadcssc@nrc.gov>; Case, Michael 
<rvlichacl Cusc(Wnrc.gov>; Webber, Kimberly <l(imbcrly.WcbbcrCWnrc.gov>; Hackett, Edwin 
<Edwin.HackettcUJnrc.gov>; Gartrnr;Jn, Michaf.'I <M1ch;iel.Gartrnan@nrc_pov>; Sarnpson, Mi(hP.le 



<Michele .Sam pso n@nre.gov> 
Subject: RESPONSE· Quick Turnaround - FW: LRM [EHF-114-323] ENERGY Oversight Testimony on 
DOE's Decision to end its Low Dose Radiation Research Program #1140231926# 

Good morning, Michelle. As promised please find attached a few comments on the draft 
test1rnony. Our biggest concern 1s the prerr1ature and disruptive terrnination of the Million 
Worker Study. Although the testimony indicates the merits of the study, it does not specifically 
state why the study is being tern1inated or point out the loss of this research to the Fede1·a1 
government and Nation. We can provide you with more background from NRC's perspective on 
the Million Worker Study as you deem necessary. 

In addition. although DOE 1s testifying why it is bringing the low dose radiation researc~1 progran1 
to a close, it does not clearly indicate that DOE (and the AEC before) has shouldered the 
primary obligation for conducting the radiation effects research for the US Government back to 
the 1940s. T erm1nat1on of this program eliminates this support for the Federal governn1ent. 
Because tunda111ental issues rer11ain (as alluded to in the dr·aft testimony), re-establishment of 
this program in one or more agencies would require additional resources and a substantial 
1nvestn1ent of intellectual and l1un1an 1·esources and rnay not be as effective or efficient 1f 1t is 
distributed across multiple agencies. By terminating the program without previously 
coordinating and establishing a successor· prograrr1, DOE is putting this body of knowledge and 
the country at risk. 

From: Albert, Michelle 
Sent: Tuesday, Septen1ber 20, 2016 8:23 AM 
To: EDO_ACS Distribution <EDO ACSDistributionCiiln1·c.gov>; EDO_ETAs <EDO ETAs@nrc.gov>; 
Spencer, Mary <Mary Spencer@•nrc.gov>; Campbell, Tison <Tison.Campbell@nrc.gov>; RidsNmssOd 
Resource <RidsNmssOd Resource@nrc.gov>; Roman·Cuevas, Cinthya <Cinthya.Ron1an@nrc.gov>; 
Weber, Michael <Michael.Weber@nrc.gov>; Hackett, Edwin <Edwin.Hackett@nrc.gov>; Wylie, 
Maureen <t'v1aureen. Wylie@nrc.gov>; Muessle, Mary <Mary.Muessle@nrc.gov>; Rossi, Anthony 
<Anthony.Rossi@nrc.gov>; Calgary, James <Ja111es.Colga1·y@nrc.gov> 
Cc: RidsOgcMailCenter Resource <R1dsOgcMailCenter_Resource@nrc.gov>; RidsEdoMailCenter 
Resource <RidsEdoMailCenter.Resource@nrc.gov>; Ammon, Bernice <Bern1ce.Arnmon@nrc.gov>; 
Clark, Michael <Michilel.Clark@nrc.gov>; Clark, Lisa <Lisa.Clar·k(gJnrc.gov> 
Subject: Quick Turnaround - FW: LRM [EHF-114~323] ENERGY Oversight Testimony on DOE's Decision 
to end its Low Dose Radiation Research Program #1140231926# 
Importance: High 

"' OFFIGl.O.L USE OtJLY 1\TTOR~JEY CLIE~JT PRIVILEGED l~JFOR~olATIO~J, /\TTOR~JEY WORI< 
PROD! JCT AND/OR PRE DECISIONAi INF08,MAILQ.N .. ~.~.: .. 

Please provide any comments on the attached to me and Lisa Clark by 11 :30 a.m. today 
(Tuesday, September 20. 2016). 

(b)(5) 

Thank you, 



[b)(5) 

Michelle D. Albert 
Senior Attorney I Office of the General Counsel 
Legal Counsel, Legislation. and Special Projects Division 
U.S Nuclear Regul.'ltory Con1n)1ss1or1 
(301) 287 ·9259 I Michelle.Albert@nrc.gov 

--*OFFICIAL USE ONLY -- ATTORNEY-CLIENT PRIVll EGED INFOR~dAI!ON AIIORNEY ___ WDRK __ __ 
PRODUCT. AND/OR PREDECISIONAI INFOR~dAI!Ot-.1 ''' 

From: LLO Resource 
Sent: Monday, September 19, 2016 5:49 PM 
To; Ammon, Bernice <Bcn1icc.Arnmon@nrc.gov>; Clark, Michael <Mich0cl.Clark@nr·c.gov>; Albert, 
Michelle <Michcllc_Albcrt@nrc.gov>; Clark, Lisa <Lisa.Clark@nrc gov>; Michel, Eric 

<Er1c.M1chelOGC@r1rc gov> 
Subjec:t: FW: LRM [EHF-114-323] ENERGY Oversight Testimony on DOE's Decision to end its Low Dose 
Radiation Research Program #1140231926# 

From: Fitter, E. Holly H. EOP/OMB 
Sent: Monday, September 19, 2016 5:48:40 PM (UTC-05:00) Eastern Time (US & Canada) 
To: DL-CEQ-LRM; 'EPA'; 'HHS'; 'JUSTICE'; 'NASA'; DL-OSTP-LRM; LLD Resource 
Cc: Zaidi, Ali A. EOP/OMB; DL~WHO~WHGC~LRMi Pasquantino, John C. EOP/OMB; McDonald, Christine A. 
EOP/OMB; Bar-Shalom, Tali EOP/OMB; Robinson, Donovan 0. EOP/OMB; Arnett, Benton T. EOP/OMB; 
Laity, Jim A. EOP/OMB; Do~ets, Vlad EOP/OMB; Burnim, John D. EOP/OMB; Vaeth, Matt l EOP/OMB; 
Fucile, Tamara L. EOP/OMB; Dee, Carolyn M. EOP/OMB; Menter, Jessica N. EOP/WHO; Bauserman, Trent 
D. EOP/WHO; Hickey, Mike J. EOP/OMB; Burgess, Scott H. EOP/OMB; Aguilar, Brenda L. EOP/OMB; DL­
WHO·DPCEC·LRM; Fahiye (Fahiye.Yusuf@Hq.Doe.Gov) Yusuf (Fah1ye.Yusuf@Hq,Doe.Gov); 'Owen, Lil' 
Subject: [External~Sender] LRM [EHF·114·323] ENERGY Oversight Testimony on DOE's Decision to end 
its Low Dose Radiation Research Program #1140231926# 

DEADLINE: 12:00 Noon Tuesday, September 20, 2016 

Please review the attached DOE statement for a 9/21 House Science hearing on DOE's decision to end 

its Low Dose Radiation Research Program in FY 2016, and provide any comments by the deadline 
above. Thanks. 

LRM ID: :C:EF-ll!J-J2J 
EXECUTIVE OFFICE OF THE PRESIDENT 
OFFICE OF MANAGEMENT AND BUDGET 

LEGISLATIVE REFERRAL MEMORANDUM 
Monday, Septen1ber 19, 2016 



(b)(5) 

Thank you. 



From: 
Sent: 
To: 
Subject: 
Attachments: 

FYI 
,\'F /l,Jetting, ,S1'.IJ. 
[-'(!ice: 301~903~8309 

Fu.r: 3f)f~()03w05fJ7 

Metting, Noelle 
1Dec2D1110:16:11-0500 
Brock, Terry 
FW: reviewer form and conflict of interest 
Boice renewal.pdf 

nor.Ile. metting(ii:sciencc. doe. gov 

From: Corcoran1 Joanne 
Sent: Wednesday, November 30, 2011 4:42 PM 
To: Metting, Noelle 
Subject: reviewer form and conflict of interest 



Proposal# 
0000200031 

U.S. Department of Energy 
Office of Science 

APPLICATION/PROPOSAL COVER SHEET 

GrantsGov # 
GRANT10992744 

THE ATTACHED APPLICATION/PROPOSAL IS FOR YOUR REVIEW & APPROPRIATE ACTION 

INSTITUTION: International Epidemio:ogy !ns:i~ute, Rockville, t.taryland 

TYPE OF REQUEST: Renewa: 

P .I.: Boice. John 

DATE RECEIVED: 101271201; 10:23:05 AM 

AWARD NO: DE-SC0004307 

SOLICITATION NO: DE-FOA-0000600 

TITLE: Epidemiologic study of O'le million LJ_S. radiation workers a:id veterans 

TOTAL NUMBER OF PAGES SUBMITTED: 303 

ERROR LIST' 
No Errors 
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Budget Justification (International Epidemiology Institute (IEI)) 

The proposed study involves the ascertainment, from multiple sources, of information identifying previously 
studied cohorts of radiation workers, determining the timing and doses of exposure to ionizing radiation, 
following the cohorts to ascertain vital status through December 31, 2012 of the workers and cause of death of 
those who died, and computing rates of mortality from cancer and other diseases according to exposure level. 
The prime grantee will be the International Epidemiology Institute (IEI), with consortium partners of the Oak 
Ridge Associated Universities (ORAU), Risk Assessment Corporation (RAC), Vanderbilt University (VU) and 
the University of Southern California (USC). In addition, arrangements will be made for specialized support 
from Oak Ridge National Laboratory (ORNL) and Los Alamos National Laboratory (LANL), 

A summary listing of tasks to be performed by each institution for each of the 6 study Aims is provided 1n the 
table below. Detailed budget justifications for each institution follow thereafter. 

Epidemiologic Study of One Million U.S. Workers and Military Veterans Exposed to Ionizing Radiation 
Stud Or anization Plan 

Aim 1 Aim 2 Aim 3 Aim4 AitTI 5 AitTI 6 

Uranium Atomic Radiologists & Nuclear power Plutonium Combined 
Task workers veterans other medical plant workers workers cohorts 

ORAU, LANL, 
Cohort identification ORAU, IEI RAC, IEI . Landauer (IEI) Landauer{IEI) IEI IEl,ORAU 
External dosimetry ORAU RAC, IEI Landauer (IEI) Jandauer{IEI) _ ORAU, LANL ORAU 
Internal dosimetry ORAU,ORNL RAC ORNL, LANL ORAU 
Cohort follow up IEI, ORAU IEI IEI IEI IEI, ORAU IEI, ORAU 

ORAU, IEI, IEI, VU, ORAU, LANL, IEI, VU, 
$.t~t.i.sJical analysis VU, USC USC IEI, VU, USC IEI, VW, ~~C: _ J.Q,_ VU, USC USC,ORAU 

ORAU, IEI, ORAU, LANL, 
Report writing ORNL RAC, IEI IEI IEI IEI, ORNL All 

Tile proposed team from the International Epidemiology Institute (IEI) has extensive experience 1n 
occupational epidemiology research, having conducted numerous health studies of workers and other 
populations exposed to radiation for the past 30 years. The IEI and overall Principal Investigator, Dr. John 
Boice, developed and was the first Chief of the Radiation Epidemiology Branch at the National Cancer Institute 
and has over 400 publications related to epidem1ologic research. He serves as a Commissioner on the 
International Commission of Radiological Protection (ICRP), a Distinguished member of the National Council 
on Radiological Protection and Measurements (NCRP), and on the Congressionally·mandated Veteran's 
Advisory Board for Dose Reconstruction (VBDR). He has represented the United States as a delegate since 
1994 to the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR). This 
proposed research is further strengt11ened by the collaboration of internationally known physicists and other 
scientists deeply experienced in the issues of external and internal dosimetry from ORAU, ORNL, LANL, RAC 
and vu and senior biostatistical personnel at vu and use. 

Funds for the International Epidemiology Institute are requested for the following: 

Personnel 

John D. Boice, Jr., Sc.D. (6 calendar months, Year 1; 8 calendar months, Years 2 ·5), Scientific Director at IEI, 
will serve as Principal Investigator of this project and will be responsible for the overall conduct of the study, 
He will also serve as the project's senior epidemiologist involved with study design, study conduct, data 
analysis and manuscript preparation. He will assure coordination between the participating institutions. 
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William J. Blot Ph.D. (1 calendar months, Years 1-5), will serve as Co-Investigator of this project and will share 
responsibility for the overall conduct of the study. He will also serve as a senior epidemiologist involved w1U1 
study design. study conduct. data analysis and manuscript preparation. 

Joseph K. Mclaughlin. Ph.D. (0.25 calendar months, Years 1-5), Senior epidemiologist with extensive 
experience in occupational and other cohort studies will advise on issues of design, methods and interpretation 
of study findings. 

Michael T. Mumma. M.S. (3 calendar months, Years 1 ·5), Systems Analyst, will serve as computer systems 
manager and will be responsible for overseeing the assembly and maintenance of the master cohort 
population files of the uraniurn workers, military veterans, radiologists and other medical professionals, nuclear 
power plant workers and plutonium workers, combining results from the various outcome and exposure 
registries (both vital status and dosimetry), coordinating the flow of data between study 
institutions/investigators, and preparing the final edited data files for analysis. 

B.QQ~r1..~., .. I?.IQ.O.~, .. P..b,J?.: (1 calendar months, Years 1-5), Director of Biostatistics, will serve as statistician 
overseeing aspects of study design, data analyses, and interpretation of data, He will provide the biostatistical 
oversight needed for integrating the co111plex dosimetry systems with the cohort outco111e analyses. He will 
assist with the analyses and manuscript preparation. 

Sarah Cohen Ph.D. (2 calendar months, Years 1-5), Statistician and epidemiologist, will assist in performing 
computer-related activities in support of the project, as well as preparing the edited datasets for statistical 
analyses. She will assist with the analyses and manuscript preparation, 

Epidemiologist. Ph.D. ITBAI (12 calendar months, Years 1-5). The doctoral level person to be hired will assist 
in multiple activities, including assembly and review of the worker rosters and associated dose information and 
follow up for the various cohorts. He/she will assist Ors. Boice, Blot and Tarone in the overall conduct design 
and coordination of the efforts. Several senior epidetTiiologists experienced 1n the conduct and analysis of 
populations exposed to ionizing radiation have expressed interested in joining IEI in the event that the 
submission is successful. 

Field manager, M.S. ITBAI (12 calendar months, Years 1-5). The master level person to be hired will be 
responsible for preparing and assisting 1n the linkages of the various datasets required for the conduct of the 
study. This would involve formatting the rosters of cohort members for linkage with dosimetry data by the 
Department of Energy, military services, Landauer Inc, and Nuclear Regulatory Commission. Data files for 
vital status determination will be prepared for the National Death Index, PBI, Social Security Administration, the 
Centers for Medicare and Medicaid Services, various state death indexes and other sources. He/she would 
coordinate submissions to the Department of Veteran Affairs and collection of data from the Department of 
Energy, the Nuclear Regulatory Commission and the Department of Defense, and participate in analyses of 
the collected data. 

Associate database manager !TBA) (12 calendar months, Years 1-5). This individual will assist Mr. Mumma in 
development and maintenance of the multiple complex databases. The new hire will have expertise in SQL 
relational database administration. 

Tracing/abstracting/data reviewers (TBA) (24 calendar months, Years 1·5). These part·time individuals will 
assist in LexisNexis and other methods of tracing the cohorts to determine vital status, in review and 
processing of Landauer microfilm records, 1n review of returns from mortality and cancer incidence searches 
and perforrn other rnanual data processing activities in support of the study. 

Consultants 

The consultants will provide expert advice and collaboration with regard to specific areas covered by the 
project. Dr. Clark Heath, former vice president of the American Cancer Society and Director at the Radiation 
Effects Research Foundation {RERF) in Hiroshima, Japan, conducted the first study of atomic veterans in the 
United States in the 1970s that uncovered an excess of leukemia among Nevada Test Site participants. He 
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was a member of the National Academy of Sciences committee, "The Five Series Study" (and co~chaired the 
dosimetry working group). Dr. Heath will serve as Senior Epidemiologist on the project and will be involved in 
the study design, protocol development, interfacing with Department of Defense and Department of Veteran 
Affairs agencies, study conduct, interpretation of study results and manuscript development. 

Howard Sesso. Sc.D., a cardiovascular disease epidemiologist at Brigham and Women's Hospital and Harvard 
Medical School, will provide necessary expertise in the evaluation of the possible association between 
radiation and the long~term risk of developing coronary heart disease among the radiation workers and atomic 
veterans, including the design of abstract forms to acquire coronary heart disease risk factor information within 
the medical records available through the VA system. 

Dr. Kenneth Kopecky of the Fred Hutchinson Cancer Research Center will provide advice and assistance 
regarding dose reconstruction, the uncertainties of reconstructed dose estimates, and the accounting for 
uncertainties in the estimation of radiation effects; will assist with the planning and conduct of a workshop 
conference with outside experts to develop methodology to address the unique and challenging problems of 
dose reconstruction for the atomic veterans; and will assist with the analysis and reporting of results. In the first 
year of this project Dr. Kopecky will make two trips to the Washington DC area: one for overall project planning 
and startup and workshop planning, and the second for the workshop. Dr Kopecky has conducted many 
epidem1ologic analyses of radiation-related diseases in which dose estimates were based on complex 
dosirnetry systerns. He works with tt1e Radiation Effects Research Foundation (RERF) in Hiroshin1a to 
enhance the studies of Japanese atomic bomb survivors. Dr Kopecky will coordinate additional statistical 
support and guidance on uncertainty analyses with Duncan Thomas and Dan Stram at the University of 
Southern California, experts in statistical analyses of radiation data. Recent developments in statistical 
methodology will be adapted and extended to account for the unique uncertainties in the reconstructed 
radiation doses. 

Consulting costs for Drs. Heath, Sesso and Kopecky are estimated to be approximately $36,750 per year for 
approximately 40 hours of participation for Dr. Heath, 25 hours for Dr. Sesso and 40 hours for Dr. Kopecky 
(each@ $350/hr). 

Dr. Han Kang is Director, Environmental Epidemiology Service, Veterans Health Administration, Department of 
Veterans Affairs and will provide access to the HARDTACK I military cohort follow-up data, facilitate linkages 
of the Seven Series military cohorts with BIRLS (Beneficiary Identification Record Location Subsystem) for vital 
status determination and death certificate retrieval as necessary. Total consulting costs, including travel to the 
annual meeting and linkages with SIRLS data systems and medical records are $25,000 per year. 

Advisors for the One Million worker study include Dr Richard Wakeford at Manchester University in the United 
Kingdom, Dr Roy Shore at the Radiation Effects Research Foundation in Hiroshima, Japan, and one other to 
be selected. They will provide overall advice throughout the study and will be relied upon to provide guidance 
during annual rneetings as well as review prepared docurnents on study design, conduct and eventually 
publication. Total costs for advisors, including international travel to the annual meeting. are $20,000 per year. 

The total for all consultants sums to $81,750 per year. 

Supplies 
Supplies pertaining to telephone, fax, and photocopying expenses as well as computer software, storage, 
printing, and imaging costs are requested tor each year at $4,000 per year. In addition, $6,000 per year is 
requested for ADP and computer services. 

Travel 
Travel is requested for the Pl and senior personnel to attend the annual Investigators Meeting at $900 per trip 
per person. Also, travel is requested for the Pl and other personnel as needed to visit each of the collaborating 
institutes, as well as the Department of Defense and Department of Veterans Affairs facilities, to coordinate 
study data collection activities. Costs for these trips to Oak Ridge (ORAU, ORNL), Chicago (Landauer), Los 
Angeles (USC), Los Alamos (LANL), South Carolina (RAC), Virginia (DOD) and Washington DC (VA) are 
estimated to be $20,000 each year. 
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An annual meeting will be held each year lasting approximately two days. It is envisioned that three will be 
held at Oak Ridge given its central location to study participants, and two in Washington, D.C. given the 
proximity to DOE and DOD resources. The coordination costs include hotel reservations, audio-visuals, coffee 
breaks and luncheon, handout preparation, mailings, minutes, and travel coordination. It is envisioned that 
these annual meetings will cost approximately $20,000 per year. 

The total for travel sums to $40,000 per year. 

Equipment 

5 computers and peripherals are requested in year 1 for the senior epidemiologist, field manager, associate 
database manager and for 2 tracers. Cost in Year 1 is $14,500. One replacement computer is requested per 
year thereafter. 

Follow up of the cohort: Cause of Death. Funds are needed for obtaining cause of death from the National 
Death Index and/or procuring death certificates. It is estimated that approximately 500,000 deaths will have 
occurred arnong the radiation workers and veterans, some of whorn were exposed to radiation as early as the 
1940s. Cause of death is currently known for approximately 125,000 deaths among the uranium and 
plutonium workers and atomic veterans from the earlier follow up of these cohorts, but complete ascertaintnent 
of deaths since the last follow up is needed for these groups as well as for the entire radiologist and nuclear 
power plant worker cohorts. For non-veterans, the unit costs are $5 per cause of death so that approximately 
$725,000 will be required in year one, $525,000 in year two, $325.000 in year three, $225,000 in year four, and 
$75,000 in year 5. Costs for deaths prior to 1979 when the National Death Index began will be higher per 
certificate because it will require acquisition from state vital statistics departments and nosologist coding (any 
nosology services will be provided by ORAU). 

Follow up of the cohort: Vital Status. In addition to costs listed above for assessing causes of death among the 
deceased, confirmation of living status will be sought for the estimated 600,000 persons likely to be alive as of 
2012. Several sources for ascertainment of vital status will be utilized, including SSA, credit bureau resources 
and in particular LexisNexis so as to reduce the number of persons "lost to follow-up" to a very low percentage. 
The VA BIRLS system will also be used for members of the cohorts who are known to be veterans. State 
mortality files will also be purchased to enhance the success of tracing through the use of probabilistic 
matching progratns. These costs are estimated to average $50,000 per year. 

Follow up of the cohort: Cancer Incidence. It will be possible to conduct focused cancer incidence studies for 
certain worker populations, exemplified by the Mound cohort in Ohio. Fees charged by registries are estimated 
to average $40,000 per year. 

Follow uo of the cohort. Other Diseases. Rosters will be linked with the US Renal Data System to identify 
serious nonmalignant kidney disease. Medical imaging examination such as CT scans and nuclear medicine 
procedures will be sought by requesting linkages with the Centers for Medicare and Medicaid Services (CMS) 
Medicare procedure records. Associated fees are estimated to average about $45,000 per year, with a Year 1 
CMS additional charge of $150,000 to establish the linkage of the radiation workers' cohorts with CMS files. 

The total for follow up sums to $1,010,000 1n year 1, $660,000 in year 2, $460,000 1n year 3, $360,000 in year 
4, and $210,000 in year 5. 

Ascertaining records for dosimetry determinations: Computerized linkages. Career occupational doses will be 
sought through linkages with REIRS, REMS, Landauer and military dosimetry data bases. 

Ascertaining records for dosimetry determinations: Microfilm Scanning and Data Entry. Approximately 1 million 
persons have dosimetry records from 1958 through 1978 on microfilm at Landauer, Inc. -These are on 3,000 
microfilm reels with approximately 2,500 images per reel. These include the very early radiation workers in the 
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lJSA, with some "inception dates" as early as the 1940s and cumulative doses in excess of 100 rem (over 
1, 100 such workers have been identified to date based only on the later electronic file data). These microfilm 
records will be used to supplement workers identified in AIM 3 (Radiologists and radiotherapists and other 
medical) and in AIM 4 (Nuclear Power Plant workers). Agencies that specialized in converting microfilm 
images will be used to convert the microfilm to digital images. Preliminary scanning indicates the total 
scanning cost to be $75 per roll, with a total cost of $225,000. IEI and Landauer staff will develop protocols to 
facilitate targeted and efficient abstraction of dosimetry and personnel identifying information necessary for the 
epidemiologic study. Customized data abstraction software will be developed. It 1s envisioned that 2 years will 
be required to complete this task at a cost estimated to average $325,000 per year in years 1 and 2, $125,000 
in year 3, and $50,000 in years 4 and 5. 

Special arrangements with US national laboratories 

Oak Ridge National Laboratory tORNL) will provide dosimetric evaluations that address internal deposition of 
uranium and other radioactive elements via inhalation, ingestion, or contaminated wounds among DOE 
uraniurn and plutonium workers. The following ORNL personnel will take part in the research: 

Keith Eckern1an Ph.D. (6 calendar months, Years 1-5), Dosimetry Research Team Leader, Environmental 
Science Division; and Chairman, ICRP Task Group on Dose Calculations, Dr. Eckerman will be responsible 
for applying the latest ICRP biokinetic and dosirnetric rnodels to estirnate annual doses for workers for 
approximately 20 organs or tissues, taking into account the probable time and mode of exposure, form of 
internally deposited radionuclides, and patterns of excretion of activity. He will also serve as senior scientist on 
the study team involved in the design, conduct, data analysis, and manuscript preparation. 

Richard Leggett, Ph.D. (6 calendar months, Years 1-5), Distinguished Scientist, Environmental Sciences 
Division; and member of ICRP Task Group on Internal Dosimetry (INDOS), will be responsible for overseeing 
with ORAU the creation of internal dosimetry necessary for the computation of doses to individual organs for 
DOE workers. He will oversee the processing and evaluation of the hundreds of thousands of individual 
bioassay measurements, recorded on a variety of bioassay forms, will require processing, deciding the 
appropriate screening levels for comprehensive organ dose determination, and preparing final dosimetry data 
files for analysis, 

Health Physicist/s, M.S. ITBAl (18 calendar months, Years 1-5). To be hired Health Physicists will participate 
in the review of historical dosimetry records, linkage of data from various sources and development of data 
sets for use in constructing dose estimates for the DOE nuclear workers. This individual will interface with the 
ORAU team providing data collection and other dosimetry support for the overall project. 

ORNL costs are budgeted at $400,000 per year. 

Los Alamos National Laboratory ILANLl, Dr. Laurie Wiggs al LANL will be responsible for providing advice 
and assistance regarding the study of plutonium workers at LANL and other DOE facilities. Dr. Wiggs is Team 
Leader and Epidemiologist in the Department of Occupational Medicine at LANL wl1ere she has been 
employed for nearly 30 years. She has been a lead epidemiologist on a number of studies, including Mound 
and several others included in our one million worker study. LANL will also provide records as necessary to 
validate the existing data files and to capture bioassay data necessary for the internal dosimetry evaluations, 
The cost to provide this support 1s $66, 100 for the first year and $212,300 overall. 

Funds requested in the personnel, supplies, travel, and computer software and support categories have been 
increased by 3°/o annually to account for rising costs. 
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R&R SUBAWARD BUDGET ATTACHMENT(S) FORM 

Instructions: On this form, you will attaoh the R&R Subaward Budget files tor your grant application Complete the subawardee budget(s) in accord­
a11ce witti the R&R budget ir1structions. Please remernber that any files yCJU attach must be a Pure Edge docume,;t. 

Important: Please attach your subawardee budget file\s) with the lile narne of the subawardee organization. Each lile name mLJst be unique. 

1) Please attach Attachment 1 

2) Please attach Attachment 2 

3) Please attach Attachment 3 

4) Please attach Attachment 4 

Tr~c~lng N~m~"''' GRANT109$2744 

ORAU subaward.pdf 

RAC subaward.pdf 

use subaward.pdf 

VU subaward.pdf 

Pagi:: Nnmh~r 20 

OMll Number: 4040-0001 
Exr>l•~t•on Oa\u' 04130 121Joa 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 1 
•ORGANIZATIONAL DUNS: 041152224GC-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; O?.k Ridge Aswciated Universities 

•Start Date: 01 16-2012 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Elizabeth Dupree-Ellis 
2. M>. Phillip Wa!Lace 

Total Funds Requested lor al! Senio.- Key Persons in the attached file 

Additional Senior Key Persons: 

e. Other Personnel 

·Number of 

Personnel 

Post Doctoral Associates 
Graduate S1uderrt:s 
Undergraduate Slt:dents 
Secre!analiClencal 

2 Sen,or Scientific Staff 
4 Other Sc1ent1t1c Staff 
3 Health Phys1c1st'lnduslrial Hygienist 

10 Total Number Other Personnel 

& HELA I ED Blldget {A·BJ (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Naine: 

"'Project Role 

P;:1l!C Nmnhcr 21 

Suffix 

• End Date: 01-15-2013 

* Project R-0le Base Salary 

($) 

PD/Pl 125,757.00 
Systems Analyst :26-776.00 

Mime Type: 

Budget Period: 1 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

3.60 32,249.00 15.963.00 
3.00 27.092.00 13.411.00 

Total Senior/Key Person 

Cal. Acad. Sum, • Requested •Fringe 

Benetits Months Months Months Salary ($) 

0.48 1,540.00 763.00 
1.80 21,548.00 0.666.00 
12.60 75,948.00 7.594.00 
4.20 36,540.00 8.087.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

48,212.00 
40,503.00 

88,715.00 

~ Funds Requested 

($) 

2,303.GO 
32,214.GO 

113,542.00 
54,627.GO 

202,686.00 

291,401.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lG.13 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 1 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Universities 

•Start Date: 01-16-2012 

C. Equipment Description 

•End Date: 01-15-2013 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

Budget Period: 1 

Total Equipment 

Mime Type: 

• Funds Requested ($) 

D. Travel Funds Requested ($) 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 31,636.00 
2. Foreign Travel Costs 

Total Travel Cost 31,636.00 

E. Participant/Trainee Support Costs Funds Requested($) 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Total Poirticipantrrrainee Support Costs 

Pagi:: Nnmh~r 22 

OMS Numbar: 4040--0001 
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RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 1 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Univors1ties 

•Start Date: 01-16-2012 •End Date: 01-15-2013 Budget Period: 1 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Foes 
7 Alterations and Renovations 
8. Death Certilicates 
9. Shipping 

Total Other Direct Costs 

Funds Requested ($) 

4,500.00 

4.500.00 
1.000.00 

10,000.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

G&A 
2 Site Services 
3 Overhead 
4 Office and Operations 

Indirect Cost Type 

Cogni7.ant Federal Agen.;:y 

(Agency Name, POC Name, and POC Phone Number) 

Total Direct Costs (A thru F) 333,037.00 

Indirect Cost Rate (~A.) 

6-25 
28.30 
11.50 

Indirect Cost Base($) *Funds Requested($) 

521, 191.74 32.574-48 
194,917.56 55,161.67 
194,917,!;)6 
194,917.56 

Total Indirect Costs 

Uriited States Dep<ovtment ol Eriergy, Frederick G. Pieper, 865 241 4621 

22,415.50 
110,570.68 

220,722.33 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct and Indirect Institutional Costs (G + H) 553,759.33 

J. Fee 

K. •Budget Justification File Name: 1234-0RAU Budget Justificat1on.pdf 

(Only attach one lile.) 

RESEARCH & RELATED B1Jdget {F-K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 23 

Mime Type: application/pd! 

'""·' 1($) 

,.,, 
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RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 2 
•ORGANIZATIONAL DUNS: 041152224GC-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; O?.k Ridge Aswciated Universities 

•Start Date: 01 16-2013 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Elizabeth Dupree-Ellis 
2. M>. Phillip Wa!Lace 

Total Funds Requested lor al! Senio.- Key Persons in the attached file 

Additional Senior Key Persons: 

e. Other Personnel 

·Number of 

Personnel 

Post Doctoral Associates 
Graduate S1uderrt:s 
Undergraduate Slt:dents 
Secre!analiClencal 

2 Sen,or Scientific Staff 
4 Other Sc1ent1t1c Staff 
3 Health Phys1c1st'lnduslrial Hygienist 

10 Total Number Other Personnel 

& HELA I ED Blldget {A·BJ (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Naine: 

"'Project Role 

P;:1l!C Nmnhc-r 24 

Suffix 

• End Date: 01-15-2014 

* Project R-0le Base Salary 

($) 

PD/Pl 127224.00 
Systems Analyst :28.255.00 

Mime Type: 

Budget Period: 2 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

3.60 32,628.00 16.15i.OO 
4.20 38,371.00 18.994.00 

Total Senior/Key Person 

Cal. Acad. Sum, • Requested •Fringe 

Benetits Months Months Months Salary ($) 

0.48 1,558.00 771.00 
1.20 15,076.00 7.462.00 
16.20 107,007.00 52.969.00 
4.80 41,883.00 20.732.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

48,779.00 
57,365.00 

106,144.00 

~ Funds Requested 

($) 

2,329.00 
22,538.00 

159,976.00 
62,615.00 

247,458.00 

353,602.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lG.13 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 2 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Universities 

•Start Date: 01-16-2013 •End Date: 01-15-2014 Budget Period: 2 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 25 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Poirticipantrrrainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

50,000.00 

50,000.00 

Funds Requested ($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 2 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Univors1ties 

•Start Date: 01-16-2013 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Foes 
7 Alterations and Renovations 
8. Death Certilicate 
9. Shipping 

•End Date: 01-15-2014 Budget Period: 2 

Total Other Direct Costs 

Funds Requested ($) 

5,500.00 

5.500.00 
1.500.00 

12,500.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

G&A 
2 Site Services 
3 Overhead 
4 Office and Operations 

Indirect Cost Type 

Cogni7.ant Federal Agency 

(Agency Name, POC Name, and POC Phone Number) 

Total Direct Costs (A thru F) 416,102.00 

Indirect Cost Rate (~A.) 

6-25 
28.30 
11.50 

Indirect Cost Base($) *Funds Requested($) 

645,925.28 
236,522.72 
2-36,522.72 
236,522.72 

Total Indirect Costs 

Uriited States Dep<ovtment ol Eriergy, Frederick G. Pieper, 86? 241 4621 

40,370.33 
66,935.93 
27,200.12 

135,647.49 

270,153.87 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct and Indirect Institutional Costs (G + H) 686,255.87 

J. Fee 

K. •Budget Justification File Name: 1234-0RAU Budget Ju$lificat1on.pdf 

(Only attach one lile.) 

RESEARCH & RELATED B1Jdget {F-K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 2ti 

Mime Type: application/pd! 

'""·' 1($) 

10 
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RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 3 
•ORGANIZATIONAL DUNS: 0411522240C-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; O?.k Ridge Aswciated Universities 

•Start Date: 01 16-2014 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Elizabeth Dupree-Ellis 
2. M>. Phillip Wa!Lace 

Total Funds Requested lor al! Senio.- Key Persons in the attached file 

Additional Senior Key Persons: 

e. Other Personnel 

·Number of 

Personnel 

Post Doctoral Associates 
Graduate S1uderrt:s 
Undergraduate Slt:dents 
Secre!analiClencal 

2 Sen,or Scientific Staff 
4 Other Sc1ent1t1c Staff 
3 Health Phys1c1st'lnduslrial Hygienist 

10 Total Number Other Personnel 

& HELA I ED Blldget {A·BJ (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Naine: 

"'Project Role 

P;:1l!C Nmnhcr 27 

Suffix 

• End Date: 01-15-2015 

* Project R-0le Base Salary 

($) 

PD/Pl 131-685.00 
Systems Analyst :32-746.00 

Mime Type: 

Budget Period: 3 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

4.20 39,398.00 19.502.00 
4.80 45,389.00 22.467.00 

Total Senior/Key Person 

Cal. Acad. Sum, • Requested •Fringe 

Benetits Months Months Months Salary ($) 

0.48 1,613.00 798.00 
1.80 22,563.00 11.169.00 
16.20 125,509.00 €2. 177.00 
9.00 81,605.00 40.394.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

58,900.00 
67,856.00 

126,756.00 

~ Funds Requested 

($) 

2,411.00 
33]32.00 

187,786.00 
121,999.00 

345,928.00 

472,684.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lG.13 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 3 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Universities 

•Start Date: 01-16-2014 •End Date: 01-15-2015 Budget Period: 3 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 28 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Poirticipantrrrainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

40,000.00 

40,000.00 

Funds Requested ($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 3 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Univors1ties 

•Start Date: 01-16-2014 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Foes 
7 Alterations and Renovations 
8. Death Certilicates 
9. Shipping 

•End Date: 01-15-2015 Budget Period: 3 

Total Other Direct Costs 

Funds Requested ($) 

6,500.00 

9.500.00 
1.500.00 

17,500.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

G&A 
2 Site Services 
3 Overhead 
4 Office and Operations 

Indirect Cost Type 

Cogni7.ant Federal Agen.;:y 

(Agency Name, POC Name, and POC Phone Number) 

Indirect Cost Rate (~A.) 

6-25 
28.30 
11.50 

Total Direct Costs (A thru F) 530,164.00 

Indirect Cost Base($) *Funds Requested($) 

835.265.60 52.204.10 
316,176.75 
316,176.75 
316,176.75 

Total Indirect Costs 

Uriited States Dep<ovtment ol Eriergy, Frederick G. Pieper, 86? 241 4621 

89,478.01 
36,360.33 

179,226.72 

357,269.16 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct and Indirect Institutional Costs (G + H) 687,453.16 

J. Fee 

K. •Budget Justification File Name: 1234-0RAU Budget Justificat1on.pdf 

(Only attach one lile.) 

RESEARCH & RELATED B1Jdget {F-K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 29 

Mime Type: application/pd! 

'""·' 1($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 4 
•ORGANIZATIONAL DUNS: 041152224GC-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; O?.k Ridge Aswciated Universities 

•Start Date: 01 16-2015 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Elizabeth Dupree-Ellis 
2. M>. Phillip Wa!Lace 

Total Funds Requested lor al! Senio.- Key Persons in the attached file 

Additional Senior Key Persons: 

e. Other Personnel 

·Number of 

Personnel 

Post Doctoral Associates 
Graduate S1uderrt:s 
Undergraduate Slt:dents 
Secre!analiClencal 

2 Sen,or Scientific Staff 
4 Other Sc1ent1t1c Staff 
3 Health Phys1c1st'lnduslrial Hygienist 

10 Total Number Other Personnel 

& HELA I ED Blldget {A·BJ (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Naine: 

"'Project Role 

P;:1l!C Nmnhc-r ."\() 

Suffix 

• End Date: 01-15-2016 

* Project R-0le Base Salary 

($) 

PD/Pl 136.302.00 
Systems Analyst :37.384.00 

Mime Type: 

Budget Period: 4 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

4.80 45,605.00 23.069.00 
4.80 45,975.00 23.253.00 

Total Senior/Key Person 

Cal. Acad. Sum, • Requested •Fringe 

Benetits Months Months Months Salary ($) 

0.48 1,669.00 826.00 
2.40 31,427.00 15.556.00 
15.00 "131,347.00 €5.017.00 
7.80 73,474.00 36.370.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

69,674.00 
70,228.00 

139,902.00 

~ Funds Requested 

($) 

2,495.00 
46,983.00 

196,364.00 
109,844.00 

355,686.00 

495,588.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lG.13 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 4 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Universities 

•Start Date: 01-16-2015 •End Date: 01-15-2016 Budget Period: 4 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r :l l 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Poirticipantrrrainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

50,000.00 

50,000.00 

Funds Requested ($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 4 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Univors1ties 

•Start Date: 01-16-2015 •End Date: 01-15-2016 Budget Period: 4 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Foes 
7 Alterations and Renovations 
8. Death Certilicates 
9. Shipping 

Total Other Direct Costs 

Funds Requested ($) 

4,000.00 

:J.000.00 
1.000.00 

S,000.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

G&A 
2 Site Services 
3 Overhead 
4 Office and Operations 

Indirect Cost Type 

Cogni7.ant Federal Agen.;:y 

(Agency Name, POC Name, and POC Phone Number) 

Total Direct Costs (A thru F) 553,568.00 

Indirect Cost Rate (~A.) 

6-25 
28.30 
11.50 

Indirect Cost Base($) *Funds Requested($) 

868.413.12 54,275.82 
331,497.09 90,447.45 
3.31,497.09 
331,497.09 

Total Indirect Costs 

Uriited States Dep<ovtment ol Eriergy, Frederick G. Pieper, 86? 241 4621 

38,122.16 
186,237.00 

369,082.43 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct and Indirect Institutional Costs (G + H) 922,670.43 

J. Fee 

K. •Budget Justification File Name: 1234-0RAU Budget Justificat1on.pdf 

(Only attach one lile.) 

RESEARCH & RELATED Bl,Jdget {F-K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Mime Type: application/pd! 

'""·' 1($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 5 
•ORGANIZATIONAL DUNS: 0411522240C-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; O?.k Ridge Aswciated Universities 

•Start Date: 01 16-2016 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Elizabeth Dupree-Ellis 
2. M>. Phillip Wa!Lace 

Total Funds Requested lor al! Senio.- Key Persons in the attached file 

Additional Senior Key Persons: 

e. Other Personnel 

·Number of 

Personnel 

Post Doctoral Associates 
Graduate S1uderrt:s 
Undergraduate Slt:dents 
Secre!analiClencal 

2 Sen,or Scientific Staff 
4 Other Sc1ent1t1c Staff 
3 Health Phys1c1st'lnduslrial Hygienist 

10 Total Number Other Personnel 

& HELA I ED Blldget {A·BJ (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Naine: 

"'Project Role 

P;:1l!C Nmnhcr ."\~ 

Suffix 

• End Date: 01-15-2017 

* Project R-0le Base Salary 

($) 

PD/Pl 141-066.00 
Systems Analyst :42.189.00 

Mime Type: 

Budget Period: 5 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

3.60 35,175.00 17.907.00 
3.60 35A63.00 18.049.00 

Total Senior/Key Person 

Cal. Acad. Sum. • Requested •Fringe 

Benetits Months Months Months Salary ($) 

0.96 3,455.00 1.710.00 
2.40 32,528.00 16.101.00 
15.00 135,938.00 €7.289.00 
7.20 70,590.00 34.942.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

54,082.00 
54,512.00 

108,594.00 

~ Funds Requested 

($) 

5.165.00 
48,629.00 

203,227.00 
105,532.00 

362,553.00 

471,147.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lG.13 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 5 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Universities 

•Start Date: 01-16-2016 •End Date: 01-15-2017 Budget Period: 5 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Poirticipantrrrainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

Funds Requested ($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 5 
'ORGANIZATIONAL DUNS: 0411522240000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Oak Ridge Associated Univors1ties 

•Start Date: 01-16-2016 •End Date: 01-15-2017 Budget Period: 5 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Foes 
7 Alterations and Renovations 

Funds Requested ($) 

2,000.00 

Total Other Direct Costs 2,000.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

1 G&A 
2 Site Services 
3 Overhead 
4 Office and Ope1ations 

Indirect Cost Type 

Cognizant Federal Agency 

(Agency Name, POC Name, and POC Phone Nwmber) 

I. To1al Diret:lt and lndirec1 Costs 

Indirect Cost Rate(%) 

6.25 
28.30 
11.50 

Total Direct Costs {A thru F) 473,147.00 

Indirect Cost Base($) 

771,656.48 
315,149.08 
315,149.08 

•Funds Requested($) 

48,228.53 
85,703.22 
36.242.15 

176,581.48 

346,755.38 

315,149.08 

Total Indirect Costs 

United States Department of Energy, Frederick G. Pieper, 865.241.4621 

Funds Requested ($) 

Total Direct and Indirect Institutional Costs (G + H) 819,902.38 

F""d' """""" ($) I 
21.899.62 

K. *Budget Justification File Name: 1234-0RAU Budget Justification.pd! Mime Type: application/pd! 

(Only attach one file.) 

RESEARCH & RELATED Budget (F-K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET- Cumulative Budget 

Section A, Senior/Key Person 

Section B, Other Personnel 

Total Number Other Personnel 

Total Salary, Wages and Fringe Benefits (A+B) 

Section C, Equipment 

Section D, Travel 

Domestic 

2 Foreign 

Section E, Participant/Trainee Support Costs 

Tuition/Fees/Health Insurance 

2 Stipends 

3. Travel 

4 Subsiste nee 

5 Other 

6 Number of Participants/Trainees 

Section F, Other Direct Costs 

Materials anrl Supplies 

2 Publication Costs 

3 Consultant Services 

4, ADP.'Cornputer Services 

5 Subawards/Consoti1u111;Contractua1 Costs 

6 Equipment or Facility Rental/User Fees 

7 Alterations and Renovations 

8. Other 1 

9. Other 2 

10_ Other 3 

Section G, Direct Costs (A thru F) 

Section H, Indirect Costs 

Section I, Total Direct and Indirect Costs (0 +HJ 

Section J, Fee 

Tr~cklng Num~~" (;RANT1Q~9~744 

Totals($) 

50 

171.656.00 

22 500.00 

2:?,500.00 

5 000.00 

570,111.00 

1,514,311.00 

2,084,422.00 

171,636.00 

50,000.00 

2,:306,058.00 

1,563,983.17 

3,870,041.17 

103,372.83 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 1 
•ORGANIZATIONAL DUNS: 177115797GC-OO 

·Budget Type: () Proje;:;t e Subaward/Conscrtium 

Enter name of Organization; Risk Assessmenl Corporation 

•Start Date: 01-16-2012 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. John E. Tt!I 
2. M' Jill 'l~eber Aanenson 
3 M>. Harold L Beok 
4. M' Cynth:a Galvin 
5 D>. Helen A. Grogan 
6. M<. H Justin Mehler 
7 Mo. s Sha•vr: Mehler 
8 M> Paul G Voii!eaue 

Total Funds Requested ior al! Se11ior Key Perst:1ns in the attached file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associates 
Graduate Students 
Undergraduate Sltidents 
SecretarialiClerical 

Total Number Other Personnel 

& RELA I ED Bildget {A-B! (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Name 

• Project Role 

P;:1l!C Nmnhcr _-17 

Suffix 

• End Date: 01-15-2013 

* Project R-0le Base Salary 

($) 

PD/Pl 217282.01 
Consultanl 229.602.00 
Consultant 287,007.60 
Corsultaril i{l3,326.00 
Consultant 275,522.40 
Consultant 229,602.00 
Corsultanl 183,681.60 
Corsultant 252,572_4(! 

Mime Type 

Budget Period: 1 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

0.82 14,857.00 3.11i.OO 
1.30 24.874.00 0.00 
L65 39,533.00 0.00 
o. 12 1,013.00 0.00 
1.71 39,303.00 0.00 
1.36 25,999.00 0.00 
112 17J98.00 0.00 
165 34,789.00 0.00 

Total Senior/Key Person 

Cal. A.cad. Sum. • Requested •Fringe 

Benefits Months Months Months Salary ($) 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+B} 

* Funds Requested($} 

17,968.00 
24,874.00 
39,533.00 

1,013.00 
39,303.00 
25,999.00 
17,198.00 
34,789.00 

200,677.00 

• Funds Requested 

($) 

200,677.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 1 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2012 

C. Equipment Description 

•End Date: 01-15-2013 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

Budget Period: 1 

Total Equipment 

Mime Type: 

• Funds Requested ($) 

D. Travel Funds Requested ($) 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 7,$33.00 
2. Foreign Travel Costs 

Total Travel Cost 7,833.00 

E. Participant/Trainee Support Costs Funds Requested($) 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Total Poirticipantrrrainee Support Costs 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 1 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2012 

F. Other Direct Costs 

•End Date: 01-15-2013 Budget Period: 1 

Funds Requested ($) 

Total Other Direct costs 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

Indirect Cost Type 

1 F&A 

Cognizant Federal Agency 

(Ago11cy Name. POC Name, and POC Phone Nurnber) 

Indirect Cost R<ite (Q1~) 

1850 

Total Direct Costs {A thru F) 208,510.00 

Indirect Cost B<ise ($) •Funds Requested($) 

208.510.00 38.575.00 

Total Indirect Costs 38,575.00 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct and Indirect Institutional Costs (G + H) 247,085.00 

IJ. Fee '"""' """""" ($) I 

K. ·Budget Justification File Name: 1235-Budget Justification RAC pdf 

(Only attach one file.) 

RESEARCH & RELATED Budget (F-K} (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Mime Type: applicatlonlpdf 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 2 
•ORGANIZATIONAL DUNS: 177115797GC-OO 

·Budget Type: () Proje;:;t e Subaward/Conscrtium 

Enter name of Organization; Risk Assessmenl Corporation 

•Start Date: 01-16-2013 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. John E. Tt!I 
2. M' Jill 'l~eber Aanenson 
3 M>. Harold L Beok 
4. M' Cynth:a Galvin 
5 D>. Helen A. Grogan 
6. M<. H Justin Mehler 
7 Mo. s Sha•vr: Mehler 
8 M> Paul G Voii!eaue 

Total Funds Requested ior al! Se11ior Key Perst:1ns in the attached file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associates 
Graduate Students 
Undergraduate Sltidents 
SecretarialiClerical 

Total Number Other Personnel 

& RELA I ED Bildget {A-B! (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Name 

• Project Role 

P;:1l!C Nmnhcr 4() 

Suffix 

• End Date: 01-15-2014 

* Project R-0le Base Salary 

($) 

PD/Pl 224.360.00 
Consultanl 236-497.00 
Consultant 295,616.00 
Corsultaril 4{)6«127.00 
Consultant 283,784.00 
Consultant 236,497.00 
Corsultanl 189, 190.00 
Corsultant 260,141.00 

Mime Type 

Budget Period: 2 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

0.82 15,302.00 3.204.00 
1. 12 22.142.00 0.00 
1-42 34,923.00 0.00 
o. 12 1,043.00 0.00 
1.36 32,135.00 0.00 
0.98 19,244.00 0.00 
0 98 15,395.00 0.00 
1 42 30,732.00 0.00 

Total Senior/Key Person 

Cal. A.cad. Sum. • Requested •Fringe 

Benefits Months Months Months Salary ($) 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+B} 

* Funds Requested($} 

18,506.00 
22, 142.00 
34,923.00 

1,043.00 
32, 135.00 
19,244.00 
15,395.00 
30,732.00 

174,12().00 

• Funds Requested 

($) 

174,120.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 2 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2013 

C. Equipment Description 

•End Date: 01-15-2014 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

Budget Period: 2 

Total Equipment 

Mime Type: 

• Funds Requested ($) 

D. Travel Funds Requested ($) 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 7,$33.00 
2. Foreign Travel Costs 

Total Travel Cost 7,833.00 

E. Participant/Trainee Support Costs Funds Requested($) 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Total Poirticipantrrrainee Support Costs 

Pagi:: Nnmh~r 41 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 2 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2013 

F. Other Direct Costs 

•End Date: 01-15-2014 Budget Period: 2 

Funds Requested ($) 

Total Other Direct costs 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

Indirect Cost Type 

1 F&A 

Cognizant Federal Agency 

(Ago11cy Name. POC Name, and POC Phone Nurnber) 

Indirect Cost R<ite (Q1~) 

1850 

Total Direct Costs {A thru F) 181,953.00 

Indirect Cost B<ise ($) •Funds Requested($) 

181.953.00 33.662.00 

Total Indirect Costs 33,662.00 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct and Indirect Institutional Costs (G + H) 215,615.00 

IJ. Fee '"""' """""" ($) I 

K. ·Budget Justification File Name: 1235-Budget Justification RAC pdf 

(Only attach one file.) 

RESEARCH & RELATED Budget (F-K} (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 42 

Mime Type: applicatlonlpdf 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 3 
•ORGANIZATIONAL DUNS: 1771157970C-OO 

·Budget Type: () Proje;:;t e Subaward/Conscrtium 

Enter name of Organization; Risk Assessmenl Corporation 

•Start Date: 01-16-2014 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. John E. Tt!I 
2. M' Jill 'l~eber Aanenson 
3 M>. Harold L Beok 
4. M' Cynth:a Galvin 
5 D>. Helen A. Grogan 
6. M<. H Justin Mehler 
7 Mo. s Sha•vr: Mehler 

8 M> Paul G Voii!eaue 

Total Funds Requested ior al! Se11ior Key Perst:1ns in the attached file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associates 
Graduate Students 
Undergraduate Sltidents 
SecretarialiClerical 

Total Number Other Personnel 

& RELA I ED Bildget {A-B! (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Name 

• Project Role 

P;:1l!C Nmnhcr 4~ 

Suffix 

• End Date: 01-15-2015 

* Project R-0le Base Salary 

($) 

PD/Pl 231-102.00 
Consultanl 243596.00 
Consultant 304,490.00 
Corsultaril 4{)9,609.00 
Consultant 292,312.00 
Consultant 243,596.00 
Corsultanl 194,861.00 
Corsultant 267,954.00 

Mime Type 

Budget Period: 3 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

0.52 10,030.00 2.100.00 
1. 12 22.805.00 0.00 
1A2 35,971 .00 0.00 
0.05 430.00 0.00 
1.51 36,681 .00 0.00 
l 12 22J3:06.00 0.00 
112 18,245.00 0.00 
1 42 31,654.00 0.00 

Total Senior/Key Person 

Cal. A.cad. Sum. • Requested •Fringe 

Benefits Months Months Months Salary ($) 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+B} 

* Funds Requested($} 

12,130.00 
22,805.00 
35,971.00 

430.00 
36,681.00 
22,806.00 
18,245.00 
31,654.00 

180,723.00 

• Funds Requested 

($) 

180,723.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 3 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2014 

C. Equipment Description 

•End Date: 01-15-2015 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

Budget Period: 3 

Total Equipment 

Mime Type: 

• Funds Requested ($) 

D. Travel Funds Requested ($) 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 7,$33.00 
2. Foreign Travel Costs 

Total Travel Cost 7,833.00 

E. Participant/Trainee Support Costs Funds Requested($) 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Total Poirticipantrrrainee Support Costs 

Pagi:: Nnmh~r M 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 3 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2014 

F. Other Direct Costs 

•End Date: 01-15-2015 Budget Period: 3 

Funds Requested ($) 

Total Other Direct costs 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

Indirect Cost Type 

1 F&A 

Cognizant Federal Agency 

(Ago11cy Name. POC Name, and POC Phone Nurnber) 

Indirect Cost R<ite (Q1~) 

1850 

Total Direct Costs {A thru F) 188,556.00 

Indirect Cost B<ise ($) •Funds Requested($) 

188.556.00 34.883.00 

Total Indirect Costs 34,883.00 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct and Indirect Institutional Costs (G + H) 223,439.00 

IJ. Fee '"""' """""" ($) I 

K. ·Budget Justification File Name: 1235-Budget Justification RAC pdf 

(Only attach one file.) 

RESEARCH & RELATED Budget (F-K} (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 45 

Mime Type: applicatlonlpdf 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 4 
•ORGANIZATIONAL DUNS: 177115797GC-OO 

·Budget Type: () Proje;:;t e Subaward/Conscrtium 

Enter name of Organization; Risk Assessmenl Corporation 

•Start Date: 01-16-2015 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. John E. Tt!I 
2. M' Jill 'l~eber Aanenson 
3 M>. Harold L Beok 
4. M' Cynth:a Galvin 
5 D>. Helen A. Grogan 
6. M<. H Justin Mehler 
7 Mo. s Sha•vr: Mehler 
8 M> Paul G Voii!eaue 

Total Funds Requested ior al! Se11ior Key Perst:1ns in the attached file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associates 
Graduate Students 
Undergraduate Sltidents 
SecretarialiClerical 

Total Number Other Personnel 

& RELA I ED Bildget {A-B! (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Name 

• Project Role 

P;:1l!C Nmnhcr 4& 

Suffix 

• End Date: 01-15-2016 

* Project R-0le Base Salary 

($) 

PD/Pl 238.021.00 
Consultanl 250J>OO.OO 
Consultant 313,609.00 
Corsultaril 412,894.00 
Consultant 3()1,063.00 
Consultant 2505,00.00 
Corsultanl 200J16.00 
Corsultant 275,992.00 

Mime Type 

Budget Period: 4 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

0.52 10,331.00 2.163.00 
0.56 11,807.00 0.00 
L33 34,744.00 0.00 
0.00 D.00 0.00 
0.86 21,547.00 0.00 
0.56 11J3:07.00 0.00 
0 56 9.445.00 0.00 
1 33 30,575.00 0.00 

Total Senior/Key Person 

Cal. A.cad. Sum. • Requested •Fringe 

Benefits Months Months Months Salary ($) 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+B} 

* Funds Requested($} 

12,494.00 
11,807.00 
34,744.00 

0.00 
21,547.00 
11,807.00 
9,445.00 

30,575.00 

132,419.00 

• Funds Requested 

($) 

132,4i9.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 4 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2015 

C. Equipment Description 

•End Date: 01-15-2016 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

Budget Period: 4 

Total Equipment 

Mime Type: 

• Funds Requested ($) 

D. Travel Funds Requested ($) 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 7,$33.00 
2. Foreign Travel Costs 

Total Travel Cost 7,833.00 

E. Participant/Trainee Support Costs Funds Requested($) 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Total Poirticipantrrrainee Support Costs 

Pagi:: Nnmh~r 47 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 4 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2015 

F. Other Direct Costs 

•End Date: 01-15-2016 Budget Period: 4 

Funds Requested ($) 

Total Other Direct costs 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

Indirect Cost Type 

1 F&A 

Cognizant Federal Agency 

(Ago11cy Name. POC Name, and POC Phone Nurnber) 

Indirect Cost R<ite (Q1~) 

1850 

Total Direct Costs {A thru F) 140,252.00 

Indirect Cost B<ise ($) •Funds Requested($) 

140.252.00 25.947.00 

Total Indirect Costs 25,947.00 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct and Indirect Institutional Costs (G + H) 166,199.00 

IJ. Fee '"""' """""" ($) I 

K. ·Budget Justification File Name: 1235-Budget Justification RAC pdf 

(Only attach one file.) 

RESEARCH & RELATED Budget (F-K} (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 48 

Mime Type: applicatlonlpdf 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 5 
•ORGANIZATIONAL DUNS: 177115797GC-OO 

·Budget Type: () Proje;:;t e Subaward/Conscrtium 

Enter name of Organization; Risk Assessmenl Corporation 

•Start Date: 01-16-2016 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. John E. Tt!I 
2. M' Jill 'l~eber Aanenson 
3 M>. Harold L Beok 
4. M' Cynth:a Galvin 
5 D>. Helen A. Grogan 
6. M<. H Justin Mehler 
7 Mo. s Sha•vr: Mehler 
8 M> Paul G Voii!eaue 

Total Funds Requested ior al! Se11ior Key Perst:1ns in the attached file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associates 
Graduate Students 
Undergraduate Sltidents 
SecretarialiClerical 

Total Number Other Personnel 

& RELA I ED Bildget {A-B! (Funds Requested) 

Traclcir.g Number: GRANT10$92744 

File Name 

• Project Role 

P;:1l!C Nmnhcr 4SI 

Suffix 

• End Date: 01-15-2017 

* Project R-0le Base Salary 

($) 

PD/Pl 245.165.00 
Consultanl 258-427.00 
Consultant 323,034.00 
Corsultaril 416280.00 
Consultant 310,100.00 
Consultant 25$,427.00 
Corsultanl 206,734.00 
Consultant 284,254.00 

Mime Type 

Budget Period: 5 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

0.67 13,681.00 2.865.00 
0. 12 2,534.00 0.00 
1-32 35,628.00 0.00 
0.00 D.00 0.00 
0.59 15,201.00 0.00 
o. 12 2,534.00 0.00 
0 12 2,027.00 0.00 
1 32 31,353.00 0.00 

Total Senior/Key Person 

Cal. A.cad. Sum. • Requested •Fringe 

Benefits Months Months Months Salary ($) 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+B} 

* Funds Requested($} 

16,546.00 
2,534.00 

35,628.00 
0.00 

15,201.00 
2,534.00 
2,027.00 

31,353.00 

105,823.00 

• Funds Requested 

($) 

105,823.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 5 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2016 

C. Equipment Description 

•End Date: 01-15-2017 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

Budget Period: 5 

Total Equipment 

Mime Type: 

• Funds Requested ($) 

D. Travel Funds Requested ($) 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 7,$33.00 
2. Foreign Travel Costs 

Total Travel Cost 7,833.00 

E. Participant/Trainee Support Costs Funds Requested($) 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Total Poirticipantrrrainee Support Costs 

Pagi:: Nnmh~r 50 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 5 
'ORGANIZATIONAL DUNS: 1771157970000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Risk Assessment Corporation 

•Start Date: 01-16-2016 

F. Other Direct Costs 

G. Direct Costs 

H. Indirect Costs 

Indirect Cost Type 

1 F&A 

Cognizant Federal Agency 

(Ago11cy Name. POC Name, and POC Phone Nurnber) 

I. Total Direct and Indirect Costs 

•End Date: 01-15-2017 

Indirect Cost R<ite (Q1~) 

1850 

Budget Period: 5 

Funds Requested ($) 

Total Other Direct costs 

Funds Requested ($) 

Total Direct Costs {A thru F) 113,656.00 

Indirect Cost B<ise ($) •Funds Requested($) 

113.656.00 21.027.00 

Total Indirect Costs 21,027.00 

Funds Requested ($) 

Total Direct and Indirect Institutional Costs (G + H) 134,683.00 

IJ. Fee 

K. ·Budget Justification File Name: 1235-Budget Justification RAC pdf 

(Only attach one file.) 

RESEARCH & RELATED Budget (F-K} (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 51 

Mime Type: applicatlonlpdf 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET- Cumulative Budget 

Section A, Senior/Key Person 

Section B, Other Personnel 

Total Number Other Personnel 

Total Salary, Wages and Fringe Benefits (A+B) 

Section C, Equipment 

Section D, Travel 

Domestic 

2 Foreign 

Section E, Participant/Trainee Support Costs 

Tuition/Fees/Health Insurance 

2 Stipends 

3. Travel 

4 Subsiste nee 

5 Other 

6 Number of Participants/Trainees 

Section F, Other Direct Costs 

Materials anrl Supplies 

2 Publication Costs 

3 Consultant Services 

4, ADP.'Cornputer Services 

5 Subawards/Consoti1u111;Contractua1 Costs 

6 Equipment or Facility Rental/User Fees 

7 Alterations and Renovations 

8. Other 1 

9. Other 2 

10_ Other 3 

Section G, Direct Costs (A thru F) 

Section H, Indirect Costs 

Section I, Total Direct and Indirect Costs (0 +HJ 

Section J, Fee 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Totals($) 

39.165.00 

Pagi:: Nnmh~r 52 

793,762.00 

793,762.00 

39,165.00 

832,927.00 

154,094.00 

987,021.00 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 1 
•ORGANIZATIONAL DUNS: 072933393GC-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; University of Souther11 Ca!ilon1ia 

•Start Date: 01-16-2012 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. D'" S\raff1 
2. Du11can Thomas 
3 IBN IBN 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl 1::0 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr 5~ 

Suffix 

• End Date: 01-15-2013 

* Project R-0le Base Salary 

($) 

PD/Pl 197-726.00 
Co-Pl :99-700.00 

Programmer Bl,500.00 

Mime Type: 

Budget Period: 1 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

2.40 39,545.00 12.496.00 
0.60 9,985.00 3.155.00 
6.00 40,750.00 12,877.00 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested •Fringe 

Months Months Months Salary ($) Bene1ifs 

6.00 40,750.00 '2.877.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

52,041.00 
13, 140.00 
53,627.00 

118,808.00 

• Funds Requesled 

($) 

53.627.00 

53,627.00 

172,435.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lG.13 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 1 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2012 •End Date: 01-15-2013 Budget Period: 1 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 54 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Poirticipantrrrainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

4,600.00 

4,600.00 

Funds Requested ($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 1 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2012 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Fees 
7 Alterations and Renovations 
8. WorkstatiarnData·Storage Capacity 

G. Direct Costs 

H. Indirect Costs 

Indirect Cost Type 
1 MDTC 

•End Date: 01-15-2013 

Indirect Cost Rate ("9) 

63.50 

Cognizant Federal Agl'!m::y DHHS, Lori Ahlstrand, 415-437-8360 

(Agency Name, POC Name, and POC Phone Number) 

I. Total Direct and Indirect Costs 

Budget Period: 1 

Total Other Direct Costs 

Total Direct Costs (A thtu F) 

Funds Requested ($) 

1,000.00 

8.000.00 

9,000.00 

Funds Requested ($) 

186,035.00 

Indirect Cost Base($) •Funds Requested($) 

186,035.00 118,133.00 

Total Indirect Costs 118.133.00 

Funds Requested ($) 

Total Direct .and Indirect Institutional Costs (G + H) 304,168.00 

K. •Budget Justification File Name: 1236-Budget Justification USC pdf 

(Only attach one lile.) 

RESEARCH & RELATED Budget (F-K} (Funds Requested) 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Pagi:: Nnmh~r 55 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 2 
•ORGANIZATIONAL DUNS: 0729333930C-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; University of Souther11 Ca!ilon1ia 

•Start Date: 01-16-2013 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. D'" S\raff1 
2. D> Du11can Thomas 
3 IBN IBN 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl 1::0 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr 5& 

Suffix 

• End Date: 01-15-2014 

* Project R-0le Base Salary 

($) 

PD/Pl 
Co 'nvestiga!or 

Programmer 

Mime Type: 

Budget Period: 2 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

2.40 39,940.00 12.62i.OO 
0.60 9,985.00 3.155.00 
6.00 41,973.00 13,263.00 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested •Fringe 

Months Months Months Salary ($) Bene1ifs 

6.00 41,973.00 :3.263.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

52,561.00 
13, 140.00 
55,236.00 

120,937.00 

• Funds Requesled 

($) 

55.236.GO 

55.236.00 

176,173.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lG.13 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 2 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2013 •End Date: 01-15-2014 Budget Period: 2 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 57 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Poirticipantrrrainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

4,692.00 

4,692.00 

Funds Requested ($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 2 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2013 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Foes 
7 Alterations and Renovations 

•End Date: 01-15-2014 Budget Period: 2 

Funds Requested ($) 

1,020.00 

Total Other Direct Costs 1,020.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

Indirect Cost Type 

1 MTDC 

Cognizant Federal Agency 

{Agency Name. POC Name, and POC Phone Nu1nber) 

Indirect Cost Rate(%) 

64.00 

Total Direct Costs {A thru F) 181,885.00 

Indirect Cost Base($) •Funds Requested($) 

181 ,885.00 116,406.00 

Total Indirect Costs 116,406.00 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct .and Indirect Institutional Costs (G + H) 298,291.00 

IJ. Fee F""d' Reqoested ($) I 

K. •Budget Justification File Name: 1236-Budget Justification USC.pd! 

\Only attach one file) 

RESEARCH & RELATED Budget {F·K} (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

l"agi:: Nnmh~r 58 

Mime Type: application/pd! 

OMS Numbar: 4040-0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 3 
•ORGANIZATIONAL DUNS: 0729333930C-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; University of Souther11 Ca!ilon1ia 

•Start Date: 01-16-2014 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. D'" S\raff1 
2. D> Du11can Thomas 
3 IBN IBN 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl 1::0 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr 5<; 

Suffix 

• End Date: 01-15-2015 

* Project R-0le Base Salary 

($) 

PD/Pl 
Co 'nvestiga!or 

Programmer 

Mime Type: 

Budget Period: 3 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

2.40 39,940.00 12.62i.OO 
0.60 9,985.00 3.155.00 
6.00 43,232.00 13,6Si.OO 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested •Fringe 

Months Months Months Salary ($) Bene1ifs 

6.00 43,232.00 '3.661.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

52,561.00 
13, 140.00 
56,B93.00 

122,.594.00 

• Funds Requesled 

($) 

56.893.GO 

56,893.00 

179,487.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lG.13 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 3 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2014 •End Date: 01-15-2015 Budget Period: 3 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r Ml 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Poirticipantrrrainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

4,786.00 

4,786.00 

Funds Requested ($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 3 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2014 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Foes 
7 Alterations and Renovations 

•End Date: 01-15-2015 Budget Period: 3 

Funds Requested ($) 

1,040.00 

Total Other Direct Costs 1,040.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

Indirect Cost Type 

1 MTDC 

Cognizant Federal Agency 

{Agency Name. POC Name, and POC Phone Nu1nber) 

Indirect Cost Rate(%) 

64.25 

Total Direct Costs {A thru F) 185,313.00 

Indirect Cost Base($) •Funds Requested($) 

185,313.00 119,064.00 

Total Indirect Costs 119,064.00 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct .and Indirect Institutional Costs (G + H) 304,377.00 

IJ. Fee F""d' Reqoested ($) I 

K. •Budget Justification File Name: 1236-Budget Justification USC.pd! 

\Only attach one file) 

RESEARCH & RELATED Budget {F·K} (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

l"agi:: Nnmh~r Pl 

Mime Type: application/pd! 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 4 
•ORGANIZATIONAL DUNS: 0729333930C-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; University of Souther11 Ca!ilon1ia 

•Start Date: 01-16-2015 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. D'" S\raff1 
2. D> Du11can Thomas 
3 IBN IBN 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl 1::0 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr b2 

Suffix 

• End Date: 01-15-2016 

* Project R-0le Base Salary 

($) 

PD/Pl 
Co 'nvestiga!or 

Programmer 

Mime Type: 

Budget Period: 4 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

2.40 39,940.00 12.62i.OO 
0.60 9,985.00 3.155.00 
6.00 44,529.00 14,07i .00 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested •Fringe 

Months Months Months Salary ($) Bene1ifs 

6.00 44,529.00 :4.071.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

52,561.00 
13, 140.00 
58,600.00 

124,301.00 

• Funds Requesled 

($) 

58.600.GO 

58,600.00 

182,901.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lG.13 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 4 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2015 •End Date: 01-15-2016 Budget Period: 4 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Poirticipantrrrainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

4,$82.00 

4,882.00 

Funds Requested ($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 4 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2015 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Foes 
7 Alterations and Renovations 

•End Date: 01-15-2016 Budget Period: 4 

Funds Requested ($) 

1,061.00 

Total Other Direct Costs 1,061.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

Indirect Cost Type 

1 MTDC 

Cognizant Federal Agency 

{Agency Name. POC Name, and POC Phone Nu1nber) 

Indirect Cost Rate(%) 

64.75 

Total Direct Costs {A thru F) 188,844.00 

Indirect Cost Base($) •Funds Requested($) 

188,844.00 122,276.00 

Total Indirect Costs 122,276.00 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct .and Indirect Institutional Costs (G + H) 311,120.00 

IJ. Fee F""d' Reqoested ($) I 

K. •Budget Justification File Name: 1236-Budget Justification USC.pd! 

\Only attach one file) 

RESEARCH & RELATED Budget {F·K} (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

l"agi:: Nnmh~r M 

Mime Type: application/pd! 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 5 
•ORGANIZATIONAL DUNS: 0729333930C-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; University of Souther11 Ca!ilon1ia 

•Start Date: 01-16-2015 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. D'" S\raff1 
2. D> Du11can Thomas 
3 IBN IBN 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl 1::0 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr b5 

Suffix 

• End Date: 01-15-2016 

* Project R-0le Base Salary 

($) 

PD/Pl 
Co 'nvestiga!or 

Programmer 

Mime Type: 

Budget Period: 5 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

2.40 39,940.00 12.62i.OO 
0.60 9,985.00 3.155.00 
6.00 45,864.00 14,493.00 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested •Fringe 

Months Months Months Salary ($) Bene1ifs 

6.00 45,864.00 •4.493.00 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

52,561.00 
13, 140.00 
60,357.00 

126,058.00 

• Funds Requesled 

($) 

60.357.GO 

60,357.00 

186,415.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 5 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2015 •End Date: 01-15-2016 Budget Period: 5 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

Number of Participants/Trainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Poirticipantrrrainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

4,979.00 

4,979.00 

Funds Requested ($) 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 5 
'ORGANIZATIONAL DUNS: 0729333930000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: University of Southern Calilorriia 

•Start Date: 01-16-2015 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Foes 
7 Alterations and Renovations 

•End Date: 01-15-2016 Budget Period: 5 

Funds Requested ($) 

1,082.00 

Total Other Direct Costs 1,062.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

Indirect Cost Type 

1 MTDC 

Cognizant Federal Agency 

{Agency Name. POC Name, and POC Phone Nu1nber) 

Indirect Cost Rate(%) 

65.00 

Total Direct Costs {A thru F) 192,476.00 

Indirect Cost Base($) •Funds Requested($) 

192,476.00 125,109.00 

Total Indirect Costs 125,109.00 

I. Total Direct and Indirect Costs Funds Requested($) 

Total Direct .and Indirect Institutional Costs (G + H) 317,585.00 

IJ. Fee F""d' Reqoested ($) I 

K. •Budget Justification File Name: 1236-Budget Justification USC.pd! 

\Only attach one file) 

RESEARCH & RELATED Budget {F·K} (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

l"agi:: Nnmh~r 07 

Mime Type: application/pd! 

OMS Numbar: 4040-0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET- Cumulative Budget 

Section A, Senior/Key Person 

Section B, Other Personnel 

Total Number Other Personnel 

Total Salary, Wages and Fringe Benefits (A+B) 

Section C, Equipment 

Section D, Travel 

Domestic 

2 Foreign 

Section E, Participant/Trainee Support Costs 

Tuition/Fees/Health Insurance 

2 Stipends 

3. Travel 

4 Subsiste nee 

5 Other 

6 Number of Participants/Trainees 

Section F, Other Direct Costs 

Materials anrl Supplies 

2 Publication Costs 

3 Consultant Services 

4, ADP.'Cornputer Services 

5 Subawards/Consoti1u111;Contractua1 Costs 

6 Equipment or Facility Rental/User Fees 

7 Alterations and Renovations 

8. Other 1 

9. Other 2 

10_ Other 3 

Section G, Direct Costs (A thru F) 

Section H, Indirect Costs 

Section I, Total Direct and Indirect Costs (0 +HJ 

Section J, Fee 

Tr~cklng Num~~" (;RANT1Q~9~744 

Totals($) 

23.959.00 

5 203.00 

8,000.00 

612,696.00 

284,713.00 

897,411.00 

23,939.00 

13,203.00 

934,553.00 

600,988.00 

1,535,541.00 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 1 
•ORGANIZATIONAL DUNS: 004413456GC-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; Vanderbilt U11:versity Medicai Center 

•Start Date: 01 16-2012 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Randy Brill 
2. D> y, Shyr 
3 D> William Wll 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl 1::0 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr bSI 

Suffix 

• End Date: 01-15-2013 

* Project R-0le Base Salary 

($) 

PD/Pl 201-858.00 
Sr Bioslatistician 274-458.00 

Biostatistician BS,050.00 

Mime Type: 

Budget Period: 1 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

1.20 20, 186.00 4.48i.OO 
0.30 6,861.00 1.523.00 
LSO 13,208.00 2,932.00 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested 

Months Months Months Salary ($) 

•Fringe 

Bene1ifs 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

24,667.00 
8,384.00 

16,140.00 

49,191.00 

• Funds Requesled 

($) 

49,191.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 1 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivors1ty Medical Center 

•Start Date: 01-16-2012 •End Date: 01-15-2013 Budget Period: 1 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

I NIA 

Total funds requested for all equipment listed In the attached file 

Additional Equipment: File Name 

D. Travel 
Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions) 

2. Fore1gr1 Travel Costs 

E. ParticipantfTrainee Support Costs 

T1.1ition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4. Subsistence 
5 Other: 

O Number of Participants!Trainees 

RESEARCH & RELATED Budget {C-E) (Funds Rrr1ueste(i) 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Pagi:: Nnmh~r 70 

Total Equipment 

Mime Type 

Total Travel Cost 

Total Participant/Trainee Support Costs 

• Funds Requested ($) 

0.00 

0.00 

Funds Requested ($) 

2.400.00 

2,400.00 

Funds Requested ($) 

Q_QQ 

0.00 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 1 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivers1ty Medical Center 

•Start Date: 01-16-2012 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Fees 
7 Alterations and Renovations 
8. Biennial statisital meeting 
9. Biostats Core 

•End Date: 01-15-2013 Budget Period: 1 

Total Other Direct Costs 

Funds Requested ($) 

500.00 

3.000.00 

5.000.00 
3.794.00 

12,294.00 

G. Direct Costs Funds Requested ($) 

H. Indirect Costs 

Indirect Cost Type 

1 MDTC 

Cognizant Federal Agency 

(Agency Name, POC Name. and POC Phone Number) 

I. Total Direct and Indirect Costs 

Indirect Cost Rate (~A.) 

56.00 

DHHS, Jay Mervis. 202-401-2808 

Total Direct Costs (A thru F) 63,865.00 

Indirect Cost Base($) *Funds Requested($) 

63,885.00 35.776.00 

Total Indirect costs 35,776.00 

Total Direct and Indirect Institutional Costs (G + H) 

Funds Requested ($) 

99,661.00 

F""d' "''"""d ($) I 
0.00 

K. ·Budget Justific<'Jtion File Name: 1237-Vanderbilt Budget J\JS\ification.pdf Mime Type: application/pd! 

(Only attach one file.) 

RESEARCH & RELATED Budget jF~K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 71 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 2 
•ORGANIZATIONAL DUNS: 0044134560C-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; Vanderbilt U11:versity Medicai Center 

•Start Date: 01 16-2013 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Randy Brill 
2. D> y, Shyr 
3 D> William Wll 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl !::O 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr 72 

Suffix 

• End Date: 01-15-2014 

* Project R-0le Base Salary 

($) 

PD/Pl 205.895.00 
Sr Bioslatistician 279.947.00 

Biostatistician B9,811.00 

Mime Type: 

Budget Period: 2 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

1.20 20,590.00 4.57i.OO 
0.30 5,999.00 1.553.00 
LSO 13,471.00 2,99i .00 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested 

Months Months Months Salary ($) 

•Fringe 

Bene1ifs 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

25,161.00 
8,552.00 

15,462.00 

50,175.00 

• Funds Requesled 

($) 

50,175.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 2 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivers1ty Medical Center 

•Start Date: 01-16-2013 •End Date: 01-15-2014 Budget Period: 2 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

Total funds rl!lquested for all equipment listed In the attached file 

Addi1ional Equipment: File Name 

D. Travel 

1 Domestic Travel Costs ( Incl. Canada, Me~.ico, and U.S. Possessions) 
2. Foreign Travel Costs 

E. Participant/Trainee Support Costs 

1 Tuition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4 Subsistence 
5. Other: 

O Number of Pa,..icipantsrrrainees 

RESEARCH & RELATED Budget {G·E} {Funds Requested} 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 73 

Total Equipment 

Mime Type: 

Total Travel Cost 

Total Parth:;:ipant/Trainee Support Costs 

• Funds Requested ($) 

Funds Requested ($) 

2,400.00 

2,400.00 

Funds Requested ($) 

0.00 

o.oo 

OMS Numbar: 4040-0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 2 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivers1ty Medical Center 

•Start Date: 01-16-2013 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Fees 
7 Alterations and Renovations 
8. Veterans cohort statistical Meeting 
9. Biostats Core 

G. Direct Costs 

H. Indirect Costs 

•End Date: 01-15-2014 Budget Period: 2 

Total Other Direct Costs 

Total Direct Costs (A thru F) 

Funds Requested ($) 

500.00 

3,000.00 

10.000.00 
3.870.00 

17,370.00 

Funds Requested ($) 

69,945.00 

Indirect Cost Type Indirect Cost Rate (~A.) 

56.00 

Indirect Cost Base($) *Funds Requested($) 
1 MDTC 69,945.00 39,169.00 

Total Indirect costs 

Cognizant Federal Agency DHHS, Jay Mervis. 202-401-2808 

(Agency Name, POC Name. and POC Phone Number) 

I. Total Direct and Indirect Costs 

Total Direct and Indirect Institutional Costs (G + H) 

K. ·Budget Justific<'Jtion File Name: 1237-Vanderbilt Budget J\JS\ification.pdf Mime Type: application/pd! 

(Only attach one file.) 

RESEARCH & RELATED Budget jF~K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 74 

39,169.00 

Funds Requested ($) 

109,114.00 

F""d' "''"""d ($) I 
0.00 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 3 
•ORGANIZATIONAL DUNS: 004413456GC-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; Vanderbilt U11:versity Medicai Center 

•Start Date: 01 16-2014 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Randy Brill 
2. D> y, Shyr 
3 D> William Wll 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl 1::0 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr 75 

Suffix 

• End Date: 01-15-2015 

* Project R-0le Base Salary 

($) 

PD/Pl 21 0.013.00 
Sr Bioslatistician 285.546.00 

Biostatistician 91,608.00 

Mime Type: 

Budget Period: 3 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

1.20 21,001.00 4.662.00 
0.30 7J39.00 1.585.00 
LSO 13,741.00 3,05i .00 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested 

Months Months Months Salary ($) 

•Fringe 

Bene1ifs 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

25,663-.00 
8,724.00 

16,792.00 

51,179.00 

• Funds Requesled 

($) 

51,179.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 3 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivors1ty Medical Center 

•Start Date: 01-16-2014 •End Date: 01-15-2015 Budget Period: 3 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

I NIA 

Total funds requested for all equipment listed In the attached file 

Additional Equipment: File Name 

D. Travel 
Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions) 

2. Fore1gr1 Travel Costs 

E. ParticipantfTrainee Support Costs 

T1.1ition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4. Subsistence 
5 Other: 

O Number of Participants!Trainees 

RESEARCH & RELATED Budget {C-E) (Funds Rrr1ueste(i) 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Pagi:: Nnmh~r 7o 

Total Equipment 

Mime Type 

Total Travel Cost 

Total Participant/Trainee Support Costs 

• Funds Requested ($) 

0.00 

0.00 

Funds Requested ($) 

2.400.00 

2,400.00 

Funds Requested ($) 

Q_QQ 

0.00 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 3 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivers1ty Medical Center 

•Start Date: 01-16-2014 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Fees 
7 Alterations and Renovations 
8. Biennial statisitcla meeting 
9. Biostats Core 

G. Direct Costs 

H. Indirect Costs 

•End Date: 01-15-2015 Budget Period: 3 

Total Other Direct Costs 

Total Direct Costs (A thru F) 

Funds Requested ($) 

500.00 

3,000.00 

5.000.00 
3.947.00 

12,447.00 

Funds Requested ($) 

66,026.00 

Indirect Cost Type Indirect Cost Rate (~A.) 

56.00 

Indirect Cost Base($) *Funds Requested($) 

1 MDTC 66,026.00 36,974.00 

Total Indirect costs 

Cognizant Federal Agency DHHS, Jay Mervis. 202-401-2808 

(Agency Name, POC Name. and POC Phone Number) 

I. Total Direct and Indirect Costs 

Total Direct and Indirect Institutional Costs (G + H) 

K. ·Budget Justific<'Jtion File Name: 1237-Vanderbilt Budget J\JS\ification.pdf Mime Type: application/pd! 

(Only attach one file.) 

RESEARCH & RELATED Budget jF~K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r Tl 

36,974.00 

Funds Requested ($) 

103,000.00 

F""d' "''"""d ($) I 
0.00 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 4 
•ORGANIZATIONAL DUNS: 004413456GC-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; Vanderbilt U11:versity Medicai Center 

•Start Date: 01 16-2015 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Randy Brill 
2. D> y, Shyr 
3 D> William Wll 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl 1::0 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr 78 

Suffix 

• End Date: 01-15-2016 

* Project R-0le Base Salary 

($) 

PD/Pl 214213.00 
Sr Bioslatistician 291-258.00 

Biostatistician 93,440.00 

Mime Type: 

Budget Period: 4 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

1.20 21,421.00 4.756.00 
0.30 7,281 .00 1.616.00 
2AO 18,688.00 4,149.00 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested 

Months Months Months Salary ($) 

•Fringe 

Bene1ifs 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

26,177.00 
8,897.00 

22,837.00 

57,9ii .00 

• Funds Requesled 

($) 

57,911 .00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 4 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivors1ty Medical Center 

•Start Date: 01-16-2015 •End Date: 01-15-2016 Budget Period: 4 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

I NIA 

Total funds requested for all equipment listed In the attached file 

Additional Equipment: File Name 

D. Travel 
Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions) 

2. Fore1gr1 Travel Costs 

E. ParticipantfTrainee Support Costs 

T1.1ition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4. Subsistence 
5 Other: 

O Number of Participants!Trainees 

RESEARCH & RELATED Budget {C-E) (Funds Rrr1ueste(i) 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Pagi:: Nnmh~r 79 

Total Equipment 

Mime Type 

Total Travel Cost 

Total Participant/Trainee Support Costs 

• Funds Requested ($) 

0.00 

0.00 

Funds Requested ($) 

2.400.00 

2,400.00 

Funds Requested ($) 

Q_QQ 

0.00 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 4 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivers1ty Medical Center 

•Start Date: 01-16-2015 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Fees 
7 Alterations and Renovations 
8. Veterans cohort statistical Meeting 
9. Biostats Core 

G. Direct Costs 

H. Indirect Costs 

•End Date: 01-15-2016 Budget Period: 4 

Total Other Direct Costs 

Total Direct Costs (A thru F) 

Funds Requested ($) 

500.00 

3,000.00 

10.000.00 
5.176.00 

18,676.00 

Funds Requested ($) 

78,967.00 

Indirect Cost Type Indirect Cost Rate (~A.) 

56.00 

Indirect Cost Base($) *Funds Requested($) 

1 MDTC 

Cognizant Federal Agency 

(Agency Name, POC Name. and POC Phone Number) 

I. Total Direct and Indirect Costs 

78,987.00 44.233.00 

Total Indirect costs 44,233.00 

DHHS, Jay Mervis. 202-401-2808 

Total Direct and Indirect Institutional Costs (G + H) 

Funds Requested ($) 

123,220.00 

F""d' "''"""d ($) I 
0.00 

K. ·Budget Justific<'Jtion File Name: 1237-Vanderbilt Budget J\JS\ification.pdf Mime Type: application/pd! 

(Only attach one file.) 

RESEARCH & RELATED Budget jF~K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 80 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET -SECTION A & B, BUDGET PERIOD 5 
•ORGANIZATIONAL DUNS: 0044134560C-OO 

·Budget Type: () Proje;:;t e Subaward/Cnnscrtium 

Enter name of Organization; Vanderbilt U11:versity Medicai Center 

•Start Date: 01 16-2016 

A. Senior!Key Person 

Prefix *First Name Middle Name •Last Name 

1. D>. Randy Brill 
2. D> y, Shyr 
3 D> William Wll 

Total Funds Requested for al! SlffiiOf" Key PerSDns in the attru:hed file 

Additional Senior Key Persons: 

B. Other Personnel 

•Number of 

Personnel 

0 

Post Doctoral Associa1es 
Graduate Studenls 
Undergradua1e Students 
Secreta nal!Cle11cal 

Total Number Other Personnel 

I & Hl::LAl 1::0 1:31.ldget {A-BJ (Fuiids Requested) 

Traclcir.g Number: GRANT10$92744 

File Name: 

• Projecl Role 

P;:1l!C Nmnhcr 81 

Suffix 

• End Date: 01-15-2017 

* Project R-0le Base Salary 

($) 

PD/Pl 218,498.00 
Sr Bioslatistician 297.082.00 

Biostatistician 95,309.00 

Mime Type: 

Budget Period: 5 

Cal A cad. Sum. *Requested 'Fringe 

Months Months Months Salary (S) Benefits {$) 

1.20 21,850.00 4.850.00 
0.30 7A27.00 1.649.00 
2AO 19,062.00 4,232.00 

Total Senior/Key Peuon 

Cal. Acad. Sum. ~ Requested 

Months Months Months Salary ($) 

•Fringe 

Bene1ifs 

Total Other Personnel 

Total Salary, Wages and Fringe Benefits (A+BJ 

* Funds Requested($} 

26,700.00 
9,076.00 

23,294.00 

59,070.00 

• Funds Requesled 

($) 

59,070.00 

OMB Numbeo: 4040-0001 
Expiratiorr Date: 04!30.'21.lo.8 



RESEARCH & RELATED BUDGET· SECTION C, D, & E, BUDGET PERIOD 5 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivors1ty Medical Center 

•Start Date: 01-16-2016 •End Date: 01-15-2017 Budget Period: 5 

C. Equipment Description 

List items and dollar amount for each item exceeding $5,000 

Equipment Item 

I NIA 

Total funds requested for all equipment listed In the attached file 

Additional Equipment: File Name 

D. Travel 
Domestic Travel Costs ( Incl. Canada, Mexico, and U.S. Possessions) 

2. Fore1gr1 Travel Costs 

E. ParticipantfTrainee Support Costs 

T1.1ition/Fees/Health Insurance 
2 Stipends 
3 Travel 
4. Subsistence 
5 Other: 

O Number of Participants!Trainees 

RESEARCH & RELATED Budget {C-E) (Funds Rrr1ueste(i) 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Pagi:: Nnmh~r 82 

Total Equipment 

Mime Type 

Total Travel Cost 

Total Participant/Trainee Support Costs 

• Funds Requested ($) 

0.00 

0.00 

Funds Requested ($) 

2.400.00 

2,400.00 

Funds Requested ($) 

Q_QQ 

0.00 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET· SECTIONS F·K, BUDGET PERIOD 5 
'ORGANIZATIONAL DUNS: 0044134560000 

~Budget Type: C) PrOJOCI e Subaward!Consorlium 

Enter name of Organization: Vanderbilt Uriivers1ty Medical Center 

•Start Date: 01-16-2016 

F. Other Direct Costs 

Materials <ind Supplies 
2 Publicatiori Costs 
3 Consultant Services 
4 ADP1Computer Services 
5 Subaward'S/Consortium/Contractual Costs 
6 Equipment or Facility Rental/User Fees 
7 Alterations and Renovations 
8. Biennial statistical meeting 
9. Biostats Core 

G. Direct Costs 

H. Indirect Costs 

•End Date: 01-15-2017 Budget Period: 5 

Total Other Direct Costs 

Total Direct Costs (A thru F) 

Funds Requested ($) 

500.00 

3,000.00 

5.000.00 
5.280.00 

13,780.00 

Funds Requested ($) 

75,250.00 

Indirect Cost Type Indirect Cost Rate (~A.) 

56.00 

Indirect Cost Base($) *Funds Requested($) 
1 MDTC 75.250.00 42,140.00 

Total Indirect costs 

Cognizant Federal Agency DHHS, Jay Mervis. 202-401-2808 

(Agency Name, POC Name. and POC Phone Number) 

I. Total Direct and Indirect Costs 

Total Direct and Indirect Institutional Costs (G + H) 

K. ·Budget Justific<'Jtion File Name: 1237-Vanderbilt Budget J\JS\ification.pdf Mime Type: application/pd! 

(Only attach one file.) 

RESEARCH & RELATED Budget jF~K) (Funds Requested) 

Tr~cklng Num~~" (;RANT1Q~9~744 

Pagi:: Nnmh~r 83 

42,140.00 

Funds Requested ($) 

117,390.00 

F""d' "''"""d ($) I 
0.00 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



RESEARCH & RELATED BUDGET- Cumulative Budget 

Totals($) 

Section A, Senior/Key Person 267,526.00 

Section B, Other Personnel 

Total Number Other Personnel 

Total Salary, Wages and Fringe Benefits (A+B) 267,526.00 

Section C, Equipment 0.00 

Section D, Travel 12,000.00 

Domestic 12.000.00 

2 Foreign 

Section E, Participant/Trainee Support Costs 0.00 

Tuition/Fees/Health Insurance 0.00 

2 Stipends 

3. Travel 

4 Subsiste nee 

5 Other 

6 Number of Participants/Trainees 0 

Section F, Other Direct Costs 74,567.00 

Materials anrl Supplies 2 500.00 

2 Publication Costs 

3 Consultant Services 

4. ADP.'Cornputer Services 12,000.00 

5 Subawards/Consoti1u 111;Contractua1 Costs 3 000.00 

6 Equipment or Facility Rental/User Fees 

7 Alterations and Renovations 

8. Othor 1 35,000.00 

9. Othor 2 22 067.00 

10_ Othor 3 

Section G, Direct Costs (A thru F) 354,093.00 

Section H, Indirect Costs 198,292.00 

Section I, Total Direct and Indirect Costs (0 +HJ 552,385.00 

Section J, Fee 0.00 

Tr~cklng Num~~r: (;RANT1Q~9~744 

Pagi:: Nnmh~r 84 

OMS Numbar: 4040--0001 
Expiration D~tq: 04110/VJOe 



Budget Justification (Oak Ridge Associated Universities (ORAU)) 

ORAU will provide expertise in the conduct of the follow-up of DOE worker cohorts enrolled in the study and 
will assist with the vital status determination, cause of death determination, identification and capture of 
occupational records, and dosimetry determinations for exposures among the uranium and plutonium workers. 

Personnel 

Elizabeth (Betsy! Dupree Ellis, Ph.D. (3.6 calendar months, Years 1-2 and 5; 4.2 calendar months, Years 3; 
4.8 calendar months, Year 4) Associate Director of the Center for Epidemiologic Research (GER) will serve as 
Co-Principal Investigator of this project and with John Boice will assist in the overall conduct of the study. She 
will also serve as senior epidemiologist involved in the study design, study conduct, data analysis, and 
manuscript preparation. 

Phillip Wallace. M.B.A. (3 months. Year t; 4.2 calendar months. Year 2; 4.8 calendar months Years 3-4; 3.6 
calendar months, Year 5) Systen1s Analyst, will be responsible for overseeing creation of cohort population 
files for DOE workers, combining results from the various outcome and exposure files, coordinating the flow of 
data between ORAU and IEI, and preparing final data files for analysis. 

Donna L. Cragle, Ph.D. (t .2 calendar months, Year t -3; t .8 calendar months, Years 4·5) Vice President, 
ORAU and Director of CER will serve as senior epidemiologist involved in the study design, study conduct, 
data analysis, and manuscript preparation. 

Janice Watkins, M.S. (0.6 calendar months Years 1 ·2; 1.2 calendar months, Year 3; 1.8 calendar months, 
Years 4-5) Biostatistician will serve as statistician providing input to study design, data analysis and 
interpretation. She will assist with data analysis and manuscript preparation. 

Richard Toohey, Ph.D. (0.6 calendar months, Years 1 and 3-5) Health Physicist will provide advice and 
assistance regarding the quality control aspect of the dose reconstruction. He will lead a group of outside 
experts to develop methodology to address the unique and challenging problems of dose reconstruction 
associated with this study. He will assist with the analysis and reporting of results. 

Nancy Daugherty, M.S. (1.2 calendar months, Years 4-5) Health Physicist will provide advice and assistance 
regarding the quality control aspect of the dose reconstruction. She will assist with the analysis and reporting 
of resu Its. 

William Tankersley. M.S. (0.6 calendar months, Years 1-2, 4-5; 1.2 calendar months, Year 3) Industrial 
Hygienist will provide advice and assistance to the dose reconstruction effort. He will also provide assistance 
in the evaluation of non-radiation exposures that the DOE workers may have received. 

Derek Hagemeyer, B.S. (0.6 calendar months Years 1 and 5; 1.2 calendar months Years 2 and 4; 1.8 calendar 
months, Year 3) Health Physicist will assist with the collection and interpretation of dosimetry data from DOE 
REMS and NRG REIRS for the populations studied in Aims 1-4. 

Jolene Jones, (0.5 calendar months Years t through 4; t .0 calendar months Year 5) Administrative Assistant 
will provide day-to-day administrative support to team members for all tasks. These include answering 
telephones, assisting with scheduling site visits, n1aking travel preparing rnanuscripts for publication by using 
prescribed formatting procedures, and editing reports before submittal. 

Certified Records Manager, (TBH) ( 9 calendar months Year 1; 9.6 calendar months, Year 2: 6 calendar 
months Year 3; 3 calendar months Years 4-5) will assist in the identification and capture of data needed to 

Pagi:: Nnmh~r 85 



support the DOE worker studies. This will involve interacting with staff at NARA Records Center and records 
managers at Doe facilities to identify and collect data of interest. 

Epidemiologist, Ph.D. (TBA) (3 calendar months Year 1; 6 calendar months Year 2; 9 calendar months Years 
3-5) Epidemiologist will work under the direction of senior epidemiologists to assist with the study design, study 
conduct, data analysis, and manuscript preparation. 

Health Physicist, M.S. (TBA) (3 calendar months Years 1 -2; 6 calendar months Years 3-5) Health Physicist 
will participate in the review of historical dosimetry records, linkage of data from various sources and 
development of data sets for use in constructing dose estimates for the DOE nuclear workers. This individual 
will also provide support to the QA eflorts under the guidance of Dr. Toohey. 

Supplies 
Supplies pertaining ta telephone, fax, and photocopying and expenses for computer software, storage, printing 
and imaging as well as death certificate purchases for workers whose death information is not available from 
the National Death Index are requested at the following levels: $10,000 Year 1; $12,500 Year 2; $17,500 Year 
3; $8,000 Year 4; $2,000 Year 5. 

Travel 
Travel is requested for the Co-Pi and Epiderr1iologists to travel to the annual investigators rneetings plus 
additional travel to review and collect relevant information identified at the 15 NARA Records Centers as well 
as various DOE facilities and Records Centers are requested at the following levels: $31,636 Year 1; $50,000 
Year 2; $40,000 Year 3; $50,000 Year 4. 

Pagi:: Nnmh~r 8t> 



Budget Justification (Risk Assessment Corporation (RAC)) 

RAC will provide the dosimetry determinations on individual military participants. Risk Assessment Corporation 
(RAC) is a team of independent scientists, led by Dr. John E. Till, who collaborate in mult1d1sciplinary scientific 
research. In particular, RAC has worked extensively in the field of historical dose reconstruction for more than 
20 years. Because of the unique talents required in historical dose reconstruction and RAC's desire to employ 
the best talent available in its work, collaborators with RAC are all consultants to the group. This format permits 
RAC to get the optimum amount of labor hours from very highly qualified scientists at very competitive costs. 
RAC has employed this format for work successfully in many key historical dose reconstruction projects for 
over 30 years. With the exception of Mr. Beck, the consultants listed below have worked with the RAC team on 
previous projects, some for many years. Consultants to RAC in this proposal are listed below along with their 
approximate annual level of effort (in person months) and a brief description of their duties. Consultants are 
listed alphabetically. 

J.9.bn .. l"., .. Ti,11, Ph.D., (0.82 calendar months, Years 1-2: 0.52 calendar months, Years 3-4: 0.67 calendar months, 
Year 5) 

Jill Weber Aanenson, M.S. (1.30 calendar months, Year 1: 1.12 calendar months, Years 2-3; 0.56 calendar 
rnonths, Year 4; 0.12 calendar n1onths, Year 5) 
Ms. Aanenson will be responsible for reviewing historical records and assist Mr. Beck and Mr. Voilleque in 
making the dose assignments. She will also be the primary individual responsible for maintaining the dosimetry 
database. Ms. Aanenson will be responsible for leading the quality assurance of dose assignments within the 
RAC team, collaborating with the external quality assurance group who will be primarily responsible for quality 
assurance of the project as a whole. 

tf<1roldkEle<;~, B.S. (1.65 calendar months. Year 1: 1.42 calendar months, Years 2-3: 1.33 calendar months, 
Year 4: 1.32 calendar months, Year 5) 
Mr. Beck will be responsible for reviewing historical records and making the dose final assignments. Mr. Beck 
(along with Mr. Voilleque) will use dose measurement information available in the historical records and 
information on scenarios of exposure created by other members of the team to assign doses to the veterans. 
Mr. Beck's experience in understanding the complex dosimetry related to atomic veterans has been extensive. 
He will also assist the team in developing methods for evaluating uncertainties for the dose assignments. 

Cynthia Galvin (0.12 calendar months, Years 1-2: 0.05 calendar months, Year 3) 
Ms. Galvin will be responsible for providing technical editing and document managetnent within the RAC 
Team. She will also assist Ms. Aanenson with quality assurance. All documents developed by RAC are 
produced with high quality and must meet our editorial and internal review. 

Helen A. Grogan, Ph.D. (1. 71 calendar rnonths, Year 1; 1.36 calendar n1onths, Year 2; 1.51 calendar rnonths, 
Year 3: O 86 calendar months, Year 4: 0.59 calendar months, Year 5) 
Dr. Grogan will be responsible for coordinating the different activities and tnilestones wit111n the RAC dosimetry 
team. A very important element of historical dose reconstruction is coordination within the team. Dr. Grogan 
will provide this coordination. She will make sure team members are in close communication to avoid overlap 
of responsibilities and also to be sure all necessary information is being gathered and reported in the correct 
format for the epidemiologists. 

H. Justin Mohler, M.S. (1.36 calendar months, Year 1: 0.98 calendar months, Year 2: 1.12 calendar months, 
Year 3; 0.56 calendar n1onths, Year 4; 0.12 calendar rnonths, Year 5) 
Mr. Mohler is the RAC team database expert. With input from the other team members, Mr. Mohler will design 
and implement a user~friendly database that will maintain dosimetry information for atomic veterans. The 
database will be accessible to all members of the team. 

S. Shawn Mohler, M.S. (1. f 2 calendar months, Year 1: 0.98 calendar months, Year 2: 1.12 calendar months, 
Year 3: 0.56 calendar months, Year 4: 0. 12 calendar months, Year 5) 
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Ms. Shawn Mohler will be responsible for developing scenarios of exposure for veterans based on information 
found in the historical records (primarily service records). She will also work with Mr. Beck and Mr. Voillequ8 in 
making dose assignments. 

Paul G. Voillegue, M.S., C.H.P. (1.65 calendar mon1hs, Year 1; 1.42 calendar months, Years 2-3; 1.33 
calendar months, Year 4; 1.32 calendar months, Year 5) 
Mr. Voilleque will be responsible for reviewing historical records and making the dose final assignments. Mr. 
Voilleque (along with Mr. Beck) will provide guidance to other members of the dosimetry team in the review of 
historical records and identifying categories of exposure to facilitate dose assignments to the veterans. Mr. 
Voilleque·s extensive experience in historical dose reconstruction and health physics will be particularly 
important early in the study as a consistent and reliable methodology for the dosimetry is planned. Once the 
dosimetry plan is implemented, Mr. Voilleque and Mr. Beck will be the two lead dosimetry experts for the team. 

The use of consultants to bring together the right combination of talent in historical dose reconstruction 
requires n1ore travel than might be necessary if all individuals were working together in the same location. 
Nevertheless, with today's technology such as electronic mail, powerful desktop computers, conference calls 
and webinars (web versions of conference calls), the amount of travel can be kept to a rninirr1urn. 
Nevertheless. some travel is essential among the team to be certain the project is being undertaken with 
highest quality and scientific integrity. Tl1e planned travel will be used primarily for planning the methodology to 
be used, training of the team, and meetings to discuss progress on the work. It is expected that all meetings 
will be held in Washington, D.C. Where possible, travel to be combined with other business related travel to 
keep costs to a minimum. 

Suppli~§ 
There are no supplies or other direct costs requested in this proposal. All of these costs are borne by Risk 
Assessment Corporation or by individual consultants. 
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Budget Justification (University of Southern California (USC)) 

USC will assist in the statistical analyses, including the handling of uncertainty in the dose estimates, of the 
separate and combined cohort data. 

_0_9.!J_S!r~_IJ}J_ __ e_J]_._Q, __ (2.4 calendar months), Professor, Department of Preventive Medicine will serve as the 
senior biostatistician of this project and will oversee all aspects of the pooled analyses of the combined data, 
as well designing the approach to handle the varied statistical uncertainties associated with the variety of 
cohorts to be studied. He will direct and collaborate on the analyses of the various cohort studies and will 
participate in manuscript preparation. 

Duncan Thomas Ph.D. (0.6 calendar months), Co-Director, Division of Biostatistics, Department of Preventive 
Medicine, University of Southern California will assist the study investigators on statistical approaches to be 
used in analyzing the complex dosimetric information collected, Guidance on uncertainty analyses will be of 
prime importance. Dr Thomas will participate in the various focused workshops and subcommittee meetings. 

Programmer. M.S. (TBAl (6 calendar months), will assist Dr Stram and Thomas in all aspects of the 
biostatistical programming needs of the project as it pertains to the combining and pooling of the various data 
sets in the last year of the proposal. 

Post Doctoral Biqstatistician. Pti.D. (TBA) (6 calendar rnonths), will assist Dr Strarn and Thornas in all aspects 
of the biostatistical needs of the varied projects involving uranium and plutonium workers, medical 
professionals, atomic veterans and nuclear power plant workers. 

Supplies 
Supplies pertaining to telephone, fax, and photocopying and expenses for computer software, storage, printing 
and imaging are estimated to be $1 OOOper year with a 2°/o cost of living for years 2·5. We also have included in 
the budget for this project funds to purchase a workstation and data~storage capacity that will enable us 
to run most analyses locally while reserving the USC·HPCC facility for extremely high computational 
intensive analyses such as those that may be required for addressing n1issing data and rr1easurement error 
issues. The cost for this equipment is $8000 1n year 1. 

Travel 
Travel is requested for Drs Stram and Thomas to attend the annual Investigators Meeting at $2.300 per trip per 

Investigator, total $4,600. 
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Budget Justification (Vanderbilt University (VU)) 

Vanderbilt University (VU) faculty will assist in oversight and services of aspects of the study related to 
radiology, radiation dosimetry, risk assessment and statistics, as follows. 

Personnel 

A. Bertrand Brill M.D. Ph.D. (1 .2 calendar months, Years 1 -5), Research Professor. Radiology, and Physics, 
will serve as the Co- Principal Investigator of this project from Vanderbilt University and will assist in the overall 
conduct of the study. He will serve as radiation specialist helping to oversee the radiation dosimetry and risk 
assessment and participate in data interpretation and in manuscript preparation. 

Yu Shyr, Ph.D. (0.3 calendar months, Years 1 -5), Professor of Biostatistics and Preventive Medicine and head 
of Vanderbilt's Cancer Biostatistics Center will serve as a senior b1ostatistician of this project and will oversee 
aspects of the sampling procedures for the case-cohort design for the cohort of nuclear weapons test 
participants in particular and collaborate on analysis of the study results and manuscript preparation. Dr. Shyr 
will work closely with other study statisticians in handling the complex statistical issues, including uncertainty 
analyses, associated with studying one million radiation workers and veterans in the United States. 

William Wu Ph.D. (1 .8 calendar months, Years 1 -3, 2.4 calendar months in Years 4-5), Biostatistician, will 
work with Dr. Shyr on the b1ostatistical needs of this project and will assist Drs. Brill and Shyr in aspects of the 
data analysis pertaining to the proposed case~cohort studies for the different radiation~exposed groups being 
studied and, in particular, for the cohort of nuclear weapons test participants. 

Meetings 
Statistical meetings will be held each year in coordination with, but as supplements to, the overall study annual 
meetings For the meetings expected to be held in Nashville in years 1, 3 and 5, coordination costs including 
hotel reservations, audio-visuals. coffee breaks and luncheon, handout preparation, mailings. minutes, and 
travel coordination are budgeted at approximately $5,000 in years 1, 3 and 5. Two meetings of the atomic 
veterans cohort group also will be held in addition to the overall study annual meetings. This larger meeting 
will be held in Nashville and is budgeted as $10,000 in years 2 and 4. 

Computer Software and Support 
Support is needed for the computer database management of the cohort of atomic veterans and the 
preparation of edited data files for analyses. This support is estirnated to be $3,000 each of the five years. 

Project telephone/fax/photocopying 
Funds are requested for study-related expenses related to telephone, fax, and photocopying. These expenses 
are budgeted at $500/year. 

Travel is requested for two collaborators to attend non··Nashville investigators meetings at $1,200 per person 
trip per year. 

Biostatistics Core Charges 

The Biostatistics Collaboration Center at Vanderbilt (BCC) is a university sponsored core resource whose goal 
is to provide for, enhance, and/or facilitate statistical collaborations involving the design, conduct, analysis or 
publication of biomedical research at the university. The BCC is comprised of b1ostatisticians and computer 
systems analysts from the Department of Biostatistics who are available to work with faculty on a variety of 
projects. They offer a wide range of highly trained experts with unique expertise for almost any collaboration. 
The BCC has considerable expertise in the design, conduct, and analysis of large scale clinical trials and 
researcll design for basic biomedical researcP11t1Y1l:1,fMiG:9<ilPvels of expertise are also available for consultation, 



fron1 bachelors and tnasters level trained biostatislic1ans and computer systems analysts to full professors. 

The BCC is a revenue neutral university resource. Rates are based on the complete cost of petiorming 
collaborative services including, but not limited to, salaries, administrative costs, supplies, computing (software, 
hardware, and shared resources such as the Advanced Computing Center for Research and Education 
(ACCRE)), information technology support, and relevant professional development costs. ACCRE offers 
computing resources flexible enough to enable high performance computing applications in a wide variety of 
research and education areas, and also provides access to high performance storage resources. Rates have 
been calculated based on 1500 hour work year, explicitly excluding common professional activities not related to 
this specific project (e.g., seminars, meeting attendance etc.). Vanderbilt University annually reviews the 
BCC to ensure that it is in compliance with all applicable federal and state regulations, including OMB Circulars 
A-21, A-110 and A-133. Rates are adjusted annually to ensure that the BCC 1s operating on a strict non-profit 
cost recovery basis. 

Typically, faculty biostatisticians who are listed as key personnel have supporting staff statisticians that are 
funded through the BCC. As a result, faculty recoverables, staff recoverables, and staff salary+fringe costs are 
bundled into one core cost. Years 1-5: $3,794; $3,870; $3,947; $5, 176; $5,280 
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Applicant/Institution 
Prine/pal Investigator 
Project Title 

The International Epidemiology Institute 
John D. Boice, Jr., Sc.D. 
Epidemiologic Study of One Million U.S. Radiation Workers and Veterans 

Objectives. The single most important question in radiation epidemiology is determining the level 
of risk associated with exposures that occur gradually over tirne. The nuclear reactor accident at 
Fukushima, Japan has emphasized the scientific and societal interest in understanding the health 
risks of low-level radiation exposures. Existing studies, however, have not provided robust 
estimates of risk following low dose rate exposures. The study of one million early U.S. radiation 
workers and veterans will provide information on risk following chronic exposures by focusing on 
five occupational groups with differing radiation exposure patterns, including intakes of 
radionuclides: (1) uranium workers at multiple Department of Energy (DOE) locations; (2) nuclear 
weapons test participants (atomic veterans); (3) nuclear power plant (NPP) workers; (4) industrial 
radiographers, radiologists and other medical practitioners; and (5) plutonium workers at multiple 
DOE locations. The study is cost efficient because it builds on the investments made and 
foundations laid by investigators and government agencies over the past 30-40 years, which have 
established early worker cohorts that can now provide answers to questions on the lifetime human 
health risks associated with low-level radiation exposures. 

Description. We will conduct a retrospective mortality study of the early workers of the nuclear 
age, follow the workers for up to 60 years and evaluate lifetime health effects. The uranium 
cohorts, many from the Manhattan Project era, comprise 202,000 workers. Over 120,000 atomic 
veterans participated in above ground nuclear weapons tests in Nevada and the Pacific in the 
1940s and 1950s. The Landauer, Inc. dosimetry files contain over 400,000 long-term medical 
workers and industrial radiographers. The Landauer and Nuclear Regulatory Commission files 
contain over 212,000 NPP workers employed prior to 1984. Early plutonium cohorts comprise 
over 156,000 workers. 

Methods. Our feasibility study assembled over one million radiation workers and military veterans 
who will be traced, cause of death determined, mortality from cancer and other diseases 
evaluated, and radiation doses estimated (including intakes of radionuclides). The methodology 
will follow the state~of·the·art approach we used to study Rocketdyne workers. 

Impact, Much knowledge has been gained from the study of atomic bomb survivors, but 
exposure was acute and to a Japanese population living in a war-torn country in 1945. As 
exemplified by the Fukushima accident, scientific and medical cornmittees continue to grapple 
with how best to estimate risks (and set protection standards for workers and the public) when 
exposures are received gradually over time Existing studies are not statistically strong enough to 
provide answers, yet governmental agencies must deal with the complex issues of compensating 
workers, veterans and citizens potentially harmed by past exposures. Protection committees 
deliberate over how best to estimate and apply a "dose and dose rate effectiveness factor" to 
scale the risks from the a-bomb survivor data for relevant and current occupational and 
environmental circumstances. Evaluation of risk following intakes of radioactive substances 
assumes greater importance as society debates the role of nuclear energy and deals with nuclear 
waste and threats of terrorist attacks with nuclear devices, The remarkable increase in medical 
exposures to CT scans and nuclear imaging raises concerns of future health consequences. Our 
study also will be a service to American workers and veterans and their families. 

Collaborating institutions. Oak Ridge Associated Universities, Oak Ridge National Laboratory, 
Los Alamos National Laboratory, Landauer, Inc., Risk Assessment Corporation, Harvard Medical 
School, University of Southern California, Vanderbilt University. 
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Epidemiologic Study of 
One Million U.S. Radiation Workers and Veterans 

Appl1cant!lnslltution The International Epidemiology Institute 
Street Address/City/State/Zip: 
Principal Investigator (Pl): 

1455 Research Boulevard, Suite 550, Rockville MD 20850 
John D. Boice, Jr., Sc.D. 

Pl Address: 

Pl Telephone Numbec 
Pl Email: 
Funding Opportunity 

Announcement Nun1ber: 

International Epidemiology Institute 
1455 Research Boulevard, Suite 550 
Rockville MD 20850 
(301) 424-1054 x4271 
bo ice@i ei . us a r i9.bLl,.QQL9~.@Yf10.9.~rQLtt.Jt\1~A 

DE-FOA-0000600 
DOE/Office of Science 

Program Office: Biological and Environmental Research (BER) 
DOE/Office of Science 

Program Manager Contact: 
DOE/Project ID for Pilot: 

Noelle F. Metting Phone: 301-903-8309 Division: SC-23.2 
0016044 

DOE/Award Register# for Pilot: ER64954 

Performance Project SJ/es: 

1. International Epidemiology Institute. Rockville. Maryland 
2. Oak Ridge Associated Universities, Oak Ridge, Tennessee 
3. Oak Ridge National Laboratory, Oak Ridge, Tennessee 
4. University of Southern California, Los Angeles, California 
5. Vanderbilt University, Nashville, Tennessee 
6. Risk Assessment Corporation, Neeses, South Carolina 
7. Los Alamos National Laboratory, Los Alamos, New Mexico 

A summary listing of tasks to be performed by each institution for each of the 6 study Aims is 
provided in the table below. The Research Plan is then presented. A successful Pilot study has 
been conducted and results included in tho PROGRESS REPORT section. 

Eoidemioloaic Studv of One Million U.S. Radiation Workers and Veterans 
Studv Oraanization Plan 

Aim 1 Aim 2 Aim 3 Aim4 Aim5 Aim6 ......... ................... ...................... . ................... ................... 
Uranium Atomic Radiologists & Nuclear power Plutonium Combined 

Task workers veterans 0U1er rnedical olant workers workers cohorts 

ORAU, LANL, 
Cohort identification ORAi.i, IEI RAC, IEI Landauer (IEI) Landauer llEI) IEI ORAIJ 
External dosimetrv ORAU RAC. IEI Landauer /IED Landauer fl El) ORAU, LANL ORAU 
Internal dosin1etrv ORAU,ORNL RAC ORNL, LANL ORAU 
Cohort follow un IEI, ORAi.i IEI IEI IEI IEI, ORAU ORAi.i 

ORAi.i, IEI, IEI, VU, ORAi.i, LANL, IEI, VU, 
Statistical analvsis vu.use USC IEI, VU, USC IEI, VU, USC IEI, VU, USC USC,ORAU 

ORAU, IEI. ORAU, LANL, 
Reoort writina ORNL RAC, IEI IEI IEI IEI, ORNL All 
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Overall Project Objectives 

The single most important question in radiation epidemiology is determining the level of risk 
associated with exposures that occur gradually over time. The nuclear reactor accident at 
Fukushima, Japan has emphasized the scientific and societal interest in understanding the health 
risks of low-level radiation exposures (Barcellos-Hoff 2011: Vano 2011: Norrrnle 2011a. 2011 b; 
Kaiser 2011: Stone 2011: Christodouleas 2011: Dauer 2011: Walsh 2011; Loomis 2011: Wakeford 
2011 b; Boice 2011 c). Studies of occupationally and environmentally ·exposed groups, however, 
have not been of sufficient size or quality to provide robust estimates of risk (NRC 2006: Wakeford 
2005; ICRP 2007; UNSCEAR 2008; Boice 201 Oa, 201 Ob). Nonetheless, some studies have been 
interpreted as suggesting that chronic low dose rate exposures may be as harmful as the acute 
high dose rate exposures experienced by Japanese atomic bomb survivors (Jacob 2009; Cardis 
2007b; Daniels 2011) that form the basis of radiation protection standards for workers and the 
public. The United States could provide substantial information on low dose rate risks but 
unfortunately has fallen seriously behind in studying the U.S. occupationally·exposed populations 
(Wakeford 2009). To fill the gaps in knowledge about health effects associated with low-dose 
ionizing radiation, a study of one rnillion U.S. radiation workers and veterans is proposed (Boice 
2011 a). The study is cost efficient 1n that it builds on the investments made and foundations laid by 
investigators and governrnent agencies over the past 30~40 years which have established radiation 
worker cohorts that, upon completion of the proposed research, can now provide precise answers 
to questions on the lifetime human health risks associated with low-level radiation exposures. 

The United States was one of the first countries to develop both nuclear weapons and nuclear 
power reactors to generate electricity and fuel military ships and submarines. The early workers of 
the nuclear age can be followed for up to 60 years and late effects evaluated. We propose to 
ascertain the mortality experience through 2012 of five occupational groups with differing radiation 
exposure patterns: (t) uranium workers at multiple Department of Energy (DOE) locations and 
Rocketdyne: (2) nuclear weapons test participants (atomic veterans): (3) radiologists. other medical 
practitioners and industrial radiographers; (4) nuclear power plant (NPP) workers; and (5) plutonium 
workers at rnultiple DOE locations. The sizes of these occupational groups are large: the early 
uranium cohorts, many from the Manhattan Project era, comprise 200,000 workers; well over 
120,000 atomic veterans participated in above ground nuclear weapons tests 1n Nevada and U1e 
Pacific in the 1940s and 1950s; dosimetry files with cumulative radiation exposure information exist 
for over 400,000 early medical and other radiation workers; over 212,000 workers employed prior to 
1984 at NPPs with dose information have been identified; and over 156,000 plutonium workers can 
be studied. 

The Pilot study has assembled the targeted cohorts and a unique opportunity now exists to 
evaluate one million U.S. radiation workers and veterans, follow them to the present. reconstruct 
their radiation doses (including inhaled or ingested rad1onuclides), and provide new knowledge on 
the level of risk frorr1 low-level radiation experienced gradually and up to 60 years ago. The 
methods are patterned after the comprehensive approach used to study the workers at 
Rocketdyne/Atomics International (Boice 2006a. 2006b. 2011 b: Leggett 2005). 

The significance of the proposed study is considerable because it applies directly to existing 
concerns about and standards for chronic radiation exposure relevant to the protection of workers 
and the public. Much knowledge has been gained from the study of atomic bomb survivors, but the 
single exposure was acute to a Japanese population living in a war·torn country in 1945. It is 
challenging to generalize these results to current populations with substantially different 
circumstances, i.e., healthier, better health care, ethnic and risk factor differences, and lifestyle 
differences. Scientific and medical committees continue to grapple with how best to estimate risks 
associated with the gradual exposures received from environmental, medical and occupational 
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radiation (ICRP 2005; NRC 2006; Tubiana 2006; UNSCEAR 2008; Gilbert 2009; HLEG 2009; 
Goodhead 2009; Shore 2009). Some studies. though limited, have suggested that chronic 
exposures may be more hazardous than currently accepted (Jacob 2009; Cardis 2007a, 2007b; 
Daniels 2011 ). Governmental agencies tackle the complex issues of compensating prior workers. 
veterans and citizens potentially harmed by past exposures (NRG 2003, 2005; Wakeford 2006; 
Kocher 2008). Protection cornmittees agonize over how best to estirnate and apply a "dose and 
dose rate effectiveness factor" (DD REF) to scale the risks from the bomb survivor data for relevant 
and current circumstances (NRC 2006; ICRP 2007: UNSCEAR 2008; Tentorde 2008; Wakeford 
201 O; Brooks 2011 ). The remarkable increase in population medical exposures to CT scans and 
other imaging technologies (Mettler 2008; NCRP 2009) has raised concerns about possible future 
health consequences (Brenner and Hall 2007; ASA 2011 ). The million U.S. radiation worker and 
veteran study addresses all these issues while providing direct estimates of risk following the types 
of radiation exposures of current concern to workers and the public. 

Evaluation of risk among persons with intakes of radioactive substances also assumes greater 
importance as society debates expansion of nuclear energy and deals with nuclear waste and other 
uses of radioactive materials (Corradini 2011 ), Knowledge of the effects of internal exposures to 
radioactive substances takes on increased importance in light of the possibility of terrorist attacks 
with nuclear devices (Radioactive Dispersal Devices, Improvised Nuclear Devices) (NCRP 2001; 
ICRP 2005: Gonzalez 2005; IOM 2009). Finally, the study will be a service to American workers 
and veterans and their families by providing a sound understanding of the risks they may have 
incurred while working in service to their country. 

The urgent need for such a comprehensive study was emphasized in a DOE-supported Workshop 
on Low-Dose Radiation Epidemiology (Hall 2009). "There is a pressing need, and a golden 
opportunity, to obtain more information on the fong~term effects of relatively low radiation doses, 
delivered over protracted periods by pooling and updating the data for the various groups of 
occupationally exposed U.S. nuclear workers. This represents a large and relatively untapped 
database. In the long run this could become an international effort by integrating these data with 
studies from around the world. With the large increase in the use of diagnostic radiation, large 
studies with good dosimetry of both patients and medical personnel can also contribute much­
needed data." In light of the Fukushima Daiichi nuclear reactor accident, the FY 2012 Senate 
Appropriations Bill tor the Department of Energy: Science (http;!/www.aip.org/fyi/2011/109.html) 
confirmed the need for further research to evaluate "health risks from exposures to low levels of 
ionizing radiation to properly protect radiation workers and the general public''. We are poised, 
ready and enthusiastic about fulfilling these recommendations and restoring the United States as a 
leader in occupational studies of radiation. 

The recently conducted Pilot study (see Progress Report) demonstrated that the proposed study is 
feasible. A cohort of one million U.S. workers and veterans was identified that is ten times larger 
than the atomic bomb survivor study (Douple 20t 1; Preston 2004), has more high-dose subjects 
(> 1 Orem) and rnany more deaths. The large size and broad dose distribution indicate the 
substantial statistical power available to evaluate low-dose rate radiation effects. In addition, 
following peer review of a separate grant application, NIH awarded funds for the atomic veterans 
component of the million person cohort. thus enabling us to reduce the funds requested to carry out 
the full-scale study. Our specific goals are described below as six independent and complementary 
airns or research thrusts that could be funded in total, separately, or in various cornbinations. 

Aim 1. Department of Energy and Rocketdyne Uranium Workers (200,000). The Rocketdyne 
and 13 individual DOE worker cohorts involved with the Manhattan Project and subsequent 
development of nuclear weapons and reactor materials are ready for immediate study. Many of 
these cohorts have not been evaluated for over 30 years and the proposed extended follow-up, 
coupled with comprehensive dose reconstruction, will enable estimation of nearly lifetime risks of 
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cancer and ot11er diseases associated with protracted low-level radiation exposure and propel the 
United States once again to the forefront of occupational study research (Hall 2009; Wakeford 
2009). The study would provide critical information on effects following chronic exposure and on 
the DDREF used in radiation protection (ICRP 2007; UNSCEAR 2008: Canu 2008). 

Aim 2. Department of Defense Atomic Veterans (120,000). The United States conducted 230 
aboveground nuclear detonations from 1945 through 1962. Over 120,000 veterans were previously 
studied by the Department of Veterans Affairs (Dalager 2000; Watanabe 1995b) and the Medical 
Follow-Up Agency of the Institute of Medicine (IOM 1996, 2000). The study population consists of 
veterans who participated at any of eight nuclear weapons test series, including Trinity the first 
nuclear bomb detonation in1945. Statistical increases in leukemia were reported as were excesses 
of several other cancers. including bone, thyroid, salivary gland, liver and breast. However, no 
dose assessments for epidemiologic study were made and the last follow-up was 15 years ago. An 
extended follow-up coupled with dose reconstruction of individual veterans who developed 
leukemia and other cancers not previously studied would provide important quantitative information 
on the level of risk possible from prolonged exposures to radiation experienced up to 60 years ago. 
NIH has award a grant to evaluate a portion of the cancer cases (but not all those in excess) which 
allowed us to reduce the funds request for the current proposal. 

Aim 3. Other Radiation Workers, including Radiologists, Radiotherapists, Other Medical 
Professionals and Industrial Radiographers (400,000). Landauer, Inc. has provided radiation 
dosimetry services since 1953 for United States medical and other facilities. A computerized 
database of 15 million workers is maintained with identifiers and cumulative doses. Included in the 
database are radiologists, radiotherapists, cardiologists, others in the medical profession and 
industrial radiographers who experienced frequent radiation exposures during the course of their 
employment. The Nuclear Regulatory Commission (NRG) REIRS database also includes industrial 
radiographers. These dosimetry records can be used for epidemiologic study by selecting and 
following the approximately 400,000 workers with relatively complete and long-term dosimetry 
coverage over time. This provides a complementary co1nponent to the overall program by including 
a large number of medically-exposed workers. The study is designed not to overlap with other 
investigations of medical radiological technicians (Boice 1992; Mohan 2003), but to focus on 
potentially higher-exposed workers such as interventional radiologists with measured exposures. 
The Pilot study evaluated a sample of 77,000 of these "other" radiation workers who had received 
> 5 rem and determined the feasibility of studying the larger cohort. 

Aim 4. Nuclear Power Plant (NPP) (212,000 Workers). The U.S. developed nuclear reactors to 
produce electricity as early as 1957. There are over 650,000 past and current utility workers. Early 
workers were allowed 3 rem/quarter and 12 rem/year. Landauer records (Muirhead 1996) 
supplemented with NRG REIRS records have identified over 212,000 NPP workers employed prior 
to 1984. Additional early workers can be identified from microfilm dosimetry records. These early 
NPP workers will provide needed information above and beyond that produced by a smaller study 
of 54,000 NPP workers (Howe 2004) which was limited due to the young age of the cohort, the 
small number of deaths and low cumulative radiation doses. A reported association with heart 
disease (Howe 2004) needs to be evaluated in a more powerful study as we propose (Little 2008; 
Darby 20t0). 

Aim 5. Department of Energy Plutonium Workers (150,000). Over t 50,000 workers with 
potential for plutonium exposure have been assembled from cohorts at Los Alamos National 
Laboratory, Rocky Flats, Hanford, Mound and several other facilities (Gilbert 1993a; Wiggs 1991, 
1994; Daugherty 2001 ). These workers were last followed between 1979 • 1990 and extending their 
follow-up to the present would provide needed quantitative information on the long-term risks 
possibly associated with inhalation or ingestion of plutonium and other radionuclides. The Mound 
cohort, for example, offered an opportunity to study not only plutonium but also polonium, a 
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compound which received interest in light of the poisoning of the Russian national 1n tt1e U.K. 
(Harrison 2007) and because it 1s a component of tobacco smoke (Rego 2011 ). 

Aim 6. Combined cohort analyses. The pooled analysis of the combined data from all these 
studies will maxitnize statistical power to detect and characterize radiation effects, and to minimize 
the variability of the estirnates of these effects. The study is over ten tirnes as large as the 
Japanese study of atomic bomb survivors and already has identified more relatively high~dose 
persons who received > 1 a rem curnulative dose. Generalized proportional hazards regression 
modeling of mortality data from the combined cohorts will allowing for the time·dependent nature of 
the exposures and of effect modification variables such as age at exposure, time since exposure, 
and exposure dose rate. Analyses will utilize the best estimates of both external and internal 
(where grouped estimates will be used) radiation exposures and will provide uncertainty analysis 
that reflect likely errors in dose eslimalion particularly for internal dose (NCRP 2008, 2009, 2010). 

The integration of these U.S. worker and n1ilitary populations would unquestionably provide tile 
most definitive evaluation possible of risks associated with low-dose radiation exposures 
experienced over a prolonged period of time, and thus have implications with regard to protection 
standards for workers and the general population, the assessment of risk associated with tile 
enhanced medical technologies such as CT scans, the assessment of health risks associated with 
radiation accidents such as Chernobyl and Fukushima, the expansion of nuclear power, the 
handling of nuclear waste and the compensation of workers with prior exposures to ionizing 
radiation. 

Co~lnvestigators 

International Epidemiology Institute: John Boice (radiation epidemiology), William Blot 
(epidemiology), Joseph Mclaughlin (epidemiology) Bob Tarone (biostatistics), Clark Heath 
(epidemiology), Sarah Cohen (biostatistics) 

Oak Ridge Associated Universities: Betsy Ellis Dupree, Donna Cragle, Phil Wallace, Janice 
Watkins, Dick Toohey, Bill Tankersley, Derek Hagemeyer 

Oak Ridge National Laboratory: Rich Leggett and Keith Eckerman (radiation dosimetry) 
Los Alamos National Lab: Laurie Wiggs (radiation epidemiology) 
Harvard University: Howard Sesso (cardiology) 
Risk Assessment Corporation: John Till, Harold Beck, Paul Voilleque, Helen Grogan (dosimetry) 
Landauer, Inc,: Craig Yoder (dosirnelry systems) 
University of Southern California: Dan Stram (biostatistics), Duncan Thomas (biostatistics) 
Vanderbilt University: Randy Brill (radiation effects), Yu Shyr and William Wu (biostatistics) 
Advisors: Richard Wakeford (University of Manchester, UK), Roy Shore (RERF, Japan), Andre 

Bouville (National Cancer Institute, USA) 
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Proposal Overview 

In this proposal we describe research studies of five occupational groups: uranium workers; 
veterans exposed to atomic bomb atmospheric tests; radiologists and other radiation workers; 
nuclear power plant (NPP) workers; and plutonium workers, Study of each group involves the 
extended and long-terrn follow up for cancer or other causes of rnortality of previously identified 
radiation-exposed cohorts, the reconstruction of individualized estimates of cumulative radiation 
doses and the evaluation of dose-response relationships. Study of each group addresses a 
different aspect of radiation-related cancer because of the varying types (e.g., internal uptakes 
and external exposures), durations, and/or levels of radiation dose across the cohorts. In 
combination, the proposed research among one million radiation workers and veterans will 
provide the greatest precision yet available for the evaluation of long-term health effects of low­
dose ionizing radiation. 

The novel features of the studies of the five groups are described below in five Aims 
corresponding to the five groups to be studied. Most detail is provided for Aim 1, since the 
others share many of the same methodologies as in the study of uranium workers. The final and 
sixth Aim then describes the planned combined analysis, and summarizes the usefulness of the 
research for advancing knowledge of risks of cancer and other diseases among workers 
chronically exposed to low radiation levels. 

Institutional Review Board approvals for the proposed studies have been received and various 
other approvals have been received from the Department of Energy, the Department of 
Defense, the Department of Veterans Affairs and the Nuclear Regulatory Commission 
(Appendix 6), 

We reiterate that a successful Pilot study was conducted (see Progress Report at the end of this 
NARRA.TIVE) which confirmed not only that the proposed study is feasible but that it is even 
more statistically powertul than originally suspected with more relatively high dose workers 
(> 1 Orem) already identified than in the study of Japanese atomic bomb survivors, 

Aim 1 ·Uranium Workers 

We propose the long-term follow up for cancer mortality and other health outcomes of 
occupational cohorts comprising nearly 200,000 uranium workers. Most worked at Department 
of Energy (DOE) facilities and were included in prior DOE research which generally was 
completed over two decades ago. 

Despite some reassuring data to date, concerns about the limitations of existing studies and the 
potential for adverse health effects associated with uranium exposure persist. Weaknesses of 
previous research studies include low statistical power, inaccurate assessment of internal exposure 
to uranium and limited follow-up (Canu 2008, 201 Oa), To remedy these shortcomings, a systematic 
long-term assessment of cancer and other disease mortality among large numbers of uranium­
exposed workers, with adequate exposure measurement, is needed. 

During the early years of uranium processing, enrichrnent, manufacturing and milling, 
aboveground workers had the potential to inhale or ingest uranium dust with 1nini1nal exposure 
to radon gas (UNSCEAR 2008). Well over 120,000 of these workers have been studied and, 
overall, no consistent elevations in cancer risk were observed (Harley 1999: U.K. Royal Society 
2001; IOM 2001, 2008; NRG 2008; McGeoghegan and Binks 2000a, 2000b). Because of its 
long half-life, solubility properties and lack of significant associations in epidemiologic studies to 
date, uranium has not been classified as a human carcinogen (IARC 2001 ), Recent studies of 
uranium millers have foL1nd increases in some cancers and nonmalignant disease but no 
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consistent associations with duration of employment (Boice 2008; Pinkerton 2004). Studies of 
workers with estimates of organ doses from uranium intakes reported only suggestive evidence 
of dose·response relationships (Dupree 1995; Boice 2006a, 2011 b). Analyses of Oak Ridge 
workers followed through 1990, however. suggest an association between cumulative dose and 
lung cancer (Richardson and Wing 2006) and of leukemia in a combined series (Schubauer­
Berigan 2007). A case-control study of rnulliple rnyeloma reported an association with internal 
uranium exposures based on urine samples (Yin 2009). In contrast, studies of underground 
uranium miners have revealed consistent and substantial increases in lung cancer attributed to 
radon gas and its decay products (NRC 1999). 

Recent reviews of studies of uranium-exposed workers recommend that additional research be 
undertaken to clarify the existence. nature and level of cancer and other health risks associated 
with uranium intakes (Canu 2008). Uranium from reprocessing of irradiated fuel is more 
radioactive than natural uranium because of contaminants such as uranium-232, which has a 
half-life of 72 years (Canu 201 Ob). Furthermore, the possible chemical toxicity of natural or low­
enriched uranium, a heavy metal, has been considered more important for human health than 
the risk of cancer from i1s radioactive properties (Leggett 1989). Ingesting large amounts of 
uranium might cause kidney darnage because the kidney is involved in removing uranium from 
the body. Permanent renal disease has rarely been observed in humans, although changes in 
kidney function have been reported to be associated with uranium compounds (Kathren and 
Moore t 986; Kathren and Burklin 2008; McDiarmid 2007; Kurttio 2006a;IOM 2000: Royal 
Society 2001; NRC 2008). In Finland, environmental exposures to high intakes of uranium, 
radium, radon and other radionuclides in drinking water were not associated with increased 
rates of cancers of the bladder, kidney or stomach, or of leukemia (Auvinen 2002, 2005: Kurttio 
2006b). 

The Rocketdyne (Atomics International) study exemplifies the approach to be taken in the study 
of uranium workers. Potential exposures were from a variety of sources including ten research 
nuclear reactors, seven criticality test facilities, and other activities such as fabricating nuclear 
fuel. disassembling and decontaminating reactor facilities, decladding spent nuclear fuel and 
storing nuclear material. Enriched uranium and plutonium fuels were fabricated for research, 
space and power reactors. Results of analyses of mortality data on 5,801 workers employed at 
Rocketdyne (Atomics International) during 1948·1999 were reported in 2006 (Boice 2006a) and 
most recently in 2011 (Boice 20·11 b). A comprehensive dose reconstruction program 
incorporated lifetime occupational doses received at all places of employment into the analyses 
as well as internal doses from radionuclide intakes (Leggett 2005; Boice 2011 b). For all 
leukemia excluding CLL the RR at 100 mSv was increased (1.06; 95% Cl 0.50-2.23) and for all 
cancers excluding leukemia it was 0.98 (95% Cl 0.82·1.17). An extended follow-up will add five 
years of observations during the ages later in life when cancer rates are increasing. 

The proposed extended follow·up of much larger groups of workers, coupled with comprehensive 
dose reconstruction, will propel the United States once again to the forefront of occupational 
radiation research (Hall 2009; Wakeford 2009). Tl1e risk of cancer and chronic diseases, including 
coronary heart disease (Lit11e 2008; Muirhead 2009; Darby 201 O; Shimizu 2010), possibly 
associated with prolonged low~dose exposures accumulating to levels for which effects conceivably 
could be detected would provide critical information on radiation effects and on the Dose and Dose­
Rate Effectiveness Factor used in radiation protection (ICAP 2007; UNSCEAR 2008; Canu 2008, 
201 Oa). This research will address directly recent claims that chronic low dose rate exposures may 
be similar or more hazardous than the acute high dose rate exposures that form the basis of current 
radiation protection standards (Jacob 2009; Cardis 2005, 2007a, 2007b; Kres1inina 2007; Daniels 
20t 1 ). 
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METHODS 

We propose to follow niethods similar to those in the recently completed a study of uranium 
exposed workers at Rocketdyne (Atomics International) (Boice 2006a, 2006b, 2011 b; Leggett 
2005). We will apply this methodology to additional uranium worker populations to provide 
quantitative inforrnation on t~1e long-terrn risk of cancer and other diseases following chronic low­
dose radiation exposures, with emphasis on the uranium intakes. The study will seek lifetime 
occupational exposure inforrnation and will provide quantitative assessrnents of the risks of in~1aled 
or ingested uranium. Strengths include the large study size, the inclusion of more female and non­
white workers than previously studied, use of the established Rocketdyne model for dose 

Table 1 1 Studies of uranium workers 
Last No. Total in 

Workot cohort No. Rolcvant oubllc:allon/s !OllOW·UP do3d comment d3l3base 

Oak Rldgo Segme11t 106,020 Frorne 1997 Not given 27,982 All Oak Ridgo 
K-25 35.712 Dupree 1994 1989 12,848 White males 49,794 
X-10 6,348 Gilbert 1993: Cardis 1995 1984 1 246 28,528 
Y-12 (TEC) 18.869 Polednak 1981 1977 5 394 White males 41,107 
Y-12 (UCCNO) 8,116 Loomis 1996 1990 1.861 Electromagnetic enrichment 26,059 
Portsmouth GaseolJZ Diffusion 9,215 Rinsky 2001 1991 1,275 Enriched uranium 9,308 
Paducah 6,820 Reinhar1 APHA 2007 2003 1,67:? Gaseous diffusion 5.731 

Manhattan Engineering District 
(Uranium) 

Nlugara Frontier 
Harshaw_ El.,ctmm'!!t, B<'thlehem NIA None Never studied 1 144 
Linde 995 Dupree 1987 1979 429 Employed 1943"49 1 551 

Middlesex ~JIA None Never studied 387 
FMPC (Fernald) 4,014 Cragle 1996· R1tz1999: CEDR 1989 1 064 White males 7 337 
MCW (Mii!ll1nckrodt) 2 514 Dupree 2000 1993 1,013 White males 3.212 

SRS (uranium processing) IS 883 Richardson 2007· Cragle 1988 2002 5,096 Internal exposure to U, H3 21.509 
Pantex (Weapons assemblyl 4,668 Silver 2005· Acquiilvella 1985 1995 1 031 Min U, possible ~onttol 12.670 
Rocketdyne (Atomics lnternat1onal) 5,801 Boice 2006a, 2006b 1999 1.468 Comprehensive dosimetry 5.801 

............. ~~.~.PL~D.!9~.~.~~E~~~~ .......................................................................................... ................... 62.379 ....................................................... gQ:? ... ~~Q~ .... 
·Because workers may be 1n more than one cohort, the 1nd1v1dua1 sites sum to m-0re than the total which 1s for unique workers. 

reconstruction, and the very long (up to 60 years) follow up. 

Cohort identification. The population to be studied will be comprised of uranium workers from the 
cohorts shown 1n Table 1-1. Included are workers participating in prior DOE Health and Mortality 
Studies, along with the recently studied cohort of Rocketdyne (Atomics International) workers. 
Workers to be included in tt1e new cornbined cohort will be those with sufficient information to 
conduct the mortality follow~up and comprehensive dose evaluations. In total 202,990 workers have 
already been identified and will form the study base population for extended observation. Because 
workers were often employed at more than one facility, linkages with all worker and dosimetry (e.g., 
REMS) databases will detern1ine duration of employment and career dose accurately. 
Characteristics of the combined cohorts of uranium workers are shown in Table 1 ~2. 

Health outcome determination. Updated mortality and vital status as of December 31, 2012 for 
the radiation workers will be determined from various linkages of the study rosters with national 
databases 1nclud1ng the National Death Index (NDI) (1979+), the Social Security Administration 
(SSA) Death Master File and other SSA files (1960+), the California Death Statistical Master 
File (1960+) and Cornserv, a computer services firm specializing in locating persons. SSA files 
and LexisNexis searches will confirm vital status for those alive. For linkage with the SSA 
Master Death File of over 83 million deaths, and for state mortality tapes we have acquired 
(e.g., California, Florida, Texas. Ohio, New Jersey), probabilistic matching analyses will be 
conducted to account for the possibility that there might be errors or incomplete information in 
narr1es, dates of birth or social security numbers. LinkPlus frorr1 CDC will be used (Can1pbell 
2008). These programs also have unique "de-duplication" features, i.e., datasets can be 
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evaluated to identify possible duplicate subjects who have been entered more than once with 
slightly different identifying information. Cause of death will be determined mainly from NDI 
matches since causes deaths prior to 1979 when the NDI began have already been obtained in 
large part in previous studies. 

Table 1·2. Characteris~ics o/ the combined wranium worker cohorts 
Chataotetistlc N % Characteristic N % 

Gender 1970-1979 15.538 7.7 
Male 139,900 68.9 1980-1989 15.402 7.6 
Female 51,836 255 1990+ 7,997 3.9 
Unknown (currently) 11,254 55 Unknown (currently) 53,250 26.2 

Race DOE employment duration 
White 172,045 84.8 <3 months 31,032 15.3 
Non-white 15,359 7.6 3-6 months 14.686 7.2 
Unknown (currently) 15,586 7.7 G months 1 year 15,907 7.8 

Pay type 1 - 4.9 years 46,656 23.0 
Hourlylnon-exempt/waekly "18,579 313-7 5 9.9 years 12,235 6.0 
Salariedlexempl/rnonth ly 78,858 38.7 10-19.9 years 11.730 5.8 
Unknown (currontly) 45,826 22.6 20 - 29.9 yews 8.326 41 

Year of birth 30+ years 8.021 4.0 
<1900 9,603 r1.7 Unknown {currently 43.597 26.8 
1900·1909 18,399 9.1 SSN known 
1910"1919 36,761 18.1 y,, 200,667 98.9 
1920-1929 56,755 28.0 No (currently) 2.323 1.1 
1930·1939 23,824 11.7 Vital status 
1940-1949 21,831 10.8 Known alive 75,617 37.3 
1950-1959 22.450 11.1 Do ad 107. 187 52.8 
1960-1969 8,536 4.2 Unkriown (Gurreritly) 20, 186 9.9 
1970+ 1,825 09 

Year of hire Among N=74,947 known dead: 
<1940 99 0.05 Year of death 
1940-1949 85,811 42.3 1940-1949 1 183 1.6 
1950-1959 34,937 17.2 1950-1959 4.498 6.0 
1960-1969 16,922 8.3 1960-1969 9,673 12.9 
1970-1979 19,463 9.6 1970-1970 15,289 20.4 
1980·1989 13,479 6.6 1980-1989 18.855 25.2 
1990+ 4,711 2.3 1990·1999 6.602 9.0 
Unknown (currently) 27.568 13.6 2000-2009 2 709 3.6 

Year of Termination Unknown (currently) 16. 138 21.5 
1940-1949 72,936 35.9 Cause of death 
1950-1959 19,031 9.4 Known 54,986 73.4 
1960·1969 18.836 9.3 Unknown icurrentlvl 19.961 26.6 

Given that uranium exposure would include depositions in certain organs, there is an a priori 
interest in mortality from lung cancer, nonmalignant respiratory disease, kidney cancer, non­
malignant renal disease, liver cancer and bone cancer. Also, because of the current scientific 
interest in the possibility that heart disease rnay be related to radiation doses lower than 
previously thought likely, evaluation of coronary heart disease and ischemic heart disease 
mortality will be made (Preston 2003; Howe 2004; Little 2008; Muirhead 2009; Shimizu 2010). 

Linkage with the Centers for Medicine and Medicaid Services (CMS) claims data will be 
investigated as a possible way to supplement identification of chronic health conditions. The 
Medicare files contain information on hospitalizations and other medical encounters for nearly 
all persons age 65 and older in the United States. Since most Rocketdyne and DOE former 
employees are over the age of 65, the Medicare files could provide a unique resource for 
ascertainment of multiple health outcomes. The Medicare files include complete inpatient and 
outpatient stay records beginning 111 1999. 

Similar to a previous study of uranium millers (Pinkerton 2004), we received approval to link with 
the US Renal Data System to identify nonmalignant kidney disease from 1977. Preliminary 
returns revealed that at least 1°/o of our population had been reported to this system. 
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Exposure classification and dose detern1ination. We will seek to capture career doses from 
external radiation and to compute organ doses from internal uranium and other radionuclide 
exposures. Essentially there will be four aspects to the approach for dose determination among 
the uranium workers First, there will be an attempt to capture all uranium intakes and other 
internal and external radiation received at all DOE and other facilities as done 1n the Rocketdyne 
study, Record linkage will be attempted within the DOE worker facilities (the REMS database; 
approval to link against the DOE REMS database has already been received), the NRC 
databases (approval to link with the NRG REIRS database has already been received), the 
Landauer Inc. commercial dosimetry company database, the U.S. military dosimetry databases 
(U.S. Army, U.S. Air Force. U.S. Navy and the Defense Threat Reduction Agency (DTRA) of the 
Department of Defense), and other individual sites as possible and as described in detail 1n the 
Rocketdyne dosimetry paper (Boice 2006a). For many DOE sites, there will be internal 
dosimetry data as well as external dosimetry data. For example, more than 250,000 bioassays 
were available and processed for the Mound feasibility study. Linkages with the Landauer, Inc. 
database. the largest such occupational database in the United States, have been conducted 
and revealed internal doses for 4,213 workers. These additional doses were recorded from 
1947 through 2009 and ranged up to 135.5 rem (5% ,5 rem). For the Rocketdyne workers, 
linkages with other dosimetry databases revealed that 32% had received radiation exposures 
elsewhere and showed the importance of capturing lifetime career doses (Boice 2006b). 

Second, there will be a comprehensive evaluation of internal radionuclide exposures following 
the approach described in the Rocketdyne (Atomics International) dosimetry papers (Boice 
2006b; Leggett 2005). Essentially all individuals monitored for uranium and other radionuclides 
will be identified on the basis of urinalysis results, whole body counts, lung counts and other 
sources of monitoring data, Workers with positive measurements will be identified, A screening 
level will then be determined to select which levels of radionuclide intake might be associated 
with meaningful deposition and organ dose. In the Rocketdyne study, this was taken as 10 rnSv 
committed dose to the organ that would receive the highest dose. The ICRP models will then be 
used to compute annual organ doses that can be incorporated into the epidemiologic analyses. 
In the Rocketdyne study, radiation doses from internal intakes of 14 different radionuclides were 
calculated for 16 organs or tissues using biokinetic models of the ICRP. The radionuclides with 
documented intakes included isotopes of uranium, plutonium, americium, calcium, cesium, 
cerium, zirconium, thorium, polonium, promethium, iodine, zinc, strontium and hydrogen 
(tritium). The Mound feasibility study computed organ doses for workers exposed to tritium and 
polonium. 

Thirdly, it is possible that we will be able to incorporate the comprehensive approach developed 
by ORAU for dose reconstruction in association with the EEOICPA and by DTRA with the 
veterans' compensation programs (www.orau.org/busops/oews/raddata-doserecon.htrn; NRC 
2003). The radiation environment for practically all DOE facilities has effectively been 
characterized and individual doses computed for the purposes of compensation. Procedures will 
be modified to be acceptable for epidemiologic purposes, i.e., to provide best estimates of dose 
rather than claimant-favorable estimates. For the Mound feasibility study, the dose 
reconstructions and bioassays available for polonium and plutonium intakes were provided, i.e., 
additional bioassay results were obtained through the PORECON (Polonium Reconstruction) 
and PURECON (Plutonium Reconstruction) databases that had been created at the Mound 
Laboratory from logbooks and other original hard-copy records. 

Fourthly, the uncertainties of the dosimetry approaches will be evaluated following the methods 
recently published with regard to external radiation (Gilbert 2006; Schafer and Gilbert, 2006; 
NCRP 2008). For internal dose uncertainties the methods of Stram and Kopecky (2003) and 
NCRP (2009, 2010) will be followed. The uncertainties associated with radionuclide deposition 
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and organ dose determination are complex and involve many variables such as the timing and 
frequency of bioassays, the sensitivity of the bioassay test, the accuracy of the biokinetic 
models, and other assumptions that are used. For some of the more complicated exposure 
scenarios with likely high doses, the uncertainty will be bounded by Monte Carlo simulations 
(NRC 2003; Raine 2007), A Monte Carlo simulation can also be used to propagate estimated 
uncertainties in t~1e various contributions to the dose (Kopecky 2004). A subcornrr1ittee on 
dosimetry to review and evaluate these approaches will include Dan Stram, Keith Eckerman, 
Ken Kopecky, Rich Leggett, Dick Toohey, John Till, Duncan Thomas and Andre Bouville. 

Study size and statistical power. A rough estimate of study size and statistical power to uncover 
a radiation effect is presented, Approximately 200,000 DOE workers are available for study and 
approximately 62,000 deaths had been identified pnor to the Pilot study (Table 1-1 ). Because of 
the age characteristics of these early workers, some first employed as early as 1943, it can be 
roughly estimated that approximately 60°/o, or 120,000 deaths, will have occurred by December 
31, 2012, of which about 30,000 will be from cancer. These numbers are consistent with our 
Pilot study which found 104, 186 deaths among 194,284 uranium workers, excluding those who 
worked at Mound. 

The power values are given 
in Table 1-3 for a one-sided 
5°/o nominal significance 
level. Baseline rates are from 
the American Cancer Society 
and SEER cumulative cancer 
probability tables for males 
(ACS 2008) up to age 85 
years. The estimate of t11e 
number of workers exposed 

Table 1·3. Detectable relative risks and associated power tor leukemia and other 
cancers, contrasting the exposed workers (,.10 mSv) with the lowest exposed 
workers(< 1 mSv) Baseline rates in pare11theses 

RR 
12 
1.3 
14 
1.5 
20 

Leukemia 
(1.3°/o) 
0 89 
0.99 
0 99 
0.99 
0.99 

Lung 
(6.4o/o) 
0.99 
0.99 
0 99 
0.99 
0.99 

Bone 
(0.0/~/o) 

0.18 
0.29 
0,41 
0.54 
0.94 

Kidney 
(1.301;,) 
0.93 
0.99 
0.99 
0.99 
0.99 

Liver 
(0.53°/o} 

0.65 
0.91 
0.99 
0.99 
0.99 

NHL 
(1.9"/,) 
0 98 
0.99 
0 99 
0.99 
0.99 

and non-exposed is taken from Frame (1997) The referent group for the purposes of these 
power computations is taken as the 118,000 workers estimated to have received <1 mSv (0. 10 
rem). The "highest'' exposed group for these computations is taken as the 26,000 workers 
estimated to have received >10 mSv (1 rem). The incorporation of internal doses as well as 
career doses received elsewhere would increase the numbers in the higher exposure levels, 
and thus the power computations are conservative. Power is greater than 80°/a to detect relative 
risks of the order of 1.2 for leukemia, lung cancer, kidney cancer and NHL, 1.3 for liver cancer; 
and 2.0 for bone cancer. 

Study power is sufficient to detect even modest increases in risk for leukemia and cancers of 
the lung and kidney and NHL. Power is recognized to be less for rare cancers such as bone. As 
mentioned, attempts to identify cancer incidences among those over age 65 years will be 
pursued using Medicare file linkages available from 1999 and with selected state cancer 
registries. Power to detect increases for these outcomes, however, depends on the organ dose 
which is influenced by radionuclide intakes, e.g., uranium for lung, bone and liver, which are yet 
to be determined. 

Analyses. Both external and internal analyses will be conducted to estimate the relative risks 
(RR) of death from cancer and other diseases. Standardized mortality ratio (SMR) analyses will 
compare the numbers of deaths observed among cohort members with the numbers expected 
based on general population rates for persons of the same age, race and sex over the same 
time periods (Marsh 1998). Internal analyses will apply proportional hazards regression models 
comparing non"exposed workers to radiation workers over categories of estimated radiation 
dose to specific organs. Multiplicative risk models (Cox 1972) or the linear excess relative risk 
model·· which is standard in radiation epidemiology (Preston 1993) ""are among those that will 
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be used to estimate excess risk due to radiation. The external SMR analyses will be based on 
the underlying cause of death as coded from the death certificate which 1s standard practice in 
epidemiological studies as underlying causes of death are thought to be recorded in a more 
systematic fashion across time and physicians than ·associated' causes However, for the 
internal proportional hazards analyses, the contributing causes of death will be included for 
additional statistical power since the likelihood of systematic bias is small. Tbe latter approac~1 
was used in the Mound study. For workers of unknown race, a weighted approximation based 
on the proportions of race for the workers with known race will be used to compute expected 
numbers. In some analyses exposures will be lagged 10 years for solid cancers and 2 years for 
leukemia, i.e., exposures occurring in these intervals prior to end of follow-up will be excluded. 
Observed and expected numbers of deaths will be distributed over categories of external 
radiation dose and trend analyses conducted following the methods of Breslow and colleagues 
(Breslow 1983). 

Internal comparisons, which are expected to minimize any biases that might exist when external 
comparisons with a general population are made, will be carried out. Year of birth, year of hire, 
sex, pay type (hourly/salary), and duration of employment will be sought for inclusion in all 
models. Pay type is considered a surrogate measure of socio-economic status, and an indirect 
control of smoking (Boice 2006a), For the internal analyses, radiation workers will enter the risk 
set at their first date of radiation monitoring plus six months. Workers not monitored for radiation 
will enter the risk set at their first date of hire plus six months. Radiation exposure category will 
be treated as a time~dependent covariate, allowing workers to be assigned to increasingly 
higher dose categories over time as their individual radiation doses accrued. Parameter 
estimates and standard errors for the exposure categories in the Cox models will be used to 
obtain risk (or hazard) ratios and confidence intervals for death due to the cause under 
investigation compared to those in the referent group. Trend tests will treat the radiation dose as 
a single, time-dependent continuous rneasure, and one~sided p-values will be presented unless 
otherwise stated. Relative risks at 100 mSv will be computed for all cancers excluding leukemia, 
all leukemia excluding CLL and lung cancer. 

Dose errors. Doses for monitored workers have inherent uncertainty, especially for internal 
dose. Our approach to uncertainty in dose estimation is based upon methods described by 
Prentice (1982) and by Stram and Kopecky (2003) who distinguish between the effects of 
shared and unshared dose errors and between multiplicative and additive errors. For a test of a 
null hypothesis (of no dose effect) a single best estimate of dose for each worker is used in the 
proportional hazards analyses detailed above. More elaborate dose error methods may be 
required when constructing point estimates and confidence limits for effect estimates especially 
when shared errors in dose reconstruction exist (Stram and Kopecky 2003). The 
comprehensive approaches outline in recent NCRP (2008, 2009, 2010) reports will also be 
considered to address the uncertainties in external and internal exposure estimation. 

Socioeconornic status (SES). Interpretation of study results will be based prirnarily on internal 
comparisons of n1ortality by level of radiation dose. A possible source of bias is that the 
socioeconomic characteristics of workers performing jobs involving occupational radiation 
exposure may have been different from those of workers performing other jobs. Accordingly, 
SES will be characterized and adjustments made by pay type (salaried managerial/professional, 
salaried technical/administrative, hourly union), and possibly pay-code (rnonthly, weekly, 
hourly). 

,Smoking information. Although detailed smoking information is not available for all workers, 
several occupational studies have in fact determined smoking histories based on information in 
occupational health questionnaires and medical records (Mahoney 1987; Petersen 1990; 
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Dupree 1995: Brown 2004). In one investigation (Mahoney 1987), questionnaires from 1978 
were available that asked 

•Do you now regularly smoke a pipe. cigars or cigarettes? 
•Are you now regularly smoking cigarettes< 1 pack/day, between 1 & 2 packs/day, over 

2 packs /day 
• How long did you smoke cigarettes <1 year; between 1 & 5 yrs, 5 & 10 yrs, 10 & 15 yrs, 

15 & 20 yrs; over 20 yrs 
·About how much did you smoke? <:1 pack/day: between 1 & 2 packs/day; 
over 2 packs /day 

The conclusion from our Pilot investigation was that, when available, occupational medical 
records appear to be a reasonable source of smoking data; within a facility, however, no 
standard set of smoking questions was used over time; the percent of a study population with 
smoking data identified varied but increased over time. While smoking was clearly identified as 
a risk factor for lung cancer, there was little evidence that smoking was associated with the level 
of cumulative radiation, although numbers were small. A sample of 300 Rocketdyne workers 
interviewed via a mail questionnaire, however, did indicate that blue collar workers were more 
likely to be or have been cigarette smokers indicating that importance of controlling for pay type 
in the analyses (Boice 2006b). Although not systematically collected, medical record 
information on smoking histories appear available for many of the DOE worker populations, 
particularly for those working after about 1978, and the archival records can be sought for those 
who developed lung cancer and a representative sample. Because of the large number of 
deaths, it is anticipated that a substantial number of lung cancer among non-smokers will be 
identified. 

Medical records will not be available for all workers, however, and indirect methods will be used 
to evaluate and adjust for possible confounding by smoking. Pay type is often seen as a 
predictor of cancer risk with somewhat higher risks of cancers of the lung and other smoking~ 
related sites found for hourly compared with salaried workers. Such a difference is often seen in 
occupational studies and has been attributed to higher prevalences of tobacco use among blue 
collar (hourly) compared with white collar (salaried) workers (Howe 1988: CDC 2004). During 
the last 2 decades, the prevalence of cigarette smoking has declined faster in the general 
population and among salaried workers than among hourly workers. Hourly workers continue to 
smoke in large numbers (Lee 2004; Howard 2004) and at a rate up to twice that of salaried 
workers (CDC 2004; Sorensen 2004). Any increases in lung cancer among blue collar (hourly) 
workers in comparison with the general population could reflect in part this non-comparability in 
tobacco use. We will control for pay type in the intracohort analyses to account for possible 
differences in socioeconomic and demographic characteristics of hourly and salaried workers 
and thus indirectly adjusted tor smoking. We will also evaluate "smoking~related" cancers as an 
entity and compare risks with cancers that are not strongly linked to cigarette smoking. Possible 
increases of heart disease might also be associated with smoking (as suggested in the U.K. 
radiation worker registry study, Muirhead 2009) and these sites will be similarly evaluated. We 
note again that there have been a few DOE studies that obtained some information on smoking 
(e.g., Dupree 1995) and we will evaluate and incorporate such information as available. 

Other polenlia.I confounders. Factors related lo the healthy worker effect, particularly selection 
of workers on the basis of their health, may be strongest during the first years of employment, 
leading to unusually low death rates during this period (Gilbert 1989). Thus, the pattern of 
cancer risk in relation to time since first employment will be carefully evaluated. Duration of 
employrnent is also correlated with cumulative dose so, again, patterns of cancer risk by 
duration will be carefully evaluated. We recognize that other occupational exposures, e.g., 
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chemical and asbestos, may have occurred but that any available exposure information will be 
much less detailed than for radiation. Nonetheless, to the extent possible, other occupational 
exposures will assessed, such as by considering job titles and departments in some detail. As 
above. adjustment for SES will be taken as an indirect approach to handling unknown lifestyle 
and other factors. 

SUMMARY 

The proposed study of over 200,000 uranium workers will extend the mortality follow-up of the 
previously studied cohorts, making no restrictions as to sex or race, and utilize internal and 
external dosimetry assessments following the Rocketdyne (Atomics International) model. 
Linkages for dosimetry will be made with other national dosimetry data bases such as the 
REMS dosimetry files maintained by DOE, the REIRS database ma1nta1ned by NRG and others 
as described in the Rocketdyne (Atomics International) worker study to capture career 
occupational radiation exposure. These dosimetry linkages also will provide data on the extent 
to which workers left specific DOE facilities and were employed at other nuclear facilities. A 
focus on radionuclide internal doses is a main feature of the study and a comprehensive dose 
reconstruction approach using expertise from ORNL, ORAU, DTRA and other groups and 
agencies is planned. The wealth of dosimetry information (both external and internal) available 
within the NIOSH dose reconstruction programs will be accessed to the extent possible. 

Aim 2 - Atomic Veterans 

A follow-up study will be conducted of 120,000 military personnel who participated in nuclear 
weapons testing between 1945 and 1958. There are few if any populations that can provide 
such unique inforn1alion on lifetime radiation risks an1ong persons exposed over 60 years ago. 
The proliferating use of CT x-ray and radionuclide imaging (e.g., PET scans) has highlighted the 
need tor reliable estimates of lifetime radiation risk following chronic low-dose exposures for 
which cumulative population doses could be substantial (ASA 2011; NCRP 2009; Hall and 
Brenner 2008; Brenner and Hall 2007). Further, evaluation of risks among persons with intakes 
of radioactive substances assumes greater importance as society debates expansion of nuclear 
energy and the disposal of nuclear waste, and copes with the possibility of terrorist attacks with 
"dirty bombs" and other nuclear devices (IOM 2009). There has been recent concern over the 
possible health effects from depleted uranium (IOM 2008) and from radioactive fallout to 
exposed populations (Merali 2009). 

During tlie Pilot study, and NIH grant to study the atomic veterans was submitted and an award 
was made last year. While the NIH award has allowed us to reduce the levels of funds 
requested for the Full study proposed here, the funding level for the NIH grant was reduced by 
25% and thus there is a need to request a smaller amount (reduced by 75% of our original 
request to DOE) to conduct the full research described below. There is no duplication of effort, 
just a complete dosimetry reconstruction of all selected cancer sites with reported excess (and 
not just for leukemia as currently restructured) and enhancing the follow-up capabilities to locate 
all t 20,000 veterans. 

We propose to follow the 120,000 soldiers, sailors, airmen and marines present at one or more 
of the 230 aboveground detonations for an additional 20 years since last studied. All cancers 
and other causes of death, including heart disease, will be evaluated. A comprehensive dose 
reconstruction methodology will be used to estimate doses for specific cancers previously found 
to be increased, e.g .. leukemia (and cancers ot the liver, bone, salivary gland, male breast and 
thyroid), and for a representative sample of the cohort for comparison. External radiation 
exposures have been estimated for all atomic veterans but are highly uncertain and require 
validation; dose reconstruction is required to include internal intakes of radionuclides. 
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The military codenames for the eight test series selected for study are sl1own in Table 2-1. The 
sites were selected because they had the highest recorded exposures (IOM 2000; Johnson 
1996; Watanabe 1995b) or because of historical importance (the Trinity detonation in 1945 was 
the first testing of an atomic bomb). The earliest test participants were exposed 1n 1945 and 
their follow-up will be equivalent to that of the Japanese atomic bomb survivors exposed in 
1945. The n1ajority (nearly 70,000 to date) of test participants have now died. Significant 
elevations have been reported for leukemia and cancers of the liver, bone, salivary gland, male 
breast and thyroid, but evaluations by radiation dose were not possible. The Five Series study 
(IOM 2000), for example, included nearly 70,000 soldiers, sailors. and airmen who participated 
in one or more of five U.S. nuclear weapons test series in the 1950s and also included 65,000 
comparable non-participants, or referents. Follow-up was through 1996. Participants and 
referents had similar low risks of death from cancer (SMR 0.74 for both groups), reflecting the 
"healthy soldier effect" (Seltzer 1974, 1977; Kang 1996). Leukemia, however, was increased 
among participants compared to the reference cohort (RR 1. 15, n"" 185). and the excess among 
participants at the "ground-based" Nevada Test Site (NTS) was statistically significant (RR 1.49; 
95% Cl 1.04, 2. 13). Previous studies have not provided details on the risk of heart disease 
among nuclear weapons test participants, although reported elevations, albeit srnall, were 
based on large numbers of deaths. e g, RR 1.09 (n=504) in the U.K. study (Muirhead 2004) 
and in the Five Series study, RR 1.02 (n=6,970). 

A unique aspect of the proposed study is that individual dose assignments will be "best 
estimates" and not based on veteran~favorable assumptions or approaches used in 
compensation program. New developments in statistical methodology also will be applied to 
account for the uncertainties in the reconstructed radiation doses (NCRP 2008, 2009, 201 O; 
NRC 2003; Raine 2007). Tl1e Eight Series study thus provides a unique and timely opportunity 
to take advantage of existing radiation dose data on well-defined and previously studied veteran 
cohorts and to extend these data for epidemiologic lifetime risk assessment. 

METHODS 

Population identification Seven cohorts of 120,000 military personnel (Table 2-1) have been 
carefully constructed and studied by the Medical Follow-Up Agency (MFUA) (Robinette 1985; 
Johnson 1996; IOM 2000) and the U.S. Department al Veterans Affairs (VA) (Watanabe 1995b). 
These individuals will form the study population whose recent mortality experience will be 
assessed. 

Table 2-1. Number of participants at each of the seven nuclear weapon test series by military service. 
Military service was missing far 2 participants. Those toms involved 99 bomb detonat1ono. 

Air Marine 
Test series Year Test site Force Arm):' Cori:is NaV):' Total 
CROSSROADS 1946 PHcilic 0 3,395 551 39, 188 43.134 
GREENHOUSE 1951 Pacific 2,442 1,548 70 .J,854 7,914 
UPSHOT"KNOTHOLE 1953 Nevada 2,175 13,401 2.256 886 18,718 
CASTL.F. 1954 Pai;:ific 2,763 1,644 306 11,918 16,631 
RE DWI NG 1956 Pacific 2,976 1,708 250 6,993 11,927 
PLUMBBOB 1957 Nevada 2,216 7,052 2,120 601 11,989 
HARDrACK I 1958 Nevada 3,476 1,535 187 9,487 14,685 
TR IN ITV 1945 N Mexico ~100 

......................................... ....................... ............................................ 

Total ................................................................................. .1§_,Q~-~ ..... ~}_l_,_QQQ 5.740 ...... J.?:,~?Z .... :::.l?Q,Q_QQ ___ ................... 

Population tracing. Approaches for ascertaining deaths described in Aim 1 will be used, but with 
the enhancement of the unique Department of Veterans Affairs BIRLS system (Beneficiary 
Identification Record Location Subsystem). This system has been used extensively for 
epidemiologic research on veterans (Kang 1996, 2000, 2002, 2006; Bullman 2000, 2005; Smith 
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2004; Thomas 1991; Watanabe 1991, 1995a). The data files contain identifying information on 
individuals who have submitted claims for veterans' benefits (Fisher 1995; Page 1996; Boyko 
2000; Maynard 2004). BIRLS data files can be searched on name and military service number 
and were used in the previous studies to verify and update information for atomic veterans. Only 
military service number 1s required which is available for all 120,000 test pa11icipants. In the NIH 
grant application, we were able to confirrn that 92o/o of a randorn san1ple of 100 veterans without 
Social Security Numbers could be located; the use of probabilistic matching programs would 
have increased this percentage further. For veterans who have died, death certificates can be 
retrieved from the VA claims record folder if a death benefit is awarded or from the Federal 
Archives or from the state of death. Numerous other national electronic databases are available 
on veterans 1nclud1ng the Patient Treatment File (hospital abstracts) and the Outpatient Care 
File (Maynard 2004; Cowper 2002). Cancer incidence studies have also been conducted on 
veteran populations (Young 2010). As of our last mortality evaluation, nearly 70,000 (or about 
60°/o) of the study veterans were known to have died. It is estimated that over 80,000 deaths will 
have occurred by the end of 2012. 

Exposure assessment (dose reconstruction). The goal is to provide unbiased best estimates of 
annual external and internal absorbed doses to selected tissues and organs of individual 
veterans. The dosimetry approach is based on a validated and tested methodology and takes 
advantage of the considerable new information not available when the previous studies were 
conducted. A comprehensive ongoing program of dose reconstruction coordinated by the DTRA 
has collected and developed new information on military personnel and exposure scenarios 
used to determine reliable estimates of radiation dose for LJ.S. atomic veterans (IOM 2000; NRC 
1989, 1995, 2003; DTRA 2007a, 2007b, 2007c). Over 300 million dollars have been spent over 
the past three decades in developing the complex exposure scenarios used in individual dose 
reconstructions. 

Two members of the study team served on the NAS Committee (one as Chair) which reviewed 
the dosimetry data available on nuclear test personnel in 1995 and made recommendations on 
how they could be "recalculated" for "ep1demiolog1c purposes" (Heath and Till 2000, p. 103). We 
are following these recommendations to provide dose estimates suitable for epidemiologic 
analyses. Members of the study team also served on the subsequent NAS Committee (one as 
chair) reviewing the DTRA dose reconstruction program (NRC 2003). Three members currently 
serve on the Congressionally-mandated Veterans' Advisory Board for Dose Reconstruction and 
have provided guidance and direction on over 600 dose reconstructions on nuclear weapons 
test participants using the revised methodologies currently used by the Department of Defense. 
One member has provided independent quality review of each completed dose reconstruction 
as a subcontractor to DTRA and is a member of two current NCRP committees: one dealing 
with uncertainties in internal dose estimates and the other with fundamental principles of dose 
reconstruction. Recently, one of our n1embers chaired the NCRP committee on uncertainties in 
measurements and dosimetry, including applications for atomic veterans (NCRP 2008). Other 
members have been involved in other NCRP committees on uncertainties in measurements and 
dose reconstruction (NCRP 2009, 2010). Dr Andre Bouvrlle is the NCI Project Scientist 
assisting with the dosimetry aspects and oversight of the NIH cooperative agreement. The 
approach outlined below has gone through strenuous testing and is considered the state-of~the~ 
art methodology for deriving "best estimates" of dose with associated uncertainty for use in 
epidemiologic studies of atomic veterans. 

Methods to estimate individual radiation doses for epidemiologic analyses. DTRA has 
developed a comprehensive series of reports that describe the radiation exposure environment 
tor practically every ship and land unit at every test in every series; these reports provide the 
basic scientific data needed for individual dose reconstruction. Over 4,000 detailed dose 
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reconstructions have been performed by DTRA over the course of the Nuclear Test Personnel 
Review (NTPR) program. Over 600 complex dose reconstructions since 2004 have applied the 
same methodology and used the same databases and data sources that we will use. The 
comprehensive methodology has been audited, validated and codified in a detailed set of 
standard operating procedures. Some of the newer methodologies have also undergone 
detailed peer review by committees of the NCRP (2008, 2009). 

Military unit exposure scenarios include direct garnrna and neutron radiation frorn the 
detonation, gamma exposure from activated soils or deposited fallout, inhalation of descending 
fallout or resuspended fallout and activated soils, and ingestion of contaminated water or 
foodstuffs, Individual dose reconstruction for a particular veteran begins with the standard 
scenario common to all members of his unit, and then takes into account any unique exposure 
situations the veteran may have encountered, such as maintenance of cloud~penetrat1 ng 
aircraft, reboarding target ships, or operating small boats in contaminated lagoons. Over 10°/o of 
the veterans (>12,500) had participated in more than one weapon test series (IOM 2000: 
Johnson 1996) indicating the potential for relatively high doses among some veterans since a 
single test series might involve 1 O or more aboveground detonations. 

There were over 375,000 individual estimates of radiation dose based on film badges. Most of 
the estirnates pertained to gamma-ray exposures but nearly 4°/o of the badges also provided 
neutron exposures. Nearly half of the exposures were based on film badge readings and the 
other half were based on some method of dose reconstruction, including cohort badges. 
Estimates of external radiation exposure are available for all 120,000 atomic veterans and range 
from minimal to nearly 100 rem (1 Sv). Interestingly, the mean exposure of the 95,000 atomic 
veterans with nonzero estimates is 16.7 mSv and thus comparable with the 19.4 mSv reported 
1n the 15-country worker study (Cardis 2007). To date little attention had been given to exposure 
pathways involving intakes of radionuclides with estimates made for only 2o/o of the veterans. 

The Nuclear Test Review and Information System (Nu TRIS) database contains all available 
physical dosimetry information for every nuclear weapons test participant. If the review identifies 
the potential for internal exposure, we will use information about contamination levels and 
activities at locations identified in the exposure scenario to estimate inhalation and ingestion 
doses to tissue(s) of interest. The updated FllDOS code (A Cornputer Code for the Con1putation 
of Fallout Inhalation and Ingestion Dose to Organs, Raine 2007) will be used to facilitate the 
internal dose calculations. 

On the basis of previous epidemiologic studies and knowledge of exposures possible during 
atmospheric weapons testing, red bone marrow, bone surface, thyroid, salivary gland, breast 
and liver will be the tissues of a priori dosimetric and epidemiologic interest. Other known 
rad1osensitive sites include cancers of the lung and colon. All dose reconstruction will be 
conducted blindly without knowledge of cancer status. Doses for all the organs of interest will be 
calculated. About 33,000 veterans are expected to have been minimally exposed (<1 mSv or 
0. 1 O rem). External radiation doses, whether to penetrating photons or to neutrons, will be 
estirnated on a year by year basis, and any radionuclide intakes will be processed so ttlat yearly 
doses for specific organs or tissues can be estimated using current International Commission on 
Radiological Protection (ICRP) biokinet1c models (ICRP 2007: Raine 2007; Boice 2006b). 

Quality assurance. A quality assurance (QA) plan will ensure that consistent, accurate, 
traceable, and reproducible methodologies are implemented to calculate the doses (Toohey 
2002, 2008). 

Case-cohort study. Because it would be prohibitively expensive to perform individual dose 
reconstructions on all 120,000 test participants, or even the 92,000 with non-tninimal exposures, 
the case-cohort design will be used. Cases are all test participants who developed leukemia or 
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cancers of the liver, bone, thyroid, salivary gland and breast. The subcol1ort for comparison will 
be a 1 % random sample (n~ 1,200) within defined strata from the cohort of 120,000 test 
participants. However, all cancers and causes of death will be evaluated and if notable 
increases are observed in the extended follow-up or if additional resources become available 
frotTI other governmental agencies, the number of dose reconstructions will be increased 
accordingly, i.e., extended to other cancers or conditions. Case-cohort analytical techniques will 
assess risk within the cohort over categories of reconstructed radiation dose to specific organs 
(Kelsey 1996). Stratification factors will be test series, sex, rank. service and age at the time of 
the tests. Trend tests will be performed with year of birth. year of participation, sex and rank 
(officer/enlisted) included in all models. Rank and/or pay grade will be considered surrogate 
measures of socio-economic status. Trend tests will treat radiation dose as a single, time­
dependent measure, and one·sided p"values presented. Relative risks at 100 mSv will be 
computed. Models will be developed to access directly the contribution of inhaled and ingested 
radioactive fallout to risk, controlling for external exposures. lntra~cohort dose~response 
analyses would be expected to minimize any biases that might exist when external comparisons 
are made with a general population are made. 

Statistical considerations. The available external radiation dose estimates can provide an 
approximate and useful guide for power computations. The estimate of average dose, though 
uncertain, is about 17 mSv (1.7 rem) for the 95,000 participants with estimated exposures; 
3,600 likely received greater than 50 mSv (5 rem) and nearly t ,000 over 100 mSv (t 0 rem). The 
highest recorded dose was 970 mSv (97 rem). These estimates are "low-sided" in the sense 
that internal radiation exposures are not included and film badge records were often incomplete. 
Based on available film badge readings, approximately 33,000 veterans presumably received 
<1 mSv (0.1 Orem) and represent a minimally exposed referent group for these power 
computations. When interpreting the power computations below. it might be noted that the 
current estimates of relative risk for leukemia are of the order of 1.3 to 1.5 for doses between 50 
and too mSv (5 to to rem) (UNSCEAR 1994. 2000, 2008; NRC 2006; Preston 1994). Estimates 
of risk for other cancers are lower, but intakes of certain radionuclides could increase the dose 
appreciably for certain organs such as the thyroid, liver and bone (IARG 2001) and excess risks 
have already been reported for these sites. Preliminary linkages with the REIRS database 
indicates that at least 0.7~/o of the nuclear weapons test participants were subsequently 
employed at a nuclear power plant of whom over Bo/O received> 5 rem. Preliminary linkages 
with the Landauer datafiles also indacted that at least 0.6°/o of the atomic veterans had worked 
elsewhere in a radiation protection of whom about 2°10 received> 5 rem. 

Power. In the Table 2-2, we 
present various sizes of the 
relative risks (RR) and the 
associated power to detect a 
difference in leukemia and 
five other cancers is 
presented. The power 
values are given for a one­
sided 5°10 nominal 
significance level and 
baseline rates are based on 
the referent groups and 

Table 2·2. Detectable relative risks and associated power for leLikemia and other 
cancers, contrasting tho 40 000 "highest'' exposed participants (>10 mSv) with the 
33,000 lowest exposed participants ( <1 mSv) Baseline rates 1n parentheses 

RR 
1.2 
1.3 
1.4 
1.5 
20 
2.2 

Leukemia 
(0.95%,) 

0.80 
0.97 
0.99 
0.99 
0.99 
0.99 

Liver 
(0, 7°/o) 

0.69 
0.93 
0.99 
0.99 
0.99 
0.99 

Bone 
{0.0S"lo) 

0 14 
0.21 
0.29 
0.38 
0 80 
0.90 

Thy1oid 
(0.046%i) 

0.14 
0.20 
0.28 
0.36 
0.77 
0.87 

Salivary 
I0.04°/o) 

0.13 
0.19 
0.26 
0.33 
0.72 
0.83 

Breast 
\0.031°/o) 

0.12 
0.16 
0.22 
0.28 
0.62 
0.74 

minimally-exposed participants in previous studies (IOM 2000; Johnson 1996) and from the 
American Cancer Society and SEER cumulative cancer probability tables for males (ACS 2008). 
Power is greater than 80°/o to detect relative risks of the order of 1.2 for leukemia, 1.3 for liver 
cancer, 2.0 for bone cancer, and 2.2 for the other cancers. 
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In Table 2-3 the Cochran-Armitage trend test (Narn 1987) is applied to estimate the study power 
for the case-cohort study. The power to detect a linear trend 1n excess relative risk (ERR) over 5 
dose categories is evaluated. The dose categories, based on current dose reconstructions for 
Seven Series participants. are <t mSv, 1·5 mSv, 5-tO mSv, 10·50 mSv and >50 mSv with the 
corresponding subcoho11 population distributions of 13°/o, 30°/o, 23o/o, 31°/o and 2.5°/o, 
respectively. The subcohort consists of a 1°/o randorn sample fron1 the entire cohort (n"" 1,250). 
The estimated numbers of cancer cases, based on previous studies and preliminary mortality 
linkages. are estimated to be of the order of 1000 for leukemia, 500 for liver cancer. and 25·50 
each for cancers of the bone, thyroid, salivary gland and male breast. Similar to the 
dichotomous power computations in Table 2-3, the trend evaluations indicate substantial power 
to detect relatively low level increases in the ERR (0.20) for leukemia and liver cancer. For the 
other rarer cancers, the proposed study reaches at least 80°/o power to detect a trend in the 
ERR of 0.20 with one-sided type I error= 5°/o. 

Study power is sufficient to detect even modest increases in risk for leukemia and liver cancer, 
but is recognized to be less for the other rare cancers. Power to detect increases for these 
outcomes, however, depends on the organ dose which is influenced by radionuclide uptakes, 
e.g., radioactive iodine by thyroid and plutonium and uraniurn by bone and liver, which are yet to 
be determined. 

Characterization of medical radiation exposures and other potential contounders. To address 
the possibility that increased exposures to medical radiation (Mettler 2008: NCRP 2009: ASA 
2011) may have contributed significantly to the total radiation exposure received by some 
atomic veterans, medical records for all selected cancer cases and members of the subcohort 
comparison group will be sought within the Veterans Affairs' health care system. The electronic 
files will be searched initially, including the Patient Treatment File (hospital abstracts), the 
Outpatient Care File, and SIRLS (Maynard 2004). Then medical record folders will be retrieved 
and medical radiation, both diagnostic and therapeutic, abstracted. At a minimum, the 
information will be used to learn whether there are any marked differences in medical radiation 
received over categories of estimated dose from test participation. It is recognized, however, 
that most of the atomic veterans have died prior to the rapid increase in radiological imaging 
procedures to evaluation of leukemia deaths is unlikely to be confounded by such exposures. 
Nonetheless, all cases of leukemia and the random sample of the cohort will be carefully 
evaluated using VA 
records (and Medicare 
records as described in 
AIM 1 ). Any information 
on hepatitis infection, 
cigarette smoking and 
alcohol abuse will be 
similarly sought in these 
records and carefully 
evaluated. 

Table 2·3. Detectable dose response trend in the excess relative risk (ERR) over 5 
dose categories and associated power for leukemia, bor1e, liver, thyroid. salivary, and 
male breast cancer in case-cohor1 stl.ldy. Ba-:;e11ne rates in parenthO'ses 

Trond 
(ERR) 

.05 
10 

'15 
20 
25 

Loukomia 
(0.95°/,,) 

0.92 
0.99 
0.99 
0.99 
0.99 

Liver 
(0_70°/a) 

0.8$ 
0.99 
0.99 
0.99 
0.99 

Bone 
(0 0$ 0

/,,) 

0.44 
0.63 
0.80 
0.91 
0.97 

Thyrmd 
(0.046°/o) 

0.43 
0.62 
0:18 
0.90 
0.96 

Salivary 
(0 04°/a) 

0.42 
0.59 
0,75 
0.87 
0.94 

Malo 
breast 

(0.031°/a) 
0.39 
0.55 
0.69 
0.81 
0.90 

Uncertainty in dose estimates. Recent developments in statistical methodology will be adapted 
and extended to account for tile uncertainties in the reconstructed radiation doses for atomic 
veterans (NRG 1995, 2003; Ron 1999; Kopecky 2004; Schafer 2006; Stayner 2007; NCRP 
2008, 2009, 2010). Uncertainties can be viewed as the range of values of estimated dose within 
which the true value of dose is estimated to lie (NCRP 1996, 2008, 2009; Ron 1999; Thomas 
2005}. Uncertainty is a best estimate of possible inaccuracies due to both random and 
systematic errors. Random errors are those that vary in a non·reproducible way around a 
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limiting mean. These errors can be treated statistically by use of the laws of probability. 
Systematic errors, on the other hand. are errors that are reproducible and tend to bias a result in 
one direction. For instance, it has been estimated that a few film badge readings were biased 
and the amount of possible bias can be estimated (NRG 1989). Probabilistic uncertainty 
analysis methods currently under development for the DTRA Nuclear Test Personnel Review 
dose reconstruction prograrn will also be considered. 

SUMMARY 

The aton1ic veteran cohorts can be followed for more than 60 years which is equivalent lo tl1e 
observation time for Japanese atomic bomb survivors (Douple 2011 ). The studies of populations 
exposed to Chernobyl radiation have the potential to provide knowledge on chronic exposure, 
but the event in 1986 is too recent to address long-term or lifetime risks (Wakeford 2011 a; 
UNSCEAR 2011 ). There remains scientific debate over the appropriate factor to "adjust" the 
Japanese survivor risk estimates (from acute and high doses) for the purposes of radiation 
protection (involving chronic and low doses). The BEIR VII Committee (NRG 2006) favored 1.5 
as the Dose and Dose Rate Reduction Factor. whereas UNSCEAR (2008, 2000) and ICRP 
(2007, 1991) continued with 2.0 and the French Academy of Sciences questioned both the 
evidence on carcinogenic risks below about 100 mSv (1 Orem) and the level of risk predicted 
based on linearity ('T'ubiana 2006). The chronic low-dose exposures received by weapons 
participants would allow this issue to be addressed directly, Another limitation of the Japanese 
atomic bomb survivor data is the somewhat uncertain process of "transporting" radiation risks 
from an Asian population exposed in 1945 to those of Western countries with widely varying 
background rates of cancer. Risks associated with veteran populations are directly applicable to 
U.S. populations. 

Compared with external radiation, there are surprisingly few data on human risks for the 
ingestion or inhalation of radioactive substances such as those present in fallout. nuclear 
wastes and even nuclear medicine procedures (COMARE 2004; Harrison 2003, 2005; Little 
2007; UNSCEAR 2008). Nuclear weapons tests at the Nevada Test Site and the Pacific Proving 
Ground provided the opportunity for inhaled or ingested radioactivity (Beck 2006) which can be 
evaluated in the current design. This unique opportunity has struck a responsive chord as 
indicated by the collaborations forged with the Departrnents of Defense and Veterans Affairs, 
the National Association of Atomic Veterans and our scientific team of experts in radiation 
epidemiology, biostatistics, coronary heart disease and dosimetry. Few opportunities remain to 
study large and well~defined populations who accumulated radiation doses gradually over time. 

Aim 3 - Radiologists, Radiotherapists, Other Radiation Workers 

Landauer, Inc. has provided radiation dosimetry services since 1953 for United States medical 
facilities. A computerized database is maintained of over fifteen million workers with identifiers 
and cumulative dose measurements. Included 1n the database are radiologists, radiotherapists, 
cardiologists and others such as industrial radiographers who experienced frequent radiation 
exposures during the course of their employment. An opportunity exists to utilize these 
dosimetry records for epidemiologic study by following the approximately 400,000 workers with 
relatively complete dosimetry coverage over time. Given the increasing use of medical radiation 
and the increased potential for personnel exposures (NCRP 2009, Hall and Brenner 2008), the 
study of medical radiological practitioners has the potential to provide quantitative information 
needed to address current concerns about the long-term effects of chronic radiation exposures 
experienced over a period of many years by workers and the general population. 

The first cancer attributed to ionizing radiation occurred on the hand of a radiologist in 1902, and 
leukemia was first associated with chronic exposure in studies of radiologists (March 1944). 
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Excess leuken1ia and solid cancers have also been observed among pioneering radiologists 
(March 1944; Lewis 1963; Matanoski 1975; Smith and Doll 1981; Berrington 2001; Wang 1990. 
2002; Linet 2010). Studies of medical x~ray technologists have been less clear in revealing 
excess cancers (Jablon and Miller 1978; Yoshinaga 1999; Doody 1998: Mohan 2003; 
Yoshinaga 2004). The absence of reliable dosimetry in practically all of these studies has 
precluded quantitative estimation of risk, although recent atternpts for dose reconstructions are 
vastly improved over past studies (Simon 2006, 201 O; Bhatti 2007). 

The most comprehensive study to date, conducted by NCI, is of 143,000 technologists who 
were certified by the Amencan Registry of Radiologic Technologists for at least two years during 
1926· 1982 (Boice 1992; Mohan 2003; Yoshinaga 2004; Simon 2006, 2010 ). In this study, 
cumulative doses for most technologists were estimated to average about 1.7 rem (17 mSv) 
overall based largely on records linkage with Landauer. Inc., which covered about 19% of the 
population (Boice 1992). These estimates are consistent with subsequent ones (Chadick 2008) 
based on comprehensive modeling and biodosimetry approaches (Simon 2006, 2010, 201 t; 
Bhatti 2007). In the proposed study we will identify all medical professionals within the Landauer 
database, with special focus on interventional radiologists, cardiologists, radiotherapists and 
other potentially high·dose groups so that there will be little overlap with the NCI cohort. Our 
study population is selected based on long-term coverage within Landauer, Inc. 

The Pilot study (see Progress Report) successfully evaluated a sample of 70,000 of the 400,000 
other radiation workers based on the electronic data file who received> 5 rem cumulative 
exposures. The dose distribution is noteworthy in that 1.180 workers received > 100 rem (1 Sv) 
and 26,536 > 10 rem (100 mSv), indicating the substantial statistical power to uncover any 
radiation effects associated with protracted exposures. 

METHODS 

The Landauer database. The Landauer, Inc. database contains records on15 million individual 
workers. Tt1e record for each individual contains personal identifiers (social security nurr1ber, 
name, date of birth, sex), employment data (employer account number, account inception and 
termination dates with Landauer, Inc.) and dose data (annual whole body deep dose, 
cu1nulative whole body deep dose, and previous deep dose prior to inception with Landauer (if 
provided)). Since 1978, annual doses for workers monitored by Landauer have been stored in 
the computerized database, together with the cumulative dose prior to that time. Records for 
periods from the1950s through 1977 have been stored on microfilm. Actual film badges from 
these early years have been stored in underground salt mine in Kansas. Doses incurred at 
facilities not covered by Landauer are included if reported by an account holder and are 
available as early as the 1940s. 

The Landauer database has been used in occupational studies to provide and/or enhance the 
dosimetry information of workforces, including those in the Rocketdyne, the x-ray technologist, 
atomic veterans, Mound and other studies. 

Population identification. Based on the years of coverage within the Landauer database, 
approximately 400,000 workers will be selected who have nearly complete coverage of at least 
5 years. The cohort will be identified using the electronic datafiles for persons employed in t 978 
or thereafter, but which are known to include earlier inception dates to the 1940s. These data 
will be supplemented through the computerization of the 2500 roles microfilm records to capture 
the relatively higher exposures experienced by persons who terminated employment prior to 
1978. 

Population tracing. Similar to the approaches described in Aim 1, mortality and vital status 
searches will be comprehensive and include state-of-the art approaches to locate and obtain 
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cause of death for all study subjects. Follow up will begin at the date when 5 years of dosimetry 
information is available, and continue until censoring at December 31, 20'12. 

Dose reconstruction. The Landauer dosimetry measurements have followed stringent 
procedures to provide accurate dose infonnation for workers, often to comply with legal 
requirernents. The rneasurements have been rnade by a variety of techniques over the years, 
from film badges to thermoluminescent dosimetry technology (TLD) to optical methods (Le .. 
OSL or optically stirnulated luminescence). For the rnedical professionals in our proposed study 
the measurements are considered consistent and reproducible. Because selection of the 
population for study focuses on those with long~term coverage within Landauer, there are 
unlikely to be serious gaps in monitoring. However, to correct for any incomplete coverage we 
will, as described in Aim i, link the Landauer data roster with national databases available from 
military, government and commercial sources but then apply modeling approaches to handle 
any residual gaps. The modeling approaches will be similar to those used in the NCI radiological 
technologist study, which we have been involved with over the years (Boice 1992; Mohan 2003) 
and for which Dr. Yoder remains so (Simon 2006, 2010). In brief, our approach to dose 
reconstruction will rely on the estimated 4 million film badge and TLD measurements for 
workers in our study, the additional inforrnation available from archived Landauer records which 
will require abstraction, linkages with other dosimetry databases, and the modeling that is 
needed to account for different average energies of medical X·rays and gamma rays, use of 
protective aprons, placement of dosimeters when worn, and minimal detectable doses over 
calendar years (Gilbert 1996; Simon 2006, 2010, 2011 ). 

In the NCI technologist study (Boice 1992; Simon 2006, 2010; Bhatti 2007), Landauer badge 
measurements were estimated cumulative does to average about 1.7 rem (17 mSv). Our study 
will involve higher exposures because we will include interventional radiologists. radiotherapists 
and industrial radiographers for whom exposures are known to be higher than for technologists. 
Our Pilot study has already identified 77,000 other radiation workers within the Landauer files 
with> 5 rem (50 mSv) The NCI study also 11ad about 19% coverage of their population with film 
badge reading from Landauer and thus modeling and extrapolation was paramount in making 
dose reconstructions. We, by definition, should have near complete coverage with dosimeter 
measurements: but we recognize that personal exposures to medical x~rays as captured in the 
NCI study will not be similarly recorded and adjustments in the analyses will have to be 
considered using, in part, the methods described in Simon (2006). 

Statistical analyses. The distribution of doses for the medical professionals has not been 
determined except for the Pilot sample which was selected based on workers with> 5 rem 
cumulative exposure. Although, we accordingly do not present statistical power computations, 
we are confident that the power to detect underlying effects is substantial given the large study 
size and our finding in the Pilot study of high exposures with nearly 2°/o having cumulative doses 
over 100 rem (1 Sv). In fact, the 26,536 identified with having > 1 O rem is already larger than the 
18,444 Japanese atornic bornb survivors with> 10 rern (Preston 2004). Prior studies of the 
early technologists indicate associations that are likely radiation-related for leukemia, breast and 
thyroid cancer, and study of pioneering radiologists reported elevations for lung cancer, skin 
cancer, multiple myeloma and several other malignancies, although not consistently. Our 
investigation will quantify such risks in a working population with comprehensive measurements 
and dose reconstructions. 

Uncertainty analyses will be conducted as described in previous Aims and also in the recent x­
ray technologist paper by Simon (2006). The overall goal of an uncertainty analysis is to 
quantify the state of knowledge on doses for individuals, which in turn allows estimation of 
reasonable bounds on the population cancer risk. Limitations to the data include incomplete 
Landauer monitoring coverage for individuals across time periods and employers, lack of 
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information on whether badges were worn consistently and appropriately, and incomplete 
information on wearing of aprons and placement of badges relative to aprons, 

A variety of techniques to account for and to propagate uncertainty will be used, including 
analytic error propagation, simulation, temporal correlation and correction for bias. Each of 
these techniques is explained in sorne detail in Sirnon (2006). Dose estirnation is not always 
separate from the analysis of uncertainty. since the dose calculations include both aspects. 
Integration of dosirnetry and uncertainty analysis is often an in1portant aspect of epidemiologic 
studies of radiation exposed populations (Ron 1999). Each technologist's annual badge and 
organ dose will be characterized by a lognormal uncertainty distribution from which alternative 
realizations of an individual's true annual dose will be generated. Similar to all the uncertainty 
approaches taken for the studies described in this proposal, a subcommittee has been 
developed to address the issues of uncertainties which includes Dan Stram, Duncan Thon1as, 
Ken Kopecky and the dosimetrists familiar with the specifics of each workforce to be analyzed. 

SUMMARY 

Preliminary linkages indicate that over 400,000 individual workers within the Landauer, Inc. 
dosimetry database have monitoring records that span at least 1 O years. Identifying information 
such as Social Security number, name and date of birth exist, and cumulative and annual 
radiation doses are recorded in a systematic fashion. Prior annual records exist on microfilm 
and will be abstracted from the 1950s to 1977. Electronic records exist after 1977. Date of 
inception, Le., the date of first radiation dose, is available as early as the mid~1940s. The 
population will be traced as described in Aim 1. Dositnetry uncertainty will be evaluated, taking 
into account measurement, positioning, shielding, and the unique errors associated with medical 
workers. The proliferating use of CT scans and medical procedures in the U.S. and other 
developed countries (NCRP 2009), indicates the clear need to reliably estimate the risk 
experienced from low dose radiation exposures, not received acutely as in the atomic bomb 
investigations, but chronically over time, as during medical profession circumstances (ASA 
2011; Hall and Brenner 2008; Brenner and Hall 2007). Previous s1udies of 1he pioneering 
rnedical radiation workers have indicated clear elevations of leukemia and certain other cancers. 
However, the absence of reliable dosimetry has hindered interpretation as to the level of risk 
and cornparisons with acute exposures. The Pilot study found a broad dose distribution witb 
substantial numbers of workers receiving> 100 rem indicating the statistical power to evaluate 
late effects. The Landauer dosimetry study of medical professionals with long term exposures 
will provide important knowledge on lifetime risks associated with these exposures of current 
scientific and societal concern. 

Aim 4 ·Nuclear Power Plant (NPP) Workers 

The United States developed nuclear reactors to produce electricity in 1957. Early workers were 
allowed 3 rem per quarter and 12 rem per year, although the percentage that received such 
levels was small. Maximum exposure limits were subsequently reduced to 5 rem per year and 
actual exposures to workers are much lower today and of the order of 0.2 rem per year (Blevins 
2011; Andersen 2008). Studies of the early NPP workers have the potential to provide useful 
information on radiation risks because of the relatively high exposures (Goldsmith 1989; 
Muirhead 1996; Jablon and Boice 1993; Hall 2009). An early study of 9.000 workers at the 
Calvert Cliffs NPP, for example, was able to include contract workers and that 12'Yo of all 
workers had career doses >5 rem (50 mSv) [max 47 rem (470 mSv)] (Jablon and Boice 1993). 
A recent study of 53.698 U.S. nuclear power plant workers was limited because the study 
design included mainly recent hires, which resulted in a young workforce, a low mean 
cumulative dose [2.6 rem (26 mSv)] and narrow dose range, and few dea1hs (1, 190) (Howe 
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2004). Nonetheless, the study reported a significant association with coronary heart disease 
which merits further attention. There are over 650,000 past and current utility workers and 
350,000 currently are included in a recently developed registry, the Personnel Access Data 
System (PADS). Herein we propose to assess cancer and other disease mortality in a cohort of 
NPP workers with documented radiation exposure histories. 

METHODS 

Population identification. Landauer, Inc. provides dosimetry services for a large number of 
radiation workers in the United Slates. Althougl1 most of t11ese workers are employed in !lie 
medical professions (Aim 3), about 15,000·20,000 NPP workers were monitored by Landauer 
during the late 1970s, which comprised about 10-15% of all NPP workers at that time. This 
percentage increased to about 25% (or about 40,000 workers) by the mid-1980s (Muirhead 
1996). The Pilot study identified additional early nuclear power plant workers though evaluation 
of "accounts" and other sources. Over 212, 000 workers were identified. incorporating 
supplemental information obtained from linkages with the NRG REIRS database. These 
212,000 workers will form the basis of the nuclear power plant cohort to be studied. Additional 
NPP workers who terminated employment prior to 1978 will be included by review of Landauer 
records that are not computerized, i.e., that are on the 2500 rolls of microfilm from the 1960s to 
1977. NRC REIRS termination notices will be sought to supplement as well as fill in any gaps 1n 
years of coverage and to supplement the early worker numbers. Workers had to be employed 
prior to 1984. Although average worker exposures decreases over time, after the 1979 reactor 
accident at Three Mile Island, the NRC required that additional modifications be made on 
existing nuclear reactors which slightly increased worker exposures for a few year; thus the 
selection of 1984 as the cutoff date. 

Population tracing. Similar to the methods outlined in Aim 1, vital status and cause of death will 
be sought using a widewrange of national databases, including the social security administration, 
the National Death Index, the Social Security death index (available in~house for probabilistic 
matching), various credit bureau and other record systems. Tracing will begin from the date the 
first radiation reading was recorded until December 31, 2012. The availability of social security 
number, name, and date of birth will facilitate accurate determination of deaths and vital status 
through 201 O for nuclear utility and other worker cohorts. The Pilot study found that 54,641 or 
the workers had died; a number that is greater than the total workers studied in the 15-utility 
investigation of more recent NPP workers of whom only 1, 190 were found to have died (Howe 
2004). 

Dose reconstruction. Methods for doses reconstructed for the NPP workers will be similar to 
what was described in Aim 3 (other radiation workers). The Landauer dosimetry measurements 
have followed stringent procedures to provide accurate dose information for workers, often to 
comply with legal requirements. To address any incomplete coverage we will, as described in 
Aim 1 (uranium workers), link the Landauer data roster with national databases available from 
military, government and commercial sources and then apply modeling approaches to handle 
any residual gaps. Our approach to dose reconstruction for the Landauer-based NPP workers 
will rely on the estimated> 1,000,000 film badge and TLD measurements for workers in our 
study, the additional infonnation available frotn archived Landauer records which will require 
abstraction, linkages with other dosimetry databases. including the Nuclear Regulatory 
Commission REIRS system. and the modeling required to account for errors associated with 
film badge readings as described below (NCRP 2008; Thierry-Chef 2007; Schafer and Gilbert 
2006; Gilbert 1996, 1998, 2009; Stram and Kopecky 2003; NRC 1989). 

Several U.S. NPP cohorts were included in the 15·country study (Cardis 2005) for which dose 
reconstructions were carefully considered (Gilbert 2006: Thierry-Chef 2007). Errors in recorded 
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doses were quantified after review of historical dosimetric practices and technologies at 
participating facilities. The main sources of dose errors from "high-energy" photons (100·3,000 
keV) were related to how the dosimeters responded to workplace exposure conditions and the 
methods for calibration Doses from "lower-energy" photons ( <100 keV) and from "higher· 
energy" photons (>3 MeV) were estimated to be small. Errors were quantified to derive 
estirnates of bias and uncertainties in recorded doses based on measurernent studies, 
dosimetry expert assessment and on the estimated energy and geometry response of 
dosimeters. A log normal error structure model was developed to describe errors in doses. 
Doses from other radiation types, i.e., neutrons and radionuclide intake, could not be adequately 
reconstructed in the framework of the 15-country study, but these internal and neutron 
exposures will be addressed directly in our study (see Methods described in Aim 1 ). 

Statisl!ca/ analyses. The distribution of doses for the NPP workers has not been finalized so we 
do not present statistical power computations. However, given the allowable doses for these 
earlier workers (up to 12 rem per year), the preliminary linkages for Landauer-based workers 
identifying cumulative doses over 100 rem (1 Sv), and the feasibility study of 9,000 workers at 
Calvert Cliffs (12% >5 rem, max 47 rem), there should be sufficient statistical power to detect 
excess cancers should they occur given the relatively long follow-up for workers first employed 
1957-1984. Similar to previous Aims, analyses will be made using external comparisons with 
the general population of the U.S., i.e. SMR analyses (Marsh 1998) followed by internal dose. 
response analyses over categories of radiation doses using Cox proportional hazards models or 
Poisson regression models (Preston 1993). 

Uncertainty analyses will be conducted as described in previous Aims (NCRP 2008) and also in 
the recent x--ray technologist paper by Simon (2006) and the 15--country study paper by Thiery­
Chef (2007). A subcommittee has been formed to address the issues of uncertainties in all 
study cohorts which includes Dan Stram, Duncan Thomas. Ken Kopecky, and the dosimetrists 
familiar with the specifics of each workforce to be analyzed. 

SUMMARY 

Early NPP workers will be studied, with the records of Landauer, Inc. and the NRC REIRS files 
used to identify over 212,000 early workers employed before 1984. The focus on these early 
workers will enable assessment of risk across a wide dose range, since relatively high doses 
were allowed, i.e., 3 rern per quarter and 12 rem per year depending on age and prior 
cumulative dose. 

As emphasized in all previous Aims, study of these early radiation workers, as recently 
recommended by the DOE workshop on low-dose epidemiologic studies (Hall 2009). will 
provide important opportunities to clarify the risks of radiation exposures that are experienced 
gradually over time. The resultant information will directly address public, scientific and radiation 
protection issues, especially in light of recent claims that chronic low dose rate exposures may 
be as harmful as acute high dose rate exposures that form the basis of today's radiation 
protection standards (Jacob 2009; Cardis 2005, 2007a, 2007b; Krestinina 2005, 2007; Daniels 
2011 ). 

Aim 5 ·Plutonium Workers 

Studies of plutonium workers have not found consistent evidence of radiation risks except at 
rather high dose levels experienced by early weapons production workers in the former Soviet 
Union (UNSCEAR 1994, 2008; Voelz 1997; Omar 1999; IARC 2001; Gilbert 2004). The 
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inconsistencies in worker studies in the USA (Voelz 1997) and UK (Omar 1999) were attributed 
to the much lower exposure to plutonium than experienced by Russian Mayak workers during 
the 1940s and 1950s who showed increased cancers of heavily irradiated sites, i.e., the lung, 
liver and bone (IARC 2001). S1Udies of 15,727 workers a1 the Los Alamos National Laboratory. 
however, suggest an increased risk of lung cancer, osteosarcoma and several other 
malignancies (Wiggs 1994; Wilkinson 1987), which highlight the need for further study. Studies 
of the Russian Mayak workers have also evaluated cerebrovascular disease and cardiovascular 
disease (Azizova 201 Oa, 201 Ob). 

The mortality experience of nearly 31,500 males and 12,600 female workers employed between 
1944 and 1978 at the Hanford nuclear installation in Richland, Washington, has been reported 
by several investigators. Analyses up to 1986, which includes 5,413 workers at Rocky Flats, 
revealed a strong "healthy worker" effect, a significant deficit of cancer mortality, including 
leukemia and no evidence for increasing risk with increasing film badge exposure for any cancer 
(Gilbert 1993a, 1993b; see also Daugherty 2001 ). A more recent follow-up of 26,389 Hanford 
workers through 1994 1dentif1ed 8.153 deaths and a negative dose response for leukemia, but a 
positive dose response for lung cancer (Wing 2005). Associations between duration of 
employrnent at Hanford in jobs with routine potential for plutonium exposure and mortality were 
also reported suggesting occupational exposure effects (Wing 2004). An association between 
age at first internal lung dose and lung cancer was also reported in a case-control study of 
Rocky Flats workers (Brown 2004). Follow up of these cohorts, however. ended in 1990 or 
earlier, and updates of the plutonium workers mortality experience are needed. 

METHODS 

Population identification. Table 5-1 shows that the plutonium worker cohorts available for study 
include approximately 155,000 workers at Los Alamos, Rocky Flats, Hanford and Mound (Wiggs 
1991a, 1991b, 1994: Gilbert 1993a), and at Sandia. 

Table 5·1. Cohorts of plutonium workers 
Last No. Total in 

Worker cohort No. Relevant publicatlon/s follow-up dead database~ 

Los Alamos 15,727 Wiggs 1991 ;Wilkinson 1987;Gilbert 1993a 1990 3,196 23,288 
Rocky Flats 5.413 Gilbert 1993; Brown 2004 1979 409 53,033 
Hanford 32,643 Gilbert 1993a, 1993b; Wing 2004, 2005 1986 9.452 56,688 
Mound 4,402 Wiggs 1991a, 1991b 1984 987 7,293 
Sandia NIA None 24,685 
Sum of unique workers 58.185 52,430" 154,928 
• Ber-ause workers may be in more than one cohort, the individual sites sum to more than the total which is for unique workerG 
""Number found to have died durinn the Pilot investination are included in total. 

Population tracing. Similar to the methods outlined in Aim 1, vital status and cause of death will 
be sought using a wide·range of national databases, including the social security administration, 
the National Death Index, the Social Security death index, various credit bureau and other 
record systems. The availability of social security number, name, and date of birth will facilitate 
accurate determination of deaths and vital status through 2010 for the plutonium worker cohorts. 

Dose reconstruction. Methods for doses reconstructed for the plutonium workers will be similar 
to what was described in Aim 1. 

Statistical analyses. The statistical approaches to be followed will mirror those applied to the 
study of Liranium workers. 
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Mound pilot study. To den1onstrate t11at the previously identified plutoniun1 cohorts could be 
effectively studied, a feasibility project of over 7.261 workers at the Mound nuclear weapons 
facility (1944·1972) located near Dayton, Ohio was conducted. The cohort data included non· 
white and female workers (who had not been previously studied). radiation dose information 
evaluated (including internal uptakes), and population tracing conducted (Table 5-2). The pilot 
project was successful in that vital status of 98.2o/o of the population was obtained, the inclusion 
of females (24.9°/o) and non-whites (6.2°/o) was found to be feasible and the bioassay data 
necessary tor internal dose assessments was incorporated into the analyses. Over 250,000 
assay for polonium were evaluated with lung doses > 100 rem (ABE= 1) for nearly 2°/o of the 
over 4400 workers with polonium exposures. Additional bioassay results were obtained and 
incorporated through the PORECON (Polonium Reconstruction) and PURECON (Plutonium 
Reconstruction) databases that were created at the Mound Laboratory from logbooks and other 
original hard-copy records. Over 800 workers had bioassays available for plutonium and over 
1000 had bioassays available for tritium. 

Table 5~2 Den1ouraphic and occ:ur.iulioriHI clluracteristics of 7,261 Mound, 01110 workers 
Characteristic N °/0 Characteristic N °/g 

···a·enc1e·r·············································································· .. vear·orHrre················································ ................... .. 
Male 5,455 75.1 1940-1949 2.578 35.5 
Female 1,806 24.9 1950-1959 1,146 15.8 

Race 
White 
Non-White 
Missing 

Year of Birth 
<1920 
1920·1929 
1930-1939 
1940·1949 
1950·1959 
;::.1960 

SUMMARY 

5,834 80.4 
453 62 
974 13.4 

2,015 27.8 
2,051 28.3 
1,316 18.1 
1,377 19.0 

467 6.4 
35 0.5 

1960·1969 2,289 31.5 
1970-1979 823 11.3 
Missing 425 5.9 

Years of follow-up 
<30 1,782 24.5 
30-49 4,218 58.1 
.:;:,50 1,261 17.4 

Vital Status as of 12/31108 
Confirmed Alive 3,550 48.9 
Dead 3,580 49.3 
Lost to follow-up 131 1.8 

The study of workers with the potential for plutonium exposure would add a final dimension to 
the overall proposal. Over 150.000 such workers in the United States have not been recently 
followed, and more importantly, comprehensive dose reconstructions of internal intakes have 
not been completed. All workers are available for study and follow-up and dose reconstructions 
would be completed similar to that described for uraniun1 workers. These plutonium worker 
studies are cost~effective because the cohorts have, in large part, already been identified, 
follow-up conducted to the mid 1980s and dose information has been collected. 

Aim 6 ~ Combined Million Radiation Worker Analyses 

The pooling of data from the U.S. worker and n1ilitary populations described in Aims 1 ~5 would 
provide the most definitive evaluation yet available of the possible lifetime risks associated with 
low~dose radiation exposures experienced over a prolonged period of time. The resultant 
findings will thus have implications with regard to protection standards for workers and the 
general population, the assessment of risk associated with today's enhanced medical 
technologies such as CT scans, the expansion of nuclear power, the handling of nuclear waste 
and the compensation of workers with prior exposures to radiation (Hall 2009: Dreyer 1981 ). 
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METHODS 

The study team has substantial experience in pooling radiation exposure data sets and 
providing estimates of effects and interactions that were not apparent when the individual 
studies were published alone, Assessment of uncertainty associated with shared errors of 
exposure have also been addressed. These include studies of radiation-induced breast cancer 
(Boice 1979; Preston 2002), cervical cancer patients (Boice 1985). radiation-induced thyroid 
cancer (Ron 1995), underground rniner cohorts (Lubin 1994a, 1995; Thornas 1985), indoor 
radon-lung cancer case control studies (Lubin 1994b, 1997, 2004), and occupational cohorts 
(Cardis t 995: Stayner 2007). Uncertainty analysis and measurement error effects 1n radiation 
epidemiology has been a long·standing interest of members of the study team (Stram t 999, 
2003; Pierce 1990; NCRP 2008, 2009). 

Pooled analysis of the combined data from all the studies described Aims 1-5 will maximize 
statistical power to detect and characterize radiation effects, and to 1n1nim1ze the variability of 
the estimates of these effects. Generalized proportional hazards regression modeling of 
mortality data tram the combined cohorts will allow for modeling of the risk allowing for the timew 
dependent nature of exposures and of effect modification variables such as age at exposure, 
time since exposure, and exposure dose rate. Analyses will utilize the best estimates of both 
external and internal (where grouped estimates will be used) radiation exposures and will 
provide uncertainty analysis that reflect likely errors in dose estimation particularly for internal 
dose. 

SUMMARY 

The proposed studies, to be carried out nearly simultaneously, provide a golden opportunity to 
embark on a well~defined research program in human populations followed for nearly entire 
lifetimes. The Pilot study confirmed the feasibility and importance of the proposed study in that a 
cohort of one million US radiation workers and veterans has been identified and preliminary 
tracing and dosirr1etry activities conducted. The one rnillion US radiation worker and veteran 
study is ten times larger than that of the Japanese atomic bomb survivors, has a similar broad 
dose distribution with meaningful numbers> 100 rem and more high dose workers receiving 
> 10 rem than Japanese bomb survivors with> 10 rem. The enthusiasm for tile one million 
workers and atomic veterans study is reflected by the broad range of consortium experts who 
are willing to commit a significant portion of their next five years to completing this work. 
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Program Manager 
Pl 
Award Register# 
App I leant/In stitut lo n 
Period of Award: 

PROGRESS REPORT 
May 2010 through September 2011 

Epidemiologic Study of One Million US Radiation Workers and Veterans 
0016044 
Noelle F. Metting Phone: 301-903-8309 Division: SC-23.2 
John D. Boice, Jr., Sc.D. 
ER64954 
The International Epidemiology Institute 
May 01, 2010 to January 15, 2012 

Summary of Progress. Substantial progress has been made and all Aims of the Pilot study 
have been addressed and successfully completed. The Pilot study has demonstrated that 
the full-scale Epidemiologic Study of One Million U.S. Radiation Workers and Veterans is 
feasible. Indeed, during the Pilot study we successfully identified a cohort of one million early 
workers and veterans, a study population ten tin1es larger tt1an the atornic bon1b survivor study 
and with more high-dose subjects (>10 rem) and many more deaths. The cohort consists of 
202,000 DOE uranium workers, 156,000 DOE plutonium workers, 212,000 nuclear power plant 
workers, over 400,000 other radiation workers, and 120,000 atomic veterans. The large size of 
this unique population will provide substantial statistical power to evaluate low-dose rate 
radiation effects. Also during the Pilot study we extended follow up of 6,000 radiation exposed 
workers at Rocketdyne (Atomics International), publishing the findings in Radiation Research, 
and of 7,000 Mound polonium and plutonium workers. In addition, following peer review of a 
separate grant application, NIH awarded funds for the atomic veterans component of the million 
person cohort, thus enabling us to reduce the funds requested to carry out the study of the full 
cohort. These and other accomplishments are documented 1n the study website developed 
during this pilot period (http://www.onemillionworkerstudy.org). The Pilot effort thus has set the 
stage for the initiation of the full-scale study of one million U.S. radiation workers and military 
veterans. 

Full~sca/e Study Synopsis. The single most important unanswered question in radiation 
epidemiology is the level of risk associated when exposures are experienced over prolonged 
periods of ti1ne. The One Million U.S. Radiation Worker and Veteran study is designed to 
provide information on risk following low dose rate exposures. The study focuses on five 
occupational groups with differing radiation exposure patterns, including intakes or 
radionuclides: (1) uranium workers at multiple Department of Energy locations; (2) nuclear 
weapons test participants (atomic veterans): (3) nuclear power plant workers: (4) industrial 
radiographers, radiologists and other medical practitioners: and (5) plutonium workers at 
multiple Department of Energy locations. The study will be cast efficient because it builds on tho 
investments made and foundations laid by investigators and government agencies over the past 
30-40 years, which have established early worker cohorts that can now provide answers to 
questions on the lifetime human health risks associated with low~level radiation exposures. 

Accomplishments to Date. Although a proposal for the full study was submitted in September 
2009, resources at that time were available only to conduct a feasibility study. The award for 
this Pilot study was etfect1ve May 01, 2010. DOE also provided resources directly to Oak Ridge 
Associated Universities, Oak Ridge National Laboratory and Los Alamos National Laboratory. 
The Pilot study involved four Aims which are described below. 
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PILOT STUDY AIM 1. Detenrnne the feasibility of studying the Department of Energy Uranium 
Workers, 1943·2008. 

During the pilot study the following activities were completed: 

Over 202,000 unique DOE workers from 16 facilities identified, and dose information 
obtained. The 16 facilities included: the Oak Ridge Segment (K·25, X·10, Y·12 (TEC), 
Y·12 (UCCND), Portsmouth Gaseous Diffusion, Paducah), the Manhattan Engineering 
District (Harshaw, Electromet, Bethlehem, Linde, Middlesex), FMPC (Fernald), MCW 
(Mallinckrodt), Savannah River Site, Pantex, Rocketdyne (Atomic International). 
Over 104,000 uranium workers were found to have died, as of 2009. 
Social Security Administration application was approved and linkage identified 75,000 
workers who are alive. 
Application was 1nade and approval received from National Death Index to obtain "cause 
of death.'' 
Additional dosimetry was received from linkages with Landauer (1953-2008) and REMS 
dose files. 
Approval and linkage with US Renal Data System identified t % of workers being treated 
for kidney disease after 1977. 
State mortality tapes (e.g., California, Ohio, Florida, Texas, New Jersey) and the Social 
Security Mortality files were purchased which enhanced the tracing of workers using the 
CDC probabilistic program (LinkPlus) 
An approach to determine smoking histories based on available questionnaire data was 
outlined. 

AIM 1 CONCLUSION; It is feasible to study DOE Uraniurn workers and relate radiation doses 
received over years of employment to the lifetime risk of death from cancer and renal disease. 

AIM 1 RELEVANCE FOR THE FULL-SCALE STUDY TO BE FUNDED BY THE RENEWAL: 
Remaining tasks for the renewal include vital status determination and dose reconstruction. 
The causes of death need to be determined for those known to have died and death cerlil1cates 
requested for those who died prior to 1979 when the National Death Index began. Additional 
dosimetry linkages will be made with the NRC Radiation Exposure Information and Reporting 
System (REIRS), tho DOE Radiation Exposure Monitoring Systems (REMS), Landauer files and 
military data bases. Dose reconstructions, including intakes of radionuclides (incorporating 
detern1inations n1ade over the years within the NIOSH dose reconstruction project) will be 
conducted. Potential confounding information from tobacco use will be attempted from site 
medical record data. Evaluation of serious kidney disease will be made through linkage with the 
US Renal Data System. Analytical approaches, including uncertainty analyses will be 
developed. 

PILOT STUDY AIM 2, Conduct a Second Follow~Up of the Rocketdyne (Atomics International) 
Radiation Worker Study, 1948-2008. 

During the pilot study the following activities were completed: 

A second follow-up was conducted and manuscript published: Boice JD, Cohen S, 
Mumma M, Ellis E, Eckerman K. Leggett R, Boecker B, Brill AB, Henderson BE. 
Updated mortality analysis of radiation workers at Rocketdyne (Atomics International), 
1948~2008. Radial Res 201 t. 
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The study is unique in capturing radiation doses from practically all places of 
employment and incorporating internal doses from ingested radionuclides, notably 
uranium aluminide. 
No significant associations between radiation and cancer were found, but numbers were 
relatively small. Thus, the need for an expanded study of one million workers as 
proposed, 
Historical Notes: Rocketdyne (Atomics International) developed a sodium reactor that 
provided the first commercial use of electricity 1n the US, lighting the city of Moorpark in 
1957. Rocketdyne also developed the Saturn rocket used during Apollo for the moon 
landings. 

AIM 2 CONCLUSION: The Aim to conduct a second follow-up of the Rocketdyne Radiation 
Worker population was successfully completed and report was published. 

AIM 2 RELEVANCE FOR THE RENEWAL FULL-SCALE STUDY. The Rocketdyne (Atomics 
International) Radiation worker study remains the model for the expansion and the vision to 
study one million US radiation workers and military veterans, i.e., capture all occupational 
exposures available from all facilities worked at and incorporate the intake of rad1onuclides into 
the estimate of organ doses for individuals. 

PILOT STUDY AIM 3. Conduct a Second Follow-Up of the Mound Radiation Worker Study, 
1944-2008, 

During the pilot study the following activities were completed: 

A second follow·up was conducted and a manuscript is nearing completion. 
Among 7,291 workers, 49,7% have died and 49,0% are known alive based on linkages 
with the Social Security Administration files, the National Death Index and state mortality 
files. 
The study is unique in that workers were potentially exposed to three radionuclides in 
addition to external radiation: polonium, plutonium and tritium. 
Over 250,000 b1oassay records have been obtained and individual organ dose estimates 
made for polonium and tritium and are ongoing for plutonium. Additional bioassay 
results were obtained through the PORECON (Polonium Reconstruction) and 
PURECON (Plutonium Reconstruction) databases that were created at the Mound 
Laboratory from logbooks and other original hard~copy records. 
The study is noteworthy in that the occurrence of serious renal disease, possibly related 
to exposure to heavy radioactive metals, was determined through linkage with the US 
Renal Data System which began in 1977. 
The study is also noteworthy in that cancer incidence (as opposed to cancer mortality) 
was obtained by linkage with the Ohio Cancer Incidence Registry, The importance of 
such linkage was seen in that the number of cancers identify (525) was nearly as great 
as the number of cancer deaths (579) despite the fewer years of observation covered by 
the cancer registry which began in 1996, 
LexisNexis was used to confirm that workers were alive when the matching with Social 
Security Administration files was incornplete. LexisNexis was also used to contirm that 
64% of the population known to be alive after t996 was living in Ohio for cancer registry 
linkage, 
Historical Notes: Polonium from Mound was used with beryllium to generate neutrons 
and trigger/initiate the bombs detonated at the Trinity Site and at Nagasaki ("Fat Man"), 
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Polonium also was t11e 2006 poison that resulted in the death of a Russian citizen in 
London. It is also a component of tobacco which has been suggested as a contributor to 
lung cancer. 

AIM 3 CONCLUSION: The Aim to conduct a second follow-up of the Mound Radiation Worker 
population was successfully completed and a manuscript is in preparation. 

AIM 3 RELEVANCE FOR THE RENEWAL FULL-SCALE STUDY. The Mound Radiation 
Worker study resulted in two innovations. For workers exposed to radioactive heavy metals 
such as uranium and plutonium, linkage with US Renal System was conducted to learn whether 
such exposure might result in nonmalignant, but serious, kidney disease. Data from the 
comprehensive NIOSH dose reconstruction project was used to enhance internal dosimetry 
determinations. Additional bioassay results were obtained through the PORECON (Polonium 
Reconstruction) and PURECON (Plutonium Reconstruction) databases that were created at the 
Mound Laboratory from logbooks and other original hard-copy records. 

PILOT STUDY AIM 4. Investigate the Feasibility to Study DOE Plutonium Workers. Nuclear 
Power Plant Workers, Other Radiation Workers, and Atomic Veterans. Each of these study 
components is discussed separately below, 

Plutonium workers: Data files and dosimetry files for over 156,000 plutonium workers at 6 
DOE facilities were obtained after permission was received from the Director, Office of Health 
and Safety. DOE. Death certificates for 29,300 workers were obtained. scanned and 
catalogued. Linkages with state mortality tapes and the Social Security Mortality Files have 
identified 52.000 deaths to date. 

CONCLUSION: It is feasible to study plutonium workers and extend the previous follow-up by 
over 20 years. Remaining tasks for the renewal include vital status determination and dose 
reconstruction. The causes of death need to be determined for those known to have died and 
death certificates requested for those who died pnor to 1979 when the National Death Index 
began. Additional dosimetry linkages will be made with the NRG Radiation Exposure 
Information and Reporting System (REIRS), the DOE Radiation Exposure Monitoring Systems 
(REMS). Landauer files and military data bases. Dose reconstructions, including intakes of 
radionuclides (incorporating determinations made over the years within the NIOSH dose 
reconstruction project) will be conducted. Potential confounding information from tobacco use 
might be evaluated from site medical record data. Evaluation of serious kidney disease will be 
made through linkage with the US Renal Data System. Analytical approaches. including 
uncertainty analyses will be developed. 

Nuclear Power Plant (NPP) Workers: 212,000 nuclear power plant workers were identified 
from the Landauer dosimetry records and supplemented with the Nuclear Regulatory 
Commission (NRC) REIRS data files for utility workers employed from t 957 to 1984. Microfilm 
records from 1960s are being scanned to identify additional early workers. Linkages with state 
mortality files and the Social Security Administration mortality files have identified nearly 55,000 
deaths (a number larger than any previously studied population ot nuclear power plant workers). 
Career occupational doses are being sought. 

CONCLUSION: It is feasibly to study nuclear power plant workers and many of the early 
workers have been identified. Remaining tasks for the renewal include enhancing the population 
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through the identification additional early workers through NRC and Landauer records, learning 
the causes of death (and not just the fact of death). determining vital status. conducting 
comprehensive dose reconstructions and uncertainty analyses to estimate organ~specific dose, 
and determination of other occupational doses through linkages with REIRS, REMS and military 
dosimetry files. Nuclear power plant workers have a lower potential for intakes of radionuclides 
than uranium and plutoniun1 workers which minin1izes the complexity of the dose reconstruction 
procedures, while enhancing the generalization of results to other worker and med1cally­
exposed populations. 

Other Radiation Workers, including Medical and Industrial Radiography workers. Over 
2700 roles of microfilm of early radiation workers from the 1950s to 1976 are available from 
Landauer and 550 roles are being scanned. In addition, 15 million records are available in 
electronic format since 1976. The number of early workers in this database exceeds 400,000. 
In the electronic files alone, over 70,000 non~NPP workers have been identified to date with 
cumulative dose> 5 rem, with over 1,100 workers recorded as having > 100 rem (1 Sv). The 
number of workers in this small series who received> 10 rem (26,500) protracted cumulative 
dose is greater than the nun1ber of atomic bomb survivors with comparable but acute dose 
( 18,444). 3100 deaths have been identified in this pilot sample. Industrial Radiographers are to 
be identified from Landauer files supplemented with REIRS files. Additional historical account 
information was obtained from Landauer to help identify specific occupational groups for study. 

CONCLUSION: It is feasible to study early medical workers, e.g., radiologists, and medical 
radiographers who have the potential for large cumulative exposures. In fact, the dose 
distribution is as broad as that of the study of atomic bomb survivors indicating the substantial 
statistical power of the One Million U.S. Radiation Worker and Veteran study to detect radiation 
effects following protracted exposures received over a period of n1any years. Ren1aining tasks 
for the renewal include enhancing the population by identifying additional early workers through 
the Landauer microfilm records and NRC databases, learning the causes of death (and not just 
the fact of death), determining vital status. conducting comprehensive dose reconstructions and 
uncertainty analyses to estimate organ-specific dose, evaluation of cancer incidence through 
selective state cancer registry linkages and detern1ination of other occupational doses through 
linkages with REIRS, REMS and military dosimetry files. Similar to the NPP workers, early 
medical workers and industrial radiographers have a lower potential for intakes of radionuclides 
than uraniu1n and plutonium workers which minimizes the co1nplexity of the dose reconstruction 
procedures, while enhancing the generalization of results to other worker and medically­
exposed populations. 

Atomic Veterans: Not only was it determined to be feasible to conduct a study of 120,000 
military nuclear weapons test participants, but a 5 year NIH grant (1 U01 CA137026) was 
awarded during the Pilot study period in cooperation with Department of Defense (DTRA) and 
Department of Veteran Affairs (VA). The population includes participants at the first nuclear 
weapon detonation at the Trinity site in 1945 and at 7 other series in Nevada and the Bikini 
Islands. Present at the Trinity site were such historical figures as Robert Oppenheimer, General 
Leslie Groves, Enrico Fermi, Hans Bethe, Owen Chamberlain, Ken Bainbridge, Philip Morrison, 
Richard Feynman, Louis Hempelmann, Hymer Friedel! and Theodore Hall. Nearly 70,000 
veterans are known to have died, including those identified through the VA linkages with BIRLS 
(The Beneficiary Identification Records Location Subsystem). Complex dosimetry 
determinations have begun for veterans who developed leukemia and a subcohort sample. 
Initial linkages with the US Renal Data System for veterans with known Social Security number 
(a little over half at the moment) identified 1,304 with nonmalignant kidney disease. Preliminary 
linkages with REIRS and Landauer dosimetry files indicated that nearly 1 ~2°/o had received 
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additional occupational exposures. Unfortunately, the NIH had reduced the initial funding by 
17% and then progressively reduced funding by 5 to 8 % for each of the remaining 4 years. 
Thus there is a need for supplemental funding to enhance the dosimetry capability and, equally 
important. to evaluate through the veteran electronic medical records systems and archival data 
the possible influence of medical imaging examinations (such as CT scans) on cancer risk. 

CONCLUSION: It is feasible to study atomic veterans first exposed as early as 1945. This will 
be a comparatively low-dose population. An NIH grant was awarded to cover most of the costs 
of this component of the million person study, but the effective 25°/o cut in requested funding 
indicates the need for cost sharing in this renewal application. Remaining tasks include learning 
the causes of death (and not just the fact of death), determining vital status, obtaining additional 
social security numbers (which has been successfully addressed using LexisNexis and other 
approaches), conducting comprehensive dose reconstructions and uncertainty analyses to 
estimate organ~specific dose, determination of serious kidney disease through linkage with the 
US Renal Data System and determination of other occupational doses through linkages with 
REIRS, REMS, Landauer and military dosimetry files. Further, the unique VA medical record 
system would allow the evaluation of subsequent n1edical irnaging exarnination (such as CT 
scans and nuclear medicine procedures) and there influence on cancer risk. Activities enabled 
by funds provided by the full-scale million person study for the veterans component would 
supplement (and not duplicate or overlap) activities funded by the NIH grant. 

Other Accomplishments and Study Possibilltles. 

Websites were developed. http://www.onemillionworkerstudy.org/ and 
http://www.atomicvetstudy .o rg/ 

Workshops at Oak Ridge were held Oct 2010 and Feb 2011 and another is planned 
December 20 t 1. 

• Presentations were made before the Congressional Committee on Science, Space and 
Technology, the DOE Low-Dose Program, the DOE Energy Facility Contractors Group 
(EFCOG) ·Occupational Medicine Subgroup Meeting, the DOE Integrated Safety Management 
Workshop of Chan1pions, the Nuclear Regulatory Commission, the Veterans Advisory Board on 
Dose Reconstruction (VBDR), the International Congress of Epidemiology and the International 
Expert Symposium in Fukushima. 

Other previously studied populations to be considered. Nuclear Navy submariners 
(76,000) and Navy Shipyard Workers (70,000) would be valuable to include, recognizing that 
special permissions from the U.S. Navy/others would be required. A meeting has been 
organized in October 2011 by DTRA with Naval Reactors personnel to discuss possibilities. 
The INEL (Idaho) cohort is of possible interest. Neutron exposures (e.g., Rocky Flats) and other 
high-LET radiation exposures will be carefully evaluated. Lung cancer among non-smokers 
exposed to high~LET radiations of possible NASA and other interest and can be evaluated. 
Priority for inclusion of new studies is given to radiation cohorts that have previously been 
identified and followed beyond 1979. 

Summary of other noteworthy accomplishments. Nonmalignant kidney disease can be 
evaluated using the US Renal Data System. Acquisition of state mortality files (e.g., California, 
Florida, Texas, New Jersey, and Ohio) enhances tracing capabilities by allowing probabilistic 
matching on incomplete variables. Medical record questionnaires exist for certain occupational 
study groups that include information on important risk factors such as cigarette smoking. 
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Career occupational doses can be estirnated though facility records and linkages with national 
data bases such as REIRS, REMS, Landauer and various military dosimetry systems. 
Incorporation of bioassay data to estimate intakes of radionuclides is possible, and data 
obtained from the comprehensive NIOSH dose reconstruction projects have been accessed in 
this regard. 

Current Relevance and Importance. As mentioned in the FY 2012 Senate Appropriations 
Bill for t11e Department of Energy: Science (http://www.aip.org/fyi/2011/109.html): 

The funds provided "shall be used for radiobiology to help deterrnine health risks from 
exposures to low levels of ionizing radiation to properly protect radiation workers and the 
general public. The Fukushima Daiichi disaster in Japan 1s an opportunity to learn about the 
impacts of the disaster on human health and apply lessons learned to make more informed 
decisions on protection if a similar accident occurs in the future. including dose trip points for 
evacuation and shelter-in-place orders." 
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APPENDIX 4 and APPENDIX 5 

FACILITIES AND EQUIPMENT 

Ep1demiologic Study of One Million U.S. Radiation Workers and Veterans 

The facilities and equipment available to the study consortium are provided in this combined 
appendix with detailed listings for the International Epidemiology Institute, Vanderbilt University, 
Oak Ridge Associated Universities, Risk Assessment Corporation and the University of 
Southern California. 
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VANDERBILT UNIVERSITY 

Cancer Biostatistics Center 

With more than 15 full-time faculty members as well as 15 staff biostatisticians. computer 
systems analysts, and administrative staff, Vanderbilt's Cancer Biostatistics Center (CBC) 
provides statistical SL1pport to almost 120 different investigators each year, in departments 
throughout the Vanderbilt School of Medicine. Support provided includes assistance with 
statistical aspects of experimental design. sample size estimation, and study power analysis: 
data acquisition and database developrnent; statistical analysis and interpretation of findings; 
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required by specific projects. In a typical year, CBC members design about 20 investigator­
initiated clinical trials, review 70 clinical protocols to ensure sound statistical inputs, and co~ 
author 50 manuscripts, including about five statistical methodology papers. In addition to 
providing statistical expertise for almost 30 active R01 research projects, the CBC provides 
ongoing biostatistics core support to a number of large research programs, including 5 
Specialized Center Grants (P50), 4 Program Project Grants (P01 ), 3 Research Project 
Cooperative Agreement Grants (U01), 2 Specialized Center Cooperative Agreement Grants 
(U54). 1 Resource-Related Research Project Cooperative Agreement Grant (U24), and 1 
Center Core Grant (P30). The quality of the b1ostatistical support provided by the CBC has 
been recognized by The Cancer Letter (2002:28(16);6-7) as well as a GI SPORE Summary 
Statement (2007; p. 9) and Breast Cancer SPORE Summary Statement (2008; p. 7), all of 
which describe the CBC as a "model" biostatistics core. 

In addition to our work within the Vanderbilt community, the CBC also is involved in several 
national and international collaborative projects. For example, we house the Sentinel Node 
Oncology Foundation (SNOF) database. SNOF recruits medical institutions, nationally and 
internationally, to participate in the Sentinel Lymph Node Working Group (SLNWG); the CBC 
collects and manages cancer clinical data from SLNWG members. Data reside in the SNOF 
database, which the CBC custom-designed for this application. The long-term goal of the SNOF 
database is to collect sufficient data to build statistical models for prediction of disease course in 
cancer patients undergoing selective sentinel lymph node dissection, with the goal of facilitating 
the developn1ent of personalized medicine. Another international collaboration involves data­
sharing with Melbourne University, through the use of the BioGrid Australia data repository. 

EQUIPMENT 
The study of cancer mortality among military participants at U.S. atmospheric nuclear weapons 
tests will involve equipment for data processing and analyses. The associated computers and 
software are described below. 

The Biostatistics Shared Resource at the Vanderbiltwlngram Cancer Center is a 
shared resource that contains an Ethernet network with Windows XP, 2000, NT 4.0 and UNIX 
workstations. Network printers available include a Hewlett Packard LaserJet 4050 printer and a 
Xerox/Tektronix Phaser750N color printer. Four Intel Pentium 4 3.0 GHz, four Intel Pentium 4 
1.7 GHz, two Pentium Ill 550 and one Sun Ultra t O workstation are on this network. Each 
con1puter also has Hewlett Packard LaserJet 4 Plus and 4L printers attact1ed for local use. 
These eleven computers contain 300 gigabytes or more of storage capacity which are backed 
up nightly by a Hewlett Packard Surestore DLT 40 tape backup system. All campus wide 
servers are attachable from these computers via the network. In addition, the equipment for the 
resource includes: a database file-server, a Hewlett Packard Scanjet 4500 document scanner 
and corresponding software for document and data input, two Xerox copiers, and a fax 
machine. The computer connections between the Head and Neck Cancer SPORE investigators 
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and Biostatistics Core are attained via the Vanderbilt Medical campus Novell network using the 
Internet Packet eXchange (IPX) protocol. 

The Advanced Computing Center for Research and Education (ACCRE) provides 
high-pertormance computing support to computational studies across the Vanderbilt campus. 
The ACCRE is built and operated by Vanderbilt faculty and offers cornputing resources flexible 
enough to enable high performance computing applications in a wide variety of research and 
education areas. All ACCRE hardware resources are housed in the University's secure data 
center and administered by a team of ACCRE system administrators. In addition to the high 
pertormance computing system, ACCRE has several terabytes of disk space and a robotic tape 
storage system. The ACCRE high performance computing system consists of 924 x86 
processors (756 2.0 GHz Xeon and Opteron processors plus t 68 t .8 GHz Opteron processors) 
running under 32-bit Linux and 668 PowerPC processors (2.2 GHz IBM JS20 Blades) running 
the SuSe Linux 64-bit operating system. Each processor has at least 1 GB of memory, a 40 GB 
disk drive, and dual Gigabit copper Ethernet ports. Over one·th1rd of the systems also have 
Myrinet networking. Each node is monitored via Nagios. The disk servers and gateways are 
equipped with external gigabit Ethernet connections. 

Extensive computer facilities are also available at the International Epidemiology 
Institute for this project. In the Rockville, Maryland office suite, hardware includes 15 personal 
workstations, 3 servers, 2 network attached storage units, 10 laser printers (1 color), 2 multi­
function printers/scanners, and several fax machines. Office network consists of wired (cat-6) 
peer-to-peer network with a Tt (t .5 Mbps) internet connection via a firewall (with VPN 
capabilities). Software for word and video processing, statistical and geographical analysis and 
database and document management is available, including Microsoft Office (Word, Excel, 
Access, PowerPoint, etc.), SAS, Epicure, Alchemy (electronic document database system), 
ArcGIS Software, and a wide selection of other software. Record linkage software includes 
LinkPlus and The Link King for probabilistic matching rosters against large databases such as 
the Social Security Master Death File (83 rm Ilion records) and various State deatl1 files. such as 
from California (9 million records). In addition, an on-site web server can be utilized for project 
related internet services, such as web pages and file transfer services (ftp). 

FACILITIES 

Laboratory and Clinical: 

The study 1s entirely record linkage, matching the roster of nuclear weapons test 
participants with national mortality and vital statistics files to obtain fact and cause of death. 
Dose reconstructions involve only an appraisal of previously collected records. There are no 
contacts with any study subjects or their families, and no Laboratory or Clinical resources will be 
used. 

Animal: NIA 

Computer: 

APCC 1s on Vanderbilt's MSP (Managed Support Program) plan. All of the software is 
downloaded from a central server to the PC via a NAL (Novell Application Launcher) window. 
NCS (Network Computing Services keeps all of the applications updated by upgrading the 
programs at the server level, instead of upgrading each PC individually. NCS maintains all of 
the "core build" applications (MS Windows, MS Office, Lotus Notes, Netscape, Epic, Medipac, 
Virus Checker, etc.) to the latest versions, any fixes or patches they may need. and their 
software licensing. Specialized Applications: If there is a need for any specialized applications, 
they will be loaded onto the server and delivered via a NAL window along with the "core build" 
applications. When the specialized programs need to be upgraded, NCS will get the software 
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and upgrade 1t. The computer centers support university and Cancer Center research with a 
comprehensive and unified set of computing services. including hardware and software. The 
center staff is available for consultation/assistance with programming and/or analysis. 
Numerous software packages including major statistical packages such as SAS, GLIM, and 
SSCP are supported by the computer centers and will be available for the analysis of data 
collected lrorn this study. 

Office: 

The Vanderbilt-Ingram Cancer Center and the Vanderbilt Center for Health Services 
Research will provide adequate office space for investigators and their associated staff. The lab 
collaborators also have adequate office space for this study. 

Other: 

The Biostatistics Shared Resource at the Vanderbiltwlngram Cancer Center, directed 
by Dr. Yu Shyr, contains an Ethernet network with Windows XP, 2000, NT 4 O and UNIX 
workstations. Network printers available include a Hewlett Packard LaserJet 4050 printer and a 
Xerox/Tektronix Phaser750N color printer. Four Intel Pentium 4 3.0 G~-lz, four Intel Pentium 4 
1.7 GHz, two Pentium Ill 550 and one Sun Ultra 10 workstation are on this network. Each 
computer also has Hewlett Packard LaserJet 4 Plus and 4L printers attached for local use. 
These eleven computers contain 300 gigabytes or more of storage capacity which are backed 
up nightly by a Hewlett Packard Surestore DL T 40 tape backup system. All campus wide 
servers are attachable from these computers via the network. In addition, the equipment for the 
resource includes: a database file-server, a Hewlett Packard Scanjet 4500 document scanner 
and corresponding software for document and data input, two Xerox copiers, and a fax 
machine. The computer connections between the Head and Neck Cancer SPORE investigators 
and Biostatistics Core are attained via the Vanderbilt Medical campus Novell network using the 
Internet Packet eXchange (IPX) protocol. 

Software available in the Cancer Center Biostatistics Shared Resource includes 
statistical packages such as S·PLUS, SAS, SPSS, STAT A, Resampling Stats, EGRET, 
EPICURE, nQuery, EaSt. and PASS Conversion of statistical data is accomplished by using 
DBMS/Copy or Open Database Connectivity Drivers and the accompanying software packages. 
Other software includes Mathematica for mathematical equations, DeltaGraph for producing 
high quality statistical graphs, Python which is an interpreted, interactive, object-oriented 
progran1rning language and Ox which is an object-oriented matrix language with a 
comprehensive mathematical and statistical function library. There is also a full line of integrated 
Microsoft products such as Microsoft Visual C++, Microsoft Access, Excel, Word. and 
PowerPoint. These products support data sharing and object sharing to increase productivity. 

The Bioinlormatics and Data Analysis Core Facility of CHGR, directed by Dr. 
Marylyn Ritchie is currently staffed by 15 individuals with training and expertise in PCs, UNIX 
workstations, web-based activities, programming, and database design. The CGC occupies 
approxmiately 2,000 sf of space on the 5"' floor of Light Hall. The CGC maintains an extensive 
computing enviornment that includes 19 Unix and Linux servers with processor speeds varying 
from 1-3 GHz. These are in constant use for statistical analysis by the P. l.s, students, and 
analysts. Three Dell dual processor servers and four Dell quad processor servers are used for 
database applications. A mass storage RAID disk array provides the necessary redundant back­
up systems. The remaining workstations are used for specific projects. Over 100 Pentium PCs 
are available for word processing, graphics, etc. We also have 12 Macintosh computers. All 
computers have direct Internet access. These are networked to 18HP LaserJet, two HP color 
laser printers, three HP color injet printers, and one Officejet (all-in-one) printer. Nine non­
networked inkjet printers, three non-networked officjets, and five non-networked laser printers 
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are also available for use. The workstations have a full suite of genetic epidemiological 
programs as described below. The CGC has a 12 node Linux cluster used primarily for program 
development and testing. Most PCs are housed in individual offices. The servers are housed in 
a shared, secure server room within the Vanderbilt University Hospital, a three minute walk from 
the CHGR. 

The Advanced Computing Center for Research and Education (ACCRE) provides 
high-perforrnance computing support to cornputational studies across campus. The ACCRE is 
built and operated by Vanderbilt faculty and offers computing resources flexible enough to 
enable high performance computing applications in a wide variety of research and education 
areas. All ACCRE hardware resources are housed in the University's secure data center and 
administered by a team of ACCRE system administrators. In addition to the high pertormance 
computing system (described in detail below), ACCRE has several terabytes of disk space and 
a robotic tape storage system. The "/home" directories of all users are backed-up daily. 
Vanderbilt University is an lnternet2 member and a participant in the Abilene network. 

The ACCRE high performance computing system (schematic shown below) consists of 
924 x86 processors (756 2.0 GHz Xeon and Opteron processors plus 1681.8 GHz Opteron 
processors) running under 32-bit Linux and 668 PowerPC processors (2.2 GHz IBM JS20 
Blades) running the SuSe Linux 64-bit operating system. Each processor has at least t GB of 
memory, a 40 GB disk drive, and dual Gigab1t copper Ethernet ports. Over one-third o1 the 
systems also have Myrinet networking. Each node is monitored via Nagios. The disk servers 
and gateways are equipped with external gigabit Ethernet connections. All machines see the 
same disk which holds the user "/home" directories. Resource management. scheduling of jobs, 
and tracking usage is handled by the Moab/Torque schedulers. These utilities include an 
"advance reservation" system that allows a block of nodes to be reserved for pre-specified 
periods of time (e.g., a class or lab session) for educational purposes. 

BMs General Parallel File System {GPFS) is used for user "/home" directories and 
scratch space and can sustain 10 Gb/s to the cluster. The internal network design is a classic 
tree with a Foundry Biglron RX-16 at the root providing 1.54 Tbls of available bandwidth (3.84 
Tb/s total switch capacity) to the cluster. All of the disk servers and management nodes are 
connected to the top level. A collection of cornpute nodes, typically 20, are connected to a srr1all 
local gigabit switch with a 1 Gb uplink to the RX-16. 

The ACCRE's suite of computing resources also has one high-memory 16~processor 
(1.5 GHz ltanium2) SGI Altix with 6MB cache per processor and a total of 32GB memory. 
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Resources and Facilities, International Epidemiology Institute 

Computer: 

Extensive computer facilities are available at IEI for support of this project. In the Rockville, 
Maryland office, hardware includes 15 personal workstations, 3 server, 2 network attached 
storage units, 10 laser printers (1 color}, 3 multi-function printers/scanners, and 3 fax machines. 
Office network consists of wired (cat-6) peer-to-peer network with bundled T1 (3.0 Mbps) 
internet connection and firewall with VPN capability. Software for word and video processing, 
statistical and geographical analysis and database and docun1ent managen1ent is available, 
including Microsoft Office (Word, Excel, Access, PowerPoint, etc.), SAS, Epicure, Alchemy 
(electronic document database system), ArcGIS Software, and a wide selection of other 
software. In addition, an on-site web server can be utilized for project related internet services, 
such as web pages and file transfer services (ftp). 

Office: 

The IEI Rockville office occupies one floor including offices and conference rooms, 
encompassing over 8,000 square feet. Five offices, totaling 1,800 square feet, in the 
Jacksonville, Florida office are also available for this project. 
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OAK RIDGE ASSOCIATED UNIVERSITIES (ORAU) 

ORAU is a diverse organization headquartered in Oak Ridge, Tennessee, with staff at several 
other locations across the country. ORALJ's mission is to advance scientific research and 
education through academic partnerships, our partnership with the U.S. Department of Energy 
(DOE), and our investment in the community. ORAU promotes collaborative partnerships with 
universities, federal laboratories. and industry for the benefit of our 99 member institutions. 
ORAU's Office of Partnership Development focuses our efforts and resources on the active 
management of opportunities that leverage the value a university consortium brings to our 
nation's research and development enterprise. As a partner and contractor with DOE, ORAU 
operates the Oak Ridge Institute for Science and Education (ORISE) to provide operational 
capabilities and conduct research, education, and training in the areas of science and 
technology, national security, environmental safety and health, and environmental management. 

ORAU's Mission as a university consortium: To create and promote collaborative 
partnerships with national laboratories. 

ORAU's Mission as a non~profit corporation: To operate as a contractor, providing expertise 
in three core areas: 

• Worker health and environmental stewardship. 

• Weapons of mass destruction, national preparedness, and emergency response. 

• Science education, peer review management. and research support. 

ORAU has headquarters in Oak Ridge, Tennessee, with additional Occupational Exposure and 
Worker Health (OEWH) program offices 1n Arvada, Colorado and Cincinnati, Ohio. Office space 
and full computing capabilities are available in support of this project. ORAU has been 
recogn12ed as one of top ten employers in Tennessee for 2007 and 2008. DOE has named 
ORAU/ORISE as a Star Site in the Voluntary Protection Program. ORAU holds ISO 14001 
registration. 

Embracing the ORAU motto of Partnerships for Innovation, our focus within the ORAU OEWH 
program is to provide comprehensive capabilities and expertise to drive the science of worker 
health and wellness throughout the cycle of medical surveillance. health information 
managen1ent, epiden1iologic analysis, and policy evolution for the enhancernent of worker 
protection and safety. To accomplish our client's objectives, we partner with leaders in 
healthcare and information sciences to provide truly innovative solutions to worker health 
concerns. 

The OEWH program is headed by Donna L. Cragle, Ph.D. The OEWH staff includes our 
progran1 occupational medicine doctor, epiden1iologists, statisticians, industrial hygienists, 
nosologists, laboratory personnel, health physicists, information specialists, and quality 
assurance specialists. 

In our current work for the U.S. Department of Energy (DOE) and individual DOE sites, CDC 
and NIOSH, NRG, DuPont, Johns Hopkins, Boston University and others; we have partnered 
with National Jewish Medical and Research Center, Occupational HealthLink (OHL), Dade 
Moeller and Associates, MJW, Comprehensive Health Services (CHS), IEI, UT~Battelle and Oak 
Ridge National Laboratory to provide solutions with a consistently high level of satisfaction. 
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We conduct medical surveillance for current and forrner DOE workers, and have a cooperative 
agreement to perform medical screening of former DOE workers in all 50 states, called the 

National Supplemental Screening Program (NSSP). For that program, we teamed with 
Comprehensive Health Services, Inc. (CHS) for the physician network. Please note: we have 
proven experience 1n teaming with other health practices and networks. Our services and 

system is not restricted to a single healthcare provider group. For example, we also hold a 
contract with Argonne National Laboratory's in-house Occupational Medicine Department, 
where we are presently implementing a comprehensive, webwbased clinic management system 
for a workplace that offers more than 20 different types of hazard-based examinations, voluntary 
examinations, and certification examinations. 

The work is conducted by the program staff at ORAU and utilizes facilities which are housed in 
a 13,000 square foot purposewbuilt component of an office-conference complex owned and 
operated by ORAU on its main campus in oak ridge, Tennessee. This facility, known as the 
Center for Epidemiologic Research (CER), houses a Limited security area that is a specially 
constructed records storage area and is included in the ORAU Security Plan for surveillance. 
Access to the facility is monitored and restricted to persons with a "need to know" and a Q 

clearance. All staff sign a confidentiality agreement and receive training in maintaining 
confidentiality of personally sensitive data. GER has a client/server environment utilizing LANs 
and WANs within ORAU. Locking perimeter doors and network passwords from computer 
system network logon provide security for hardware and data. Relevant to this proposal, ORAU 
maintains major data centers for DOE and holds an "Authority to Operate (ATO) a Federal Data 
System." The ATO granted by DOE indicates compliance with FISMA, FIPS t 40.2. and NIST 
800-53A. 
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Risk Assessment Corporation 

RAC is a consortium of independent scientists who live throughout the lJS but who 
work together on environmental dosimetry and risk analysis research. This approach to 
work is efficient and has proven extremely effective for over 30 years. Many team 
members have work within the RAC organization for 20 years or rnore. As a result of this 
organizational structure team members provide their own offices and equipment. 
Technology today allows individuals to own very powerful cornputers and to support 
them with hardware accessories that permit virtually any types of computations to be 
undertaken. 

RAC Team members have powerful personal computer systems with high-speed 
internet access. Communication between teatn members is generally via e-mail but 
frequently conference calls are used to hold discussions about technical issues. RAC 
Team members use a common suite of software, including Microsoft Office programs, to 
ensure file compatibility. Individual members, with specialties ranging from modeling to 
geographic information systems to radiation and chemical dose calculation, maintain 
additional software supporting their specialties. Both personal computer and Macintosh 
hardware are used within the team, allowing easy communication with the majority of 
systen1s used by outside organizations. 

Hardware. RAC maintains a server that is used within the team for file transfers 
and as a temporary location for keeping files accessed by the team routinely. 
Researchers use a variety of desktop and portable personal computers. Systems are 
upgraded or replaced regularly, allowing use of the most effective software during RAC 
research. All RAC team members have local printer capabilities including small and 
large format color units. Geographic information system capabilities include large format 
color printer/plotters and high-resolution monitors. Team members also have scanners 
with optical character recognition capabilities. Computer data backup capabilities include 
standard tape drives, removable hard drives, digital-format tape systems, and CD/DVD 
writers. These backup systems and the RAC server also allow transfer of large files to 
other systems. 

Software. RAC scientists use current versions of Microsoft Office products to 
generate technical reports and also use a variety of other software packages that 
support optical character recognition, statistical and graphical analysis, file management, 
communications, web design and management, portable document creation, and 
geographic information systems. 
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Resources and Facilities, University of Southern California 

The primary needs of this application are office space and computing capability. 

Adequate office space for al I investigators and students is provided by the Department of 
Preventive Medicine at the University of Sourthern California. 

Through the Division of Biostatistics, the Norris Cancer Center, and the University of Southern 
California we have access to an expanding array of high-throughput computing solutions 
including the High Pertormance Computing Center at USC. The HPCC comprises a diverse mix 
of computing and data resources. The principal computing resources are a Linux cluster 
supercomputer and Sun x4600 large memory systems. In addition. HPCC has a central facility 
that provides more than 200 terabytes of combined disk storage and potential access to nearly 
a petabyte of tape storage, as well as a Condor cluster that uses spare cycles on Unix 
workstations in USC's public user rooms. 

We and others at USC conducting studies requiring large scale computing are working directly 
with the administrators of the HPCC in order to establish large-scale disk storage and dedicated 
nodes for our projects. We have included in the budget for this project funds to purchase a 
workstation and data-storage capacity that will enable us to run most analyses locally while 
reserving the USC-f·IPCC facility for extremely high computational intensive analyses such as 
those that may be required tor addressing missing data and measurement error issues. 
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Attachment for Additional IEI Personnel 

Yr Narne Role Salary Cal rno Reg salary Fringe Total 

1. TBA Assoc Database manager $95,000 12 $95,000 $41,705 $136,705 

2. TBA Assoc Database manager $97,850 12 $97,850 $42,956 $140,806 

3. TBA Assoc Database manager $100,785 12 $100,785 $44,245 $145,030 

4. TBA Assoc Database manager $103,808 12 $103,808 $45,572 $149,380 

5. TBA Assoc Database manager $106,922 12 $106,922 $46,939 $153,861 
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APPENDIX 1 AND APPENDIX 2 

BIOGRAPHICAL SKETCHES AND OTHER SUPPORT 

Ep1demiologic Study of One Million U.S. Radiation Workers and Veterans 

This combined appendix contains both the Biosketches and the Other Support for the 
investigators associated with the "Epidemiologic Study of One Million U.S. Workers and Military 
Veterans Exposed to Ionizing Radiation." 

The ordering is by performance site. 

International Epidemiology Institute 
John D. Boice, Jr. (Pl) 
William J. Biol 
Joseph K. Mclaughlin 
Robert Tarone 
Clark Heath 
Sarah Cohen 
Michael Mumma 

Oak Ridge Associated Universities 
Betsy Ellis Dupree 
Donna Cragle 
Phil Wallace 
Janice Watkins 
Dick Toohey 
Bill Tankersley 
Derek Hagerme1er 
Nancy Daugherty 

Oak Ridge National Laboratory 
Richard Leggett 
Keith Eckerman 

Los Alamos National Laboratory 
Laurie Wiggs 

Harvard University 
Howard Sesso 

National Cancer Institute 
Andre Bouville 

Risk Assessment Corporation 
John Till 
Harold Beck 
Paul Voilleque 
Helen Grogan 

University of Southern California 
Dan Stram 
Duncan Thomas 

Vanderbilt University 
Randy Brill 
Yu Shyr 
William Wu 

Department of Veterans Affairs 
Han Kang 

Fred Hutchinson Cancer Research Center 
Ken Kopecky 

Advisors/Consultants 
Roy Shore 
Richard Wakeford 
Howard Sesso 
Han Kang 
Ken Kopecky 
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Prograni Director/Principal Investigator {Last First, Middle)'. 

NAME 
John D. Boice, Jr. 
eRA COMMONS USER NAME 
Boicej 
EDUCATION/TRAINING 

INSTITUTION AND LOCATION 

BIOGRAPHICAL SKETCH 

POSITION TITLE 
Professor of Medicine 

DEGREE YEARfsl FIELD OF STUDY 

The University of Texas at El Paso, TX BS 1967 Physics/Mathematics 
Rensselaer Polytechnic Institute, Troy, NY MS 1968 Nuclear Engineering and Science 
Harvard University, School of Public Health, SM 1974 Medical Physics 
Boston, MA ScD 1977 Eoidemiolor111 

A. Personal Statement 

For over 30 years, I have conducted large-scale. national and international ep1demiologic studies into the 
causes of cancer and other disease. During 27 years of service in the U.S. Public Health Service, I developed 
and became the first chief of the Radiation Epidemiology Branch at the National Cancer Institute, establishing 
programs of research in all major areas of radiation epidemiology, with major projects dealing with populations 
exposed to medical, occL1pational, military, and environmental radiation. These and current research efforts 
include comprehensive tracing activities, biospecimen collection, pathological tissue review, genetic­
environmental interaction analyses, cornmun1ty outreach, and educational rnaterial developtnent (including 
video presentations and distribution). Many of the resulting publications have been used to formulate public 
health measures to reduce population exposure to radiation and other agents to prevent associated diseases. 
In cooperation with the Department of Defense and the Department of Veterans Affairs, I currently direct the 
Study of Nuclear Weapons Test Participants of atomic veterans who participated in atmospheric nuclear 
weapons tests between 1946 and 1958. In collaboration with the Department of Energy, I direct ongoing pilot 
efforts to study a Million US Radiation Workers to examine the lifetime risk of cancer following relatively low· 
dose exposures received gradually over time. 

B. Positions and Honors 

Positions and Employment 
1976-77 Epidemiologist, Bureau of Radiological Health, FDA. Rockville, MD 
1979-83 Section Head, Radiation Studies Section, National Cancer Institute (NCI), Betl1esda, MD 
1984-96 Branch Chief, Radiation Epidemiology Branch, NCI, Bethesda, MD 
1996- Scientific Director. International Epiderniology Institute, Rockville, MD 
2000· Professor, Department of Medicine, Vanderbilt University Medical Center, Nashville, TN 

Other Experience and Professional Memberships 
1979· Member, National Council on Radiation Protection and MeasurerTients 
1979- Visiting Lecturer on Epidemiology, Harvard University School of Public Health 
1986- Member, American Association for Cancer Research 
1987· Associate Editor, Journal of the National Cancer Institute 
1993~ Advisor, U.S. Delegation to United Nations Scientific Committee on the Effects of Atomic Radiation 
1994- Steering Committee. Childhood Cancer Survivor Study, St Jude Children's Research Hospital 
1997· Main ComrTiission, International ComrTiission on Radiation Protection 
1998-0t Member, IARC Monograph Working Group on Ionizing Radiation 
1999-05 Consultant, NAS Committee on the Health Risks from Exposure to Low Levels of Ionizing 

Radiation 
2005· 
2007· 
2010 

Honors 
199t 
1994 

Member, Veterans' Advisory Board on Dose Reconstruction (VBDR) 
Vice Chair, NCRP Committee on Second Cancers and Cardiac Effects after Radiotherapy 
Senior Editor, Radiation Research 

Distinguished Service Medal, Public Health Service 
Gorgas Medal, Association of Military Surgeons of the United States 
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Prograni Director/Principal Investigator {Last First, Middle)'. 

1995 E. 0. Lawrence Award, Department of Energy 
1999 Distinguished Alumnus Award, The University of Texas at El Paso 
2002 R. S. Landauer Memorial Lecture, Health Physics Society 
2007 Distinguished Scientific Achievement Award, Health Physics Society 
2008 Alumni Award of Merit, Harvard School of Public Health 
2009 Lauriston Taylor Lecturer, National Council on Radiation Protection and Measurernent 
2010 Elis Berven Lecture, Swedish Society of Oncology 

C. Selected Peer-reviewed Publications (from over 430 peer-reviewed articles) 

Most relevant to the current application 

1. Goldsmith R, Boice JD Jr, Hrubec Z, Hurwitz PE, Goff TE, Wilson J. Mortality and career radiation doses 
for workers at a commercial nuclear power plant: feasibility study. Health Phys 556:139-50, 1989. 

2. Boice JD Jr, Mandel JS, Doody MM, Yoder RC, McGowan R. A health survey of radiologic technologists. 
Cancer 69:586-598, 1992. 

3. Jablon S, Boice JD Jr. Mortality among workers at a nuclear power plant 1n the United States. Cancer 
Causes Control 4:427-30, 1993. 

4. Muirhead CR, Boice JD Jr, Raddatz CT, Yoder RC. Comparison of dose histories for U.S. nuclear power 
plant workers, based on records held by a ma1or dosimetry service company and on the NRG REIRS 
database. Health Phvs 70:645-50, 1996. 

5. Tucker J, Tawn E, Holdsworth D, Morris S, Langlois R, Ramsey M, Kato P, Boice JD, Tarone R, Jensen R. 
Biological dosimetry of radiation workers at the Sellafield nuclear facility. Rad1at Res 148:216-26, 1997. 

6. Littlefield LG, McFee AF, Salomaa S, ... Auvinen A, Boice JD Jr. Do recorded doses overestimate true 
doses received by Chernobyl cleanup workers? Results of cytogenetic analyses of Estonian workers by 
fluorescence in situ hybridization. Radial Res 150:237-49, 1998. 

7. Leggett RW, Eckerman KF, Boice JD Jr. A respiratory model for uranium aluminide based on occupational 
data. J Radial Prot 25:405-16, 2005. 

8. Boice JD Jr, Leggett R, Dupree BE, Wallace P, Mumma M, Cohen SS, Brill AB, Chadda B, Boecker B, 
Yoder RC, Eckerman K. A comprehensive dose reconstruction methodology for former Rocketdyne/Atomics 
International radiation workers. Health Phys 90:409-30, 2006. 

9. Boice JD Jr, Cohen SS, Mumma MT, Chadda B, Blot WJ. A cohort study of uranium millers and miners of 
Grants, New Mexico, 1979-2005. J Radiol Prot 28:303-325, 2008. 

10. Boice JD Jr., Cohen SS, Mumma MT, Ellis ED, Eckerman KF. Leggett RW, Boecker BB, Brill AB, 
Henderson BE. Updated mortality analysis of radiation workers at Rocketdyne (Atomics International), 
1948-2008. Radiat Res 176:244-258, 2011. 

Additional recent publications of importance to the field 

1. Boice JD Jr. Ionizing radiation. In: Cancer Epidemiology and Prevention, 3rd Edition (Schottenfeld D, 
Fraumeni JF Jr, eds). New York: Oxford University Press, pp 259-293, 2006. 

2. Boice JD Jr, Bigbee WL, Mumma MT, Heath CW Jr, Blot WJ. Cancer incidence in municipalities near two 
former nuclear materials processing facilities in Pennsylvania -- an update. Health Phys 96:118-127, 2009. 

3. Bernstein JL. Haile RW, Stovall M, Boice JD Jr, Shore RE, Langholz B, Thomas DC. Bernstein L, Lynch 
CF, Olsen JH, Malone KE, Mellemjkrer L, Borresen-Dale AL, Rosenstein BS, Teraoka SN, Diep AT, Smith 
SA, Capanu M, Reiner AS, Liang X, gatti RA, Concannon P; WECARE Study Collaborative. Radiation 
exposure, the ATM gene, and contralateral breast cancer in the Woman's Environmental Cancer and 
Radiation Epidemiology study. J Natl Cancer Inst 102:475-483, 2010. [PMC2902825] 

4. Boice JD Jr. Uncertainties in studies of low statistical power. J Radio I Prat 30: 115--120, 2010. 
5. Boice JD Jr, Mumma MT, Blot WJ. Cancer incidence and mortality in populations living near uranium 

milling and mining operations in Grants, New Mexico, 1950-2004. Radiat Res 174:624-636, 2010. 
6. Boice JD Jr, Marano DE, Munro HM, Chadda BK, Signorello LB, Tarone RE, Blot WJ, Mclaughlin JK. 

Cancer mortality among U.S. workers employed in serniconductor wafer fabrication. J Occup Environ Med 
52:1082-1097, 2010. 

7. Boice JD Jr. Lauriston S. Taylor lecture: Radiation epidemiology: the golden age and future challenges. 
Health Phys 100:59-76, 2011. 
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8. Vano E, Ohno K, Cousins C, Niwa 0, Boice J. Radiation risks and radiation protection training for 
healthcare professionals. ICRP and the Fukushirna experience. J Radial Prot 31 :285-287, 2011. 

9. Lipworth l, Sonderman JS, Mumma MT, Tarone RE, Marano DE. Boice JD Jr., Mclaughlin JK. Cancer 
mortality among aircraft manufacturing workers: an extended follow-up. J Occup Environ Med 53:992-
1007, 2011. 

D. Research Support 

Ongoing Research Support 

1 U01 CA137026-01/Vanderbilt University Boice (Pl) 08101110 - 07131115 
NIH/NCI - Cancer Mortality among Military Participants at U.S. Nuclear Weapons Tests. To evaluate the risk 
of radiation-induced cancers and quantify the risk in terms of low-dose radiation received gradually from 
external exposures and from inhaled or ingested radionuclides in fallout among military participants at 
aboveground nuclear weapons tests in Nevada and the Pacific testing areas. 
Role: Principal Investigator 

5R01 CA 104666/Vanderbilt University Boice (Pl) 09/12/05 - 05/31 /12 
Nlf.J/NCI - Genetic Consequences of Therapies for Cancer. A large-scale epidemiologic study of the offspring of 
cancer survivors examining the contribution of curative therapies, radiation and chemotherapy, to adverse 
health outcomes or other inherited effects. 
Role: Principal Investigator 

2U24 CA055727-14/St. Jude Children's Research Hospital Robison (Pl) 12101/06 - 11/31/11 
NIH/NCI - Childhood Cancer Survivors Study. To provide a resource to investigate questions regarding 
consequences of therapy, genetic associations, disease processes and causation, 1ntervent1ons, and quality of 
life among childhood cancer survivors. 
Role: Steering Committee 

1R01 CA92447/Vanderbilt University Blot (Pl) 04101/07-03/31/12 
NIH/NCI - Southern Community Cohort Study. A long-term prospective cohort study with emphasis on minority 
and rural participation in 105,000 individuals in seven southeastern states to provide baseline information on 
dietary, lifestyle, medical, occupational, genetic, and environmental factors that contribute to cancer 
development and biologic samples. 
Role: Co-investigator 

R01 CA97397/Memorial Sloan-Kettering Cancer Center Bernstein (Pl) 09/24/07-08/31/12 
NIH/NCI - Interaction of Radiation, BRCA 112, and Breast Cancer. To examine the interaction between BRCA1 
and BRCA2 and radiation in lhe developmenl of 2nd breasl cancer. 
Role: Consultant 

5R01 CA129639-02/Memorial Sloan-Kettering Cancer Center Bernstein (Pl) 03/01/2010- 02/28/14 
N/HlNCI - Genome-wide Association Study of Radiation EXposure and 81/ateral Breast Cancer_ To delineate 
the joint roles of genetic predisposition and radiation exposure in the etiology of second primary breast cancer, 
a genome-wide association (GWA) approach is applied to women with bilateral breast cancer for whom 
detailed radiation dose estimates exist. 
Role: Consultant 

Completed Research Support 

R01 CA1142361 Memorial Sloan-Kettering Cancer Center Bernstein (Pl) 06101105 - 05131109 
NIH/NCI - Breast Cancer, Radiation and ATM-CHEK2 Pathway. To examine the interaction between the six 
genes involved in 1he ATM-CHEK2 pa1hway (CHEK2, TP53BP1, MDC1, MRE11, RAD50. and NBS1) and 
radiation exposure in t11e development of second prin1ary contralateral breast cancer. 
Role: Consultant 

VUMC CA#31609/Vanderbilt University Mclaughlin (Pl) 08/01105-08/31110 
SIA/Non-Federal Support An Epidetniologic Study of the Serniconductor Workforce. A col1ort rnortality study to 
evaluate rates of cancer and other diseases among computer semiconductor chip manufacturers. 
Role: Co-Investigator 
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Progrqrn Director/Principal Investigator (l.ast, First. Middle): Boice, John 0., Jr. 

BIOGRAPHICAL SKETCH 
Provide ~he following infonnqt1on for the S&r1ior/key personr1e1 ;1J1d other s1gnit1can~ contributor-; in the order 11sted on Forrn Page 2. 

Follow this torrnat tor each person 00 NOT EXCEEO FOUR PAGES. 

NAME POSITION TITLE 

Blot, William James Professor of Medicine, Vanderbilt University 
-,R-A_c_o_M_M_O_N_s_u_s_ER-NA_M_E_i_"_''-,-,,,-,,-1, -,-0.-. ,-,-,,-"-' ,-,9-,,-1---" CEO, International Epidemiology Institute 

blotwj 
EDUCATION/TRAINING (8egm with baccalaureate or other mrtia/ professional education, such as nursing, include postdoctoral trammg and 
rosrdency training 1f appl1cahlo) 

INSTITUTION AND LOCATION Df'.GRf'.~ 
MM/YY FIELD OF STUDY 

(if A""ilcablo! 

University of Florida BS 12164 Mathematics 
University of Florida MS 6/66 Statistics 
Florida State University PhD 6/70 Statistics 

A. Personal Statement (Specific for the study mentioned below) 

The proposed study of 1.000,000 radiation-exposed workers and veterans offers great promise to provide the 
most precise quantification available of the long~terrn effects of low-dose exposure to ionizing radiation. This 
will be the largest cohort study undertaken to assess radiation effects, with the large size needed to clarify 
uncertainties regarding protracted exposures to relatively low radiation levels. The study significance is 
exceptionally high, with the results not only useful for our veterans and workers previously exposed to 
radiation, but also for addressing questions continually arising regarding potential future radiation effects 
associated with nuclear energy, medical imaging surveillance, and other sources of low-dose radiation 
exposure to the general population. I will serve as co-investigator, providing overall experience in 
epidemiologic studies into the etiology of lung, breast, leukemia and other radiation-related cancers and 
assisting in study design, analysis and interpretation of the cohort data. I have over 35 years experience in the 
design, conduct. management and interpretation of epidemiologic studies. primarily regarding the causes and 
means of prevention of cancer, especially in large-scale cohort studies attempting to quantify the effects of 
environmental exposures such as ionizing radiation, and am looking forward to the possibility of serving as co­
investigator in this effort. 

B. Positions and Honors 

1970-t 972 Statistician, Department of Statistics and Epidemiology, Atomic Bomb Casualty 
Commission, Hiroshima, Japan 

1972-1974 Assistant Professor, Departments of International Health and Biostatistics, School of 
Hygiene and Public Health, The Johns Hopkins University, Baltimore, Maryland 

1974-1979 
1979 

Health Statistician. Epidemiology Brancl1, National Cancer Institute, Bethesda, Maryland 
Elected Fellow American Statistical Association 

1979 Visiting Scientist, Department of the Regius Professor of Medicine, Oxford University, 
Oxford, England 

t98t Elected Fellow American College Epidemiology 
t 981 Elected to American Epidemiological Society 
1979-1984 Chief, Analytical Studies Section, Environmental Epidemiology Branch, National Cancer 

Institute, Bethesda, Maryland 
1984-1994 Chief, Biostatistics Branch, National Cancer Institute, Bethesda, Maryland 
1986 Surgeon's General Commendation 
1992 Public Health Service Superior Service Award 
1994 Dept. of Health & Human Services Distinguished Service Award 
1994-Present Chief Executive Officer, International Epidemiology Institute, Rockville, Maryland 
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Progrqrn Director/Principal Investigator (l.ast, First. Middle): Boice, John 0., Jr. 

2000-Present Professor, Department of Medicine, Vanderbilt University Medical School, Vanderbilt­
Ingram Cancer Center, Nashville, Tennessee 

2001 ·Present Principal Investigator, Southern Community Cohort Study, Vanderbilt·lngram Cancer 
Center, Nashville, Tennessee 

2007-present Associate Director for Cancer Prevention, Control and Population-based Research, 
Vanderbilt·lngrarn Cancer Center, Nashville, Tennessee 

C, Selected Peer-reviewed Publications (from over 500 publications) 

1, Blot WJ, Cohen SS, Aldrich M. Mclaughlin JK, Hargreaves MK. Signorello LB. Lung cancer risk 
among smokers of menthol cigarettes. J Natl Cancer Inst 103:810-816, 2011. 

2. Boice JD, Mumma MT, Blot WJ. Cancer incidence and mortality in populations living near uranium 
milling and mining operations in Grants, New Mexico, 1950-2004. Radial Res 174:624-636, 2010. 

3. Boice JD Jr, Bigbee WL, Mumma MT, Tarone RE, Blot WJ. County rnortality and cancer incidence in 
relation to living near two former nuclear materials processing facilities i Pennsylvania--an update. 
Health Phys 96(2):128-137, 2009. 

4. Boice JD Jr, Cohen SS, Mumma MT, Chadda B, Blot WJ. A cohort study of uranium millers and 
miners of Grants, New Mexico, 1979-2005. J Radiol Prot 28(3):303-325, 2008. 

5. Murtf HJ, Peterson NB, Fowke JH, Hargreaves M, Signorello LB, Dittus RS, Zheng W, Blot WJ. 
Colonoscopy screening in African Americans and whites with affected first-degree relatives. Arch 
Intern Med 168:625-631, 2008. 

6. Willett WC, Blot WJ, Colditz GA, Folsom AR, Henderson BE, Stampfer MJ, Merging and emerging 
cohorts: not worth the wait. Nature 445(7125): 257-258, 2007. 

7. Boice JD Jr, Marano DE, Cohen SS, Mumma MT, Blot WJ, Brill AB, Fryzek JP, Henderson BE, 
Mclaughlin JK. Mortality among Rocketdyne workers who tested rocket engines. 1948-1999. J 
Occup Environ Med 48(10):1070-1092, 2006. 

8. Boice JD Jr, Mumma MT, Blot WJ. Cancer mortality among populations residing in counties near the 
Hanford site, 1950-2000. Health Phys 90:431-445, 2006. 

9. Lubin JH, Wang ZY, Boice JD Jr, Xu ZY, Blot WJ, De Wang L, Kleinerman RA. Risk of lung cancer 
and residential radon 1n China: pooled results of two studies. Int J Cancer 109:132-137, 2004. 

10. Blot WJ, Ibrahim MA, Ivey TD, Acheson DE, Brookmeyer R, Weyman A, Delauw J, Smith JK, 
Harrison D. Twenty.five·year experience with the Bjork.Shiley convexoconcave heart valve: a 
continuing clinical concern. Circulation 111 :2850-2857, 2005. 

11. Blot WJ, Fryzek JP, Henderson BE, Sadler CJ, Mclaugt11in JK. A cohort mortality study among gas 
generator utility workers. J Occup Environ Med 42:194-199, 2000. 

12. Blot WJ, Xu ZY, Boice JD Jr, Zhao DZ, Stone BJ, Sun J, Jing LB, Fraumeni JF Jr, Indoor radon and 
lung cancer in China. J Natl Cancer Inst 82:1025-1030, 1990. 

13. Blot WJ. Long-term effects of radiation of the human fetus. In: Queenan JT (Ed). Management of 
High Risk Pregnancy. New York, Medical Economics Co, 1980, pp. 27-34. 

14. Belsky JL, Blot WJ. Adult stature in relation to childhood exposure to the atomic bombs of Hiroshima 
and Nagasaki. Am ,J Public Health 65:489·494, 1975. 

15. Miller RW, Blot WJ. Small head size after in,utero exposure to atomic radiation. Lancet ii:784-787, 
1972. 
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Progrqrn Director/Principal Investigator (l.ast, First. Middle): Boice, John 0., Jr. 

D. Research Support 

Ongoing Research Support 

2R01 CA092447 (Blot) 
NIH/NCI 
Southern Community Cohort Study 

09/26/11 - 08/31 /16 

The major goal of this project is to investigate the causes of racial disparities in the occurrence of cancer in 
the southern United States. 
Role: Pl 

3R01 CA092447-0SS1 (Blot) 09/01/09-03/31/12 
NIH/NCI 
Southern Community Cohort Study Supplement 

To enhance the value of the Southern Community Cohort Study by adding collection of medical records 
and tumor tissue from participants who develop lung, prostate, breast and colorectal cancer, interviewing 
these patients about barriers faced in obtaining cancer diagnosis, treatment and care, linking with national 
Medicare and Medicaid databases, and obtaining contextual neighborhood data 
Role: Pl 

5P50 CA090949 (Carbone) 

NIH/NCI 
SPORE 1n Lung Cancer 

09/26/07. 03/31/12 

To evaluate potential rr1odifying effects of genetic factors in tt1e association of NSAID use and lung cancer 
risk. 
Role: Co-investigator 

5P30 CA068485 (Pietenpol) 
NIH/NCI 
Cancer Center Support Grant 

09/28104 • 08/31 /15 

To provide basic support for the administration, research development, and operations of the Vanderbilt· 
lngrarn Cancer Center 
Role: To foster the integration of cancer epidemiology, prevention and control activities throughout the 
Vanderbilt-Ingram Cancer Center activities 

1U01 CA136792 (Henderson/Blot) 03/25/09 02/28/12 
LJniv of Southern California/NIH 
Genome·wide Association Study of Prostate Cancer among African Americans 

To assess genetic polymorphisms associated with risk of prostate cancer 
Role: Co-investigator 
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Director Boice, John D., Jr 

BIOGRAPHICAL SKETCH 

NAME POSITION TITLE 

Joseph Kevin McLaughlin 

eRA COMMONS USER NAME 
Professor of Medicine 

EDUCATION1TRAINING 
.................................... TNS'fl'fUTl<5N .. Af:.j'Q··cacAT·10N .................................. ···········o·cciFfriE ........ ··········v·cAR.(S') ....... . ................ F.IETLO·o·r·s·'fcTOY .. .. 

West Chester University B.A. 1971 Sociology-Anthropology 
University of Minnesota M.S. 1974 Environmental Health 
University ot Minnesota M.P.H. 1979 Epidemiology 
University of Minnesota Ph.D. 1981 Epidemioloav 

A. Positions and honors 

1977-1981 
1982-1983 

1983-1988 

1986 
1988-1992 

1991 
1992 
1992-1994 

1994-Present 
1995-Present 

1998-Present 
2000-Present 

Research Fellow, Division of Epidemiology, University of Minnesota 
Assistant Professor, Department of Epidemiology, Jolins Hopkins School of Hygiene and 
Public Health, Baltimore, Maryland 
Senior Staff Fellow, Analytical Studies Section, Biostatistics Branch, Epiderniology and 
Biostatistics Program, Division of Cancer Etiology, National Cancer Institute, Bethesda, 
Maryland 
Fellow, American College of Epidemiology 
Epidemiologist (Tenured), Analytical Studies Section, Biostatistics Branch, Epidemiology and 
Biostatistics Program, Division of Cancer Etiology, National Cancer Institute, Bethesda, 
Maryland 
Elected to American Ep1demiolog1cal Society 
Public Health Service Special Recognition Award for Research 
Deputy Chief. Biostatistics Branch, Epidemiology and Biostatistics Program, Division of 
Cancer Etiology, National Cancer Institute, Bethesda, Maryland 
President International Epidemiology Institute, Rockville, Maryland 
Professor (Adjunct), Department of Epidemiology. Johns Hopkins School of Hygiene and 
Public Health, Baltimore, Maryland 
Chairman, International Epidemiology Foundation, Rockville, Maryland 
Professor, Department of Medicine, Vanderbilt LJniversity Medical Center, Vanderbilt-Ingram 
Cancer Center, Nashville, Tennessee 

B. Selected peer-reviewed publications 

1. McLaughlin JK, Blot WJ, Mandel JS, Schuman LM, Mehl ES, Fraumeni JF Jr Etiology of cancer of the 
renal pelvis. J Natl Cancer Inst 71:287-291,1983. 

2. McLaughlin JK, Mandel JS, Blot WJ, Schuman LM, Mehl ES, Fraumeni JF Jr. Population-based 
case-control study of renal cell carcinoma. J Natl Cancer Inst 72:275-284, 1984. 

3. McLaughlin JK, Blot WJ, Mehl ES, Mandel JS. Problems in the use of dead controls in case-control 
studies. I. General results. Arn J Epidemiol 121:131-139, 1985. 

4. McLaughlin JK, Blot WJ, Mehl ES. Fraumeni JF Jr. Relation of analgesic use to renal cancer: 
Population-based findings. Natl Cancer Inst Mongr 69:213-215, 1985. 

5. McLaughlin JK, Malker HSR, Stone BJ, Weiner JA, Malker BK, Ericsson JLE, Blot WJ, Fraumeni JF Jr. 
Occupational risks tor renal cancer in Sweden. Br J Ind Med 44:119-123, 1987. 

6. McLaughlin JK, Malker HSR, Blot WJ, Malker BK, Stone BJ, Weiner JA, Ericsson JLE, Fraumenr JF Jr. 
Occupational risks for intracranial gliomas in Sweden. J Natl Cancer Inst 78:253-257, 1987. 

7. McLaughlin JK, Brookrneyer R: The epidemiologic method- In: McCunney RJ (Ed). The Handbook of 
Occupational Medicine. Boston, Little, Brown and Company, 1988, pp. 282-296. 
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8. McLaughlin JK, Gridley G. Block G, Winn DM, Preston-Martin S. Schoenberg JB, Greenberg RS, 
Stemhagen A, Ershow AG, Blot WJ, Fraumeni JF Jr. Dietary factors in oral and pharyngeal cancer. J Natl 
Cancer Inst 80:1237· 1243, 1988. 

9. McLaughlin JK, Hrubec, Z, Linet MS, Heineman E, Blot WJ, Fraumeni JF Jr. Cigarette smoking and 
leukemia among U.S. veterans: A 26-year follow-up. J Natl Cancer Inst 81 :1262-1263, 1989. 

10. Mclaughlin JK, Hrubec Z, Blot WJ, Fraumeni JF Jr. Cigarette sn1oking and stornach cancer arnong U.S. 
veterans. Cancer Res 50:3804, 1990. 

11. Gridley G, McLaughlin JK, Block G, Blot WJ, Winn DM, Greenberg RS, Schoenberg JB, Preston-Martin S, 
Austin OF, Fraumeni JF Jr. Diet and oral and pharyngeal cancer among blacks. Nutr Cancer 14:219w225. 
1990. 

12. McLaughlin JK, Chen JO, Dosemeci M, Chen RA, Rexing SH, Wu Z, Hearl FJ, Mccawley MA, Blot WJ. A 
nested case·control study of lung cancer among silica"exposed workers in China. Br J Ind Med 49:167~ 
171, 1992. 

13. Wacholder S, McLaughlin JK, Silverman DT, Mandel JS. Selection of controls in case-control studies. I. 
Principles. Am J Epidemiol 135:1019-1028, 1992. 

14. Gao YT, Mclaughlin JK, Blot WJ, Ji BT, Dai Q, Fraumeni JF Jr. Reduced risk of esophageal cancer 
associated with green tea consurnption. J Natl Cancer Inst 86:855-858, 1994. 

15. Nyren 0, McLaughlin JK, Gridley G. Ekbom A, Johnell 0, Fraumeni JF Jr, Adami HO. Cancer risk after 
hip replacement with metal implants: A population-based cohort study in Sweden. J Natl Cancer Inst 
87:28·33, 1995. 

16. Mclaughlin JK, Hrubec Z, Blot WJ, Fraumeni JF Jr. Smoking and cancer mortality among U.S. veterans: 
A 26-year lollow·up. Int J Cancer 60:190-193, 1995. 

17. McLaughlin JK, Mccredie M. Mellemgaard A. Lindblad P, Mandel JS, Schlehofer B, Pommer W, Adami 
HO. International renal cell cancer study. I. Tobacco use. Int J Cancer 60:194-198, 1995. 

18. McLaughlin JK, Nyren 0, Blot WJ, Yin L, Josefsson S, Fraumen1 JF, Jr, Adami HO. Cancer risk among 
women with cosrnetic breast irnplants: a population-based cohort study in Sweden. J Natl Cancer Inst 
90:57-59, 1998 

19. Olsen JH, Johansen C, Sorensen HT, McLaughlin JK, Mellemkjaer L, Steffensen FH, Fraumeni JF Jr. 
Lipid-lowering 1nedication and risk of cancer. J Clin Epidemiql 2:167w169, 1999. 

20. Boice JD Jr, Marano DE, Fryzek JP, Sadler CJ, Mclaughlin JK. Mortality among aircraft manufacturing 
workers. Occup Environ Med 56:581-597. 1999. 

21. Blot WJ, McLaughlin JK. The changing epidemiology of esophageal cancer. Semin Oncol 26:2-8, 1999. 
22. Dalton SO, Johansen C, Mellemkjaer L, Sorensen HT. McLaughlin JK, Olsen J, Olsen JH Antidepressant 

medications and risk of cancer. Epidemiology 11 :171-176, 2000. 
23. McLaughlin JK, Lipworth L. Epidemiologic aspects of renal cell cancer. Semin Oncol 27:115-123, 2000. 
24. Sorensen HT, Olsen JH, Mellemkjaer L, Thulstrup AM, Steffensen FH, McLaughlin JK, Baron JA. Cancer 

risk and mortality in users of calcium channel blockers: Cohort study. Cancer 89: 165-170, 2000. 
25. Hansen J, Rasschou-Nielsen 0, Christensen JM, Johansen I, McLaughlin JK, Lipworth L, Blot WJ, Olsen 

JH. Cancer incidence among Danish workers exposed to trichloroethylene. J Occup Environ Med 43:133-
139, 2001. 

26. Johansen C, Boice JD, McLaughlin JK, Olsen JH. Cellular telephones and cancer-a nationwide cohort 
study in Denmark. J Natl Cancer Inst 93:203-207, 2001. 

27. Johansen C, Boice JD Jr, McLaughlin JK, Christensen HC. Olsen JH. Mobile phones and malignant 
melanoma of the eye. Br J Cancer 86:348-349, 2002. 

28. Friis S, Nielsen GL, Mellemkjrer L, McLaughlin JK, Thulstrup AM, Blot WJ, Lipworth L, Vilstrup H, Olsen 
JH. Cancer risk in persons receiving prescriptions for paracetamol: A Danish cohort study. Int J Cancer 
97:96-101, 2002. 

29. Blot WJ, Lipworth L, McLaughlin JK. Esophageal cancer: epidemiology and risk factors. In: Kelsen DP, 
Daly JM, Kern SE, Leven B, Tepper JE (Eds): Gastroinstestinal Oncology: Principles and Practice. 
Philadelphia: Lippincott Williams & Wilkins, 2002, pp. 203-209. 

30. Fryzek JP, Ye W, Signorello LB, Lipworth L. Blot WJ, McLaughlin JK, Nyren 0. Incidence of cancer 
among patients with knee implants in Sweden, 1980-1994. Qanc.e.r 94:3057-3062. 2002. 

31. Ji B-T, Dai Q, Gao Y-T, Hsing AW, McLaughlin JK, Fraumeni JF, Chow W-H. Cigarette and alcohol 
consumption and the risk of colorectal cancer in Shanghai, China. Eur J Cancer Prev 11 :237·244, 2002. 
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32. Boice JD Jr. McLaughlin JK. Ep1demiolog1c studies of cellular telephones and cancer risk-a review. SSI 
rapport: 2002:16. Stockholm: Swedisl1 Radiation Protection Authority, pp 1-38, 2002. 

33. Raaschou·Nielsen 0, Hansen J, Thomsen BL, Johansen I, Lipworth L, McLaughlin JK, Olsen JH. 
Exposure of Danish workers to tnchoroe1hylene, 1947-1989. Appl Occup Environ Hygiene 17:693-703, 
2002. 

34. Pukkala E, Boice JD Jr, Hovi S·L, Hermninki E, Asko·Seljavaara S, Keskimiiki I, Mclaughlin JK, 
Pakkanen M, Teppo L. Incidence of breast and other cancers among Finnish women with cosmetic breast 
implants, 1970-1999. J Long Term Eff Med Implants 12:271-279, 2002. 

35. Lipworth L, Johansen C, Arnsbo P, Moller M, McLaughlin JK. Olsen JH. Cancer risk among pacemaker 
recipients in Denmark, 1982-1996. J Long Term Eff Med Implants 12:263-270, 2002. 

36. Holmich LR, Mellemkjaer L, Gunnarsd6ttir KA, Tange LIB, Krag C, M0ller S, McLaughlin JK, Olsen JH. 
Stage of breast cancer at diagnosis among women with cosmetic breast implants. Br J Cancer 88:832~838, 
2003. 

37. Chiu BCH, Ji BT, Dai Q, Gridley G, McLaughlin JK, Gao YT, Fraumeni JF Jr., Chow WH. Dietary factors 
and risk of colon cancer in Shanghai, China. Cancer Epidemiol Biomarkers Prev 12:201 w208, 2003. 

38. Friis S, Sorensen HT, McLaughlin JK, Johnsen SP, Blot WJ, Olsen JH. A population-based cohort study 
of Lhe risk of colorectal and other cancers among users of low~dose aspirin. Br J Cancer 88:684~688, 2003. 

39. Fryzek JP, Chadda B, Marano D, White K, Schweitzer S, McLaughlin JK, Blot WJ. A cohort mortality 
study among titanium dioxide manufacturing workers in the United States. J Occup Environ Med 45:400-
409, 2003. 

40. Sorensen HT, Friis S, Norgard B, Mellemkjaer L, Blot WJ, McLaughlin JK, Ekbom A, Baron JA. Risk of 
cancer in a large cohort of nonaspirin NSAID users: a population~based study. Br J Cancer 88:1687k1692, 
2003. 

41. Bosetti C, La Vecchia C, Talamini R, Negri E, Levi F, Fryzek J, McLaughlin JK, Garavello W, Franceschi 
S. Energy, macronutrients and laryngeal cancer risk. Ann Oncol 14:907-912, 2003. 

42. Bosetti C, La Vecct1ia C, Lipwortt1 L, Mclaughlin JK. Occupational exposure to vinyl chloride and cancer 
risk: a review of the epidemiologic literature .. Ew..J ... C.on.c.er.!'r.e.Y 12:427-430, 2003 

43. Raaschou-Nielsen 0, Hansen J, Mclaughlin JK, Kolstad H, Christensen JM, Tarone RE, Olsen JH. 
Cancer risk among workers at Danish companies using Trichloroethylene: a cohort study. Am J Epidemiol 
158:1182-1192, 2003. 

44. Fored CM, Nise G, Ejerblad E, Fryzek JP, Lindblad P, McLaughlin JK, Nyren 0, El1nder CG. Absence of 
association between organic solvent exposure and risk of chronic renal failure: a nationwide population~ 
based case-control study. JA111SocNepbrol 15:180-186, 2004 

45. Mclaughlin JK, Lipworth L. Brain cancer and cosmetic breast implants: a review of the epidemiologic 
evidence. Ann Plast Surg 52;115-117, 2004. 

46. Ye W, Held M, Lagergren J, Engstrand L, Blot WJ, McLaughlin JK, Nyren 0. He/Jcobacter pylon infection, 
gastric atrophy: risk of adenocarcinoma and squamous,cell carcinoma of the esophagus and 
adenocarcinoma of the gastric cardia. J Natl Cancer Inst 96:388-396, 2004. 

47. Blot WJ, Mclaughlin JK. Are women more susceptible to lung cancer? J Natl Cancer Inst 96:812-813, 
2004. 

48. Tarone RE, Lipworth L, Young VL, McLaughlin JK. Breast reduction surgery and breast cancer risk: does 
reduction mammoplasty have a role in primary prevention strategies for women at high risk of breast 
cancer? Plast Reconstr Sura 113:2104-2110, 2004. 

49. Blot WJ, McLaughlin JK. Response. Re: Are women more susceptible to lung cancer. J Natl Cancer Inst 
96; 1560-1561, 2004. 

50. Friis S, Poulsen AH, Johnsen SP, McLaughlin JK, Fryzek JP, Dalton SO, Sorensen HT, OlsenJH. Cancer 
risk among stat1n users: a population-based cohort study. Int J Cancer 114:643-647, 2005 

51. Fryzek JP, Ye W, Nyren 0, Tarone RE, Lipworth L, McLaughlin JK. A nationwide epidem1ologic study of 
breast cancer incidence following breast reduction surgery in a large cohort of Swedish women. Breast 
Cancer Res Trt Dec 3:1-4, 2005 (Epub ahead of pnnt). 

52. Johnsen Sp, larsson H, Tarone RE, McLaughlin JK, Norgard B, Friis S, Sorensen HT. Risk of 
hospitalization for myocardial infarction among users of Rofecoxib, Celecoxib and other NSAIDs: a 
population-based case-control study. Arch Intern med 165:978-984, 2005. 
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53. Olsen JH, Friis S, Frederiksen K, Mclaughlin JK, Mellemkjaer L, Moller H. Atypical cancer pattern 1n 
patients with Parkinson disease. Br J Cancer 92:201-205, 2005. 

54. Sorensen HT, Skriver MV, Friis S, McLaughlin JK, Blot WJ, Baron JA. Use of antibiotics and risk of breast 
cancer: a population-based case-control study. Br J Cancer 92:135· 140, 2006. 

55. McLaughlin JK, Lipworth L, Fryzek JP, Ye W, Tarone RE, Nyren 0. Long-term cancer risk among 
Swedish women with silicone breast irnplants: an update of a nationwide study. J Natl Cancer Inst 98:557· 
560. 2006. 

56. Norgaard M, Jacobsen J, Ratanajatnit C, Jepsen P, Mclaughlin JK, pedersen L, Sorensen HT. Valporic 
acid and risk of acute pancreatitis: a population-based case-control study. Am J Ther 13:113-·117, 2006. 
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BIOGRAPHICAL SKETCH 

NAME 

Tarone, Robert Ernest 

eRA COMMONS USER NAME (credential, e.g., agency login) 

EDUCATION/TRAINING 

INSTITUTION AND LOCATION 

University of California, Davis 
University of California, Davis 
Universitv of California, Davis 

A. Personal Statement 

POSITION TITLE 

Biostatistics Director 

DEGREE MMNY 

B.S. 06/68 
M.S. 06/69 
Ph.D. 06/74 

FIELD OF STUDY 

Mathematics 
Mathematics 
Mathematics 

I have extensive experience in providing statistical direction and analysis in a variety of areas of rnedical 
research that are relevant to the goals of the Southern Community Cohort Study. As a Mathematical 
Statistician at the National Cancer Institute I was heavily involved in providing statistical assistance to a wide 
variety of laboratory and clinical researchers, including investigators in the fields of immunology, DNA repair, 
and cancer~prone inherited diseases, In addition, I was involved in the design, conduct and statistical analysis 
of several large scale observational studies, including the AL TS trial of HPV testing to detect cervical cancer, 
the nationwide NCI casewcontrol study of electromagnetic fields and childhood leukemia risk, the prospective 
Agricultural Health Study, and the NCI case-control study of cell phones and brain tumor risk, and a cohort 
study of mortality in Navy radar technicians. I have also had extensive experience, while at the International 
Epidemiology Institute and Vanderbilt University Department of Medicine, in the conduct of prospective cohort 
studies to evaluate potential health risks in numerous areas of environmental and occupational epidemiology. 
In summary, my record of statistical collaboration in productive epidemiologic research demonstrates that I am 
well qualified for my role in the proposed investigation. 

B. Positions and Honors 

Positions and Employment 
1971 • 74 Associate in Biostatistics, Department of Epidemiology and Preventive Medicine, UCO, Davis, CA 
1974 76 Staff Fellow, Division of Cancer Cause and Prevention, National Institutes of Health, Bethesda, 

MD 
1976 - 93 
1993- 02 

Mathematical Statistician, Division of Cancer Etiology, National Institutes of Health, Bethesda, MD 
Chief, Statistical Research and Applications Section, Division of Cancer Epidemiology and 
Genetics, National Institutes of Health, Bethesda. MD 

2002. 
2003 -

Biostatistics Director, International Epidemiology Institute, Rockville, MD 
Professor, Department of Medicine, Vanderbilt University, Nashville, TN 

Other Experience and Professional Memberships 
1969 - 71 Medical Corpsman, United States Army 
1974 · American Statistical Association 
1983 • International Statistical Institute (elected member) 

Honors and Awards 
1979 Public Health Service Special Achievement Award 
1983 Fellow, American Statistical Association 
1992 National Institutes of Health Director's Award 
1999 Division of Cancer Epidemiology and Genetics Exemplary Service Award 
2001 National Institutes of Health Merit Award 
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C. Selected Peer~reviewed Publications. 

1. Tarone RE. Tests for trend in life table analysis. Biometrika 1975;62:679-82. 
2. Tarone RE, Ware J. On distribution-free tests for equality of survival distributions. Biometrika 

1977;64:156-60. 
3. Linet MS, Hatch EE, Kle1nerman RA, Wacholder S, Robison LL, Kaune WT, Severson RK, Haines CM. 

Hartsock CT. Niwa S, Tarone RE. Residential magnetic field exposure and childhood acute lymphoblastic 
leukemia. N Engl J Med 1997;337:1-7. 

4. Tarone RE, Alavanja MCR, Zahm SH. Lubin JH, Sandler DP, McMaster SB, Rothman N. Blair A. The 
agricultural health study: tactors affecting completion and return of self-administered questionnaires in a 
large prospective cohort study of pesticide applicators. Am J Ind Med 1997;31 :233-42. 

5. Gilbert ES, Tarone R, Bouville A, Ron E. The relationship of thyroid cancer rates and 111 1 doses from 
atmospheric nuclear bomb tests. J Natl Cancer Inst 1998:90:t 654-60. 

6. lnskip PD, Tarone RE, Hatch EE, Wilcosky TC, Shapiro WR, Selker RG, Fine HA, Black PM, Loeffler JS. 
Linet MS. Cellular-telephone use and brain tumors. N Engl J Med 2001 ;344:79-86. 

7. Groves FD, Page WF, Gridley G, Lisimaque L, Stewart PA, Tarone RE, Gail MH, Boice JD Jr, Beebe 
GW. Cancer in Korean war navy technicians: mortality survey after 40 years. Am J Epidemiol 
2002;155:810-8. 

8 Sherman ME, Wang SS. Tarone RE, Rich L, Schiffman M. Histopathologic extent of cervical 
intraepithelial neoplasia 3 lesions in the atypical squamous cells of undetermined significance low-grade 
squamous intraepithelial lesion triage study: implications for subject safety and lead-time bias. Cancer 
Epidemiol Biomarkers Prev 2003;12:372-79. 

9. Chu KC, Tarone RE, Freeman HP. Trends in prostate cancer mortality among black men and white men 
in the United States. Cancer 2003;97:1507-16, 

10. Raaschou-Nielsen 0, Hansen J, Mclaughlin JK, Kolstad H, Christensen JM, Tarone RE, Olsen JH. 
Cancer risk among workers at Danish con1panies using trichloroethylene: a cohort study. Am J Epiden1iol 
2003;158:1182-92, 

11. Tawn EJ, Whitehouse CA, Tarone RE. FISH chromosome aberration analysis on retired radiation 
workers from the Sellafield nuclear facility. Radiation Res 2004;162:249-56, 

12. Bosetti C, McLaughlin JK, Tarone RE, Pira E, La Vecchia C. Formaldehyde and cancer risk: a 
quantitative review of cohort studies through 2006. Ann Oncol 2008;19:29-43. 

13. Tarone RE, Lipworth L, Mclaughlin JK, The epidemiology of environmental perchlorate exposure and 
thyroid function: a comprehensive review. J Occup Environ Med 2010;52:653-60. 

14. Boice JD Jr, Marano ED, Munro HM. Chadda BK, Signorello LB. Tarone RE, Blot WJ, Mclaughlin JK. 
Cancer mortalityamong US workers employed in semiconductor wafer fabrication. J Occup Environ Med 
2010;52:1082-97. 

15. Lipworth L, Sonderman JS, Mumma MT, Tarone RE, Marano DE, Boice JD Jr, McLaughlin JK. Cancer 
mortality among aircraft manufacturing workers: an extended follow~up. J Occup Environ Med 
2011;53:992-1007. 

D, Research Support 

2R01 CA092447-08 (Blot) 
NIH/NCI 
Southern Communi1y Cohort Study 

04/01/07 -03/31/12 0,6 calendar months 

The major goal of this project is to investigate the causes of racial disparities in the occurrence of cancer 1n 
the southern United States. 
Role: Consultant 
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NAME 

Clark Wright Heath, Jr. 
eRA COMMONS USER NAME 

EDUCATION'TRAINING 

BIOGRAPHICAL SKETCH 

POSITION TITLE 

Epidemiologist 

INSTITUTION AND LOCATION DEGREE 

Oberlin College, Oberlin, OH AB 
Johns Hookins Universitv School of Medicine, Baltimore, MD MD 

A. Positions and Honors. 

Professional Experience 

YEARls\ FIELD OF STUDY 

1954 Epidemiology 
1958 Medicine 

1965-72 
1968-72 
1972-75 
1975-80 
1981-84 
1980-82 
1982-83 
1983-85 

Chief, Leukemia Section, Epidemiology Program, Center for Disease Control (CDC) 
Deputy Chief, Viral Diseases Branch, Epidemiology Program, CDC 
Chief, Cancer and Birth Defects Branch, Epidemiology Program, CDC 
Director. Chronic Diseases Division. Bureau of Epidemiology, CDC 
Visiting Professor, University of Minnesota, School of Public Health (summer sessions) 
Director, Chronic Diseases Division, Center for Environmental Health, CDC 
Program Development Officer, Office of the Director, CDC 
Professor of Community Health, Master of Public Health Program, Department of Community 
Health, Emory University School of Medicine, and Community Health Consultant, Office of the 
Director, CDC 

1985-88 Director, Bureau of Preventive Health Services, South Carolina Department of Healtl1 and 
Environmental Control 

1990-98 
1988-98 
1999 

Clinical Professor of Community Health, Emory University School of Public Health 
Vice President for Epidemiology and Surveillance Research, American Cancer Society 
Associate Chief of Research, Radiation Effects Research Foundation (Hiroshima, Japan), National 
Academy of Sciences (NAS) 

Honors and Awards 
1978 Public Health Service (PHS) Meritorious Service Medal, DHEW 
1979 Certificate of Appreciation, DHEW 
1979 PHS Certificate of Appreciation 
1979 CDC Medal of Excellence 

Professional Organizations 
American Association for Cancer Research 
American Association for the Advancerr1ent of Science (Fellow 1998) 
American College of Epidemiology (Fellow 1981) 
American Epidemiological Society 
American Medical Association 
American Public Health Association 
American Society of Preventive Oncology 
International Epidemiological Association 
International Society for Environmental Epidemiology 
Society for Epidemiologic Research 
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Specialty Board Certification 
2/2/1987 Arnerican Board of Preventive Medicine, #50300 (Public Health and General Preventive Medicine) 

Medical Practice Licensure 
712711966 Georgia, #11365 
411911986 South Carolina, #t 2720 

Other Professional Experience 
1978· 79 Chairperson, Work Group on Science, lnteragency Taskforce on the Health Effects of Ionizing 

Radiation, U.S. Government 
1979-82 
1980 

1981 

1983-86 
1984-86 
1984-88 
1988-90 

Member, lnteragency Radiation Research Committee (IRRC), U.S. Government 
Chairperson, I RRC study group to evaluate research proposals to study delayed health effects of 
fall·out radiation in Utah, Nevada, and Arizona 
Chairperson, Subcommittee on the Use of Long-term Registries for Health Follow-up of Populations 
Exposed to Toxic •·lazards, Committee to Coordinate Environmental and Related Programs, Pf·IS 
Member, Committee on Toxicology, NAS 
Member, Governing Council, Epiderniology Section, Arnerican Public Health Association 
Member, Dioxin Registry Peer Review Panel, National Institute for Occupational Safety and Health 
Member, Scientific Advisory Committee, Center for Environmental Epidemiology, University of 
Pittsburgh, Graduate School of Public Health 

1989·97 Member, Scientific Council, Radiation Effects Research Foundation (U.S./Japan joint oversight of 
aton1ic bomb survivor studies), NAS 

1989~91 Chairperson, Committee on Occupational Health Effects of Ionizing Radiation among Nuclear Utility 
Workers, NAS 

1989-90 Member, Secretarial Panel for the Evaluation of Epidemiologic Research Activities, U.S. 
Departn1ent of Energy 

1990-94 Member, Non-ionizing Electric & Magnetic Fields Subcommittee. U.S. Environmental Protection 
Agency 

1993·98 Chairperson, Comn1ittee to Study the Mortality of Military Personnel Present at At111ospheric Tests 
of Nuclear Weapons, NAS, Medical Followup Agency 

1997-99 
1997-03 
1998-

1999-
2000-

Member, Board of Directors. American College of Epidemiology 
Chair, Awards Committee, American College of Epidemiology 
Chair, Expert Advisory Committee to advise the New York Department of Health on Love Canal 
Health Studies 
Advisor, International Epidemiology Institute, Rockville, MD 
Member, Board of Scientific and Policy Advisors, American Council on Science and Health 

B. Selected Peer-Reviewed Publications. (selected from over 180 articles) 

1. Heath CW Jr, Hasterlik RJ. Leukemia among children in a suburban community. Am J Med 34:796·812, 
1963 Reprinted in CAQimcerJClin 40:29-50, 1990 

2. Heath CW Jr, Manning MD, Zelkowitz L. Case clusters in the occurrence of leukemia and congenital 
malformations. Lancet 2:136~7, 1964. 

3. Heath CW Jr, Moloney WC. Familial leukemia. Five cases of acute leukemia in three generations. N Engl 
J Med 272:882-7, 1965. 

4. Heath CW Jr, Moloney WC. Tt1e Philadelphia chromosome in an unusual case of rnyeloproliferative 
disease. Blood 26:461-8. 1965. 

5. McPhedran P, Heath CW Jr. Multiple cases of leukemia associated with one house. JAMA 209:2021-5, 
1969. 

6. McPhedran P, Heath CW Jr. Acute leukemia occurring during chronic lymphocytic leukemia. Blood 35:-
11, 1970. 

7. McPhedran P, Heath CW Jr, Garcia JS. Racial variations in leukemia incidence among the elderly. J.N.~1.1 
Cancer Inst 45:25-8, 1970. 
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8. Heath CW Jr, Brodsky AL, Potolsky Al. Infectious mononucleosis in a general population. Am J 
Epidemiol 95:46-52, 1972. 

9. Heath CW Jr. Cancer as a sequel to therapy. N Engl J Med 287:1146-7, 1972. 
10. Larsen RJ, Holmes CL, Heath CW Jr. A stat1st1cal test for measuring unimodal clustering. A description 

of the test and of its application to cases of acute leukemia in metropolitan Atlanta, Georgia. Biometrics 
29:301 ·9, 1973. 

11. Brown TM Jr, Heath CW Jr. Time-space clustering among cases of Burkitt's tumor. Cancer Res 34:1216· 
8, 1974. 

12. Falk H. Creech JL Jr, Heath CW Jr, Johnson MN, Key MM. Hepatic disease among workers at a vinyl 
chloride polymerization plant. JAMA 230:59-63, 1974. 

13. Randolph VI, Heath CW Jr. Influenza during pregnancy in relation to subsequent childhood leukemia and 
lymphoma. Am J Epidemiol 100:399-409, 1974. 

14. Heath cw Jr. Epidemiology of leukemia. In: Schottenfeld D (ed), C.!lnceL~P.i!!e.m.101.oaY .. !ln!! .. PEev.ention.: 
Current Concepts. Springfield, IL: CC Thomas, pp 318-50, 1975. 

15. Heath CW Jr. Caldwell GG, Feorino PC. Viruses and other microbes. In: Fraumeni JF Jr (ed). Persons at 
High Risk of Cancer. An Approach to Cancer Etiology and Control. New York: Academic press, pp 241-
64, 1975. 

16. Brown TM Jr, Heath CW Jr, Lang RM, Lee SK, Whalley BW. Nasopharyngeal cancer in Bermuda. 
Cancer 37:1464-8, 1976. 

17. Heath CW Jr, Dumont CR, Gamble J, Waxweiler RJ. Chromosomal damage in men occupationally 
exposed to vinyl chloride monomer and other chemicals Environ Res 14:68-72, 1977. 

18. Zack MM Jr, Heath CW Jr, Andrews MD, Grivas SA Jr, Christine BW. High school contact among 
persons with leukemia and lymphoma. N Jatl Cancer Inst 59:1343-9, 1977. 

19. Heath CW Jr. Environmental pollutants and the epidemiology of cancer. Environ Health Perspect 27:7-
10, 1978. 

20. Blot WJ, Harrington JM, Toledo A, Hoover R, Heath CW Jr, Fraumeni JF Jr. Lung cancer after 
employment in shipyards during World War II. N. .. ~ngL,,l .. Me.Q 299:620-4, 1978. 

21. Caldwell GG, Kelley OB, Heath CW Jr. Leukemia among participants in tnilitary maneuvers at a nuclear 
bomb test A preliminary report JAMA 244:15757-8, 1980. 

22. Heath CW Jr. The leukemias. In: Schottenfeld D, Fraumeni J Jr (eds). Cancer Epidemiology and 
Prevention. Philadelphia, PA: WB Saunders, pp 728-38, 1982. 

23. Caldwell GG, Lelley D, Zack M, Falk H, Heath CW Jr. Mortality and cancer frequency among military 
nuclear test (Smoky) participants, 1957 through 1979 ,,11\MI\ 250:620-4, 1983. 

24. Kilbourne EM, Rigau-Perez JG, Heath CW Jr, Zack MM, Falk H, Martin-Marcos M, de Carlos A. Clinical 
epidemiology ot toxic-oil syndrome. Manifestations of a new illness. N Engl J Med 309:1408-t 4, t 983. 

25. Heath CW Jr, Nadel MR, Zack MM Jr, Chen ATL, Bender MA, Preston RJ. Cytogenetic findings in 
persons living hear the Love Canal. JAMA 251:1437-40,1984. 

26. Caldwell GG, Kelley DB, Heath CW Jr, Zack M. Polycythem1a vera among participants of a nuclear 
weapons test JAMA 252:662-4, 1984. 

27. Heath CW Jr. Cigarette smoking and hematopoietic cancer. J Natl Cancer Inst 82:1800-1, 1990. 
28. Heath CW Jr. Ionizing radiation as a cause of cancer. c.A .. C.!lncer.Jclin. 40:A 13-4, 1990 
29. Heath CW Jr. Fluoride and cancer. CA Cancer J Clin 49:A13-4, 1990. 
30. Thun MJ, Namboodiri MM, Heath CW Jr. Aspirin use and reduced risk of fatal colon cancer. N Engl J 

Med 25:1593-6, 1991. 
31. Peto R, Lopez AD, Boreham J, Thun M, Heath CW Jr. Mortality from tobacco 1n developed countries: 

indirect estimation frorr1 national vital statistics. Lancet 339:1268~78, 1992. 
32. Thun MJ, Calle EE, Namboodin MM, Flanders WD, Coates RJ, Byers T, Boffetta P, Garfinkel L, Heath 

CW Jr. Risk factors for fatal colon cancer in a large prospective study. J Natl Cancer Inst 84:1491-500, 
1992. 

33. Boring CC, Squires TS, Heath CW Jr. Cancer statistics for African Americans. CA Cancer J Clin 42:7-17, 
1992. 

34. Thun MJ, Namboodin MM, Calle EE, Flanders WD, Heath CW JR. Aspirin use and risk of fatal cancer. 
Cancer Res 53:1322-7, 1993. 
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35. Calle EE, Miracle-McMahill HL, Thun MJ, Heath CW Jr. Cigarette smoking and risk of fatal breast 
cancer. Am J Epidem101139:1001·7, 1994. 

36. Thun MJ, Day·Lally CA, Calle EE, Flanders WD, Heath CW Jr. Excess mortality among cigarette 
smokers: changes in a 20 year interval. Am J Public Health 85:1223-30, 1995. 

37. Heath CW Jr. Electromagnetic field exposure and cancer: a review of epidemiologic evidence. CA 
Cancer J Clin 46:29-44, t 996. 

38. Peto R, Lopez AD. Boreham J, Thun M, Heath C, Doll R. Mortality from smoking worldwide. Brit Med Bull 
52:12·21, 1996. 

39. Wingo PA, Bolden S, Tong T, Parker SL. Martin LM, Heath CW Jr. Cancer statistics for African 
Americans, 1996. CA Cancer J Cl1n 46:113-25, 1996. 

40. Heath CW Jr. Investigating causation in cancer clusters. Rad Environ Biophys 35:133-6, 1996. 
41. Oakley GP ,Jr, Heath CW Jr. Cancer, environmental health, and birth defects: examples of new directions 

in public health practice. A.m..J ... EP.i<!e.mio.1 144:$58-64, 1996 
42. Heath CW Jr. Pesticides and cancer risk. Cancer 80:t 998-8, t 997. 
43. Thun MJ, Lally CA, Flannery JT, Calle EE, Flanders WD, Heath CW Jr. Cigarette smoking and changes 

in the histopathology of lung cancer. J Natl Cancer Inst 89:1580-6, 1997. 
44. Rodriguez C, Tatham LM, Thun MJ, Calle EE, Heath CW Jr. Smoking and fatal prostate cancer in a 

large cohort of adult men. Am J Epidemiol 145:466-75, 1997. 
45. Thun MJ, Peto R, Lopez AD, Monaco JH, Henley SJ, Heath CW Jr. Alcohol consumption and mortality in 

middle,aged and elderly US adults. N Engl J Med 337:1705-14, 1997. 
46. Collaborative Group on Hormonal Factors in Breast Cancer (Calle EE, Heath CW Jr, with others). Breast 

cancer and hormone replacement therapy: collaborative reanalysis of data from 51 epidemiological 
studies of 52,705 women with breast cancer and 108,411 women without breast cancer. Lancet 
350:1047-59, 1997. 

47. Rodriguez C, Calle EE, Miracle-McMahill HL, Tatham LM, Wingo PA, Thun MJ, Heath CW Jr. Family 
history and risk of fatal prostate cancer. Epiderniol 8:653-7, 1997. 

48. Parker SL, Davis KJ, Wingo PA, Ries LAG, Heath CW Jr Cancer statistics by race and ethnicity. QA 
Cancer J Clin 48:31-48, 1998. 

49. Bergmann MM, Calle EE. Mervix CA, Miracle-McMahill HL, Thun MJ, Heath CW. Validity of self-reported 
cancers in a prospective cohort study in comparison to data from state cancer registries. Am J Epidemiol 
147:556-62, 1998. 

50. Kahn HS, Tatham LM, Patel AV, Thun M,J, Heath CW Jr. Increased cancer mortality following a history of 
nonmelanoma skin cancers JAMii 280:910-2, 1998. 

51. Williamson DF, Pamuk E, Thun M, Flanders D, Byers T, Heath C. Prospective study of intentional weight 
loss and mortality in overweight white men aged 40-64 years. Am J Epidemiol 149:491-503, 1999. 

52. Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW Jr. Body-mass index and mortality in a 
prospective cohort of U.S. adults. N Engl J Med 341:1097,105, 1999. 

53. Enstrom JE, Heath CW Jr. Smoking cessation and mortality trends among 118,000 Californians, 1960· 
97. Epidemiology 10;500-12, 1999. 

54. Watkins ML, Erickson JD, Thun MJ, Mulinare J, Heath CW Jr. Multivitamin use and mortality in a large 
prospective study. AmJEl?idemiol 152:149-62, 2000. 

55. Wartenberg D, Calle EE, Tl1un MJ, Heath CW Jr, Lally C, Woodruff T. Passive smoking exposure and 
female breast cancer mortality. J Natl Cancer Inst 92:1666-73, 2000. 

56. Heath CW Jr, Fontham ETH. Cancer etiology. In: Lenhard RE Jr, Osteen RT, Gansler T (eds). Clinical 
Oncology. Atlanta, GA: American Cancer Society, pp 37-54, 2001. 

57. Heath CW Jr, Bond PD, Hoel DG, Meintiold CB. Residential radon exposure and lung cancer risk: 
commentary on Cohen's county-based study. Health Phys 87:647-55, 2004 

58. Boice JD Jr, Mumma MT, Blot WJ, Heath CW Jr. Childhood cancer mortality in relation to the St. Lucie 
nuclear power station. J Radial Prat 25:229-240, 2005. 

59. Heath CW Jr. Community clusters of childhood leukemia and lymphoma; evidence of infection? Am J 
Epiderniol 162:817-22, 2005. 

60. Boice JD Jr, Bigbee WL, Mumma MT, Heath CW Jr, Blot WJ. Cancer incidence in municipalities near 
two former nuclear materials processing facilities in Pennsylvania -- an update. Health Phys 96:118-27, 
2009. 

PHS 398/2590 (Rev. 09/04, Reiss1..1ed 4/2006) Page_ Continuation Format Page 

TnKklllg Numbc1: UkANTI09'12/44 S01Ju1aiion /\umber: OL:-1·0/\-00()()600 R~cc1v~d Dnt~: JU/Tl/?011 IU 



Progrqrn Director/Principal Investigator (l.ast, First. Middle): 

BIOGRAPHICAL SKETCH 
Provide ~he following infonnqt1on for the S&r1ior/key personr1e1 ;1J1d other s1gnit1can~ contributor-; in the order 11sted on Forrn Page 2. 

Follow this forrnat for each person DO NOT EXCEED FOUR PAGES. 

NAME POSITION TITLE 

Sarah Schweitzer Cohen 

eRA COMMONS USER NAME (creder1t1al, e.g .. ager1cy login) 

sschweit 

Biostatistical Epidemiologist 

EDUCATION/TRAINING (8egm with baccalaureate or other mrtia/ professional education, such as nursing, include postdoctoral trammg and 
residency training if applicable) 

INSTITUTION AND LOCATION DEGREE MM/YY FIELD OF STUDY 
(if annl1cable! 

University of North Carolina, Chapel Hill, NC BSPH 05100 Biostatistics 

Biostatistics 
University of Michigan, Ann Arbor, Ml MS 05102 

Public Health Genetics 

University of North Carolina, Chapel Hill, NC PhD 05110 Epidemiology 

A, Personal Statement 

I have been a collaborator on numerous occupational epidemiology studies, with many focused on radiation 
exposure, for the past eight years, Most notably I was a key collaborator for both an original analysis as well 
as an updated analysis nine years later of the workers at Rocketdyne (Atomics International) where a unique 
approach was taken to obtain lifetime occupational radiation doses. I have created and managed multiple 
large and complex databases related to these studies, My strong analytic background with training and 
extensive employment experience as a biostatistician has allowed me to serve as the primary analyst for 
multiple radiation and occupational epidemiology studies. Collectively, my extensive experience with prior 
studies, strong analytic skills, and keen interest and knowledge in a wide variety of environmental exposures 
positions me to play an important role in moving forward the aims of this project. 

B. Positions and Honors 

Positions and Employment 
1996 - 1999 Professional Internship Progam, Oak Ridge National Laboratory, Oak Ridge, TN 
1999 - 2000 Statistics Intern, Glaxo Wellcome, Inc., Research Triangle Park, NC 
2000 - 2002 Research Assistant, University of Michigan, Ann Arbor, Ml 
2005 - 2008 NRSA Cancer Epidemiology Trainee, University of North Carolina, Chapel Hill, NC 
2008 - 201 O Cancer Control Education Program Predoctoral Fellow, Lineberger Comprehensive Cancer 

Center, University of North Carolina, Chapel Hill, NC 
2002- Present Biostatistic1an (2002-2010), Biostatistical Epidemiologist (2010-present), International 

Epidemiology Institute, Rockville, MD 
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Progrqrn Director/Principal Investigator (l.ast, First. Middle): 

Professional Memberships and Honors 
2009 - Member, The Obesity Society 
201 O Delta Omega, Honorary Public Health Society 
201 o Nominee, Greenberg Award for Excellence in Doctoral Researcl1, University of North 

Carolina, Chapel Hill, NC 

C. Selected Peer-reviewed Publications (Selected from 34 peer-reviewed pL1blicat1ons) 

Most relevant to the current application 
1. Boice JD, Cohen SS, Mumma MT, Ellis ED, Eckern1an KF, Leggett RW, Boecker BB, Brill AB, Henderson 

BE. Updated Mortality Analysis of Radiation Workers at Rocketdyne (Atomics International), 1948-2008. 
Radial Res 7 mar 2011 [Epub ahead of print] 

2. Boice JD Jr, Leggett RW, Ellis ED, Wallace PW, Mumma M, Cohen SS, Brill AB, Chadda B, Boecker BB, 
Yoder RC, Eckerman KF. A comprehensive dose reconstruction methodology for former 
RocketdynelAtomics International radiation workers. Health Phys 90(5): 409-430, 2006. 

3. Boice JD Jr, Cohen SS, Mumma M, Ellis ED, Eckerman KF, Leggett RW, Boecker BB, Brill AB, Henderson 
B. Mortality among radiation workers at Rocketdyne (Atomics International), 1948 1999. Radial Res 166: 
98-115, 2006 

4. Boice JD Jr, Marano D, Cohen SS, Mumma MT, Blot WJ, Brill AB, Mclaughlin JK, Henderson B. Mortality 
among Rocketdyne workers who tested rocket engines. 1948-1999. J Occup Environ Med 48(10): 1070-
1092, 2006. 

Additional recent publications of Importance to the field (In chronological order) 
5. Boice JD, Cohen SS, Mumma MT, Chadda B, Blot WJ. A cohort study of uranillm millers and miners of 

Grants, NM, 1979-2005. J Radio/. Prot. 28:303-325, 2008. 
6. Boice JD, Cohen SS, Mllmma MT, Chadda B, Blot WHJ. Mortality among residents of Uravan, Colorado 

who lived near a uranium mill, 1936-1984. J Radio! Prat. 27: 299-319. 2007. 
7. Fryzek JP, Hansen J, Cohen S, Bonde JP, Llambias MT, Kolstad H, Skytthe A, Lipworth L, Blot WJ, Olsen 

JH. A cohort study of Parkinson's disease and other neurodegenerative disorders in Danish welders. J 
Occup Environ Med 47: 466-472, 2005. 

8. Fryzek JP, Chadda B, Cohen S, Marano D, White K, Steinwandel M, Mclaughlin JK. Retrospective cohort 
mortality study of workers engaged in motion picture film processing. J Occup Environ Med 47: 278~286, 
2005. 

9. Boice JD Jr, Mumma M, Schweitzer S, Blot WJ. Cancer mortality in a Texas county with prior mining and 
milling activities, 1950·2001. J Radio/ Prol 23:247·262, 2003. 

10. Fryzek JP, Chadda B, Marano D, White K, Schweitzer S, Mclaughlin JK, Blot WJ. A cohort mortality 
study among titanium dioxide manufacturing workers in the United States. J Occup Environ Med 45:400~ 
409, 2003. 

D. Research Support 

On-going Research Support - None 

Completed Research Support 

Cancer Epidemiology Training Grant (NCI, T32 CA09330-26) 911/2005 - 813112010 
Cancer Control Education Program Predoctoral Fellowship (NCI, 5-R25-CA057726) 91112008 - 8/31/2010 

Select Environmental and Genetic Determinants of Adiponectin and Obesity in Black and White Women 

The goal of this project was to examine serum adiponectin levels and body rnass index in relation to 
environmental and behavioral factors as well as several single nucleotide polymorphisms (SNPs) in three 
adiponectin-related genes (ADIPOQ. ADIPOR1, and ADIPOR2) among 2.000 black and white women enrolled 
in the Southern Community Cohort StLJdy. 
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Principal Investigator/Program Director (Last, first, middle)· 

BIOGRAPHICAL SKETCH 

NAME POSITION TITLE 
Michael T. Mumma Director of Information Technolon11 

EDUCATION/TRAINING 

INSTITUTION AND LOCATION DEGREE YEAR Isl FIELD OF STUDY 
Frostburg State University, Frostburg, Maryland BS 1994 Biology 
University of Florida, Gainesville, Florida MS 1996 Limnology 

A. Positions and Honors 

Professional Experience: 
1991·1994 Genetics Research Assistant, Frostburg State University, Frostburg, Maryland. 
1994-1996 Graduate Research Assistant. University of Florida, Gainesville, Florida 
1996-1998 Research Biologist, North Carolina State University, Raleigh, North Carolina 
1998-2000 Programmer Analyst, Westat, Rockville, Maryland 
2000-2006 Systems Analyst. International Epidemiology Institute, Rockville, Maryland 
2006-present Director of Information Technology; International Epidemiology Institute, Rockville, Maryland 

Technical Training: 
Data management and analysis using SAS datastep, macro, and SQL 
Develop database interfaces using Power Builder 
Develop data entry systems using Delphi and Visual Basic 
Develop relational databases using Microsoft Access 

B. Selected Peer-Reviewed Publications 

Greene Mumma MT. The Importance of Weed Science to World Health and Environment. Florida Weed 
Science Society Newsletter 17 (2), 1995. 

Mumma MT, Cichra CE. Benthic Macroinvert1brate Monitoring in the T'ri~County Agricultural Area of the Lower 
St. Johns River, Florida. Final Report to St. Johns River Water Management District. Project# 93W240·B, 1996. 

Mumma MT, Cichra CE, Sowards JT Etfects of Recreation on the Submerged Aquatic Plant Community of 
Rainbow River, Florida. J Aquat Plant Manage 34:53-56, t 996. 

Mumma MT. The Redmond to Cary Express - A Comparison of Methods to Automate the Conversion of Data 
Between SAS and Microsoft Excel. Proceedings of the Twelfth Annual Northeast SAS Users Group, 
Washington, DC, t 999. 

Fryzek JP, Mumma MT, McLaughlin JK, Henderson BE, Blot WJ. Cancer mortality in relation to environmental 
chromium exposure. J Occup Environ Med 43:635-640, 200t. 

Boice JD Jr, Bigbee WL, Mumma MT, Blot WJ. Cancer mortality in counties near two former nuclear materials 
processing facilities in Pennsylvania, 1950-t995. Health Phys 85:691-700, 2003. 

Boice JD Jr, Bigbee WL, Mumma MT, Blot WJ, Cancer incidence in municipalities near two former nuclear 
materials processing facilities in Pennsylvania. Health Phys 85:678-690, 2003. 

Boice JD Jr, Mumma M, Schweitzer S, Blot WJ. Cancer mortality in a Texas county with prior uranium mining 
and milling activities, t 950·200t. J Radial Prot 23:247-262, 2003. 

Blot WJ, Fischer T, Nielsen GL, Friis S, Mclaughlin JK, Mumma MT, L1pworth L, DuBois R. Outcome of upper 
gastro·intestinal bleeding and use of ibuprofen vs. paracetamol. Pharm World Sci 26:319 323. 2004. 
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Principal Investigator/Program Director (Last, first, middle)· 

Boice JD Jr, Mumma MT, Blot WJ, Heath CW Jr. Childhood cancer mortality 1n relation to the St Lucie 
Nuclear Power Station. J Radial Prot 25:229·240,2005. 

Boice JD Jr, Cohen SS, Mumma MT, Ellis ED, Eckerman KF, Leggett RW, Boecker BB, Brill AB, Henderson 
BE. Mortality among radiation workers at Rocketdyne (Atomics International), 1948-1999. Radiat Res 166:98· 
t 15, 2006. 

Boice JD Jr. Leggett RW, Ellis ED, Wallace PW, Mumma M, Cohen SS, Brill AB, Chadda B, Boecker BB, 
Yoder RC, Eckerman KF. A comprehensive dose reconstruction methodology for former radiation workers 
Health Phys 90:409-430, 2006. 

Boice JD Jr, Marano DE, Cohen SS, Mumma MT, Blot WJ, Brill AB, Fryzek JP, Henderson BE, Mclaughlin 
JK. Mortality among Rocketdyne workers who tested rocket engines, 1948-1999. J Occup Environ Med 
48:1070·1092, 2006. 

Boice JD Jr, Cohen SS, Mumma MT, Chadda B, Blot WJ. Mortality among residents of Uravan, Colorado who 
lived near a uranium mill, 1936-84. J Radiol Prot 27:299-319, 2007. 

Boice JD Jr, Mumma MT, Blot WJ. Cancer and noncancer mortality in populations living near uranium and 
vanadium mining and milling operations in Montrose County, Colorado, 1950-2000. Rad Res 167:711 ·726, 
2007. 

Boice JD Jr, Cohen SS, Mumma MT, Chadda B, Blot WJ. A cohort study of uranium rrnllers and miners of 
Grants, New Mexico, 1979-2005. J Radial Prot 28:303·325, 2008. 

Boice JD Jr, Bigbee WL, Mumma MT, Heath CW Jr, Blot WJ. Cancer incidence in municipalities near two 
forrner nuclear materials processing facilities in Pennsylvania -- an update. Health Phys. 2009 Feb;96(2):128-
37, 2009. 

Boice JD Jr, Bigbee WL, Mumma MT, Tarone RE, Blot WJ. County mortality and cancer incidence in relation 
to living near two former nuclear materials processing facilities in Pennsylvania an update. Health Phys. 
2009 Feb:96(2):118·27, 2009. 

Boice JD Jr, Mumma MT, Blot WJ. Cancer incidence and mortality in populations living near uranium milling 
and mining operations in Grants, New Mexico, 1950·2004. Radiat Res174(5):624·636, 2010. 

McLaughlin JK, Mumma MT, Jennifer S. Sonderman, Farnsworth EP, Lipworth L. Cancer mortality among 
workers at a satellite manufacturing facility. J Occup Environ Med 53(4):427-433, 2011. 

Boice JD Jr, Cohen SS, Mumma MT, Ellis ED, Eckerman KF, Leggett RW, Boecker BB, Brill AB, Henderson 
BE. Updated mortality analysis of radiation workers at Rocketdyne (Atomics International), 1948·2008. Radiat 
Res 176(2) :224-258, 2011. 

Lipworth L, Sonderman JS, Mumma MT, Tarone RE, Marano DE, Boice JD Jr, Mclaughlin JK. Cancer 
mortality among aircraft manufacturing workers: an extended follow-up. J Occup Environ Med 53(9):992-1007, 
2011. 
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Resumes 

ELIZABETH A. DUPREE ELLIS, PH.D. 

EDUCATION 

• B.A., Zoology, Duke University, 1973 
• Sc.M., Epidemiology, Johns Hopkins University, 1978 
• Ph.D., Epidemiology, University of North Carolina, Chapel Hill. 1989 

POSITIONS 

Oak Ridge Associated Uoiver11ities, Associate Director, Center for Epidemiologic Research, 2007~ 
present. 

Oak rudge Associated Universities, Associate Director, Center for Epidemiologic Research, 1998~ 
2007. 
Serves as Associate Director for the Center for Epidemiologic Research which conducts and supports 
quality epidemiologic research with primary emphasis on occ\ipational health studies. 'fhe pragrarn has 
offices in Oak Ridge, TN and Arvada, CO. 

• Associate Director, Center for Epidemiologic Research, ORAU. 1991-1998. 
• I~eader, Epidemiology Support Section, Center for Epidemiologic Research, 1987Ml991. 
• Epidemiologist, Center for Epidemiologic Research, ORAU, 1983-1987. 
• Associate Epidemiologist, Center for Epidemiologic Research, ORAU, 1978-1981. 
• The Johns Hopkins University, Baltimore, MD, Department of Epidemiology, Research 

Assistant, 1977-1978. 
• Energy Research and Development Administration, Office of Environmental Research, Iluman 

Health Studies Program, Intern, 1977. 

PUBLICATIONS 

• Dupree, EA. 1980, Mortality among workers at a uranium refining and processing plant. American 
Journal of Epidemiology 112:446 (abstract). 

• Hudson DR, EL Frome, EA Dupree, MS Hansard, WL Beck, and CC" Lushbaugh. 1981. Exploratory 
analysis of mortality in a cohort of nuclear material workers. American Journal of Epidemiology 
114:446 (poster session). 

• Lushbaugh CC, WL Beck, EA Dupree, EL Frome, SA Fry, MS Hansard, DR Hudson, and AP 
Polednak. 1981. Health and mortality of DOE workers. Trans. Am. Nuclear Soc. 38:81. 

• Fry SA, CC Lushbaugh, CM Shy, DL Cragle, H Checkoway, S Blun1, AV Carpenter, EA Dupree, 
EL Frome, PG Groer, and J Wilson. 1985. The U.S. Department of Energy Health and Mortality 
Study: The Oak Ridge studies. In: Epiden1iological studies of some populations exposed to ionizing 
radiation, (Weeks JL, compiler), pp. 18-40, Pinawa, Manitoba: Atomic Energy of Canada Liinited, 
(AECL publication no. 8360). 
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• Dupree EA, 01, Cragle, RW McLain, DJ Crawford-Brown, and MJ Teta. 1987. Mortality among 
workers at a uranium processing facility: Linde Air Products Ceramics Plant, 1943~49. Scandinavian 
Journal of Work, Environment and Health13:100~107. 

• Fry SA. AV Carpenter, DL Cragle, EA Dupree, PO Groer, CC Lushbaugh, H Checkoway, 
DJ Crawford~Brown, CM Shy, JE Watson, and EL Frome, 1988, Studies of mortality among 
populations of U.S. nuclear industry workers. In: Proceedings of the International Conference, Health 
Effects of Low Dose Ionizing Radiation--Rccent Advances and Their lmplications. London, England: 
British Nuclear Energy Society, pp. 77~80. 

• Dupree EA. 1989. Doctoral dissertation, University of North Carolina, School of Public Health, 
Department of Epidemiology, Chapel Hill, NC. An epidemiologic investigation of mortality among 
workers occupationally exposed to uranium compounds at a uranium processing plant. 

• Dupree EA, J Watkins, J Ingle, P Wallace, C West, and W Tankersley. 1993. Risk of lung cancer 
among uraniun1 processing workers. American Journal ofEpidemiologyl38:640 (abstract). 

• Dupree EA, J Watkins, JN Ingle, PW Wallace, CM West, and WG Tankersley. 1995. Uranium dust 
exposure and lung cancer risk in four uranium processing operations. Epidemiology 6:370-375. 

• Fry SA, DL Cragle, DJ Cra\vford-Bro\vn, EA Dupree, EL Frome, ES Gilbert, GR Petersen, CM Shy, 
WG Tankersley, GL Voelz, PW Wallace, JP Watkins, JE Watson, and LD Wiggs. 1995. Health and 
Mortality a1nong Contractor Employees at U.S. Department of Energy Facilities. In: Radiation and 
P11blic Perception: Benefits and Risks (Young JP, Yalow RS, editors), Developed from the 
symposium Radiation and Society, held at the April 1992 national meeting of the An1erican Chemical 
Society, San Francisco, pp, 239w258. 

• Fry SA, EA Dupree, AH Sipe, DL Seiler, and PW Wallace. A study of mortality and morbidity 
a1nong persons occupationally exposed to> 5 rem(> 50 mSv) in a year. Phase I: Mortality, through 
1984. Applied Occupational and Environmental Hygiene suppL March 1996. 

• Ellis ED. Watkins J, Ingle J, Phillips J. 2000. External radiation exposure and n1ortality arnong a 
cohort of uranium processing workers. American Journal of Epidemiology 152:91~95. 

• Boice JD, RW Leggett, ED Ellis, PW Wallace, M Mumma, SS Cohen, AB Brill, BB Boecker, JG 
Barnes, RC Yoder, and KF Eckennan. 2006. A comprehensive dose reconstruction methodology for 
former Rocketdyne:Atomics lnten1ational radiation workers. Health Physics 90(5):409-430. 

• Boice JD, SS Cohen, MT Mummaw, ED Ellis, KF Eckerman, RW Legett, BB Boecker, AB Brill, and 
B Henderson. 2006. Mortality among radiation workers at Rocketdyne (Atomics International), 1948-
1999, Radiation Research 166:98-115, 

• Guseva IC, Ellis ED 'firmarche M. 2007. Cancer risk in nuclear .. vorkers occupationally exposed to 
uranium emphasis on internal exposure. Health Physics 94(1): 1-17. 



One Million U.S. Radiation Worker Epidemiologic Study- Revised 9/2011 

• Ellis ED, Watkins J, Tankersley W, Phillips J, Girardi D. 2010. Mortality among titanium dioxide 
workers at three DuPont plants. Journal of Occupational and Environmental Medicine. J11.1umal of 
Occupational and Environmental Medicine 52(3):303~309. 

• Boice JD, SS Cohen, MT Mummaw, ED Ellis, KF Eckerman, RW Legett, BB Boecker, AB Brill, and 
B Henderson. 2011. Updated n1ortality analysis of radiation workers at Rocketdyne (Atomics 
International), 1948-2008. Radiation Research 176:244-258. 

• Timiarche M, Hanison JD, Pacquet F, Blettner M, Laurier D, Shilnikova N, Blanchondon E, Lecomte 
JF, Sokolnikov M, Ellis E. and Marsh .JW Assessment and control of lung cancer risk from radon. 

• Annals of the ICRP (accepted for publication) 

SYNERGISTIC ACTIVITIES 

• 2006 - Present. Member, International Commission on Radiation Protection, Committee 2, Task 
Group 64 to review knowledge and make recommendations on further study of the health effects of 
occupational radiation exposure to alpha ernitters. 

• 1994 Present. Program Director for the DOE Illness and Injury Surveillance Program. The program 
assesses the overall health of contractor workers employed at 13 DOE sites. 

• 2000 Present. Ch.air of the Oak Ridge Sitc~\l:ide Institutional Review Board (fRB) and member of 
the DOE Central IRB. 
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DONNA LYNNE CRAGLE, PH.D. 

EDUCATION 

• B.A., Biological Sciences, Indiana University, 1974 
• M.S., Hu1nan Genetics, Virginia Commonwealth University, 1978 
• Ph.D., Environmental Epidemiology, University of North Carolina, Chapel Hill, 1984 

POSITIONS 

Oak Ridge Associated Universities, Vice President and Director, Occupational Exposure and 
Worker Health, 2007-present 

Oak Ridge Associated Universities, Basic and Applied Research, Center for Epidemiotogic 
Research, Director, Basic and Applied Research, 1998·2007 
• Serves as Program Director and chief administrative officer for a n1ulti-faceted science division. The 

Center for Epidemiologic Research conducts and supports quality epidemiologic research with 
primary emphasis on occupational health studies. The program has offices in Oak Ridge. TN; 
Cincinnati, OH; Arvada, CO; and Livermore, CA, 

Direnor, Center for Epidemiologic Research, ORAU, 1991-present 

Deputy Director, Center for Epidemiologic Research and Epidemiologic, Rese~rcb Section Leader, 
ORAU, 1986-1991 

Epidemiology Research Section Leader, ORAU, 1983-1985 

Epidemiologist, ORAU, 1981-1982 

University of North Carolina. Department of Epidemiology, 1979-1980 
North Carolina Memorial Hospital, Blood Bank, 1977-1981 
Medical College of Virginia, De1>artment of Human Genetics ~ 1976-1977 
Department of Clinical Pathology, Chemistry Division, 1975-1976 
Indiana University, Department of Microbiology, 1974-1974 

PUBLICATIONS 

• Cragle DL, DR Hollis, CM Shy, and TH Newport. 1984. A retrospective cohort n1onality study 
among workers occupationally exposed to metallic nickel power at the Oak Ridge Gaseous Diffusion 
Plant. In Symposium on Nickel in !h~ . .H111n.~.n .. E11vironment, International Agency for Research on 
Cancer, Lyon, France. IARC Publications No. 53, pp 57-64. 

• Cragle DL, DR Hollis, JR Qua[ters, WO Tankersley, and SA Fry. 1984. A mortality study of men 
exposed to elemental mercury. Journal of Occupational Medicine 26:817-821. 

• Checkoway 11, NE Pearce, DJ Crawford-Brown, and DL Cragle. 1988. Radiation doses and 
cause-specific mortality among workers at a nuclear materials fabrication plant. American Journal of 
Epidemiology 127:255-266. 

• Cragle DL, RW McLain, JR Qualters, JLS Hickey, GS Wilkinson, WG Tankersley, and CC 
Lushbaugh. 1988. Mortality among workers at a nuclear fuels production facility. Anlerican Journal 
of Industrial MOOicine 14:379-40 I. 
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• Gilbert ES, SA Fry, LD Wiggs, GL Voelz, DL Cragle, and GR Petersen. 1989. Analyses of co1nbincd 
data on workers at the Hanford Site, Oak Ridge National Laboratory, and Rocky Flats Nuclear 
Weapons Plants. Radiation Research 120: 19-35. 

• Frome EL, DL Cragle, al'td R W McLain. 1990. Poisson regression analysis of the mortality among a 
cohort of World War II nuclear industry workers. Radialion Research 123: 138-1.52. 

• Gilbert ES, SA Fry, LO \Viggs, GL Voelz, DL Cragle, and GR Petersen. 1990. Methods for analyzing 
combined data from studies of workers exposed to low doses of radiation. Arnerican Joun1al of 
Epjdemiology 131 :917-927. 

• Wing S, CM Shy, JL Wood, S Wolf, DL Cragle, and EL Frome. 1991. Mortality among workers at 
Oak Ridge National Laboratory: Evidence of radiation eftects in follow~up through 1984. Journal of 
the Arnerican Medical Association 265: 1397~ 1402. 

• Cragle DL, SM Wells, and WG Tankersley. 1992. A morbidity study of workers potentially exposed 
to epoxy resins, hardeners, and solvents. Journal of Applied Occupational and Environmental 
Hygjene 7:826~834. 

• Wing S, CM Shy, JL Wood, S Wolf, DL Cragle, W Tankersley, and EL Frotne. 1993, Job factors, 
radiation and cancer mortality at Oak Ridge National Laboratory: FollowMup through 1984. 
American Journal of Industrial Medicine 23:265~279. 

• Watkins, JP, DL Cragle, EL Frome, JL Reagan, CM West, D Crawford~Brown, and WG Tankersley. 
1997. Collection, validation, and treatment of data for a mortality study of nuclear industry workers. 
Applied Occupational and Environmental flygiene 12: 195~205. 

• Frome, EL, DL Cragle, JP Watkins, S Wing, C Shy, WG Tankersley, and CM West 1997. A 
mortality study of employees of the nuclear industry in Oak Ridge, Tennessee. Radiation Research 
148:64-80. 

• Cragle, Dl, JP Watkins, and K Robertson-DeMers. 1999. Mortality among workers at the Savannah 
River Nuclear Fuels Production Facility. Proceedings of the American Statistical Association. 

• letz, R, F Gcrr, D Cragle, RC Green, J Watkins, and AT Fidler. 2000. Residual neurologic deficits 30 
years after occupational exposure to elemental mercury. ~\!rQI9X.i9.Ql9gy 21 (4):459-474. 

• Frome EL, Newman LS, Cragle DL, Colyer SP, and Wambach PF. 2003. ldentification of an 
abnormal beryllium lymphocyte proliferation test. Toxicology 183:39-56 

• Watkins JP, Frome EL. Cragle DL. 2005. "Age.ba.;;ed methods to explore time~related variables in 
occupational epidemiology studies." 2005 Proceedings in the American Statistical Association, 
Section on Statistics 1n Epidemiology [CD.ROM], Alexandria, VA: American Statistical 
Association: 2652 ~ 2657. 

• Van Dyke, MV, JW Martyny, MA Mroz, LS Silveira. M Strand, DL Cragle, WG Tankersley, SM 
Wells, LS Newman, and LA Maier. 2011. Exposure and Genetics Increase Risk of Beryllium 
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Sensitization and Chronic Beryllium Disease in the Nuclear Weapons Industry. Subrnitted to 
Occupational and Environmental Medicine. Occup Environ Med. 2011 Apr 2 (Epub ahead of print] 

CHAPTERS. R£VIEW ARTICLES AND OTHER PUBLICATIONS: 
• Fry SA, AV Carpenter, DL Cragle, EA Dupree, PG Groer, CC Lushbaugh, H Checkoway, 

DJ Crawford-Brown, CM Shy, JE Watson, and EL Frome, 1988. Studies of n1ortaliry among 
populations of US nuclear industry workers. In Health etlCcts of low dose ionizing radiation. BNES, 
London, Paper 14, pp.77-80. 

• !)oil R, A Andersen, WC Cooper, I Cosmatos, DL Cragle, D Easton, P Enterline, M Goldberg, 
L Metcalfe, T Norseth, J Peto, J-P Rigaut, R Roberts, SK Sielkop, H Shannon, F Speizer, FW 
Sundennan, Jr., P Thornhill, JS Warner, J Weglo, and M Wright. 1990. Report of the International 
Committee on Nickel Carcinogenesis in Man. Scandinavian Journal of Work Environment & Health 
16: I w82 (special issue). 

• Watkins, JP, JL Reagan, DL Cragle, EL Frome, CM West, DJ Crawford-Brown, and WG Tankersley. 
1993. Data collection, validation, and description for the Oak Ridge !luclear facilities mortality study. 
Oak Ridge Institute for Science and Education technical report 93/J.42. 

• Watkins, JP, DL Cragle, EL Fron1e, CM West, DJ Crawford·Brown, and WG Tankersley. 1994. 
Adjusting external doses from the ORNL and Y -12 Facilities for the Oak Ridge Nuclear Facilities 
Mortality Study. Supplemental Report to ORISE 93/J-42. Oak Ridge Inslitute for Science and 
Education technical report 94/0·34, 

• Fry, SA, DL Cragle, DJ Crawford-Brown, EA Dupree, EL Frome, ES Gilbert, GR Petersen, CM Shy, 
WG Tankersley, GL Voelz, PW Wallace, JP \Vatkins, JE Watson Jr, and LD Wiggs. 1995. Health and 
mortality among contractor ernployees at U.S. Department of Energy facilities. IN: Radiation and 
Public Perception: Benefits and risks, edited by Jack P. '{ oung and Rosalyn S. Yalow. Arnerican 
Chemical Society. pp.239~258. 

SYNE:RGIST!C ACTIVITIES 

• 2006 - 2009. Board Member of the Beryllium Health and Safety Committee and Chair of the 
Epidemiology subsection of this committee. Member ofNNSA Blue Ribbon Advisory Committee on 
Beryllium. 

• 2002 present Program Director for NIOSH Dose Reconstruction Project for claimants under the 
Energy Employees Occupational Illness Compensation Program Act. 

• 1998 present. Program Director for the nationwide Fonner Berylliu1n Worker Medical Surveillance 
Program. 

• I 992 - Program Director for the 'l12 Beryllium Surveillance Research Project. 
• 1995 - 2004. Member of a Project Research Team (PRT) for the U.S. Department of Energy's Office 

of International Health Studies. The PRT is working with researchers in Chelyabinsk, Russia on 
studies of the health effects of working at and living in the vicinity of the Mayak plutonium 
processing facility in that region. 

• May 6~ 7, t 987: Faculty member for a course entitled "Basic Concepts of Radiation fOr Attorneys," 
taught to the Departn1ent of Justice Radiation Defense Attorneys, Washington, D.C. 
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• June 11-18, 1987: Faculty member for the Tai1,1;·an Power Company sponsored se1ninar "Conference 
on Risk Assessment, Preventive Analysis and Emergency Preparedness," Taipei, Taiwan. 

• June 29-July 1, 1987, and January 6-8, 1993: Faculty member for a course entitled "Basic Concepts 
of Radiation for Attorneys," taught at the Radiation Emergency Assistance Centerffraining Site of 
Oak Ridge Associaled 1.Jniversities. Oak Ridge, Tennessee. 

• 1985 - 1990. Member of an international scientific sceering committee (Chairman, Sir Richard Doll, 
UK) to detennine whether exposure to specific fonns of nickel significantly increases the risk of 
developing cancer. Sponsored by the U.S. Environmental Protection Agency and various European 
Agencies. 

• 1984-1985; Member of a panel to produce the document, "A Panel's Review and Findings of 
Ongoing Health Effects and Epidemiological Studies of Operations at the Savannah River Plant, 
Aiken, SC." 

• 1983~ 1986: Consultant to the Coal Employment Project, Oak Ridge, TN, in a study of reproductive 
outcomes in female coal miners. 

• 1981 ~1992: Metnber of the Oak Ridge Associated Universities/University of North CaroHna 
Research Planning Group to plao and approve ongoing and new projects and set the strategic research 
agenda for the Health and Mortality Study of DOE Workers. 

• 1982, 1983, 1984: Recipient of Department of Health and Human Services/Public Health Service 
Minority High School Student Research Apprentice Program Grant to expose minority high school 
students to health research through supervision of summer research projects. 

• Fonner taculty member for "Basic Concepts of Radiation for Attorneys," taught to the Department of 
Justice Radiation Defense Attorneys, and adjunct faculty in Genetics/Biology at local community 
college. 
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PHILLIP W. WALLACE 

EDUCATION 

• B.S,, Industrial Management, University of Tennessee. 1974 
• M.B.A,, Management, University of Tennessee, 1975 

POSITIONS 

Oak Ridge Associated Universities, 1984--present, Center for Epidemlologic Research, Manager, 
Information Technologies 
• Manager of Information Technology for project network supporting and perfonning dose 

reconstructions as part of EEOICPA compensation efforts. Network supports over 400 users on the 
project, utilizes 22 setvers, and links Cincinnati, Buffalo, and Richland WA to accomplish this effort. 

• Manage the technical effort of CER Former Worker Beryllium Surveillance program, ensuing the 
programmatic needs are met by the application, including scheduling, contacting workers, tracking 
history, etc. 

• Oversaw the design and implementation of the DOE Beryllium Registry (10 CFR 850) and current 
oversee the routine operation, work with DOE HQ staff on requirements, work with DOE sites to 
provide guidance on data submissions, and provide analyses of the data to DOE HQ. 

• Oversee the daily operation of the DOE Epidemiologic Surveillance program, interact with DOE llQ 
staff to revie\v program status and plan future directions, oversee the functions of receiving data and 
returning errors to the submitting site, creating special reports as required, and working with sites to 
assess health situations as specified by the site Occupational Medicine Director. 

• Currently transitioning the operation of the Human Subject Research Database from EML in New 
York City to CER. 

• HandsMon experience supporting epidemiologic studies through software development and data 
manipulation. 

• Direct and oversee work of scientific programmer, analysts. 
• Maintain validity and integrity of data on over 400,000 DOE workers. 
• Create tables containing over 4,000,000 dosimetry records, ensuring quality for use in health studies, 

Lockheed Missiles and Spacecraft Corporation, 1983-1984, Manager, Space Telescope 
Managentent Information System Project 
Directed computer science efforts on project for building NASA space telescope. 

Systems Development Corporation, 1980-1983, Manager, Computer Systems 
Directed programrning efforts on project management for DO E's Gas Centrifuge Enrichn1ent project. 

Union Carbide Corporation, Nuclear Division, 1978-1980, Programmer/Analyst 
Responsible for softV11are that tracked nuclear tnaterial shipments across DOE and NRC facilities. 

Burroughs Corporation, 1975-1978, ProgrammertAnalysts and Software/Technical Representative 
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SELECTED PUBLICATIONS 

• Wallace PW. Project management using infonnation systen1s. Presented at the American Society for 
Engineering Manage1nent 4th Annual Meeting, October t 983. 

• Dupree EA, J Watkins, JN Ingle, P Wallace, and C West. Risk of lung cancer among uranium 
processing workers. American Journal of Epidemiology 1993; 138:640 (abstract). 

• Groer PG, CA Pereira, and PW Wallace. 1989. Weight of evidence analysis of lung cancer in 
Colorado Plateau uranium miners. ln: Proceedings of the 14th L. H. Gray Conference on Low Dose 
Radiation: Biological Bases of Risk Assessment. 

• Payne D, J Reagan, and P Wallace. Data Modeling of Scientific Data. Jn: Proceedings of the 1991 
International Oracle Users Group Conference. 

• Fry SA, EA Dupree, AH Sipe, DL Seiler, and PW Wallace. 1992, A study of rnortality and morbidity 
among persons occupationally exposed to >5 rem (>SO mSv) in a Year. Phase I: Mortality, through 
1984. Applied Occupational and Environmental Hygiene suppl.; March 1996. 

• Dupree EA, JP Watkins, JN lngle, PW Wallace, CM West, and WO Tankersley. 1995. Uraniun1 Dust 
Exposure and Lung Cancer Risk in Four Uraniu1n Processing Operations. Epidemiology; 6:370~375. 

SyNERGISTIC ACTIVITIES 

• Extensive direct experience in working with epidemiologists, biostatisticians, and health physicists in 
the area of health studies and dosimetry data assessments, writing software routines, developing 
algorithms, and dO<'.umentation. 

• ~1anaging the Co1nputer Science section of the ORAU Center for Epidemiologic Research for 18 
years. 

• Managing the rr effort of the NIOSH Dose Reconstruction project for ORAU since project startup. 
• Ensuring data quality and integrity in all facets of IT tasks. for CER. 
• Applying experience with related activities and DOE 10 achieve optimally designed application 

systems that fit program needs. 
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JANICE P. WATKINS 

EDUCATION 

• B.A., Mathematics, Pennsylvania State University, State College, PA 
• M.A., Mathematics, University of Illinois, Urbana, IL 
• M.S., Statistics, University of Tennessee, Knoxville, TN 
• 24th and 27th Annual International Graduate Sununer Sessions in Epidemiology, University of 

Michigan, Ann Arbor, Ml 

POSITIONS 

Oak Ridge Associated Universities 
Occupational Exposure an<l Worker Health (OEWH), Center for 
Epidemiologic Research (CER) 

Biostatistician, ORA U 

Statistical Programmer/Analyst, ORAU 

Graduate Teaching Associate, Department of Statistics 
tJniversity of Tennessee, Knoxv,lle, TN 

Instructor, Department of Mathematics, 
University of Southwestern Louisiana, Lafayette, LA 

Insurance Underwriter, ULLICO, San Francisco, CA 

Mathematics Teacher, Secondary Schools 

SELECTED PUBLICATIONS 

1989 - Present 

1988 

1987-1988 

1985 -1987 

1984 - 1985 

Prior to 1984 

• Watkins, J.P., Reagan, J.L., Cragle, D.L., Frome, E.L., West, C.M., Crawford-Brown, D.J., and 
Tankersley, W.G. Data Collection, Validation, and Description for the Oak Ridge Nuclear Facilities 
Mortality Study. ORISE Technical Report 1993;93·1-42. http:. orise.orau.gov·oews·addl~repo11s.ht1n 

• Watkins, J.P., Cragle, D.L., Frame, E.L., West, C.M., Crawford-Brown, DJ., and 
• 'fankersley, W.G. Adjusting External Doses from the ORNL and Y-12 Facilities for the Oak Ridge 

Nuclear Facilities Mortality Study. ORISE Technical Report l 994;94·G-34. 
• http: orise.orau.gov·oews·addl-reports.htn1 

• Dupree, E.A., Watkins, J.P., Ingle, J.N., Wallace, P.W., West, C.L., and Tankersley, W.G. Uranium 
Dust Exposure and Lung Cancer Risk in Four Uranium Processing Operations, Epidemiology, Vol 6, 
No 4:370-375, July 1995. 

• \\'est, C.M., Watkins, J.P., Tankersley, W.G., and Payne, D. Lung Dose Estimates from Air Sampling 
and Bioassay Data~ A Comparison, Health Physics, Vol 69, No 4:481-486, 1995. 
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• Watkins, J .P ,, An Evaluation of the Accelerated Access Authorization Progran1 from 1991-1993. 
Prepared for the U.S. DOE Office of Safeguards and Security, Center for Human Reliability Studies, 
Jan. 1996. 

• Watkins, J.P., Cragle, D.L., Frame, E.L., Reagan, J.L., West, C.M., Crawford~Brown, D.J., and 
Tankersley, W .G. Collection, Validation, and Treatment of Data for a Mortality Study of Nuclear 
Industry Workers. Applied Occupational and Environmental Hygiene, 12(3); 195~205, 1997. 

• Fro1ne, E.L., Cragle, D.L., Watkins, J.P., Wing, S., Shy, C., Tankersley, W.G., and West, C.M. A 
Mortality Study of Employees of i\ Nuclear Industry in Oak Ridge, Tennessee. ORNL Technical 
Report 1997;0RNL 6785. http:. ·ww1,v.ep1n.ornl.gov fro1ne:ORMS 

• Frome. E.L., Cragle, D.L,, Watkins, J.P .. Wing, S., Shy, C., Tankersley, W.G., and West, C.M. A 
Mortality Study of E1nployees of a Nuclear Industry i11 Oak Ridge, Tennessee. Radiation Research, 
pp. 64-80, July 1997. 

• Eisele, G.R., Watkins, J.P., and Matthews, K.O. Workplace Violence at Govenunent Sites. An1erican 
Journal of Industrial Medicine 33:485-492 (1998). 

• Watkins, J.P., User's Guide for the Random Drug Screening System. Prepared for the U.S. DOE 
Office of Safeguards and Security, Center for Human Reliability Studies, ORISE 98-0985, l 998. 

• Cragle, D.L., Watldns, J.P. and Robertson-DeMers, K. Mortality among Workers at the Savannah 
River Nuclear Fuels Production Facility. American Statistical Association 1998 Proceedings of the 
Section of Statistics in Epidemiology, pp. 83-87 http; ·orise.orau.gov oews:addl-repolis.hirn 

• Dupree Ellis, E., Watkins, J.P., h1gle, J.N., and Phillips. J,A, External Radiation Exposure and 
Mortality in a Cohort of Uranium Processing Workers, AJE, vol. 152(1). July 1, 2000. 

• Watkins, J.P., Eisele, G.R., and Matthews, K,O. Occupational Medical Progran1 Alcohol Screening; 
Utility of the CAGE and BMAST, Journal of Substance Abuse Treatment 19 (2000) 5 I-57. 

• Watkins, J.P., Borges, H.T., Stafford, R., Biggar, R., and Goeden, J. Collection and Verification for 
Matched Records from United States Cancer and HIV:AIDS Registries. American Statistical 
Association 1999 Proceedings of the Section of Statistics in Epidemiology, pp. l 14-118 
http;. ·arise.orau.gov:oews. addl·reports.htru 

• Letz R, Gerr F, Cragle D, Green R, Watkins J, Fidler A. Residual Neurologic Deficits 30 Years after 
Occupational Exposure to Elemental r...1ercury. Neurotoxicology 21(4): 459-474, 2000. 

• Watkins. J.P., and Eisele, G., Study of Administrative Review Outcomes, U.S. Department of Energy, 
Office of Safeguards and Security, (OR!SE OJ -0932) July 2001. 

• Borges, H.Tim., Watkins, J.P., Stafford, R., Biggar. R, J. Linkage of Selected AIDS and Cancer 
Registries in the United States, r of Registry Management, voL28(2), Summer 2001, pp.89~92. 

ORAU Business Sensitive - Do not distribute, duplicate or use without permissiori I September 7, 2011 



One- Millien U.S. Radiation worker Epidemlologic Study- Revised 9/2011 

• Watkins, J.P., DeBrundt, D., Whalen, J., and Eisele, G., Comparison of FBI and OPM Security 
Re investigations, U.S. Departn1ent of Energy, Office of Security, (ORISE 01-1541) December 2001. 

• Watkins, J.P., and Eisele, G., Personnel Security Assurance Program: Profile from 1992 through 
2001, U.S. Department of Energy, Office of Security, (ORISE 02-0225) Feb 2002. 

• Watkins, J.P., Frame, E.L., Cragle, D.L., Evaluating Time-Related Variables in Occupational 
Epidemiology Studies, Final Project Report to NTOSH Health-Related Energy Research Branch, April 
7, 2004. 

• Ellis, E.A., \Vatkins, J.P., and Phillips, J., Mortality through 2000 among Workers Employed between 
1944 and 1992 at the Pittsburgh Energy Technology Center, Project Report to DOE, September 2004. 

• Watkins, J.P., Kerr, G.D., Frame, E.L., Tankersley, W.G .. and West, C.M., Historical Evaluation of 
the Filn1 Badge Dosinietry Program at the Y-12 Facility Jn Oak Ridge, Tennessee, Part l Gamma 
Radiation, ORAU 2004-0888, August 2004. http:: ·orise,orau.gov:oe\vs:addl-reports.htm 

• Frome, E. L. and J, Watkins, (2004), Statistical Analysis of Data with Non-detectable Values, 
ORNL/TM-2004.'146. http· . .'orise,orau.gov oe\vs addi-reports.htm 

• Center for Human Reliability Studies, Final Report: Detection of Deception Using Volatile Organic 
Compound (VOC) Emissions, ORJSE 2005-0330, June 2005. 

• Kerr, G.D., Tankersley, W.G., and Watkins, J.P., "fechnical Infonnation Bulletin: External Radiation 
Monitoring at the Y-12 Facility during the 1948· 1949 Period, ORAUT-OTIB-0047, September 2005. 

• Watkins, J.P., Frame, E.L., and Cragle, D.L. (2005), "Age-Based Methods to Explore Time-Related 
Variables in Occupational Epidemiology Studies," 2005 Proceedings of the American Statistical 
Association, Section on Statistics in Epide1niology [CD-ROI\1], Alexandria, VA: American Statistical 
Association: pp 2652-2657. 

• Watkins, J.P., Ellis, E.D., Funnan, F.J., Falk, R.B., Aldrich, J.M., and Cragle, D.L., Health 
Surveillance of Rocky Flats Radiation Workers, ORAU Technical Report #2006-0408, April, 2006. 

• Kerr GD, Frome EL, T'ankersley WG, and Watkins JP, Technical Information Bulletin: Jlistorical 
Evaluation of the Film Badge Program at the Y-l2 Facility in Oak Ridge, Tennessee: Part 2 ··Neutron 
Radiation, ORAUT-OTIB-0045 Rev 01, November 2009. 

• l.aBone, T.R. and Watkins, J.P., Technical lnfonnatiou Bulletin: Use of Claimant Datasets for 
Coworker Modeling, ORAUT-OTIB-0075, Rev 00-D, May, 2009. 

• McCartney KA, Watkins JP, Kerr GD, and Tankersley WG, Technical Information Bulletin: 
Coworker External Data for the Y-12 National Security Complex, ORAUT-OTIB-0064, Rev 01, 
December 2009. 

• Ellis ED, Watkins J, Tankersley W, Phillips J, Girardi D. Mortality among Titanium Dioxide 
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Workers at three DuPont Plants, Journal of Occupational and Environmental Medicine 52(3):303~ 
309, March2010. 

• Kerr GD, Frome EL. Watkins JP, and Tankersley WG, I·Iistorical Evaluation of the Filn1 Badge 
Dosimetry Program at the Y ~12 Plant in Oak Ridge, Tennessee: Part 3 Beta Radiation, ORAU 
Teclmical Report# IO·OEWH.1220, Sept. 2010. 

SYNERGISTIC ACTIVITIES 

• Extensive experience working with data from a wide variety of areas, including occupational 
epidemiology, radiation dosimetry, dose reconstruction, workplace violence, drugs:alcohol, safety 
training, cancer.'AIDS, beryllium, mercury, childhood vaccinations, mining safety, trade association, 
and health effects. 

• Handswon experience includes collecting, verif)'ing, and analyzing data, interpreting statistical results, 
writing reports, rriaking presentations, designing and writing computer applications, developing 
statistical methods, and managing projects. 
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RICHARD E. TOOHEY, PHO 

EDUCATION 

• Ph.D. in Nuclear Physics. Dissertation title: Valence Component in the Threshold Photoneutron 
Spectrum of Zr-91. University of Cincinnati, Cincinnati, Ohio, l 973. 

• M.S. in Physics, University of Cincinnati, Cincinnati, Ohio, 1970. 
• A.B. in Phyi'.iics (Magna Cum Laude), Xavier University, Cincinnati, Ohio, 1968. 
• Certified Health Physicist 

RELEVANT ACCOMPLISHMENTS 

• Responded to radiological incidents as REAC/TS Team Leader, 1997-2002. 
• Taught radiological emergency response procedures to EMT-Paramedics under the National 

Domestic Preparedness Training Program, 1998-2001. 
• Reviewed and critiqued the emergency response to the Takai-Mura criticality accident for the 

National Institute of Radiological Sciences, Chiba, Japan 1999. 
• Reviewed and critiqued the emergency response to the Seibersdorfplutoniu1n vial explosion for the 

IAEA, Vienna, Austria 2009. 
• Investigated and provided a review report of the Boulder laboratory plutonium incident for the 

National Institute for Standards and Technology, June 2009. 
• Reviewed and critiqued the internal dosimetry response to the Savannah River plutonium­

contaminated wound case for REAC:TS, 2010. 
• De~loped a technical basis docun1ent for hand-held screening of exposed persons in Japan for CDC­

RSB, 2011. 

RECENT EXPERIENCE 

Associate Director, IEAV, 2010-Present 
Manages ORAU's Professional Training programs, providing training in the radiological sciences to U.S. 
NRC and agreement state personnel, as well as to private sector clients; pers(lnally conducts courses in 
internal dosimetry, enviromncntal radioactivity, and radiological emergency response. Manages the 
Health Phy5ics Services group, providing technical support to DOE, DOD, NRC, CDC-RSB, and other 
clients in technical areas including radiological monitoring, external and internal dose assessment, 
environmental pathway analysis, clearance of materials and equipment, and radiological emergency 
response. 

Director, Dose Reconstruction Programs, 2002~2010 
Supervised radiation dose reconstructions for World War I[ era through present-day workers in the U.S. 
DOE weapons complex. Project scope included researching exposure histories, site operations, and 
accidental exposures; to dale over 28,000 individual dose reconstructions for workers in the DOE 
weapons complex have been completed. Served as senior technical quality reviewer of dose 
reconstructions for aton1ic veterans perfonned by the Defense Threat Reduction Agency, 2006-20 l l. 
Technical reviews included researching fallout patten1s frorn atn1ospheric nuclear weapons tests, exposure 
pathways, decontamination of military personnel and equipment, exposures to U.S prisoners of war in 
Japan in Augu1'.>t 1945, and exposure to U.S. occupation troops in Japan, September 1945--August 1946. 

Oak Ridge Associated Universities, 1994 to Present 
• Instructor, REAC!TS ''Public Health in Radiation Accidents" courses sponsored by CDC. 
• Technical advisor, ORAU support to CDC ~RSB to develop the Radiological Terrorism toolkit, the Guide 
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to Population Monitoring ln Radiation Emergencies, and the Handbo<ik for Clinical Response to 
Nuclear and Radiological lncidents Including Terrorism. 

• Men1ber, NCRP 2006~present; Director, 2010~present; Contributing author to: Report 156: Development 
of a Bio kinetic Model for Radionuclide-Contaminated Wounds and Procedures for Their Assessn1ent, 
Dosimetry and 1'reatment (2006): Report 163: Radiation Dose Reconstruction: Principles and Practices 
(2009); and Report 164: Uncertainties in Internal Radiation Dose Assessment (2010). 

Training Courses in Radiation Sciences, Health Physics, and Radiation Protection for NRC 
Personnel. Contract DE~AC05-060R23100, Noven1ber 7, 2005 Current 1'ask: July 2009 to June 2014. 
Develop and provide training in the radiation sciences, health physics, and radiation protection to NRC 
and Agreement State personnel, principally health physics and radiation safety inspectors. This training 
encompasses an understanding of health physics principles, current methodologies, recommended 
radiation safety practices and other relevant infonnation. 

Radiation Internal Dose Information Center. Contract DE-AC05~060R23100, 1995~2005. Manage a 
central information center providing internal dosimetry models and dose estimates to the U.S. Department 
of Energy, U.S. Nuclear Regulatory Commission, and U.S. Food and Drug Administration 
(radiophannaceuticals). Provide internal dose estimates for radiological accident victin1s to REACfTS. 
Provide courses in occupational and medical internal dosimetry. Respond to public inquiries and requests 
for infonnation in internal dose estimates, methodology and risks. 

SELECTED PEER-REVIEWED PUBLICATIONS 

• Toohey RE. An experimental method of esti1nating the depth of 2" 1 Am deposited in the chest. liealth 
l'hx• 29:417-8, 1975. 

• Larsen RP, Toohey RE, llcewicz FH. Macrodistribution of plutonium in selected bones from an 
abnormal skeleton. In: The Health Effects of Plutoniun1 and RadiunL Proceedings of a s.ymposiurn, 
Sun Valley, ID, 6-9 October 1975, Jee SS (ed). Salt Lake City, UT: The J. W. Press, pp 315-20, 1976. 

• Toohey RE, Essling MA. Gross distribution of 241 Am in a man seven years after inhalation. h1: 
Biological and Environmental Effects of Low-Level Radiation. Proceedings of a symposium, 
Chicago, Ill, 3~7November1975. Vienna, Austria: International Atomic Energy Agency, pp 153-60, 
1976. 

• Toohey RE, Essling MA, Huff DR. Retention and gross distribution of 75 Se following intravenous 
injection of 15Se~&elenomethionine. Health Phys 37:395~ 7, t 979. 

• Toohey RE, Essling MA, Measurements of 241 Am in vivo at long times after inhalation. Health Phys 
38:139-45, 1980. 

• Serio CS, Henning CB, Toohey RE, Lloyd EL. Mi to genie responses of nonnal human lymphocytes 
of radium workers. Int J Radiat Biol 38:583~8, 1980. 

• Toohey RE. Cacic CO, Larsen RP, Oldha111 RD. The concentration of plutoniunt in hair following 
intravenous injection. Health Phys 40:88 l ·6, l 981. 

• TQQhey RE, Rundo J, Essling MA, Sha JY, Oldham RD. Sedtet J, Robinson JJ. Radioactivity 
measurements of fOnner military persollllel exposed to weapon debris. Science 213:676~8, 1981. 

• Rundo J, TQohey RE. Radon in homes and other technologically enhanced radioactivity. ln: 
Environmental Radioactivity. Proceedings of the Nineteenth Annual Meeting of the National Council 
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of Radiation Protection and Measure1nents, April 6-7, 1983. Washington. DC: National Academy of 
Sciences, pp 17-25, 1983, 

• Toohey RE, Keane AT, Rundo J, Measurement techniques for radium and the actinides in man at the 
Center for Human Radiobiology. Health Phvs 44:(Suppl I ):323-42, 1983. 

• Serio CS, Henning CB, Toohey RE, Lloyd EL. Measurement oflymphoblastogenic activity from 
thorium workers. Int J Radiat Biol 44:251-6, 1983. 

• Toohey RE, Bhattacharyya MH, Oldham RD, Larsen RP, Moretti ES. Retention of plutonium in the 
beagle after gastrointestinal absorption. Radiat Re~ 97:373-9, 1984, 

• Toohey RE, Essling MA, Rundo J, Hangde W. Measurements of radon daughter deposition on 
indoor surfaces. Radiat Prot Dosimetn1 7:143-6, 1984. 

• Serio CS, Henning CB, Toohey RE, Lloyd EL. The effects of sera from Ra dial painters on the 
mitogenic responses of normal lymphocytes. Health Phys 47:309~13, 1984. 

• Nazaroff WW, Feustel H, Nero AV, Revzan KL., Grimsrud OT, Essling MA, Toohey RE. Radon 
transport into a detached one-story house with a basement. .At.m.Q.s .. E.nviron 19:31-46, 1985. 

• Toohey RE. Assessing internal radionuclides, In: Proceedings of the Physicians Seminar on Human 
Radiation Exposure, White Haven, PA, 18~20 October 19:85, Miller DW (ed). Pennsylvania Power 
and Light, 1985. 

• Toohey RE, Rundo J, Sha JY, F.ssling MA, Pedersen JC, Slane™· Activity ratios of thorium 
daughters in vivo. Strahlentherapie 80(Suppl): 147-50, 1986. 

• Toohey RE. lntercalibration experiments with inhaled mock plutonium. In: Proceedings of the 
Department of Energy Workshop on Radiobioassay and Internal Dosimetey, Albuquerque, NM, 20~22 
Jan 1986. Battelle Pacific Northwest Laboratory Report PNL-SA-114043, pp 279-92, !987. 

• Toohey RE, Essling MA, Wang H, Rundo J. Sotne measuretnents of the equilibrium factor for radon 
daughters in houses. Health phys 53:89~91, 1987. 

• 'foohey RE, Brown W, Stebbings Jll. Random geographic sampling with lffM coordinates. Env 
International 14:207, 1988, 

• Borak TB, Toohey RE. A survey of winter, summer and annual average radon concentrations in 
family dwellings. Health Phys 57:465, 1989. 

• B1ennan TJ, Toohey RE. Correlation of dose with radon concentration, WL, and radon daughter 
deposition. llealth Phys 57:429, 1989. 

• Toohey Re. Whole-body counting, In: Proceedings of the 1985 Health Physics Society Summer 
£cl1QQ1, Evanston, LL, 3-7 June 1985, Cen1ber H (ed), McLean, VA: Health Physics Society, 1990. 

• Toohey RE, Anderson AL, Berger CD, Cohen N, Pahner HE, Current status of whole-body counting 
to detect and qualify previous exposures to radioactive materials. Health Phys 60:SS, l 991, 

• Toohey RE. The U.S. transuranium and uranium registries. [n; Proceedings of the Depleted Uranium 
lfealth and Safety Information Exchange Meeting, Oak Ridge, TN, 30 Nov-1 Dec 1993. Oak Ridge, 
TN: Martin Marietta Energy Syste1ns, pp 237,~57, 1994. 

• Toohey RE. Biokinetics ofbonewseeking radionuclides, In: Internal Radiation Dosimetry. 
Proceedings of the Health Physics Society Sumn1er School, Davis CA, 1994, Raabe 00 (ed). 
Madison, WI: Medical Physics Publishing, pp 197~2 l 6, 1994. 
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• Toohey RE. Contamination control and inten1al dosirnetry. In; Radiation Protoction at N\1clear 
Reactors, Proceedings of the Health Physics Society Sun1tner School, Beverly, MA, 1995, Maletskos 
CJ (ed). Madison, WI: Medical Physics Publishmg. pp 155-84, 1995. 

• Toohey RE, Kathren RL. Overview and dosi1netry of the Hanford americiun1 ac;;ident case. Health 
Phys 69:310-7, 1995. 

• Mcinroy JF, Kathren RL, Toohey RE, Swint MJ, Breitenstein BO. Postmorten1 tissue contents of 
241 A1n in a person with a massive acute exposure. Health Phys 69:318~23, 1995. 

• Schlenker RA Toohey RE. Thompson EG, Oltman BG. Bone surface concentrations and dose rates 
11 years after rnassive accidental exposure to :!41 Am. Health Phys 69:324-9, 1995. 

• Filipy RE, 'foohey RE, Kathren RL, Dietert SE. Detenninistic effects of 141 Am exposure in the 
Hanford Americiunl accident case. Health Phys 69:338-45, 1995. 

• Stabin MG, Stubbs JB. Toohey RE. Radiation Dose Estimates for Radjophannaceutjcals. Oak Ridge, 
TN: Oak Ridge Institute for Science and Education, NlJREG/CR-6345, J 996, 

• Toohey RE, Stabin MG. Comparative analysis of dosimetry parameters for nuclear medicine, In: 
Proceedings of the Sixth International Radiopha:rmaceutical Dosimetrv Sumnosium, Gatlinburg, TN, 
May 7-10, 1996. ORISE Report 99-1064, pp 532-S I, 1999. 

• Toohey RE, Stabin MG, Watson EE. Internal radiation dosimetry: principles and applications. 
Radiographies 20:533-46, 2000. 

• ToobeyRE, Goans RE. Inadvertent fetal exposure in nuclear medicine. In: Proceedings of1he Tenth 
International Congress of the International Radiation Protection Associatjon, Hiroshima, Japan, May 
14-19, 2000. 

• Toohey RE. The role of the health physicist in dose assessment. In: The Medical Basis for Radiation­
Accident preparedness. Proceedings of the Fourth Inte111ational REACffS Conference, Orlando, FL, 
March 5-8, 2001, Ricks RC, Berger ME, O'Hara FM Jr (eds). New York, NY: Parthenon Publishing, 
pp 33-44, 2002. 

• Toohey RE. Excretion of depleted uranium by Gulf War veterans. Radiat Prot Dosimetry I 05: 1714, 
2003. 

• Toohey RE. Internal dose assessment in radiation acidents. Radiat Prot Dosimetry 105:329-31, 2003. 

• Guilmette RA, Durbin PW, Toohey RE, Bertelli L. The NCRP wound model: development and 
application. Radiat Prat 0-osimetry Aug 31, 2007 [Epub ahead of print]. 

" Toohey RE. Scientific issues in radiation dose reconstruction. Health Phvs 95: 26-35, 2008. 

• Moeller DW, 'foohey RE. The NIOSH radiation dose reconstruction program: origin, goals, scope 
and results. Health Phys 95: I ~5, 2008 (editorial). 
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WILLIAM G. TANKERSLEY 

EDUCATION 

• B.S., Biology, Tennessee Technological University, 1967 

• M.S .• Microbiology, University of Tennessee, 1970 

• Professional development courses in industrial hygiene, industrial toxicology, epide1niology, 
industrial ventilation, noise, personal sampling, risk communication, professional ethics, data 
analysis, and anti~terrorisrn; Occupational Safety and Health Educational Resource Center, University 
of North Carolina, AJHA; 1981-present. 

1•os1T10NS 

Oak Ridge Associated Universities 1990-present 
Section Leader, Hazards Assessment, Center for Epidemiologic Research 
• Managed activities of health physics and industrial hygiene group charged with assessment of 

radiation and chemical exposures to large populations for epidemiologic analyses. 

• Developed innovative methods and models for estimation of exposure potential from qualitative 
records for use in worker protection programs and health studies. 

• Designed practical analytical nlethods for dealing with incotnpletc and flawed dala sets for use in 
epidemiologic studies. 

• Developed reliable and cost~effective monitoring methods using modern technologies for surveillance 
of worker exposures to multiple materials. 

• Presented and published contract~required and scientific reports. 

• Contributed to several EP .<\Guidance Documents. 

• Authored chapters in several NJOSH Criteria Documents. 

Oak Ridge Associated Universities 1981-1989 
Research Industrial Hygienist, Hazards Assessment, Center for Epidemiologic Research 
• Evaluated historical data and other exposure-related records for use in epidemiologic analyses. 

• Investigated monitoring programs and procedures. 

• Conducted records quality control tasks. 

• Presented reports of assessment activities to supervisor and at protCssional meetings. 

Oak Ridge Associated Universities 1970~1981 

Research Associate, Microbiology 
• Conducted research relevant to support and treatn1ent of patients undergoing bone marrow 

transplantation. 

• Conducted research on radioprotective drugs for military use. 

• Conducted research on relationship of gut microflora to colon cancer. 
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'fhe University of Tennessee 1967-1970 
National Defense Education Act Graduate Fellow, Department of Microbiology 
• Identified and conducted research on non~repiicating strain of Salmonella typhimurium for use as a 

live, noninfectious vaccine. 

The University of Tennesse~ 
IAtboratory Instructor in Microbiology aod Bacterial Physiology 
• Assisted teaching professor in undergraduate laboratory activities. 

PUBLICATIONS 

1968-1970 

• Tankersley WG, GC Kingdon, and S Colyer. Effects oftotal~body irradiation on phagocytosis by 
human PMN leukocytes, Presented at the Annual Meeting of An1encan Society for Microbiology, 
Philadelphia, Pennsylvania I 972. 

• Tankersley WG and JM Woodward. Induction and isolation of the mini~cell producing strain of 
Sahnonella typhitnurium. Proc. Soc, Exp. Biol. Med. 145, 802-805, 1974. 

• Tyndall R, W Tankersley, S Chaskes, and S Colyer. A study of lowered resistance to infections in 
irradiated patients. In: Cunent Cancer Research on Clinical Radiotherapy of Cancer and Related 
Preclinical Studies, NCU!CRDB/SL-76/47, #232, July l 5, 1977, 

• Tankersley WG, CB Richter, and JS Batson. Therapy offilariasis in tamarins. Lab. Anim. Sc. 29, 
107-108, 1979, 

• Tankersley WO: Fecal B·glucuronidase in cancer~susceptible and non~susceptible callitricltidac 
• Presented at rx Congress International Printatological Society, Atlanta, Georg la, I 982, 

• Strom DJ, WL Beck, PS Stansbury, WG ·rankersley, and J, Watson Jr. Standard procedures for 
pooling health physics data for epidemiologic studies. In: Proceedings of the Health Physics Society 
Sixteenth Midyear 1'opica1 Symposium, Epidemiology Applied to Health Physics, Albuquerque, New 
Mexico, pp. 221-230, January 9-13, l 983. 

• Tankersley WG and H Chcckoway. Procedure for assignment of chemical exposure indices for use in 
eplden1iology studies. Presented American Industrial Hygiene Association Conference, Philadelphia, 
Pennsylvania, May 1983. 

• Clapp NK, M.'\. Rettke, EC Holloway, and WG "fankersley. Carcinoma of the colon in the cotton-top 
tamarin: A radiographic study, JAVMA Vol. 183, No. l I, December 1983, pp. 1328-1330. 

• Strom DJ, DJ Crawford~Brown, and WO Tankersley. Preparation of 30 years' personnel monitoring 
dala from a uranium fabrication plant for use in epidemiologic studies. Health Phys. 47: 123, 1984. 

• Cragle DL, DR Hollis, JR Qualters, WG Tankersley, and SA Fry. A mortality study ofn1en exposed 
to elemental mercury, J. Occup. Med., VoL 26, No. 11, November 1984, pp. 817-821. 

ORAU Business Sensitivo;i. Do not distribute, duplicate or use without permission l September 7, 2011 



One Million U.S. Radiation worker Epidemiologi<: St1Jdy- Revised 9/2011 

• Sowder CL, D Crawford-Bro\'IO, WO Tankersley, and K Gissel. Estimation ofinten1al Jung dose 
from air n1onitoring data. Presented Health Physics Society Annual tvteeting, Chicago, Jllinois, May 
1985. 

• Checkoway H. RM IY1athew, CM Shy, JE Watson Jr., WG Tankersley, SH Wolf, JC Smith, and SA 
Fry. Radiation, work experience, and cause specific mortality among workers at an energy research 
laboratory. Brit. J. Indus. Med. 42:525-533, 1985. 

• Cragle DL and WG Tankersley. Occupational Exposure Assessment; Past, present, and future. 
• Presented before the Division of Environmental Chemistry-American Chemical Society, Chicago, 

Illinois, September 1985, 

• Carpenter AV, WO Flanders, EL Frome, WG Tankersley, DL Cra\11ford-Brown, CL Sowder, 
ML Wray, SA Fry, and CC Lushbaugh. An epidemiologic investigation of central nervous system 
cancers among workers at diverse nuclear facilities. Am. J, Epldemiol. 124:530~3 l, 1986. 

• Hickey JLS, DJ Crdwford-Brown, and WG Tankersley. Occupational exposures of workers to 
chemicals and radiation during uranium processing at the Linde Ceramics Plant. ORAU Technical 
Rep0rtNo. 88/A-16, 1988. 

• Carpenter AV, WD Flanders, EL Frome, WG Tankersley, and SA Fry. Chernlcal exposures and 
central nervous system cancers: A case-control study among workers at two nuclear facilities. Am. J. 
Indus. Med. 13(3):351-362. 1988. 

• Cragle DL, RW McLain, JR Qualters, JL Hickey, GS Wilkinson, WCi ·rankersley, aud 
CC Lushbaugh. Mortality among workers at a nuclear fuels production facility. Aln. J. Indus. Med. 
14( 4):379401. l 988. 

• Tankersley WG, DL Cragle, MF Ziegler, and JE Watson. Comparison of assigned exposure indices 
and radiation monitoring data. Presented American Industrial Hygiene Conference, San Francisco, 
California, May, 1988. 

• Crawford~Brown DJ, JE Watson Jr., DJ Stron1, and WG Tankersley. Procedures for assessing 
occupational radiation monitoring data for use in epidemiologic studies. ORAU Technical Report, 
ORAU 891A·l27, l989. 

• Tankersley WO, CM West, EL Frome, and JL Pignatelli. Dosimetry problem with exposures at or 
below minituum detectable level in epidemiologic studies. Presented at Eighth Annual Symposium -
Epidemiology in Occupational Health, Paris, France, September 1O~12, 1991 . 

• Tankersley WO, CM West, JN Ingle, J Watson, and D CrawfordMBrown. Guidelines for intCrring 
occupational exposures in absence of monitoring data. Presented at the AIHA National Meeting, Salt 
Lake City, Utah. May 18-24, 1991. 

• Tankersley WG, NV Hicks, DI, Cragle, K Robertson-Demers, JN Ingle, GL Bean, and JM Googin. 
Exposure assessn1ent for epidemiologic study of nuclear workers potentially exposed to beryllium. 
Presented at the AJHA National Meeting, Boston, Massachusetts, May 31 ~June 5. 1992. 
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• Cragle DL, SIVI Wells, and WG ·rankersley. An occupational morbidity study of a population 
potentially exposed to epoxy resins, hardeners, and solvents, Appl. Occup. Environ, Hyg. 7(12):826w 
834, 1992, 

• Wing S, CM Shy, JL Wood, S Wolf, DL Cragle, W Tankersley, and EL Frome. Job factors, radiation 
and cancer mortality at Oak Ridge National Laboratory: Follow~up through 1984. Am. J. Indus. Med. 
23:265-279, 1993, 

• Wing S, CM West, JL Wood, and W Tankersley. Recording of external radiation exposures at Oak 
Ridge National Laboratory: itnplications for epidemiological studies. J. Expos. Analy. Envir. Epid. 
4:89-93, 1994, 

• Watkins JP, DL Cragle, EL Frome, CM West, DJ Cra\vford-Brown, and WG Tankersley. Adjusting 
external doses from the ORNI~ and Y~ 12 facilities for the Oak Ridge nuclear facilities mortality study 
Oak Ridge, TN: ORISE Technical Report 94/G-34, 1994. 

• Watson Jr. JE, JL Wood, WG Tankersley, and CM West Estimation of radiation doses for workers 
without 1nonitoring data for retrospective epidemiologic studies. Health Phys 1994:67(4):402-405 

• Fry SA, DL Cragle, DJ Crawford~Brown, EA Dupree, EL Frome, ES Gilbert, GR Petersen, CM Shy. 
WG lankersley, GL Voelz, PW Wallace, JP Watkins, JE Watson Jr., and LD Wiggs. Health and 
mortality among contractor employees al US Department of Energy facilities. ln: Young JP and 
Yalow RS, eds., Radiation and public perception benefits and risks, advances in chernistry series. 
Washington, DC: American Chemical Society, i 995;239-258. 

• West CM, J Watkins, WG Tankersley, and DD Payne. I ... ung dose estimates from air sampling and 
bioassay data - a comparison. Health Phys 1995:69(4):481-486. 

• Dupree EA, JP Watkins, JN Ingle, PW Wallace. CM West, and WG Tankersley. Uranium Oust 
Exposure and Lung Cancer Risk in Four Uranium Processing Operations. Epidemiology 6(4):370-
375, 1995, 

• Tankersley WG, West CM, Reagan JL, and Watson JE: Retrospective assessment of radiation 
exposures at or below the minimum detectable level at a federal nuclear reactor facility. Applied 
Occup, Environ Hyg, 11 ( 4):330-333, 1996, 

• Watkins JP, DL Cragle, EL Frome, JL Reagan, CM West. D Crawford~Brown, and WG Tankersley. 
Collection, Validation, and Treatment of Data for a Mortality Study of Nuclear Industry Workers, 
Appl. Occup. Environ, Hyg, 12(3), 195-205, 1997. 

• Frame EL, DL Cragle, JP Watkins, S Wing, C Shy, WG ·rankersley, and CM West. A Mortality 
Study of Employees of a Nuclear Industry in Oak Ridge, Tennessee. Radiation Research, pp. 64-80, 
July 1997. 
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• West CM, BF Rutherford, and WG Tankersley. Current Programs for Estimating Radiological Dose 
and Chemical Exposure, Volumes I and 11, Final project report prepared for Centers for Disease 
Control and Prevention, 1997. 

• Tankersley WG, CM West, and FE Gray. Hazardous Waste, Deactivation, Dismantlement, and 
Cleanup Workers Exposure Assessment Feasibility Study at the Department of Energy Savannah 
River Site, Project Report prepared for the National Institute for Occupational Safety and Health, 
Health~Related Energy Research Branch, 1998. 

• Tankersley WG, CM West, and FF.. Gray. Hazardous Waste, Deactivation, Dismantlement, and 
Cleanup Workers Exposure Assessment Feasibility Study at the Department of Energy Oak Ridge 
Reservation, Project Report prepared for rhe National lnstitute for Occupational Safety and l{ealth, 
Health-Related Energy Research Branch, 1999. 

• \Vatkins, JP, GD Kerr, EL Frome, WG Tankersley, and CM Weist. Historical Evaluation of the Film 
Badge Dosimetry Program at the Y-12 Facility in Oak Ridge, Tennessee: Part I Gamma Radiation, 
ORAU Technical Report# 2004-0888 

• Kerr, GD, EL Frome, WG Tankersley, and JP Watkins. Historical Evaluation of the Film Badge 
Dosimetry Program at the Y-12 Facility in Oak Ridge, Tennessee: Part 2 . Neutron Radiation, 
ORAU Technical Report# 2004-1406 

• Kerr, GD, EL Frome, WO Tankersley, and JP Watkins, "Historical Evaluation of the Film Badge 
Dosimetry Program at the 't'-12 Facility in Oak Ridge, Tennessee: Part 3 Beta Radiation11 2010. 

• Henn, SA. DF Utterback, KM Waters, AM Markey. and WG 'f'ankersley, TaskR and Time~Dependent 
Weighting Factors in a Retrospe<:tive Exposure Assessment of Chemical laboratory Workers, J 
Occup. and Environ. Hyg. 4(2):71-79, 2007. 

• Ellis, ED, JP Watkins, WG 1·ankersley, JA Phillips, and DJ Gir.trdi. 2010. Mortality among titaniutn 
dioxide workers at three DuPont plants, Journal of Occupational and Environ1nental. Medicine. 
52(3):303-309. 

• Van Dyke, MY, JW Martyny, MA Mroz, LS Silveira, M Strand, DL Cragle, V•/G Tankersley, SM 
Wells, LS Newman, and LA Maier. 2011. Exposure and Genetics Increase Risk of Beryllium 
Sensitizalion and Chronic Beryllium Disease in the Nuclear Weapons Industry, Submitted to 
Occupational and Environmental Medicine. Occup Environ Med. 2011 Apr 2. 

SYNERGISTIC ACTIVITIES 

• Extensive experience in retrospective assessment of radiation and chemical exposures for DOE 
contractor populations, including evaluation of monitoring programs, interpretation of data, 
development of assessment methodologies, and publishing reports. 

• Trained and experienced in relatively broad range of health related research and applied activities. 
Readily accepts and responds to difficult/complex problems with realistic and creative approaches 
and methods. 

• Able to maintain and progress under less than optimum conditions or circumstances. 
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• Willing to consider other's perspectives and alternative approaches. 

PROFESSIONAL ASSOCIATIONS 

• American Academy of Industrial Hygiene Diplomatc 

• American Industrial Hygiene Association Member 

• AIHA Tennessee Valley Section Member 

• Panel Member of a number of DOE and NIOSH panels including DOE Comprehensive 
Epide1niologic Data Resources (CEDR) Dosimetry Working Group and NIOSH Workshop on 
Energy-related Epidemiologic Research Agenda (past) 

AWARDS/ACCOMPLISHMENTS 

• Certification in Comprehensive Practice of Industrial Hygiene, American Board of lndustnal 
Hygiene, 1992. 
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DEREK HAGEMEYER 

EDUCATION 

• B.S., Nuclear Engineering, University of Virginia, City, VA 

POSITIONS 

2004~ Present Health Physicist and Team Leader, ORAU, Oak Ridge, l'N 
• Mr. Hagemeyer serves as the project manager and lead analyst for the U.S. Nuclear Regulatory 

Commission (NRC) Radiation Exposure Infonnation and Reporting System (REIRS) contract, which 
involves the management and analysis of radiation exposure records received by the NRC. He is also 
project manager of the DOE central repository for radiation exposure records, which involves the 
collection and analysis of occupational exposure records for all DOE facilities and the developn1ent 
of the DOE annual radiati0n exposure repo11. 

1987-2004, Nuclear Engineer, SAIC, Oak Ridge, TN 

• Mr. Hagcn1eyer served as SAIC's principal investigator and lead analyst for the U.S. Nuclear 
Regulatory Commission (NRC) Radiation Exposure Information and Reporting System (REIRS) and 
the DOE central repository for radiation exposure records. In addition, Mr. Hagemeyer was the 
principal investigator for a contract with a nuclear pharmaceutical supply company. He was involved 
in upgrading and integrating the external and internal dosimetry systems for the company's 
production facility and developing th)Toid monitoring and radioactive material inventory tracking 
systems. 

• Since 1987, Mr. Hagemeyer has managed the collection and analysis of REIRS project radiation 
exposure information collected under 10 CFR Part 20 from NRC licensees. This project involves the 
collection and processing of over 100,000 reports annually and includes trend analysis and production 
of NRC publications concerning these data. Mr. Hagemeyer has managed a staff of over 15 people 
and been involved in all aspects of the contract. He has initiated nun1erous in1provements and 
upgrades to REIRS. He expanded analysis to include licensee rubmittals containing dose information 
by work type and job function, and career dose analysis from infonnation obtained from tennination 
submittals. Ile developed a PC data~entry system and software to assist in the analysis of exposure 
infonnation received fron1 po\ver reactors. Mr. Hagemeyer also managed the conversion of over 2M 
records from NRC licensee's termination submiltals from an ASCII-based Cobol system t(l an Oracle 
relational DBMS running under Windows NT. This conversion involved the restructuring of the 
database, development of procedures for data management, and extensive data verification. /\s a 
result of these improvements, the NRC has on-line access to the data and improved quety capabilities 
over the inten1et. 

• With the revision of 10 CFR Part 20, Mr. Hagemeyer served as the technical lead and manager of a 
project to develop the NRC's Radiation Exposure Monitoring and Infonnation Trans1nit1al (REMIT) 
system, which is designed to assist licensees in gathering, 1nonltoring, and reporting radiation 
exposure information to the NRC. The system calculates dose equivalence from internal intake data. 
It also monitors exposure in excess of regulatory limits based on the new requirements for both 
routine and planned special exposures. The system produces Fonn 4 and Fonn 5 reports in hard copy 
or electronic foimat to meet the specifications for subn1ittal to the NRC. ~1r. Hagemeyer managed the 
upgrade of this software package to the WindO\VS operating system during 1998. 

• Mr. Hagemeyer developed an internet web site for the NRC that allows users to access NRC 
occupational radiation exposure infonna.tion on~Jine. For 2000, he designed and implemented an 
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interactive request form to allow individuals and organizations to request dose histories from the \Veh 
site, He was also involved in a project to develop an interactive web site for the NRC's 
decommissioning rulemaklng process, which allows users to submit comments on the proposed 
rulemaking and share up-to-date information on-line. 

• Mr. Hagemeyer served as project manager for an assessment of DO E's Radiation Exposure Module 
(REM) System that serves as the central repository of radiation exposure infom1ation for all DOE 
facilities. The system is used to collect and analyze radiation exposure infonnation reported under 
DOE Order 231. 1-1 for all DOE entployees, contractorsj and visitors. The task involved analyzing the 
current system specifications and defining requirements to upgrade the system to n1eet the evolving 
needs of DOE's Office of Envirornnent and Health (now HSS). 

• As a follow-on effort to this task, he developed a new system to upgrade the DOE central radiatLon 
exposure repository. The new systetn allowed researchers to access occupational radiation exposure 
data and integrate the data with other DOE worker health information systems. The database design 
involved three week-long workshops involving radiation protection and dosimetry experts fron1 
throughout the DOE Complex. The resulting database system incorporates a database management 
system and a commercial off-the-shelf client-server query tool to facilitate the perfonnance of ad hoc 
queries. In addition, Mr. Hagemeyer led the effort to redesign the DOE annual report on occupational 
exposure information. 

• For NRC's Generic Communications Branch, Mr. Hagemeyer managed the task to upgrade the 
Generic Communications Lndex (GCI). This included categorizing generic letters issued since 1977, 
upgrading the GCJ database and associated software, and converting approximately 1,500 archived 
documents into ASCII text files for use with the NRC's Data General e·mail system. This system 
provides on-line access to all past NRC generic communications. 

PROFESSIONAL ASSOCIATIONS 

• American Youth Soccer Organization (A YSO) An all-volunteer organization. Coach fi·om 1998 to 
2004. Referee from 1999 to present. Also coached fOr the competitive Soccer Club of Oak Ridge 
(SCOR). USSF Referee certification obtained in 2007. 

• Annual National Multiple Sclerosis Society's 150 bike tour to raise funds to fight MS. Participant and 
rider 200 I, 2002. 2003, 2007. 

A WARDS/ACCOMPLISHMENTS 

SAIC Leadership 2000- Protege, 1994 
The SAIC 21st Century Leadership Program is designed to pr-0vide opportunities for qualified and 
molivated individuals to develop leadership skills and realize their potential to contribute to SAIC at the 
highest possible level. It is a year-long fonnal 1nentoring program in which senior level technical and 
administrative leaders mentor proteges. To be considered for the program, employees must demonstrate 
outstanding performance, leadership potential and be nominated by their Group Manager. 

SAIC Executive Science and Technology Committee - Member, 1999 to 2004 
The SAIC Executive Science and Technology Council (ESTC) was established to promote high-quality, 
imaginative technical work and reward distinguished technical accotnplishment; to encourage 
professional career growth outside of the traditional management track; and to develop an organized 
resource of technical expertise to serve in an advisory and mentoring capacity both to the Company and 
to other professional staff. 
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PUBLICATIONS 

• Annual presentations at the National Dosimetry Conference - 1996 to the present. Representing the 
lJ.S. Nuclear Regulatory Commission and the Department of Energy on issues concerning the 
collection and analysis of occupation exposure infonnation and related regulatory matters. 

• "DOE Occupational Radiation Exposure 2005," January 2007. 

• ''DOE Occupational Radiation Exposure 2004," December 2005. 

• "DOE Occupational Radiation Exposure 2003," DOE/EH-0688, November 2004. 

• "DOE Occupational Radiation Exposure 2002," DOE/EH-0675, November 2003. 

• "DOE Occupational Radiation Exposure 2001," DOE/EI·l-0660, December 2002. 

• "DOE Occupational Radiation Exposure 2000," DOE/EH.0267, December 2001. 

• "DOE Occupational Radiation Exposure 1999," DOE/EII~0629, January 200 I. 

• ·'DOE Occupational Radiation Exposure 1998," DOFJEH~0608, December 1999. 

• "DOE Occupational Radiation Exposure 1997," DOE/EH.0575, October 1998. 

• "DOE Occupational Radiation Exposure 1996," DOE/EH-0564, January 1998. 

• "DOE Occupational Radiation F..xposurc Report. 1995," DOE:EI-I-0533, October 1997. 

• "DOE Occupational Radiation Exposure Report, 1992 - 1994," DOE:EH-0533, January 1997. 

• "Occupational Radiation Exposure at Conunercial Nuclear Power Reactors and Other Facilities, 
2005," S. Burrows, D. Hagemeyer, NUREG-0713, VoL 27, November 2006. 

• "Occupational Radiation Exposure at Conunercial Nuclear Power Reactors and Other Facilities, 
2004," S. Burrows, D. Hagemeyer, NUREG-0713, Vol. 26, December 2005. 

• 
1'0ccupational Radiation Exposure at Conunercial Nuclear Power Reactors and Other Facilities, 
2003," S. Burrows, D. Hagemeyer, NUREG#0713, Vol. 25, October 2004. 

• "Occupational Radlation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
2002," S. Burrows, D. Hagemeyer, NUREG-0713, VoL 24, October 2003. 

• "Occupational Radiation Exposure at Con1mercial Nuclear Power Reactors and Other Facilities, 
2001," S. Burrows, D. Hagemeyer, NUREG-0713, VoL 23, September2002. · 

• "Occupational Radiation Exposure at Cotnmercial Nuclear Power Reactors and Other Facilities, 
2000," S. Burrows, D. Hagemeyer, NUREG-0713, VoL 22, September 2001. 

• "Occupational Radiation Exposure at Co1umercial Nuclear Power Reactors and Other Facilities, 
1999," If, Karagiannis, D, Hagemeyer. NUREG-0713, Vol. 21, October 2000. 

• "Occupational Radiation Exposure at Co111mercial Nuclear Power Reactors and Other Facilities, 
1998," M. I,. Thomas, D. l.Jagemeyer, NUREG-0713, VoL 20, November 1999. 

• "Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
1997." M. L. Thomas, D. 1-Iageineyer, NUREG-0713, Vol. 19, Nove1nber 1998. 

• "Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
1996," M. L. Thomas, D. Hagemeyer, NUREG-0713, Vol. 18, February 1998. 

• "Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
1995," M. L Thomas, D. Hagemeyer, NUREG-0713, Vol. 17, January 1997. 
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• "Occupational Radiation Exposure at Conunercial Nuclear Po\ver Reactors and Other Facllities, 
1994," M. L Thomas, D. Hagemeyer, NUREG-0713, Vol. 16, January 1996. 

• "Occupational Radiation Exposure at Conunercial Nuclear Power Reactors and Other Facilities, 
1993," M. L. Thomas, D. Hagemeyer, NUREG-0713, Vol. 15, December 1994. 

• "Experience with REIRS for the Revised 10 CFR 20", presentation at the .i\.nnual Dosimetry 
Conference in Orlando, Florida, 1994. 

• "Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
1992." C.T. Raddatz, D. Hagemeyer, NUREG-0713, Vol. 14, December 1993. 

• "Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
199] ," C.T. Raddatz, D. Hagemeyer, NUREG-0713, Vol. 13, July 1993. 

• "Radiation Exposure Monitoring and Infonnation Transn1ittal (REMJT) System," R. Cale, T. Clark, 
P. Dixson, D. Hagemeyer, NUREG CR-6050, SAIC-93'13 I 0-01, June l 993. 

• "Occupational Radiation Exposure at Commercial Nuclear Powei' Reactors and Other Facilities, 
1990," C.T. Raddatz, D. Hagemeyer, NUREG·0713, Vol. 12, January 1993. 

• "Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
1989," C.T. Raddatz, D. Hagemeyer, NUREG-0713, Vol. I!, April 1992. 

• "Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
1988," C.T. Raddatz, D. Hagemeyer, NUREG-0713, Vol. 10, July 1991. 

• 
11Generic Communications Index, Listings of Communications, 1971~t989," D. Hagemeyer, H. 
Towle, NUREGCR-4690. Vol 1, May 1991. 

• "Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
1987," B.G. Brooks, D. llagemeyer, NUREG~0713, Vol. 9, Novernber 1990. 

• "Occupational Radiation Exposure at Commercial Nuclear Power Reactors and Other Facilities, 
1986," B.G. Brooks, D. Hagemeyer, NUREG-0713, Vol. 8, Aogust 1989. 
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NANCY M. DAUGHERTY, M.S., CHP 

EDUCATION 

• M.B.A., Business Administration, University of Phoenlx, l 985 
• M.S., Radiation Health (Health Physics), 1975 
• B.A., English, University of!\1aryland, 1968 

REI ATED EXPERI£NCE 
Oak Ridge Associated Universities, Quality Assurance Manager 2002Mprescnt 
• Manage project external QA review program, staff, and budget for the Departrnent of Defense, 

Defense Threat Reduction Agency, Nuclear Test Personnel Review Program. 
• Provide external, third~party QA reviews ofNTPR radiation dose assess1nents and RDA technical and 

guidance docurnents, and develop Lessons Learned and other QA reports for process improvement 
and conununications support for the Veterans' Advisory Board on Dose Reconstruction. 

• Develop annual summary reports for the Nuclear ReguJatory Commission on nuclear power plant 
effluent releases and radiation dose to the public. 

• Provided technical support to the International Atomic Energy Agency for development of guidance 
docurnentation on intermediate phase radiological emergency response (on temporary leave from 
ORAU). 

• Developed and implemented a radiation dose reconstruction project Quality Management Syste1n, as 
documented in a QA Program Plan, for the National Institute for Occupational Safety and Health 

• Developed QA procedures, associated fonns, and records system. 
• Conducted comprehensive, documented internal assessment program, including assessment plans, 

result reports, corrective action plans, and verification and validation of completion of corrective 
actions. 

• Coordinated and supported project response to NIOSH external assessments and provided 
documented verification and validation of completion of corrective actions. 

• Established and irnplemented a project administrative document QA review process to assure 
consistency among project procedures and inclusion of appropriate QA requirements and activities 

• Established and implemented project training for quality self-assessment. 

Life Scientist (Health Physicist) 1999-2002 
• Developed program protocol and supporting documentation for the Fonner Radiation Worker Medical 

Surveillance Program for Rocky Flats to include: identifying participant candidates; providing niedical 
exanlinations, lung and wound counts and urine bioassays; conducdng historical site records reviews; 
perfonning participant interviews and internal dose re-evaluations; providing for medical and radiation 
dosimetty data rnanagement and evaluation; and ensuring confonnance with the Privacy Act and the 
Freedom of Information Act and with requirements for human subjects research. 

• Provided health physics support for implementation of the progran1 protocol described above. 
• Served as the Quality Assurance coordinator for the DOE Rocky Flats site Neutron Dose Reconstruction 

Project, developing supporting QA docu1nentation and forrns and providing QA oversight of technician 
staff for the project. 

Colorado Department of Public Health and Environment 1996~ 1999 
• Managed licensing, inspection, and enforce111ent of radioactive materials licenses for assigned licensees, 

to include both occupational and environmental radiation protection activities and records. 
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Private Practice, Consulting Health Physicist 1995-1996 
• Developed health and safety documentation incorporating radiological and non-radiological hazards 

protection. 
• Developed application for NRC license termination of uranium clean-up site. 

Wood\\·ard Clyde Federal Programs, Sr. Project Scientist/Corporate Health Physh:i~t 1994-1995 
• Provided health physics oversight for both company and client personnel, including procedures 

development, radiation and hazardous tnaterials training, risk assessment, and document review and 
development. 

Rocky Flats Environmental Technology Site 1982-1994 
(Rockwell Internatjonal, 1982-1989; EG&G Rocky FJats, 1990-1994), Environmental Health 
Physicist 
• Served as the lead environmental health physicist for the site's radiation protection program, for offsite 

dose assessment and emergency response, for public and governmental agency intetface and education 
regarding environmental issues, and for coordination of occupational and environment.al radiation 
protection activities at the site. 

ALARA, Inc., Health Physicist 1981-1982 
• Provided occupational and environmental radiation safety 1nonitoring, auditing, and training to clients. 

Pennsylvania State University, Associate Health Physicist l 975-1981 
• Provided occupational and environmental radiation and contamination monitoring, dose assessnlcnt, 

training, research project review and oversight, radioactive materials inventory control, radioactive waste 
management and shipment, and program documentation for a large research universily with 
approximately 200 laboratories using radioactive materials, as well as clinical and analytical x ray 
machines. 

PROFESSIONAL AFFILIATIONS 

• Plenary Member, l·Iealth Physics Society (HPS), 1976-present 
• Member, American Academy of Health Physics (AAHP) 
• Certified Health Physicist (CHP), 1981 ·present 
• Member, Health Physics Society Environmental Section 
• As.:.ociale Member, Conference of Radiation Control Program Directors, 1996-1999 
• Men1ber, CentraJ Rocky Mountain Chapter of the HPS, 1981-present 



RICH LEGGETT 
Environmental Sciences Division 
Oak Ridge National Laboratory 

Richard W. Leggett is a research scientist in the Environmental Sciences Division at Oak Ridge 
National Laboratory (ORNL). He received his Ph.D. in mathematics from the University of Kentucky 
1n 1972 and taught mathematics at the Ruhr University in Bochum, Germany, and the University of 
Tennessee before joining the Health Physics Division at ORNL in 1976. His main research interest 
is in physiological systems modeling, with primary applications to the biokinetics and dosimetry of 
rad1onucl1des and radiation risk analysis. He is a member of Committee 2 of the International 
Commission on Radiological Protection (ICRP) and the ICRP Task Group on Internal Dosimetry 
(INDOS). His physiological systems models of the human circulation, skeleton, and gastrointestinal 
transfer and his systemic biokinetic models for numerous elements are used by the ICRP as 
dosimetry and bioassay models. He is tl1e author of ICRP Publication 70, Basic Anatomical and 
Physiological Data for Use in Radiological Protection: The Skeleton and co-author of a number of 
other ICRP reports including the series of documents on doses to members of the public from 
intake of radionuclides i1989· 1996), the updated Reference Man document (2002), and the Hurnan 
Alimentary Tract Model (2006). He has authored overt 00 open literature publications and in 1995 
was named ORNL Author of the Year for the paper, "An age-specific kinetic model of Pb 
metabolism in humans." 

EDUCATION 

Union University, Jackson, TN, BS, 1967 
University of Kentucky, Lexington, KY, MS (Mathematics), 1969 
University of Kentucky, Lexington, KY, PhD (Mathematics), 1972 

PROFESSIONAL EXPERIENCE 

1972-t974: Scientific Coworker, Ruhr University, Bocl1urn, Germany 

1974-1976: Assistant Professor, Department of Mathematics, University of Tennessee 

1976-2007: Research Scientist, Oak Ridge National Laboratory: Health Physics Division, 
Health and Safety Research Division, Life Sciences Division, Environmental Sciences 
Division 

2007-present: Distinguished Scientist, Oak Ridge National Laboratory: Environmental 
Sciences Division 

AWARDS 

Martin Marietta Energy Systems Author of the Year, 1995 
ORNL Life Sciences Division Career Achievements Award, 2004 
ORNL Significant Achievement Awards: 1986, 1989, t 994, 2002 
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COMMITTEES 

International Commission on Radiological Protection (ICRP): 
Committee 2 - Doses from Radiation Exposure, 2009-present 
Task Group on Dose Calculations (corresponding member), 1985-present 
Task Group on Age-Dependent Dosimetry (AGDOS), 1987-1993 
Task Group on Internal Dosimetry (INDOS), 1993-present 
Task Group on Reference Man, 1990-2002 
Task Group on the Human Alimentary Tract, 1998-2007 

National Council on Radiation Protection and Measurements (NCRP): 
Council Member, 1998-2004; Consoc1ate Member, 2004-present 
Committee on Dosimetry and Metabolism of Radionuclides, 1992-1998 
Comrr1ittee on Reliability of Biokinetic and Dosirnetric Models, 1992~1998 
Committee on Management of Persons Contaminated with Radionuclides, 2004-2010 
Committee on Uncertainties in Internal Radiation Dosimetry (Advisor), 2005-2011 

SELECTED PUBLICATIONS 

R. W. Leggett. A biokinetic model for manganese. Sci. Total Environ. 409:4179-4186: 2011. 

R. W. Leggett. The biokinetics of ruthenium in the human body. Radiat. Prat. Dosim. (in press). 

R. W. Leggett. A phys1ological systems model for iodine for use in radiation protection. 
Radiation Research 174: 496-5t6 (2010). 

R. W. Leggett. Dosimetry and case studies for selected radionuclides. Chapter 20 in: 
Management of persons contaminated with radionuclides, NCRP report 161, National Council on 
Radiation Protection and Measurements, Bethesda, MD. pp. 482-78t, 2009. 

R. W. Leggett. The biokinetics of inorganic cobalt in the human body. Science of the Total 
Environment 389:259-269; 2008. 

J. D. Harrison, R. W. Leggett, A. Phipps, B. Scott. Polonium-210 as a poison. J. Radial. Prat. 
27:17-40: 2007. 

R. W. Leggett, J. D. Harrison, A. Phipps. Reliability of the ICRP's dose coefficients for members 
of the public: IV. Basis of the human alimentary tract model and uncertainties in model 
predictions. Radiation Protection Dosimetry 123: 156-170: 2007. 

R. W. Leggett. B1okinetics of uranium in the human body. Chapter 10 in: "Depleted Uranium", 
edited by A. Miller. CRC Press, Boca Raton, FL. 2007, pp. 163-181. 

R. W. Leggett, K. F. Eckerman, V. F. Khokhryakov, K. G. Suslova, M. C. Krahenbul1I, S. C. 
Miller. Mayak worker study: An improved biokinetic model for reconstructing doses from 
internally deposited plutonium. Radiat. Res. 164:111-122; 2005. 

R. W. Leggett, K. F. Eckerman, J. D. Boice. A respiratory model for uranium aluminide based on 
occupational data. J. Radial. Prat. 25:1-t2; 2005. 
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R. W. Leggett. A biokinetic model for carbon dioxide and bicarbonate. Radiation Protection 
Dosimetry 108:203-213; 2004. 

R. W. Leggett. Reliability of the I CR P's dose coefficients for members of the public. 
Ill. Plutonium as a case study of uncertainties in the systemic biokinet1cs of radionuclides. 
Radiation Protection Dosimetry 106:103·120: 2003. 

R. W. Leggett, L. R. Williams, D. R. Melo, J. L. Lipsztein. A physiologically based biokinetic 
rr1odel for cesiurn in the hun1an body. Science of the Total Environrnent 317:235-255; 2003. 

R. W. Leggett and T. C. Pell mar. The biokinetics of uraniom migrating from embedded DU 
fragments. Journal of Environmental Radioactivity 64:205·225; 2003. 

R. W. Leggett. Consistent biokinetic models for the actinide elements. Rad. Prot. Env. 24:616· 
622; 2001. 

R. W. Leggett. Reliability of the ICRP's dose coefficients for members of the public. 1. Sources 
of uncertainty 1n the biokinetic models. Radiation Protection Dosimetry 95:199-213; 2001. 

R. W. Leggett and K. F. Eckern1an. A systernic biokinetic rnodel for poloniurn. Science of the 
Total Environment 275:109· 125; 2001. 

R. W. Leggett, J.C. Barton, K. F. Eckerman. Mathematical models of metal metabolism in 
hemochromatosis. In: J.C. Barton and C. Q. Edwards, eds. Hemochromatosis. New York: 
Cambridge University Press; 2000. 

R. W. Leggett, A. Bouville, K. F. Eckerman. Reliability of the ICRP's systemic biok1netic models. 
Rad1at. Prot. Dosim. 79:335·342: 1998. 

R. W. Leggett. Basis and implications of the ICRP's new biokinetic model for thorium. Health 
Physics 73:587-600; 1997. 

R. W. Leggett. A 1nodel of the distribution and retention of tungsten in the human body. Science 
of the Total Environment 206:147-165; 1997. 

R. W. Leggett. ICRP Publication 70: Basic anatomical and physiological data for use 1n 
radiological protection: The skeleton. Oxford: Pergamon Press; 1995. 

R. W. Leggett and L. R. Williams. A proposed blood circulation model for Reference Man. 
Health Physics 69:187·201: 1995. 

R. W. Leggett and J. D. Harrison. Fractional absorption of ingested uraniurn in hurnans. Health 
Physics 68:484-498; 1995 

R. W. Leggett. Basis for the ICRP's age-specific biokinetic model for uranium. Health Physics 
67:589-610: 1994. 

R. W. Leggett and K. F. Eckerman, Evolution of the ICRP's biokinetic models, Radiation 
Protection Dosimetry 53:147·155; 1994. 

3 

TnKklllg Numbc1: UkANTI09'12/44 Pagi:: Nnmh~r 214 S01Ju1aiion /\umber: OL:-1·0/\-00()()600 R~cc1v~d Dnt~: JU/Tl/?011 IU 



R. W. Leggett, An age-specific kinetic model of lead metabolism in humans, Environmental 
Health Perspectives 101 :598-616: 1993. 

R. W. Leggett, K. F. Eckerman, L. R. Williams, An elementary method for implementing complex 
biok1net1c models, Health Physics 64:260-278: 1993. 

R. W, Leggett, A generic age-specific biok1netic model for calcium-like elements, Radiation 
Protection Dosimetry 41:183·198; 1992. 

R. W. Leggett, Fractional absorption of ingested barium to blood in adult humans, Health 
Physics 62:556-561: 1992, 

R. W. Leggett, A retention-excretion model for americium in humans, Health Physics 62:288-
310; 1992. 

R. W. Leggett and L. R. Williams, Suggested reference values for regional blood volumes in 
humans, Health Physics 60, 1991, 139-154. 

R. W. Leggett, The behavior and chemical toxicity of uranium in the kidney: a reassessment, 
Health Physics 57, 1989, 365·383, 

R. W. Leggett and L. R. Williams, A biokinetic model for rubidium in humans, Health Physics 55, 
1988, 685-702. 

R, W, Leggett and K, F, Eckerman, A method for estimating the systemic burden of Pu from 
urinalyses, Health Physics 52, 1987, 337-346. 

R. W, Leggett, M, Cristy, and K. F, Eckerman, A comprehensive approach to age-dependent 
dosimetric modeling. In: Developments in Nuclear Medicine, Age-related factors in 
radionuclide metabolism and dosimetry. Proceedings of a workshop held in Angers, France, 
Nov. 26-28, 1986; 261-270. 

R. W. Leggett, Predicting the retention of cesium in individuals, Health Phys. 50, 747-759, 1986. 

R. W. Leggett and L. R. Williams, A model for the kinetics of potassium in healthy humans, 
Phys, Med. Biol, 31, 23-42, 1986, 

R. W. Leggett, A model of the retention, translocation, and excretion of systemic plutonium, 
Health Phys. 49, 1115-1137, 1985. 

R. W. Leggett, D. E. Dunning, Jr., and K. F. Eckerman, Modelling the behaviour of chains of 
radionuclides inside the body, Radial. Prot. Dosim. 9, 77-91, 1984. 

R. W. Leggett and D. J. Crawford~Brown, The role of age in human suscept1bil1ty to radiation, 
Sci. Prog,, Oxford 68, 227-258, 1983. 

R. W. Leggett, K. F. Eckerman, and L. R. Williams, Strontium-90 in bone: A case study in 
age-dependent dosimetric modeling, Healt11 Phys. 43, 307-322, 1982. 

R. W. Leggett and D. J. Crawford, A method for projecting age,specific mortality rates for certain 
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causes of death, Risk Analysis 1, 205-215, 1981. 

R, W, Leggett and L, R. Williams, A reliability index for models, Ecological Modelling 13, 
303-312, 1981. 

R. W. Leggett and L. R. Williams, A fixed point theorem with application to an infectious disease 
model, J. Math, Anal. Appl. 76, 91-97, 1980, 

R. W. Leggett, H. W. Dickson, and F. F. Haywood, A statistical methodology for radiological 
surveying, Proceedings of the IAEA Symposium on Advances in Radiation Protection 
Monitoring (Stockholm, June 1978), IAEA-SM-229/103, Vienna, 541-554, 1979, 

R. W. Leggett, A new approach to the H-equation of Chandrasekhar, Society for Industrial and 
Applied Mathematics, J. Math. Anal. 7, 542-550, 1977. 
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Principal lnve$tiga\or1Program Director (L;;ist, firsr. middle)" Boice, John D .. Jr. 

BIOGRAPHICAL SKETCH 

NAME I POSITION TITLE 

Keith F. Eckerman Senior Scientist 
EDUCATIQN,TRAINING 

'' ·~~·~· '~"'" /\~Ir\ I DEGREE VO•D''' ''" ' "v 

U Wisconsin·Platteville BS 1962 Mathematics/Chemistry 
Marquette University; Milwaukee, WI MS 1967 Physics 

Northwestern U; Evanston, IL Ph.D. 1972 Radiological Physics 

EXPERIENCE 
1962-1966: Instructor of mathematics, physics, and chemistry at Warren High School in Warren, IL. 

1966-1967: 

1967-1970: 

1960-1972: 

1972-1974: 

1974-1978: 

1979-

Attended NSF Program at Marquette University during summers of 1964-1966. 
Academic year at Oak Ridge Institute of Nuclear Studies, sponsored by the Atomic Energy 
Commission. Research was carried out using accelerators at U. of Georgia and Oak Ridge 
National Laboratory for MS degree at Marquette U. 
Graduate student in Radiological Health in Civil Engineering Dept., Northwestern U. Part-time 
employment as physicist at Evanston Hospital. 
Guest Fellow and AUA-ANL Fellow, Radiological Physics Division of Argonne National 
Laboratory. 
Environmental Scientist with Environmental Statement Project at Argonne National Laboratory, 
Argonne, IL. In Sept. 1973 on loan from ANL to AEC-Regulatory in Washington DC. 
Senior Radiological Physicists, U.S. Nuclear Regulatory Commission. Responsible for the 
developing mathematical models to estimate environmental impact of nuclear fuel cycle 
facilities. 
Dosimetry Research Team, Environmental Science Division, Oak Ridge National Laboratory. 
Responsible for directing research in radiation protection and radiological health risks. 

HONORS AND AWARDS 
Patent: Temperature measurement device #3,869,918 issued 3/11/75. 
NRC Special Achievement Award (1977) 
DOE Award - Operation Ivory Purpose (1980) 
1995 Distinguished Sc1ent1tic Achievement Award- Health Physics Society 
2001 Loevinger-Berman Award - Soc. of Nuclear Medicine 

ADVISORY COMMITTEE MEMBERSHIPS 
International Commission on Radiological Protection: 

Member, Committee 2 on Secondary Limits, 1982· present 
Chairman, Task Group on Dose Calculations, 1982~present 
Member of various other task groups and working parties 
National Council on Radiation Protection and Measurements 
Member of Council, 1990- present 

PUBLICATIONS (Selected) 
K.F Eckerman and JC. Ryman. External Exposure to Radionuclides in Air, Water, and Soil, Federal Guidance 
Report No. 12 EPA-402-R-93-081 (1993). 
K.F. Eckerman, R.W. Leggett, C.B. Nelson, J.S. Puskin, and A.C.B. Richardson. Ilea/th Risks from Low-Level 
Environmental Exposure to Radionuclides, Federal Guidance Report No. 13. EPA-402-R97-014 (1998). 

D.A. Weber, K.F. Eckerman, L.T. Dillman, and J.C. Ryman, MIRD: Radionuclide Data and Decay Schemes, 
Society of Nuclear Medicine, New York, NY. 1989. 
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Priricipal lnvestigator:Program Director (Lasr. first, middle): BDice. John D., Jr 

R.W. Leggett, K.F. Eckerman, and L.R. Williams, ''An Elementary Method for Implementing Complex Biokinetic 
Models," Health Phys. 64(3) :260-271, 1993. 

A. Bouville, K. Eckerman, W. Griffith, 0. Hoffrr1an, R. Leggett, and J. Stubbs. "Evaluating the Reliability of 
Biokinetic and Dosi metric Models and Parameters used to Assess Individual Doses for Risk Assessment 
Purposes," Rad. Prat. Dosi. 53(1-4): 211-215, 1994 

R.W. Leggett and K.F. Eckerman, "Evolu1ion of 1he ICRP's Biokine1ic Models," Rad. Prat. Dosi. 53(1 ·4): 147· 
155, 1994. 

A.V. Ulanosvsky and K.F. Eckerman. "Absorbed Frac1ions for Electron and Photon Emissions in the 
Developing Thyroid: Fetus to Five Year Old," Rad. Prat Dosi. 79(1 ):419-424, 1997. 

R.W. Leggett, A. Bouville, and K.F. Eckerman. "Reliability of ICRP's Systemic Biokinetic Models," Rad. Prat. 
Dosi. 79(1):335-342, 1997. 

A.V. Ulanosvsky and K.F. Eckerman. "Modifica1ion of the ORNL Phantom Series in Simulation of the 
Responses of Thyroid Detectors." Rad. Prat. Dosi. 79(1): 429-431, 1997 

N.B. Munro and K.F. Eckerman. "Impacts of Physiological Changes during Pregnancy on Maternal Biokinetic 
Modelling," Rad. Pro/. Dosi. 79(1):327-333, 1997. 

K.F. Eckerman, "Dosimetry of Ingested Radon and its Associated Risks," 1n Risk Assessment of Radon in 
Drinking Water, National Research Council, Washington, DC, 1999. 
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A. Personal Statement 

I am an experienced epidemiologist with research interests in nutrition, biomarkers, genetic factors, and 
the risk of cancer and cardiovascular disease. as well as the design and conduct of epidemiologic 
studies. I oversee the administrative and scientific aspects of the ongoing Physicians' Health Study, a 
large randomized clinical trial and cancer epidemiology cohort. My research will greatly complement 
and enhance efforts for the One Million Worker Study to further establish and harmonize these unique, 
well-characterized, and clinically relevant cohorts of US workers and veterans who were exposed to 
radiation and have sufficient long-term follow-up to yield critically needed findings on major disease 
endpoints that will have major public health implications. As there are significant methodological and 
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establishment of the harmonized cohort infrastructure, acquisition of data. and take an active role in the 
interpretation of study results and writing of manuscripts. 
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N/A Sesso (Pl) 12/19/08-12/18/11 
Cambridge Theranostics Ltd 
Trial of Ateronon for Carotid Atherosclerosis and Biomarkers in Patients with Stable Coronary Heart 
Disease 

The primary objectives of this randomized. double-blind, placebo-controlled trial is to test whether 7 mg of 
Ateronon''", a lycopene supplement, taken daily for 12 months among men and women aged ~50 years 
with a history of coronary heart disease may lead to favorable changes in carotid artery intima-media 
thickness, as well as improvements in the levels of biomarkers of oxidative stress (oxidized LDL and 
malondialdehyde) and endothelial dysfunction (E-selectin and van Willebrand factor). 

5 R01 CA124908-03 Fuchs (Pl) 05/23/08-08/31/12 
Prospective Cohort Collaborative in Pancreatic Cancer Epidemiology and Pathogenesis 

This project will extend findings by pooling several large prospective cohort studies with extensive banked 
dietary data and biospecimens, including the Physicians' Health Study. Three inter-related pathogenic 
pathways will be exan1ined in relation to pancreatic cancer incidence as well as specific molecular 
alterations in pancreatic cancer specimens: 1) energy balance, insulin and insulin-like growth factor 
signaling, 2) inflammation, and 3) vitamin D-related pathways. Role: Pl (Subcontract) 

5 R01 CA127532-02 Perera (Pl) 01108/08- 12/31/12 
Molecular Epidemiology and Lung Cancer: A Nested Case-Control Study 

The objective of this study is to determine the relationships between adducts, p53 mutation, and risk of 
developing lung cancer, and to assess patterns of protein expression as biomarkers of early lung cancer 
detection by calculating their sensitivity and specificity. These parameters will be assessed under 
different circumstances of histology, stage of disease, smoking status, length of follow-up and treatment in 
the Physicians' Health Study. Role: Pl (Subcontract) 

1 R01CA136578-01 Mucci (Pl) 03/03/09 - 01/31 /14 
Sex Hormones and the TMPRSS2: ERG Fusion in Prostate Cancer Progression 

The recent identification of a common novel translocation in prostate cancer, the TMPRSS2:ERG fusion, 
may help explain the heterogeneity of this disease. This study seeks to explore the role of the 
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TMPRSS2:ERG translocation in PCa progression within the Physicians' Health Study and Health 
Professionals Follow-up Study among men with PCa, and to understand whether genetic factors, 
hormones or lifestyle factors interact with the fusion to impact cancer mortality, Role: Pl (Subcontract) 

R21 DK081141 Sesso(PI) 07/20/09-04/19/12 
Physical Activity and Diet in the Prevention of Obesity in Men and Women 

In responding to PA-06-256 (Exploratory/Developmental Clinical Research Grants in Obesity), we seek to 
develop incidenl obesity as an endpoint within two large existing prospective cohort sludies, the Harvard 
Alumni Health Study and the Women's Health Study. We will then examine initially non-obese men and 
women free of cardiovascular disease to see whether physical inactivity or particular dietary factors are 
associated with an increased risk of becoming obese or greater increases in body weight during long-term 
follow-up. 

R03 CA130068 Lee (Pl) 07/01/09-06/30/11 
Physical Activity and Survival in Cancer Patients 

This proposal seeks to provide information on whether physical activity is associated with lower all-cause 
and cancer mortality rates among 1,683 men (mean age, 67 years) with a history of physician-diagnosed 
cancer in the Harvard Alumni Health Study, Role: Co-I 

N/A Sesso(PI) 10/13/09 10/12/12 
Cambridge Theranostics Ltd 
Atheroabzymes and the Risk of Cardiovascular Disease in PHS 

This trial will evaluate the role of Atheroabzymes as a predictor of cardiovascular disease in a nested 
case-control study in the Physicians' Health Study cohort. 

R01 HL 102122 Sesso (Pl) 02/04/11 -11/30/15 
Effect of Vitamin D and Omega-3 Fatty Acids on Blood Pressure and Hypertension 

This proposal will test in a large-scale, long-term randomized trial whether taking vitamin Dor fish oil 
supplements results in 2-year improvements in ambulatory blood pressure in 1,000 participants from the 
VITAL trial, and whether these supplements prevent the development of hypertension in the overall VITAL 
trial. 

HHSN261201000693P 
NIH I NCI 

Sesso (Pl) 

Rare Cancer Pooling Project 

09/27 /10 ~ 09/26/11 

The objective of this project is to obtain stored, pre-diagnostic blood samples from the liver cancer cases 
and male breast cancer cases and controls in the Physicians' Health Study and Women's Health Study to 
examine serologic factors related to each cancer as part of the National Cancer Institute Cohort 
Consortium Rare Cancer Pooling Project 
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20 Sep!.::n1b.::r 2011 

BRIEF RESUME 

Nante: /\ndre Bou ville 

l)ate and Pht('e of Birth: 12 June 1939; Toulouse, France 

Citizenship: Llnitcd States 

Marital Status: Man-ied, 1966: two children 

Addresses: 

(office) 

(hon1c) 

Education: 

National Cancer In~titute, NIH, DHHS 
I)ivision of Cancer Epide1niulogy and Genetics. 
Radiation Epidemiology Branch 
6120 Executive Boulevard. Room EPS~7094 
Bethesda. MD 20892 
Phone: (301) 594-7655 
Fax: (301) 402-5484 
E~n1ail: bouvilla@n1ail.nih.gov 
16401 Henry Drive 
Gaithersburg, MD 20877 
Phone: (301) 330-878 l 
E~1nail: ABouville(iilanl.con1 

1960 B.S. (eq.) (Physics): Universite Paul-Sabatier, Toulouse. France 
1963 M.A. (eq,) (Nuclear Physics); \Jniversite Paul-Sabatier, France 
1970 Ph.D. (eq.) (Physics); Universit6 Paul-Sabatier, Toulouse, France 

Military Service: French Air Force, 1966-1967 

Brief (;hronology of Employment: 

1962--1965 
1965-1966 

1966-1970 
1970-1972 

1972-1974 

1974-1979 

1979-1982 

1982-1984 

1984-1992 

.i\ssistant Professor, LTniversitC- Paul·Sabatier. Toulouse, France 
Visiting Scienti~t, National Aunospheric and Oceanic Ad1ninistration (NOAA), Air 
Resources Laboratory, Silver Spring, MD 20910 
Assistant Professor, LlniversitC Paul-Sabatier, Toulouse, France 
Scientific Secretary, United Nations Scientific Co1n1nittee on the Effects of Ato1nic 
Radiation (UNSCEAR), New York, NY 
Physicist, Division of Sanitary Protection, French Aton1ic Energy Con1tnissio11, 
Fontenay~aux ~Roses.France 

Group Chief, Division of Sanitary Protection, French Ato1nic Energy Co1n1nission, 
F'on ten a y-aux -R oses,f<rance 
Division Deputy Director, Division of Protection Studies, Institute of Protection and 
Nuclear Safety, f'ontenay~aux~Roses,France 
Assistant to the Director of Protection. Institute of Protection and Nuclear Safety, 
Fontenay-aux-Roses,France 
Expert, Nation.al In:..titutes of Health (NIH), National Cancer Institute (NCI), 
l)ivision of c:ancer E<~tlnlogy, Radiation E:ffects Branch 
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1992-1999 Senior Radiation Physicist, NIH, NCI, Division of Cancer Etiology, Radiation 
Effects Branch 

1999-2010 Senior Radiation Physicist, NIH, NCI, Division of Cancer Epide1niology and 
Genetics, Radiation Epiderniology Branch 

201 lwprcscnt Partwtirnc consultant, NIH, NCI, Division of Cancer Epidcn1iology and Genetics. 
Radiation Epidetniology Branch 

Professional Atliliations: 

French Society of Radiation Protection 
Health Physics Society 

Honors and Committee Service: 

2008-prcscnt 
1989-2009 

1993-2010 

1998-200 l 

19932001 

1973-2000 

1989-1991 

1984 
2003 
2003 
2011 

Me1nber, Editorial Advisory Council or the f{adiation Protection and Environment 
journal 
Mc1nhcr, Senior Advisory Board, Chernobyl Tissue Bank 
Mernber, Corrnnittee 2 of the International Cornrnission on Radiological Protection 
(ICRP) 
Council Men1ber. National Council on Radiation Protection and Measuren1ents 
(NCRP) 
Men1her, Scientific Advisory Co1nn1ittee of the International Consortiutn for 
Research on the Health Effects of Radiation (!CRHER) 
Me1nber, International Co1nmission on Radiation Units (JCRlJ) Comn1ittee on 
retrospective dose assess1nent 
Men1ber, Con11nittee on an i\ssei1s1nent of CDC (Centers for Disease Control and 
Prevention) Radiation Studies of the Nation.al Research (~ouncil 
Consultant, United Nations Scientific Con1n1ittee on the Effects of Aton1ic Radiation 
(UNSCEARJ 
Group Leader, International Chernobyl Project. International .i\to1nic Energy 
Agency (IAEA) 
Chevalier, Ordre des Palmes Acade1niques, F'rance 
Lifetline Associate, National Acadcn1les 
Presidential Rank Meritorial Award 
Distinguished En1eritus Council Men1ber. National Council on Radiation Protei.:tion 
and Measure1nents (NCRP) 

Research Interest: Radiation Dosin1etry 

Recent Publications: 

l. Lee C, Kim KP, Long D. Fisher R, Tien C. Si1non SL, Bou ville A, Bolch \VE. Organ <loses for 
rt:ference adult n1ale and ren1alt: undergoing con1puted ton1ography estin1ated by 1'1onte Carlo 
si1nulations. Med Phys 38: 1196~ 1206, 2011. 

2. Kukush A, ShJ..Jyar S, Masiuk S. Likhtarov I, Kovgan L, Carroll RJ, Bouville A. Mt:thods for 
Estin1ation of Radiation Ri::.k in Epidemiological Studies Accounting for Classical and Berkson 
Errors in Doses_ Int J Biostat 7(1):Article 15, 2011. 
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3. Brenner AV, Tronko MD, Hatch M, Bogdanova TI, Oliynik VA, Lubin JH, Zablotska LB, 
Tereschenko VP, McConnell RJ, Zarnotaeva GA, ()'Kane P, Bou ville AC. Chaykovskaya LV, 
Greenebaum E, Pai.ter IP, Shpak VM, Ron E. 1-131 dose response for incident thyroid cancers 
in Ukraine related to the Chornobyl accident. Environ Health Perspect 119:933-939, 2011. 

4. Hatch M, Furuka\va K, Brenner ,A,, Olinjyk V, Ron E, Z.ahlotska L,, Terekhnva G, McConnell R, 
Markov V, Shpak V, Ostroumova E, Bou ville A, Tronko !vL Prevalence of hyperthyroidism 
after exposure during childhood or adolescence to radioiodines fron1 the chornobyl nuclear 
accident: dose-response results fron1 the Ukrainian-An1erican Cohort Study. Radiat Res 
174:763-772, 2010. 

5. Zablotska LB. Ron E, Rozhko AV, Hatch M, Polyanskaya ON, Brenner AV, Lubin J, Romanov 
GN, t\1cConncll RJ, ()'Kane P, Evsccnko VV, Drozdovitch VV, Luckyanov N, Mincnko VF, 
Bouville A, Masyakin VB. Thyroid cancer risk in Belarus a111ong children and adolescents 
exposed to radioiodine after the Chornobyl accident. Ilr J Cancer l 04: 181-187. 2011 . 

6. Drozdovitch V, Schonfeld S, Akimzhanov K, Aldyngurov D, Land CE, Luckyanov N, Mabuchi 
K, Potischn1an N, Schwerin MJ, Sernenova Y, 'f'okaeva A, Zhurna<lilov Z, Bouville A, Sin1011 
SL. Behavior and food consu1nption pattern of the population exposed in 1949~ 1962 to fallout 
fron1 Se1nipalatinsk nuclear test site in Kazakhstan, Radiat Environ Biophys 50:91-103, 2011, 

7. Skryabin AM, Drozdovirch V, Belsky)', L,eshcheva SV, Mlrkhaidarov AK, VoillequC P, 
Luckyanov N, Bouville A. Thyroid nlass in children and adolescents living in the most exposed 
areas to Chernobyl fallout in Belarus. Radiat Prot Dosi1netry 142:292-299, 2010. 

8. Ibrahin1 SA, Si1non SL. Bou ville A. Melo D, Beck HL. i\limentary tract absorption (fl values) 
for radionuclides in local and regional rail out from nuclear tests. Health Phys 99:233-251, 20 l 0. 

9. Beck HL, Bouville A, rvtoroz BE, Simon SL. Fallout deposition in the Marshall Islands from 
Bikini and Enevvetak nuclear weapons tests. Health Phys 99: 124-142. 2010. 

l 0. Drozdovitch V. Khrouch V, Maceika E, Zvonova I, \ 1lasov 0, Bratilova A. Gavrilin Y, Goulko 
G, Hoshl M, Kes1niniene A, Shinkarev S, Tenet V, Cardis E, Bouville l\. Reconstru(:tion of 
radiation doses in <i case-control study of thyroid cancer following the Chernobyl accident. 
Health Phy> 99:1-16, 2010. 

I I. Sholon1 S, Desrosiers M, (~hu1nak V, Luckyanov N, Simon SL, Bouville A. UV effects in tooth 
enan1el and their possible application in EPR dosi1netry V11ith front teeth. Health Phys 98:360-
368, 2010. 

I 2. Silnon SL, Bouville A, Kleinennan R. Current use and future needs of biodosiinetry in studies 
of long~ter1n health risk following radiation exposure. Health Phys 98: 109-117. 2010. 

13. Chumak VV, Romanenko AY, \'oilleque PG, Bakhanova EV, Gudzenko N, Hatch M, 
Zablotska LB, Golovanov IA, Luckyanov NK. Sholon1 SY, Kryuchkov VP, Bouville A. The 
Ukrainian~Atne.rican study of leuken1ia and related disorders arnong Chornobyl cleanup 
workeri> fron1 lT.kraine: IL Esti1nation or bone nlatTO\v doses. Radial Res 170:698-7 l 0, 2008. 
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Principal lnve$tigator1Program Direc\()r (L.ast, First. Middle): Boice, John 0., Jr. 

NAME 

John E. Till 

eRA COMMONS USER NAME 

BIOGRAPHICAL SKETCH 

POSITION TITLE 

President 

EDUCATION/TRAINING (Begin with baccalaureate or other m1tial professwnal educatwn, such as nursing, and mclude postdoctoral training.) 

INSTITUTION AND LOCATION DEGREE 
---------------------------------- _______ f!L9PE!(i;_?_gf~J __ _ 

YEAR(sJ FIELD OF STUDY 

U.S. Naval Academy, Annapolis, MD BS 1967 
1972 
1976 

Engineering 
Colorado State University, Fort Collins, CO MS Health Physics 

Nuclear Enqineerinq Georqia Institute of Technoloov, Atlanta, GA PhD 

A. Positions and Honors. 

Professional Experience 
1971-1972 Research Assistant, Colorado State University, Fort Collins, CO 
1973-197 4 Research Assistant, Georgia Institute of Technology, Atlanta, GA 
1973-1974 Consultant, Allied-General Nuclear Services, Barnwell, SC 
1974-1977 Research Associate. Oak Ridge National Laboratory, Oak Ridge, TN 
1977-present Pres1denVOwner, Embeford Farm, Neeses, SC 
1977-present President/Owner, Risk Assessrnent Corporation, Neeses, SC 

Miiitary 
1967-t 971 
1971-t999 
1999 

Military Awards: 

Officer, U.S. Navy, Nuclear Submarine Force (active duty) 
Officer, U.S. Navy Reserve (reserve duty) 
Retired, Rear Admiral USNR 

National Defense Service Medal, 1964; Navy Achievement Medal, 197t; Naval Reserve 
Service Medal, 1979: Navy Commendation Medal, 1984, 1987: Meritorious Service Medal, 
1990; 1994; Legion of Merit, 1994; National Defense Medal, 1999 

Honors and Awards 
1983 Recipient. Elda E. Anderson Award, Health Physics Society 
1984-2003 Elected Member, National Council on Radiation Protection and Measurements 
1985 t 995 Adjunct Professor of Physics, Emory University, Atlanta, GA 
1986-1987 lJ.S. Environmental Protection Agency: Chairman, Radiation Advisory Committee, Science 

1987-1989 
1988-1989 

1988-1994 
1992-1993 

1994-2000 

1995 
1997-2006 
2001-2003 

2003-present 

Advisory Board; Member, Executive Committee Science Advisory Board 
Chairman, South Carolina Governor's Nuclear Advisory Council 
Member, National Academy of Sciences Committee to Provide Interim Oversight of the 
Departn1ent of Energy Nuclear Weapons Complex 
Chairman, Technical Steering Panel, Hanford Dose Reconstruction Project 
Chairman, Advisory Panel "Managing Nuclear Materials from Warheads: Weapons 
Dismantlement and Its Aftermath," U.S. Congress Office of Technology Assessment 
Member, National Academy of Sciences "Advisory Committee to Study the Mortality of 
Military Personnel Present at Atn1ospheric Tests of Nuclear Weapons" 
Recipient, E. 0. Lawrence Award, U.S. Department of Energy 
Elected Member, International Commission on Radiological Protection 
Chairman, National Academy of Sciences Committee "A Review of the Dose Reconstruction 
Program of the Defense Threat Reduction Agency" 
Distinguished Emeritus Member, National Council on Radiation Protection and 
Measurements 
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Principal lnve$tigator1Program Direc\()r (L.ast, First. Middle): Boice, John D., Jr. 

Other Experience and Professional Memberships 
1982-1994 Chairman, Task Group Six on Developing Screening Models for Evaluating Releases of 

1985-2002 

1989-1994 
1993-1995 

1993-1995 

1994-2000 

1995 

1995-1997 

2001-2003 

2003 

Radionuclides to the Environment, National Council on Radiation Protection and 
Measurements 
Member, National Council on Radiation Protection and Measurements Scientific Committee 
on Environrnental Radioactivity 
Board of Directors, National Council on Radiation Protection and Measurements 
Member, "Mortality of Military Personnel Present at Atmospl1eric Tests of Nuclear 
Weapons," National Academy of Sciences 
Chairman, Dosimetry Working Group "Mortality of Military Personnel Present at Atmospheric 
Tests of Nuclear Weapons," National Academy of Sciences 
Chairman, Scientific Committee on Dose Reconstruction, National Council on Radiation 
Protection and Measurements 
Program Chairman, "Environmental Dose Reconstruction and Risk Implications," National 
Council on Radiation Protection and Measurements Annual Meeting 
Scientific Review Group, U.S. Department of Energy, Joint Coordinating Committee for 
Radiation Effects Research 
Chairman, National Academy of Sciences Committee to Review the Dose Reconstruction 
Program of the Defense Threat Reduction Agency 
Chairman, Program Committee for Annual Meeting of the National Council on Radiation 
Protection and Measurements, "Radiation Protection at the Beginning of the 21st Century~ 
A Look Forward" 

Professional Society Memberships 
Health Physics Society 
Society for Risk Analysis 
Society of Exposure Science and Environmental Epidemiology 
An1erican Nuclear Society 

B. Selected Peer-Reviewed Publications. (selected from over 180 articles) 

1. Till JE. A comparison of environmentally released recycle 232U fuel and LMFBR plutonium fuel. In: 
Radioecology and Energy Resources (Cushing CE Jr, ed). New York: Dowden, Hutchinson & Ross, Inc., 
t 976. 

2. Till JE, Parzyck DC, An evaluation of operational exposures which could result from potential 
environmental releases of 232U and daughters. Proceedings Ninth Midyear Topical Symposium on 
Operational Health Physics, Denver, CO, February, t 976. 

3. Etnier EL, Till JE. Significance of incorporating age-dependent data into population dose estimates. 
Health!'bvsir;:s 37:774-7, t979. 

4. Kocher DC, Till JE. lodine-t29 dose to the world population from the nuclear power industry_ Trans Am 
Nuc Soc, November 12-16, t979, 

5. Meyer HR, Till JE, Bomar ES, Bond WD, Morse LE, Tennery VJ, Yalcintas MG. Radiological impact of 
thorium mining and milling, Nuclear Safety 20(3), 1979. 

6. Meyer HR, Little CA, Witherspoon JP, Till JE_ A comparison of potential radiological impacts of 233U and 
239 Pu fuel cycles. Trans Am Nuc Soc, November t 2-t 6, t 979. 

7. Till JE, Meyer HR, Tennery VJ, Bomar ES, Yalcintas MG, Morse LE, Bond WD. Reprocessing nuclear 
fuels of the future: a radiological assessment of advanced (Th, U)C fuels. Nuclear Technology 48 (1), 
t 980. 

8. Till JE, Etnier EL, Meyer HR. A review of rnethodologies for calculating dose rrorn environrnental 
releases of tritium. Nu_clef!L;l_afe!Y 22(2), 1981. 
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9. Till JE. Special case radionuclides. In: Radiological Assessment. U.S. Nuclear Regulatory Commission. 
NUREGICR-3332, 1983. 

10. Schiager KJ, Bair WJ, Carter MW, Hull AP, Till JE. De minim is environmental radiation levels: concepts 
and consequences. Health Physics 50:569-79, 1986. 

11. Meinhold CB, Emma L, Jacobs DG, Templeton WL, Tiii JE. Guidelines for the release of waste water 
frorn nuclear facilities with special reference to the public health significance of the proposed release of 
treated waste waters at Three Mile Island. NCRP Commentary No. 4. Bethesda, MD: National Council on 
Radiation Protection, 1987. 

·12. Till JE, Moore RE. A pathway analysis approach for determining acceptable levels of contamination of 
radionuclides in soil. Health Physics 55:541-8, 1988. 

13. Stevens W, Tiii JE, Thomas DC, Lyon JL, Kerber RA. A historical dose reconstruction and epidemiologic 
study of leukemia in lJtah residents exposed to fallout. Proceedings Health Physics Society Topical 
.$.Y!.!.!P.9..~J.i.!.!TI .. QD ... l;!JY.]!.QD.!TI.~.QJ@.L.!3.gQJ.gJJ.Q.Q ... 9.Q.Q .. E.w.Q!!~ .. E.QJj~y, Las Vegas, NV, October 23~25. Mclean, VA: 
Health Physics Society, 1990. 

14. Till JE. Reconstructing historical exposures to the public from environmental sources. Radiation 
Protection Today - The NCRP at 60 Years. Proceedings of the 25th Annual Meeting of the NCRP, April 1. 
Bethesda, MD: National Council on Radiation Protection and Measurements, 1990. 

15. Lloyd RD, Simon SL, Till JE, Hawthorne HA, Gren DC, Rallison ML, Stevens W. Development of a 
method to estimate dose from fallout radioiodine in a thyroid cohort study. Health Physics 59:669-91, 
1990. 

16. Lloyd RD, Gren DC, Simon SL, Wrenn ME, Hawthorne HA, Stevens W, Till JE, Lotz TM. Individual 
external exposures frorn Nevada test site fallout for leuketnia cases and controls. Health Physics 59:723-
37, 1990. 

17. Stevens W, Thomas DC, Lyon JL, Till JE, Kerber RA, Simon SL, Lloyd RD, Elghany NA, Preston-Martin 
S. Leukemia in Utah and radioactive fallout from the Nevada test site: a case-control study. JAMA 
264:585-91, 1990. 

18. Till JE The Hanford Environmental Dose Reconstruction Project PI.9.!<.e.e\ILnlls . .l::le.9.11.b .. !'.bY.sL!<.s .. S.o<;ie)Y 
Topical Symposium on Environmental Radiation and Public Policy, Las Vegas, NV, October 23-25. 
Mclean, VA: Health Physics Society, 1990. 

19. Kerber RA, Till JE, Simon SL, Lyon JL, Thomas DC, Preston-Martin S, Rallison, ML, Lloyd RD, Stevens 
W. A cohort study of thyroid disease in relation to fallout from nuclear weapons testing. JAMA 270:2076-
82, 1993. 

20. Simon SL. Till JE, Lloyd RD, Kerber R, Thomas DC, Preston-Martin S, Stevens W. The Utah Leukemia 
Case-Control Study: dosimetry, methodology and results. Health Physics 68:460-71, 1995. 

21. Till JE, Simon SL, Kerber R, Lloyd RD, Stevens W, Thomas DC, Lyon JL, Preston-Martin S. The Utah 
Thyroid Cohort Study: analysis of the dosimetry results. Health Physics 68:472-83, 1995. 

22. Till JE, Hoffman FO, Schiager KJ, Taschner J. Letter report of the dose assessment working group. 
committee to study the mortality of military personnel present at atmospheric tests of nuclear weapons. 
Washington, DC: National Academy of Sciences, 1995. 

23. Meyer KP, Voilleque PG, Schmidt DW, Rope SK, Killough GG, Shleien B, Moore RE, Case MJ, Till JE. 
Overview of the Fernald dosimetry reconstruction project and source term estimates for 1951~1988. 
Health Physics 71 :425-37, 1996. 

24. Till JE (ed). Proceedings Thirty First Annual Meeting of the National Council on Radiation Protection and 
Measurements INCRPI, Washington DC, April 12-13, 1995. Bethesda, MD: National Council on 
Radiation Protection, 1997. 

25. Till JE. A 1993 report on reconstruction of environrnental exposures and uncertainties in support of 
epidemiological studies related to low-dose radiation. Stem Cells 15:(Suppl 2):87-94, 1997 

26. Till JE. Environmental dose reconstruction. Proceedings Thirty First Annual Meeting of the National 
Council on Radiation Protection and Measurements INCRPI, Washington, DC, April 12-13, 1995. 
Bethesda, MD: National Council on Radiation Protection, 1997. 

27. Till JE. Keynote address. Proceedings of the First Annual University of Washington Conference on the 
"'<;:0LolJi<;:\!l"--Q.0_111_111_y_n_i!Y .. \!rntO.Viu.R\!lio.n.aLH.e\!l1h..l§§Ye.s .. \!LH.<!n.f.o.r.d.. D ecem be r 3, 1 99 7. Se att 1 e, w A: 
University of Washington Press, 1998. 
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28. McGavran PD, Rood AS, Till JE. Chronic beryllium disease and cancer risk estimates with uncertainty tor 
beryllium released to the air frorn t11e Rocky Flats Plant. Environ Health Perspect 107:731-44, 1999. 

29. Rood AS, Killough GG, Till JE. Evaluation of atmospheric transport models for use in phase II of the 
historical public exposures studies at the Rocky Flats Plant. Risk Analysis 19:559·576, 1999. 

30. Till JE, Killough GG, Meyer KR, Sinclair WS, Voilleque PG, Rope SK, Case MJ. The Fernald Dosimetry 
Reconstruction Project. Technology 7:270 ·95, 2000. 

31. Till JE, Meyer KR. Public involvement in science and decision-making. Health Physics 80:370-9, 2001. 
32. Rood AS, McGavran PD, Aanenson JW, Till JE. Stochastic estimates of exposure and cancer risk from 

carbon tetrachloride released to the air from the Rocky Flats Plant. Risk Analysis 21 :675-95, 2001. 
33. Rood AS, Grogan HA, Till JE. A model for a comprehensive assessment of exposure and lifetime cancer 

incidence risk from plutonium released from the Rocky Flats Plant, 1953-1989. Heal1h Physics 82:182· 
212, 2002. 

34. Till JE, Rood AS, Voilleque PG, McGavran PD, Meyer KR, Grogan HG, Sinclair WK, Aanenson JW, 
Meyer HR, Rope SK, Case MJ. Risk to the public from historical releases of radionuclides and chemicals 
at 1he Rocky Flats Nuclear Weapons Plant. J Expo Anal Environ Epidemiol 12:355· 72, 2002. 

35. Till JE, Beck, HL, Brad WJ, Gesell TF, Hoel DG, Kearsley EE, Kocher DC, Moreno JK, Weinberg CR, 
Douple EB, Al~Nabulsi I. A Review of the Dose Reconstruction Prograrn of the Defense Threat Reduction 
Agency. Washington, DC: National Academy Press, 2003. 

36. Mohler HJ, Meyer KR, Grogan HA, Aanenson JW, Tiii JE. Application of NCRP air screening fac1ors for 
evaluating both routine and episodic radionuclide releases to the atmosphere. Health Physics 86:135-44, 
2004. 

37. Till JE, Killough GG, Meyer KR, Aanenson JW, Rood AS. Technical basis and public process for deriving 
cleanup levels at Rocky Flats. Proceedings Workshop on Solutions to Security Concerns about 
Radioactive Legacy of the Cold War that Remain in Urban Environments, International Institute for 
Applied System Analysis at Vanderbilt University, Nashville, TN, November 14-16, 2004. 

38. Till JE. ICRP's new report on the individual: assessing dose of the representative individual for the 
purpose of radiation protection of the public. P..r.Q9.~S1Q.i.0.9!?. .. Qf..1b.~ .. ~.Z1b .. A.tJJJ.l.J.9:!..N.;;i1[Q.tJ.~J ... C.Q.tJf~r.~.tJ~~ .. Q.IJ 
Radiation Con1rol Program Direc1ors, Inc., Kansas Ci1y, MO, April 25·28, 2005. 

39. Till JE, McBaugh D. Practical and scientifically based approaches for cleanup and site restoration. l·lealth 
Physics 89:583·8, 2005. 

40. Till JE, Grogan HA. Applied modeling and compu1a1ion in nuclear science; the foundation for risk 
assessment and decision making. In: Applied Modeling and Computations in Nuclear Science. Oxford 
University Press, 2006. 

41. Grogan HA, Aanenson JW, McGavran PD, Meyer KR, Mohler SS, Mohler HJ, Rocco JR, Wilson, LH, Till 
JE. Applied modeling of the Cerro Grande Fire at Los Alamos: an independent analysis of exposure, 
health risk, and communication with the public. In: Applied Modeling and Computations in Nuclear 
Science. Oxford University Press, 2006. 

42. Till JE, Grogan, HA., eds. Radiological Risk Assessment and Environmental Analysis. Oxford University 
Press, New York. 2008. 

43. Till JE. The Radiological Assessment Process. Chapter 1 in Radiological Risk Assessment and 
Environmental Analysis. Oxford University Press, New York. 2008. 

44. Rood AS, Voilleque PG, Rope SK, Grogan HG, Tiii JE. Recons1ruction of a1mosphenc concen1rations 
and deposition of uraniu1n and decay products released from the former uranium mill at Uravan, Colorado. 
J Environ Radioact 99:1258·78, 2008. 

45. Tiii JE, HA Grogan, HJ Mohler, JR Rocco, SS Mohler. RACER: An ln1egrated Approach to Data 
Managernent, Risk Assessrr1ent, and Decision Making. Health Physics (in press). 

46. Mohler HJ HA Grogan, JR Rocco. RF Keifer, and JE Till. RACER: Dynamic Use of Environmental 
Measurement Data for Decision Making and Communication. Operational Radiation Safety (1n press). 
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BIOGRAPHICAL SKETCH 

NAME POSITION TITLE 

Harold L. Beck Consultant 
-,R_A_c_o_M_M_O_N_s_u_s_ER-NA_M_E------------< Radiation Dosimetry and Dose Reconstruction 

EDUCATION/TRAINING 

INSTITUTION AND LOCATION DEGREE 
---------------------------------- _______ f!L9PE!(i;_?_gf~J __ _ 

University of M1am1, Miami, FL BS 

YEAR(sJ 

1960 
1960-62 

FIELD OF STUDY 

Physics/Mathematics 
Physics Cornell University, Ithaca, NY 

A. Positions and Honors. 

Professional Experience 
1962-62 Technical intern, U.S. Atomic Energy Commission, Washington, D.C. 
1963-88 Physicist, lJ.S. Atomic Energy Com1nission/Energy Research and Development 

1988-96 
1991-96 

1996-99 

1999-

Administration/U.S. Department of Energy, Environmental Measurements Laboratory, New 
York, NY 
Director, Instrumentation Division. Environmental Measurements Laboratory, New York, NY 
Acting Deputy Director, U.S. Department of Energy, Environmental Measurements Laboratory, 
New York, NY 
Director, Environmental Sciences Division, Environmental Measurements Laboratory, New 
York, NY 
Private consultant 

Honors and Awards 
1988 U.S. Department of Energy Meritorious Service Award 
1992 Elected Fellow of Health Physics Society 
2004 Elected Distinguished Emeritus Member, National Council on Radiation Protection and 

Measurements 

Other Experience !Selected) and Proiess1onal Membersi11p 
1979-1984 Scientific Advisor to the DOE Offsite Radiation Exposure Review Project 

1990- 1998 

1992-2004 
1996-2003 

1999 
1999-2002 

2000 

2000-2002 

2000-2003 

2001 

(ORE RP)( Reconstruction of Doses to Downwinders) 
U.S. Delegate to the International Electrotechnical Commission's (IEC) Scientific Committee 
458 on Radiation Protection Instrumentation 
Council Member, National Council on Radiation Protection and Measurements 
Scientific Vice president of the National Council on Radiation Protection and Measurements 
(NCRP) for Radiation Measurement and Chair of NCRP Scientific Committee 93 on Radiation 
Measurement 
Consultant to UNSCEAR for 2000 report 
Member of the NAS/NRC Committee to Review the Dosimetry for the Radiation Effects 
Research Foundation Study of the Effects of the Hiroshima/Nagasaki Explosions 
Consultant to NAS/NRC Review Committee of "Hanford Thyroid Disease Study Draft Final 
Report" 
Consultant to NCI for DHHS feasibility study of the health consequences to the American 
population from nuclear weapons tests conducted by the United States and other nations 
Member of the NAS/NRC Committee to Review the Dose Reconstruction Program of the 
Defense Threat Reduction Agency (DTRA) 
Chair of NCRP 2001 Annual Meeting Program Committee on "Fallout from Atmospheric 
Nuclear Tests-lrnpact on Science and Society" 
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2002-2003 Member of Joint USA-Japan Senior Advisory Committee to review the new 2002 Dose System 
for evaluating doses to survivors of the Hiroshima-Nagasaki nuclear blasts 

2002-present Consultant to National Cancer Institute for development of Joint US-FSU methodology for 
reconstruction of doses from fallout fro111 weapons testing, other fallout-related studies 

2004-2005 Member, Board on Radiation Effects Research (BRER), National Academy of 
Sciences/National Research Council (NAS/NRC) 

2004-2007 Chair, National Council on Radiation Protection and Measurements SC-6-1 on Uncertainty in 
External Radiation Measurements and Dosimetry 

2005-2006 Member, Nuclear and Radiation Studies Board, National Academy of Sciences/National 
Research Council (NAS/NRC) 

2005-present Member, U.S. Scientific Review Group, Department of Energy Russian Health Studies 
Program 

2005-present Veteran's Advisory Board on Dose Reconstruction, Defense Threat Reduction Agency, 
Department of Defense, Board Member (reappointed yearly) 

2006wpresent Member, NCRP Professional Area Committee·6- Radiation Measurements and Dosimetry 
2011-present Member, National Academy of Sciences/National Research Council (NAS/NRC) Committee on 

Analysis of Cancer Risks in Populations near Nuclear Facilities-Phase 1 

Member of the American Association for the Advancement of Science and the American Nuclear Society 
Fellow of the Health Physics Society 

B. Selected Peer-Reviewed Publications. 

t. Lowder WM, Beck HL, Condon WJ. Field spectrometry of environmental gamma radiation. TID-7696. 
ORO Rep 147:101-10, 1963. 

2. Beck HL, Condon WJ, Lowder WM. Environmental radiation measurements in the southeastern central 
and western United States, 1962-1963. HASL-145. HASL Rep 31 :1-32, t 964. 

3. Lowder WM, Beck HL, Condon WJ. Spectrometric determination of dose rates from natural and fall-out 
gamma-radiation in the United States, 1962-1963. Nature 202:745-9, 1964. 

4. Beck HL, Condon WJ, Lowder WM. Spectrometric techniques for measuring environmental gamma 
radiation. HASL-150. HASL Rep 58:1-71, 1964. 

5. Beck HL, Lowder WM, Bennet1 BG, Condon WJ. Further studies of external environmen1al radiation. 
HASL-170. HASL Rep Feb:1-49, 1966. 

6. Beck HL. Environmental gamma radiation from deposited fission products 1960-1964. Health Phys 
12:313-22, 1966. 

7. Beck HL, Bennett BG, McGraw TF. External radiation levels on Bikini Atoll - May, 1967. HASL-190. HASL 
Rep Dec:1-79, 1967. 

8. Bennett B, Beck HL. External radiation on Bikini Atoll. Nature 223:925-8, 1969. 
9. Gudiksen P, Jones DE. Beck HL, Mclaughlin JE; Stuart TP; Lynch OD. External dose estimates tor future 

inhabitants of Enewetok Atoll. Nature 257:284-7, 1975. 
10. Beck HL, Spectral composition of the gamma-ray exposure rate due to noble gases released during a 

reactor accident. Health Phys 43:335-43, 1982. 
11. Beck HL, Krey PW. Radiation exposure in Utah from Nevada nuclear tests. Science 220:18-24, 1983. 
12. Beck HL, de Planque G. Dose rate conversion factors. Health Phys 49:1015-6, 1985. 
13. Beck HL, Helfer IK, Bouville A, Dreicer M. Estimates of fallout in the Continental U.S. from Nevada 

weapons testing based on gummed-film monitoring data. Health Phys 59:565-76, 1990. 
14. Bouville A, Dreicer M, Beck HL, Hoecker WH, Wachholz BW. Models of radioiodine transport to 

populations within the continental U.S. Health Phys 59:659-68, 1990. 
15. Bouv1lle A, Beck HL. The HASL gummed-film network and its use in the reconstruction of doses resulting 

from nuclear weapons tests. Technology 7:355-79, 2000. 
16. Beck HL, Bennett BG. Historical overview of atmospheric nuclear weapons testing and estimates at 

fallout In the Continental U.S. Health Phys 82:591-608, 2002. 
17. Beck HL. Preface to special issue of Health Physics, Proceedings of 37th Annual Meeting of the NCRP: 

"Fallout from Atmospheric Nuclear Tests-Impact on Science and Society." Health Phys 82. 2002. 
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18. Bouv1lle A. Miller C, Beck HL, Anspaugh L, Simon S. Estimates of doses from global fallout. Health Phys 
82:690-705, 2002. 

19. Simon SL, Bouville A. Beck HL. The geographic distribution of radionuclide deposition across the 
continental US from atmospl1eric nuclear testing, J Environ Radioactivity 74:91-105, 2004. 

20. Hoffman FO, Anspaugh LR, Apostoaei Al, Beck HL, Bouville A, Napier B, Simon SL. Credibility of 
uncertainty analyses for 1311 pathway assessrnents. Health Phys 86:536··9, 2004. 

21. Beck HL, Anspaugh LR, Bouv1lle A, Simon SL Review of methods of dose estimation for epidemiological 
studies of the radiological Impact of Nevada test site and global fallout. Radiat Res 166:209-18, 2006. 

22. Simon SL, Beck HL. Gordeev K, Bouville A. Anspaugh LR, Land CE, Luckyanov N, Shinkarev S. External 
Dose estimates for Dolon Village: Application of the U.S./Russian Joint Methodology. J Radiat Res:47, 
Suppl., A143-7, 2006. 

23. Land CE, Zhumadilov Z, Gusev Bl, Hartshorne MH, Wiest PW, Woodward PW, Cooks IA, Luckyanov NK, 
Fillmore CM, Carr Z, Abisheva G, Beck HL, Bouville A, Langer J, Weinstock R, Gordeev Kl, Shinkarev S, 
Simon SL. Ultrasound-detected thyroid nodule prevalence and radiation dose from fallout. Radiat Res 
169:373-83, 2008. 

24. Beck HL (Chairman), Brady LA, Cummings FM, Kase KR, Seltzer SM, Simon SL, Soares CG, Yoder RG. 
Uncertainties in the Measurernent and Dosin1etry of External Radiation. NCRP Report No. 158, Bethesda, 
MD: NCRP, 546 pp, 2008. 

25. Beck, Harold L.,Bouv1lle A., Simon SL Fallout deposition in the Marshall Islands from Bikini and 
Enewetak Nuclear Weapons Tests. Health Phys 99:124-142, 2010. 

26. Simon SL, Bouville A, Land C and Beck HL, Radiation doses and cancer risks in the Marshall Islands 
associated with exposure to radioactive fallout fron1 Bikini and Enewetak nuclear weapons lests:Summary. 
Health Phys 99:105-123, 2010_ 

C. Research Support 

None 
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Prin(.ipal Investigator/Program Dire\:tor (l.ast, First, Middle): Boice, John D., Jr. 

BIOGRAPHICAL SKETCH 

NAME POSITION TITLE 

Paul G. Voilleque President 
~,R-A-r-;o_M_M_O_N_s_u_s_ER-NA-M-,-. ----------~ MJP Risk Assessment, Inc. 

EDUCATION/TRAINING 

INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY 
(if ann/fcable) 

University of Colorado, Boulder, CO BA 1961 Physics 
University of Colorado, Boulder, CO Mas. Basic Science 1965 Phys., Chem.,Biol. 
l!Diy.,rs1ty0 f ~19bigan, !Inn l\r1J0r,~I MS 1966 ........ §ny1r j11tb[FladioLL ...................... 

A. Positions and Honors. 

Professional Experience 
1967· 75 Health Physicist and Chief of Environmental Studies Section, Atomic Energy Con1mission 

(later, Energy Research and Development Administration) 
1975~90 Principal Investigator, Science Applications International Corporation (and Science 

Applications, Inc.), Nuclear Environmental Services Division 
1990· President and Founder, MJP Risk Assessment, Inc., Denver, CO 
2005~present Member, Veteran's Advisory Board on Dose Reconstruction, Defense Threat Reduction 

Agency, Department of Defense, Board Member (reappointed yearly) 

Honors and Awards 
1957 -61 Boettcl1er Foundation Scholarship 
1965-67 AEC Health Physics Fellowship 
1994 Fellow, Health Physics Society 

B. Selected Peer~Reviewed Publications. (selected from over 70 articles) 

1. Voilleque PG. Calculation of organ and tissue burdens and doses resulting from an acute exposure to a 
radioactive aerosol using the ICRP Task Group report on the human respiratory tract. ID0-12067, IDO 
&m June:1-44, 1968. 

2. Voilleque PG. AERIN, a code for acute aerosol inhalation exposure calculations. Health Phys 19:427-32, 
1970. 

3. Voilleque PG, Adams DR, Echo JB. Transfer of krypton-85 from air to grass. Health Phys t 9:835, 1970. 
4. Adams DR, Voilleque PG. Effects of stomata! opening on the transfer of 131 12 from air to grass. Health 

Phys 21 :771 -5, 1971. 
5. Pelletier CA, Voilleque PG. The behavior of cesium- 137 and other fallout rad1onuclides on a Michigan 

dairy farm. Health Phys 21 :777 -92, 1971. 
6. Voilleque PG. Calculatio not expected urinary and fecal excretion patterns using the ICRP Task Group 

report on the human respiratory tract In: Willis CA, Handloser JS (eds). Health Physics Operational 
Monitoring. New York: Gordon and Breach Science Publishers, pp 773-808, 1972. 

7. Moss BR, Voilleque PG, Moody EL, Adams DR. Pelletier CA, Hoss D. Effects of feeding sudangrass on 
iodine metabolism of lactating dairy cows. J Dairy Sci 55:1487-91, 1972. 

8, Voilleque PG, Pelletier CA. Comparison of external irradiation and consumption of cows' milk as critical 
pathways for 117Cs, 54Mn, and 144Ce~Pr released to the atmosphere. Health Phys 27:189-99, 1974. 

9 Vollleque PG, Fix JJ Transfer of airborne krypton-85 to vegetation. In: Stanley RE, Mogh1ss1 AA (eds). 
Noble gases. Las Vegas, NV: U.S. Environmental Protection Agency, 1984. 

10. Voilleque PG, Keller JH. Air-to-vegetation transport of 131 1 as hypoiodous acid (HOI). Health Phys 40•91 -
4, 1981. 

11. Vollleque PG, Pavlick RA. Societal cost of radiation exposure. Health Phys 43:405-9, 1982. 
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12. Voilleque PG. Computer code for quantitative ALARA evaluations. In: Kathren RL, Hibgy DP, McKinney 
MA (Eds). Computer Applications in Health Physics. Richland, WA: Columbia Chapter, Health Physics 
Society, 1984. 

13. Voilleque PG. Fission product behavior. In: Toth LM, Malinauskas AP, E1dam GR, Burton HM (eds). The 
Three Mile Island Accident, Diagnosis and Prognosis. Washington, DC: American Chemical Society, 
1986. 

14. Mis FJ, Warren SB, Harrison MC, Voilleque PG. Particle size distributions for airborne radionuclides in 
Ginna steatn generator work environments. Health Phys 56:233-8, 1989. 

·1 s. Voilleque PG. Measurements of radioiodine species in samples of pressurized water reactor coolant. 
Nucl Tech 90:23-33, 1990. 

16. Meyer KR, Vollleque PG, Schmidt DW, Rope SK, Killough GG, Shleien B, Moore RE, Case MJ, Till JE. 
Overview of the Fernald disometry reconstruction project and source term estimates for 1951-1988. 
He!llthPhYs 71:425-37,1996. 

17. Killough GG, Rope SK, Shleien B, Vollleque PG. Nonlinear estimation of weathering rate parameters for 
uranium in surface soil near a nuclear facility. J Environ Radioactivity 45:95-118, 1999. 

18. Grogan HA, Sinclair WK, Voilleque PG. Risks of fatal cancer from inhalation of plutonium-239,240 by 
humans: a combined four-rnethod approach with uncertainty evaluation. Health Phys 80:447 ~471, 2001, 

19. Till JE, Rood AS. Voilleque PG, McGavran PD, Meyer KR, Grogan HA, Sinclair WK, Aanenson JW, 
Meyer HR, Mohler HJ, Rope SK, Case MJ. Risks to the public from historical releases of radionuclides 
and chemicals at the Rocky Flats Environmental Technology Site. J Exposure Analysis and Environmental 
Epidemiology 12:355-72, 2002. 

20. Stepanenko VF, Gavrilin YI, Snykov BP, Shevcl1uk VE, Giiksu HY. Voilleque PG, Orlov MY. Elevated 
exposure rates under inclined birch trees indicate the occurrence of rainfall during radioactive fallout from 
Chernobyl. Health Plws 82:240-3. 2002. 

21. Balonov M, Kaidanovsky G, Zvonova I, Kovtun A, Bouv1lle A, Luchyanov N, Voilleque PG. Contributions 
of short-lived radioiodines to thyroid doses received by evacuees frorn the Chernobyl area estirnated using 
early in vivo activity measurements. B.i!\Jio.1..Prn.1..Qos 105:593-9. 2003 

22. Stepanenko VF, Vollleque PG, Gavrilin YI, Khrouch VT, Shinkarev SM, Orlov MY, Kondrashov AE, Petin 
DV, laskova EK, Tsyb AF. Estimating individual thyroid doses for a case-control study of childhood thyroid 
cancer 1n Bryansk Obi asst, Russia. Radial Prot Dos 108:143-160. 2004. 

23. Gavrilin Y, Khrouch V, Shinkarev S. Drozdovitch V, Minenko V, Shem1akina E. Ulanovsky A, Bouville A, 
Anspaugh L. Voilleque PG. Luckyanov N. Individual thyroid dose estimation for a case-control stud¥ of 
Chernobyl-related thyroid cancer amon~ children of Belarus - part 1: 131 1, short-lived radioiodines (1 3 I, 133 1, 
'"I), and radiotelluriums ('"mTe and" Te). Health Phys 86:565-85, 2004. 

24. Stezhko VA. Buglova EE, Danilova LI, Drozd VM, Krysenko NA, Lesnikova NR, Minenko VF, Ostapenko 
VA, Petrenko SV, Polyanskaya ON, Rzheutski VA, Tronko MD, Bobylyova 00, Bogdanova Tl, Ephstein 
OV, Kairo IA, Kostin OV, Likhtarev IA, Markov VV, Oliynik VA, Shpak VM, Tereshchenko VP, Zamotayeva 
GA, Beebe GW, Bouville AC, Brill AB, Burch JD, Fink DJ, Greenebaum E. Howe GR. Luckyanov NK, 
Masnyk IJ, McConnell RJ, Robbins J, Thomas TL, Voilleque PG, Zablotska LB, Chernobyl Thyroid 
Diseases Study Group of Belarus; Chornobyl Thyroid Diseases Study Group of Ukraine, Chornobyl 
Thyroid Diseases Study Group of the USA. A cohort study of thyroid cancer and other thyroid diseases 
after the Chernobyl accident: objectives, design. and methods. Rad Res 161 :481-92, 2004. 

25. Davis S, Stepanenko V. Rivkind N, Kopecky K. Voilleque PG, Shakhtarin V, Parshkov E, Kulikov S. 
Lushnikov E, Abrosimov A, Troshin V, Romanova G, Doroschenko V, Proshin A, Tsyb A. Risk of thyroid 
cancer in the Bryansk Oblast of the Russian Federation after the Chernobyl power station accident. Radiat 
Res 162:241-8. 2004. 

26. Likhtarov I. Kovgan L, Vavilov S, Chepurny M, Bouville A, Luckyanov N, Jacob P. Vollleque PG. Voigt G 
Post-Chernobyl thyroid cancers in Ukraine. Report 1: estimation of thyroid doses. Radial Res 163:125-36, 
2005. 

27. International Consortium for Research on the Health Effects of Radiation Writing Committee and Study 
Team, Davis S, Day RW, Kopecky KJ, Mahoney MC, McCarthy PL. Michalek AM. Moysich KB, Onstad 
LE, Stepanenko VF. Vollleque PG, Chegerova T, Falkner K. Kulikov S, Maslova E. Ostapenko V, R1vk1nd 
N, Shevchuk v. Tsyb AF. Childhood leukaemia in Belarus. Russia, and Ukraine tollowing the Chernobyl 
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power station accident: results from an international collaborative population-based case-control study. Int 
J Epidemiol 35:386-96, 2006. 

28. Tronko MD, Howe GR, Bogdanova TL Bouville AC, Epstein OV, Brill AB, Likhtarev IA, Fink DJ, Markov 
VV, Greenebaum E, Olijynk VA, Masnyk IJ, Shpak VM, McConnell RJ, Tereshchenko VP, Robbins J, 
Zvinchuk OV, Zablotska LB, Hatch M, Luckyanov NM, Ron E, Thomas TL, Vollleque PG, Beebe GW. A 
cohort study of thyroid cancer and other thyroid diseases after the Chernobyl accident: thyroid cancer in 
Ukraine detected during first screening. JNCI 98:987-903, 2006 

26. Minenko VF, Ulanovsky AV, Drozdovitch VV, Shemiankina EV, Gavrilin YI, Khrouch VT, Shinkarev SM, 
Voilleque PG, Bouville A. Anspaugh LR, Luckyanov N. Individual thyroid dose estimation for a case­
control study of Chernobyl-related thyroid cancer among children of Belarus - part II. Contributions from 
long-lived radionuclides and external radiation. Health Phys 90:312-27, 2006. 

27. Likhtarev I, Bouville A, Kovgan L, Luckyanov N, Voilleque PG, Chepurny M. Questionnaire- and 
measurement"based individual thyroid doses in Ukraine resulting from the Chernobyl nuclear reactor 
accident. Radial Res 166:271-86, 2006. 

28. Kopecky KJ, Stepnenko V, Rivkind N, Voilleque PG, Onstad L. Shakhtarin V, Parshkov E, Kulikov S, 
Lushnikov E, Abros1mov A, Troshin V, Romanova G, Doroschenko V, Proshin A, Tsyb A, Davis S. 
Childhood thyroid cancer, radiation dose frorn Chernobyl, and dose uncertainties in Bryansk Oblast, 
Russia: a population-based case-control study. Radial Res 166:367-74, 2006. 

29. Shinkarev SM, Voilleque PG, Gavnlin YI, Khrouch VT, Bouville A, Hoshi M, Meckbach R, Minenko VJ, 
Ulanovsky AV, Luckyanov N. Credibility of Chernobyl thyroid doses exceeding 10 Gy based on in-vivo 
measurements on 1311 in Belarus. Health Phys 94:180-7, 2008. 

30. Rood AS, Voilleque PG, Rope SK, Grogan HA, Till JE. Reconstruction of atmospheric concentrations and 
deposition of uranium and decay products released from the former uranium mill at Uravan, Colorado. J 
Environ Rad1oact 99:1258-78, 2008. 

31. Churnak VV, Rornanenko AY, Voilleque PG, Bakhanova EV, Gudzenko N, Hatch M, Zablotska LB, 
Golovanov IA, Luckyanov NK, Sholom SV, Kryuchkov VP, Bouville A. The Ukrainian-American study of 
leukemia and related disorders among Chernobyl cleanup workers from Ukraine: II. Estimation of bone 
marrow doses. Radial Res 170:698-710, 2008. 

32. Kryuchkov V, Chumak V, Maceika E, Anspaugh LR, Cardis E, Bakhanova E, Golovanov I, Drozdovitch V, 
Luckyanov N, Kesminiene A, Voilleque P, Bouville A. RAD RUE method for reconstruction of external 
photon doses to Chernobyl liquidators in epidemiological studies. Health Phys 97: 275-298; 2009. 

33. Skryabin, A, Drozdovitch V, Belsky Yu, Leshcheva S, Mirkhaidarov A, Voilleque P, Luckyanov N, Bouville 
A. Throid mass in children and adolescents living in the most exposed areas to Chernobyl fallout in 
Belarus. Radial Protect Dosimetry 142: 292-299; 2010. 

34. Likhtarov I, Chepurny M, lvanova 0, Boyko Z, Ratia G, Masiuk S, Gerasymenko V, Drozdovitch V, 
Berkovsky V, Hatch M, Brenner A, Luckyanov N, Voilleque P, Bouville A. Estimation of the thyroid doses 
for Ukrainian children exposed in utero after the Chernobyl accident. Health Phys100: 583-593; 2011. 

C, Research Support. 

None 
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BIOGRAPHICAL SKETCH 

NAME POSITION TITLE 

Helen A. Grogan President 
~,R~A~c~.o~M~M~O~N~s~u~s~ER~NA~M~E~-----------j Cascade Scientific Inc. 

EDUCATION 1TRAINING 

INSTITUTION AND LOCATION 

Imperial College of Science and Technology, 
University of London, United Kingdom 
Imperial College of Science and Technology, 
University of London, United Kinqdorn 

A. Positions and Honors. 

Professional Experience 

DEGREE YEAR is\ 

BSc 1980 

PhD 1984 

1984-1989 Guest Scientist, Paul Scherrer Institute, WOrenlingen, Switzerland 

FIELD OF STUDY 

Bo1any, Life Sciences 

Radioecology 

1989·1992 Scientific Consultant, lntera Information Technologies, Henley·on·Thames, United Kingdom 
1992-1995 Independent Consultant, Vero Beach, FL 
1995·present President, Cascade Scientific Inc., Bend, OR 
2002-present Technical Coordinator, Risk Assessment Corporation, Neeses, SC 

Honors and Awards 
1994-2000 Member, Scientific Committee on Dose Reconstruction, National Council on Radiation 

Protection and Measurements 
1999-2000 Consultant, Environmental Models Subcommittee, Executive Committee, U.S. Environmental 

Protection Agency 
2001 ~2007 Member, Radiation Advisory Committee, Science Advisory Board, U.S. Environmental 

Protection Agency 
2004 Member, Merit Panel, "Review of the Preliminary Performance Assessment for Waste 

Management Area C at the Hanford Site, Washington." Convened by CH2M-Hill Hanford Group 
Inc. with concurrence of the Department of Energy and the State of Washington Department of 
Ecology 

2005-2006 Member, National Academy of Sciences Committee to Review the "Worker and Public Health 
Act1vit1es Program Administered by the Department of Energy and the Department of Health 
and Human Services" 

2011-present Advisor, Scientific Cornrnittee on Approach to Optirr1izing Decision Making for Late-Phase 
Recovery from Nuclear or Radiological Terrorism Incidents, National Council on Radiation 
Protection and Measurements 

Professional Society Memberships 
2004-present American Association for the Advancement of Science (AAAS) 

B. Selected Peer-Reviewed Publications. 

1. Nair S, Grogan HA, Minski MJ, Bell JNB. Models for the prediction of doses from the ingestion ot 
terrestrial floods. In: Ecological Aspects of Radionuclide Releases. Eds. Coughtrey PJ, Bell JNB. Roberts 
TM. Oxford: Blackwell Scientific, pp. 141-59, 1983. 

2. Grogan HA, van Dorp F. The reliability of environmental transfer models applied to waste disposal. In: 
Realiability of Radioactive Transfer Models. Ed. Deems G. Elsevier Applied Science EUR t 1367, pp 276-
84, 1988. 
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Prin(.ipal Investigator/Program Dire\:tor (l.ast, First, Middle): Boice, John D., Jr. 

3. Grogan HA, Mitchell NG, Minski MJ, Bell JNB. Pathways of rad1onucl1des from soils to wheat. In: Pollutant 
Transport and Fate 1n Ecosystems. Eds. Coughtrey PJ, Martin MH, Unsworth MH. Oxford: Blackwell 
Scientific, pp, 353· 70, 1988. 

4. Bell JNB, Minski MJ, Grogan HA. Plant uptake of radionuclides. Soil Use and Management 4:76-84, 
1988. 

5. van Dorp F, Grogan HA, McCon1bie C. Disposal of radioactive waste. International Journal of Radiation 
Applications and Instrumentation Part C. Radial Phys Chem 34:337-47, 1989 

6. McKinley IG, Grogan HA. Radionuclide sorption databases for Swiss repository safety assessments. 
Radiochimica Acta 52153:415-20, 1991. 

7. McKinley IG, Grogan HA. Consideration of microbiology in modeling the near-field of a L/ILW repository. 
Experientia 47:573-7, 1991. 

8. West ,JM, Grogan HA, McKinley IG. The role of microbiology in the geological containment of radioactive 
wastes. In: .Q.lY.~r.§.liY. .. QL.i;!JY.]X9.D.!:D.~Qlg!..!?..[Q9~.Q.g.b.~.!:D.[§JXY.J. .. Q.~.Y.~)QP..!:D.~DJ:?. . .l!:! .. G~.Q.g.b.~!n.l§JXY. .. §.. Ed. Berthel in J. 
Elsevier Science Publishers BV, pp. 205-15, 1991. 

9. Little RH, Grogan HA, Smith GM, Torres C. Land disposal practices in Europe and Norlh America. J Inst 
Water and Environmental Management 7:354-63, 1993. 

10. Grogan HA, Sinclair WK, Voilleque PG. Risks ol fatal cancer from inhalation ol plutonium-239,240 by 
humans: a combined four method approach with uncertainty evaluation. Health Phys 80:447-61, 2001. 

11. Rood AS, Grogan HA, Till JE. A model for a comprehensive assessment of exposure and lifetime cancer 
incidence risk from plutonium released from the Rocky Flats Plant, 1953-1989. Health Phys 82:182-212, 
2002. 

12. Till JE, Rood AS, Voilleque PG, McGavran PD, Meyer KR, Grogan HG, Sinclair WK, Aanenson JW, 
Meyer HR, Rope SK, Case MJ. Risk to the public from historical releases of radionuclides and chemicals 
at the Rocky Flats Nuclear Weapons Plant. J Expo Anal Environ Epidemiol 12:355-72, 2002. 

13. Mohler HJ, Meyer KR, Grogan HG, Aanenson JW, Till JE. Application of NCRP air screening factors for 
evaluating both routine and episodic radionuclide releases to the atrr1ospt1ere. Healt11 Phys 86:135-44, 
2004. 

14. Till JE, Grogan HG. Applied modelling and computation in nuclear science; the foundation for risk 
assessn1ent and decision making. In: Applied Modelling and Computations in Nuclear Science. Oxford 
University Press, 2006. 

15. Grogan HG, Aanenson JW, McGavran PD, Meyer KR, Holher SS. Mohler HJ, Rocco JR, Wilson LH, Till 
.IE. Applied modeling of the Cerro Grande Fire at Los Alamos: an independent analysis of exposure, 
health risk, and communication with the public. In: ARQH~Q .. M.QQ~JJLo_a_.sio.O ... C.Q.!:DP.WJ.9.tLQ.O.S . .i.!:! .. N.W.Q[S1g.r 
Science. New York: Oxford University Press, 2006. 

16. Till JE, Grogan HG (Eds). Radiological Risk Assessment and Environmental Analysis. New York: Oxford 
University Press, 2008. 

17. Rood AS. Voilleque PG, Rope SK. Grogan HG, Till JE, Reconstruction of atmospheric concentrations and 
deposition of uranium and decay products released from the former uranium mill at Uravan, Colorado. J 
Environ Rad1oact 99:1258-78, 2008. 

18. Till JE, HA Grogan, HJ Mohler, JR Rocco, SS Mohler. RACER: An Integrated Approach to Data 
Management, Risk Assessment, and Decision Making. J::!.1?.@J1bJ:.bY.§Lg.§ (in press). 

19. Mohler HJ. HA Grogan, JR Rocco, RF Keifer, and JE Till. RACER: Dynamic Use of Environmental 
Measurement Data for Decision Making and Communication, Operational Radiation Safety (in press). 
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BIOGRAPHICAL SKETCH 
Provide the following 1nformat1on tor tho Senior/key personnel and othor sigmf1cant contributors. 

Follow this format lor each person 00 NOT EXCEED FOUR PAGES. 

NAME 
Stram, Daniel 0. 

POSITION TITLE 

Professor 

eRA COMMONS USER NAME (credential. o.g. agency login) 
dstram52 
EDUCATION/TRAINING (Begin with baccalaureate or other m1tia/ professional education, such as nursing, include postdoctoral trammg and 
residency training if applictJb/e J 

INSTITUTION AND LOCATION DEGREE MM/YY FIELD OF STUDY 
(if urin//cablel 

Tufts University, Medford, MA BA 05/75 Mathematics 

Temple University, Philadelphia, PA Ph.D. 05/83 Statistics 
Harvard School of Public Health, Boston, MA Post Doc 07/86 Biostatistics 

B. Positions and Honors 

1982-1984 
1986-1989 
1989- t 996 

1996-2004 

2002 

2004-current 

2006· current 
2009- current 
2009 

Statistician, Center for Energy and Environrnental Studies, Princeton University, Princeton, NJ. 
Research Associate, Radiation Effects Research Foundation, Hiroshima, Japan 
Assistant Professor, Department of Preventive Medicine, University of Southern California Keck 
School of Medicine, Los Angeles, CA 
Associate Professor, Department of Preventive Medicine, University of Southern California Keck 
School of Medicine, Los Angeles, CA 
Visiting Scientist, Center for Genome Research, Whitehead Institute, Massachusetts Institute of 
Technology, Cambridge, MA 
Professor, Depart1nent of Preventive Medicine, University of Southern California Keck School of 
Medicine, Los Angeles, CA 
Member, U.S. Environmental Protection Agency, Radiation Advisory Committee 
Member, International Commission on Radiological Protection 
Elected Fellow of the American Statistical Association 

C. Selected Peer-reviewed Publications (from over 200 total) 

1. Stram, D. 0., and Mizuno, S. (1989) Analysis of the DS86 atomic bomb radiation dosimetry methods using 
data on severe ep1lation, Radiat Res 117, 93-1 t 3. 

2. Pierce, D. A., Stram, D. 0., and Vaeth, M. (1990) Allowing for random errors in radiation dose estimates for 
the atomic bomb survivor data, Radial Res 123, 275-284. 

3. Sposto, R., Stram, D. 0., and Awa, A. A. (1991) An estimate of the magnitude of random errors in the 
0886 dosimetry frorn data on chromosome aberrations and severe epilation, Radial Res 128, 157-169. 

4. Stram. D. 0., Sposto, R., Preston, D., Abrahamson, S., Honda, T, and Awa, A. A. (1993) Stable 
chromosome aberrations among A"bomb survivors: an update, Radiat Res 136, 29~36. 

5. Thomas DC, Stram DO, Dweyer J. Exposure Measurement Error: Influence on exposure-disease 
relationships and methods of correction. Annals of Public Health, 14:69-93, 1993. 

6. Stram DO, Lee JW. Variance components testing in the longitudinal mixed~effects model. Biometrics, 
50:t171-1177, 1994. 

7. Stram DO, Longnecker MP, Shames L. Kolonel LN, Wilkens LR. Pike MC, Henderson BE. Cost efficient 
design of a diet validation study. American Journal of Epidemiology, 142:353-362, 1995. 

8. Stram DO. Meta~analysis of published data using a linear mixed~effects model. Biometrics 52:108-115, 
1996. 

9. Stram DO, Langholz B, Huberman M, Thomas DC. Correcting for exposure measurement error in a 
reanalysis of lung cancer mortality for the Colorado Plateau uranium miners cohort. Health Physics 77:265-
275, 1999. 
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10. Stram. D., and Kopecky. K. (2003) Power and uncertainty analysis of epidemiological studies of radiation­
related disease risk where dose estimates are based upon a complex dosimetry system; Some 
observations, Radiation Research 160, 408~417. 

11. Stram DO, Huberman J, Wu AH. Is residual confounding a reasonable explanation for the apparent 
protective effects of beta-carotene found 1n epidemiologic studies of lung cancer in smokers? Am J 
Epidemiol 155: 622-628. 2002. 

12. Stayner. L. Vrijheid, M .. Card1s, E, Stram, D. 0. Deltour, I, Gilbert. S. J. and Howe. G (2007) A Monte 
Carlo maximum likelihood method for estimating uncertainty arising from shared errors in exposures in 
epidemiological studies of nuclear workers, Radiat Res 168, 757-763. 

13. Stram DO, Liu Y, Henderson KD, Sullivan-Halley J, Luo J, Saxena T, Reynolds P, Chang ET, Neuhausen 
SL, Horn-Ross PL, Bernstein L, and Urs1n G Age-specific effects of hormone therapy use on overall 
mortality and ischemic heart disease mortality among women in the California Teachers Study. Menopause 
18:153-261. 2011 

14. Rakovski CS, Stram DO. A kinship-based modification of the Armitage trend test to address hidden 
population structure and small differential genotyping errors. PLoS One 4:e5825, 2009. PMC2688076; 

15. Chen GK, Millikan RC, John EM, Ambrosone CB, Bernstein L, Stram DO (2010) Enhancing the Power of 
Genetic Association Studies Through The Use of Publicly Available Genotype Data. PLoS Genetics 
e1001096. 2010. PMC2932740 

D. Research Support 

Ongoing Research Support 

15UB·8402 Stram iPI) 09/01/09·08/31/11 
California Breast Cancer Research Program 
New Methods for Genomic Studies in African American Women 
The goal of this project is to develop statistical methods relevant to the design and analysis of genomic studies, 
particularly whole genome-wide scans such as that now taking place in the African American Breast Cancer 
study at USC. 
Role: Pl 

BC075007A Haiman (Pl) 
DOD 
Genome-wide Breast Cancer Scan in African Americans 

06/01/08-05/30/12 

The major goal of this study is to conduct a genome-wide scan of breast cancer in African Americans. 
Role: Co-Investigator 

1 U01CA136792-01 Henderson (Pl) 
NIH/NCI 

12/01/08-11/30/11 

A Genorne-wide Association Study of Prostate Cancer in African Americans 
The major goal of this project is to conduct a genome-wide scan of prostate cancer in African Americans. 
Role: Co-Investigator 

1 R01 CA 126895-01A2 Le Marchand (Pl) 
NIH/NCI 
Whole-Genome Scan for Modifier Genes in Colorectal Cancer 

09/01108-07/31 /13 

The major goal of this project is to conduct a whole-genome association study of colorectal cancer in the 
Multiethn1c cohort study in order to identify susceptibility genes for this cancer. 
Role: Co-Investigator 

1 U01 HG 004726-01 Halman (Pl) 
NIH/NHGRI 
A Multi ethnic Genome-wide Scan of Prostate Cancer 
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The major goal of this project is to conduct a multiethnic genome-wide scan of prostate cancer in the 
Multiethnic Cohort Study. 
Role: Co~lnvestigator 

5 U01 CA 098758-06 Henderson (Pl) 
NIH/NCI 

06/05/03-07/31/11 

Characterizing Genetic Susceptibility to Breast and Prostate Cancer: the BPC3 
The major goal of this collaborative Cohort Consortium is to clarify the inter-relationship between genetic and 
hormonal risks factors for cancer among five ethnic groups. 
Role: Co-Investigator 

1 R01 DK080720-01A1 Pereira (Pl) 
NIH 

03/01 /09-02/28/14 

Genetic and Environmental Determinants of Type 2 Diabetes in Chinese Singaporeans 
The goal of this project is discovery of genetic causes of Type 2 Diabetes that may be particularly important in 
Asian populations and/or which interact with dietary exposures, lack of physical exercise etc, 111 raising the risk 
of this disease. 
Role: Pl of USC subcontract for statistical analysis 

1 U01 HG 004802-01 Le Marchand (Pl) 
NIH/NHGRI 

07/17/08-05/31/12 

Epidemiology at Putative Causal Variants in the Multiethnic Cohort 
The goal of this project is to characterize in the five MEG ethnic/racial populations, the associations of putative 
causal variants discovered for various chronic diseases in large ongoing genomic studies. 
Role: Co-Investigator 

1 R01 CA129639·01A2 Harle (Pl) 04101109-02/28/10 
NIH/NCI (Memorial Sloan-Kettering P.l.:J. Bernstein) 
Genome-wide Association Study of Radiation Exposure and Bilateral Breast Cancer 
A genome-wide association study of bilateral and unilateral breast cancer that also incorporates information on 
radiation exposure into the analyses. 
Role: Co-Investigator 

1 R01 CA 129435·01A1 Haiman (Pl) 
NIH 

09/30/07 ·07/31/10 

Fine Mapping and Characterization ot the 8q24 Prostate Cancer Risk Locus 
The major goals of this project are to aid in localizing functional variants as well as reveal the full spectrum of 
common alleles that contribute to risk of breast and colorectal cancer in the general population. 
Role: Co-Investigator 

U01 DA020830 Benowitz PNAT (Pl), Subcontract to Conti 
NIH/NIDA 
Pharmacogenetics of Nicotine Addiction and Treatment 

09/15105-06/30/10 

The major goal of this project is to create a Pharmacogenetics Research Network (PGRN) group to address 
pharmacogenetic questions related to nicotine addiction and treatment. We will conduct a series of 
rnultid1scipl1nary integrated studies to investigate the genetic basis for both pharmacokinetic and 
ptiarrnacodynamic aspects of nicotine as a drug of abuse, as well as individual variation in response to NRT 
and bupropion as treatments for tobacco dependence. 
Role: Co-Investigator 

5 P01 CA 017054-30 Henderson/Stram (Pl) 
NIH/NCI 
LJnresolved Public Health Issues Related to HT and Cancer 
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The major goal of this program project is to focus on cancer issues related to exposure to hormone therapy in 
women. This consists of U1ree epidemiological projects (A~C) and one statistical genetics project (D, Stram Pl). 
Role: Pl 

4 R37 CA 054281·16 Kolonel (Pl) 01101183-02/28/13 
NIH/NCI 
Multietl1nic Cohort Study of Diet and Cancer 
The major goal of this project is to perform and report on a prospective study of dietary and other lifestyle risk 
factors for cancer in a large multiethnic cohort in Hawaii and Los Angeles. 
Role: Co-Investigator 
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Progrqrn Director/Principal Investigator (l.ast, First. Middle): 

BIOGRAPHICAL SKETCH 
Provide ~he following infonnqt1on for the S&r1ior/key personr1e1 ;1J1d other s1gnit1can~ contributor-; in the order 11sted on Forrn Page 2. 

Follow this torrnat tor each person 00 NOT EXCEEO FOUR PAGES. 

NAME 

·rhomas, Duncan C. 

eRA COMMONS USER NAME (creder1t1al, e.g .. qger1cy login) 

dthomas13 

POSITION TITLE 

Professor and Director 

EDUCATION/TRAINING (8egm with baccalaureate or other mrtia/ professional education, such as nursing, include postdoctoral trammq and 
rosrdency training 1f appl1cahlo) 

INSTITUTION AND LOCATION Df'.GRf'.~ 
MM/YY FIELD OF STUDY 

(if A""ilcablo! 

Haverford College, Havertord, Pennsylvania BA 1967 Mathematics 

Stan1ord University, Palo Alto, California MB. 1969 Astronomy/Mathematics 

McGill University, Montreal, Quebec Canada Ph.D. 1976 Epidemiology/Biostatistic 

A, Personal Statement 
Dr. Thomas is the Director of the Study Design and Statistical Methodology Research Core for this Center. His 
Thomas's primary research interest is in the development of study design and statistical analysis methods for 
research in both environmental and genetic epidemiology. In the process, he has been a senior coinvestigator 
on numerous projects in both areas, ranging from radiation carcinogenesis to air pollution to the genetics of 
cancer, including both pathway-based and agnostic genome-wide association scans. He is particularly well 
known for contributions to methods development for gene·-environment interactions. On this project, I will 
provide advice on study design and statistical analysis for modeling the exposure·response relationships and 
their relevant modifying factors. 

B. Positions and Honors 
Positions and Employment 
1976-1982 Assistant Professor, Epidemiology, and Health, McGill University, Montreal, Quebec Canada 
1982-1984 Associate Professor, Epidemiology and Health, McGill University Montreal, Quebec Canada 
1984-1988 Associate Professor, Department of Preventive Medicine, Keck School of Medicine, University 

of Southern California, Los Angeles, California 
1988-present Professor, Director of Biostatistics, Verna K Richter Chair in Cancer Research, Department of 

Preventive Medicine, Keck School of Medicine, University of Southern California, Los Angeles, 
California 

t 998-1999 Past President International Genetic Epidemiology Society 

Other Expertise and Memberships 
1976-1978 Fellowship, Conseil de la recherchC en saute du Quebec, 
1982· Fellow, American College of Epidemiology 

Leadership Award, International Genetic Epidemiology Society 
Honors 
2000 
2006 
2006 

Blaffer Visiting Professorship Award, MD Anderson Cancer Research Center 
L1lienfeld Award, Congress of Epidemiology 

C. Selected Peer-reviewed Publications (Selected from 206 peer-reviewed publications) 
Most relevant to the current application 
1. Thomas DC. Multistage sampling for latent variable models. Lifetime Data Anal 2007; 13: 565-81. 
2. Thomas DC. Statistical Methods in Environmental Epidemiology Oxford University Press 2009, (432pp) 
3, Thomas DC, Conti DV, Baurley J, Nijhout F, Reed M, Ulrich CM. Use of pathway information in molecular 

epidemiology. Human Genomics, 2010, 4:21-42, PMC Journal- In Process 
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Progrqrn Director/Principal Investigator (l.ast, First. Middle): 

4. Thomas DC. Methods for investigating gene-environment interactions in candidate pathway and genome· 
wide association studies. Annual Reviews of Public Health, 2010, 31 :21-36, PMCID:20070199. 

5. Thomas DC. Gene~environment~wide interaction studies: emerging approaches. Nature Reviews of 
Genetics 2010; 11 :259-272, PMCID: 20212493 

6. Gauderman WJ, Thomas DC, Murcray C, Conti DV, Li D, Lewinger JP. Efficient genome-wide association 
testing of gene·environrnent interaction in case·parent trios. Arnerican Journal of Epiden1iology Arnerican 
Journalo1Epidemiology2010, 112:116-122, PMCID: 20543031 

7. Thomas DC. Statistical Methods in Genetic Epidemiology. Oxford University Press, 2004 (445 pp.) 
8. Baurley J, Conti DV, Gauderman WJ, Thomas DC. Discovery of complex pathways from observational 

data. Statistics in Medicine 201 O; 29:1198-2011, PMCID in process 

Additional recent publications of importance to the field (in chronological order) 
9. Berhane K, Gauderman WJ, Stram, DO, Thomas DC. Statistical issues in studies of the long term effects 

of air pollution: The Southern California Children Health Study. Stat/st Sci 2004; 19: 414-449. 
10. Thomas D. Why do estimates of the acute and chronic effects of air pollution on mortality differ? J Toxicaf 

Environ Health 2005; A 68: 1167-74. 
11. Thomas DC. Viewpoint: using gene-environment interactions to dissect the effects of complex mixtures. J 

Expo Sci Environ Epidemiol 2007; 17 Suppl 2: 871-4. 
12. Molitor J. Jerrett M, Chang CC, Molitor NT. Gauderman J, Berhane K, McConnell R, Lurmann F, Wu J. 

Winer A, Thomas 0, Assessing uncertainty in spatial exposure models for air pollution health effects 
assessment. Environmental Health Perspectives 2007:115:1147··53. 

13. Molitor J, Molitor N-T, Jerrett M, McConnell R, Gauderman WJ, Berhane K, Thomas 0. Bayesian 
modeling of air pollution health effects with m1ss1ng exposure data. Am J Epidemiol 2006; 164: 69-76. 

14. Langholz B, Thomas DC, Stovall M, et al. Statistical methods for analysis of radiation effects with tumor 
and dose location-specific information with application to the WECARE study of asynchronous 
contralateral breast cancer. Biometrics, 2009; 65:599-608. PMCID: PMC2728135 

15. Thomas DC, Witte JS, Greenland S. Dissecting complex mixtures: Who's afraid of inforrnative priors? 
Epidemiology 2007; 18: 186-90. 

D. Research Support 
Ongoing Research Support 
R01 ES019876-01A1 (D Thomas) 07/01/10-06/30115 
NIH --Methods for Pathway Modeling with Application to Folate 
This project is aimed at developing statistical methods for modeling complex metabolic pathways in cancer 
epidemiology using a combination of physiologically based pharmacokinetic and Bayesian hierarchical 
models, using external information derived from pathway and genomic ontologies. Methods will be applied to 
several on-going studies of folate 1netabol1sm 1n colorectal cancer and will be extended to genome-wide scale. 

5 P01 ES 011627-06 (Gilliland) 09113102 - 05131112 
NIH/NIEHS - Genetics, Air Pollution, and Respiratory Etfects in Children and Young Adults 
Building on the existing Children's Health Study, an on-going cohort of 12,000 children, the three projects 
under this program project will evaluate the relationship between respiratory health {asthma, lung function 
growth, exhaled NO) and combustion particulate and gaseous pollutants: examine genetic variation in key 
pathways that modulate response to air pollution and disease occurrence. 

1 R01 CA126895-01A2 (le Marchand) 07101108-06130113 
NIH/NCI . Whole-Genome Scan for Modifier Genes in Colorectal Cancer 
The major goal of this project is to conduct a whole-genome association study of colorectal cancer in the 
Multiethnic cohort study in order to identify susceptibility genes for this cancer. 

1 R01 ES016535-01 (McConnell) 09110108-06/30112 
NIHINIEHS Childhood asthma, susceptibility, and biological activity of ambient particles 
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Progrqrn Director/Principal Investigator (l.ast, First. Middle): 

Specific aims of Project: This project introduces a new approach to population studies of complex mixtures of 
air pollution that will assess exposure based on the in vitro effects of PM on key biological pathways and 
examine the relationship to the development of chronic disease. 

uo1 HD061968·01 (Berhane) 07/01/09·06/30114 
NIH/NICHD · Flexible Mul1i·level Models for Longitudinal Analysis of Childhood Obesity 
The major goals of this study are to develop new quantile-regression based multi-level statistical techniques for 
use in modeling childhood obesity; with focus on the effects of the built environment, genetics and G x E 
interactions. 

CA129639 Subcontract to Memorial Sloan-Kettering Cancer Center (Haile) 04/1/09-02/28/12 
NIH/NCI (Memorial Sloan-KetteringP.1.:,1. Bernstein) 
Genome-wide Association Study of Radiation Exposure and Bilateral Breast Cancer. 

U19 CA148107 (Gruber-Subcontract to Casey) 04/1/10-03/31/14 
NIH/NCI •• Transdisciplinary Studies of Genetic Variation for Colorectal 
The objectives of the Transdisciplinary Studies of Genetic Variation in Colorectal Cancer (TSGVC) consortiurn 
are to thoroughly investigate and identify susceptibility loci for colorectal cancer, to characterize the biologic 
basis of inherited susceptibility, and to recognize how genetic variation may be quantified and modified by 
genetic and environmental risk factors. 

Completed Research Support 
R01 HL087680 (Gauderman) 09/30/06-09/29110 
NHLBl-·A Genome-wide Association Study of Childhood Respiratory Outcomes 
Role: Principal Investigator 
Specific Airns of Project: The rnajor goal of this project is to conduct a genome-wide association study to 
identify new genetic variants that increase the risk of childhood asthma or affect lung function development 

U01 ES015090-03 (Thomas) 09/01/06-07/31/09 
NIH - Design and Analysis of Genome-wide Association Studies 
The major goal of this project is focus on the following methodological issues: (1) tagSNP selection and 
haplotype~based methods incorporating both case~control association and case-case sharing comparisons; (2) 
multiple testing procedures for multistage sampling designs, including hierarchical models for prioritizing SNPs 
for further consideration using external genomic data: (3) family- vs. population-based studies and allowance 
for population stratification and admixture: and (4) gene-gene and gene-environment 

1 R01 CA 112450 (Concannon - Subcontract to Thomas) 07/01/05 - 06/30108 
NIH·· ATM Mutations in Breast Cancer-A Function Approach 
This is a case-control study to explore the relationship between ATM mutations, radiation exposure and breast 
cancer. We plan to test a missense-mutation model that hypothesizes a subset of ATM mutation carriers are 
at increased risk for breast cancer. 

U01 HL 084705-01 (Thomas) 09/01/06 -08/31/09 
NIH Design and Analysis of Genome-wide Association Studies 
The major goal of this project is focus on the following methodological issues: (1) tagSNP selection and 
haplotype-based methods incorporating both case-control association and case-case sharing comparisons; (2) 
rnultiple testing procedures for rnultistage sarnpling designs, including hierarchical rnodels for prioritizing SNPs 
for further consideration using external genomic data; (3) family- vs. population.based studies and allowance 
for population stratification and admixture; and (4) gene-gene and gene~environment interactions. 

R831845 EPA STAR (McConnell) 
Environmental Protection Agency STAR 
Spatial Exposure Models for Assessing the Relationship 
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Progrqrn Director/Principal Investigator (l.ast, First. Middle): 

Between Air Pollution and Childhood Asthma at the Intra-Urban Scale Specific aims: To utilize the resources 
of the Children's Health Study (ARBA033186) to develop the conceptual framework and empirical methods 
that will guide many future epidemiological studies on the relation between air pollution and health. 

2 P30 ES 07048-11 (Gilliland) 04/01/06 -03/31/11 
NIH/NIEHS ·· Environrr1ental Exposures, Host Factors and Hurnan Disease 
The major goals of this multidisciplinary center for research is aimed at identifying and characterizing: (1) the 
direct lluman health effects of environmental exposures; and (2) factors whicl1 modify susceptibility to 
environmental exposures, including genetic factors and interactions with other environmental exposures, such 
as diet. 

1 T32 GM 67546-01 (Azen) 04/01/06 - 03/31111 
NIH/NIEHS - Training Grant in Genomics Analysis and Interpretation 
To provide multidisciplinary training for three predoctoral scientists and two postdoctoral scientists in 
specialized training at the interface between environmental health and genomics. 

U01CA122839 (Casey) 09/27/06-7/31/11 
NIH/NCI - Genome-wide association study of Colorectal Cancer 
The major goal of this project is to pertorm a GWAS of CRC to identify novel genetic markers of CRC risk_ 

3R01MH084678-03S1 (Marjoram) Supplement 07/01 /10 - 06/30/11 
NIMH ··Statistical Methods for Relating Sequence Data to Phenotype 
We aim to develop a raft of statistical machinery to help develop our understanding of how sequence level data 
can be related to phenotype. The focus is on 'short-read' resequencing data, models for copy number 
variation, and methods to mitigate the effects of population structure. 

1R01 ES0t6813-01 (Conti) 07/01/09-06/30/11 
NIH/NIEHS ·Hierarchical Modeling of Interactions in Genome-Wide and Pathway~Based StudiesSpecific 
Aims: Overall, we aim to develop statistical techniques that forn1ally incorporate our biologic knowledge and 
make it feasible to detect which genes are involved in disease and, importantly, in which environmental context 
they act By identifying both genetic and environmental factors, we will make progress 1n understanding the 
underlying mechanism that leads to disease and potentially identify ways in which to both prevent and treat 
complex diseases. 
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NAME POSITION TITLE 

A. Bertrand Brill, MD , PhD. 
eRA COMMONS USER NAME 

BRILLAB 

Research Professor Radiology, Physics .Adjunct 

Professor and Biomedical Engineering 

EDUCATION/TRAINING (Begin with baccalaureate or otfier m1tial professional education, such as nursmg, and include postdoctoral training.) 

INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY 
Han~ !icablel 

Grinnell College A.B. 1949 Chemistry/Zoology 
University of Utah, Salt Lake City, UT MD. 1956 Medicine 
I. of California, - . 

CA Ph.D. 1961 "' 

A. Positions and Honors. 

Positions and Academic Honors: 
1956·57 Intern, Internal Medicine, Univ. of Utah, Salt Lake Gen. Hospital, Salt Lake City, UT 
1957-59 Research Associate Medicine and Statistics Atomic Bomb Casualty Comm., Hiroshima, Japan 
1959-61 Fellow Medical Physics. Donner Laboratory, University of California, Berkeley, CA 
1961-64 Assistant Professor, Dept of Radiology & Radiological Sci. Johns Hopkins Univ., Baltimore, MD. 
1964·72 Associate Professor, Medicine, Radiology, Physics and Biomedical Engineering, Vanderbilt LJniv. 
1972-79 Professor, Radiology Vanderbilt University, School of Medicine Nashville, TN. 
1979-87 Professor, Radiology State University of New York at Stony Brook, and Sr. Scientist, Nuclear 

Medicine Program Coordinator, Brookhaven National Lab, Upton, NY. 
1987-97 Professor, Nuclear Medicine. and Research Director. Nuclear Medicine Department. Univ. of 

Massachusetts Medical Center, Worcester, MA. 
1997-01 
1992-05 
1997-

Professor, Radiology, Univ. of Massachusetts Medical Center, Worcester, MA. 
Research Affiliate MIT, Health Sciences and Technology Program, Cambridge. MA. 
Research Professor, Radiology, and Physics, and Adjunct Prof Biomedical Eng, Vanderbilt Univ. 

Honors and Awards: 
Fellow: American College of Nuclear Physicians (1988); American Institute for Medical and Biomedical 
Engineering (1997); IEEE Nuclear and Plasma Society (1988). Awards: Shea Distinguished Member Award: 
IEEE/NPSS (1998); 
National Academy of Science: "National Associate", 2004·. 
Committees: National Academy of Sciences Committees: Committee on Atomic Casualties (1964-68), BEIR 
Ill Comm. (1978-80). CDC HTDS Thyroid Radiation Effects Oversight Comm. (1999-2003), NAS Comm. To 
Assess the Scientific Information for the Radiation Exposure Screening and Education Program (2002-5), NCI 
Chernobyl Study Group (1992-2006). Advisory Committee to University of Arizona (H. Barrett, P.I.) NIH­
sponsored Research Resource: Center for Gamma--ray Imaging (1999·20010). National Council on 
Radiation Protection: Risk to Thyroid Frorr1 Ionizing Radiations (2001w2008), lJncertainty in Radiation Risk 
Estimation (2009-), Society of Nuclear Medicine,(Medical Internal Radiation Dose Comm (1999-). 

B. Selected peer-reviewed publications (in chronological order). 
(Publications selected from ~450 publications) 

1. Siegel JA, Thomas SR, Stubbs JB, Stabin MG, Hays MT. Koral KF, Robertson JR, Howell RW, Wessels BW, 
Fisher DR, Weber DA, and Brill AB. MIRD Pamphlet No. 16: Techniques for Quantitative Radio­
Pharmaceutical Biod1stribution Data Acquisition and Analysis for Use in Human Radiation Dose Estimates. 
J. Nucl Med. 1999; 40 (2): 37S-61S. 
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2. Stab1n MG, Brill AB. Monoclonal Antibodies in the Treatment of Hematologic Malignancies: Radiation 
Dosimetry Aspects. Current Pharmaceutical Biotechnology 2001; 2: 351-356 

3. Gambia M. Brill AB. Bollini D, DelGuerra A. A Simulation and Modeling Study Comparing the Performance 
of a Germanium Orthogonal Strip Detector and an Anger Camera. IEEE, Tr Nuc. Sci. 2002. 49: (5) 2196· 
2302. 

4. Stabin MG, Eckerman, KF, Sgouros, G, Brill AB et al. Monte Carlo methods and mathematical models for 
the dosimetry of skeleton and bone marrow. In Therapeutic Applications of Monte Carlo Calculations in 
Nuclear Medicine. Ed. Zaidi, and G. Sgouros. IOP. 2002. 

5. Di Martino F, Traino AC, Brill AB. Stabin MG, Lazzar M.A theoretical model for prescription of the patient· 
specific therapeutic activity for radioiodine therapy of Graves' disease. Phys Med Biol 2002 May 7; 
47(9):1493-99 

6. Siegel JA, Stabin MG, Brill AB The importance of patient-specific radiation dose calculations for the 
administration ot radionuclides in therapy. Cell Mal Biol (Noisy-le-grand) 2002 Jul; 48(5):451-459 

7. Schull WJ, Boecker BB, Brill AB, Carter MW, Clark SB, Crouch EAC, Friedman SM, Higley KA, Lederer 
SE, Levenson M, Paretzke HG, Scott BR, Shore RE, Stram DO., Exposure of the American Population to 
Radioactive Fallout from Nuclear Weapons Tests. A Review of the CDC-NCI Draft Report on a Feasibility 
Study. National Acaderny of Sciences~National Research Council. 2003. Wasbington DC: National 
Academic Press. 68 pp. 

8 Bouchet LG, Bolch WE, Stab1n MG, Eckerman KF, Poston JW, Sr, Brill AB. Monte Carlo methods and 
mathematical models for the dosimetry of skeleton and bone marrow. Chapter 13. In, Therapeutic 
Applications of Monte Carlo Calculations in Nuclear Medicine. Ed. H. Zaidi and G. Sgouros. Institute of 
Physics. 2003. 

9. Stabin M. Brill AB. Monte Carlo codes for use in tberapeutic nuclear medicine. In, Tberapeutic 
Applications of Monte Carlo Calculations 1n Nuclear Medicine. Ed. H. Zaidi. and G. Sqouros. IOP. 2003. 
ISBN 07503 8168. 

1 a. Brill, AB, and Beck, RN. Evolution of Clinical Ernission Tornography. In Ernission Tornography: The 
Engineering and Physics of PET and SPECT, Miles N. Wernick and John N. Aarsvold, eds., San Diego: 
Academic Press, 2004. 

11. Stezhko VA. Buglova LI, Brill AB and Zablotska JB. A cohort study of thyroid cancer and other thyroid 
diseases after the Chornobyl accident: Objectives, Design, and Methods. Rad. Res. 2004; 161 (4): 481 · 
492. 

12. Walenta AH, Brill AB, Castaldi A. Conka-Nurdan T, Guazzoni C, Hartman K, Longoni A, Nurdan K. Struder 
L. Vertex Detection in a Stack of Si-drift Detectors for High Resolution Gamma-Ray Imaging. NPSS. Tr. 
Nucl Sci. 2005; 52 (5):1434·1439. 

13. Lyshchik A, Higashi T, Asato R, Tanaka S, Ito J, Mai JJ, Pellot-Barakat C. Insana MF, Brill AB, Saga T, 
Hiraoka M, Togashi K. Thyroid gland tumor diagnosis at US elastography. Radiology. 2005; 237:202·11. 

14. Stabin M, Brill AB. Quantitative lmaging~Based Dosimetry and Treatment Planning In Radionuclide 
Therapy. In Quantitative Analysis of Nuclear Medicine Images. Ed. H. Zaidi. 2006. ISBN 0387238549. 

15. Boice JD, Leggett RW, Brill AB, et al. A comprehensive Dose Reconstruction Methodology for Former 
Rocketdyne/Atomics International Workers. Health Phys 2006; 90 (5): 409-430. 

16. Brill AB, Stabin M, Bouville A, and Ron E. Normal Organ Radiation Dosimetry and Associated 
Uncertainties in Nuclear Medicine, with Emphasis on lodine-131 Radial Res 2006; 166: 128-140. 

17. Boice JD Jr., Cohen SS, Mumma MT, Ellis ED, Eckerman KF. Leggett RW. Boecker BB. Brill AB, and 
Henderson BE. Mortality among Radiation Workers at Rocketdyne (Atomics International), 1948·t999. 
Radial Res 2006; 166:98-116. 

18. Boice JD Jr, Marano DE, Cohen SS, Mumma MT, Blot WJ, Brill AB, Fryzek JP. Henderson BE, 
Mclaughlin JK Mortality among Rocketdyne workers who tested rocket engines. 1948-1999 J Occup 
Envion Med 48:t070·1092, 2006. 

19. Tronko MD, Brenner AV, Olijnyk VA, Robbins J, Epstein OV, McConnell R J, Bogdanova Tl.Fink DJ, 
l.ikhtarev IA, Lubin JH, Markov VV, Bouville AC, Terekhova GM, Zablotska l..B,Shpak VM, Brill AB, 
Tereshchenko VP, Masnyk IJ, Ron E, Hatch M, and Howe GR. Autoimmune Thyroiditis and Exposure to 
Iodine 131 in the Ukrainian Cohort Study of Thyroid Cancer and Other Thyroid Diseases after the 
Chornobyl Accident: Results from the First Screening Cycle (t998-2000). J. Clin Endocrinol Metab 
91 :4344·4351, 2006. 
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20. Tronko MD, Howe GR, Bogdanova Tl, Bouv1lle AC, Epstein OV, Brill AB, Likhtarev A, Fink DF, Markov VV, 
Greenebaum E, Olijnyk VA, Masnyk IJ, Shpak VM, McConnell J, Tereshschenko P, Robbins J, Zv1nchuk 
OV, Zablotska LB, Hatch M. Luckyanov NK, Ron E, Thomas TL, Voileque PG, Beebe GW. 2006. A cohort 
study of thyroid cancer and other thyroid diseases after the Chomobyl accident: Thyroid cancer in Ukraine 
detected during first screening. Journal of the National Cancer Institute 98:897-903. 

21. McConnell RJ, Brenner! AV, Oliynyk VA, Robbins J, Terekhova GM, Fink DJ, Epshtein OV, Hatch M, 
Shpak VM. Brill AB. Shelkovoy YA, Zablotska LB, Masnyk IJ. Howe GR. and Tronko MD. Factors 
Associated with Elevated Serum Concentrations of anti-TPO Antibodies in Subjects with and without 
Diffuse Goitre. Results from the Ukrainian-American Cohort Study of Thyroid Cancer and other Thyroid 
Diseases Following the Chornobyl Accident. Cl1n. Endoc. 67: 879-890, 2007. 

22. Zablotska LB, Bogdanova Tl., Ron E, Epstein OV, Robbins J, Likhtarev IA, Hatch M, Markov VV, 
Bouville AC, Olijnyk VA, McConnell RJ, Shpak VM, Brenner A, Terekhova GN, Greenebaum E, 
Tereshchenko VP, Fink DJ, Brill AB, Zamotayeva GA, Masnyk I, Howe GR, and Tronko MD. A Cohort 
Study of Thyroid Cancer and Other Thyroid Diseases after the Chornobyl Accident Dose-Response 
Analysis of Thyroid Follicular Ade no mas Detected during First Screening in Ukraine (t 998-2000). Arn J. 
Ep1d. 2008:167(3):305-3t2. 

23. Liu S, King MA, Brill AB, Stabin MG. and Farncornbe TH. Accelerated SPECT Monte Carlo Simulation 
Using Multiple Projection Sampling and Convolution-Based Forced Detection IEEE Trans Nucl Sci. 
2008: 55(1): 560-567 

24. Vicini P, Brill AB, Stabin MG, and Rescigno A. Kinetic Modeling in Support of Radionuclide Dose 
Assessment. Sem. Nucl Med. 2008: 38 (5): 335-346. 

25. S1abin MG and Brill. State of the Art in Nuclear Medicine Dose Assessrnent. Sen1in Nucl Med 
2008 ;38(5) :308-20. 

26. Stabin MG and Brill. Radiation Dosimetry and Exposure in Nuclear Medicine. Semin Nucl Med 2008: 
38(5):306-7. 

27. Stabin Mand Brill AB. Physics Applications in Nuclear Medicine: 2007; J Nucl Med 2008;49(2):20N-5N. 
28. \Vessel~ BW, Konijnenberg !\1W, Dale RG, Breitz HB, Cren1onesi M, Meredith RF, Green AJ, Bouche! LG, 

Brill AB, Bolch WE, Sgouros G, Thomas SR. MIRD Pamphlet No. 20: The Effect of Model Assumptions 
on Kidney Dosimetry and Response~~ltnplications for Radionuclide Therapy. Nucl !\1ed. 2008; 
49(11):1884-1899. 

29. Sgouros G, Roeske JC, McDevitt MR, Palm S, Allen Bl, Fisher DR, Brill AB. Song H. Howell RW, 
Akabani G. MIRD Pan1phlet No. 22 (abridged) · Radiobiology and Dosin1etry of Alpha~Particle En1itters 
for Targeted Radionuclide Therapy .. 2010 Feb;51(2):3 l l-28. Epub 2010 Jan 15. 

30. Wessels BW, Dale RG, Cren1onesi I\1, Meredith RF, Green AJ, Brill AB, Bolch WE, Sgouros G, Thomas 
SR. Cancer Biother Radiopharm. 2010 Oet:25(5):597-9. Epub 2010 Sep 28. 

31. Boice JD, Cohen SS, Mumma MT, Ellis ED, Eckerman KF, Leggett RL, Boecker BB, Brill AB, and Henderson 
BH. Updated Mortality Analysis of Radiation Workers at Rocketdyne (Atomics International}, 1948-2008 
Radiation Research. Aug; 2011: 176, (2): 244-258. 

C. Research Support 

Ongoing Research Support 

5R01 CA104666-03 Boice (Pl) 
NIH/NCI 
Genetic Consequences of Therapies for Cancer 

09112/05-05/31/10 

The major goal is to determine whether genetic hazards of radiation agree with prior data from the A-bomb 
survivors. 
Role: Co~lnvestigator 
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Completed Research Support 
International Epidemiology Institute (IEI) Brill (Pl) 08/30/01-06/30/05 
A Cohort Mortality Study of the Rocketdyne Workforce 
The overall goal is to evaluate the risks for specific cancers and other diseases in relation to quantitative 
estimates of both radiation and chemical exposures. 
Role: Pl 

1R41 CA117599-01 Brill (Pl) 04/12/06-03/31/07 
NIH/NCI (STTR: Sub with AlphaMed Inc.) 
High Energy Imaging in Support of Radionuclide Therapy 
The overall goal of this project is to design and build cameras that can efficiently detect and image isotopes 
that have gamma rays with energies that are typically beyond those effectively accessible with conventional 
cameras. 
Role: Pl at Vanderbilt University Medical Center 

5R01 CA104907-03 Stabin (Pl) 
NIH/NCI 
New Methods for Improved Image-Based Dosimetry 

09101 /04-08/31 /08 

The goal of this project is to determine the accuracy of activity estimation from the quantitative methods and 
reconstruction algorithms, through comparison of measured activity values in simple and complex 
anthropomorphic phantoms to known values. 
Role: Co~lnvestiga1or 

5R01 CA116743-02 Stab1n (Pl) 09101105-05/31/08 
Rensselaer Polytechnic Institute 
Virtual Patients for Computing Radiation Doses 
The goal of this project 1s to set the foundation for a paradigm shift in the US and the rest of the world in the 
ways that organ doses are calculated for high-energy photon/electron/proton radiotherapy, X-ray/CT imaging 
and radiation risk epidemiological studies. 
Role: Co-Investigator 
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NAME 
Shyr, Yu 
eRA COMMONS USER NAME (credential. e.g. agency logi11) 

YUSHYR 

POSITION TITLE 

Director 

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training) 

INSTITUTION AND LOCATION DEGREE MMIYY FIELD OF STUDY ilf a~~11cab/el 

Tamkang University, Taiwan B.B. t985 Statistics 
Michigan State University, East Lansing, Ml M.S. t989 Statistics 

University of Michigan, Ann Arbor, Michigan Ph.D. t994 Biostatistics 

A. Personal Statement 
I have nearly 20 years of experience as a statistical consultant, providing experimental design and statistical 
analysis support for basic science research, clinical trials, and high-di1nensional data studies. I have 
published n1ore than 260 peer-reviewed papers, including many statistical n1ethodology papers, for 
example, describing techniques for multivariate data analysis and a wavelet-based approach to proteomic 
data preprocessing, as well as collaborative research papers in the fields of cancer biology, epidemiology, 
and clinical trials; diabetes and nephrology; orthopedics; immunology; and others. In addition, I have taught 
numerous seminars and courses on statistical topics such as power and sample size calculation, clinical 
trial design and analysis, and statistical approaches to high-dimensional data analysis. 

B. Positions and Honors 
Positions and Employment 
t 988 - t 989 Graduate Student Teaching Asst., Dept. of Statistics, Michigan State Univ., East Lansing, Ml 
1989 - 1994 Graduate Student Research Asst, Dept. of Biostatistics, Univ. of Michigan, Ann Arbor, Ml 
t 990 Research Associate, Institute of Gerontology, Univ. of Michigan, Ann Arbor, Ml 
1991 - 1992 Research Associate, Dept. of Periodontics/Prevention/Geriatrics, Univ. of Michigan 
1993 - t 994 Adjunct Lecturer, Dept. of Biostatistics, Univ. of Michigan, Ann Arbor, Ml 
t994 • t998 Chief Biostalistic1an, Ingram Cancer Center, Vanderbilt Univ. School oi Med., Nashville, TN 
1994 - 1999 Asst Professor of Biostatistics, Dept. of Preventive Medicine, Nashville, TN 
1998 - Present Director, Biostatistics Shared Resource, Vanderbilt~lngram Cancer Center, Nashville, TN 
1999- 2002 Associate Professor of Biostatistics, Vanderbilt Univ., Nashville, TN 
2000 Tamkang Chair Professor of Statistics, Dept. of Statistics, Tamkang University (Taiwan) 
200t - Present Director, Biostatistics Core. Lung SPORE, Vanderbilt Univ., Nashville. TN 
2002 - Present Professor of Biostatistics, Dept. of Preventive Medicine, Vanderbilt Univ., Nashville, TN 
2002 · Present Director, Biostatistics Core, GI SPORE, Vanderbilt Univ. School of Medicine, Nashville, TN 
2003 - Present Ingram Professor of Cancer Research, Vanderbilt Univ. School of Medicine, Nashville, TN 
2003 · Present Director, Biostatistics Core, Breast SPORE, Vanderbilt Univ. Medical Center, Nashville, TN 
2003 - Present Professor of Biostatistics, Dept. of Biostatistics, Vanderbilt Univ., Nashville, TN 
2006 ·Present Chief, Division of Cancer Biostatistics, Dept of Biostatistics, Vanderbilt Univ., Nashville, TN 
2007 · 2011 Director, Cancer Biostatistics Center, VanderbilHngram Cancer Center (VICC), Nashville, TN 
2009 - Present Associate Director for Quantitative Sciences Integration, VICC. Nashville, TN 
20t t , Present Professor, Dept of Cancer Biology, Vanderbilt Univ. School of Medicine, Nashville, TN 
2011 - Present Professor, Dept. of Biomedical Informatics, Vanderbilt Univ. School of Medicine, Nashville, TN 
2011 ~ Present Director, Vanderbilt Center for Quantitative Sciences, Vanderbilt Univ., Nashville, TN 

C. Selected peer-reviewed publications ( 15 selected from 266) 
1 Yanagisawa K, Shyr Y, Xu BJ, Massion PP, Larsen PH, Whit BC, Roberts JR, Gonzalez A, Nadal S, 

Moore JH, Caprioli RM, Carbone DP. Tumor proteomic patterns predict classification and tumor behavior in 
human nan-small cell lung cancer. Lancet 2003;362(9382):433-439. 
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2 Chen S, Hong D, Shyr V. Wavelet-based procedures for proteomic mass spectrometry data processing. 
Computational Statistics and Data Analysis 2007;52(1 ):211-20. 

3 Jiang A, Pan W, Milbauer LC, Shyr Y, Hebbel RP. A practical question based on cross-platform microarray 
data normalization: are BOEC more like large vessel or microvascular endothelial cells or neither of them? 
J Bioinform Comput Biol 2007;5(4):875-93. 

4 Ye F, Shyr Y. Balanced two-stage design tor phase II clinical trials. Clin Trials 2007;4(5) :5t 4-524 
5 Lin KC, Chen YJ, Shyr Y. A nonparametric smoothing method for assessing GEE models with longitudinal 

binary data. Stat Med 2008;27(22):4428-4439. 
6 N1 TT, Lemon WJ, Shyr Y, Zhong TP. Use of normalization methods for analysis of microarrays containing 

a high degree of gene effects. BMC Bioinformatics 2008;9:505. PMCID: PMC2612699. 
7 Chen S, Li M, Hong D, Billheimer D, Li H, Xu BJ, Shyr Y. A novel comprehensive wave-form MS data 

processing method Biointormatics 2009;25(6):808-814. PMCID: PMC2732299 
8 Bierle B, Chung CH, Parker JS, Stover DG, Cheng N, Chytil A, Aakre M, Shyr Y, Moses HL. Abrogation of 

TGF-b signaling enhances chemokine production and correlates with prognosis in human breast cancer. J 
Clin Invest 2009;119(6):1571-1582. PMCID: PMC2689133. 

9 Lovejoy CA, Xu X. Bansbach CE, Glick GG, Zhao R, Ye F. Sirbu BM, Titus LC, Shyr V, Cortez D. 
Functional genomic screens identify CINP as a genome maintenance protein. Proc Natl Acad Sci USA 
2009;106(46):19304-19309. PMCID: PMC2780779. 

10 Wu J, Qiu Q, Xie L, Fullerton JB, Yu J, Shyr Y, George AL, Yi Y. Web-based interrogation of gene 
expression signatures using EXALT. BMC Bioinformatics 2009;10(1 ):420. PMCID: PMC2799423. 

11 Smith JJ, Deane NG, Wu F, Merchant NB, Zhang B, Jiang A, Lu P, Johnson JC, Schmidt C, Edwards CM, 
Eschrich S, Kis C, Levy S, Washington MK, Heslin MJ, Coffey RJ. Yeatman T J, Shyr Y, Beauchamp RD. 
An experimentally derived metastasis gene expression profile predicts recurrence and death in colon 
cancer patients. Gastroenterology 2010;138(3):958-968. NIHMSID: NIHMS166548. 

12 Ogden SR, Noto ,JM, Allen SS, Romero-Gallo ,J, Washington MK, Fingleton B, Israel DA, Lewis ND, Wilson 
KT, Chatuervedi R, Zhao z, Shyr Y, Peek RM. Matrix metalloproteinase·? and premalignant host 
responses in Helicobacter pylori-infected mice. Cancer Res 2010;70(1 ):30-35. PMCID: PMC2804939. 

13 Kobayashi H, Huang J, Ye F, Shyr Y, Blackwell TS, Lin PC. lnterleukin-32b propagates vascular 
inflammation and exacerbates sepsis in a mouse model. PLoS ONE 2010;5(3):e9458. PMCID: 
PMC2832764. 

14 Rosenbluth JM, Mays DJ, Jiang A, Shyr Y, Pietenpol JA. Differential regulation of the p73 cistrome by 
mammalian target of rapamycin reveals transcriptional programs of mesenchymal differentiation and 
tumorigenesis. Proc Nati Acad Sci USA 2011;108(5):2076-81. PMCID: PMC3033306. 

15 Lehmann BO, Bauer JA, Chen X, Sanders ME, Chakravarthy AB, Shyr Y, Pietenpol JA. Identification of 
human triple-negative breast cancer subtypes and preclinical models for selection of targeted therapies. 
Journal of Clinical investigation 2011. PMCID: PMC21633166. 

D, Research Support 
Selected ongoing and recently completed support 
5P50 CA095103· 10 (Coffey) 07/25/07-04/30/12 
NIH/NCI Role: Core leader 
SPORE in GI cancer 
The major goal of this project is to investigate the molecular features of gastrointestinal tumors. 

5P50 CA090949-1 O (Carbone) 09/26/07-03/31 /12 
NIH/NCI Role: Core leader 
SPORE in lung cancer 
The major goal of this project is to investigate the molecular features of tumors or tumor-host interactions that 
determine their clinical behavior and represent potential molecular targets for interventions. 

5U54 CA 126505-05 (Matris1an) 09/25/06-08/31 /12 
NIH/NCI Role: Co-Investigator 
Paracrine TGF·beta signaling in tumor initiation and progression 
The major goal of this project is to establish the Vanderbilt University Tumor Microenvironment Network 
(VUTMEN) to contribute to the generation of a comprehensive understanding of the role of the tumor stroma. 
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5P30 CA068485-15 (Pietenpol) 
NIH/NCI 
Cancer center support grant 

09110110-08131115 
Role: Core leader 

The major goal of this project is to coordinate cancer-related activities of Vanderbilt University. 

5P50 CA098131-09 (Arteaga) 09111108-05131113 
NIH/NCI Role: Core leader 
SPORE in breast cancer 
The major goal of this project is to address basic, clinical, and population research questions in breast cancer. 

5R01 CA102162-08 (Moses) 
NCI 
TGF-beta in mammary development and tumorigenesis 

12101108-11130113 
Role: Co-Investigator 

The major goal of this study is to characterize Cre expression pattern, recombination, and phenotype in various 
TGF-beta recombinant mouse backgrounds. 

5P01 CA116087-03 (Peek) 
NCI 
H. pylori-induced inflammation and gastric cancer 

01101109-12131113 
Role: Core leader 

The major goal of this project is to delineate the molecular signaling events initiated by H. pylori-epithelial cell 
contact that regulate phenotypes related to gastric carcinogenesis. 

2R01 DK058587-10 (Peek) 
NIDDKD 
H. pylori and gastrointestinal biology 

09101107-06130116 
Role: Co-Investigator 

The major goal of this project is to investigate effects of H. pylori on prostaglandin biology using conditionally 
immortalized gastric cells. 

5P50 CA128323-04 (Gore) 
NCI 
Vanderbilt in vivo cellular and molecular imaging center 

09122108-08131113 
Role: Core leader 

The major goal of this project is to establish a new in vivo cellular and molecular imaging center at Vanderbilt 
University, which will be dedicated to highly innovative molecular imaging studies of cancer biology. 

5RC2 CA14839-02 (Pao: Colorado) 
NIH 
Lung Cancer Mutation Consortium trial 

09101109-08131111 
Role: Core leader 

The major goal of this project is to establish a Lung Cancer Mutation Consortium (LCMC) consisting of 13 
institutions with a major interest 111 lung cancer and genomic testing of lung cancer as documented by having 
major NCI grants in lung cancer. 

2R01 CA085492-11 A1 (Moses) 
NCI 
TGFb suppression and promotion of mammary carcinomas 

03101111-02/29116 
Role: Co"lnvestigator 

The major goal of this project is to delineate mechanisms of both suppression and promotion of tumors by 
TGFb. 
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BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel arid other significant contributors in the order listed on Form Page 2. 

Follow this format for each 00 NOT EXCEED FOUR PAGES. 

William Wu Associate in Biostatistics 
~~~~~~~~~~~~~~~~~~ 

eRA COMMONS USER NAME (credential. e.g. agency loginj 

Wuwill 
EDUCATION/TRAINING (6egm with bmx;al11ureate or other m1tial profession.1/ o;yJuc,'11ion, such 11s nursing, and include postdoctoral training.) 

INSTITUTION AND LOCATION 
.................................. ···········15Ei5R.EE··· 

MM/YY FIELD OF STUDY 

Nanchang Health College, China 
Quingdao Medical College, China 
Chinese Academy of Preventive Medicine, China 

.... ~!.~!.~~!:~.~!X.~!..?.~.~~!~.~.~.~ .. S.~!.~~:?.~~.~~: .. ~.?..~ .. ~!~2~~'.'.:~.~ .. ~~ .... 
A. Personal Statement 

If a licable 

B.S. 
M.S. 
Ph.D . 
M.S. 

10/81 
07/89 
08/96 

Public Health 
Nutrition 
Preventive Medicine 

I am an associate in biostatistics and a full"time biostatistician in the Vanderbilt Center for Quantitative 
Sciences. I have over eight years of experience 1n biostat1stical consulting. I received my master's degree 1n 
applied biostatistics and epidemiology from the University of Southern California and my Ph.D. in preventive 
medicine from the Chinese Academy of Preventive Medicine. My research interests include statistical 
methodology development for h1gh"dimensional data analysis and two-stage design of phase II cl1n1cal trials. 

B. Positions and Honors 
Positions and Employment 
1990 - 1993 Instructor, Qingdao Medical College, China 
1993 - 1996 Research Assistant, Chinese Academy of Preventive Medicine, Beijing, China 
1996 - 1998 Postdoctoral Research Associate, University of Louisville, Louisville, KY 
1998 - 2000 Postdoctoral Research Associate, University of Cincinnati, Cincinnati, OH 
2000 - 2001 Associate Research Scientist, American Health Foundation, Valhalla, NY 
2001 w 2003 Research Associate, Department of Preventive Medicine, University of Southern California, 

Los Angeles, CA 
2003 2007 Assistant in Biostatistics, Department of Biostatistics, Vanderbilt University, Nashville, TN 
2007 ~ Present Associate in Biostatistics, Department of Biostatistics, Vanderbilt University , Nashville, TN 

C. Selected peer-reviewed publications (15 selected from 33) 

1. Xie S, Wu HY, Wang Q, Cogswell JP, Husain I, Conn C, Stambrook P, Jhanwar-Uniyal M, Dai W. Plk3 
functionally links DNA damage to cell cycle arrest and apoptosis at least in part via the p53 pathway. J 
Biol Chem 2001 ;276:43305-12. 

2. Xie S, Wu HY, Wang Q, Kunicki J, Thomas RO, Hollingsworth RE, Cogswell J, Dai W. Genotoxic stress­
induced activation of Plk3 is partly mediated by Chk2. Cell Cycle 2002;1 :424-9. 

3. Wu HY, Dwyer KM, Fan Z, Shircore A, Fan J, Dwyer JH. Dietary fiber and progression of atherosclerosis: 
the Los Angeles Atherosclerosis Study. Am J Clin Nutr 2003;78:1085-91. 

4. Dwyer JH, Allayee H, Dwyer KM, Fan J, Wu HY, Mar R, Lusis AJ, Mehrabian M. Arachidonate 5-
lipoxygenase promoter genotype, dietary arachidonic acid, and atherosclerosis. N Eng J Med 2004;350:29-
37. 

5. Boyd A, Wu HY, Shyr Y. Monster cells in malignant melanoma. Am J Dermatopathol 2005;27:208-10. 
6. Fowler K, Poehling K, Billheimer D, Hamilton R, Wu HY, Mulder J, Frangoul H. Hospice referral practices 

for children with cancer: a survey of 632 pediatnc oncologists. J Clin Oncol 2006;24;1099-104. 
7. Cuneo KF, Wu HY, Hallahan DE. Src family kinase inhibitor SU6656 enhances antiangiogen1c effect of 

irradiation. Int J Radial Oncol Biol Phys 2006;64(4):1197 203. 
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8. Kim DW, Blanke CD, Wu H, Shyr Y, Berlin J, Beauchamp RD, Chakravarthy B. Phase II study of 
preoperative paclitaxel/c1splatin with radiotherapy in locally advanced esophageal cancer Int J Radial 
Oneal Biol Phys 2007;67(2): 397-404. 

9. Shin A, Shrubsole MJ, Ness RM, Wu H, Sinha R, Smalley WE, Shyr Y, Zheng W. Meat and meat·mutagen 
intake, doneness preference and the risk of colorectal polyps: the Tennessee Colorectal Polyp Study. Int J 
Cancer 2007;121 (1 I :136·42. 

10. Murtf HJ. Shrubsole MJ. Smalley WE, Wu H, Shyr Y, Ness RM, Zheng W. The interaction of age and 
l1ormone replacement therapy on colon adenoma nsk. Cancer Detect Prev 2007:31(2):161·5. PMCID: 
PMC1949417. 

11. Tang YW, Li H, Wu H, Shyr Y, Edwards KM. Host single·nucleotide polymorphisms and altered responses 
to inactivated influenza vaccine. J Infect Dis 2007;196(7):1021·5. 

12. Wu H, Muscato NE, Gonzalez A, Shyr Y. An EGFR and AKT signaling pathway was identified with 
mediation model in osteosarcomas clinical study. Biomarker Insights 2007;2:469·76. PMCID: 
PMC2717822. 

13. Shrubsole MJ, Wu H, Ness RM, Shyr Y, Smalley WE, Zheng W. Alcohol drinking, cigarette smoking, and 
nsk of colorectal adenomatous and hyperplastic polyps. Am J Epidemiol 2008;167(9):1050-8. 

14. Wu H, Dai Q, Shrubsole MJ, Ness RM, Schlund! D, Smalley WE, Chen H, Li M, Shyr Y, Zheng W. Fruit 
and vegetable intakes are associated with lower risk of colorectal adenomas. J Nutr 2009;139(2):340-344. 
PMCID: PMC2646202. 

15. Ware LB, Koyama T, Billheimer DD, Wu W, Bernard GR, Thompson BT, Brower RG, Standiford TJ, Martin 
TR, Matthay MA. Prognostic and pathogenetic value of combining clinical and biochemical indices in 
patients with acute lung injury. Chest 2010;137(2):288-296. PMCID: PMC2816641. 

D. Research Support 

Selected ongoing and recently completed research support 
5K07 CA 122827 -04 (Peterson) 08/01/07 -07/31111 
NCI 
Matrix rnetalloproteinase gene poly111orphisms and breast cancer risk and survival 
The major goal of this project is to examine how polymorphisms in MMP genes affect breast cancer risk, breast 
cancer type or disease stage at diagnosis, and all·cause survival and breast cancer·specific survival in breast 
cancer patients. 
Role: Biostatistician 

5P01 CA040035-22 (Elefteriou) 09/01/06-08/31/11 
NCI 
Effects of tumors on the skeleton 
The major goal of this project is to identify novel molecular mechanisms responsible for important 
manifestations of cancer on the skeleton. 
Role: Biostatistician 

5P50 CA 128323-03 (Gore) 09122/08-08/31 /13 
NCI 
Vanderbilt in vivo Cellular and Molecular Imaging Center 
The major goal of this project is to establish a new in vivo cellular and rnolecular irnaging center at Vanderbilt 
University, which will be dedicated to highly innovative molecular imaging studies of cancer biology. 
Role: Biostatistician 

5R01 CA129961·04 (Yankeelov) 
NCI 
Evaluation of MRI b1omarkers of breast cancer response 

04101/08-01/31 /12 

The major goal of this project is to combine several new imaging methods to obtain quantitative information on 
how breast tumors respond to treatment. 
Role: Co·investigator 
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5R01 CA 104666-05 (Boice) 09112/05-05/31 /11 
NCI 
Gene1ic consequences of 1herapies for cancer 
The rnajor goal of this project is to analyze an international collection of data related to possible genetic 
alterations in offspring of long~term survivors of childhood and adolescent cancer. 
Role: B1ostatistician 

2P30 CA068485-15 (Pietenpol) 
NIH/NCI 
Cancer Center Support Grant 

09/10/10-08/31 /15 

The major goal of this project is to coordinate cancer-related activities of Vanderbilt University. 
Role; Co-investigator 

1 U01 CA137026-01A2 (Boice) 07/07/10-06130115 
NCI 
Cancer mortality among military participants at US nuclear weapons tests 

The major goals of this project are to study the effects of radiation on veterans who participated in atmospheric 
nuclear weapons tests in Nevada between 1946 and 1958 and to provide new knowledge on the lifetime risk of 
cancer following relatively low-dose exposures to radiation received gradually over tirne. 
Role: Biostatistician 

1U01 CA151925-01 (Moses) 
NIH 
Role or fibroblasts, myeloid cells, and rnatrix in PDAC 

10/01110-06/30/15 

The major goal of the Vanderbilt portion of this cooperative project is to characterize Kras0120 mice with and 
without attenuation of TGFb signaling, specifically with regard to chemokine/cytokine expression, myeloid· 
immune cell (MIC) infiltration, and ability of MIC populations to enhance tumor progression. 
Role: Co-investigator 

5R01 CA113519-05 (Datta) 
NCI 
Targeting TGF· B signaling in lung cancer 

03/01/06-01131111 

The major goal of this project is to understand the molecular mechanism by which lung cancers become 
resistant to TGF-B tumor suppressor function and provide new insights into the mechanism by which HDls 
target the TGF-B pathway in lung cancer. 
Role: Biostatistician 

2011 Clinical Science Development Award (Kim) 
DDCF 
MicroRNAs in Myelodysplastic Syndrome 

07/01111-06/30/14 

The major goal of this project is to define the role of miRNAs in the pathogenesis of MOS and in the response 
of patients to DNA methyltransferase inhibitors. 
Role: Biostatistician 

Lung SPORE CDA (Aldrich) 05/01111 ·04/30/13 
Lung SPORE CDA 
Identifying pleiotropic genetic determinants of metformin response and lung cancer 
The rnajor goal of this project is to identify pleiotropic genetic variants contributing to the pharrnacogenetics of 
metformin and lung cancer. 
Role: B1ostatistician 
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BIOGRAPHICAL SKETCH 

NAME POSITION TITLE 

Han K. Kang Director 
-,,R'°'A'"'c"o"M'"'M'"'o"N"s"'u"s"ER=NA'"'M""E~---------_, Veterans Health Administration 

Environmental Epidemiology Service 

EDUGATIONFfRAINING 

INSTITUTION AND LOCATION DEGREE I YEAR(sl FIELD OF STUDY 

Seoul National University, Seoul, Korea BS 
I 

1967 Pharmacy 
Seoul National University, School of Public Health MPH 1971 Environmental Health 
University of California, Los Angeles, CA DrPH 

I 

1976 Environmental Health 
Univers1tv of California. Los Anaeles, CA Post-doc 1978 Environmental Eoidemioloav 

A. Positions and Honors. 

Professional Experience 
1969-71 Senior Research Pharmacist. Dong-A Pharmaceutical Company, Seoul, Korea 
1979·83 Senior Health Scientist, Occupational Safety and Health Administration, Washington, DC 
1983· Director. Environmental Epidemiology Service. Veterans Health Administration, Department of 

Veterans Affairs, Washington, DC 
200t· Director, War-Related Illness and Injury Study Center, VA Medical Center, Washington, DC 

Other Experience and Professional Membership 
1967-68 Deputy Commander. Medical Company, 93rd Regiment, 27th Infantry Division, ROK Army, 

Sachangri, Korea 
1968-69 
1985-
2000· 

2004· 

Honors 

Director, Hospital Pharmacy, t05 Army Evacuation Hospital, ROK Army, Euzonbu, Korea 
Fellow, American College of Epidemiology 
Adjunct Associate Professor, The George Washington University, Departn1ent of Epidemiology and 
Biostatistics 
Adjunct Associate Professor of Preventive Medicine and Biometrics, Uniformed Services University 
of the Health Sciences 

2004 Service to America Career Achievement Medal Finalist 
2008 Presidential Rank Award 

B. Selected Peer-Reviewed Publications. (selected from over 100 articles) 

1. Valentine JL, Kang HK, Spivey GH. Selenium levels in human blood, urine, and hair in response to 
exposure via drinking water. Environ Res 17:347w55, 1978. 

2. Valentine JL, Kang HK, Spivey GH. Arsenic levels in hun1an blood, urine and hair in response to exposure 
via drinking water. Environ Res 20:24·32, 1979. 

3. Kang HK, Infante PF, Carra JS. Occupational lead exposure and cancer. Science 207:935-6, 1980. 
4. Blackwell M, Kang HK. Formaldehyde: evidence of carcinogenicity. Am Ind Hyg Assoc J 42:A34·35, 1981. 
5. Kang HK, Breslin PP. Effects of military draft on mortality. N Engl J Med 315:454, t986. 
6. Kang HK, Weatherbee L, Breslin PP, Lee Y, Shepard BM. Soft tissue sarcomas and military service in 

Vietnam: a case comparison group analysis of hospital patients. J Occup Med 26:1215-8. t986. 
7. Kang HK, Enzinger F, Breslin P, Feil M, Lee Y, Shepard B. Soft tissue sarcoma and military service in 

Vietnam: a case-control study. J Natl Cancer Inst 79:693·9, 1987. 
8. Breslin P, Kang HK, Lee Y, Burt V, Shepard BM. Proportionate mortality study of Army and Marine Corps 

veterans of the Vietnarn War. J Occup Med 30:412,9, 1988. 
9. Thomas TL, Kang HK. Mortality and morbidity among Army Chemical Corps Vietnam veterans: a 

preliminary report. Am J Ind Med 18:665-73, 1990. 
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10. Dalager, Kang HK, Burt VL. Non-Hodgkin's lymphoma among Vietnam veterans. J Occup Med 33:774-9, 
1991. 

11. Kang HK. Resources for epidemiologic research in Vietnam era veteran populations within the Department 
of Veterans Affairs. In: Epidemiology in Military and Veterans Populations. Washington, DC: National 
Academy Press, pp 97-103, 1991. 

12. Thornas TL, Kang HK, Dalager NA. Mortality arnong won1en Vietnan1 veterans, 1973· 1987. Arn J 
Epidem1ol 134:973-80, 1991. 

13. Watanabe KK, Kang HK, Thomas TL. Mortality among Vietnam veterans: with met11odolog1cal 
considerations. J Occup Med 33:780-5, t991. 

14. Bullman TA, Kang HK. The effects of mustard gas, ionizing radiation, herbicides, trauma, and oil smoke on 
US military personnel: the results of veterans studies. Annu Rev Public Health 15:69-90, 1994. 

15. Bullman TA, Kang HK. Posttraumatic stress disorder and the risk of traumatic deaths among Vietnam 
veterans. ,!.N.erv .. Men.LQ.i:;; 182:604-10, 1994. 

16. Dalager NA, Kang HK, Thomas Tl. Cancer mortality patterns among women who served in the military: the 
Vietnam experience. J Occup Med 37:604- 10, 1995. 

17. Blanck RR, Hiatt J, Hyams KC, Kang HK et al. Unexplained illnesses among Dessert Storm veterans: a 
search for causes, treatrnent, and cooperation. Arch Intern Med 155:262~8, 1995. 

18. Dalager NA, Kang HK, Burt VL, Weatherbee L. Hodgkin's disease and Vietnam service. Ann Epidemiol 
5:400·6, 1995. 

19. Watanabe KK, Kang HK. Military service in Vietnam and the risk of death from trauma and selected 
cancer. Ann Ep1demiol 5:407-412, 1995 

20. Watanabe KK, Kang HK, Dalager NA. Cancer mortality risk among military participants of a 1958 
atmospheric nuclear weapons test. Am J Public Health 85:523-7. 1995. 

21. Gray GC, Coate BD, Anderson CM, Kang HK, Berg SW, Wignall FS, Knoke JD, Barrett-Connor E. The 
postwar hospitalization experience of U.S. veterans of the Persian Gulf War. N Engl J Med 335:1505- 13, 
t996. 

22. Kang HK. Feasibility of an edidemiologic study of submariners who received radium irradiation treatment. 
Otolaryngol Head Neck Surg 115:433-7, 1996. 

23. Kang HK, Bullman TA. Mortality among U.S. veterans of the Persian Gulf War. N Engl J Med 335:1498-
504, 1996. 

24. Page WF, Mahan CM, Kang HK. Vital status ascertainment through the files of the Department of 
Veterans Affairs and the Social Security Administration. Ann Epidemiol 6:102·9, 1996. 

25. Dalager ND, Kang HK. Mortality among Army Chemical Corps Vietnam veterans. l\mJlndMed 31 :719-
26, 1997. 

26. Mahan CM, Bullman TA, Kang HK, Selvin S. A case-control study of lung cancer among Vietnam 
veterans. J Occup Environ Med 39:740-7, 1997. 

27. Kang HK, Bullman TA, Counterpoint: negligible "healthy~warrior effect" on Gulf War veterans' mortality. Am 
J Epidem1ol 148:324-5, 1998. 

28. Gray GC, Hawksworth AW, Smith TC, Kang HK, Knoke JD, Gackstetter GD. Gulf War ve1erans' health 
registries. Who is most likely to seek evaluation? Am J Epidemiol 148:343-9, 1998. 

29. Murphy FM, Kang HK, Dalager NA, Lee KY, Allen RE, Mather SH, Kizer KW. The health status of Gulf 
War veterans: lessons learned from the Department of Veterans Affairs Health Registry. Mil Med 164:327-
31, 1999. 

30. Bullman TA, Kang HK. A 50 year mortality follow-up of veterans exposed to low level chemical warfare 
agent, mustard gas. Ann Epidemiol 10;333-8, 2000. 

31. Dalager NA, Kang HK, Mahan CM. Cancer mortality arr1ong the tiighest exposed U.S. atmospheric nuclear 
tes1 participants. J Occup Environ Med 42:798-805, 2000 

32. Gray GC, Smith TC, Kang HK, Knoke JD. Are Gulf War veterans suffering war-related illnesses? Federal 
and civilian hospitalizations examined, June 1991 to December 1994. Am J Epidemiol 151 :63-71. 2000. 

33. Kang HK, Bullman TA, Mahan CM. A mortality follow-up study of WWII submariners who received 
nasopharyngeal radium irradiation treatn1ent. Arri J Ind Med 38:441~6, 2000. 

34. Kang HK, Mahan CM, Lee KY, Magee CA, Murphy FM. Illnesses among United States veterans of the 
Gulf War: a population-based survey of 30,000 veterans. J Occup Environ Med 42:491 -501, 2000. 
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35. Kang HK, Mahan CM, Lee KY, Magee CA, Mather SH, Matanoski G. Pregnancy outcomes among U.S. 
women Vietnam veterans. Am J Ind Med 38:447-54, 2000. 

36. Kang HK, Bullman TA. Mortality among U.S. veterans of the Gulf War: seven year follow up. Am J 
Epidem1ol 154:399·405, 2001. 

37. Kang HK, Dalager NA, Needham LL, Patterson DG, Matanosk1 GM, Kanchanaraksa S, Lees PSJ. U.S. 
Army Chen1ical Corps Vietnam veterans health study: prelirninary results. Chernosphere 43:943··9, 2001. 

38. Kang HK, Mahan CM, Lee KY, Magee CA, Mather SH, Matanoski G Pregnancy outcomes among U.S. 
Gulf War veterans: a population-based survey of 30,000 veterans. Ann Epidemiol 11 :504-11, 2001. 

39. Kang HK, Bullman TA, Macfarlane GJ, Gray GC. Mortality among US and UK veterans of the Persian Gulf 
War: a review. Occup Environ Med 59:794-9, 2002. 

40. Kang HK, Mahan CM, Lee KY, Murphy FM, Simmens SJ, Young HA, Levine PH. Evidence for a 
deployment related Gulf War syndrome by factor analysis. Arch Environ Health 57:61-8, 2002. 

41. Smith TC, Smith B, Ryan MA, Gray GC, Hooper Tl, Heller JM, Dalager NA, Kang HK, Gackstetter GD. Ten 
years and 100,000 participants later: occupational and other factors influencing participation in US Gulf 
War health registries. J Qccup Environ Med 44:758-68, 2002. 

42. Hallman WK, Kipen HM, Diefenbach M, Boyd, K, Kang H, Leventhal H, Wartenberg D. Symptom patterns 
among Gulf War registry veterans. Am J Public Health 93:624·9, 2003. 

43. Kang HK, Natelson BH. Mahan CM, Lee KY, Murphy FM. Post-traumatic stress disorder and chronic 
fatigue syndrome-like illness among Gulf War veterans: a population based survey of 30,000 veterans. Am 
J Epidemiol 157:141·8, 2003. 

44. Young HA, Simmens SJ, Kang HK, Mahan CM, Levine PH. Factor analysis of fatiguing syndrome in Gulf 
War era veterans. J Occup Environ Med 45:1268·73, 2003. 

45. Levine PH, Young HA. Simmens SJ, Koefie V, Rentz ED. Mahan CM. Kang HK. Is testicular cancer 
related to Gulf War deployment? Evidence from a pilot population-based study of Gulf War era veterans 
and cancer registries. Mil Med 170:149-53, 2004. 

46. Mahan CM, Kang HK, Dalager NA, Heller JM. Anthrax vaccination and self-reported syrnptorns, functional 
status. and medical conditions in the National Health Survey of Gulf War Era Veterans and Their Families. 
Ann Epidemiol 14:81·8, 2004. 

47. Schneiderman Al, Lincoln AE, Curbow BA, Kang HK. Racial variations in health communication needs of 
combat veterans. Am J Public Health 94:2074·6, 2004. 

48. Smith TC, Jimenez DK, Smith B. Gray GC, Hooper Tl, Gackstetter GD, Heller JM, Dalager NA, Kang HK, 
Hyams KC, Ryan MAK. The postwar hospitalization experience of Gulf War veterans participating in LJS 
health registries. JQ<;<;upEnvironMe\I 46:386-97, 2004. 

49. Bullman TA, Mahan CM, Kang HK, Page WF. Mortality in US Army Gulf War veterans exposed to 1991 
Khamisiyah chemical munitions destruction. Am J Public Health 95:1382·8, 2005. 

50. Eisen SA, Kang HK, Murphy FM, Blanchard MS, Reda DJ, Henderson WG, Toomey R, Jackson LW, 
Alpern R. Parks BJ, Klimas N, Hall C, Pak HS, Hunter J, Karlinsky J, Battistone MJ, Lyons MJ; Gulf War 
Study Participating Investigators. Gulf War veterans' health: medical evaluation of a U.S. cohort. Ann Intern 
Med 142:881-90, 2005. 

51. Hooper Tl, DeBakey SF, Lincoln A, Kang HK, Cowan DN, Gackstetter GD. Leveraging existing databases 
to study vehicle crashes in a combat occupational cohort: epidemiologic methods. 8_m __ J_J!J£LM_~Q 48:118-
27, 2005. 

52. Kang HK, Hyams KC. Mental health care needs among recent war veterans. N Engl J Med 352:1289, 
2005. 

53. Kang HK, Dalager NA, Mahan CM, Ishii E. The role of sexual assault on the risk of PTSD among Gulf War 
veterans. Ann Epidemiol 15:191 w5, 2005. 

54. Mahan CM. Page WF, Bullman TA, Kang HK. Health effects in Army Gulf War veterans possibly exposed 
to chemical munitions destruction at Kha111isiyah, Iraq: Part I. Morbidity associated with potential exposure. 
Mil Med 170:935-44, 2005. 

55. Page WF, Mahan CM, Kang HK, Bullman TA. Health effects in Army Gulf War veterans possibly exposed 
to chernical rnunitions destruction at Khamisiyah, Iraq: Part II. Morbidity associated with notification of 
porential exposure. Mil .. Me.Q 170:945-51, 2005. 
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56. Blanchard MS, Eisen SA, Alpern R, Karlinsky J, Toomey R, Reda DJ, Murphy FM, Jackson LW, Kang HK. 
Chronic mult1symptom illness complex in Gulf War I veterans 1 O years later. Am J Epidemiol 163:66-75, 
2006. 

57. Gackstetter GD, Hooper Tl, DeBakey SF, Johnson A, Nagaraj BE, Heller JM, Kang HK. Fatal motor 
vehicle crashes among veterans of the 1991 Gulf War and exposure to munitions demolitions at 
Kharnisiyah: a nested case control study. Arn J Ind Med 49:261·70, 2006. 

58. Gray GC. Kang HK. Healthcare utilization and mortality among veterans of the Gulf War. Philos Trans R 
Soc Lond B Biol Sci 361 :553-69, 2006. 

59. Kang HK, Bullman TA, Taylor JW. Risk of selected cardiovascular diseases and posttraumatic stress 
disorder among former World War II prisoners of war. Ann Epidemiol 16:381-6, 2006. 

60. Kang HK, Dalager NA, Needham LL, Patterson DG, Lees PSJ, Yates K, Matanosk1 GM. Health status of 
Army Chemical Corps Vietnam veterans who sprayed defoliant in Vietnam. Am ,J Ind Med 49:875-84, 2006. 

61. Lincoln AE, Helmer DA, Schneiderman Al, Li M, Copeland HL, Prisco MK, Wallin MT, Kang HK, Natelson 
BH. The war-related illness and injury study centers: a resource for deployment-related health concerns. 
Mil Med 171 :577-85, 2006. 

62. Miller R, Costigan D, Young H, Kang H, Dalager N, Mathes R, Crawford H, Page W, Thaul S. Patterns of 
health care seeking of Persian Gulf War Registry rnernbers prior to deployment. Mil Med 171 :370-5, 2006. 

63. Toomey R, Kang HK, Karlinsky J, Baker D, Vasterling J, Alpern R, Reda D, Henderson W, Murphy F, 
Eisen S. Mental health of US Gulf War veterans 1 O years after the war. Br J Psychiatry 190:385-93, 2007. 

64. Schneiderman Al, Braver ER, Kang HK. Understanding sequelae of injury mechanisms and mild traumatic 
brain injury incurred during the conflicts in Iraq and Afghanistan: persistent postconcussive symptoms and 
posttraumatic stress disorder. Am J Ep1demiol:167:1446-1452, 2008. 

65. Cypel Y, Kang H. Mortality patterns among women Vietnam~era veterans: results of a retrospective study. 
Ann Ep1demiol;18:244-252, 2008. 

66. Kang HK, Bullman TA. The risk of suicide among U.S. veterans after returning from Iraq or Afghanistan 
war zones. JAMA 300:652-653, 2008. 

67. Kang HK, Li B, Mahan CM, Eisen SA, Engel CC. Health of U.S. veterans of 1991 Gulf War: a follow-up 
survey in t O years. J Occup Environ Med 51 :401-410, 2009. 

C. Current Research Support. 

Veterans Administration (Pl) 
Longitudinal Epidemiologic Health Surveillance on the Mortality and Morbidity of OIF and OEF Veterans 
including Woman Veterans. 

Veterans Administration Merit Review (Pl) 
Post war Mortality from Neurological Diseases in Gulf Veterans 

Veterans Administration Merit Review (Pl) 
Evaluation of Dr. Stellman's Herbicide Exposure Reconstruction Model 

Veteran's Administration Merit Review (Pl) 
Estimates of Cancer Prevalence in Gulf Veterans Using State Registries 

Non-VA/Department of Defense (Pt) 
Longitudinal Health Study of Gulf War Veterans 

Non-VA/Henry Jackson Foundation (Co-Investigator) 
A Nested Case Control Study of Fatal Motor Vehicle Crashes among Gulf War Era Veterans 
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BIOGRAPHICAL SKETCH 
Provide the following 1nforrnat1on for the key personnel and other s1gn1ficant contributors 1n the order listed on Forrn Page 2. 

Follow this format for each porso11 00 NOT EXCEED FOUR PAGES. 

NAME 
Kopecky, Kenneth J 

POSITION TITLE 
Full Member 

oRA COMMONS USER NAME 

kkopecky 
EDUCATION/TRAINING (Begin with bar;;cala(.Jreate or other initial professional ed(lcation, s1,.1ch as n1.1rsing, and inol1.1de postdoctoral training) 

INSTITUTION AND LOCATION ................................... ········~~~ff.GI:~~~:·· YEAR(s) FIELD OF STUDY 

University of California, Los Angeles, CA 
Oregon State University, Corvallis, OR 
Oregon State University, Corvallis, OR 

BA 
MS 
PhD 

1971 
1975 
1977 

Mathematics 
Statistics 
Statistics 

A, Personal Statement 
I have long experience in radiation epidemiology and dose reconstruction, having been a research associate at 
the Radiation Effects Research Foundation in Hiroshima, Japan: a co-investigator of the Hanford Thyroid 
Disease Study, case-control studies of leukemia and thyroid cancer in populations exposed to Chernobyl 
fallout, an ongoing case-control study of breast cancer in residents ot Bryansk Oblast, Russia, and an ongoing 
project to develop functional methods for dose-response analyses with uncertain exposure measurements: and 
a member of the Technical Steering Panel of the Hanford Environmental Dose Reconstruction Project, of the 
National Research Council's Committee on Dosimetry for the Radiation Effects Research Foundation, of the 
WHO/Chernobyl Forum's Expert Group on Health, and of the ongoing Scientific Committee 6-4 (Fundamental 
Principles of Dose Reconstruction) of the National Council on Radiation Protection and Measurement. 

B, Positions and Honors • Positions and Employment 
1977-1978 Senior Fellow, Dept of Biostatistics, Univ of Washington, Seattle, Washington. 
1977-1978 Postdoctoral Trainee, Program in Epidemiology & Biostatistics, Fred Hutchinson Cancer 

1978-1980 

1978-1980 
1980-1985 
1980-1985 
1982-1985 
1985-1991 
1985-1993 
1993-1994 
1991-present 
1994-present 

Research Center, Seattle, Washington. 
Associate, Program in Epidemiology & Biostatistics, Fred Hutchinson Cancer Research Center, 
Seattle, Washington. 
Affiliate Assistant Professor, Dept of Biostatistics, Univ of Washington, Seattle, Washington. 
Research Assistant Professor, Dept of Biostatistics, Univ of Washington, Seattle, Washington. 
Assistant Member, Fred Hutchinson Cancer Research Center, Seattle, Washington. 
Research Associate, Radiation Effects Research Foundation, Hiroshima, Japan. 
Associate Member, Fred Hutchinson Cancer Research Center, Seattle, Washington. 
Research Associate Professor, Dept of Biostatistics, Univ of Washington, Seattle, Washington. 
Affiliate Associate Professor, Dept of Biostatistics, Univ of Washington, Seattle, Washington. 
Member, Fred Hutchinson Cancer Research Center, Seattle, Washington. 
Affiliate Professor, Dept of Biostatistics, Univ of Washington, Seattle, Washington. 

C. Selected peer-reviewed publications (in chronological order). 
1. Shakhtarin VV, Tsyb AF, Stepanenko VF, Orlov MY, Kopecky KJ, Davis S. Iodine deficiency, radiation 

dose, and the risk of thyroid cancer among children and adolescents in the Bryansk region of Russia 
following the Chernobyl power station accident, Int J Epidemiol 32(4 ):584-591, 2003, 

2. Strain DO, Kopecky KJ. Power and uncertainty analysis of epidemiologic studies of radiation-related 
disease risk in which dose estimates are based on a complex dosimetry system: some observations. 
Radial Res 160(4):408-417, 2003. 

3, Kopecky KJ, Davis S, Hamilton TE, Saporito MS, Onstad LE, Estimation of thyroid radiation doses for the 
Hanford Thyroid Disease Study: results and implications for statistical power of the epidemiological 
analyses, Health Phys 87(1):15-32, 2004, 

4, Davis S, Stepanenko V, Rivkind N, Kopecky KJ, Voillequ<i P, Shakhtarin V, Parshkov E, Kulikov S, 
Lushnikov E, Abrosimov A, Troshin V, Romanova G, Doroschenko V, Proshin A, Tsyb A. Risk of thyroid 
cancer in the Bryansk Oblast of the Russian Federation after the Chernobyl Power Station accident. Radiat 
Res 162:241-248, 2004, 

5, McCarthy PL, Jr, Paltiel 0, Masi ova E, Kulikov S, Hahn T, Kopecky KJ, Drozdova V, Shmatina N, 
Tichonova L, Van Hoff J, Gavrilova I, Weinstein H. Histopathologic verification of acute leukemia (Al) in a 
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cohort of 463 post-Chernobyl patients from Belarus, Russia and Ukraine. Leuk Res 28(12):1273-1280, 
2004. 

6. Davis S, Kopecky KJ, l·iamilton TE, Onstad L, ~~anford Thyroid Disease Study Team. Thyroid neoplasia, 
autoimmune thyroiditis, and hypothyroidism in persons exposed to iodine 131 from the Hanford Nuclear 
Site. JAMA 292(21):2600-2613, 2004. 

7. Kopecky KJ, Onstad L, Hamilton TE, Davis S. Thyroid ultrasound abnormalities in persons exposed during 
childhood to 1311 from the Hanford Nuclear Site. Thyroid 15(6):604-613, 2005. 

8. ~~amilton TE, Davis S, Onstad L, Kopecky KJ. l·lyperparathyroidism in persons exposed to iodine~131 from 
the Hanford nuclear site. J Clin Endocrinol Metab 90(12):6545-6548, 2005. 

9. Davis S, Day RW, Kopecky KJ. et al. Childhood leukaemia in Belarus, Russia, and Ukraine following the 
Chernobyl power station accident: results from an international collaborative population.based case­
control study. Int J Epidemiol 35(2):386-396, 2006. 

10. Card is E, Howe G, Ron E, Bebeshko V, Bogdanova T, Bouville A, Carr Z, Chumak V, Davis S, Demidchik 
Y, Drozdovitch V, Gentner N, Gudzenko N, f-latch M, Ivanov V, Jacob P, Kapitonova E, Kenigsberg Y, 
Kesminiene A. Kopecky KJ, et al. Cancer consequences of the Chernobyl accident: 20 years on. J Radial 
Prat 26:127-140, 2006. 

11. Kopecky KJ, Stepanenko V, Rivkind N, Voilleque P, Onstad L, Shakhtarin V, Parshkov E, Kulikov S, 
Lushnikov E, Abrosimov A, Trash in V, Romanova G, Doroschenko V, Proshin A, Tsyb, A, Davis S. 
Childhood thyroid cancer, radiation dose from Chernobyl, and dose uncertainties in Bryansk Oblast, 
Russia: a population·based case·control study. Radiat Res 166:367·374, 2006. 

12. Kimmel RR, Zhao LP, Nguyen D, Lee S, Aronszajn M, Cheng C, Troshin VP, Abrosimov A, Delrow J, Tuttle 
RM, Tsyb AF, Kopecky KJ, Davis S, Neiman PE. Microarray comparative genomic hybridization reveals 
genome·wide patterns of DNA gains and losses in post·Chernobyl thyroid cancer. Radiat Res 166(3):519· 
531, 2006. 

13. Appelbaum FR, Kopecky KJ, Tallman MS, Slovak ML, Gundacker HM, Kim HT, Dewald GW, Kantarjian 
HM, Pierce SR, Estey EH. The clinical spectrum of adult acute myeloid leukaemia associated with core 
binding factor translocations. Br J Haematol 135:165-173, 2006. PMID: 16939487 

14. Stram DO, Thomas DC, Kopecky KJ. Re: Hypothesis testing, statistical power, and confidence limits in the 
presence of epistemic uncertainly. Health Physics 93(4 ):326-327, 2007. PMID: 17846531 

15. Stirewalt DL, Meshinchi S, Kopecky KJ, Fan W, Pogosova-Agadjanyan EL, Engel JH, Cronk MR, Dorcy 
KS, McQuary AR, l·iockenbery D, Wood N, f-leimfeld S, Radich JP. Identification of genes with abnormal 
expression changes in acute myeloid leukemia. Genes Chromosomes Cancer 47:8-20, 2008. PMID: 
17910043 

16. Pullarkat V, Slovak ML, Kopecky KJ, Forman SJ, Appelbaum FR. Impact of cytogenetics on the outcome of 
adult acute lymphoblastic leukemia: results of Southwest Oncology Group 9400 study. Blood 111 (5):2563· 
2572, 2008. PMID: 18156492, PMCID: 2254550 

17. Davis S, Onstad L, Kopecky KJ, Wiggins C, Hamilton TE. Locating members of a cohort identified 
retrospectively from limited data in 50-year-old records: Successful approaches employed by the Hanford 
Thyroid Disease study. Ann Epidemiol 18(3):187-195, 2008. PMID: 18201901 

18. Tuttle RM, Lukes Y, Onstad L, Lushnikov E, Abrosimov A, Troshin V, Tsyb A, Davis S, Kopecky KJ, 
Francis G. ret/PTC activation is not associated with individual radiation dose estimates in a pilot study of 
neoplastic thyroid nodules arising in Russian children and adults exposed to Chernobyl fallout Thyroid 
18(8):839-846, 2008. PMID: 18690796 PMCID: PMC2857448 

19. Schwartz JL, Kopecky KJ, Mathes RW, Leisenring WM, Friedman DL, Deeg HJ. Basal cell skin cancer 
after total-body irradiation and hen1atopoietic cell transplantation. Radiat Res 171 (2):155-163, 2009. 
PMCI D: PMC2662700 

20. Becker PS, Kopecky KJ, Wilks AN, Chien S, Harlan JM, Willman CL, Petersdorf SH, Stirewalt DL, 
Papayannopoulou T, Appelbaum FR. Very late antigen-4 function of myeloblasts correlates with improved 
overall survival for patients with acute myeloid leukemia. Blood 113(4):866-874, 2009. PMID: 18927435, 
PMCI D: 2630271 

21. Ho PA, Alonzo TA, Kopecky KJ, Miller KL, Kuhn J, Zeng R, Gerbing RB, Raimondi SC, Hirsch BA, Oehler 
V, Hurwitz CA, Franklin JL, Gamis AS, Petersdorf SH, Anderson JE, Reaman GH, Baker LH, Willman CL, 
Bernstein ID, Radich JP, Appelbaum FR, Stirewalt DL, Meshinchi S. Molecular alterations of the IDH1 gene 
in AML: a Children's Oncology Group and Southwest Oncology Group study. Leukemia 24(5):909-913, 
2010. PMID: 20376086 

22. McDougall JA, Sakata R, Sugiyama H, Grant E, Davis S, Nishi N, Soda M, Shimizu Y, Tatsukawa Y, 
Kasagi F, Suyama A, Ross P, Kopecky KJ, Li CL Timing of menarche and first birth in relation to risk of 
breast cancer in A-bomb survivors. Cancer Epidemiol Biomarkers Prev 19(7):1746-1754, 2010. PMID: 
20570914 
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23. De Roos AJ, Deeg HJ, Onstad L, Kopecky KJ, Aiello Bowles EJ, Yong M, Fryzek J, Davis S. Incidence of 
myelodysplastic syndromes within a nonprofit healthcare system in western Washington state, 2005~2006. 
Am J Hematol 85(10):765-770, 2010. PMID: 20815079 

24. Li Cl, Nishi N, McDougall JA, Semmens EO, Sugiyama H, Soda M, Sakata R, Hayashi M, Kasagi F, 
Suyan1a A, Mabuchi K, Davis S, Kodama K, Kopecky KJ. Relationship between radiation exposure and risk 
of second primary cancers among atomic bomb survivors. Cancer Res 70(18):7187-7198, 2010. PMCID: 
PMC2941904 

D. Research Support - Ongoing & Completed Research Support 

1 5 U10 CA38926 (Crowley) 01/01/2010-12/31/2015 
National Institutes of Health/National Cancer Institute 

2. 

3. 

Southwest Oncology Group Statistical Center/FHCRC 
The Southwest Oncology Group is a national consortium of institutions and investigators organized to 
improve survival of cancer patients through clinical research. The Statistical Center staff assist with 
study protocols, manage and edit study data, generate semiannual reports of findings, and conduct 
workshops on data management activities. They also research statistical aspects of Group studies and 
analyze and publish study results. Several programs previously funded via the Group Operations 
Office/Cancer Therapy and Research Center are included here: Cooperative Group Outreach Program 
{CGOP), Pathology Central Office, Urologic Cancer Outreach Program {UCOP), CTEP Minorities 
Program, High Priority Clinical Trials and Leukemia Biology. Role: Biostatistician 

R01 CA114563-02 (Meshinchi) 
National Cancer Institute 

0810112005 - 07/31 /11 
'08/01/11-03/31/12 

Biology and Prognostic Implications of FL T3 Mutations in *interim funding 
Acute Myelogenous Leukemia (AML) 
This study will evaluate the prognostic significance of mutations of the FL T3 gene, mutations of 
RTK/Ras signal transduction pathway, as well as the FLT3 transcriptome levels in multi~institutional 

pediatric and adult AML trials. Role: Co-investigator 

R01 CA118914·01A2 (Davis) 09/26/2007 -07/31/2012 
National Cancer Institute/National Institutes of Health 
Breast Cancer Risk and Molecular Change After Chernobyl 
This study will investigate wh-0ther individual radiation dose to the breast from the Chernobyl accident 
is associated with breast cancer risk. and to evaluate the relationship of breast cancer phenotype and 
genotype to radiation dose by comparing rates of inactivating genetic or epigenetic changes in 14 
selected DNS repair genes to radiation dose. Role: Co~investigator 

4. VUMC AWOA (John D Boice, Jr, Pl) 04/01/10 - 03/31/15 
Vanderbilt University Medical Center 
Mortality among Military Participants at US Nuclear Weapons Tests 
A new mortality follow-up and comprehensive dose reconstruction to assess the risk of cancer among 

120,000 United States military personnel who participated in any of seven aboveground atmospheric 
weapons tests at the Nevada Test Site (NTS) and the Pacific Proving Grounds between 1946 and 
1958. is proposed in conjunction with an NIH R01 grant application to be submitted by Vanderbilt 
University Medical Center. Role: Co~investigator 

5. R01 TE 5047 (Oehler) 
NIH/NCI 

07/01/2009-06/30/2014 

Integrating Diagnostics with Therapeutic Strategies in Chronic Myeloid Leuken1ia 
1 ), Identify and validate diagnostic genomic predictors of early CML progression and therapy 
resistance. 2). Optimize and test sensitive strategies to detect resistance in patients on TKI therapy. 
3). Examine the role of select candidates in disease progression and therapy resistance. 
Role: Co-investigator 
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6. R21TE5010 (Stirewalt) 
NIH/NCI 

1210112009 - 1113012011 

An Examination of IRF8 as a Biomarker of Aging, Malignant Transformation, and Prognosis 
Research that decreased IRF8 expression in aging HPC/HSCs causes rnyeloid skewing in older adulls 
and the expansion of pre-malignant clones that have the potential to transform into overt myeloid 
malignancies with additional genetic hit. Dr. Kopecky will collaborate in the design, conduct, analysis 
and reporting of studies in support of these aims. Role: Co-investigator 

7. R01 ES0173030 (Wang) 
NIH/ES 

0710112010-0513012013 

Functional Methods for Radiation Exposure and Biomarker Data 
The overall goals of this research are to investigate innovative methods for estimating dose-response 
relationships when exposure is measured with error and biomarker data correlated with exposure are 
available. Role: Co~investigator 

8. DSA S9031-S9333-S0112-S0301-A (Kopecky) 0410112011 - 0313112012 
SWOG-CTI (Nodality S9031-S9333-S0112-S0301-A) 
Proteomic Signature Associated with Clinical Response to Cytarabine Based Induction Therapy in 
Patients with AML 56 Years and Older 
The goal of this project is to collaborate with investigators at Nodality, Inc. to develop an in vivo 
multiparameter flow cytometry-based cell signaling signature predictor of response to cytarabine-based 
chemotherapy for older patients with acute myeloid leukemia. Role: Pl 

9. DSA S0106-A (Kopecky) 08116111 - 07115112 
SWOG-CTI (Nodality S0106-A) 
Proteomic Signatures Associated with Complete Response (CR) and Complete Contin~1ous Response 
at One Year (CCR1) Following Cytarabine-Based Induction Chemotherapy in Younger Adult Patients 
(18-60 Years of Age) with a Newly Diagnosed Non-M3 AML 
The goal of this project is to collaborate with investigators at Nodality, Inc. to develop an in vivo 
multiparameter flow cytometry-based cell signaling signature predictor of outcomes following 
cytarabine-based chemotherapy for younger patients with acute myeloid leukemia. Role: Pl 

10. SWOG CTI 50325 (Kopecky) 0910112009···1213112011 
SWOG-CTI (Bristol Myers Squibb) 
80325 "A Phase llb Study of Molecular Responses to lmatinib at Standard or Increased Doses, or 
Dasatinib for Previously Untreated Patients with Chronic Myelogenous Leukemia (CML) in Chronic 
Phase" 
Develop, in collaboration with BMS and CRAB personnel, the plans for each of three transfers of data 
for the selected patients an study 80325: (1) a test data set of registration, eligibility and adverse event 
data, for the Campany ta use in developing programs for its analysis of the data; (2) a complete set of 
data regarding registration, eligibility and adverse event data: and (3) a complete data set including 
registration, eligibility and adverse event data, along with treatment outcomes (response, survival, 
relapse-free survival). 
Role: Pl 

C1. R01 CA092553·03 (Davis) 0710112003 - 0613012009 
National Institutes of Health/National Cancer Institute 
Molecular Change and Thyroid Cancer Risk After Chernobyl 
This project is designed to investigate the occurrence and molecular characteristics of thyroid cancer in 
residents of the Bryansk Oblast of the Russian Federation who were exposed to radiation from the 
Chernobyl power station accident in 1986. Role: Co~investigator 
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C2. 1 U01 CA114762-01 (Willman) 

National Cancer Institute 
09/15/2005 - 08/31/2010 

SPECS: Leukemia Signatures for Risk Classification and Targeting 

Dr. Kopecky will lead the Fred Hutchinson Cancer Research Center's participation in this multi· 
Institutional research program, which will include the investigation of gene expression profiles of adult 
ALL and AML patients registered to clinical trials of the Southwest Oncology Group. 
Role: Principal Investigator 

C3. HHSN268200900008C (De Roos) 01/15/2009 01/14/2011 
National Heart. Lung and Blood Institute (NHLBI) 

Markers of B·Cell Stimulation as Potential Predictors of 
Non-Hodgkin Lymphoma 
The project goal is to design and execute a case-control study of non-Hodgkin lymphoma (NHL) 
nested within the Women's Health Initiative Observational Study cohort to test whether biologic 
markers measured in serum/plasma/DNA that are indicative of a B-cell stimulatory host environment 
are predictive of B-cell NHL incidence. Markers to be measured among 500 cases and 500 pair­
n1atched controls include cytokines (e.g., IL6, IL 10, TN Fa), cytokine-like molecules (sCD23), soluble 
cytokine receptors (sCD27, sCD30) and other molecules involved in B-cell response (sCD44, 
CXCL 13), as well as EBV DNA load and antibodies to key EBV antigens (VCA, EBNA1, and EA·D). 
Role: Co-investigator 
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Principal lnvestigalor/P~ogram Director (Lasl, First, Middle): 

BIOGRAPHICAL SKETCH 
Provide the following informr;1tion for the key personnel and other significant contributors in the order lis!ed on Form Page 2. 

Follow this format fot each peroon. DO NOT EXCEED FOUR PAGES. 
·~~~~~~~~~~~~-

POSITION TITLE 
Roy E Shore Vice Chairman and Chief of Research 

eRA COMMOl'IS USER NAME 
SHORER01 

EOUCATIONffAAINING (Begin with baccaltiureato or o/her initial professional education such as nursing and include postdcciorol training) 

INSTITIJTION AND LOCATION DEG.REE YEAA(s) FIELD OF STUDY /ff a--11cab/el 

Houghton College BA 1962 Psychology 
Syracuse University PhD 1967 Psychology 
Columbia University DPH 1982 Epidemiology 

A. Positions and Honors. 

Positions and Employment 

1967-1969 USPHS Post-doctoral Research Fellowship 

1969-1967 Ranks of Associate Research Scientist to Associate Professor, Dept. of Environmental 
Medicine, New York University School of Medicine, New York, NY 

1987·2006 Professor, Dept. of Environmental Medicine, New York University School of Medicinet New 
York, NY, 

1996-2006 Director, Division of Epidemiology, Dept. of Environmental Medicine, New York University 
School of Medicine, New York, NY. 

2002·2006 Director, Cancer Epidemiology and Prevention Program, New York University Cancer Institute, 
New York, NY. 

2006- Vice Chairman and Chief of Research, Radiation Effects Research Foundation, ~-liroshima, 
Japan. 

Honors and Awards 

2002-

1982-

1986-94 

Lifetime Na1iona1 Associate, National Academy of Sciences 

Fellow, American College of Epidemiology, 

MERIT grant award from NIH 

National and lntemational Committees 

2011- UNSCEAR, Working group on risks from childhood radiation exposure (United Nations Scientific 
Committee on the Effects of Atomic Radiation) 

2005-2008 NAS-NRC, Committee on Health Risks of Depleted Uranium (National Academy of Sciences­
Nat1onal Research Councll) 

2003 WHO, Chairman, Expert Group on Chernobyl Thyroid Studies (World Health Organization) 

2002-2004 UNSCEAR, Cancer Epidemiology Consultant (United Nations Scientific Committee on the 
Effects of Atomic Radiation) 

1998-2002 EPA, Science Advisory Board (Environmental Protection Agency) 

1993-2008 ICAP, Standing Committee on Radiation Biology, Epidemiology and Risk Assessment 
(International Commission on Radiological Protection) 
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Principal Investigator/Program Director (Last, First, Middle): 

1991 -2003 NAS-NRC, Committee on CDC Radiation Studies (National Academy of Sciences-National 
Research Council) 

2000-2001 NAS·NRC, Committee to Review the NIH/CDC Radioepidemiology Tables (National Academy 
of Sciences - Nationa( Research Council) 

1998-2003 ICRP, Task Group on the Effects of In Utero Radiation (International Commission on 
Radiological Protection) 

1998-2002 NCI, Binational Oversight Committee for Studies of Post-Chernobyl Thyroid Disease in Belarus 
and Ukraine (National Cancer Institute) 

1995-2001 NCRP, Scientific Committee 1-6 on Radiation Low-dose Linearity (National Council on 
Radiation Protection and Measurements) 

1994-2001 NCRP, Standing Committee 1: Radiobiology, Epidemiology, Risk and Basic Radiation 
Protection (National Council on Radiation Protection and Measurements) 

!Editorial Boards 
Journal of the National Cancer Institute, Editorial Advisory Board (1988-1998) 
Cancer Epidemiology, Biomarkers and Prevention, Editorial Advisory Board (1991 -2001) 
Regulatory T oxlcology and Pharmacology, Editorial Board (1992-2000) 
Radiation Research, Associate Editor (2002-2007) 

Reviewer tqr Jowna/s 
Nature; New England Journal of Medicine; Nature Cancer Reviews; Journal of the American Medical 
Association; Lancet: American Journal of Epidemiology; Journal of the National Cancer lnstitutei Cancer; 
Cancer Epldemlology, Biomarkers and Prevention; Radiation Research; International Journal of Cancer; 
British Journal of Cancer; British Journal of Industrial Medicine; Regulatory Toxicology and Pharmacology; 
Epidemiologic Reviews; Health Physics; American Journal of Public Health; Cancer Causes arid Control 

Membership in Elected Grqups 
Fellow, American College of Epidemiology (1982-Present). 
National Council on Radiation Protection and Measurements (1983-2008). 
International Commission on Radiological Protection, Standing Committee I: Radiation Health 
Effects (1993-2008) 

Membership in Professional Societies 
Society for Epidemiologic Research 
American College of Epidemiology 
America.n Society of Preventive Oncology 
American Association for Cancer Research 
Radiation Research Society 

B. Selected Publications (out of over 240). 

1. Shore RE, Moseson MM, Xue X, Tse, Y, Harley N, Pasternack BS. Skin cancer following x-ray treatment 
for scalp ringwonm. Radiat Res,, 2002; 157:410·18. 

2. Preston DL, Mattsson A, Holmberg E, Shore RE, Hildreth NG, Boice JD. Radiation effects on breast 
cancer risk: a pooled analysis of eight cohorts. Radiat Res, 2002; 158:220-235. 

3. Xue X, Shore RE. A method for estimating occupational radiation doses subject to minimum detection 
levels. Health Phys, 2003; 84:61·71. 
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Principal lnVe$tigator/Prcgram Director (Last, First, Middle): 

4. NAS-NRC, (Schull WJ, Boecker BB, Brill AB, Carter MW, Clark SB, Crouch EAC, Friedman SM, Higley KA, 
Lederer SE, Levenson M, Paretzke HG, Scott BR, Shore RE, Stram DO). Exposure of the American 
Population to Radioactive Fallout from Nuclear Weapons Tests. A review of the CDC-NCI draff report on 
a feasibi#ty study. Washington, DC: National Academies Press; 69 pp., 2003. 

5. Shore RE. Human evidence on the effects of in utero radiation exposure on neurological and mental 
processes. In: B/ologlcal Effects affer Prenatal Irradiation. Annals /CRP (international Commission on 
Radiological Protection), 2003, 33:103-124. 

5. Shore RE. Human carcinogenic risk from in utero irradiation. In: Biological Effects after Prenatal 
Irradiation. Annals /CRP(Jnternational Commission on Radiological Protection), 2003, 33:153-185. 

7. Shore RE, Moseson MM, Harley N, Pasternack BS. Tumors and other diseases following childhood X-ray 
treatment for ringworm of the scalp (tinea capitis). Health Phys, 2003, 85:404-408. 

8. Streffer C, Shore R, Konermann G, Meadows A, Uma Devi P, Preston l, Withers J, Holm LE, Stather J, 
Mabuch·1 K. Biological effects after prenatal irradiation (embryo and fetus). A report of the International 
Commission on Radiological Protection. Ann ICRP. 33:5·206, 2003. 

9. Xue X, Shore RE, Ye X, Kim M. Estimating the dose response relationship for occupational radiation 
exposure measured with minimum detection level. Health Phys, 2004; 87:397-404. 

10. Burns Fl, Samet JM, Rossman TG, Zhang R, Wu F, Uddin AN, Shore RE. Radiation carcinogenesis: 
mechanisms of induction. In: Environmental and Occupational Medicine, 4th edition (Eds: Rom WN, 
Markowitz S), Baltimore, MD: Lippincott, Williams & Wilkins, pp, 1258-1272, 2005. 

11. cardis E, Howe G, Ron E, Balonov M, Bebeshko V, Buglova E, Bogdanova T, BouvHle A, Carr Z, Chumak 
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Principal Investigator/Program Director (Last, First, Middle): 

18. Fujiwara s, Suyama A, Cologne JB, Akahoshi M, Yamada M, Suzuki G, Koyama K, Takahashi N, Kasagi F, 
Grant El, Lagarde F, Hsu WL, Furukawa K, Ohishi W, Tatsukawa Y, Neriishi K, Takahashi I, Ashizawa K, 
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19. Stovall M, Smith SA, Langholz BM, Boice JD, Shore RE, Andersson M, Buchholz TA, Capenu M, Bernstein 
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Richard Wakeford received a BSc in physics and a PhD in sub-nuclear 
physics from the University of Liverpool. He worked tor British Nuclear Fuels 
Ltd (BNFL) tor almost 30 years before taking early retirement in 2006; tor 
much of this time he was concerned with the risks posed by low level 
exposure to radiation, and he has written and lectured extensively on the 
subject. In 1994 he received the Founder's Prize of the Society for 
Radiological Protection tor "contributions of distinction to radiological 
protection". Richard is currently Visiting Professor in Epidemiology at the 
Dalton Nuclear Institute of The University of Manchester and Editor-in-Chief of 
the Journal of Radiological Protection, a position he has held since 1997. He 
is also a member of the Editorial Board of the British Journal of Cancer. 
Richard was a member of the UK Government's Committee Examining 
Radiation Risks of Internal Emitters (GERRIE), and is presently a member of 
the UK Government's Committee on Medical Aspects of Radiation in the 
Environment (COMARE), al the European Commission's Expert Advisory 
Group established under Article 31 of the Euratom Treaty, and the Subgroup 
on Human Radiosensitivity of the Advisory Group on Ionising Radiation 
(AGIR) of the UK Health Protection Agency (HPA). He is a member of 
Committee 1 al the International Commission on Radiological Protection and 
has been a consultant to the United Nations Committee on the Effects al 
Atomic Radiation (UNSCEAR). Richard was a member of the UK 
Government's Scientific Advice Group !or Emergencies {SAGE) for the Japan 
Nuclear Incident. 

TnKki1:g Nmu0..:r: GRAf":Tl09927-+4 Pap: NumDcr: 27J Soh~·italiun l\uinbc:r: DE-FOA-0000600 '.{ccen·~tl Date: ,()/27/2011 10: 



APPENDIX 6 

OTHER ATTACHMENTS 

Ep1demiologic Study of One Million U.S. Radiation Workers and Veterans 

This appendix includes the approvals that have already been obtained in the conduct of the 
"Epidemiologic Study of One Million U.S. Workers and Military Veterans Exposed to Ionizing 
Radiation" and Letters of Support from advisors and selected collaborators. 

IRB and Other Approvals 

• Institutional Review Board approvals 
IRB approval for the One Million U.S. Worker and Veterans Study 
IRB approval for the Atomic Veterans study 
IRB approval for Rocketdyne worker study 
IRB approval for Mound worker study 

• Approval from the Department of Defense for access to the Atomic Veterans roster 
• Approval from the Department of Energy for access to Uranium worker rosters 
• Approval from the Department of Energy for access to Mound worker rosters 
• Approval from the Department of Energy for access to REMS dosimetry databases 
• Approval from the Department of Energy tor access to Plutonium worker databases 
• Approval from the Nuclear Regulatory Commission to access the REIRS database 
• Approval from the National Institute of Diabetes and Digestive and Kidney Diseases 

to access the US Renal Data System 
• Approval from the Department of Veterans Affairs to access VA data 

Letters of Support 

• Richard Wakeford, Manchester University, U.D. 
• Roy Shore, Radiation Effects Research Foundation 
• Laurie Wiggs, Los Alamos National Laboratory 
• Craig Yoder, Landauer, Inc. 
• R. J. Ritter, National Association of Atomic Veterans 
• Howard Sesso, Harvard Medical School 
• Clark Heath, Retired, Arr1erican Cancer Institute, CDC, RERF 
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Vanderbilt University 
Institutional Review Board 

January 20, 2011 

John D. Boice, Sc.D. 
International Epidemiology Institute 

Rockville, MD 20850 

504 Oxford HQu$e Nashville, Tennessee 37232-4315 
(615) 322-2918 Fax: (615) 343-2648 

www.mc,vanderbilt.edu/1rb 

RE: IRB# 110024 "Epidemiologic Study of One Million U.S. Radiation Workers" (Department of 
Energy) 

Dear John D. Boice, Sc.D.: 

A sub-committee of the Institutional Review Board reviewed the research application identified above. 
The sub-committee determined the study poses minimal risk to participants, and the application is 
approved under 45 CFR 46. 11 O (F)(5). Approval is extended for tl1e Application for Human Research 
and the Request for Waiver or Alteration of Consent dated January 13, 2011, and the Protocol dated 
January 3, 2011. 

The informed consent process is waived in accordance with 45 CFR 46.116 (d). 

As the Principal Investigator, you are responsible for the accurate documentation, investigation and 
follow-up of all possible study-related adverse events and unanticipated problen1s involving risks to 
participants or others. The IRB Adverse Event reporting policy 111.G is located on the IRB website at 
http :1 /www. me. vanderb i It ed u/i rb/. 

If this trial requires registration as a clinical trial, accrual cannot begin until this study has been 
registered at clinicaltrials.gov and a National Clinical Trial Number (NCT) provided. Please provide 
the NCT# to the IRB as soon as It is obtained. If an approval is required from an additional source other 
than the Vanderbilt IRB, this must be obtained prior to study Initiation. These approvals may Include, but 
are not limited to CRC, SAC, IND, IDE. 

Please note that approval is for a 12~month period. Any changes to the researcr1 study rnust be 
presented to the IRB for approval prior to implementation. 

DATE OF IRB APPROVAL: January 20, 2011 DATE OF IRB EXPIRATION: January 19, 2012 

Sincerely, 

Lani A. Kajihara·Liehr, M.S.N .. Vice-Chair 
Institutional Review Board 
Health Sciences Committee #2 
LAK/pad 
Electronic Signature: La11i Akiko Kajihara·Liehr/VUMC/Vanderbilt · (8A568BCF5954690C429F091091~627AF) 

Signed On; 01/2012011 08:16:24 PM CST 



Vanderbilt University 
Institutional Review Board 

November 1. 2010 

John D. Boice, Jr .. Sc.D. 
International Epidemiology Institute 
1455 Research Blvd., Suite 550 
Rockville, MD 20850 

504 Oxford House Nashville, Tennessee 37232·4315 
(615) 322·2918 Fax: (615) 343,2648 

www.rnc.vanderb1ILodu/irb 

RE: IRB# 071228 "Cancer Mortality among Military Personnel at U.S. Nuclear Weapons Tests" 

Dear John D. Boice, Jr .. Sc.D.: 

A sub-cornrnittee of the Institutional Review Board reviewed the Application for Continuing Review for the 
research study identified above. The sub-committee determined the study poses minimal risk to 
participants. This study meets 45 CFR 46.110 (F) category (5) for Expedited Review. Approval is 
extended for the Application for Continuing Review dated 10/21/2010. the Application for Human 
Research dated 11/01/2010. the Protocol dated 12120/2007. The informed consent process is waived in 
accordance with 45 CFR 46.116 (d). 

Please note, the IRB application dated 11/1/2010, has been revised to remove the sections that 
previously captured key study personnel (KSP) and contact information. DISCOVR-E now serves 
as your official record of this information. 

As the Principal Investigator, you are responsible tor the accurate documentation, investigation and 
follow-up of all possible study-related adverse events and unanticipated problems involving risks to 
participants or others. The IRB Adverse Event reporting policy 111.G is located on the IRB website at 
t1ttp ://www. nic. v anderb i It. ed u/i rb/. 

Please note the requirernent for annual VU IRB Hurnan Subjects Training is not current or will soon 
expire for some key study personnel (KSP) associated with this study. It is the Principal Investigator's 
responsibility to ensure that all KSP have met the annual training requiren1ent (see IRB Procedure 
Vl.B.1 ). Please log in to DISCOVR·E at https://irb.mis.vanderbilt.edu/pls/htmldb/f?p"" 1 06:20, select the 
"Studies" tab and review the "IRS Training Status for Study Personnel" view to identify those needing to 
renew training. Those individuals may then access the CITI Basic and Refresher· Courses at 
http://www. me. vanderb i It. ed u/i rb/trai n i ng/c iti~ i nstru cti o ns. ph p. 

Please note that approval is for a 12~month period. Any changes to the research study must be 
presented to the IRB for approval prior to implementation. 

Boice, John D. Jr. IRS# 071228 i 1/03/2010 
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DATE OF IRB APPROVAL: 11101/2010 

Sincerely, 

James B. Atkinson, M.D., Ph.D., Vice-Chair 
Institutional Review Board 
Health Sciences Committee #1 

JB!Vao 

DATE OF IRB EXPIRATION: 10/31/2011 

Electronic Signature: James Atkinson.iVUMC/Vanderbilt: (53F6183060090C220COACBE60D90BF7E) 

Signed On: 11101.'2010 04:46:03 PM CDT 

Boice, John D. Jr. IRS# 071228 2 i 1/03/2010 
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Vanderbilt University 
Institutional Review Board 

June 3, 2011 

John D. Boice, Jr .. Sc.D. 
International Epidemiology Institute 
1455 Research Blvd. Suite 550 
Rockville, MD 20850 

504 Oxford House Nashville, Tennessee 37232·4315 
(615) 322·2918 Fax: (615) 343,2648 

www.rnc.vanderb1ILodu/irb 

RE: IRB# 010018 "A Cohort Mortality Study of the Rocketdyne Workforce" (International 
Epidemiology Institute) 

Dear John D. Boice, Jr .. Sc.D.: 

A sub-committee of the Institutional Review Board reviewed the Application for Continuing Review tor the 
research study identified above. The sub-cornn1ittee deterrnined the study poses minin1al risk to 
participants. Tl1is study n1eets 45 CFR 46.110 {F) category (5) and (7) for Expedited Review. Approval is 
extended for the Application for Continuing Review dated 6/1/2011, the Proposal Description Section 
dated December 20, 2000, and the General Information Section dated 6/2/2011. 

Please note, the General lnfonnation Section of the IRB application has been revised to remove 
the sections that previously captured key study personnel (KSP) and contact information. 
DISCOVR-E now serves as the official record of this information. 

It is the understanding of the IRB enrollment for the study is closed, therefore approval is not 
extended to the Consent Form(s). If enrollment should reopen, submission of an amendment and 
IRB approval would be required prior to any additional accrual. Federal regulations require the 
original copy of the participant's consent be maintained in the principal investigator's files and that a copy 
be given to the participant at the time of consent. An additional record (i.e., case report form, medical 
record, database, etc.) of the consent process should also be maintained in a separate location for 
documentation purposes. 

As the Principal Investigator, you are responsible for the accurate documentation. investigation and 
follow-up of all possible study-related adverse events and unanticipated problems involving risks to 
participants or otr1ers. The IRB Adverse Event reporting policy 111.G is located on the IRB website at 
http://www. me. vanderb i It. ed u/i rb/. 

Please note that approval is for a 12~month period. Any changes to the researc~1 study rriust be 
presented to the IRS for approval prior to implementation. 

Boice, John D. Jr. IRS# 010018 0610612011 
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DATE OF IRB APPROVAL: 613/2011 DATE OF IRB EXPIRATION: 6/212012 

Sincerely, 

Lani A. Kajihara-Lichr, M.S.N., Vice-Chair 
Institutional Review Board 
Health Sciences Committee #2 

LAK/dj 
Electronic Signature: Lani Akiko Kajihara-Liehr/VUMC1Va11derbilt : (8A568BCF5954690C429F091091 E627 AF) 

Signed On: 06105.'2011 11 :52:52 PM CDT 

Boice, John D. Jr. IRS# 010018 2 06/06/2011 
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DATE: 

TO· 
FROM: 

STUDY TITLE: 
IRB REFERENCE#: 
SUBMISSION TYPE: 

ACTION: 
APPROVAL DATE: 
EXPIRATION DATE: 
REVIEW TYPE: 

Partnerships For Innovation 

o ~~u 
OAK RIDGE ASSOCIATED UNIVERSITIES 

Oak Ridge Site-wide Institutional Revie\v Bo;;ird (ORSIRB) 

Telephone (865) 576- 1725 Facsi1nile (865) 576-9557 
Bl:cky J !:1wkins@o1i~e.orau.gnv 

MEMORANDUM 

May 17, 2011 

Elizabett1 Ellis, Ph.D. 
Oak Ridge Site-Wide IRB (FWA #00005031) 

[77519-7] Mortality Study of Mound Radiation Workers 

ORAU(0?)-140 
Continuing Review/Progress Report 

APPROVED 
May 12, 2011 
May 11, 2012 

Expedited Review 

Thank you for your submission of Continuing Review/Progress Report materials for this research 
study. The Oak Ridge Site-Wide IRB has APPROVED your submission. This approval is based on an 
appropriate risk/benefit ratio and a study design wherein the risks have been minimized. All research 
must be conducted in accordance with this approved submission. 

This study has received Expedited Review based on the applicable federal regulation as outlined in 45 
CFR 46.11 O(b)(2). Waiver of documentation ot informed consent continues to be approved. 

Please note that any revision to previously approved materials must be approved by this office prior to 
initiation. Please use the appropriate revision forms for this procedure. 

All SERIOUS and UNEXPECTED adverse events rn1.1st be reported to 1his office. Please use 1he 
appropriate adverse event forms for this procedure. All FDA and sponsor reporting requirements should 
also be followed. 

Please report all unanticipated events, NON-COMPLIANCE issues, or COMPLAINTS regarding this study 
to this office. 

Please note that all research records must be retained for a minimum of three years. 

Based on the risks, this project requires Continuing Review by tl1is office on an annual basis. Please use 
the appropriate renewal forms for this procedure. 
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If you have any questions, please contact Becky Hawkins at 865-576-1725 or 
becky.hawk1ns@orise.orau"gov. Please include your study title and reference number in all 
correspondence with this office. 
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Dr. John D. Boice. Jr. 

Defense Threat Reduction Agency 
8725 John J. Kingman Road MSC 6201 

Ft Belvoir, VA 22060-6201 

International Epidemiology Institute 
1455 Research Boulevard, Suite 550 
Rockville, MD 20850 

Dear Dr. Boice: 

JUN l 2007 

Your request for access to the Nuclear Test Personnel Review (NTPR) Program's 
database of Five Series Study participants is approved. As with the previous 
collaboration (with the Institute of Medicine), the sharing of this information must 
conform to appropriate provisions of the Privacy Act, and the information must be 
safeguarded and secured from unauthorized access. 

Ifmy agency can provide additional support for your follow-up study, please 
contact Dr. Paul Blake at (703) 767-3384 or pauLblake@dtra.miL 
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Dr. Rick Erdtmann 

Defense Threat Reduction Agency 
8725 John J. Kingman Road MSC 6201 

Ft Belvoir, VA 22060-6201 

Director, Military and Veterans Health 
Institute of Medicine 
500 Fifth Street, NW 
Washington, DC 20001 

Dear Dr. Erdtmann: 

JUN 1 2001 

The Defense Threat Reduction Agency (DTRA) sponsored "The Five Series Study: 
Mortality of Military Participants in U.S. Nuclear Weapons Tests," an Institute of Medicine 
study published in 2000 by the National Academy Press. My agency is interested in 
supporting a follow-up study on the mortality of this population. The principal investigator 
for the proposed study is Dr. John D. Boice, Jr., a Special Government Employee who 
currently serves as a member of the Congressionally mandated Veterans' Advisory Board 
on Dose Reconstruction. 

To facilitate this study, I request that you provide DTRA with the database lhat was 
developed for the Five Series Study, including data on causes of death. My slaff can accept 
your data in most formats, although Microsoft Access is preferred. 

Per the Privacy Act of 1974, DTRA has documented that it maintains a system of 
records pertaining to U.S. atmospheric nuclear test participants (Federal Register, August 9, 
2005), in part to support independent scientific studies or medical follow-up programs. This 
data is safeguarded and controlled in accordance with Department of Defense information 
assurance security policy. 

If you have any questions or concerns, please contact Dr. Paul Blake of my staff at 
(703) 767-3384 or paul.blake@dtra.mil. 

Sincerely, 

cc: 
John D. Boice, Jr., International Epidemiology Institute 
James A. Zimble, Chair, Veterans' Advisory Board on Dose Reconstruction 
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John D. Boice, Jr., ScD 
Professor 

Department of Energy 
Washington. DC 20585 

February 5, 2009 

Vanderbilt University School of Medicine 
D-3 l OOD Medical Center North 
Nashville, Tennessee 37232-2358 

Dear Dr. Boice: 

Thank you for your letter of June 20. 2008, requesting access to epidemiologic 
da1u on the Department of Energy contractor workforce. We are plea..i;;ed to 
infonn you that the Department has determined that an update of the cohort 
m<1rta:\ity study ofuranium~processing workers is warranted. 

Your volunlary contribution of data on uraniun\-exposed \Vorkers from the 
Rockeldyne sludy to the Comprehensive Epidemiologic Data Resource is much 
appreciated and reflects on our n1utual interest in making these valuable data 
avallable to other investigators interested in potential health effects associated 
\\.:ith radiation exposure. 

W~ must ask you to forward a protocol for this work t6 Dr. Gerald Petersen, 
Acting Director of the Office of lllness and Injury Prevention Programs. for 
revievv prior to the release of any data_ A member of our staff will work with you 
lo address any teclmical aspects of your studies as needed, coordinate access to 
available data at the Oak Ridge Institute for Science and Education, and obtain 
Institutional Review Board approval as warranted. Please be advised that while 
the Office of Health and Safety is making access to these data available as a 
collaborator, no funding for this work is available or implied. 

We musl defer an answer to your request on tri1iu1n-exposed workers at this time. 

We \Vish you success as you initiate this work. 

Sincerely, 

Patricia R. Worthington, PhD 
Director 
Office of Health and Safety 
Office of Health; Safety and Security 
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John Boice, ScD 

Department of Energy 
Washington, DC 20585 

March 23, 2001 

Professor, Department of Mediclne 
Vanderbilt University School of Medicine 
D-3100 Medical Center North 
Nashville, Tennessee 37232-2358 

Dear Dr. Boice: 

I have received your request regarding access to the Mound worker data, Based 
on your proposal, it is your intent to update the cohort through 2005 a.-. a pilot 
project (or a larger study to update the radiation "vorker cohort data owned by the 
Department of Energy JDOE). 

Disclosure of these records is available to you as a collaborating researcher under 
DOE-88, "Epidemiologic and Other Health Srudies, Surveys and Surveillances," 
and DOE-35, "Personnel Radiation Exposure Records," under the Privacy Act of 
1974. As such, you may disclose these records 10 Federal1 State~ or local health 
authorities or subcontractors for the purpose of detennining vital status or cause 
of death. AH recipients of such records arc required to comp1y with the Privacy 
Act, to follow prescribed measures to protect persona] privacy. and to disclose or 
use personally identifiable infonnation only for the above described research 
purpose. 

Access to these records does not imply any agreement of funding. As a 
collaborating partner, we require that a copy of the final analyses data file be 
made available to DOE's Comprehensive Epidemiologic Data Repository. A 
report of your findings to DOE, and a briefing, if requested. is required al the 
conclusion of the pilot. In the event that y0u consider the publication of your 
work in the :scientific literature, a copy .of that v.·ork is requested at the time of 
submission. · 

Trud;.mg Numh~r: GR>\NT I 0992744 
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Award Number: OE,SCOOO.:l-J07 

We look forward to a successful workshop, and hope this data provides you the 
infonnation that you need to support your grant application. 

cc: Betsy Ellis Dupree, ORJSE 

Sincerely, 

Bonnie S. Richter, PhD 
Director 
Office of Illness and Injury 
Prevention Programs 

Office of Health and Safety 
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Department of Energy 
Washington, DC 20585 

August 19, 2009 

MEMORANDUM FOR GLENNS. PODONSKY 

FROM: 

SUBJECT: 

CHIEF HEAL TH, SAFETY AND SECURITY OFFICER 
OFFICE OF HEALTH, SAFETY AND SECURITY 

WILLIAM H. ROEGE !/~ 
DIRECTOR l Jyf!..,~ 
OFFICE OF CORPORA TE SAF ·T&ALYSIS 
OFFICE OF HEALTH, SAFETY AND SECURITY 

ACTION: Signature on the Collaborative Agreement with 
Vanderbilt University, and the International Epiden1iology 
Institute 

ISSUE: The purpose of this Arrangement is to establish a framework for the 
Department of Energy (DOE) to provide available data from the DOE Radiation 
Exposure Monitoring System (REMS) on the total career radiation dose for each U.S. 
radiation worker included in the Uraniwn Worker Study. 

DISCUSSION: International Epidemiology Institute and Vanderbilt University have 
recently received DOE approval to conduct a follow-up study on U.S. DOE uranium 
workers (see attached). The REMS dosimetry information will be essential to capture 
lifetime career doses for the Uranium workers. 

POLICY IMPACT: None 

SENSITIVITIES: The uses and disclosure of dosimetry data contains personal 
identifiers covered by DOE's System of Records, Number 35. The collaborative 
agreement is necessary to ensure that the disclosure is consistent with Privacy Act 
considerations. 

RECOMMENDATION: Sign the attached two originals of the agreement 

ATTACHMENTS: 

T1ack111g Nt1mber: GRAN'J 109\.12744 



Pr"pooal Tnwkrn~ Number: 200031 ,\w;,rd Number: DE-SC00{)4J07 

ARRANGEMENT FOR COLLABORATION 
AMONG 

THE DEPARTMENT OF ENERGY OF THE UNITED STATES OF AMERICA 

AND 
VANDERBILT UNIVERSITY 

AND 
THE INTERNATIONAL EPIDEMIOLOGY INSTITUTE 

The Department of Energy of the United States of America (DOE), Vanderbilt University 
by and through its Medical Center (VU), and the International Epidemiology Institute 
(IEI), hereafter the "Parties": 

Noting that IEI in cooperation with VU is conducting a study involving over 200,000 
workers employed at various DOE past and present nuclear facilities, to evaluate the 
cancer risk associated with occupational exposures to ionizing radiation and uranium in 
particular; 

Noting that the Uranium Worker Study has a documented protocol that requires each 
worker's radiation dose to be as complete as possible over the worker's entire career: 

Noting that the Uranium Worker Study includes workers who were also included in other 
DOE worker cohorts such as the Hanford and Los Alamos National Laboratory cohorts; 

Noting that the VU Institutional Review Board has approved the study; 

Noting that IEI ls responsible for conducting and preparing the vital status and dosimetry 
analysis files, 

Have agreed as follows: 

I. Purpose 

A. The purpose of this Arrangement is fo provide a framework for DOE to contribute 
data from the DOE Radiation Exposure Monitoring System (REMS), to provide as 
complete information as possible on the total career radiation dose for each U.S. 
radiation worker included in the Uranium Worker Study. 

B. The Parties expect that a successful Uranium Worker Study will provide additional 
information about the health risk at low doses and \ow dose rates of occupational 
exposure to uranium (a radioactive element of current scientific Interest). 

II. Implementing Provisions 

Pursuant to the Privacy Act, 5 U.S.C. 552a(b)(3), and under Routine Use 
Number 5 of DOE~35, Personne! Radiation Exposure Records, permits 
disclosure of these records to "contractors, grantees, participants in cooperative 
agreements, and collaborating researchers, or the employees of these parties, in 
pertorrnance of health studies or related health or environmental duties pursuant 
to their contracts, grants, and cooperating or collaborating research 

Page 1 of 3 
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agreements." Routine use number five also states that "[a]ll recipients of such 
records are required to cornply with the Privacy Act, to 1ollow prescribed 
measures to protect personal privacy, and to disclose or use personally 
identifiable information only for the above described research purposes." 

A. DOE shall provide IEI and VU with dosimetry intormation, as recorded in REMS, for 
each worker identii\ed as being included in the Uranium Worker Study. 

8. IEI and VU shall use this information only tor the above described research 
purposes. 

C. IEI and VU shall maintain the confidentiality of the subject information and make no 
disclosure of it to third parties without the prior written consent of the DOE. If, during 
the exarninat1on of DOE~provided data, errors or omissions are found and corrected, 
these corrected data shall be provided back to DOE REMS. 

D. IEI and VU's obligation to maintain the confidentiality of the DOE-provided 
inforrnation shall remain in effect throughout the term of this Arrangen1ent and after 
its termination, unless and until the said information and an copies thereof are 
returned to DOE. 

Ill. Contacts 

The principal contact for DOE is Ms. Nirrnala Rao, Office ot Corporate Satety Analysis 
(HS-30). The principal contact tor VU is Dr. John D. Boice, Jr .. Protessor of Medicine. 
The principal contact for I El is Dr. Joseph K. McLaughlin, President. 

IV.Management 

The Parties shall consult each other whenever they deem it necessary, and shall assess 
the results of the work carried out and in progress. 

V. General Provisions 

A. This Arrangement shall become effective upon signature by all Parties, and shall 
remain in effect for one year. The Parties may extend this Arrangement for 
additional periods. 

8. The terms of this Arrangement may be altered in writing by the Parties, at the 
mutual consent of the Parties. If any Party wishes to cease its activities under 
this Arrangement, it shall give ninety (90) days advance written notice to the 
other Parties. 

C. Cooperation under this Arrangement shall be in accordance with the applicable laws 
and regulations under which each Party operates. 

D. Unless otherwise agreed in writing, each Party shall assume responsibility for, and 
provide funding to cover, the costs individually incurred in participating in the 
collaboration contemplated by this Arrangement. The collaborative activities are 
subject to the availability of funds and personnel. 

E. The Department of Energy enters into this Agreement under the authority of section 
646 of the Department of Energy Organization Act (Pub. L. 95-91, as amended; 42 
u.s.c. § 7256). 

Page 2 of 3 
Trn~klll);; Number: GRANT I 09927++ Pa);;c Number: 289 Suhn!ation !\umber: DE FOA-00006!JU R~tl'1\'~t.I Dnt~: JOn7/201 I 10 



Pl'Opooal Tracking. Numtwr: ?O\JOJI /\wnrd Numl>cl' Dl>SC00045\J'7 

F. This Agreement in no way restricts any of the parties from participating in any 
activity with other public or private agencies, organizations, or individuals. 

G. This Agreement is neither a fiscal nor a funds obligation document. Nothing in this 
Agreement authorizes or is intended to obligate the parties to expend, exchange, or 
reimburse funds, serv'1ces, or supplies, or transfer or receive anything of value. 

H. This Agreement is strictly for internal management purposes for each of the parties. 
It is not legally enforceable and shall not be construed to create any legal obligation 
on the part of either party. This Agreement shall not be construed to provide a 
private right or cause of action for or by any person or entity. 

FOR THE DEPARTMENT OF !;W;ll,(W'f/7 
OF THE UNIT TATE 

/ 

/~en ~. Podonsky 
Chief Health, Safety and Security Officer 
Office o1 Health, Safety and Security 
Washington, D.C. 

by and through its Medical Center: 

Dr. Jennifer A. Pletenpol 
Director 
Vanderbilt-Ingram Cancer Center 
Nashville, TN 

Libby D. Salberg 

' ' 

Date: 0<(; · 0 2 ·o<j 

Director, Office ol Grants and ontracts Management 

FOR THE INTERNATIONAL EPIDEMIOLOGY 
INSTITUTE: • / 11.:'& b """~-v-~ r<.. -~~7~ 

)' ...... 
Dr. Joseph K. McLaughlin 
President 
Rockville, MD 

Attachment 
IRS Approval 
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Department of Energy 

John D. Boice, Jr., Sc.D. 
Professor 
Department of Medicine 

Wachingtot1, DC 20685 

October 27, 2010 

.. 

Vanderbilt University School of Medicine 
691 Preston Building 
Nashville, Tennessee 37232-6858 

Dear Dr, Boice: 

Thank you for your letter of September 30) 201 Oj requesting access to 
epidemiologic data on the Department of Energy (DOE) contractor workforce, 
Your request for data on plutonium-processing workers has been approved. 

We would like to congrutulutc you on receiving your grant fro1u the DOE Office 
of Science (SC) to conduct a feasibility cohort mortality study of DOE workerS. 
This is good news since some of these worker cohorts have not been updated for 
nearly 30 years. Dr. Noelle MettiI1g, SC Senior Radiation Biologist, is working 
with Dr. Bonnie Richter, Office of Health and Safety Senior Epidemidi:ogist, 
within the Office of Health, Safety and Security, to co-manage this project. 

Dr. Richter \vill work with you to address any technical aspects of your studic:s as 
needed and coordinate access to availa6Je data at the Oak Ridge Institute for 
Science and Education. 

Please be advised that while the Office of Health and Safety is n1aking access to 
these data available as a collaborator~ no funding for this work is available or 
implied. 

Your contribution to the Comprehensive Epidemiologic Data Resource is much 
appreciated. Your effort reflects on our mutual interest in making these valuable 
rll'lt~ ~v;:;i;J91}.\p to othf."r investig~tnrs; inter¢<s:ted in potential he3lth effects 
associated with radiation exposure. 

We wish you success as you initiate this work. 

Patricia R. Worthington) PhD 
Director 
Office of Health and Safety 
Office of Health, Safety and Security 

p. 1 

TnKklllg Nu1nbc1: GRANT I WJ<J~7+1 S01Jurniio11 /\'u111b1-'!': DE· I {)A.0000600 J{c(CJl'~d Dnt~: 10/27/?011 10 



h1tps://n1uil.google.conJ/nmil/'1ui:::::2&ik""d24d034074&vie\.v""pt&seurch""i .. 

I ' John Boice <john.boice@gmail.com> 

Request for REIRS data for our Million Person Study 

Lewis, Doris oc::;Ooris.Lewis@nrc.gov> Fri, Dec 10, 2010 at 12:27 PM 
To: "Metting, Noelle" <noelle.metting@science.doe.gov> 
Cc: "Richter, Bonnie" <Bonnie.Richter@hq.doe.gov>, "Katz, Arthur" <Arthur.Katz@science.doe.gov>, "John D Boice PhD 
(boice@iei.ws)" <boice@iei.ws>, "Hagemeyer, Derek" <Derek.Hagemeyer@orise.orau.gov> 

Hi Noelle. 

Thank you for sending me this email for collaborating with DOE, DoD, and John Boice on this study. 

As you are aware, Mr. Derek Hagemeyer is the US NRC REIRS and DOE REMS Principal Investigator. I have 
included him on this email response so that he is also informed of this collaboration. I will have Mr. Hagemeyer work 
directly with Or. Boice, or other iden1ified IEI staff, for the specific REIRS data sets that are needed for this study. 

I look forward to working with you on this project. 

Sincerely, 

Doris Lewis 

Health Physicist 

REIRS Project Manager 

Office of Nuclear Regulatory Research 

US Nuclear Regulatory Commission 

301-251-7559 

From: Metting, Noelle [mailto:noelle.metting@science.doe.gov] 
Sent: Friday, December 10, 2010 10:00 AM 
To: Lewis, Doris 
Cc: Richter, Bonnie; Katz, Arthur; John D Boice PhD (boice@iei.ws) 
Subject: Request for REIRS data for ou1· Million Person Study 

Doris Lewis 

REI RS Project Manager 

Office of Nuclear Regulatory Research 

U.S. Nuclear Regulatory Commission 

TnKklllg Numbc1: UkANTI09'12/44 
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Mall Stop: CSB·3A07M 

Washington, DC 20555 

(301) 251-7559 

doris. lewis@nrc.gov 

h1tps://n1uil.google.conJ/nmil/'1ui:::::2&ik""d24d034074&vie\.v""pt&seurch""i .. 

Subject: Request for REIRS data for our Million Person Study 

December 10, 2010 

Dear Dr Lewis: 

Dr. John Boice (International Epidemiology Institute and Vanderbilt University) asked that I contact you for· 
pennission to access the REIRS data for the research study entitled "'Epidemiologic Study of One Million Amencan 
Workers and Military Veterans Exposed to Radiation." This research is supported by the Office of Science (BER) 
U.S. Department of Energy (G1·ant no. DE~SC0004307). 

The overall study is conducted 1n collaboration with the National Cancer Institute and the Department of Defense. 
ll1e goal is to clarity Hie fiealU1 risks following low dose radiation exposure experienced in tr1e course ot occupational 
employment or military service. It is the broadest epidemiologic study on human radiation effects ever envisioned 
and currently includes over 350.000 workers who were employed al 24 different DOE facilities, over 125,000 
military veterans who participated at one of eight aboveground atmospheric weapon tests, over 50,000 early 
workers at nuclear power plants, and over 500,000 early medical radiation workers. 

Key to the success of this study is comprehensive and complete dose determination of our workers and military 
veterans. We are following the approach used in the study of Rocketdyne (Atomics International) workers to obtain 
occupational exposure inforn1ation from all sou1·ces. including government employn1ent, military en1ployment and 
civ1l1an employment. The quality of this former study was enhanced by being able to access the REI RS data (Boice 
et al. A comprehensive dose reconstruction methodology for former Rocketdyne/Atomics International radiation 
workers. Health Phys 90:409, 2006). 

We are tt1us requesting identified exposure inforrnation for workers en1ployed at Departrnent of Energy facilities. 
nuclear power plants, medical hospitals and facilities as well as military participants at nuclear weapons tests. Many 
of these persons in our study may have been employed at NRC facilities. 

I am the DOE point of contact !01· the study and am looking forwa1·d to continued interagency collaboration and 
cooperation as we continue this important research effort 

Sincerely. 

Noelle Metting 

TnKklllg Numbc1: UkANTI09'1.!/44 
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NF Metting, Sc.D. 

Program Manager 

Sr. Radiation Biologist 

Biological Systems Science Division, SC-23.2 

Office of Biological and Environmental Research 

Office of Science 

U.S. Department of Energy 

Voice: 301-903-8309 

Fax: 301 ~903~0567 

noelf e_ 1nettinq@science. doe. gov 

Attachment: Project Description, Information Requested and Relevant Privacy Act System Notice 
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(·'"~ DEPARTMENT OF HEALTH & Hll~IAN SERVICES 

··,::::zf-
Public Health Service 
N~1tional lnstitu1e of Health 

March 21. 2011 

Beth f''orrest 
LTSRDS Coordinaling Center 
914 South 8th Street. Suite D-206 
l'vtinncapolis, Minnesota 55404 
(612) 347-7776 

Dear Beth, 

National Institute of Diabetes and 
Dige,qive und Kidney Diseases 
Bethe~dil. Maryland 20892 

Attached please find a data request from Dr. John Boice, frotn the International Epidetniology 
Institute-, to use personally identifiable infor1nation fro111 5 occupational cohorts \Vith exposure- to 
nuclear radiation to assess the long term affects of radiation on renal failure. The study is entitled, 
Epidcmiologic Study of ()nc l'vlillion US Radiation Workers: Linkage -w·ith the US Renal Data 
Syste1n." This has been review·ed by NIDDK and US RDS staff. It n1eets our requircn1ents for 
patient confidentiality. I am including the signed data use agteement and IRB exe1nption. This is 
data use agteen1ent numbet 2011-13. Dr. Boice can nov..' contact you directly to an·ange for the data 
1natching. This work is being funded by the Departrncnt of Energy and the National Cancer Institute. 

'fhe data ate apptoved only fOr this project. 'fhe tetention date is Dece1nber 31, 2015, at which thne 
the data \vill be destroyed or returned 10 the lJSRDS. Any use of the data beyond that specified in the 
project nan1cd above requires approval frorn our office. Dr, Boice \vill subn1it any n1anu<;cripts to 
this office for privacy review before publication. 

Sincerely, 

/~1v ltr-
Kidney and Urology Epidemiology 

National Institute of Diabetes and 
Digestive and Kidney Diseases 

Room 615, 6707 Dc1nocracy Blvd 
Bethesda, !\1aryland 20892 

Cc: l_,arry Agodoa 
John Boi<.:e 
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05-09-11 From-War RelotBd II Ines& & l11jur~· Study Ctr 202 m 4666 T-828 P.002/004 F-751 

' 

Date May 6, 2011 

Researc.h & Developnlent ComITTittee 
Washington DC VA Medical Center 

Washlngcon, DC 

APPROVAL - Initial Review 

From. Joao L. Ascensao, rvID, PhD, FACP, Chairperson 
Marc R. Bktckrnan, MD, ACOS/R&D 

Investigator; Han K. Kang, Dr.P .H. 
Ptotocol: Cancer Mortality among M'i1itary_llAtticipants at U.S Nuclear Weapons Tests (The Eight Series 

Stusl.v) 
ID: 01425 Prom#: NIA Protocol#: NIA 

The following items were reviewed and approved at tbe 05/06/2011 meeting: 
Financial Disclosu.re ·Porm-Han K. Kang, Dr. P.H. (04/06/2011) 
Financial Disclosure Form~ John Bc;iice (04/06/201 l) 
Financinl Disclosure Form - Michael Mumma (04/0612011) 
Finau.cial Disclosure Form - Tim Bullrnan (04/0612011) 
HIPAA Worksheet (04/06/2011) 

• Initial Review SubmissionFonn (04/06/2011) 
Memo -Request for waiver afHJPAA Authorization (04/06/2011; latter dated March 22, 2011) 
Memo -Confidentiality and Privacy ofData (04/0612011; Letter dated March22, 20]]) 
Application for Waiver of HIP AA Authorization (04/06/2011) 

• ISO/PO Checklist for reviewing (04/06/2011) 
Protocol (04/061201 J) 
Privacy reviewed by Kurt Keosler email (04/061201 l; Email dated April 05, 2011) 
Pl Certification of Researcher's Eligibility (04106/2011; John Boice) 
PI Certification of Researcher's Eligibility (0410612011; Mike Mumma) 
PJ Certification of Researcher's Eligibility (04/0612011; Tim Bullman) 
Personnel Roster - Investigacor Roster (04/06/ZO J I) 

updated roster subrnitted on 4/7 / l l 
Project Data Sheet - with Abstract (0410612011) 
Protocol Face Sheet (04/0612011) 
Scientific Review~ Response to the Scientific R&views (04/25/2011) 
Scientific Review - #2 (04114/2011) 
Sciemitic Review - #I (0411212011) 

Approval by each of the following is required prior to study initiation: 
Human Studies Subcomn1ittee (IRB) [Approval Granted 04/25/2011] 
Research & Develop1nent Comrnittee 

rrn,king Numlwr: GR.'\l\Tl09'J2744 
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.Joao L. Asoensao, MD, l'hD, FACP, Chairpers~-------
,41./~~~ ·-·~ 

Marc R. Slackman, MD, ACOS!R&D 

T1.1ddng Number· G({ANT10<l9~7+1 
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Dalton Nuclear 
lnsl.ilute 

Dr John D Boice, Jnr 
International Epidemiology Institute 
1455 Research Blvd, Suite 550, 
Rockville, MD 20850 
USA 

Dear John 

21 September 2011 

Letter in Support of The One Million U.S. Radiation Worker Studv 

I arn writing to lend my strong support to The One Million U.S. Radiation 
Worker Study The principal concern of everyday radiological protection is to 
manage the risks arising from protracted exposure to low levels of ionising 
radiation. At present, these risks are derived from groups briefly exposed to 
moderate and high doses of radiation, such as the Japanese survivors of the 
atomic bombings of Hiroshima and Nagasaki in 1945, by making assumptions 
on how to apply evidence from high dose/dose-rate exposures to low dose or 
low dose-rate circumstances. It would be highly desirable to confirm that 
these assumptions are correct through direct investigations. 

Potentially, one of the most valuable sources of information on the effects of 
protracted exposure to radiation ls workers occupationally exposed to 
radiation, especially nuclear industry workers. Early nuclear industry workers 
were exposed to relatively high levels of radiation when compared to 
standards pertaining today, so that many workers accumulated moderate to 
high lifetime doses, but over a period of many years; most of these workers 
would have worn indiv'1dual dosemeters from which their radiation doses were 
recorded in occupational dose records. Workers who received such doses 
during the period from the 1940s to the 1970s are now reaching the ends of 
their natural lifespans, so that valuable mortality and morbidity data would be 
available from the appropriate epidemiological study of these workers. 

This is not a hypothetical possibility, since a nationwide study of radiation 
workers In the UK has found radiation-related cancer risks that are compatible 
with the assumptions underlying radiological protection; but larger studies are 
required to properly check these results. The early U.S. radiation workers 
offer a profound opportunity to conduct a study with substantial statistic<;il 
power to examine in depth the risks resulting from protracted exposure to low­
level radiation - large numbers of early U.S. workers (e.g. the DOE 
workforces) with relatively high doses would permit an investigation with real 
sc·1enfrfrc mer'1t. 

'frnckin& Number. URANT I 0992 "144 Page Numbrr :19~ Solwitaflon Number. DE·FOA-0000600 R~cr1vrd Dntr: J(Jf[lflOl I J(J 



This is the context of my strong support for The One Million U.S. Radiation 
Worker Study - this study would allow a major advance in understanding of 
low-level radiation exposure from the direct epidemiological investigation of 
those workers so exposed. I should emphasise that I have no financial 
incentive to support this study - I have offered unpaid technical advice to the 
study from the standpoint of a scientist who has been involved in worker 
studies in the UK. My interest is in the substantial additional scientific 
understanding that this study will bring to the evidence base on the risks from 
low-level rad·1al'lon exposure, and hence in the potentially large benefit to 
knowledge underlying radiological protection 

Yours sincerely 

Dr Richard WAKEFORD PhD 

Visiting Professor in Epidemiology 
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lltl'lli!A. Mt M ~ ~ ~ lill '.>!i: rJi 
RADIATION EFFECTS RESEARCH FOUNDATION 

B*ltJiiiiilfm!ll!ll 
A Coope~ative Japan-United States Research Organization 

7 September 2011 

Dr. John Boice 

International Epidemiology Institute 

T 132·0815 xt:.~rffitJIZltl't.-il1 ~11l 5 fi: 2 -ij-
S-2 Hijiyama Park, MiJiaml-1::11, ffiro1hima 732·0815, Japan 
Telephone; 082-261-3131 Facsimile; 082.-263-7279 

TS.50·0013 J.l11ffir1'f'irj::TJll-Tld 8 'ii 6 {5-
1-R-6 NRkagaw~. Nagasaki 850..0013, Japan 
Telepht>ae: 095-82:3·1121 Fa1;tJimi!e~ 095-S2S-7202 

1455 Research Blvd, Suite 550, Rockville, MD 20850 

Dear Dr. Boice: 

The studies you are proposing, to link the mortality experience to radiation dose for 

numerous cohorts with occupational or environmental radiation exposure, are of great 

interest to me, and I will be glad to serve as an advisor. The studies you propose have 

the joint potential to address important questions about radiation risk from low 

dose-rate exposures and will add significantly to our knowledge-base about radiation 

risks. The collective studies will provide a more informative assessment of low-dose 

risks than is available anywhere else. I anticipate being available for meetings, 

reviews of protocols or draft papers, and whatever other ways you would find useful. 

As you know, my interest and expertise is in radiation epidemiology, and I have 

worked in that field for over 40 years. I currently serve as the Vice Chairman and 

Chief of Research at the Radiation Effects Research Foundation in Hiroshima and 

Nagasaki, Japan, where we are tasked with studies of the health of atomic bomb 

survivors. In the past, I served as an advisor to studies at several of the sites which 

you now propose to continue to study, including the radiation worker studies at 

Hanford, Los Alamos and Oak Ridge, and the naval shipyard worker study at Johns 

Hopkins, so I have a degree of familiarity with a number of the cohorts. I applaud 

your efforts to develop these studies and will seek to provide whatever advice and 

assistance is needed. 

With best wishes, 

~~IS~ 
~o;/ Shore 
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Los Alamos 
NATIONAL LABORATORY 
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Occupational Medicine 
Los Alamos National Laboratory 
P 0 Box 1663, MS D-421 
Los Alamos, New Mexico 87545 
505-667-8234 

John D. Boi(:e, Jr., Sc.D 
International Epidc1niology Institute 
1455 Research Blvd. Suite 550 
Rockville, Mar) land 20850 

Subject: One Million Worker Radiation Study 
I· l 

Dear fJr:Tioice 

Date. September 6, 2011 

I look forward to continued collaboration on the "'Pilot Study Of One /\ltillion U.S. Workers And Veterans 
Exposed to Radiation." I believe this project is very important and I am pleased to be part of this exciting 
study. 

'fhank you for including me in this important work. 

Sincerely, 

Laurie D Wiggs, PhD , MPH 
Senior Epide1niologist 
Occupational Medicine 
Los Ala1nos National Laboratory 

An Equal Opportunrty Employer I Ope111\ed by Los Alamot Netior1al Security, LLC fof the U.S. Departme11t of Energy's NNSA 
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LANDAUER 

Dr. John D. Boice, Jr. 
International Epidetniology Institute 
1455 Research Blvd, Suite 550 
Rockville, MD 20850-61l5 

Dear John. 

!Jtll1cust 7 2009 · J 

I wish to confir1n Landauer's ability to cooperate in studies exarnining various populations 
exposed to radiation. Having the largest database on LIS occupational exposures, Landauer 
understands the value of being able to retrieve historical data. As you know we have 
electronically preserved annual and lifctlnte dosin1ctry results since 1978 with earlier records 
preserved on n1icrofiche and n1icrofdn1. 

Our recent collaborations on studies of Rocketdyne/ Atomics International workers and similar 
collaborations \.vith the Radiation Epidemiological Branch at the National Cancer Institute 
confirn1ed the itnportance of accounting for a workers entire career dose, and not just the 
radiation exposure received at an index facility. Thus I am pleased to be able to continue with 
similar collaborative efforts focused on total occupational exposures rrceived by various worker 
categroizations. 

Sincerely, 

I( {l"-1 lf'L 
Dr. R. Craig Yoder 
Senior Vice President, Marketing and Technology 
Landauer, Inc. 
2 Science Road 
Glenwood, IL 60425 

Landauer, Inc, 2 Science Road Glenwood, Illinois 60425-1586 Telephone: (708) 755-7000 Facsimile: (708) 755-701 l 

Tr~~ki11g Nu111h~r: OH ANT I 0991744 



National Association of Atomic Veterans, Inc. 
11214 Sageland Houston, Tx. 77089 

John D. Bvice, Jr. 
lnter11a1io11al Epirle1niolog_v lnstitutt' 
1455 Research Blvd., Suite 550 
Rockville, Md. 20850 

Prr!f'essor r::f Merlh:ine 
Vanderbilt (JniversitY Medical (:'enter 
i1anderhilt·lngran1 Cancer Center 

Dear Dr. Boice: 

281-481-1357 

June 6, 2009 

As the otflcial .IJJoke s111en f'or A1nerica · s 193, 000 ( surviving ) A to111ic· \1 eterans, H'e are in tutal SllJJport (~f 
Vanderbilt l!11iversi1y·s J>roposed Arornic-1leteran 1vtor1ality Experience study. We have not heen made a1rare 
of an.v .fulf.v e:q1lorell and doc11111ented stull.'i that tt.'011/d include on in -depth evaluation o.f the risks o.f cancers 
that mcty have been preciJJitated by internal radiation sources, including inhaled or ingested airborne ionizing 
radiation J7articles. 

Given rhar a large 11ercentage (~{the 350,000+ (deceased) A1on1ic~Veterans 111a.v have been vicrims (~fa 
host of health issues resulting fT0111 their exposure to the hazarlious eff"ects of· ( internal) raciiation /-'articles, 
H'e are (~f the firn1 belief- that such studies should be jJe1.f.or111ed in the best interest u.f those sutv'iving Ato1nic­
Veterans. including Veterans of' the (lu(f lVar and Middle East co1~flicts, 1vho 1nay have heen exposed to 
DeJ-1letc'd Uraniutn radiation JJarticles, and .future generations of 1\1nericans ~rho nia_v he _faced ~rith si1nilar 
radiation exposure events, in light of the current state (~f International t~ffairs. 

\lery trul.v :vours; 

R, J, Ritter- C.E.M. 
Managing Director & National Commander 

Dr. F. L. Grah(f~- - Director 
D. D. Robertson - Director 

TnKklllg Numbc1: UkANTI09'12/44 

Cul. G. E. Ta.vlor 
B. E. Clark 

Director ~.~,_ · .. 
Director 00 
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September 15, 2011 

John D. Boice, Jr., ScD 
International Epidemiology Institute 
1455 Research Blvd 
Suite 550 
Rockville, MD 20850 

111\l\\11\l\IJ 
iVllilJIC1\l .';CJ IClCll. 

l>ivi~i,,11.,f1'1c'\'l'll!i1,· l\lt•di< i11" 
I 1, 1'»1101•·111 ,,, \ 1,-,1;, ;,,, 

RE: Epidemiologic Study of One Million U.S Workers and Military Veterans Exposed 
to Ionizing Radiation 

Dear Dr. Boice: 

I would like to provide my strong and enthusiastic support as a Collaborating Consultant for 
this imporiant proposal to design and initiate an unprecedented prospective cohort study of 
more than one million radiation workers and military veterans, in whom radiation doses can 
be quantified over decades of follow-up, along with the long-term risk of various outcomes. 
Your plan to consider cardiovascular endpoints as part of this proposal is particularly 
exciting, as this proposed study design is optimally suited to evaluate whether there may be 
a potential association between long-term exposure to ionizing radiation and the risk of 
developing cardiovascular disease. I will gladly provide any and all assistance with your 
work, drawing from my experience in cardiovascular epidemiology as well as t11e design 
and conduct of large prospective studies. 

I look forward to our collaboration on this proposal. 

Sincerely, 

( .(1 
' ~ v '··. .. ,, 

\ 
I I )' 

Howard D. Sesso, ScD, MPH, FAHA 

Associate Professor of Medicine 
Department of Medicine 
Division of Preventive Medicine 
Brigham & Women's Hospital 
900 Commonwealth Avenue East - 3'° Floor 
Boston, MA 02215 
(617) 732-8837 



John D. Boice, Jr., Sc.D. 

Professor of Medicine 

Vanderbilt University Medical Center 

International Epidemiology Institute 

1455 Research Boulevard, Suite 550 

Rockville MD 20850 June 3, 2009 

Dear John: 

It is a pleasure to express my support for your research application "Cancer Mortality among 
Military Personnel at U.S. Nuclear Weapons Tests". Its potential for providing important public 
health information regarding low dose radiation effects is great, particularly at the present 
time. The cohort is large, and its follow-up in terms of lifetime duration is nearly complete. In 
addition, improved methods are now at hand both for reconstructing levels of past radiation 
doses more accurately and for tracing rnortality events rnore completely. I do hope that full 
funding for this important research undertaking will be granted. 

Sincerely yours, 

Clark W. Heath, Jr., M.D. 

674 Plantation Point Drive 

Woodbine GA 31569 
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From: Weber, Michael 
Sent: 8 Feb 2016 18:43:42 -0500 
To: Case, Michael;Coffin, Stephanie;Henderson, Pamela;Collins, Daniel; Mohseni, 
Aby;Kokajko, Lawrence 
Cc: Tadesse, Rebecca;West, Steven; Burnell, Scott;Adams, Darrell;Weil, 
Jenny;Araguas, Christian;Sampson, Michele; Brock, Terry 
Subjett: FYI· NCRP UPDATES FOR US 
Attathments: 2016 February boice draft 2016-01-231003).pdf, Low Level Radiation SEAB Ltr 
to Moniz {003).pdf 

Good evening. John Boice shared the attached with me recently for our information, including 
the draft of his column for the February edition of the HPS Newsletter and a letter from DOE's 
SEAB to Secretary Moniz cautioning against the demise of DOE's low dose radiation research 
prograrn. Sha1·1ng fo1· awa1·eness. 

Thanks, 

Michael Weber 
Director of Nuclear Regulatory Research 
US Nuclear Regulatory Con1n11ss1on 

301-415-1902 
Mail Stop T-10816 

' ' ' " . . ' 



Health News 

The Boice Report #45 

John D. Boice, Jr., NCRP President 
ICRP Main Con1n1issiono1 
UNSCEAR U.S. Alternate Representative 
Vanderbilt Professor of Medicine 

From Oak Ridge to Indian Point 
Studying Workers at Nuclear Power Plants 

Februa 2016 

, • , •.:·,.r,. -

'NICIRIP;' 

Paraphrasing Thomas Edison, epidemiology is 5o/o inspiration and 95°/o perspiration. The inspiration 
for the Million Person Study of Low Dose Health Effects (MPS) came over 30 years ago with recom~ 
mendations to create a registry of r<Jdiation vvorkers among U.S. Nuclear Regulatory Commission 
(NRC) licensees (see June 2015 Boice Report #37). The 30 years of perspiration is outlined below. 

Thirty years In the making. Today. the Radiation Exposure Information and Reporting SysterTI 
(REIRS) database closely approxin1ates a U.S. occupational radiation exposui-e registry (CRISE 
2011). REIRS dates back to 1969 when U.S. Atomic Energy Commission (AEC) licensees were 
required to report radiation exposure data for individual workers at the end of employment and ex~ 
posure summaries for sites on an annual basis. At that time, AEC licensees were only required to 
submit radiation~mon1toring records upon an employee's termination of employment. However, in 
1986, Gil Beebe and I, both at the National Cancer Institute (NCI), composed a letter sent by NCI 
Director Vincent De Vita, MD, to N RC Chairrnwn Lando Zech requesting that reporting requirements 
be changed to support epidemiologic health studies. In 199·1 a positive response was received fron1 
NRC Chairman Kenneth Ctirr to NCI Director Samuel Broder. In 1994, as part of the implementa~ 
lion of the 1991 revisions ot 10 CFR 20 ··standards for Protection Against Radiation," the NRC 
began requiring annual radiation exposure records for every monitored worker (NRC Regulatory 
Guide 8 7). In 1994 I wrote Bill Morris, director of the Division of Regulatory Applications, Office of 
Nuclear Regulatory Research, urging the voluntary reporting of additional occupational radiation 
exposure data so that a high-quality radiation worker registry might be created for ep1demlologlc 
studies. In 1994 NRC requested that licensed utilities report voluntarily the career doses of current 
and past employees (N_BJ;:; ___ G_g_o_QJJQ __ l_Q1\Q.L_8'.'±::QA_); the JJtJJllL9_$__JQ_$_p_Qo_~J_Q_d _ _f_g_~'.QLi'J1'\JY to this request, 
and a registry of radiation workers suitable for epidemiologic study was born. 

How are REIRS data used for health studies? Annual radiation doses for over 1.1 million unique 
workers are in REIRS, including external whole-body exposure and, since 1994, internal exposure 
Identifying information includes nan1e, social security number, date of birth, sex. licensee code, 
and dates monitoring began and ended. We selected all 425,713 nuclear power plant workers fi1·st 
monitored before 1985, sampled 1 o~/o of the 30'1,553 workers with cumulative doses less than 1 O 
mSv, and removed 3,688 workers with duplicate, incomplete, or invalid dose 1·ecords for a study 
population of 145,227 workers. Workers hired after 1984 were excluded because they received 
much lower doses than earlier workers and because their younger age would not provide mortality 
information tor many years. 1980 was originally chosen as the cutoff date for inclusion, but after the 
Three Mile Island accjdent in 1979, the NRG required reactor modifications that increased workers' 
exposures for several years. The 10°/o sample of low-dose subjects was based on cost consider­
ation. i e., it would be expensive to trace over 300,000 low-dose workers when their contribution to 
a health study could be adequately addressed by studying 30,000. 

How VfJ/id Dre the rfJdiation dose datfJ? The key to high-quality epidemiology is equally high-qual­
ity dosimetry. NCRP Sc1entlf1c Comn1ittee 6-9 is providing guidance, direction, and advice for the 
MPS. The committee has met six tin1es in Oak Ridge, most recently in Noven1ber 2015 (see photo). 
Most nuclear utility worker exposure is to high-energy gamma radiation from fission products (e.g., 
r'7Cs) or activation products (0°Co and "'Co) and there Is minimal neutron exposure or Ingestion 
of radioactive material. Measurement uncertainty includes sensitivity, energy response, angular 
dependence. calibration, processing, and fading. Model uncertainty includes radiatjon fields, g.Q.: 
QJI!£1[y, badge placement, missing doses, and conversion from badge reading to absorbed dose 
to organ of interest. A comprehensive report should be out this year that addresses these specific 
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dosirnetric concerns and challenges 
(and ways to overcome them) 

SC 6-9 Meeting at Oak Ridge, November 2015. Front row, left 
to right: Dick Toohey (Mel Chew, Inc.), Larry Dauer (Memorial 
Sloan Kettering Cancer Center [MSKCC]), John Boice (NCRPI 
Vanderbilt), Andre Bouville (NCI, retired), Kathy Pryor (Pacific 
Northwest National Laboratory), and John Till (Risk Assess" 
ment Corporation); back row, left to right: Keith Eckerman (Oak 
Ridge National Laboratory [ORNL]), Cary Zeitlin (Southwest Re­
search Institute), Rich Leggett (ORNL), Harold Beck {DOE, re­
tired), Mike Mumma (International Epidemiology Institute [IEI]}, 
Derek Hagemeyer (Oak Ridge Associated Universities [ORAU]), 
and Craig Yoder (Landauer). 

How complete is REIRS? Before the 
NRC reporting changes In 1994 and 
the voluntary reporting of worker data 
back to 1957. I wrote that the REIRS 
data based on termination notices 
alone were limited. Since the reporting 
changes. tho REIRS data are judged 
suitable for health effects studies_ Fur­
ther, data completeness back to 1969 
was validated based on a comparison 
with workers ide11tlfied from utility con1-
pany records at the Calvert Cliffs Nu~ 
clear Povver Plunt and on con1parisons 
of workers at two utilities included In a 
prior study (Hoyve 2004 ). Comparisons 
with data available from Landauer. 
Inc., also were remarkably consistent 
The Landauer, Inc., records accounted 
for less than 0.8°/Q of the cohort. 

Nuclear Power Plant Workshop in New 
York City, December 2015. Left to right: 
Larry Dauer (MSKCC), John Kelly (retired 
director, Nuclear Safety Assurance, En· 
tergy Nuclear), Dennis Quinn (DAO. Inc,), 
John Boice (NCRP!Vanderbill), Matthew 
Williamson (MSKCC), Joseph Perrotta (re­
tired-quality assurance manager, Indian 
Point Energy Center}. Not Pictured: Craig 
Yoder (Landauer), Don Mayer (director, 
Indian Point Unit 1), Mike Mumma {IEI), 
Derek Hagemeyer (ORAU), 

Focus group evaluation. Well, not really a focus group 
(a catchy politically correct phrase), but a daylong meet­
ing with current and former workers at the Indian Point 
Nuclear Power Plant and other national dosimetry special~ 
ists held in December2015 (see photo). The exchange of 
inforrnation enhanced our· understanding of dosirnetry and 
radiation protection practices at nllclear reilctors during 
the early years of the nuclear industry. Insights (for me) 

80°/o of exposures occurred during outages tor rr1ain­
tenance. n1odifications, and refueling. Refueling n1igt1t 
occur every 18~24 months but maintenance is more 
frequent. 
Multiple bad9es were worn by approxirnately 1 °/-0 of 
workers for some 1·epairs, with the highest value re­
ported. 
The conversion from film badge reading, H (10), to or­
gan dose is facilitated because most expoSure Is from 
high-energy gamma rays, facilitating an adjustment 
with a scaling factor (conversion coefficient). 

There are few missing doses to impute because of reporting practices and requirements. 
Neutron exposures and Intakes of rad1oact1ve elements were rare-whole-body counting was 
done each year, as were annual physicals for radiation workers. 
During one challenging outage, hundreds of welders received up to 20 mSv per quarter over 
a period of 1 to 2 days-while unusual, some workers with high cumulative doses may have 
received exposL1res at a relatively high dose rate. 
A fan1ous incident of a vvorker who received 100 n1Sv In 1 minute contributed to a change in 
NRC regulations for uccess to high radiation areas. 

Future. The first manuscript on radiation-related leukemia Is under review. Follow-up through 2011 
Identified 30,993 deaths from all causes, Including 320 from leukemia other than chro11ic lympho­
cytic leukemia (CLL). For workers with cumulative doses greater than 10 mSv. the mean active 
bone marrow dose was 61 mSv (maximum 1.0 Sv; 8.4°/o of workers had doses greater than 100 
mSv). Subsequent manuscripts will evaluate over 1,200 cases of leukemia other than CLL, com~ 
bining data from induc;trial radiographers, atomir: veterans. and lJ S Department of Energlf worker 
cohorts. Results will significantly augment scientific knowledge on the lifetime risk of cancer and 
leukemia following relatively low-dose exposures received gradually over time 
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Massachusetts Institute of Technology 
77 Massachusetts Avenue 
Building 6-215 
Cambridge, Massachusetts 02139 

Secretary Ernest J. Moniz 
U.S. Oepartrnent of Energy 
1000 Independence Avenue S.W. 
Washington D.C. 20585 

Dear Mr. Secretary, 

John Deutch Institute Professor 
Department of Chemistry 
Tel: 617 253 1479 
Fax: 617 258 6700 
Email: jmd@mitedu 

June 23, 2015 

SEAS has requested that I respond to your letter of June 16, 2015 requesting 

" ... SEAB's perspective on how DOE should pursue research on the 
question of a 'linear' or 'threshold' low-level radiation exposure model. 
Should DOE continue its efforts on this subject or leave it to other 
agencies such as EPA and NIH? Or is there a research effort that over 
time may lead to knowledge that will resolve the question of health effects 
of low-level radiation exposure to citizens and workers in the nuclear 
industry. Has the scientific community identified specific knowledge gaps 
that would be appropriate research priorities ·for DOE to pursue?" 

This question of "linear" versus "threshold level" radiation exposure to low levels of 
radiation is irnportant because its consequences for regulations governing radiation 
exposure to workers, and citizens in the vicinity of commercial nuclear power plants and 
associated fuel cycle activities, especially with regard to the increased likelihood of 
cancer fatality. 

For human populations a plausible case can be made for a threshold below which there 
is no harm to exposure because the human population has forever been exposed and 
therefore adapted, to natural background levels of radiation. Organisms in the natural 
environment evolve biological mechanisms to repair radiation damage to cells at the 
molecular level, thus avoiding or reducing adverse radiation response. This suggests 
research on radiation damage at the cellular level to identify natural thresholds for 
radiation damage. However, if a precise understanding of the cellular level dose­
response were reached, the challenges of scaling up this understanding to enable 
establishing a quantitative threshold for human dose-response would remain. 

The most direct way to investigate low-level radiation damage is epiden1iological studies 
on human populations exposed to different levels of radiation in one context or another 
(Denver versus Miami). Such studies do not rely on 'controlled' conditions to establish 
dose and response but rather attempt to infer the dose-response relationship from 
statistical information. This is a formidable task because as the dose level approaches 
zero the "noise" of random fluctuations that reflect different exposure circumstances 
becomes proportionally larger than the signal that one is seeking to detect. 



Despite many years of diligent study on both these approaches there is insufficient 
evidence to justify replacing the linear low level radiation exposure behavior assumption 
with any other in particular a threshold low level exposure behavior. It is highly unlikely 
- I would say impossible - that a group of experts would, after review and deliberation 
on the vast literature on this subject, come to a consensus or that consensus would 
resolve this question to the satisfaction of regulatory authorities or the public. 

You have asked a further research program could fill "specific knowledge gaps" that 
would resolve this question of low-level radiation exposure on hurnans. Understandably, 
as a result of inconclusive results of the vast body of past DOE sponsored research, 
some Office of Science program officers are skeptical and advocate applying these 
resources to other purposes. 

SEAB does not believe DOE should abandon its research effort on low-level radiation 
effects There are several reasons First, the subject is of importance to many DOE 
constituencies such as commercial nuclear power, stockpile stewardship, waste 
managen1ent, and the nuclear navy. Second, the DOE laboratories are undoubtedly the 
leading repositories of knowledge on this difficult. but important, subject. The DOE 
should maintain this expertise; if disbanded, it will be difficult to reassemble. Third, if the 
DOE were to withdraw frorn low-level radiation exposure research only the EPA and NIH 
would sponsor any remaining federal research activity; neither agency has the deep 
expertise in nuclear science or biological effects of radiation exposure that exists in DOE 
national laboratories. 

Thus, SEAB recon1rr1ends DOE continue to sponsor a small, sustained, high quality 
research program mainly in DOE laboratories but also at centers of excellence on this 
subject that exist in universities, medical schools, and hospitals. 

SEAB does not believe it is the right group to put together such a research program. 
Low-level radiation exposure is a specialized subject and, experience shows. there is not 
an obvious research program that will yield decisive results. The Director of DOE's 
Office of Science should be charged with commissioning a small group of experts 
(including a couple of smart outsiders to the sub1ect) to propose a modest, multi-year, 
research program in low-level radiation exposure. If requested, SEAB would review this 
research plan and rr1ake suggestions to the Director of the Office of Science. However, 
you should not assume that the results of such a research program would be conclusive. 

If you have any questions or comments, please do not hesitate to get in touch. 

Sincerely yours, 

John Deutch 

CC: Undersecretary F. Lynn Orr 
Members of SEAB 
Karen Gibson 
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Fram: Metting, Noelle 
Sent: 28 Apr 201113:43:47 -0400 
To: Brock, Terry 
Subject; Information US Million Worker Study 
Attachments: AIMS_Pilot Million Worker Study_Ol-11-10.pdf, Narrative One Million 
American Workers 9-11-09.pdf 

Hi Terry·, 

I have attachtid the Narrative of the big proposal that \Vas originally revie\vtid. The 
favorable reviews would have guaranteed full funding, but our budget would not. We 
\vcre able to fund a one year pilot project, and so I have also attached the revised ,1\i1ns 
for the pilot study. 

We ren1ain enthusiastic about supporting this work b)' interagency cooperation and 
funding. 

Best regards, 
Noelle 

1VF ,\letting, Sc.D, 
Prograrn Managc1 
Sr. Radiation Biologist 
Office of Science/BER 
U.S. Dcparhncnt of Energy 

Voice: 301-903-8309 
Fax: 301~903~0567 
11 oef I c.111e rr i 11 vG1,_1·cie11cc. doe. vo1 · 



Pilot Study of One Million American Workers 
and Veterans Exposed to Radiation 

Background. In September 2009 a comprehensive proposal was submitted entitled, "Epidemiologic 
Study of One Million Arnerican Workers and Military Veterans Exposed to Ionizing Radiation." The 
proposed research of five distinct occupational groups would provide the greatest precision yet 
available for the evaluation of long~term health effects of low~dose ionizing radiation. Such research 
was recommended during the Department of Energy Workshop on Low-Dose Epidemiologic Studies 
(Hall et al. 2009). The specific goals of the one-year pilot study are as follows. 

Aim 1. Department of Energy 200,000 Uranium Workers Feasibility. Thirteen individual DOE worker 
cohorts involved with the Manhattan Project and subsequent development of nuclear weapons and 
reactor 1naterials are ready for immediate study. Within the one-year pilot, we will combine the worker 
cohorts of 200,000 uranium workers; initiate tracing activities required for mortality evaluations including 
permissions to access the National Death Index and the Social Security Administration (SSA) mortality 
data; link the cohort with SSA and California mortality files; link the files with Landauer dosirr1etry 
records: obtain permissions to link cohort with military dosimetry records; and obtain cause of death for 
workers at one facility to demonstrate feasibility. Dosimetry information on all 200,000 workers will be 
obtained from records available at the Oak Ridge Associated Universities. 

Aim 2. Second Follow-Up of the Rocketdyne Radiation Worker Study. The first follow-up was 
conducted of nearly 50,000 radiation and non-radiation workers, 1948-1999 (Boice et al. 2006). A 
cornprehensive dose reconstruction prograrn incorporated l1fetin1e occupational doses at all places of 
employment as well as internal doses from radionuclide intake. An additional follow-up of ten years 
through 2009 would be conducted and a manuscript prepared for publication. 

Aim 3. Second Follow-Up of the Mound Radiation Worker Study. A new follow-up of over 7,000 
workers at the Mound nuclear weapons facility (1944-1972) located near Dayton, Ohio will be 
conducted (Wiggs et al. 1991a, 1991b). Follow-up through 2009 will add an additional 25 years of 
observations, and dose-response assessments will include internal intakes of polonium in collaboration 
with the Oak Ridge National Laboratory. A manuscript for publication will be completed. 

Aim 4. Feasibility Initiatives to Study DOE Plutonium Workers, Nuclear Power Plant Workers, 
Radiologists and Other Medical Radiation Workers, and Atomic Veterans. A cohort of over 
100,000 plutonium workers, including Hanford, will be assembled after permissions obtained: a nuclear 
power plant worker cohort from the electronic records (1978+) at Landauer will be assembled and the 
feasibility of copying microfilm records dating back to 1960 determined; a cohort of radiologists and 
early medical radiation workers trom the Landauer electronic files will be assembled; contacts will be 
made with U.S. nuclear utility companies for studying early U.S. workers; follow-up efforts will be 
initiated with the Department of Veterans Affairs to trace 125,000 atomic veterans. A scoping document 
will be prepared with ORNL describing a comprehensive approach to internal radionuclide dosimetry at 
all DOE facilities; radionucl1des at selected laboratories will be evaluated for illustrative purposes. 
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Applicant/Institution 

Epidemiologic Study of 
One Million American Workers and Military Veterans 

Exposed to Ionizing Radiation 

The International Epiden1iology Institute 
Street Address!City!State1Zip: 
Principal Investigator. 
Address: 

1455 Research Boulevard, Suite 550, Rockville MD 20850 
John D, Boice, Jr,, Sc,D, 

Telephone Number:. 
Email: 

Performance Project Sites: 

International Epidemiology Institute 
1455 Research Boulevard, Suite 550 
Rockville MD 20850 
(301) 424-1054 x4271 
boice@iei.us or john.boice@vanderbilt.edu 

1. International Epiderniology Institute, Rockville, Maryland 
2. Oak Ridge Associated Universities, Oak Ridge, Tennessee 
3. Oak Ridge National Laboratory, Oak Ridge, Tennessee 
4. University of Southern California, Los Angeles, California 
5. Vanderbilt University, Nashville, Tennessee 
6, Risk Assessment Corporation, Neeses, South Carolina 
7. Los Alamos National Laboratory, Los Alamos, New Mexico 

Budget total for this institution for each year, including subcontract to the coffaborating research 
entities: 

AIM 1 AIM 2 AIM 3 AIM4 AIMS AIM6 
Atomic Nuclear Combined 

Uranium Veterans Medical Power Plutonium cohorts Total 

Year1 $1,699,325 $959,768 $732,664 $292,859 $411,162 $0 $4,095,778 

Year 2 $1,461,342 $988,578 $839,247 $412,175 $665,719 $0 $4,367,061 

Year 3 $1,475,660 $976,272 $883,765 $440,372 $729,292 $74,000 $4,579,360 

Year4 $1,467,965 $841,074 $834,765 $448,084 $584,066 $225,878 $4,401,833 

Year 5 $1476,09!) $6g~,1QO . E~5,917 $~6~,7~!3 . $§Q8Q§4 }460,741 . $4,~!)§,~~3 
Total $7,580,387 $4,564,793 $4,035,958 $2,062,285 $3, 198,322 $760,619 $22,102,365 

DOE/Office of Science Program Office: BER 
DOE/Office of Science Program Office Scientific/Technical Contact: Dr. Noelle F. Metting 



Overall Project Objectives 

There is tremendous scientific and societal interest in understanding the health effects of low~level 
radiation exposures. However, recent studies of occupat1onally exposed groups have not been of 
sufficient size or quality to provide robust estimates of risk (NRC 2006; Wakeford 2005; ICRP 2007; 
UNSCEAR 2008). These studies, however, have been interpreted by some as suggesting that 
chronic low dose rate exposures may be as harmful as the acute high dose rate exposures 
experienced by Japanese atomic bomb survivors (Jacob 2009; Cardis 2007b) that form the basis of 
radiation protection standards. Unfortunately, the United States has fallen behind in studies of 
occupationally exposed populations (Wakeford 2009). To help fill the gaps in knowledge about 
health effects associated with low-dose ionizing radiation. a study of one million American workers 
is proposed. The study is cost efficient in that it builds on the investments made and foundations 
laid by investigators and government agencies over the past 30-40 years which have established 
radiation worker cohorts that, upon cornpletion of the proposed research, can provide the rr1ost 
precise estimates yet available of the lifetime risk of cancer and other diseases among individuals 
chronically exposed to low levels of ionizing radiation. 

The United States was the first country to develop both nuclear weapons and nuclear power 
reactors to generate electricity and fuel military ships and submarines. The early workers of the 
nuclear age can be followed for up to 60 years and late effects evaluated. We propose to ascertain 
the mortality experience through 2010 of five occupational groups with differing radiation exposures: 
(1) radiation-exposed uranium workers at multiple Department of Energy (DOE) locations and 
Rocketdyne; (2) nuclear weapons test participants (atomic veterans); (31 radiologists and other 
medical practitioners: (4) nuclear power plant (NPP) workers; and (5) plutonium workers. The sizes 
of these occupational groups are large: the early uranium cohorts, many from the Manhattan 
Project era, comprise 200,000 workers; 125,000 atornic veterans participated 1n above ground 
nuclear weapons tests in Nevada and the Pacific in the 1940s and 1950s; dosimetry files with 
cumulative radiation exposure information exist for over 550,000 medical workers; over 40,000 
workers employed prior to the mid 1980s at NPPs with dose information have been identified; and 
over 100,000 plutoniun1 workers can be studied. 

A unique opportunity exists to assen1ble these cohorts of one rnillion Americans workers and 
veterans, follow them to the present, reconstruct their radiation doses (including inhaled or ingested 
rad1onucl1des), and provide new knowledge on the level of risk from low-level radiation experienced 
gradually and up to 60 years ago. The methods are patterned after the comprehensive approach 
used to study the workers at Rocketdyne/Atomics International (Boice 2006a,2006b; Leggett 2005). 

The significance of the proposed study is considerable because it applies directly to existing 
concerns about and standards for chronic radiation exposure. Much knowledge has been gained 
from the study of atomic bomb survivors, but the single exposure was acute to a Japanese 
population living in a war-torn country in 1945. Scientific and medical committees continue to 
grapple with how best to estimate risks associated with the gradual exposures received from 
environmental, medical and occupational radiation (NRC 2006; Tubiana 2006; UNSCEAR 2008). 
Recent studies, though limited, have suggested that chronic exposures may be more hazardous 
than currently accepted (Jacob 2009: Card1s 2007a, 2007b). Governmental agencies tackle the 
complex issues of compensating prior workers, veterans and citizens potentially harmed by past 
exposures (NRC 2003, 2005; Wakeford 2006). Protection committees agonize over how best to 
estimate and apply a "dose and dose rate effectiveness factor" (DDREF) to scale the risks from tl1e 
bomb survivor data for relevant and current circumstances (ICRP 2007; Tenforde 2008). The 
remarkable increase in population medical exposures to CT scans and other imaging technologies 
(NCRP 2009) has raised concerns about possible future health consequences (Brenner and Hall 
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2007). The proposed million worker study addresses all these issues while providing direct 
estimates of risk following the types of radiation exposures of current concern. 

Evaluation of risk among persons with intakes of radioactive substances also assumes greater 
importance as society debates expansion of nuclear energy and deals with nuclear waste and other 
uses of radioactive materials (Corradini 2009). Knowledge of the effects of internal exposures to 
radioactive substances takes on increased importance in light of the possibility of terrorist attacks 
with nuclear devices (Radioactive Dispersal Devices, lrnprovised Nuclear Devices) (ICRP 2005). 
Finally, the study will be a service to American workers and veterans and their families by providing 
a sound understanding of the risks they may have incurred while working in service to their country. 

The urgent need for such a comprehensive study was recently emphasized in a DOE-supported 
Workshop on Low-Dose Radiation Epidemiology (Hall et al., Radiation Research, July 2009). 
"There is a pressing need, and a golden opportunity, to obtain more information on the long-term 
effects of relatively low radiation doses, delivered over protracted penods by pooling and updalmg 
the data for the various groups of occupationally exposed U.S. nuclear workers. This represents a 
large and relatively untapped database. In the long run this could become an international effort by 
integrating these data with studies from around tlie world. Wit/1 the large increase in the use of 
diagnostic radiation, large studies with good dosimetry of both patients and medical personnel can 
also contribute much-needed data." We are poised, ready and enthusiastic about fulfilling this 
recomrnendation and restoring the United States as a leader in occupational studies of radiation. 

Our specific goals are described below as six independent and complementary aims or research 
thrusts that could be funded in total, separately, or in various combinations. 

Aim 1. Department of Energy and Rocketdyne 200,000 Uranium Workers. The Rocketdyne 
and 13 individual DOE worker cohorts involved with the Manhattan Project and subsequent 
development of nuclear weapons and reactor materials are ready for immediate study. Many of 
these cohorts have not been evaluated for over 30 years and the proposed extended follow-up, 
coupled with corr1prehensive dose reconstruction, will enable estirnation of nearly lifetin1e risks of 
cancer and other diseases associated with protracted low·level radiation exposure and propel the 
United States once again to the forefront of occupational study research (Hall 2009; Wakeford 
2009). The study would provide critical information on effects following chronic exposure and on 
the DDREF used in radiation protection (ICRP 2007; UNSCEAR 2008; Canu 2008). 

Aim 2. Department of Defense Atomic Veterans 125,000 Military Personnel. The United 
States conducted 230 aboveground nuclear detonations from 1945 through 1962. Over 125,000 
veterans were previously studied by the Department of Veterans Affairs (Dalager 2000; Watanabe 
1995b) and the Medical Follow-Up Agency of the Institute of Medicine (IOM 1996, 2000). These 
veterans participated at any of seven of the nuclear weapons test series. Statistical increases in 
leukemia were reported as were excesses of several other cancers, including bone, thyroid, salivary 
gland, liver and breast. However, no dose assessments ior epidemiologic study were made and 
the last follow-up was 15 years ago. An extended follow-up coupled with dose reconstruction of 
individual veterans who developed leukemia and other cancers not previously studied would 
provide important quantitative information on the level of risk possible from prolonged exposures to 
radiation experienced up to 60 years ago. 

Aim 3. Radiologists, Radiotherapists and Other Medical Professionals 550,000 Workers. 
Landauer, Inc. has provided radiation dosimetry services since 1953 for United States medical and 
other facilities. A computerized database of 15 million workers is maintained with identifiers and 
cumulative doses. Included in the database are radiologists, radiotherapists, cardiologists and 
others in the medical profession who experienced frequent radiation exposures during the course of 
their employment. These dosimetry records can be used for epidemiologic study by selecting and 
following the approximately 550,000 workers with relatively complete and long-term dosimetry 
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coverage over tin1e. This provides a complementary con1ponent to the overall program by including 
a large number of medically-exposed workers. The study is designed not to overlap with other 
investigations of medical radiological technicians (Boice 1992; Mohan 2003), but to focus on 
potentially higher-exposed workers such as interventional radiologists with measured exposures. 

Aim 4. Nuclear Power Plant (NPP) 40,000 Workers. The U.S. was the first country to develop 
nuclear reactors to produce electricity. There are over 650,000 past and current utility workers. 
Early workers were allowed 3 rem/quarter and 12 rern/year. Landauer records have identified over 
40,000 early NPP workers employed prior to the mid-1980s (Muirhead 1996). Following these early 
workers will provide needed information above and beyond that produced by a recent study of 
54,000 NPP recent workers (Howe 2004) which was limited due to the young age of the cohort, the 
small number of deaths and low cumulative radiation doses. A reported association with heart 
disease (Howe 2004) needs to be evaluated in a more powertul study as we propose (Little 2008). 

Aim 5. Plutonium 100,000 workers 

Over 100,000 workers with potential for plutonium exposure have been assembled from cohorts at 
Los Alamos National Laboratory, Rocky Flats, Hanford, Mound and several other facilities (Gilbert 
1993a; Wiggs 1991, 1994). These workers were last followed between 1979 1990 and extending 
their follow~up to the present would provide needed quantitative information on the long~term risks 
possibly associated with inhalation or ingestion of plutonium and other radionuclides. The Mound 
cohort, for example, also offers an opportunity to study polonium, a compound which has received 
recent interest in light of the poisoning of the Russian national in the U.K. (Harrison 2007). 

Aim 6. Combined cohort analyses. The pooled analysis of the combined data from all these 
studies will maximize statistical power to detect and characterize radiation effects, and to minimize 
the variability of the estimates of these effects. Generalized proportional hazards regression 
modeling of mortality data from the combined cohorts will allowing for the time-dependent nature of 
the exposures and of effect modification variables such as age at exposure, time since exposure, 
and exposure dose rate. Analyses will utilize the best estirnates of both external and internal 
(where grouped estimates will be used) radiation exposures and will provide uncertainty analysis 
that reflect likely errors in dose estimation particularly for internal dose, 

The integration of these U.S. worker and military populations would unquestionably provide the 
most definitive evaluation possible of risks associated with low·dose radiation exposures 
experienced over a prolonged period of time, and thus have implications with regard to protection 
standards for workers and the general population, the assessn1ent of risk associated with the 
enhanced medical technologies such as CT scans, the expansion of nuclear power, the handling of 
nuclear waste and the compensation of workers with prior exposures to ionizing radiation. 

Co~lnvestigators 

International Epidemiology Institute: John Boice (radiation epidemiology), William Blot 
(epidemiology), Bob Tarone (biostatistics). Clark Heath (epidemiology), Sarah Cohen 

Oak Ridge Associated Universities: Betsy Ellis Dupree. Donna Cragle, Phil Wallace, Janice 
Watkins, Dick Toohey, Bill Tankersley, Derek Hagemeyer 

Oak Ridge National Laboratory: Rich Leggett and Keith Eckerman (radiation dosimetry) 
Los Alamos National Lab: Laurie Wiggs (radiation epidemiology) 
Harvard University: Howard Sesso (cardiology) 
Risk Assessment Corporation: Jolin Till, Harold Beck, Paul Vo1lleque, Helen Grogan (dosimetry) 
Landauer, Inc.: Craig Yoder (dosimetry systems) 
University of Southern California: Dan Stram (biostatistics), Duncan Thomas (biostatistics) 
Vanderbilt University: Randy Brill (radiation effects), Yu Shyr and William Wu (biostatistics) 
Advisors: Richard Wakeford (University of Manchester, U.K.1. Roy Shore (RERF, Japan) 
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Proposal Overview 

In this proposal we describe research studies of five occupational groups (uranium workers; 
veterans exposed to atomic bomb atmospheric tests; radiologists and other medically exposed 
workers; nuclear power plant (NPP) workers; and plutonium workers) with potential for radiation 
exposure. Study of each group involves the extended and long-terrn follow up for cancer or 
other causes of mortality of previously identified radiation-exposed cohorts, the reconstruction of 
individualized estirnates of curnulative radiation doses and the estirnation of dose-response 
relationships. Study of each group addresses a different aspect of radiation-related cancer 
because of the varying types (e.g., internal uptakes and external exposures), durations, and/or 
levels of radiation dose across the cohorts. In combination, the proposed research among one 
million radiation workers will provide the greatest precision yet available for the evaluation of 
long-term health effects of low-dose ionizing radiation. 

The novel features of the studies of the five groups are described below in five Aims 
corresponding to the five groups to be studied. Most detail is provided for Aim 1, since the 
others share many of the same methodologies as in the study of uranium workers. The final and 
sixth Aim then describes the planned combined analysis, and summarizes the usefulness of the 
research for advancing knowledge of risks of cancer and other diseases among workers 
chronically exposed to low radiation levels. 

Institutional Review Board approvals for the proposed studies have been received (Appendix 6). 

Aim 1 - Uranium Workers 

We propose the long-term follow up for cancer mortality and other health outcomes of 
occupational cohorts comprising nearly 200,000 uranium workers. Most worked at Department 
of Energy (DOE) facilities and were included 1n prior DOE research which generally was 
completed over two decades ago. 

Despite some reassuring data to date, concerns about the limitations of existing studies and the 
potential for adverse health effects associated with uranium exposure persist. Weaknesses or 
previous research studies include low statistical power, inaccurate assessment of internal exposure 
to uranium and limited follow-up (Canu 2008). To remedy these sho11comings, a systematic long­
term assessment of cancer and other disease mortality among large numbers of uranium~exposed 
workers, with adequate exposure measurement, is needed. 

During the early years of uranium processing, enrichment, manufacturing and milling, 
aboveground workers had the potential to inhale or ingest uranium dust w1ll1 n1inimal exposure 
to radon gas (UNSCEAR 2008). Well over 120,000 of these workers have been studied and. 
overall, no consistent elevations in cancer risk were observed (Harley 1999: U.K. Royal Society 
2001; IOM 2001, 2008; NRC 2008; McGeoghegan and Binks 2000a, 2000b). Because of its 
long half-life, solubility properties and lack of significant associations in epidemiologic studies to 
date, uranium has not been classified as a human carcinogen (IARC 2001 ). Recent studies of 
uranium millers have found increases in some cancers and nonmalignant disease but no 
consistent associations with duration of employ1nent (Boice 2008; Pinkerton 2004). Studies of 
workers with estimates of organ doses from uranium intakes reported only suggestive evidence 
of dose-response relationships (Dupree 1995; Boice 2006a). Analyses of Oak Ridge workers 
followed through 1990, however, suggest an association between cumulative dose and lung 
cancer (Richardson and Wing 2006) and of leukemia in a combined series (Schubauer-Berigan 
2007). A recent case-control study of multiple myeloma reported an association with internal 
uranium exposures based on urine samples (Yin 2009). In contrast, studies of underground 

5 



uranium miners have revealed consistent and substantial increases in lung cancer attributed to 
radon gas and its decay products (NRC 1999). 

Recent reviews of studies of uranium-exposed workers recommend that additional research be 
undertaken to clarify the existence, nature and level of cancer and other health risks associated 
with uraniurn intakes (Canu 2008). Furthermore, the possible chemical toxicity of natural or low­
ennched uranium, a heavy metal. has been considered more important for human health than 
the risk of cancer frorn its radioactive properties (Leggett 1989). Ingesting large arnounts of 
uranium might cause kidney damage because the kidney is involved in removing uranium from 
the body. Permanent renal disease has rarely been observed in humans, although changes in 
kidney function have been reported to be associated with uranium compounds (Kathren and 
Moore 1986; Kathren and Burklin 2008; McDiarmid 2007; Kurttio 2006a:IOM 2000: Royal 
Society 2001: NRC 2008). In Finland, environmental exposures to high intakes of uranium, 
radium, radon and other radionuclides in drinking water were not associated with increased 
rates of cancers of the bladder, kidney or stomach, or of leukemia (Auvinen 2002, 2005: Kurtt10 
2006b). 

The Rocketdyne (Atornics International) study exemplifies the approach to be taken in the study 
of uranium workers. Potential exposures were from a variety of sources including ten research 
nuclear reactors, seven criticality test facilities, and other activities such as fabricating nuclear 
fuel, disassembling and decontaminating reactor facilities, decladding spent nuclear fuel and 
storing nuclear material. Enriched uranium and plutonium fuels were fabricated for research, 
space and power reactors. Results of analyses of mortality data on 5,801 workers employed at 
Rocketdyne (Atomics International) during 1948-1999 were reported in 2006 (Boice 2006a). A 
comprehensive dose reconstruction program incorporated lifetime occupational doses received 
at all places of employment into the analyses as well as internal doses from radionuclide intakes 
(Leggett 2005; Boice 2006b). For all leLJkemia excluding CLL the RR at 100 mSv was increased 
(1.34; 95% Cl 0.73-2.45) and for all cancers excluding leukemia it was 1.00 (95% Cl 0.81-1.24). 
An extended follow-up will add ten years of observations during the ages later in life when 
cancer rates are increasing. 

The proposed extended follow-up of much larger groups of workers, coupled with comprehensive 
dose reconstruction, will propel the United States once again to the forefront of occupational 
radiation research (Hall 2009; Wakeford 2009). The risk of cancer and chronic diseases, including 
coronary heart disease (Little 2008), possibly associated with prolonged low-dose exposures 
accumulating to levels for which effects conceivably could be detected would provide critical 
information on radiation effects and on the Dose and Dose-Rate Effectiveness Factor used in 
radiation protection (ICRP 2007; UNSCEAR 2008; Canu 2008). Tl1is researcl1 will address directly 
recent claims that chronic low dose rate exposures may be more hazardous than the acute high 
dose rate exposures that form the basis of current radiation protection standards (Jacob 2009; 
Cardis 2005, 2007a, 2007b; Krestinina 2007). 

METHODS 

We propose to follow methods similar to those in the recently completed a study of uranium 
exposed workers at Rocketdyne (Atomics International) (Boice 2006a, 2006b). We will apply ttlis 
methodology to additional uranium worker populations to provide quantitative information on the 
long~term risk of cancer and other diseases following chronic low-dose radiation exposures, with 
emphasis on the uranium intakes. The study will seek lifetime occupational exposure information 
and will provide quantitative assessments of the risks of inhaled or ingested uranium. Strengths 
include the large study size, the inclusion of more female and non-white workers than previously 
studied, use of the established Rocketdyne model for dose reconstruction, and the very long (up to 
60 years) follow up. 
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Cohort identification. The population to be studied will be cornprised of uraniun1 workers from the 
cohorts shown 1n Table 1· 1. Included are workers participating in prior DOE Health and Mortality 
Studies, along with the recently studied cohort of Rocketdyne (Atomics International) workers. 
Workers to be included in the new combined cohort will be those with sufficient information to 
conduct the mortality follow-up and comprehensive dose evaluations. In total 202,990 workers have 
already been identified and will forrn the study base population for extended observation. Because 
workers were often employed at more than one facility, linkages with all worker and dosimetry (e.g., 
REMS) databases will determine duration of employment and career dose accurately. 
Characteristics of the combined cohorts of uranium workers are shown in Table 1-2. 

Table 1 1 Studies of uranium workers 
Last No. Total in 

Workot cohort No. Rolovant oubllc:allon/s !OllOW·UI) do ad comment database 

Oak Ridge Segme11t 106,020 Frorne 1997 Not given 27,982 All Oak Ridgo 
K-25 35.712 Dupree 1994 1989 12,848 White males 49,794 
X-10 6,348 Gilbert 1993: Cardis 1995 1984 1 246 28,528 
Y-12 (TEC) 18.869 Polednak 1981 1977 5 394 White males 41,107 
Y-12 (UCCNO) 8,116 Loomis 1996 1990 1.861 Electromagnetic enrichment 26,059 
Portsmouth GaseolJZ Diffusion 9,215 Rinsky 2001 1991 1,275 Enriched uranium 9,308 
Paducah 6,820 Reinhart APHA 2007 2003 1,67:? Gaseous diffusion 5.731 
Manhattan Engineering District 

(Uranium) 
Nlugara Frontier 

Harshaw_ El.,ctmm'!!t, B<'thlehem NIA None Never studied 1 144 
Linde 995 Dupree 1987 1979 429 Employed 1943"49 1 551 

Middlesex ~JIA None Never studied 387 
FMPC (Fernald) 4,014 Cragle 1996· R1tz1999: CEDR 1989 1 064 White males 7 337 
MCW (Mii!ll1nckrodt) 2 514 Dupree 2000 1993 1,013 White males 3.212 

SRS (uranium processing) 18 883 Richardson 2007· Cragle 1988 2002 5,096 Internal exposure to U, H3 21.509 
Pantex (Weapons assemblyl 4,668 Silver 2005· Acquavella 1985 1995 1 031 Min U, possible ~onttol 12.670 
Rocketdyne (Atomics lntemat1onal) 5,801 Boice 2006a, 2006b 1999 1.468 Comprehensive dosimetry 5.801 

............. ~~.~.PL~D.!9~.~.~~E~~E~ .......................................................................................... ................... 62.379 ....................................................... gQ:? ... ~~Q~ .... 
·Because workers may be 1n more than one cohort, the 1nd1v1dua1 sites sum to m-0re than the total which 1s for unique workers. 

Health outcome determination. Updated mortality and vital status as of December 31, 2010 for 
the radiation workers will be determined from various linkages of the study rosters with national 
databases including the National Death Index (NDIJ (1979+), the Social Security Administration 
(SSA) Death Master File and other SSA files (1960+), the California Deat11 Statistical Master 
File (1960+), MicroBilt, credit bureaus and Comserv, a computer services firm specializing in 
locating persons. SSA files and LexisNexis searches will confirm vital status for those alive. For 
linkage with the SSA Master Death File of 83 million deaths, we will apply large-scale 
probabilistic matching programs to account for the possibility that there might be errors in 
names. dates of birth or social security numbers. LinkPlus from CDC and LinkKing from 
Washington State will be used (Campbell 2008). These programs also have unique "de· 
duplication" features, i.e., datasets can be evaluated to identify possible duplicate subjects who 
have been entered more than once with slightly different identifying information. Cause of death 
will be determined mainly from NDI matcl1es since causes deaths prior to 1979 when the NDI 
began have already been obtained in previous studies. 
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T<ible 1.2. Characteristics of th!:! combined wraniwm worker cohort:> 
Characteristic N % Characteristic N % 

Gender 1970-1979 15.538 7.7 
Male 139,900 68.9 1980-1989 15.402 7.6 
Female ;)1 836 25.5 1990-t l.99l 3.9 
Unknown (currnntlyj 11.254 5.5 Unknown (currently) 53.250 26.2 

Race DOE employment duration 
White 172.045 84.8 <3 months 31,032 15.3 
Non-white 15,359 7.6 3-6 months 14.686 7.2 
Unknown (currently) 15,586 7.7 6 months - 1 year 15,907 7.8 

Pay type 1 - 4.9 years 46.656 23.0 
Hourlylnon·exempt1weekly 78.5?9 38J 5 • 9.9 years 12.235 6.0 
Salar1edlexempr1monthly 78,858 38.7 10-19.9years 11.730 5.8 
Unknown (currnntlyl 45 826 22.6 20 29.9 years 8.326 4.1 

Year of birth 30+ years 8.021 4.0 
..:1900 9,003 4.7 Unknown (currently 43,597 26.8 
1900-1909 18.399 9.1 SSN known 
1910·1919 36.761 18-1 y" 200.667 98.9 
1920-1929 56.755 28.0 No {currently) 2,323 1.1 
1930·1939 23 824 11.7 Vital status 
1940-1949 21,831 10.8 Known alive 8,035 4.0 
1950-1959 22,450 11 I Dead 74,947 36.9 
1960·1969 8.536 4.2 Unknown (currently) 120.008 59.1 
1970+ 1.825 09 

Year of hire Among N=74,947 known dead: 
<e1940 99 0.05 Year of death 
1940"1949 85,811 42.3 1940·1949 1.183 1.6 
1950,1959 34,937 17,2 1950·1959 4.498 6.0 
1960·1969 16.922 8.3 1960·1969 9.673 12.9 
1970-1979 19.463 96 1970·1970 15.289 20.4 
1980-1989 13 479 6.6 1980·1989 18,855 25.2 
1990+ 4.711 2.3 1990-1999 6,602 9.0 
Unknown (currently) 27,568 13,6 2000·2009 2.709 3.6 

Year of Termination Unknown (cutrently) 16,138 21.5 
1940·1949 72.936 35.9 Cause of death 
1950-1959 19.031 9.4 Known 54.986 73.4 
1960·1969 18 836 9.3 Unknown (curren11v·1 19.961 26.6 

Given that uranium exposure would include depositions in certain organs, there 1s an a priori 
interest in mortality from lung cancer, nonmalignant respiratory disease, kidney cancer, non­
malignant renal disease, liver cancer and bone cancer. Also, because of the current scientific 
interest in the possibility that heart disease may be related to radiation doses lower than 
previously thought likely, evaluation of coronary heart disease and ischemic heart disease 
mortality will be made (Preston 2003: Howe 2004: Little 2008). 

Linkage with the Centers for Medicine and Medicaid Services (CMS) claims data will be 
investigated as a possible way to obtain recent data on cancer incidence and other non-fatal 
chronic health conditions. The Medicare files contain information on hospitalizations and other 
medical encounters for nearly all persons age 65 and older in the United States. Since rnost 
Rocketdyne and DOE former employees are over the age of 65, the Medicare files provide a 
unique resource for ascertai nrnent of multiple health outcomes. Linkage of the worker rosters 
with Medicare files would enable ascertainment, in a systematic and highly cost-efficient 
manner, of recent medical encounters of workers. In addition to information on the incidence 
and prevalence of cancer, renal disease, cardiovascular disease and other chronic illnesses can 
be determined. The Medicare files include complete inpatient and outpatient stay records 
beginning in 1999, so that up to a 12-year (1999·2010) evaluation of cancer occurrence rnight 
be possible (McBean 1994a, 1994b: McClish 1997; Potosky 1993; Warren 2002). 

Exposure classification and dose determination. We will seek to capture career doses from 
external radiation and to compute organ doses from internal uranium and other radionuclide 
exposures. Essentially there will be four aspects to the approach for dose determination among 
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the uranium workers. First, there will be an attempt to capture all uranium intakes and other 
internal and external radiation received at all DOE and other facilities as done in the Rocketdyne 
study. Record linkage will be attempted within the DOE worker facilities (the REMS database; 
approval to link against the DOE REMS database has already been received). the NRG 
databases (REIRS database). the Landauer Inc. commercial dosimetry company database, the 
U.S. military dosimetry databases (U.S. Army, U.S. Air Force, U.S. Navy and the Defense 
Threat Reduction Agency (DTRA) of the Department of Defense), and other individual sites as 
possible and as described in detail in the Rocketdyne dosimetry paper (Boice 2006a). For many 
DOE sites, there will be internal dosimetry data as well as external dosimetry data. Linkages 
with the Landauer, Inc. database, the largest such occupational database in the United States, 
have been conducted and revealed internal doses for 4,2t 3 workers. These additional doses 
were recorded from 1947 through 2009 and ranged up to 135.5 rem (5°/o >5 rem). For the 
Rocketdyne workers, linkages with other dosimetry databases revealed that 32°/o had received 
radiation exposures elsewhere and showed the importance of capturing lifetime career doses 
(Boice 2006b). 

Second, there will be a comprehensive evaluation of internal radionuclide exposures following 
the approach described in the Rocketdyne (Atomics International) dosimetry papers (Boice 
2006b; Leggett 2005). Essentially all individuals monitored for uranium and other radionuclides 
will be identified on the basis of urinalysis results, whole body counts, lung counts and other 
sources of monitoring data. Workers with positive measurements will be identified. A screening 
level will then be determined to select which levels of radionuclide intake might be associated 
with meaningful deposition and organ dose. In the Rocketdyne study, this was taken as 10 mSv 
committed dose to the organ that would receive the highest dose. The ICRP models will then be 
used to compute annual organ doses that can be incorporated into the epidemiologic analyses. 
In the Rocketdyne study, radiation doses from internal intakes of 14 different radionuclides were 
calculated for 16 organs or tissues using biokinetic models of the ICAP. The radionuclides with 
documented intakes included isotopes of uranium, plutonium, americium, calcium, cesium, 
cerium, zirconium, thorium, polonium, promethium, iodine, zinc, strontium and hydrogen 
(tritium). 

Thirdly, it is possible that we will be able to incorporate the comprehensive approach developed 
by ORAU for dose reconstruction in association with the EEOICPA and by DTRA with the 
veterans' compensation programs (www.orau.org/busops/oews/raddata-doserecon.htm; NRC 
2003). The radiation environment for practically all DOE facilities has effectively been 
characterized and individual doses computed for the purposes of compensation. Procedures will 
be modified to be acceptable for ep1demiolog1c purposes, i.e., to provide best estimates of dose 
rather than claimant· favorable estimates. 

Fourthly, the uncertainties of the dosimetry approaches will be evaluated following the methods 
recently published with regard to external radiation (Gilbert 2006; Schafer and Gilbert, 2006; 
NCRP 2008). For internal dose uncertainties the methods of Stram and Kopecky (2003) will be 
followed. The uncertainties associated with radionuclide deposition and organ dose 
determination are complex and involve many variables such as the timing and frequency of 
bioassays, the sensitivity of the bioassay test, the accuracy of the biokinetic models, and other 
assumptions that are used. For some of the more complicated exposure scenarios with likely 
high doses, the uncertainly will be bounded by Monte Carlo sirnulations (NRC 2003; Raine 
2007). A Monte Carlo simulation can also be used to propagate estimated uncertainties in the 
various contributions to the dose (Kopecky 2004). A subcommittee on dosimetry to review and 
evaluate these approaches will include Dan Stram, Keith Eckerman, Ken Kopecky, Rich 
Leggett, Dick Toohey, John Till, Yu Sl1yr and Duncan Thomas. 
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Study size and statistical power. A rough estimate of study size and statistical power to uncover 
a radiation effect is presented. Approximately 200.000 DOE workers are available for study and 
approximately 62,000 deaths have been identified (Table 1·1 ). Because of the age 
characteristics of these early workers. some first employed as early as 1943, it can be roughly 
estimated that approximately 60%, or 120,000 deaths, will have occurred by December 31, 
2010, of which about 30,000 will be from cancer. 

The power values are given 
in Table 1-3 for a one-sided 
5°/o nominal significance 
level. Baseline rates are from 
the American Cancer Society 
and SEER cutnulative cancer 
probability tables for males 
(ACS 2008) up to age 85 
years. The estimate of the 
number of workers exposed 

Table 1·3. Detectable relative risks and associated power tor leukemia and other 
cancers, coritrasting the exposed workers(> 10 mSv) with the lowest exposed 
workers(< 1 mSv) Baseline rates 1n parentheses 

1.2 0.89 0.99 0.18 0.93 0.65 0.98 
1.3 0.99 0.99 0.29 0.99 0.91 0.99 
1.4 099 0.99 0.41 0.99 0.99 099 
1.5 0.99 0.99 0.54 0.99 0.99 0.99 
2.0 0 99 0.99 0.94 0.99 0.99 0 99 

and non·exposed is taken from Frome (1997). The referent group for the purposes of these 
power computations is taken as the 118,000 workers estimated to have received <1 mSv (0. 10 
rem). The "highest" exposed group for these computations is taken as the 26,000 workers 
estimated to have received >10 mSv (1 rem). The incorporation of internal doses as well as 
career doses received elsewhere would increase the numbers in the higher exposure levels, 
and thus the power computations are conservative. Power is greater than 80°/o to detect relative 
risks of the order of 1.2 for leukemia. lung cancer, kidney cancer and NHL, 1.3 for liver cancer; 
and 2.0 for bone cancer. 

Study power is sufficient to detect even modest increases in risk for leukemia and cancers of 
the lung and kidney and NHL. Power is recognized to be less for rare cancers such as bone. As 
111entioned, attempts to identify cancer incidences among those over age 65 years will be 
pursued using Medicare file linkages available from 1999. Power to detect increases for these 
outcomes, however, depends on the organ dose which is influenced by radionuclide intakes, 
e.g., uranium for lung, bone and liver, which are yet to be determined. 

Analyses. Both external and internal analyses will be conducted to estimate the relative risks 
(RR) of death from cancer and other diseases. Standardized mortality ratio (SMR) analyses will 
compare the numbers of deaths observed among cohort members with the numbers expected 
based on general population rates for persons of the same age, race and sex over the same 
time periods (Marsh 1998). Internal analyses will apply proportional hazards regression models 
comparing non-exposed workers to radiation workers over categories of estimated radiation 
dose to specific organs. Multiplicative risk models (Cox 1972) or the linear excess relative risk 
model .. which is standard in radiation epidemiology (Preston 1993) .. are among those that will 
be used to estimate excess risk due to radiation. All of the analyses will be based on the 
underlying cause of deat11 as coded from the death certificate. This is standard practice in 
epidemiological studies as underlying causes of death are thought to be recorded in a more 
systematic fashion across time and physicians than 'associated' causes. For workers of 
unknown race, a weighted approximation based on the proportions of race for the workers with 
known race will be used to con1pute expected nurnbers. In sorne analyses exposures will be 
lagged 10 years for solid cancers and 2 years for leukemia, i.e., exposures occurring in these 
intervals prior to end of follow·up will be excluded. Observed and expected numbers of deaths 
will be distributed over categories of external radiation dose and trend analyses conducted 
following tl1e methods of Breslow and colleagues (Breslow 1983). 
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Internal con1parisons, which are expected to minimize any biases that might exist when external 
comparisons with a general population are made, will be carried out. Year of birth, year of hire, 
sex, pay type (hourly/salary), and duration of employment will be sought for inclusion in all 
models. Pay type is considered a surrogate measure of socio-economic status, and an indirect 
control of smoking (Boice 2006a). For the internal analyses, radiation workers will enter the risk 
set at their first date of radiation rnonitoring plus six rr1onths. Workers not rnonitored for radiation 
will enter the risk set at their first date of hire plus six months. Radiation exposure category will 
be treated as a time~dependent covariate, allowing workers to be assigned to increasingly 
higher dose categories over time as their individual radiation doses accrued. Parameter 
estimates and standard errors for the exposure categories in the Cox models will be used to 
obtain risk (or hazard) ratios and confidence intervals for death due to the cause under 
investigation compared to those in the referent group. Trend tests will treat the radiation dose as 
a single, time-dependent continuous measure, and one·sided p-values will be presented unless 
otherwise stated. Relative risks at 100 mSv will be computed for all cancers excluding leukemia, 
all leukemia excluding CLL and lung cancer. 

Dose errors. Doses for monitored workers have inherent uncertainty, especially for internal 
dose. Our approach to uncertainty in dose estimation is based upon methods described by 
Prentice (1982) and by Stram and Kopecky (2003) who distinguish between the effects of 
shared and unshared dose errors and between multiplicative and additive errors. For a test of a 
null hypothesis (of no dose effect) a single best estimate of dose for each worker is used in the 
proportional hazards analyses detailed above. More elaborate dose error methods rnay be 
required when constructing point estimates and confidence limits for effect estimates especially 
when shared errors in dose reconstruction exist (Stram and Kopecky 2003). 

Socioeconomic status (SES). Interpretation of study results will be based primarily on internal 
comparisons of mortality by level of radiation dose. A possible source of bias 1s that the 
socioeconomic characteristics of workers performing jobs involving occupational radiation 
exposure may have been different from those of workers performing other jobs. Accordingly, 
SES will be characterized and adjustments made by pay type (salaried managerial/professional, 
salaried technical/administrative, hourly union), and possibly pay-code (monthly, weekly, 
hourly). 

Smoking information. The lack of detailed smoking information is a study limitation and indirect 
methods will be used to evaluate and adjust for possible confounding. Pay type is often seen as 
a predictor of cancer risk with somewhat higher risks of cancers of the lung and other smoking· 
related sites found tor hourly compared with salaried workers. Such a difference is often seen in 
occupational studies and has been attributed to higher prevalences of tobacco use arnong blue 
collar (hourly) compared with white collar (salaried) workers (Howe 1988; CDC 2004). During 
the last 2 decades, the prevalence of cigarette smoking has declined faster in the general 
population and among salaried workers than among hourly workers. Hourly workers continue to 
srnoke in large numbers (Lee 2004; Howard 2004) and at a rate up to twice that of salaried 
workers (CDC 2004; Sorensen 2004). Any increases 1n lung cancer among blue collar (hourly) 
workers in comparison with the general population could reflect in part this non-comparability in 
tobacco use. We will control for pay type in the intracohort analyses to account for possible 
differences in socioeconomic and demographic characteristics of hourly and salaried workers 
and thus indirectly adjusted for smoking. We will also evaluate "sn1oking~related" cancers as an 
entity and compare risks with cancers that are not strongly linked to cigarette smoking. Possible 
increases of heart disease might also be associated with smoking and these sites will be 
similarly evaluated. We note that there have been a few DOE studies that obtained some 
information on sn1oking (e.g., Dupree 1995) and we will evaluate and incorporate such 
information as available. 
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Other potential confounders. Factors related to the healthy worker effect, particularly selection 
of workers on the basis of their health, may be strongest during the first years of employment, 
leading to unusually low death rates during this period (Gilbert t 989). Thus, the pattern of 
cancer risk in relation to time since first employment will be carefully evaluated Duration of 
employment is also correlated with cumulative dose so, again, patterns of cancer risk by 
duration will be carefully evaluated, We recognize that other occupational exposures, e.g., 
chemical and asbestos, may have occurred but that any available exposure information will be 
much less detailed than tor radiation. Nonetheless, to the extent possible, other occupational 
exposures will assessed, such as by considering job titles and departments in some detail. As 
above, adjustment tor SES will be taken as an indirect approach to handling unknown lifestyle 
and other factors. 

SUMMARY 

The proposed study of over 200,000 uranium workers will extend the mortality follow-up of the 
previously studied cohorts, making no restrictions as to sex or race, and utilize internal and 
external dosimetry assessments following the Rocketdyne (Atomics International) model. 
Linkages for dosimetry will be made with other national dosimetry data bases such as the 
REMS dosimetry files maintained by DOE and others as described in the Rocketdyne (Atomics 
International) worker study to capture career occupational radiation exposure. These dosimetry 
linkages also will provide data on the extent to which workers left specific DOE facilities and 
were employed at other nuclear facilities. A focus on radionuclide internal doses is a main 
feature of the study and a comprehensive dose reconstruction approach using expertise from 
ORNL, ORAU, DTRA and other groups and agencies is planned. 

Aim 2 ~ Atomic Veterans 

·rhe proliferating use of CT x-ray and radionuclide imaging (e.g., PET. scans) has highlighted the 
need for reliable estimates of lifetime radiation risk following chronic low-dose exposures for 
which cumulative population doses could be substantial (NCRP 2009; Hall and Brenner 2008; 
Brenner and Hall 2007). Further. evaluation of risks among persons with intakes of radioactive 
substances assumes greater importance as society debates expansion of nuclear energy and 
the disposal of nuclear waste, and copes with the possibility of terrorist attacks with "dirty 
bombs." There also has been recent concern over the possible health effects from depleted 
uranium (IOM 2008) and from radioactive fallout to exposed populations (Merali 2009). To 
address these issues, a follow-up study is proposed of 125,000 military personnel who 
participated in nuclear weapons testing between 1946 and 1958. There are few it any 
populations that can provide such unique information on lifetime radiation risks among persons 
exposed over 60 years ago. 

We propose to follow the 125,000 soldiers, sailors, airmen and marines present at one or more 
of the 230 aboveground detonations for an additional 20 years since last studied. All cancers 
and other causes of death, including heart disease, will be evaluated. A comprehensive dose 
reconstruction methodology will be used to estimate doses for specific cancers previously found 
to be increased, e.g., leukemia, and for a representative sample of the cohort for comparison. 
External radiation exposures have been estimated for all atomic veterans but are highly 
uncertain and require validation; dose reconstruction is required to include internal intakes of 
rad1onucl1des. 

·rhe military codenames for the seven test series selected for study are shown in Table 2·1. The 
sites were selected because they had the highest recorded exposures {IOM 2000; Johnson 
1996; Watanabe 1995b). The earliest test participants were exposed in 1946 and their follow-up 
will be equivalent to that of the Japanese atomic bomb survivors exposed in 1945. The majority 
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of test participants have now died. Significant elevations have been reported for leukemia and 
cancers of the liver, bone. salivary gland, male breast and thyroid, but evaluations by radiation 
dose were not possible. The Five Series study (IOM 2000), for example, included nearly 70,000 
soldiers, sailors, and airmen who participated in one or more of five U.S. nuclear weapons test 
series in the 1950s and also included 65,000 comparable non-participants, or referents. Follow­
up was through 1996. Participants and referents had sirnilar low risks of death lrorn cancer 
(SMR 0.74 for both groups), reflecting the "healthy soldier effect" (Seltzer 1974, 1977: Kang 
1996). Leukemia, however, was increased among participants compared to the reference cohort 
(RR 1. t 5, n=t 85), and the excess among participants at the "ground-based" Nevada Test Site 
(NTS) was statistically significant (RR 1.49: 95% Cl 1.04, 2.13). Previous studies have not 
provided details on the risk of heart disease among nuclear weapons test participants, although 
reported elevations, albeit small, were based on large numbers of deaths, e.g., RR 1 .09 (n=504) 
in the U.K. study (Muirhead 2004) and in the Five Series study, RR 1.02 (n=6,970). 

A unique aspect of the proposed study is that individual dose assignments will be "best 
estimates" and not based on veteran-favorable assumptions or approaches used in 
compensation program. New developments in statistical methodology also will be applied to 
account for the uncertainties in the reconstructed radiation doses (NCRP 2008: NRC 2003: 
Raine 2007). The Seven Series study thus provides a unique and timely opportunity to take 
advantage of existing radiation dose data on well.defined and previously studied veteran 
cohorts and to extend these data for epidemiologic lifetime risk assessment. 

METHODS 

Population identification. Seven cohorts of ·125,000 military personnel (Table 2· 1) have been 
carefully constructed and studied by the Medical Follow-Up Agency (MFUA) (Robinette 1985; 
Johnson 1996: IOM 2000) and the U.S. Department of Veterans Affairs (VA) (Watanabe 1995b). 
These individuals will form the study population whose recent mortality experience will be 
assessed. 

Table 2-1. Number of participants at each of the seven nuclear weapon test series by military service 
Military service was missing tor 2 participants. These tests involved 99 bomb detonations, 

................................................................................................... Alf ................................ ~.;1arrn·e .... 
Test series Year Test site Force ......... ~~!I.1.Y. ........ 9.9!.P.§ ......... '.'J.~~Y. Total ....................... .................................... ...................... ................... .. ..................... 
CROSSROADS 1946 Pacific 0 3,395 551 39.188 43.134 
GREENHOUSE 1951 Paci Ii\: 2,442 1.548 70 3.854 7.914 
UPSHOT-KNOTHOLE 1953 Nevada 2,175 13.401 2,256 886 18,718 
CASTLE 1954 Pacific 2,763 1.644 306 1L918 16.631 
RE DWI NG 1956 Pacific 2.9?6 1,708 250 6.993 11,927 
PLUMBBOB 1957 Nevada 2.216 7.052 2.120 601 11,989 
HARDTACK I 1958 Nevada 3,476 1.535 187 9,487 14,685 
Total 16.048 30,283 5,740 72,927 124,998 

Population tracing. Approaches for ascertaining deaths described in Aim 1 will be used, but with 
tt1e enhancernent of the unique Departrnent of Veterans Affairs BIRLS systerr1 (Beneficiary 
Identification Record Location Subsystem). This system has been used extensively for 
epidem1ologic research on veterans (Kang 1996, 2000, 2002, 2006; Bullman 2000, 2005: Smith 
2004: Thomas t 991: Watanabe 1991, 1995a). The data files contain identifying information on 
individuals who have submitted claims for veterans' benefits (Fisher 1995; Page 1996; Boyko 
2000; Maynard 2004). BIRLS data files can be searched on name and military service number 
and were used in the previous studies to verify and update information for atomic veterans. Only 
military service number is required which is available for all 125,000 test participants. For 
veterans who have died, death certificates can be retrieved from the VA claims record folder if a 
death benefit is awarded. Numerous other national electronic databases are available on 
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veterans including the Patient Treatment File (hospital abstracts) and the Outpatient Care File 
(Maynard 2004; Cowper 2002). As of last follow-up, 43,577 (or 34.9%) of the study veterans 
were known to have died. It is estimated that over 75,000 deaths will have occurred by the end 
of 2010. i.e., an additional 31,000 deaths since last follow-up. 

Exposure assessn1ent (dose reconstruction). The goal is to provide unbiased best estimates of 
annual external and internal absorbed doses to selected tissues and organs of individual 
veterans. The dosirnetry approach is based on a validated and tested methodology and takes 
advantage of the considerable new information not available when the previous studies were 
conducted. A comprehensive ongoing program of dose reconstruction coordinated by the DTRA 
has collected and developed new information on military personnel and exposure scenarios 
used to determine reliable estimates of radiation dose for U.S. atomic veterans (IOM 2000; NRC 
1989, 1995, 2003; DTRA 2007a, 2007b, 2007c). Over 300 million dollars have been spent over 
the past three decades in developing the complex exposure scenarios used in individual dose 
reconstructions. 

Two members of the study team served on the NAS Committee (one as Chair) which reviewed 
the dosimetry data available on nuclear test personnel in 1995 and made recommendations on 
how they could be "recalculated" for "epidemiologic purposes" (Heath and Till 2000, p. 103). We 
are following these recornmendations to provide dose estimates suitable for epiderniologic 
analyses. Members of the study team also served on the subsequent NAS Committee (one as 
chair) reviewing the DTRA dose reconstruction program (NRC 2003). Three members currently 
serve on the Congressionally~mandated Veterans' Advisory Board for Dose Reconstruction and 
have provided guidance and direction on over 600 dose reconstructions on nuclear weapons 
test participants using the revised methodologies currently used by the Department of Defense. 
One member has provided independent quality review of each completed dose reconstruction 
as a subcontractor to DTRA and is a member of two current NCRP committees: one dealing 
with uncertainties in internal dose estimates and the other with fundamental principles of dose 
reconstruction. Recently. one of our n1embers chaired the NCRP committee on uncertainties in 
measurements and dosimetry, including applications for atomic veterans (NCRP 2008). The 
approach outlined below has gone through strenuous testing and is considered the state-of-the­
art methodology for deriving "best estimates'' of dose with associated uncertainty for use in 
epidemiologic studies of atomic veterans. 

Methods to estimate individual radiation doses for epidemiologic analyses. DTRA has 
developed a comprehensive series of reports that describe the radiation exposure environment 
for practically every ship and land unit at every test in every series: these reports provide the 
basic scientific data needed for individual dose reconstruction. Over 4,000 detailed dose 
reconstructions have been performed by DTRA over the course of the Nuclear Test Personnel 
Review (NTPR) program. Over 600 complex dose reconstructions since 2004 have applied the 
same methodology and used the same databases and data sources that we will use. The 
comprehensive rnethodology has been audited, validated and codified in a detailed set of 
standard operating procedures. Son1e of the newer methodologies have also undergone 
detailed peer review by committees of the NCRP (2008). 

Military unit exposure scenarios include direct gamma and neutron radiation from the 
detonation, gamma exposure from activated soils or deposited fallout inhalation of descending 
fallout or resuspended fallout and activated soils, and ingestion of contaminated water or 
foodstuffs. Individual dose reconstruction for a particular veteran begins with the standard 
scenario common to all members of his unit, and then takes into account any unique exposure 
situations the veteran may have encountered, such as maintenance of cloud-penetrating 
aircraft, reboarding target ships, or operating small boats in contaminated lagoons. Over 10°/o of 
the veterans(> 12,500) had participated in more than one weapon test series (IOM 2000; 
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Johnson 1996) indicating the potential for relatively high doses among some veterans since a 
single test series might involve 10 or more aboveground detonations. 

There were over 375,000 individual estimates of radiation dose based on film badges. Most of 
the estimates pertained to gamma~ray exposures but nearly 411'0 of the badges also provided 
neutron exposures. Nearly half of the exposures were based on film badge readings and the 
other half were based on some method of dose reconstruction, including cohort badges. 
Estimates of external radiation exposure are available for all 125,000 aton1ic veterans and range 
from minimal to nearly 100 rem (1 Sv). Interestingly, the mean exposure of the 95,000 atomic 
veterans with nonzero estimates is 16.7 mSv and thus comparable with the 19.4 mSv reported 
in the t 5·country worker study (Cardis 2007), To date little attention had been given to exposure 
pathways involving intakes of radionuclides with estimates made for only 2°/o of the veterans. 

The Nuclear Test Review and Information System (NuTRIS) database contains all available 
physical dosimetry information for every nuclear weapons test participant. If the review identifies 
the potential for internal exposure, we will use information about contamination levels and 
activities at locations identified in the exposure scenario to estimate inhalation and ingestion 
doses to tissue(s) of interest. The updated FllDOS code (A Computer Code for the Computation 
of Fallout Inhalation and Ingestion Dose to Organs, Raine 2007) will be used to facilitate the 
internal dose calculations. 

On the basis of previous epidemiologic studies and knowledge of exposures possible during 
atmospheric weapons testing, red bone marrow, bone surface, thyroid, salivary gland, breast 
and liver will be the tissues of a priori dosimetric and epidemiologic interest. Other known 
radiosensitive sites include cancers of the lung and colon. All dose reconstruction will be 
conducted blindly without knowledge of cancer status. Doses for all the organs of interest will be 
calculated. About 33,000 veterans are expected to have been minimally exposed (<1 mSv or 
0.10 rem). External radiation doses, whether to penetrating photons or to neutrons, will be 
estimated on a year by year basis, and any radionuclide intakes will be processed so that yearly 
doses for specific organs or tissues can be estimated using current International Commission on 
Radiological Protection (ICRP) biok1net1c models (ICRP 2007: Raine 2007: Boice 2006b). 

Quality assurance. A quality assurance (QA) plan will ensure that consistent accurate, 
traceable, and reproducible methodologies are implemented to calculate the doses (Toohey 
2002, 2008), 

Case-cohort study. Because it would be prohibitively expensive lo perforn1 individual dose 
reconstructions on all 125,000 test participants, or even the 92,000 with non~minimal exposures, 
the case·cohort design will be used Cases are all test participants who developed leukemia or 
cancers of the liver, bone, thyroid, salivary gland and breast The subcohort for comparison will 
be a 1°1~ random sample (n""' 1,250) within defined strata from the cohort of 125,000 test 
participants. However, all cancers and causes of death will be evaluated and if notable 
increases are observed in the extended follow~up or if additional resources become available 
from other governmental agencies, the number of dose reconstructions will be increased 
accordingly, i.e., extended to other cancers or conditions. Case·cohort analytical techniques will 
assess risk within the cohort over categories of reconstructed radiation dose to specific organs 
(Kelsey 1996). Stratification factors will be test series, sex, rank, service and age at the time of 
the tests. Trend tests will be performed with year of birth, year ot participation, sex and rank 
(officer/enlisted) included in all models. Rank and/or pay grade will be considered surrogate 
measures of socio-economic status. Trend tests will treat radiation dose as a single, time­
dependent measure, and one·sided p·values presented. Relative risks at 100 mSv will be 
computed. Models will be developed to access directly the contribution of inhaled and ingested 
radioactive fallout to risk, controlling tor external exposures. Intra-cohort dose-response 
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analyses would be expected to minimize any biases that 111ight exist when external comparisons 
are made with a general population are made. 

Statistical considerations. The available external radiation dose estimates can provide an 
approximate and useful guide for power computations, The estimate of average dose, though 
uncertain, is about 17 mSv (1.7 rern) for the 95,000 participants with estirnated exposures; 
3,600 likely received greater than 50 mSv (5 rem) and nearly 1,000 over 100 mSv (10 rem). The 
highest recorded dose was 970 mSv (97 rern). These estirnates are "low-sided" in the sense 
that internal radiation exposures are not included and film badge records were often incomplete. 
Based on available film badge readings, approximately 33,000 veterans presumably received 
<1 mSv (0.1 Orem) and represent a minimally exposed referent group for these power 
computations. When interpreting the power computations below, it might be noted that the 
current estimates of relative risk for leukemia are of the order of 1.3 to 1.5 for doses between 50 
and 100 mSv (5 to 10 rem) (UNSCEAR 1994, 2000, 2008; NRC 2006; Preston 1994). Estimates 
of risk for other cancers are lower, but intakes of certain radionuclides could increase the dose 
appreciably for certain organs such as the thyroid, liver and bone (tARC 2001) and excess risks 
have already been reported for these sites. 

Power, In the Table 2-2, we 
present various sizes of the 
relative risks (RR) and the 
associated power to detect a 
difference 1n leukemia and 
five other cancers is 
presented. The power 
values are given for a one· 
sided 5°/o nominal 
significance level and 
baseline rates are based on 
the referent groups and 

Table 2·2. Detectable relative risks and associated power for leukemia and other 
cancers, contrasting the 40,000 "highest" exposed participants {>10 mSv) with the 
33,000 lowest exposed participants ( <1 mSv) Baseline rates in parentheses 

RR 
1.2 
13 
1.4 
1 .. 5 
2.0 
2.2 

Leukemia 
(0.95'%) 

0.80 
0.97 
0.99 
0.99 
0.99 
0.99 

Liver 
(Q,7°/o) 
0.69 
0.93 
0.99 
0.99 
0.99 
0.99 

Bone 
(0.05°/o) 

0 14 
0 21 
0.29 
0.38 
080 
0.90 

Thyroid 
(0.046~·~) 

0.14 
0.20 
0.28 
0.36 
0.77 
0.87 

Salivary 
(0 04°/o) 

0.13 
0.19 
0.26 
0.33 
0.72 
0.83 

Male 
Breast 

{0.031°/o) 
0.12 
0.16 
0.22 
0.28 
0.62 
0.74 

minimallywexposed participants in previous studies (IOM 2000; ,Johnson 1996) and from the 
American Cancer Society and SEER cumulative cancer probability tables for males (ACS 2008). 
Power is greater than 80% to detect relative risks of the order of 1,2 for leukemia, 1,3 for liver 
cancer, 2.0 for bone 
cancer, and 2.2 for the 
other cancers. 

In Table 2-3 the Cochran­
Armitage trend test (Nam 
1987) 1s applied to 
estimate the study power 
for the case-cohort study. 
The power to detect a 
linear trend in excess 
relative risk (ERR) over 5 

Table 2·3. Detectable dose response trend in the excess relative risk (ERR) over 5 
dose categories and associated power for leukemia, bor1e, liver, thyroid. salivary, and 
male breast cancer in case-cohor1 stl.ldy. Ba-:;e11ne rates in parenthO'ses 

Trend 
(ERR) 

.05 
10 

'15 
20 
25 

Leukemia 
(0.95°/,,) 

0.92 
0.99 
0.99 
0.99 
0.99 

Liver 
(0.70°/a) 

0.8$ 
0.99 
0.99 
0.99 
0.99 

Bone 
(0 0$ 0

/,,) 

0.44 
0.63 
0.80 
0.91 
0.97 

Thyrmd 
(0.046°/a) 

0.43 
0.62 
0:18 
0.90 
0.96 

Salivary 
(0 04°/a) 

0.42 
0.59 
0,75 
0.87 
0.94 

Malo 
breast 

(0.031°/a) 
0.39 
0.55 
0.69 
0.81 
0.90 

dose categories is evaluated. The dose categories, based on current dose reconstructions for 
Seven Series participants, are <1mSv,1-5 rnSv, 5-10 rnSv, 10~50 rnSv and >50 mSv with the 
corresponding subcohort population distributions of 13°/o, 30°/o, 23°/o, 31°/o and 2.5°/o, 
respectively, The subcohort consists of a 1 % random sample from the entire cohort (n~1,250), 
The estimated numbers of cancer cases, based on previous studies and preliminary mortality 
linkages, are estimated to be of the order of 1000 for leukemia, 500 for liver cancer, and 25-50 
each for cancers of the bone, thyroid, salivary gland and male breast. Similar to the 
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dichotomous power computations in Table 2-3, the trend evaluations indicate substantial power 
to detect relatively low level increases in the ERR (0.20) for leukemia and liver cancer. For the 
other rarer cancers, the proposed study reaches at least 80°/o power to detect a trend in the 
ERR of O 20 with one-sided type I error= 5%. 

Study power is sufficient to detect even rnodest increases in risk for leukemia and liver cancer, 
but is recognized to be less for the other rare cancers. Power to detect increases for these 
outcorr1es, however, depends on the organ dose which is influenced by radionuclide uptakes, 
e.g., radioactive iodine by thyroid and plutonium and uranium by bone and liver, which are yet to 
be determined. 

Characterization of medical radiation exposures and other potential contounders. To address 
the possibility that increased exposures to medical radiation (Mettler 2008; NCRP 2009) may 
have contributed significantly to the total radiation exposure received by atomic veterans, 
medical records for all selec1ed cancer cases and members of the subcohort con1panson group 
will be sought within the Veterans Affairs' health care system. The electronic files will be 
searched initially, including the Patient Treatment File (hospital abstracts), the Outpatient Care 
File, and BIRLS (Maynard 2004). Then medical record folders will be retrieved and medical 
radiation, both diagnostic and therapeutic, abstracted. At a minimum, the information will be 
used to learn whether there are any marked difterences in medical radiation received over 
categories of estimated dose from test participation. Any information on hepatitis infection, 
cigarette smoking and alcohol abuse will be similarly sought in these records and carefully 
evaluated. 

Uncertainty in dose estimates. Recent developments in statistical methodology will be adapted 
and extended to account for the uncertainties in the reconstructed radiation doses for atomic 
veterans (NRC 1995, 2003; Ron 1999; Kopecky 2004; Schafer 2006; Stayner 2007; NCRP 
2008). Uncertainties can be viewed as the range of values of estimated dose within which the 
true value of dose is estimated to lie (NCRP 1996, 2008; Ron 1999; Thomas 2005). Uncertainty 
is a best estimate of possible inaccuracies due to both random and systematic errors. Randorn 
errors are those that vary in a non-reproducible way around a li111iting mean. These errors can 
be treated statistically by use of the laws of probability. Systematic errors, on the other hand, 
are errors that are reproducible and tend to bias a result in one direction. For instance, it has 
been estimated that a few film badge readings were biased and the amount of possible bias can 
be estimated (NRC 1989). Probabilistic uncertainty analysis methods currently under 
development for the DTRA Nuclear Test Personnel Review dose reconstruction program will 
also be considered. 

SUMMARY 

The atomic veteran cohorts can be followed for more than 60 years which is equivalent to the 
observation time for Japanese atomic bomb survivors. The studies of populations exposed to 
Chernobyl radiation have the potential to provide knowledge on chronic exposure, but the event 
in 1986 is too recent to address long-term or lifetime risks. There remains scientific debate over 
the appropriate factor to "adjust" the Japanese survivor risk estimates (from acute and high 
doses) for the purposes of radiation protection (involving chronic and low doses). The BEIR VII 
Committee (NRC 2006) favored 1.5 as the Dose and Dose Rate Reduction Factor, whereas 
UNSCEAR (2008, 2000) and ICRP (2007, 1991) continued with 2.0 and the French Academy of 
Sciences questioned both the evidence on carcinogenic risks below about 100 mSv (1 Orem) 
and the level of risk predicted based on linearity (Tubiana 2006). The chronic low-dose 
exposures received by weapons participants would allow this issue to be addressed directly. 
Another limitation of the Japanese atomic bomb survivor data is the somewhat uncertain 
process of "transporting" radiation risks from an Asian population exposed in 1945 to those of 
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Western countries with widely varying background rates of cancer. Risks associated with 
veteran populations are directly applicable to U.S. populations. 

Compared with external radiation, there are surprisingly few data on human risks for the 
ingestion or inhalation of radioactive substances such as those present in fallout, nuclear 
wastes and even nuclear rnedicine procedures (COMARE 2004; Harrison 2003, 2005; Little 
2007: UNSCEAR 2008). Nuclear weapons tests at the Nevada Test Site and the Pacific Proving 
Ground provided the opportunity for inhaled or ingested radioactivity (Beck 2006) which can be 
evaluated in the current design. This unique opportunity has struck a responsive chord as 
indicated by the collaborations forged with the Departments of Defense and Veterans Affairs, 
the National Association of Atomic Veterans and our scientific team of experts in radiation 
epidemiology, biostatistics, coronary heart disease and dosimetry. Few opportunities remain to 
study large and well-defined populations who accumulated radiation doses gradually over time. 

Aim 3 ·Radiologists, Radiotherapists and Other Medical Workers 

Landauer, Inc. has provided radiation dosimetry services since 1953 for United States medical 
facilities. A computerized database is maintained of over fifteen million workers with identifiers 
and cumulative dose measurements. Included in the database are radiologists, radiotherapists, 
cardiologists and others in the medical profession who experienced frequent radiation 
exposures during the course of their employment. An opportunity exists to utilize these 
dosimetry records for epidemiologic study by following the approximately 550,000 workers with 
relatively complete dosimetry coverage over time. Given the increasing use of medical radiation 
and the increased potential for personnel exposures INCRP 2009, Hall and Brenner 2008), the 
study of medical radiological practitioners has the potential to provide quantitative information 
needed to address current concerns about the long~term effects of chronic radiation exposures 
experienced over a period of many years by workers and the general population, 

The first cancer attributed to ionizing radiation occurred on the hand of a radiologist in 1902, and 
leukemia was first associated with chronic exposure in studies of radiologists (March 1944). 
Excess leukemia and solid cancers have also been observed among pioneering radiologists 
(March 1944; Lewis 1963; Matanoski 1975; Smith and Doll 1981; Bemngton 2001; Wang 1990, 
2002). Studies of medical x-ray technologists have been less clear in revealing excess cancers 
(Jablon and Miller 1978; Yoshinaga 1999; Doody 1998: Mohan 2003; Yoshinaga 2004). The 
absence of reliable dosimetry 1n practically all of these studies has precluded quantitative 
estimation of risk, although recent attempts for dose reconstructions are vastly improved over 
past studies (Simon 2006; Bhatti 2007). 

The most comprehensive study to date, conducted by NCI, is of 143,000 technologists who 
were certified by the American Registry of Radiologic Technologists for at least two years during 
1926-1982 (Boice 1992; Mohan 2003; Yoshinaga 2004; Simon 2006). In this study, cumulative 
doses for most technologists were estimated to average about 1.7 rem (17 mSv) overall based 
largely on records linkage with Landauer, Inc., which covered about 19°/o of the population 
(Boice 1992). These estimates are consistent with subsequent ones (Chadick 2008) based on 
comprehensive modeling and biodos1metry approaches (Simon 2006: Bhatti 2007). In the 
proposed study we will identify all medical professionals within the Landauer database, with 
special focus on interventional radiologists, cardiologists, radiotherapists and other potentially 
high-dose groups so that there will be little overlap with the NCI cohort. Our study population will 
be selected based on long-term coverage within Landauer, Inc. 

METHODS 
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The Landauer database. The Landauer, Inc. database contains records on15 million individual 
workers. The record for each individual contains personal identifiers (social security number, 
name, date of birth, sex), employment data (employer account number, account inception and 
termination dates with Landauer, Inc.) and dose data (annual whole body deep dose, 
cumulative whole body deep dose, and previous deep dose pnor to inception w1t11 Landauer (if 
provided)). Since 1978, annual doses for workers monitored by Landauer have been stored in 
the computerized database, together with the cumulative dose prior to that time. Records for 
periods from the1950s through 1977 have been stored on microfilm, Doses incurred at facilities 
not covered by Landauer are included if reported by an account holder and are available as 
early as the 1940s. 

The Landauer database has been used in occupational studies to provide and/or enhance the 
dosimetry information of workforces, including those in the Rocketdyne, the x-ray technologist, 
atomic veterans, Mound and other studies. 

Population identification . . Based on the years of coverage within the Landauer database, 
approximately 550,000 workers will be selected who have nearly complete coverage of at least 
5 years. The cohort will be identified using the electronic datafiles for persons employed in 1978 
or thereafter, but which are known to include earlier inception dates to the 1940s. These data 
will be supplemented through the computerization of the microfilm records to capture the 
relatively higher exposures experienced by persons who terminated employment prior to 1978, 

Population tracing. Similar to the approaches described in Aim 1, mortality and vital status 
searches will be comprehensive and include state·of·the art approaches to locate and obtain 
cause of death for all study subjects. Follow up will begin at the date when 5 years of dosimetry 
information is available, and continue until censoring at December 31, 2010. 

Dose reconstruction. The Landauer dosimetry measurements have followed stringent 
procedures to provide accurate dose information for workers, often to comply with legal 
requirements. The rneasuren1ents t1ave been rnade by a variety of tecl1niques over the years, 
from film badges to thermoluminescent dosimetry technology (TLD) to optical methods For the 
medical professionals in our proposed study the tTieasurements are considered consistent and 
reproducible. Because selection of tile population for study focuses on those witll longwterm 
coverage within Landauer, there are unlikely to be serious gaps in monitoring. However, to 
correct for any incomplete coverage we will, as described in Airn 1, link the Landauer data roster 
with national databases available from military, government and commercial sources but then 
apply modeling approaches to handle any residual gaps. The modeling approaches will be 
similar to those used in the NCI radiological technologist study, which we have been involved 
with over the years (Boice 1992; Mohan 2003) and for which Dr. Yoder remains so (Simon 
2006). In brief, our approach to dose reconstruction will rely on the estirnated 4 million film 
badge and TLD measurements for workers in our study, the additional information available 
from archived Landauer records which will require abstraction, linkages with other dosimetry 
databases, and the modeling that is needed to account for different average energies of medical 
x-rays and garnrna rays, use of protective aprons, placerrient of dosirr1eters when worn, and 
minimal detectable doses over calendar years (Gilbert 1996: Simon 2006). 

In the NCI technologist study (Boice 1992; Simon 2006; Bhatti 2007), Landauer badge 
measurements were estimated cumulative does to average about 1.7 rem (17 mSv). Our study 
will involve higher exposures because we will include interventional radiologists and 
radiotherapists for whom exposures are known to be higher than for technologists. The NCI 
study also had about 19~~ coverage of their population with film badge reading from Landauer 
and thus modeling and extrapolation was paramount in making dose reconstructions. We, by 
definition, should have near complete coverage with dosimeter measurements: but we 
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recognize that personal exposures to n1edical x-rays as captured in tile NCI study will not be 
similarly recorded and adjustments in the analyses will have to be considered using, in part. the 
methods described in Simon (2006). 

Statistical analyses. The distribution of doses for the medical professionals has not been 
finalized so we do not present statistical power cornputations. We are confident that the power 
to detect underlying effects is substantial, however, given the large study size and our finding in 
prelirninary linkages of high exposures approaching 1 Sv (100 rern). Prior studies of the early 
technologists indicate associations that are likely radiation-related for leukemia, breast and 
thyroid cancer, and study of pioneering radiologists reported elevations tor lung cancer, skin 
cancer, multiple myeloma and several other malignancies, although not consistently. Our 
investigation will quantify such risks in a working population with comprehensive measurements 
and dose reconstructions. 

Uncertainty analyses will be conducted as described in previous Aims and also 1n tile recent x­
ray technologist paper by Simon (2006). The overall goal of an uncertainty analysis is to 
quantify the state of knowledge on doses for individuals, which in turn allows estimation of 
reasonable bounds on the population cancer risk. Limitations to the data include incomplete 
Landauer monitoring coverage for individuals across time periods and employers, lack of 
information on whether badges were worn consistently and appropriately, and incomplete 
information on wearing of aprons and placement of badges relative to aprons. 

A variety of techniques to account for and to propagate uncertainty will be used, including 
analytic error propagation, simulation, temporal correlation and correction for bias. Each of 
these techniques is explained in some detail in Simon (2006). Dose estimation is not always 
separate from the analysis of uncertainty, since the dose calculations include both aspects. 
Integration of dosimetry and uncertainty analysis is often an important aspect of epidemiologic 
studies of radiation exposed populations (Ron 1999). Each technologist's annual badge and 
organ dose will be characterized by a lognormal uncertainty distribution from which alternative 
realizations of an individual's true annual dose will be generated. Similar to all the uncertainty 
approaches taken for the studies described in this proposal, a subcommittee has been 
developed to address the issues of uncertainties which includes Dan Stram, Duncan Thomas, 
Ken Kopecky, Yu Shyr and the dosirnetrists familiar with the specifics of each workforce to be 
analyzed. 

SUMMARY 

Preliminary linkages indicate that approximately 500,000 individual workers within the Landauer, 
Inc" dosimetry database have monitoring records that span at least 10 years" Identifying 
information such as Social Security number, name and date of birth exist, and cumulative and 
annual radiation doses are recorded in a systematic fashion. Prior annual records exist on 
microfilm and will be abstracted from the 1950s to 1977. Electronic records exist after 1977. 
Date of inception, i.e., the date of first radiation dose, is available as early as the mid-1940s. 
The population will be traced as described in Aim 1. Dosimetry uncertainty will be evaluated, 
taking into account measurement, positioning, shielding, and the unique errors associated with 
rnedical workers. The proliferating use of CT scans and medical procedures in the U.S. and 
other developed countries (NCRP 2009), indicates the clear need to reliably estimate the risk 
experienced from low dose radiation exposures, not received acutely as in the atomic bomb 
investigations, but chronically over time, as during medical profession circumstances (Hall and 
Brenner 2008; Brenner and Hall 2007). Previous studies of the pioneering medical radiation 
workers have indicated clear elevations of leukemia and certain other cancers. However, the 
absence of reliable dosimetry has hindered interpretation as to the level of risk and comparisons 
with acute exposures. The Landauer dosimetry study of medical professionals with long term 
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exposures will provide important knowledge on lifetime risks associated with these exposures of 
current scientific and societal concern. 

Aim 4 ·Nuclear Power Plant (NPP) Workers 

The United States was the first country to develop nuclear reactors to produce electricity. Early 
workers were allowed 3 rem per quarter and 12 rem per year. Maximum exposure limits were 
subsequently reduced to 5 rem per year and actual exposures to workers are much lower today 
and of the order of 0.2 rem per year (Andersen 2008). Studies of the early NPP workers have 
the potential to provide useful information on radiation risks because of the relatively high 
exposures (Goldsmith 1989; Muirhead 1996; Jablon and Boice 1993; Hall 2009) A feasibility 
study of 9,000 workers at the Calvert Cliffs NPP, for example, was able to include contract 
workers and that 12% of all workers had career doses >5 rem (50 mSv) [max 47 rem (470 
mSv)] (Jablon and Boice 1993). A recent study of 53,698 U.S. nuclear power plant workers was 
limited because the study design included mainly recent hires, which resulted in a young 
workforce, a low mean cumulative dose [2.6 rem (26 mSv)] and narrow dose range, and few 
deaths (1, 190) (Howe 2004). Nonetheless, the study reported a significant association with 
coronary heart disease which merits further attention. There are over 650,000 past and current 
utility workers and 350,000 currently are included in a recently developed registry, the 
Personnel Access Data System (PADS). Herein we propose to assess cancer and other 
disease mortality in a cohort of NPP workers with documented radiation exposure histories. 

METHODS 

Population identification. Landauer, Inc. provides dosimetry services for a large number of 
radiation workers in the United States. Although most of these workers are employed in the 
medical professions (Aim 3), about 15,000-20,000 NPP workers were monitored by Landauer 
during the late 1970s, which comprised about 10-15°/o of all NPP workers at that time. This 
percentage increased to about 25% (or about 40,000 workers) by the mid·1980s (Muirhead 
1996). These 40,000+ workers within the Landauer database will form the basis of the nuclear 
power plant cohort to be studied. Additional NPP workers who terminated employment prior to 
1978 also may be included by review of Landauer records that are not computerized, i.e., that 
are on microfilm from the 1960s to 1977. NRC REIRS terrnination notices will be sought to fill in 
any gaps in years of coverage. 

Population tracing. Similar to the methods outlined in Aim 1, vital status and cause of death will 
be sought using a wide-range of national databases, including the social security administration, 
the National Death Index, the Social Security death index (available in-house for probabilistic 
matching), various credit bureau and other record systems. Tracing will begin from the date the 
first radiation reading was recorded until December 31, 2010. The availability of social security 
number, name, and date of birth will facilitate accurate determination of deaths and vital status 
through 2010 for nuclear utility and other worker cohorts. 

Dose reconstruction. Methods for doses reconstructed for tile NPP workers will be similar to 
what was described in Aim 3 (medical workers). The Landauer dosimetry measurements have 
followed stringent procedures to provide accurate dose information for workers, often to comply 
with legal requirements. To address any incomplete coverage we will, as described in Aim 1 
(uranium workers), link the Landauer data roster with national databases available from military, 
government and commercial sources and then apply modeling approaches to handle any 
residual gaps. Our approach to dose reconstruction for the Landauer-based NPP workers will 
rely on the estimated 200,000 film badge and TLD measurements for workers in our study, the 
additional information available from archived Landauer records which will require abstraction, 
linkages with other dosimetry databases, including the Nuclear Regulatory Commission REIRS 
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system, and the modeling required to account for errors associated with filn1 badge readings as 
described below (Thierry-Chef 2007; Schafer and Gilbert 2006; Gilbert 1996, 1998: Stram and 
Kopecky 2003; NRC 1989). 

Several U.S. NPP cohorts were included in the 15-country study (Cardis 2005) for which dose 
reconstructions were carefully considered (Gilbert 2006; Thierry-Chef 2007). Errors in recorded 
doses were quantified after review of historical dosimetric practices and technologies at 
participating facilities, The main sources of dose errors frorn "high-energy" photons (100-3,000 
keV) were related to how the dosimeters responded to workplace exposure conditions and the 
methods for calibration. Doses from "lower-energy" photons ( <100 keV) and from "higher· 
energy" photons (>3 MeV) were estimated to be small. Errors were quantified to derive 
estimates of bias and uncertainties in recorded doses based on measurement studies, 
dosimetry expert assessment and on the estimated energy and geometry response of 
dosimeters. A log normal error structure model was developed to describe errors in doses. 
Doses from other radiation types, i.e., neutrons and radionuclide intake, could not be adequately 
reconstructed in the framework of the 15-country study, but these internal and neutron 
exposures will be addressed directly in our study (see Methods described in Aim 1 ). 

Statistical analyses. The distribution of doses for the NPP workers has not been finalized so we 
do not present statistical power computations. However, given the allowable doses for these 
earlier workers (up to 12 rein per year), the preliminary linkages for Landauer-based workers 
identifying cumulative doses over 100 rem (1 Sv), and the feasibility study of 9,000 workers at 
Calvert Cliffs (12% >5 rem, max 47 rem), there should be sufficient statistical power to detect 
excess cancers should they occur given the relatively long follow-up for workers first employed 
1960-1985. Similar to previous Aims, analyses will be made using external comparisons with 
the general population of the U.S., i.e. SMR analyses (Marsh 1998) followed by internal dose­
response analyses over categories of radiation doses using Cox proportional hazards models or 
Poisson regression models (Preston 1993). 

Uncertainty analyses will be conducted as described in previous Aims and also in the recent x­
ray technologist paper by Simon (2006) and the 15-country study paper by Thiery-Chef (2007). 
A subcommittee has been formed to address the issues of uncertainties in all study cohorts 
which includes Dan Strarn, Duncan Thomas, Ken Kopecky, Yu Shyr and the dosirr1etrists 
familiar with the specifics of each workforce to be analyzed. 

SUMMARY 

Early NPP workers will be studied, with the records of Landauer, Inc. used to identify at least 
40,000 early workers employed before 1985. The focus on these early workers will enable 
assessment of risk across a wide dose range, since relatively high doses were allowed, i.e,, 3 
rem per quarter and 12 rem per year depending on age and prior cumulative dose. 

As emphasized in all previous Aims, study of these early radiation workers, as recently 
recommended by the DOE workshop on low-dose epidemiologic studies (Hall 2009), will 
provide important opportunities to clarify the risks of radiation exposures that are experienced 
gradually over time. The resultant information will directly address public, scientific and radiation 
protection issues, especially in light of recent claims that chronic low dose rate exposures may 
be as harrnful as acute high dose rate exposures that fonn the basis of today's radiation 
protection standards (Jacob 2009; Cardis 2005, 2007a, 2007b; Krestinina 2005, 2007). 

Aim 5 ·Plutonium Workers 

Studies of plutonium workers have not found consistent evidence of rad1at1on risks except at 
rather high dose levels experienced by early weapons production workers in the forrner Soviet 
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Union (UNSCEAR 1994; Voelz 1997; Omar 1999; IARC 2001; Gilbert 2004). The 
1nconsistenc1es in worker studies in the USA (Voelz 1997) and UK (Omar 1999) were attributed 
to the much lower exposure to plutonium than experienced by Russian Mayak workers during 
the 1940s and 1950s who showed increased cancers of heavily irradiated sites, i.e., the lung, 
liver and bone (IARC 2001). Studies of 15,727 workers at the Los Alamos National Laboratory, 
however, suggest an increased risk of lung cancer, osteosarcorna and several other 
malignancies (Wiggs 1994; Wilkinson 1987), which highlight the need for further study 

The mortality experience of nearly 31,500 males and 12,600 female workers employed between 
1944 and 1978 at the Hanford nuclear installation in Richland, Washington, has been reported 
by several investigators. Analyses up to 1986, which includes 5,413 workers at Rocky Flats, 
revealed a strong "healthy worker" effect, a significant deficit of cancer mortality, including 
leuken1ia and no evidence for increasing risk with increasing film badge exposure for any cancer 
(Gilbert 1993a, 1993b). A more recent follow-up of 26,389 Hanford workers through 1994 
identified 8, 153 deaths and a negative dose response for leukemia, but a positive dose 
response tor lung cancer (Wing 2005). Associations between duration of employment at 
Hanford in jobs with routine potential for plutonium exposure and mortality were also reported 
suggesting occupational exposure effects (Wing 2004). An association between age at first 
internal lung dose and lung cancer was also reported in a case-control study of Rocky Flats 
workers (Brown 2004). Follow up of these cohorts, however, ended in 1990 or earlier, and 
updates of the plutonium workers mortality experience are needed. 

METHODS 

Population identification. Table 5· 1 shows that the plutonium worker cohorts previously studied 
include nearly 100,000 workers at Los Alamos, Rocky Flats, Hanford and Mound (Wiggs 1991a, 
1991 b, 1994; Gilbert 1993a). It is noted that other workforces with potential exposure to 
plutonium such as Sandia (n=24,685) have been identified for study. 

Table 5-1. Cohorts of plutonium workers 

Worker cohort 
Los Alamos 
Rocky Flats 
Hanford 
Mound 
Sandia 
Sum of unique workers 

No. 
15,727 
5,413 

32,643 
4,402 

N/A 
58.185 

Relevant publication/s 
Wiggs 1991 ;Wilkinson 1987:Gilbert 1993a 
Gilbert 1993; Brown 2004 
Gilbert 1993a, 1993b; Wing 2004, 2005 
Wiggs 1991a, 1991b 
None 

Last 
follow·up 

1990 
1979 
1986 
1984 

No. 
dead 
3. 196 

409 
9.452 

987 

14,044 

Total in 
database* 

23,288 
9.586 

56,688 
7,293 

24,685 
121,540 

Population tracing. Similar to the methods outlined in Aim 1, vital status and cause of death will 
be sought using a wide·range of national databases, including the social security administration, 
the National Death Index, the Social Security death index, various credit bureau and other 
record systems. The availability of social security number, name, and date of birth will facilitate 
accurate determination of deaths and vital status through 2010 for the plutonium worker cohorts. 

Dose reconstruction. Methods for doses reconstructed for the plutonium workers will be similar 
to what was described in Aitil 1. 

Statistical analyses. Tl1e statistical approacl1es to be followed will mirror those applied to the 
study of uranium workers. 

Mound pilot study. To demonstrate that the previously identified plutonium cohorts could be 
effectively studied, a feasibility project of over 7,261 workers at the Mound nuclear weapons 
facility (1944-1972) located near Dayton, Ohio was conducted. The cohort data included non-
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white and female workers (who had not been previously studied), radiation dose infor111ation 
evaluated (including internal uptakes), and population tracing conducted (Table 5·2), The pilot 
project was successful in that vital status of 98.2°/o of the population was obtained, the inclusion 
of females (24.9%) and non-whites (6.2%) was found to be feasible and the bioassay data 
necessary for internal dose assessments was found to be adequate. 

Table 5·2. Demoqraphic and occupational characteristics of 7,261 Mound, Ohio workers 

Vear of Birth 
<1920 
1920·1929 
1930~ 1939 
1940·1949 
1950~ 1959 
;;: 1960 

SUMMARY 

5,834 
453 
974 

2,015 
2.051 
1,316 
1,377 

467 
35 

80,4 
62 

13,4 

27.8 
28.3 
18.1 
19.0 
6.4 
0.5 

Missing 

Years of follow·up 
<30 1,782 
30·49 4,218 
?:50 1,261 

Vital Status as of 12/31/05 
Cont1rmed Alive 3,922 
Dead 3.208 
Lost to follow-up 131 

24.5 
58.1 
17.4 

54.0 
44.2 

1.8 

The study of workers with the potential tor plutonium exposure would add a final dimension to 
the overall proposal. Over 100,000 such workers in the United States have not been recently 
followed, and more importantly, comprehensive dose reconstructions of internal intakes have 
not been completed. It 1s envisioned that such workers would be available for study 1n year 2 of 
the proposed grant and follow-up and dose reconstructions completed similar to that described 
for uraniu111 workers. These plutonium worker studies are cost-effective because the cot1orts 
have, in large part, already been identified, follow-up conducted to the mid 1980s and dose 
inforrnation tias been collected. 

Aim 6 - Combined Million Radiation Worker Analyses 

The pooling of data from the U.S. worker and military populations described in Aims 1-5 would 
provide the most definitive evaluation yet available of the possible lifetime risks associated with 
low-dose radiation exposures experienced over a prolonged period of time. The resultant 
findings will thus have implications with regard to protection standards for workers and the 
general population, the assessment of risk associated with today's enhanced medical 
technologies such as CT scans, the expansion of nuclear power, the handling of nuclear waste 
and the compensation of workers with prior exposures to radiation (Hall 2009; Dreyer 1981 ). 

METHODS 

The study team has substantial experience in pooling radiation exposure data sets and 
providing estimates of effects and interactions that were not apparent when the individual 
studies were published alone. Assessment of uncertainty associated with shared errors of 
exposure have also been addressed. These include studies of radiation-induced breast cancer 
(Boice 1979; Preston 2002), cervical cancer patients (Boice 1985). radiation-induced thyroid 
cancer (Ron t 995), underground miner cohorts (Lubin 1994a, 1995; Thomas 1985), indoor 
radon-lung cancer case control studies (Lubin 1994b, 1997, 2004), and occupational cohorts 
(Cardis 1995; Stayner 2007). Uncertainty analysis and measurement error effects in radiation 
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epiden11ology has been a long-standing interest of members of the study team (Stran1 1999, 
2003; Pierce 1990). 

Pooled analysis of the combined data from all the studies described Aims 1-5 will maximize 
statistical power to detect and characterize radiation effects, and to minimize the variability of 
the estimates of these effects. Generalized proportional hazards regression rnodeling of 
mortality data from the combined cohorts will allow for modeling of the risk allowing for the time­
dependent nature of exposures and of effect rnodification variables such as age at exposure, 
time since exposure, and exposure dose rate. Analyses will utilize the best estimates of both 
external and internal (where grouped estimates will be used) radiation exposures and will 
provide uncertainty analysis that reflect likely errors in dose estimation particularly for internal 
dose. 

SUMMARY 

The proposed studies, to be carried out nearly simultaneously, provide a golden opportunity to 
embark on a well-defined research program in human populations followed for nearly entire 
lifetimes. The enthusiasm for the one million workers and atornic veterans study is reflected by 
the broad range of consortium experts who are willing to commit a significant portion of their 
next five years to completing this work. 
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From: 

Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Hey Mike/Kim, 

Brock, Terry 
13 Apr 2016 13:16:25 +0000 
Webber, Kirnberly;Case, Michael 
Armstrong, Kenneth;Bush-Goddard, Stephanie 
NCRP briefing book April 2016_1.docx 
NCRP briefing book April 2016_1.docx 

Response to Kim's comments inside attached. 
Terry 
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From: 

Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Ken, 

Tadesse, Rebecca 
11 Apr 2016 09:56:24 -0400 
Armstrong, Kenneth 

Brock, Terry;Tomon, John 

NCRP Drop-in 
NCRP Drop-in.docx 

Attached is the revised briefing book. After I reviewed what terry sent me I think it is best to keep it as it 
is since they are doing everything we want them to do. 

Thanks 
Rebecca 
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From: 

Sent: 
To: 
Subject: 

Rebecca, 

Brock, Terry 

16 Jun 2016 14:53:03 +0000 
Tadesse, Rebecca 

NCRP sponsor briefing on Dose to the Lens of the Eye 

Dr. Larry Dauer, Chair of the NCRP cmt developing the subject line Commentary is available to 
brief Mike Weber on the results on either September 20, 21, or 22. I suggest Mike W invite the 
NMSS Office Director-or designee at least to hear the brief. This would be similar to the NAS 
sponsor briefings we did for the cancer study. Would you let Mike Case know to see if he has 
any questions before I schedule this with Mike W. 

Thanks 

Terry Brock, Ph.D. 
Office of Nuclear Regulatory Research 

U.S. Nuclear Regulatory Commission 
Washington D.C. 20555 
Mail Stop TWFN~10 
phone: 301-415-1793 



Fram: Metting, Noelle 

Sent: 
To: 

13 Dec 2012 13:27:26 -0500 
Brock, Terry 

Subject: new NCRP study 
Attachments: Integration of Epidemiology With Biology.pdf.pdf 

Nice talking wilh you this mon1ing. Attached please find son1e infonnution on NCRP's 
nc¥.r study. supported by CDC. Let's stay in touch. I lopcfully. in the con1ing \Vccks 
Congress will give us a better budget for research. 

Happy Holidays! 
Noelle 

.i\'F !1'1efting, Sc,/), 
Progratn Manager 
Sc Radiation Biologist 
()fficc uf Science/BER 
U.S. Dcpartini:nt of Energy 

Voice: 301-903-8309 
Fa,\: 301·903-·0567 
11ot:f / c.111c tr i 110!(/,,1· c ·it:i ice. dot:. 001 · 



INTEGRATING BASIC SCIENCE 
WITH EPIDEMIOLOGICAL 
STUDIES ON LOW-DOSE 
RADIATION EFFECTS 

2012-2014 
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Overview: NCRP is currently preparing a report on how basic science on low~dose radiation effects 
(e.g., the DOE Low Dose Program) might be integrated with human epidemiological investigations of 
exposed populations (e.g., the Million U.S. Worker and Veteran Study). 

Scope of Activities: Because of the interest and importance in gaining a greater understanding of the 
biological interactions and health effects of low radiation doses, NCRP has significantly increased its 
activities in studies on low-dose radiation since 2008. The 2008 Annual Meeting was held on the 
subject of Low Dose and Low Dose-Rate Radiation Effects and Models (proceedings published in 
Health Physics, Vol. 97 (No. 5) in 2009). In December, 2008 NCRP held a workshop supported by the 
Centers for Disease Control and Prevention (CDC) that involved 30 participants with expertise in the 
area of low-dose radiation effects. A decision was made to convene a panel of experts to provide 
advice on a new NCRP commentary related to critical issues and research needs for gaining a better 
understanding of low-dose radiation effects. The advisory panel met in August, 2010 which led to the 
selection of Scientific Committee 1-21. SC 1-21 has begun the preparation of a commentary on critical 
research needs for evaluation of low~dose radiation biological and t1ealth effects which should be 
completed in late 2013 or early 2014 A tocus of the commentary will be on the integration of results of 
basic science studies with epidemiolog1cal studies on health effects of low-dose radiation exposures. 
The full title of the working document is "Multiplatform National Approach for Providing Guidance on 
Integrating Basic Science and Epidemiological Studies on Low-Dose Radiation Biological and Health 
Effects". 

Committee Membership. Members were selected because ot their scientific expertise and experience 
in attempting to link human epidem1ologic studies (with quantitative measures of radiation organ dose) 
with biological indicators, not only biomarkers, but also susceptibility states. For exarr1ple, Janine 
Bernstein, Dan Stram and John Boice are active members of the WE CARE (Women's Environmental 
Cancer and Radiation Epidemiology) Study which has collected bloods from 1 OOOs of women who 
developed breast cancer and 1 OOOs of women who developed bilateral breast cancer, sequenced the 
genes for mutations and polymorphisms in susceptibility genes (such as BRCA1/2, ATM, etc) and 
related the genetic profiles with quantitative measures of radiation dose (e.g., J Natl Cancer Inst 
102:475, 2010). 
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Statement of Work NRC HQ -60-12-1-0006 

Between 

u_s NUCLEAR REGlH ATOr,y COMMISSION and LJ_S DEPARTMENT OF ENERCY 

Related ~o 
The Loi,v f)osc Radiation Research Progrum 

l.t.Vrociuction 
The US N11clear Regulatory Corrunission (Nf-<C) and U. S Oepartrnent of Energy 
(DOE) have a history of agreements \•1ith regards to Cooper1.3tivc Nuclear Safety 
Research. In order to conserve resources and to avoid needless duplication of effort, 

the parties agree it is in the best interest of both parties to cooperate and share data 

ond technical inforn1ation and, in some cases, the costs related to such research, 

~vhenever such cooperaHon and cost sharing may be done in a mutually bencficiul 

fashion 

1-he objective of this cooperative program is to share data nnd resources to support the 

DOE: Office of Scjence (SC) Low Dose Rad·1ation Research Progrnn1 and other n1:1tualiy 

beneficial radiation health effects progran1s in our respective agencies. The specif:c 

\vork tc be porforn1od ur\der H1is agreen1ent encor'npasses research that addresses 

radiation health effects, and \viii include, but is not lin1ited to DOE's currently funded 

epiden1iologica! study of tr.ore than one million US radiation vvorker~,. Jo'1n·1ng DOE's 
effort \Viii provide vaiu<1ble new if'!forrna~ion for radiation future protection stcindards­

sett1ng bodies and any resultant occupationarrad1ation dose standards 

In these studies we FXf)ACt to hE?tter undro>rstond the ovcroll cancer niorl:al1ly experience 
of Nuclear Power Plant (NPP) and other non~NPP \Vorkers. We also plan to learn ho\~ 

accurate the linear no"thre:;hold dose response mode! is i'l predicting henlth effects 111 

tho NRC co!lorts_ Additionally, we will evaluate tt1e accuracy of the dose and dose rate 

effectiveness factor assun1ption used in radiation protection to extrzipolatc risks frorr1 the 

H"iroshirna and Nagasaki r.iiorr1ic bornb surv1vors~thc atomic bon1b survivors \Vere 
exposed instantaneously 1n contrast to nuclear \•/orKers ·who ore exposed to con1parable 

doses over a career. 

11. Scope and Plan 

NRC will be supporting DO E's grant and will monitor the following tasks: 

a) Prioritizing ttie study of NPP workers and son1e non~NPP NRC ik:ensec cohorts 

(e.g., 1'ndustrial radiographers) 



b) Identifying NPr1 worker3 ar.d other non--NPP licensee workc1s through tho NRC-s 

Rad1atior Exposure lnforC'1ation and Reporting System databases (REIRS) and 
L0ndalJ01· Cornpciny·s dos1n1etry records. Study the causes. of death, deterrn'1n1ng 

~'ital st<"ltLJS, conduct dose reconstructions and uncefiainty analyses to 0stimut0 

organ-specific dose. Cancer incidence villi be evaluated through selective state 
cancer registry linkages and detcrrnination of other occup.:Hional doses through 

linkages \/Vith, the DO E's Radiation Expasure Managerncnt Systotn (REMS) and 

military dos1n1etry files. 

c) Conducting retrospective mortality s:udios _of NPP workers and other non~NPP 

NRC licensee cohorts 

d) Conducting research and technical expert v•orkshop~ ns necessary 

e) F)rovlding regularly scheduled progress reports to tho NRC Office of Research 
(Rl:S) project n1anager 

f) Publishing results in the open. peer-reviewed literature 

The prograrn elernents are as follows 

pr9_gr~.Q.!.G}at1c lnfQrrnation [xchanq~. Both par:1es will exchange information as 

appropriate concerning the objectives, project scopes, rnilestones, planned approaches, 

and sc/1edules for their ongoing and planned tasks. 

Technical Information ExchangO. DOE/SC and NRC/RES v1ill facilitate as appropr!atc 

the exchange- of technical inforrnGJtion between researchers and project rnanagers 

E~Jtur0 CnllctborC1tiv0 /".r:0ns_ /\ddilionnl activ1t1e::i n1ay be iJentifiecJ and added as 

appropriate. SC and RES \Viii continue to jointly participate, when appropriate, in the 
identificotion of c:idd1tionol arcos of mutual interest for joint collaborat1ve activities 

Data Polic_i~.§.. Both agencies recognize the need to protect frorn public disclosure dGta 
and Iriformat1on exchanged between them that fall within tho definition of trade secrets: 
privileged, confidt~nt1al comrncrcial or financial information; or other inforrnation that is 
exomptod frorn pJbl1c disclosure under the /\torn 1c Energy Act of 1954, as arnended; the 

Froedorn of lnforn1ation t'\ct, as arnerided; and other applicable law. All DOE data and 

rnaterials subject to comn1ercial or other use rostrict~ons vJill be- appropriately rnarked 

and subn1i!ted to r~[_S under separate cover to er.sure they are identified and 
segregated from nonrestricted data. documents, und rr1atcrials. 

Jf one agency provides the other with nonpublic inforrn~tion. the recip.e11t agency \-Viii not 
roleatio the i11forrnution i,.vithout the \Vritten consent of the other agency_ This provision 
will apply to Jnforrnation obtained fron1 oit1er agency or its contractors and 'Nill apply ta 



the pos1ing of ir1formation 011 Agcncywi<le ,')ocument Acee~'~' ;:ind Mcinagcrnent Systc:n 

(ADAMS) and other publicly available Web sites or document rooms. Frecdon1 of 

lnforrnntion Act requests, congrt:ss1onal ruques1s, or othor roquest for docurnents v;1ll be 

referred to 1he agency tha'. provided the nonpublic inforrnation for roso!ut1an. 

Ill Period ond !:>crformanco 

The 1n1t1al period of performnncc will be frorn August 1 2012 through July 31 2017, to be 

extended in writing 1'f rnutually agreeable to SC and RES. 

IV .EE91ect Direction and Coordi~\§1L9J.! 

Ali tecl1nical interactions \Nill be rnanaged through a single designated point of contact 

for each pa.'iy. Meetings to coordinate this cffod and to discuss project progress ~\'Ill be 

arranged tJ1rough the respective project contacts_ The project contacts are: 

Te_chnical Contacts: 

Terry Brock. PhrJ, Senior HcalH1 
Pt1ys1cist 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Comrnlss:on 

Noelle Metting, ScD, Senior Radiul,1 on 
Biologist, Office of Science/BER 
U.S. Departrnent of Energy 

V. 9o§.t§ .. 9.Dd_ Schedules 

Adrninj§_\IE!tive Contacts: 

f"1e.nthor Oempsoy. Progran1 1\nnlyst 
Office of Nuclear Regulatory Research 
US. Nuclear Regulatory Cornm1ss·1on 

Cedric Thomas, Contract Specialist 
Office of Acquisition and Assistance 
U.S. Departrr.ent of Energy 

This statement of work wil I facilitate expected joint funding of DOf-:'s Million U.S. Worker 
grant. The NRC Form 662, ·'Award of tnteragency Agreement'' sltall be the obligating 
docurnent for this and all such other Agreen1ents. ·rhe NRC F·onn 662 must be 
countersigned by DOE and provided back to NRC designated points of contact for 
processing. DOE will process an lntragovernmental Payment and Coliection System 
(IPAC) to receive funds for this and ell such other Agreernents. Tile IPAC subn1issions 
will occur at minimurn of quarterly 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

September 30, 2014 

Dr. John Dunning Boice 
National Council on Radiation, Inc. 
Protection and Measurements 
7910 Woodmont Ave, Suite 400 
Bethesda, Maryland 20814 

VIA Electronic Mail 
boice@ncrponline.org 

SUBJECT: GRANT NO: NRC-HQ-60-14-G-0011 

Dear Dr. Boice: 

Pursuant to the authority contained in the Federal Grant and Cooperative Grantee Act of 
1977 and the Atomic Energy Act of 1954, the Nuclear Regulatory Commission (NRC) 
hereby awards to National Council on Radiation Protection and Measurements 
(hereinafter referred to as the "Grantee" or "Recipient"), the sum of $325,000.00 to 
provide support for" Radiation Protection Guidance for the United States" entitled 
"Program Description." 

This award is effective as of the date of this letter and shall apply to expenditures made 
by the Grantee furtherance of program objectives during the period beginning with the 
effective date of September 30, 2014 and ending September 29, 2016. 

This award is made to the Recipient on condition that the funds will be administered in 
accordance with the terms and conditions as set forth in Attachment A (the Schedule); 
Attachment B (the Program Description): and Attachment C (the Standard Provisions); 
all of which have been agreed to by your organization. 

Please ensure individuals selected as beneficiaries of support under this grant nieet the 
legal requirements consistent with recent Supreme Court Decisions including Fisher, 
Gratz, and Grutter. 

Please sign the enclosed grant to acknowledge your receipt of the award, and return as 
a pdf file to Ms. Gordana Zuber by email at Gordana.Zuber@nrc.gov. 

Attachments: 
Attachment A Schedule 

Sincerely yours, 

'•'/,?,,,,/,,, . /,;J'/,';/"/(<J 

Sheila Bumpass 
Grants Officer 
Resources & Grants Team 
Acquisition Management Division (AMD) 

Attachment B Program Description 
Attachment C - Standard Terms and Conditions 
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CHOOSE ONE 

Grant and Cooperative Agreement D COOPERATIVE 

AGREEMENT 

[[] GRANT 

CHOOSE ONE D EDUCATION D FACILITIES [ZJ RESEARCH D SDCR D TRAINING 

1 GRANT/COOPERATIVE AGREEMENT NUMBER 12- SUPPLEMENT NUMBER 13. EFFECTIVE DATE 4. COMPLETION DATE 

YRC- HQ- G0-14 -r_;- CD 11 c01:~D/ ).ill / 

5. ISSUED TO f;l ISSUF.D BY IJ. ::' . NO'.C - 1-'Q 
NAMEIAOORESS OF RECIPIENT (No, Slttoet, CitylCoun\y St~te, Zip) Malling Address: .~::::ii; 1c;it1 0'1 '.·18'1'1'ji?:T1P:-lt [)1 vi c,i o:-i 

NATIONAL COUNCIL ON RADIATION PROTECTION AND ME'ASlJREMENTS 

WOODMOUN"I AVC srE 400 l!iJ i I .-:toF: J\'if'N- C· 'J -Co~~'.'.' 

6ETHESOA MO 20314-30i4 ','ia$:1l n~: >on re 2:J-:.5;-o . .101 

9. PRINCIPAL INVESTIGATOR/ORGANIZATION'S PROJECT OR 

' rAXPAYF.<:R IDENrlFICA"llON NO (TIN) 
PROGRAM MGR. (Name & Phone) 

8_ COMMERCIAL& GOVERNME~<T ENTITY (CAGE) NO 
DL Joh:1 LJr:nil'.'J Buice 

Errc;1_: boice8ncrponl:'..ne.o:::g Phone: JC.,l-6~ /-2•):,2 

O_ RESEARCH, PROJECT OR PROGRAM TITLE 

F,.,d1_r1;,inn PrntrrtiCJn ·:-:i: i '.ianr0 fCJr ;,hi". lJnitPri Stdt«~, 

11 PURPOSE 

F;c;p :=-rJ-,0rl1;lr; 

12 PERIOD OF PERFORMANCE (Appro;omotr;ly) 

J9i30/?014 trro-.Jgh 1JQ/?9/:'(11 (~ 

13A AWARD HISTORY 13B FUNDING HISTORY 

PREVIOUS S0.00 PREVIOUS $0.00 
THIS ACTION $325,000.00 THIS ACTION $291,000.00 
CASH SHARE <t0.00 TOTAL <t2Q1 000.00 
NON-CASH SHARF.. $(1.00 
RECIPIENT SHARE $0.00 

TOTAL ~325.000.00 

14. ACCOUNTINGANDAPPROPRIATION DATA 

f.Oee ScLeJ,.:le 

PURCHASE REQUEST NO, JOB ORDER NO. AMOUNT STATUS 

1:\£3-14-04 6E 

'15. POINTS OF CONTACT 

NAME MAIL S"IQP TELEPHONE E-MAIL ADDRESS 

TECHNICAL OFFICER Sf\kAE D. J2JAJ: l·'Jc;k 301 ·251··79-'12 SAEAll. ~J!Af~ i:H@NHC. GC\I 

NEGO"llArOR 

ADMINISTRATOR CU,(.Jt-,.,Jh .'.,v::'w, ~:J l .:: j I -l.':::liJ j gor<J2>1C1. zuner !! nrc, gov 

PAYMENrs 

16. THISAWARO IS MADE UNDER THE AUTHORITY OF. 

Pt::::st:c;nt to s02t:'..on :<10 c;nd 141D Of the .;;tornic E:Je:::gy ."'.ct ot ~ J'J4' ilS 2r(ended 

17. APPLICABLE STATFME~~T(S), IF CHECKED: 1&. APPLICABLE ENCLOSURE(S), IF CHECKED: 

D NO CHANGE IS MADE TO EXISTING PROVISIONS D PROVISIONS D SPECIAL CONDITIONS 

D FOP TERMS A~<D CO~<DITIONSANO THE AGENCY-SPECIFIC D REQUIRED PUBLICATIONS AND REPORTS 

REQUIREMENTS APPLY TO THIS GRAr.JT 

UNITED STATES Of AMERICA COOPERATIVE AGREEMENT RECIPIENT 

CONTRACTING/GRANT OFFICER I DATE 
AUTHORIZED REPRESENTATIVE I DATE 

Sl~TT,M H, BUMPASS . • 09/24/2014 
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ATTACHMENT A· SCHEDULE 

A.1 PURPOSE OF GRANT 

NRC-HQ-60-14-G-0011 
Page 3of19 

The purpose of this Grant is to provide support to the "Radiation Protection Guidance for the 
United States" as described in Attach1nent B entitled "Progran1 Description." 

A.2 PERIOD OF GRANT 

1. The effective date of this Grant is September 30. 2014. The estimated completion date of 
this Grant is September 29, 2016. 

2. Funds obligated hereunder are available for prograrn expenditures for tt1e estimated period: 
September 30, 2014- September 29, 2016. 

A. GENERAL 
1. Total Estimated NRC Amount: 
2. Total Obligated Amount: 
3. Cost-Sharing Amount: 
4. Activity Title: 

5. NRC Project Officer: 
6. NRC Technical Analyst 
7. DUNS No.: 

A.3 BUDGET 

$325,000.00 
$291,000.00 
$0.00 
Radiation Protection Guidance for the 
United States 
Sarah Shaffer 
Terry Brock 
097783914 

Revisions to the budget shall be made in accordance with Revision of Grant Budget in 
accordance with 2 CFR 215.25. 

Category Year1 Year2 Total 

Personnel $44,928.82 $19,381.32 $64,310.14 

Fringe Benefits $11,901.64 $5, 134.11 $17,035.75 

Travel $29, 116.29 $14,794.24 $43,910.53 

Other $25.000.00 $10.000.00 $35.000.00 

Indirect Charges $114,053.25 $50,690.33 $164,743.59 

Totals $225,000.00 $100,000 $325,000.00 

All travel must be in accordance with National Council on Radiation Protection and 
Measurements Travel Regulations or the US Government Travel Policy absent Grantee's travel 
regulation. 

A.4 AMOUNT OF AWARD AND PAYMENT PROCEDURES 

1. The total estimated amount of this Award is $325,000.00 for the two year period. 

2. NRC hereby obligates the amount of $291,000.00 for program expenditures during the 
period set forth above and in support of the Budget above. The Grantee will be given written 
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notice by the Grants Officer when additional funds will be added. NRC is not obligated to 
reimburse the Grantee for the expenditure of amounts in excess of the total obligated amount. 

3. Payment shall be made to the Grantee in accordance with procedures set forth in the 
Automated Standard Application for Payments (ASAP) Procedures set forth below. 

Attachment B - Program Description 

ATTACHMENT 4 Program Description 

Background: 
Radiation-related cataracts and the associated radiation protection issues are of current 
interest. There is debate over the new annual 20 mSv dose limit for the lens of the eye 
recommended by the International Commission on Radiological Protection (ICRP) and 
accepted by many countries (1Q_8f'. __ p_~_Qjj_g9_tj_g_o __ _1_1_8_; __ 9). The scientific and operational issues 
for reducing the current occupational dose limit from 150 mSv to 20 niSv are complex. The 
only general agreement is that radiation~induced cataracts (serious lens opacities leading to 
visual impairment) can occur at doses lower than previously recognized: the previous 
threshold dose was thought to be -5 Gy and now is estimated to be -0.5 Gy. ICRP did not 
recommend changing the lens of the eye limit of 15 mSv y-1 for members of the public. 

Currently in the US, dose limits to the lens of the eye are set at 150 mSv in a given year 
based on consideration of the induction of cataracts as a deterministic effect of radiation 
exposure. Rather high occupational exposures to the eyes can occur today among several 
occupations. e.g., industrial radiographers. interventional radiologists and cardiologists, with 
the potential to attain radiation doses to the lens above the ICRP recommended 20 mSv per 
year limit. 

The ICRP recommended the change from 150 mSv y-1to20 mSv y-1 and the EU accepted 
the recommendation in part because of new evidence that supported increased cataract 
occurrence at dose levels lower than previously recognized. Several reports have 
documented excesses of cataracts among several medical occupations including 
interventional cardiologists and nurses (1~4) and others (5). Anecdotal comments among 
interventional radiologists have revealed similar problems, suggesting that cataract induction 
may occur at lower doses than previously thought. It is generally agreed that a threshold 
dose of 5 Gy is no longer tenable and such a threshold, if it exists, may be closer to 0.5 Gy. 
Hence, radiation workers in the US with eye exposure as a consequence of their work may 
be at greater risk for the development of cataracts than anticipated because of the high 
historical dose limits. 

Data are also available from American astronauts who have been exposed not only to low­
LET x-rays but also high-LET HZE radiation in space. While the study numbers are low, 
preliminary indications are that cataract induction in astronauts can occur at doses lower 
than predicted by the 2 Sv threshold model (6, 7). A variety of studies of low-LET radiation 
also suggest that excess cataracts are seen at lens doses under 1 Gy, especially for those 
who are young at the time of exposure (see reviews (8, 9)). 

In addition, for many years it has been reported that radiation-induced cataracts differ from 
those associated with aging and health consequences (diabetes, etc.) by being induced in 
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the posterior subcapsular portion of the eye. Several recent studies, however, have found a 
dose-related excess of cortical opacities as well (10), so both types of cataracts need to be 
considered in epidemiological studies. 

OVERRIDING ISSUES TO ADDRESS 
• /s cataract development stochastic or deterministic? It is not entirely clear whether the 

mechanism for radiation induced cataracts is a deterministic process which requires a 
significant number of cells to become dysfunctional or possibly a stochastic process 
similar to cancer induction that would imply that no matter how low the dose a small risk 
might be present, albeit undetectable. Some evidence supports a stochastic process 
(11 ); while the most recent investigation from the study of the atomic~bomb survivors 
appears consistent with a threshold effect at 0.5 Gy based on surgically removed lenses 
there were no significant findings< 1 Gy and the elevation at dose< 1 Gy appeared only 
in Nagasaki (12). 

• Does protraction rnatter? It is not entirely clear whether the risk following protracted 
exposures is the same or lower than what has been seen following acute or brief 
exposures (11 ). Studies of interventional radiologists and cardiologists indicating that 
protracted exposure can result in serious lens opacities. albeit at high cumulative doses 
(2), and the recent ICRP Publication 118 (9) implies that protraction may not be that 
important in cataract formation. The quantification of dose to the lens is challenging in 
studies of protracted exposure. 

• How should severity of the effect be addressed? Cancer and some non~cancer effects, 
such as coronary heart disease and cataracts, can occur at dose levels lower than 
previously recognized. Coronary heart disease is substantially more serious than a 
cataract. Should equal weight be given to nonfatal outcomes as to fatal ones in 
protection guidance? Should cataracts be placed at the same level of concern as 
radiation induced cancer? And if so, how could lens dose be incorporated into any 
computation of effective dose? The ICRP rneasure of detriment includes a factor for 
lethality but because cataract is a nonfatal outcome, dose to the lens might not 
contribute to effective dose under the current system of protection. 

• If a change is protection litnits is justified, what limit should be considered? The current 
annual dose limit for lens of the eye in the United States is 150 mSv. The ICRP 
recommendation is 20 mSv r'. The annual whole-body dose limit for the United States 
today is 50 mSv and is unlikely to change in the near future. The NCRP 
recommendation for cumulative whole body exposures is 10 mSv x age which is actually 
more conservative (i.e., protective) than the 20 mSv y-1 limit in terms of limiting 
cumulative dose (NCRP Report No. 116; 13). One perplexing issue for the United States 
would be considering a limit to the lens of the eye that is lower than the limit for whole­
body exposure- tile ran1ifications with regard to implementation could be challenging 
and formidable to address. 
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Standard Terms and Conditions for U.S. Nongovernmental Grantees 

Preface 

This award is based on the application submitted to, and as approved by, the Nuclear 
Regulatory Commission (NRG) under the authorization 42 USC 2051 (b) pursuant to section 31 b 
and 141 b of the Atomic Energy Act of 1954, as amended, and is subject to the terms and 
conditions incorporated either directly or by reference in the following: 

• Grant program legislation and program regulation cited in this Notice of Grant Award. 
• Restrictions on the expenditure of Federal funds in appropriation acts, to the extent 

those restrictions are pertinent to the award. 
• Code of Federal Regulations/Regulatory Requirements - 2 CFR 215 Uniform 

Administrative Requirements For Grants And Agreements With Institutions Of Higher 
Education. Hospitals, And Other Non-Profit Organizations (OMB Circulars), as 
applicable. 

To assist with finding additional guidance for selected items of cost as required in 2 CRF 220, g 
CFR 225, and 2 CFR 230 this URL to the Office of Management and Budget Cost Circulars is 
included for reference: http://www.whitehouse.gov/omb/circulars index-ffm. 

Any inconsistency or conflict in terms and conditions specified in the award will be resolved 
according to the following order of precedence: public laws, regulations, applicable notices 
published in the Federal Register, Executive Orders (EOs), Office of Management and Budgel 
{OMB) Circulars, the Nuclear Regulatory Commission's (NRC) Mandatory Standard Provisions, 
special award conditions, and standard award conditions. 

Certifications and Representations: These terms incorporate the certifications and 
representations required by statute, executive order, or regulation that were submitted with the 
SF424B application lhrougti Granls.gov. 

I. Mandatory General Requirements 
The order of these requirements does not make one requirement more important than any other 
requirement. 

1. Applicability of 2 CFR Part 215 

All provisions of 2 CFR Part 215 and all Standard Provisions attached to this granUcooperative 
agreement are applicable to the Grantee and to sub-recipients which meet the definition of 
"Grantee" in Part 215, unless a section specifically excludes a sub-recipient from coverage. 
The Grantee and any sub-recipients must, in addition to the assurances rnade as part of the 
application, comply and require each of its sub-awardees employed in the completion of the 
project to comply with Subpart C of 2 CFR 215 and include this term in lower-tier (subaward) 
covered transactions. 
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Grantees must comply with monitoring procedures and audit requirements in accordance with 
OMB Circular A-133. 

2. Award Package 

§ 215.41 Grantee responsibilities. 
The Grantee is obligated to conduct project oversight as may be appropriate, to manage the 
funds with prudence, and to comply with the provisions outlined in 2 CFR 215.41. Within this 
framework, the Principal Investigator (Pl) named on the award face page, Block 11, is 
responsible for the scientific or technical direction of the project and for preparation of the 
project performance reports. This award is funded on a cost reimbursement basis not to exceed 
the an1ount awarded as indicated on the face page, Block 16, and is subject to a refund of 
unexpended funds to NRC. 

The standards contained in this section do not relieve the Grantee of the contractual 
responsibilities arising under its contract(s). The Grantee is the responsible authority, without 
recourse to the NRC, regarding the settlement and satisfaction of all contractual and 
administrative issues arising out of procurements entered into in support of an award or other 
agreement. This includes disputes, claims, protests of award, source evaluation or other matters 
of a contractual nature, Matters concerning violation of statute are to be referred to such 
Federal, State or local authority as may have proper jurisdiction. 

Subgrants 
Appendix A to Part 215-Contract Provisions 

Sub-recipients, sub-awardees, and contractors have no relationship with NRC under the terms 
of this grant/cooperative agreement. All required NRG approvals must be directed through the 
Grantee to NRC. See 2 CFR 215 and 215.41. 

Nondiscrimination 
This provision is applicable when work under the grant/cooperative agreement is performed in 
the U.S. or when employees are recruited in the U.S. 

The Grantee agrees to con1ply with the non-discrimination requirements below: 

• Title VI of the Civil Rights Act of 1964 (42 USC§§ 2000d et seq) 
• Title IX of the Education Amendments of 1972 (20 USC§§ 1681 et seq) 
• Section 504 of the Rehabilitation Act of 1973, as amended (29 USC § 794) 
• The Age Discrimination Act of 1975, as amended (42 USC§§ 6101 et seq) 
• The Americans with Disabilities Act of 1990 (42 USC§§ 12101 et seq) 
• Parts II and Ill of EO 11246 as amended by EO 11375 and 12086. 
• EO 13166, "Improving Access to Services for Persons with Limited English Proficiency.·· 
• Any other applicable nonMdiscrimination law(s). 

Generally, Title VI of the Civil Rights Act of 1964, 42 USC§ 2000e et seq, provides that it shall 
be an unlawful employment practice for an employer to discharge any individual or otherwise to 
discrirninate against an individual with respect to cornpensation, terms, conditions, or privileges 
of employment because of such individual's race, color, religion, sex, or national origin. 
However, Title VI, 42 USC§ 2000e-1(a), expressly exempts from the prohibition against 
discrimination on the basis of religion, a religious corporation, association, educational 
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institution, or society with respect to the employment of individuals of a particular religion to 
perform work connected with the carrying on by such corporation, association, educational 
institution, or society of its activities. 

Modifications/Prior Approval 
NRC's prior written approval may be required before a Grantee makes certain budget 
modifications or undertakes particular activities. If NRG approval is required for changes in the 
grant or cooperative agreement, it rnust be requested and obtained from the NRC Grants Officer 
in advance of the change or obligation of funds. All requests for NRC prior approval, including 
requests for extensions to the period of performance, should be made, in writing (which includes 
submission by e-mail), to the designated Grants Specialist and Program Office 30 days before 
the proposed change. The request should be signed by the authorized organizational official. 
Failure to obtain prior approval, when required, fron1 the NRC Grants Officer, n1ay result in the 
disallowance of costs, or other enforcement action within NRC's authority, 

Lobbying Restrictions 
The Grantee will comply, as applicable, with provisions of the Hatch Act (5 U.S.C. §§1501-1508 
and 7324-7328) which limit the political activities of employees whose principal en1ployment 
activities are funded in whole or in part with Federal funds. 

The Grantee will comply with provisions of 31 USC § 1352. This provision generally prohibits 
the use of Federal funds for lobbying in the Executive or Legislative Branches of the Federal 
Government in connection with the award, and requires disclosure of the use of non-Federal 
funds for lobbying. 

The Grantee receiving in excess of $100,000.00 in Federal funding shall submit a completed 
Standard Form (SF) LLL, "Disclosure of Lobbying Activities,·· regarding the use of non-Federal 
funds for lobbying within 30 days following the end of the calendar quarter in which there occurs 
any event that requires disclosure or that materially affects the accuracy of the information 
contained in any disclosure form previously filed. The Grantee must submit the SF-LLL, 
including those received from sub-recipients, contractors. and subcontractors, to the Grants 
Officer. 

§ 215. 13 Debarment And Suspension, 
The Grantee agrees to notify the Grants Officer immediately upon learning that it or any of its 
principals: 

(1) Are presently excluded or disqualified from covered transactions by any Federal department 
or agency; 

(2) Have been convicted within the preceding three-year period preceding this proposal been 
convicted of or had a civil judgment rendered against them for commission of fraud or a criminal 
offense in connection with obtaining, attempting to obtain, or performing a public (Federal, 
State, or local) transaction or contract under a public transaction: violation of Federal or State 
antitrust statutes or commission of embezzlement, theft, forgery, bribery, falsification or 
destruction of records, making false statements, tax evasion, receiving stolen property, niaking 
false claims, or obstruction of justice: commission of any other offense indicating a lack of 
business integrity or business honesty that seriously and directly affects your present 
responsibility; 
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{3) Are presently indicted for or otherwise criminally or civilly charged by a governmental entity 
(Federal, State, or local) with commission of any of the offenses enumerated in paragraph 
(1 )(b); and 

(4) Have had one or more public transactions (Federal, State, or local) terminated for cause or 
default within the preceding three years. 

b. The Grantee agrees that, unless authorized by the Grants Officer, it will not knowingly enter 
into any subgrant or contracts under this grant/cooperative agreement with a person or entity 
that is listed as Exclusion on SAM (http/Isam.gov). 

The Grantee further agrees to include the following provision in any subgrant or contracts 
entered into under this award: 

'Debarment, Suspension, Ineligibility, and Voluntary Exclusion' 

The Grantee certifies that neitt1er it nor its principals is presently excluded or disqualified frorr1 
participation in this transaction by any Federal department or agency. The policies and 
procedures applicable to debarment, suspension, and ineligibility under NRG-financed 
transactions are set forth in 2 CFR Part 180.' 

Drug-Free Workplace 
The Grantee must be in compliance with The Federal Drug Free Workplace Act of 1988. The 
policies and procedures applicable to violations of these requirements are set forth in 41 USC 
702. 

Implementation of E.O. 13224 -- Executive Order On Terrorist Financing 
The Grantee is reminded that U.S. Executive Orders and U.S. law prohibits transactions with. 
and the provision of resources and support to, individuals and organizations associated with 
terrorism. It is the legal responsibility of the Grantee to ensure compliance with these Executive 
Orders and laws. This provision must be included in all contracts/sub-awards issued under this 
grant/cooperative agreement. 

The Grantee must comply with Executive Order 13224, Blocking Property and Prohibiting 
Transactions with Persons who Commit, Threaten to Commit, or Support Terrorism. Information 
about this Executive Order can be found at www.fas.org/irp/offdocs/eo/eo-13224.htm. 

Procurement Standards§ 215.40-48 
Sections 215.41 through 215.48 set forth standards for use by Grantees 1n establishing 
procedures for the procurement of supplies and other expendable property, equipment, real 
property and other services with Federal funds. These standards are furnished to ensure that 
such materials and services are obtained in an effective manner and in compliance with the 
provisions of applicable Federal statutes and executive orders. No additional procurement 
standards or requirements will be imposed by the Federal awarding agencies upon Grantees, 
unless specifically required by Federal statute or executive order or approved by OMB. 

Travel 
Travel must be in accordance with the Grantee's Travel Regulations or the US Government 
Travel Policy and Regulations at: www.gsa.gov/federaltravelregulation and the per diem rates 
set forth at www.gsa.gov/perdiem, absent Grantee's travel regulations. Travel costs for the 
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grant must be consistent with provisions as established in Appendix A to 2 CFR 220 {J.53). All 
other travel, domestic or international, must not increase the total estimated award amount. 

Domestic Travel: 
Domestic travel is an appropriate charge to this award and prior authorization for specific 
trips are not required, if the trip is identified in the Grantee's approved prograrn 
description and approved budget. Domestic trips not stated in the approved budget 
require the written prior approval of the Grants Officer, and must not increase the total 
estimated award amount 

All common carrier travel reimbursable hereunder shall be via the least expensive class 
rates consistent with achieving the objective of the travel and in accordance with the 
Grantee's policies and practices. Travel by first·class travel is not authorized unless 
prior approval is obtained from the Grants Officer. 

International Travel: 
International travel requires PRIOR written approval by the Project Officer and the 
Grants Officer, even if the international travel is stated in the approved program 
description and the approved budget. 

The Grantee will comply with the provisions of the Fly American Act (49 USC 40118) as 
implemented through 41CFR301-10.131through301-10.143. 

Property and Equipment Management Standards 
Property and equipment standards of this award shall follow provisions as established in 2 CFR 
215.30-37. 

Intangible and Intellectual Property 
Intangible and intellectual property of this award shall generally follow provisions established in 
2 CFR 215.36. 

Inventions Report· The Bayh-Dole Act (P.L. 96-517) affords Grantees the right to elect 
and retain title to inventions they develop with funding under an NRG grant award 
(''subject inventions"). In accepting an award, the Grantee agrees to comply with 
applicable NRG policies. the Bayh-Dole Act. and its Government-wide implementing 
regulations found at Title 37, Code of Federal Regulations (CFR) Part 401. A significant 
part of the regulations require that the Grantee report all subject inventions to the 
awarding agency (NRC) as well as include an acknowledgement of federal support in 
any palenls. 

Patent Notification Procedures. If the NRC or its Grantees, without making a patent 
search, knows (or has demonstrable reasonable grounds to know) that technology 
covered by a valid United States patent has been or will be used without a license from 
the owner, EO 12889 requires NRC lo notify the owner. If the Grantee uses or has used 
patented technology under this award without license or permission from the owner, the 
Grantee must notify the Grants Officer. This notice does not mean that the Government 
authorizes and consents to any copyright or patent infringement occurring under the 
financial assistance. 

Data. Databases. and Software~ The rights to any work produced or purchased under 
a NRC federal financial assistance award, such as data, databases or software are 
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determined by 2 CFR 215.36. The Grantee owns any work produced or purchased 
under a NRC federal financial assistance award subject to NRC's right to obtain, 
reproduce, publish or otherwise use the work or authorize others to receive, reproduce, 
publish or otherwise use the data for Government purposes. 

Copyright. The Grantee may copyright any work produced under a NRC federal 
financial assistance award subject to NRC's royalty-free nonexclusive and irrevocable 
right to reproduce, publish or otherwise use the work or authorize others to do so for 
Government purposes. Works jointly authored by NRC and Grantee employees may be 
copyrighted but only the part authored by the Grantee is protected because, under 1Z 
USC§ 105, works produced by Government employees are not copyrightable in the 
United States. On occasion, NRC may ask the Grantee to transfer to NRC its copyright 
in a particular work when NRC is undertaking the prin1ary dissernination of the work. 
Ownership of copyright by the Government through assignment is permitted under 1Z 
USC§ 105. 

Records Retention and Access Requirements 
Grantee shall follow established provisions in 2 CFR 215.53. 

Conflict Of Interest Standards 
Conflict of Interest Standards for this award will follow OCOI requirements set forth in Section 
170A of the Atomic Energy Act of 1954. as amended, and provisions set forth at 2 CFR 215.42 
Codes of Conduct. 

Dispute Review Procedures 
a. Any request for review of a notice of termination or other adverse decision should be 
addressed to the Grants Officer. It must be postmarked or transmitted electronically no later 
than 30 days after the postmarked date of such termination or adverse decision from the Grants 
Officer. 

b. The request for review must contain a full statement of the Grantee's position and the 
pertinent facts and reasons in support of such position. 

c. The Grants Officer will promptly acknowledge receipt of the request for review and shall 
forward it to the Director, Office of Administration, who shall appoint an intra-agency Appeal 
Board to review a grantee appeal of an agency action, if required, which will consist of the 
prograrn office director, the Deputy Director of Office of Administration, and the Office of 
General Counsel. 

d. Pending resolution of the request for review, the NRG may withhold or defer payments 
under the award during the review proceedings. 

e. The review committee will request the Grants Officer who issued the notice of 
termination or adverse action to provide copies of all relevant background materials and 
documents. The committee may, at its discretion, invite representatives of the Grantee and the 
NRG program office to discuss pertinent issues and to subn1it such additional information as it 
deems appropriate. The chairman of the review committee will insure that all review activities or 
proceedings are adequately documented. 

f. Based on its review, the committee will prepare its recommendation to the Director, 
Office of Administration, who will advise the parties concerned of his/her decision. 
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Termination of this award will follow provisions as established in 2 CFR 215.60~62. 

Monitoring and Reporting§ 215.50-53 
Grantee Financial Management systems must comply with the provisions in 2 CFR 215.21 

• Payment - 2 CFR 215.22 
• Cost Sl1are - 2 CFR 215.23 
• Program lncome-2 CFR 215.24 

o Earned program income, if any, will be added to funds committed to the project 
by the NRC and Grantee and used to further eligible project or program 
objectives or deducted from the total project cost allowable cost as directed by 
the Grants Officer or the terms and conditions of award. 

• Budget Revision 2 CFR 21 fl.2!5 
o The Grantee is required to report deviations from the approved budget and 

program descriptions in accordance with 2 CFR 215.25 and request prior written 
approval from the Program Officer and the Grants Officer. 

c The Grantee is not authorized to rebudget between direct costs and indirect 
costs without written approval of the Grants Officer. 

o The Grantee is authorized to transfer funds arnong direct cost categories up to a 
cumulative 1 O percent of the total approved budget. The Grantee is not allowed 
to transfer funds if the transfer would cause any Federal appropriation to be used 
for purposes other than those consistent with the original intent of the 
appropriation. 

o Allowable Costs - 2 CFR 215.27 

Federal Financial Reports -
The Grantee shall submit a "Federal Financial Report" (SF~425) on a quarterly basis for the 
periods ending March 31, June 30, September 30, and December 31, or any portion thereof, 
unless otherwise specified in a special award condition. Reports are due no later than 30 days 
following the end of each reporting period. A final SF-425 is due within 90 days after expiration 
of the award. The report should be submitted electronically to the following: 

1. Grants FFR.Resource@NRC.gov {NOTE: Thero is an underscore between Grants and FFR): 
2. RESGrants.Resource@NRC.gov; 
3. Technical Analyst: and 
4. Grants Officer. 

Period of Availability of Funds 2 CFR § 215.28 
If a funding period is specified, a Grantee may charge to the grant only allowable costs resulting 
from obligations incurred during the funding period and any pre~award costs authorized by the 
NRC. 

Unless otherwise authorized in 2 CFR 215.25{e){2) or a special award condition, any extension 
of the award period can only be authorized by the Grants Officer in writing. Verbal or written 
assurances of funding from other than the Grants Officer shall not constitute authority to 
obligate funds for programmatic activities beyond the expiration date. 
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The NRC has no obligation to provide any additional prospective or incremental funding. Any 
modification of the award to increase funding and to extend the period of performance is at the 
sole discretion of the NRG. 

Automated Standard Application For Payments (ASAP) Procedures 
Unless otherwise stated, grantee payments are made using the Department of Treasury's 
Automated Standard Application for Payment (ASAP) system 
htlp://www.frns.treas.gov/asap/index.htrr1I, through preauthorized electronic funds transfers. To 
receive payments, Grantees are required to enroll with the Department of Treasury, Financial 
Management Service, and Regional Financial Centers, which allows them to use the on-line 
method of withdrawing funds from their ASAP established accounts. The following information 
is required to niake ASAP withdrawals: (1) ASAP account number - the award number found on 
the cover sheet of the award; (2) Agency Location Code (ALC)-31000001; and Region Code. 
Grantees enrolled in the ASAP system do not need to submit a ''Request for Advance or 
Reimbursement" (SF-270). 

II. Audit Requirements 

Audits 
Organization~wide or programMspecific audits are performed in accordance with the Single Audit 
Act Amendments of 1996, as implemented by OMB Circular A-133, "Audits of States, Local 
Governments, and NonMProfit Organizations." Grantees are subject to the provisions of OMB 
C.irc.u.ler..il.:.1.33 if they expend $500,000.00 or more in a year in Federal awards. 

The Form SF-SAC and the Single Audit Reporting packages for fiscal periods ending on or after 
January 1, 2008 are submitted online. 

1. Create your online report ID at http://harvester.census.gov/fac/collect/ddeindex.html: 
2. Complete the Form SF-SAC; 
3. Upload the Single Audit; 
4. Certify the Submission; 
5. Click "Submit.'' 

Organizations expending less than $500,000,00 a year are not required to have an annual audit 
for that year but must make their grant-related records available to NRC or other designated 
officials for review or audit. 

Ill. Programmatic Requirements 

Performance Progress (Technical! Reports 
The Grantee shall submit performance (technical) reports electronically to the NRC Project 
Officer and Grants Officer on a quarterly for the periods ending March 31, June 30, September 
30, and December 31, or any portion thereof, unless otherwise specified in a special award 
condition. Reports are due no later than 30 days following the end of each reporting period. 
The report should be submitted electronically to the following: 

Grants PPR.Resource@NRC.gov (NOTE: There is an underscore between Grants and PPR); 

2. RESGrants.Resource@NRC.gov; 

3. Technical Analyst; and 

4. Grants Officer. 
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Unless otherwise specified in the award provisions, performance progress (technical) reports 
shall contain brief information as prescribed in the applicable uniform administrative 
requirements 2 CFR §215.51 which are incorporated in the award. 

Unsatisfactory Performance 
Failure to perform the work in accordance with the terms of the award and maintain al least a 
satisfactory performance rating, may result in designation of the Grantee as high risk and the 
assignment of special award conditions. Further action may be required as specified in the 
standard term and condition entitled "Termination." 

Failure to comply with the award provisions n1ay result in a negative impact on future NRC 
funding. In addition. the Grants Officer may withhold payments; change the method of payment 
from advance to reimbursernent: impose special award conditions; suspend or terminate the 
grant. 

Other Federal Awards With Similar Programmatic Activities 
The Grantee will immediately notify the Project Officer and the Grants Officer in writing if after 
award. other financial assistance is received to support or fund any portion of the program 
description stated in the NRC award. NRC will not pay for costs that are funded by other 
sources. 

Prohibition Against Assignment By The Grantee 
The Grantee will not transfer, pledge, mortgage, or othenwise assign the award, or any interest 
to the award, or any claim arising under the award, to any party, banks, trust companies, or 
other financing or financial institutions without the written approval of the Grants Officer. 

Site Visits 
The NRC. through authorized representatives. has the right to make site visits to review project 
accomplishments and management control systems and to provide technical assistance as 
required. If any site visit is made by the NRC on the premises of the Grantee or contractor 
under an award, the Grantee shall provide and shall require his/her contractors to provide all 
reasonable facilities and assistance for the safety and convenience of the Government 
representative in the performance of their duties. 

IV. Miscellaneous Requirements 

Criminal and Prohibited Activities 
The Program Fraud Civil Remedies Act (31 USC§§ 3801-3812), provides for the imposition of 
civil penalties against persons who make false, fictitious, or fraudulent claims to the Federal 
government for money (including money representing grant/cooperative agreements, loans, or 
other benefits.) 

False statements (18 USC§ 287), provides that whoever makes or presents any false, fictitious, 
or fraudulent statements, representations, or claims against the United States shall be subject to 
imprisonment of not more than five years and shall be subject to a fine in the amount provided 
by 18 USC§ 287. 
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False Claims Act (31 USC 3729 et seq), provides that suits under this Act can be brought by the 
government, or a person on behalf of the government, for false claims under federal assistance 
programs. 

Copeland "Anti~Kickback" Act (18 USC§ 874), prohibits a person or organization engaged in a 
federally supported project from enticing an employee working on the project from giving up a 
part of his compensation under an employment contract. 

American-Made Equipment And Products 
Grantees are encouraged to purchase American-made equipment and products with funding 
provided under this award. 

Increasing Seat Belt Use in the United States 
EO 13043 requires Grantees to encourage employees and contractors to enforce on-the-job 
seat belt policies and programs wl1en operating company-owned, rented or personally-owned 
vehicle. 

Federal Leadership of Reducing Text Messaging While Driving 
EO 13513 requires Grantees to encourage employees, sub-awardees, and contractors to adopt 
and enforce policies that ban text messaging while driving co1npany~owned, rented vehicles or 
privately owned vehicles when on official Government business or when performing any work 
for or on behalf of the Federal Government. 

Federal Employee Expenses 
Federal agencies are barred from accepting funds from a Grantee to pay transportation, travel, 
or other expenses for any Federal employee unless specifically approved in the terms of the 
award. Use of award funds (Federal or non-Federal) or the Grantee's provision of in-kind goods 
or services, for the purposes of transportation, travel, or any other expenses for any Federal 
employee may raise appropriation augmentation issues. In addition, NRC policy prohibits the 
acceptance of gifts, including travel payments for Federal employees. from Grantees or 
applicants regardless of the source. 

Minority Serving Institutions (MSls) Initiative 
Pursuant to EOs 13256 13230, and 13270, NRC is strongly committed to broadening the 
participation of MS ls in its financial assistance program. NRC's goals include achieving full 
participation of MS ls in order to advance the development of human potential, strengthen the 
Nation's capacity to provide high-quality education, and increase opportunities for MS ls lo 
participate in and benefit from Federal financial assistance programs. NRC encourages all 
applicants and Grantees to include meaningful participations of MS ls. Institutions eligible to be 
considered MS ls are listed an the Department of Education website: 
http://www. ed . gov I a bout/offices/Ii st/ ocr I ed I 1te-mi no rityi n st . htm I 

Research Misconduct 
Scientific or research misconduct refers to the fabrication, falsification. or plagiarism in 
proposing, performing, or reviewing research, or in reporting research results. It does not 
include honest errors or differences of opinions. The Grantee organization has the primary 
responsibility to investigate allegations and provide reports to the Federal Government. Funds 
expended on an activity that is determined to be invalid or unreliable because of scientific 
misconduct may result in a disallowance of costs for which the institution may be liable for 
repayment to the awarding agency. The Office of Science and Technology Policy at the White 
House published in the Federal Register on December 6, 2000, a final policy that addressed 
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research misconduct. The policy was developed by the National Science and Technology 
Council (65 FR 76260). The NRG requires that any allegation be submitted to the Grants 
Officer, who will also notify the OIG of such allegation. Generally, the Grantee organization 
shall investigate the allegation and submit its findings to the Grants Officer. The NRC may 
accept the Grantee's findings or proceed with its own investigation. The Grants Officer shall 
inform the Grantee of the NRC's final determination. 

Publications. Videos. and Acknowledgment of Sponsorship 
Publication of the results or findings of a research project in appropriate professional journals 
and production of video or other media is encouraged as an important method of recording and 
reporting scientific information. It is also a constructive means to expand access to federally 
funded research. The Grantee is required to submit a copy to the NRC and when releasing 
inforrnation related to a funded project include a statement that the project or effort undertaken 
was or is sponsored by the NRG. The Grantee is also responsible for assuring that every 
publication of material (including Internet sites and videos) based on or developed under an 
award, except scientific articles or papers appearing in scientific, technical or professional 
journals, contains tt1e following disclaimer: 

"This [reporUvideo] was prepared by [Grantee name] under award [number] from [name of 
operating unit]. Nuclear Regulatory Comn1ission. The statements, findings, conclusions, 
and recommendations are those of the author(s) and do not necessarily reflect the view of 
the [name of operating unit] or the US Nuclear Regulatory Commission." 

Trafficking In Victims Protection Act Of 2000 (as amended by the Trafficking Victims 
Protection Reauthorization Act of 2003) 
Section 106(g) of the Trafficking In Victims Protection Act Of 2000 (as amended as amended, 
directs on a government-wide basis that: 

"any grant, contract, or cooperative agreement provided or entered into by a Federal 
department or agency under which funds are to be provided to a private entity, in whole 
or in part, shall include a condition that authorizes the department or agency to terminate 
the grant, contract, or cooperative agreement, without penalty, if the grantee or any 
subgrantee, or the contractor or any subcontractor (i) engages in severe forms of 
trafficking in persons or has procured a commercial sex act during the period of time that 
the grant, contract, or cooperative agreement is in effect, or (ii) uses forced labor in the 
performance of the grant, contract, or cooperative agreement." (22 U.S.C. § 7104(g)). 

EXECUTIVE COMPENSATION REPORTING 
2 CFR 170.220 directs agencies to include the following text to each grant award to a non­
federal entity if the total funding is $25,000 or more in Federal funding. 

Reporting Subawards and Executive Compensation. 

a. Reporling of first~tier subawards. 

1. Applicability. Unless you are exempt as provided in paragraph d. of this award term, you ll)USt 
report each action that obligates $25,000.00 or more in Federal funds that does not include 
Recovery funds (as defined in section 1512(a)(2) of the American Recovery and Reinvestment 
Act of 2009, Pub. L. 111-5) for a subaward to an entity (see definitions in paragraph e. of this 
award term). 
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i. You must report each obligating action described 1n paragraph a. 1. of this award term to 
http://www.fsrs.gov. 

ii. For subaward information, report no later than the end of the month following the month in 
which the obligation was made. (For example, if the obligation was made on November 7, 2010, 
the obligation must be reported by no laterthan December 31, 2010.) 

3. What to report. You must report the information about each obligating action that the 
submission instructions posted at http://www.fsrs.gov specify. 

b. Reporting Total Compensation of Recipient Executives. 

1. Applicability and what to report. You must report total compensation for each of your five 
most highly compensated executives for the preceding completed fiscal year, if~ 

i. the total Federal funding authorized to date under this award is $25,000.00 or more: 

ii. in the preceding fiscal year, you received-

{A) 80 percent or more of your annual gross revenues from Federal procurement contracts (and 
subcontracts) and Federal financial assistance subject to the Transparency Act, as defined at g 
CFR 1/0.320 (and subawards); and 

(B) $25,000,000 or more in annual gross revenues from Federal procurement contracts (and 
subcontracts) and Federal financial assistance subject to the Transparency Act, as defined at g 
CFR 170.320 (and subawards); and 

iii. The public does not have access to information about the compensation of the executives 
through periodic reports filed under section 13(a) or 15(d) of the Securities Exchange Act of 
1934 (15 U.S.C. 78m(a), 78o(d)) or section 6104 of the Internal Revenue Code of 1986. (To 
determine if the public has access to the compensation information, see the U.S. Security and 
Exchange Commission total compensation filings at http:!!www.sec.qov!answers!execon1p,htm.) 

2. Where and when to report. You must report executive total compensation described in 
paragraph b. 1. of this award term: 

i. As part of your registration profile at http://www.sam.gov. 

ii. By the end of the month following the month in which this award is made, and annually 
thereafter. 

c. Reporting of Total Compensation of Subrecipient Executives. 

1. Applicability and what to report. Unless you are exempt as provided in paragraph d. of this 
award term, for each first-tier subrecipient under this award, you shall report the names and 
total compensation of each of the subrecipient's five most highly compensated executives for 
the subrecipient's preceding completed fiscal year, if~ 
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(A) 80 percent or more of its annual gross revenues from Federal procurement contracts (and 
subcontracts) and Federal financial assistance subject to the Transparency Act, as defined at f. 
CFR 170.320 (and subawards); and 

(B) $25,000,000 or more in annual gross revenues from Federal procurement contracts (and 
subcontracts), and Federal financial assistance subject to the Transparency Act (and 
subawards); and 

ii. The public does not have access to information about the compensation of the executives 
through periodic reports filed under section 13(a) or 15(d) of the Securities Exchange Act of 
1934 (.1.§ .. .IL§.,.G., 78m(a), 78o(d)) or section 6104 of the Internal Revenue Code of 1986. (To 
determine if the public has access to the compensation information, see the U.S. Security and 
Exchange Commission total compensation filings at http://www.sec.qov/answerslexecomp.l1tm.) 

2. Where and when to report. You must report subrecipient executive total compensation 
described in paragraph c.1. of this award term: 

i. To the recipient. 

ii. By the end of the month following the month during which you make the subaward. For 
example, if a subaward is obligated on any date during the month of October of a given year 
(i.e., between October 1 and 31 ), you must report any required compensation information of the 
subrecipient by November 30 of that year. 

d. Exemptions 

If, in the previous tax year, you had gross income, from all sources, under $300,000.00, you are 
exempt from the requirerr1ents to report: 

i. Subawards, 

and 

ii. The total compensation of the five most highly compensated executives of any subrecipient. 

e. Definitions. For purposes of this award term: 

1. Entity means all of the following, as defined in 2 CFR part 25: 

i. A Governmental organization, which is a State, local government, or Indian tribe: 

ii. A foreign public entity; 

iii. A domestic or foreign nonprofit organization; 

iv. A domestic or foreign for-profit organization; 
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v. A Federal agency, but only as a subrecipient under an award or subaward to a non-Federal 
entity. 

2. Executive means officers, managing partners, or any other employees in management 
positions. 

3. Subaward: 

i. This term means a legal instrument to provide support for the performance of any portion of 
the substantive project or program for which you received this award and that you as the 
recipient award to an eligible subrecipient. 

ii. The term does not include your procurement of property and services needed to carry out the 
project or program (for further explanation, see Sec. _ .21 O of the attachment to OMB Circular 
/\ 133, "/\udits of States, Local Governments. and Non-Profit Organizations"). 

iii. A subaward may be provided through any legal agreement. including an agreement that you 
or a subrecipient considers a contract. 

4. Subrecipient means an entity that: 

i. Receives a subaward from you (the recipient) under this award: and 

ii. Is accountable to you for the use of the Federal funds provided by the subaward. 

5. Total compensation means the cash and noncash dollar value earned by the executive during 
the recipient's or subrecipient's preceding fiscal year and includes the following (for more 
information see 17 CFR 229.402(c)(2)): 

i. Salary and bonus. 

ii. Awards of stock, stock options, and stock appreciation rights. Use the dollar amount 
recognized for financial statement reporting purposes with respect to the fiscal year in 
accordance with the Stalernent of Financial Accounting Standards No. 123 (Revised 2004) 
(FAS 123R), Shared Based Payments. 

iii. Earnings for services under nonwequity incentive plans. This does not include group life, 
health, hospitalization or medical reimbursement plans that do not discriminate in favor of 
executives, and are available generally to all salaried employees. 

iv. Change in pension value. This is the change in present value of defined benefit and actuarial 
pension plans. 

v. Above-market earnings on deferred compensation which is not tax-qualified. 

vi. Other compensation, if the aggregate value of all such other compensation (e.g. severance, 
termination payments, value of life insurance paid on behalf of the employee, perquisites or 
property) far the executive exceeds $10,000.00. 



UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

September 30, 2014 

Dr. John Dunning Boice 
National Council on Radiation, Inc. 
Protection and Measurements 
7910 Woodmont Ave, Suite 400 
Bethesda, Maryland 20814 

VIA Electronic Mail 
boice@ncrponline.org 

SUBJECT: GRANT NO: NRC-HQ-60-14-G-0012 

Dear Dr. Boice: 

Pursuant to the authority contained in the Federal Grant and Cooperative Grantee Act of 
1977 and the Atomic Energy Act of 1954, the Nuclear Regulatory Commission (NRC) 
hereby awards to National Council on Radiation Protection and Measurements 
(hereinafter referred to as the "Grantee" or "Recipient"), the sum of $675,000.00 to 
provide support for" Radiation Protection Guidance for the United States" entitled 
"Program Description." 

This award is effective as of the date of this letter and shall apply to expenditures made 
by the Grantee furtherance of program objectives during the period beginning with the 
effective date of September 30, 2014 and ending September 29, 2017. 

This award is made to the Recipient on condition that the funds will be administered in 
accordance with the terms and conditions as set forth in Attachment A (the Schedule); 
Attachment B (the Program Description): and Attachment C (the Standard Provisions); 
all of which have been agreed to by your organization. 

Please ensure individuals selected as beneficiaries of support under this grant nieet the 
legal requirements consistent with recent Supreme Court Decisions including Fisher, 
Gratz, and Grutter. 

Please sign the enclosed grant to acknowledge your receipt of the award, and return as 
a pdf file to Ms. Gordana Zuber by email at Gordana.Zuber@nrc.gov. 

Attachments: 
Attachment A Schedule 

Sincerely yours, 

... /,0,,./,,, . /,;,,)Jr"(" 
Sheila Bumpass 
Grants Officer 
Resources & Grants Team 
Acquisition Management Division (AMD) 

Attachment B Program Description 
Attachment C - Standard Terms and Conditions 
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One Million U.S. Radiation Workers and Veterans Study_081712.docx 

One Million U.S. Radiation Workers and Veterans Study_081712.docx 

l·iere's the RES NUREG one-pager. Out of date, but shows our optimism back in 2012 
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Office of Nuclear .i.} 
Regulatory Resear91 

Radiation Worker Health Studies 

Background 

The U.S. Nuclear Regulatory Commission (NRG) 
has entered into an interagency agreement with the 
DOE Office of Science (SC) Low Dose Radiation 
Research Program to study the health effects of 
over one-million radiation workers and atomic 
veterans. Supporting DOE and this multi-agency 
effort will provide valuable new information for future 
radiation protection standards-setting bodies and 
any resultant occupational radiation dose standards. 

The significance of the proposed research is 
considerable, because it applies directly to existing 
concerns about standards for chronic radiation 
exposure. Much knowledge has been gained from 
the study of atomic bomb survivors, but exposure 
was acute and among a Japanese popL1lalion living 
in a war-torn country. Scientific and medical 
corrirnittees continue to grapple with t1ow best to 
eslin1ate risks associated with the gradual 
exposures received from environmental, medical 
and occupational radiation. Recent studies, though 
lin1ited, have suggested that chronic exposures may 
be more hazardous than currently accepted. 
Governmental agencies must deal with the complex 
issues of compensating prior workers, veterans and 
citizens potentially harmed by past exposures. 
Protection con1mittees deliberate over how best to 
estimate and apply a "dose and dose rate 
effectiveness factor" to scale the risks from the a~ 
bomb survivor data for relevant and current 
circumstances. Evaluation of risk among persons 
with intakes of radioactive substances assumes 
greater importance as society debates expansion of 
nuclear energy and deals with nuclear waste and 
threats of terrorist attacks with nuclear devices. The 
remarkable increase in population medical 
exposures to CT scans and other imaging 
technologies has raised concerns of fL1ture health 
consequences. 

Approach 

A unique opportunity exists to assemble over one 
million radiation workers and military veterans, follow 
them to the present, calculate rates of mortality from 
cancer and other diseases, reconstruct radiation 
doses received (including doses from inhaled or 
ingested radionuclides), and provide new and 
essential knowledge on the level of lifetime risk from 
low~level ionizing radiation experienced chronically 

and beginning over 60 years ago. The methodology 
will follow the state-of-the-art approach recently used 
in studying cancer and other diseases among 
Rocketdyne radiation workers. 

0~ENE:iOY I =~I LOW CIOSE RADIATION RESEARCH l'itOORAM 

Collaborating institutions: U.S. National Council on 
Radiation Protection and Measurements (lead), 
Vanderbilt University, Oak Ridge Associated 
Universities, Oak Ridge National Laboratory, Los 
Alamos National Laboratory, Landauer, Inc., Risk 
Assessment Corporation, Harvard Medical School, 
University of Southern California, and the International 
Epidemiology Institute. 

Collaborating or cooperating agencies: Departrnent 
of Energy, Department of Defense, Department of 
Veteran Affairs, National Cancer Institute, National 
Aeronautics and Space Administration. 

Study Status 

Research began on the nuclear power worker cohorts 
in the fall of 2012. We expect to see the results in late 
2014. The study webpage can be accessed at 
http· I fwww. on eml 11 ionwo rke rs tu dy. o rg I 

For More Information 
Contact Terry Brock at 301~251~7487 or 
T eri·y. Brock@nrc.gov 

08/2012 



05/26/2016 T.Brock/M. Weber 

Issue: NCRP to recommend reducing occupational dose limit to the lens of the eye from 
15 rem per year to 5 rem per year. 

The U.S. National Council on Radiation Protection and Measurements (NCRP) plans to 
recommend in a forthcoming NRC~sponsored commentary to reduce the dose limit to the lens of 
the eye to 5 rad (50 mGy) per year~equivalent to 5 rem (50 mSv) per year for low linear energy 
transfer radiation. The NRC's current dose lirnit is 15 rem (150 mSv) per year-eslablished in 
1991 based on the International Commission on Radiological Protection (ICRP) 
recommendations at the time (i.e., ICRP report 60). The NCRP proposed reduction is based on 
recent epidemiological evidence SLJggesting vision impairing cataracts at doses lower than 
previously considered when setting the current NRC dose limit. 

• NCRP expects to publish the final report in September of 2016 

• ICRP in 2012 recommended reducing the limit to 2 rem (20 mSv) in a year, averaged over 5 
years, with no single year exceeding 5 rem (50 mSv) (ICRP report 118). 

• The International Atomic Energy Agency (IAEA) and cooperating agencies soonMafter 

adopted the ICRP recommendation in the Basic Safety Standards. The European Union in 
2014 adopted the ICRP recommendation-must be implemented by 2018 

• NRG in 2014 accepted an NCRP grant proposal of $325,000 to provide a Commentary 
review for a period of performance from September 30, 2014 to September 29, 2016. 

• NRC was considering revising the limit in the recently canceled update to 1 O CFR 20. 

• A review of the NRC's Radiation Exposure Information and Records System (REIRS) data 
for CY 2014 found no individual exceeded the NCRP proposed recommended 5 rem per 
year limit recommendation (maximum individual annual eye dose reported was 4.832 rem). 
56,604 had measurable dose to the lens of the eye, with 13% (7,358) of those workers 

receiving doses> 25o/o of the current eye dose limit 

• REIRS does not collect dose information for medical practitioners (e.g., interventional 
cardiologists} and only collects limited industrial radiographer data. NRG would only be 
aware of doses exceeding current limits. 

• EPRI is considering this issue and is meeting on June 1~2 in Charlotte to discuss. 

• The staff will develop and recommend to the Commission a path forward once we receive 
and have reviewed NCR P's commentary. 
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Terry A. Brock, Ph.D. - NRG 
February 15, 2012 
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REIRS - Designed with health 
studies in mind 
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Or. Samuel Broder, Director 
National Cancer Institute 
Department of Health and Human 

Services 
9000 Rockville Pike 
Building JI, Ro0/11 11A4B 
Bethesda, Maryland 20892 

Dear Or. Broder: 

WASHINGTON, D. C. 20555 

March 5, 1991 

c:<>\\ 
'IS-'<}· 

't-e<:-<:-e 

. ~<fl''(><:-
0"<:-'<>' 

I am writing to lnforu you of the fluc1ear Regulatory Comission 1s (~RC's) 
decisior. to establish new reporting requirements for radiation exposure 
information and to reques~ tne views of the National Cancer Institute (NC!) on 
thP rpl~tivr mrrits of con~uctin~ ~~ditional ril~inrpide~io1ogica1 studies on 
radiation t1orkers. As you know, the NCI in 1986 requested that the Cormission 
consider incorporating provisions for a Registry of Radiation Workers into the 
final revision of 10 CFR Part 20. 1 am pleased to inform you that the Commis­
sion has approved the final revision of 10 CFR Part 20 and that the final rule 
contains reporting requirements that will allow th~ collection of information 
necessary to establish such a registry. A tota1 of seven categories of 
licer,sees, including nuclear power re~ctors, fuel cycle facilities, radiog­
raphers, major byproduct materials facilities, high- and low-le~el waste 
repositories, and independent spent fuel storage facilities, will be required 
to provide dose records for each monitored employee for each year. The 
Corrmission will retain this information in its currently existing Radiation 
Exposure Information Reporting System (RE!RS) for potential use in epidemio­
logic studies. 

2 
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REIRS Database 

• Began in 1969, collecting: 

- Annual distribution of dose per licensee 

- Termination records of individual exposure 

• In 1974, the systems were split between NRC 
REIRS and DOE Radiation Exposure Monitoring 
System databases 

• In 1989, REIRS database was moved to Oracle 

• In 1995, the NRC and DOE systems were 
brought back together and are separate Oracle 
databases on the same server at ORAU 

3 
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Individual Dose Records 

• The dose records are identified by individual (Pll) 

• Termination records that were submitted under 
10 CFR 20.408 from 1969 up to 1994. Records 
go back to the 1940s. 

• Responses to the Generic Letter 94-04 that 
requested records that had not been reported 
prior to the revision of Part 20. 

• Individual monitoring records under 10 CFR 
20.2206 for all required NRC licensees from 1994 
to the present. 

4 
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Individual Information 

• Full name 

• ID number 

• ID type 
- (social security number, passport number, 

international drivers license, Canadian social index, 
work permit number, NEl's PAD system id number, 
other) 

- 98.So/o of the individuals are identified by SSN 

• Date of birth 

- 83.9% of the individuals have date of birth, or 
at least the year of birth 

5 
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Exposure data 
• Type of licensee (NRC program code) 

- Vast majority are nuclear power plant 

• Dates of monitoring (typically annual, but some 
shorter increments) 

• External dose 
- Deep dose total (includes neutron) 

- Shallow dose whole body 

- Shallow dose to max extremity 

• Internal dose 
- Requirements have changed over time 

- Old requirements had 0/oMPBB or dose to organ 

- Since 1994 - has CEDE, COE, intake µCi, radionuclide 
6 
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Totals: 
• # of individuals in database: 

910,934 -largest in the world 

{- 1.2 million after data clean-up) 

• Exposure records: 

5,864,765 

• Individuals with measurable dose: 

578,523 (63°/o) 
7 
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Database size - UK vs. US-NRC 
Lifetime dose rem• 

<1.0 

1.0-4.9 

5.0 - 9.9 

10.0 and above 

Total 

Number of 
individuals 

118,766 68% 

35,402 20% 

9,869 6% 

10,504 6o/o 

174,541 

Collective dose 
(person rem') 

24,500 

84,000 

69,200 

257,100 

434,800 

*Converted from sieverts in the original Muirhead study 

" *•*•*•* .. ,.,.* .......... .. .... ,. ........ . ........... ,.. .. 
*•1r"***• ' 

~ 

Lifetime dose (rem) 

0 

>O - 1.0 

1.0-4.9 

5.0 - 9.9 

10.0 - 49.9 

50.0 - 99.9 

100 & above 

Total 

6% 

19% 

16% 

59% 

Number of 
individuals 

332,411 36°/o 

395,758 43% 

126,254 14% 

31,841 3o/o 

24,290 3°/o 

345 0% 

35 Oo/o 

910,934 

Collective dose 
(person rem) 

0 Oo/o 

86,437 Bo/o 

295,582 28% 

223,291 21°/o 

429,720 40o/o 

21,396 2% 

5,962 1 o/o 

1,062,387 
8 
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What about Industrial 
Radiographers? 

NRC Industrial Radiography Workers by Lifetime Dose and First Radiation Work 

Period <1.0 

I 940-44 1,466 

·1 S!45-49 414 

I 950-54 76'1 

1 Sl55-~1Sl 933 

I 960-64 1,866 

1 S!65-69 4,452 

1970-74 7.590 

1S!75-7Sl 4.250 

I 980-84 2,328 

·1 S!85-8Sl 2,004 

I 990-94 2.406 

1 S!95-9Sl 2.720 

2000-04 2.118 

2005+ 2.502 

Total 35,810 

Dose Range (rem) 

1.0- 5.0- 10.0+ 

388 128 100 

·115 57 66 

359 '151 130 

422 193 236 

834 371 492 

1.813 666 626 

1,966 478 446 

1,740 614 r:_,·17 

1,010 371 321 

642 208 130 

811 271 175 

892 212 127 

947 237 57 

1.007 5 

12,946 4,032 

Total 
number of 
workers 

2,082 

652 

1,40 I 

1,784 

3,563 

7,S'E.17 

10.480 

7, 121 

4,030 

2,984 

3,663 

3,SlS 1 

3,359 

3,5£12 

56,219 

Collective dose 
(person rem) 

4.074 

2.312 

5.152 

7.417 

15,096 

22,818 

18.637 

18,946 

11,46 I 

5.5'1 I 

7.318 

6.068 

5.169 

3.484 

133,462 

-7500 workers > 5 rem 

Mean dose 
(rem) 

1.96 

3.55 

368 

4 '16 

4.24 

302 

178 

266 

2.84 

1.85 

200 

1 _r:_,4 

1.54 

0.£!7 

2.37 
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Health Studies - epidemiology 

• The primary basis for our judgments 
and decisions on the effects of 
ionizing radiation on man 

• Epidemiology is the study of the 
distribution and determinants of 
disease in human populations 

3 
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Current Risk Estimates 

• Based on high 
dose, dose-rate i CURVE "A" • // 

,,,,"' ,,,,. 
• 

~ ,,,, 
u / exposures § CURVE ·e· : 
~ LINEAR. NO THRESHOLD .,,,,,,.""" 

LNT . t I t' - SLOPE ... L / CURVE"C" • 1n erpo a ion ij \ ,,,,"' • "LOW oosE RATE"_.-

5 ,,, SLOPEolEa --to lower dose and ;!: ,, "' ..... -"--:~~--
,,,."' -- --dose rates 

• Dose and Dose­
Rate Effectiveness 
factor (DDREF) 

,,.,,,,, -- - - 'CURVE•o" 
/./ Q'?~J.. - - - LIMITING SLOPE FOR 

,,,," SU - LOW DOSE RATE 

ABSORBED DOSE ---+ 
NCRP 
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LNT - Plausible and Practical 
Although Risk Below 10 REM Uncertain 
From ICRP 103: the adoption of 

the LNT model combined 
with a judged value of a dose 
and dose rate effectiveness 
factor (DDREF) provides a 
prudent basis for the practical 
purposes of radiological 
protection, i.e., the 
management of risks from 
low dose radiation exposure. 

Ooae-Reepoose Relationehipe 

Radiation epidemiology has yet 
to tell us about low dose and 
low dose rate exposures 

-
Ekl•::tl.91oonoJ 
1nc11Jerlc& 

Probability of cancE!f 

I 

Back9round t 
"''' 

/ 

--­
' 

' -
I 

I 

I 
I I 

I I 

I ' 
I I 

I 

Dose 

Boice, 2-22-11 
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Why now? 

• Industry interest EPr211•, ' 

• Scientific interest \])ENERGY I~: LOW OOSE RADIATION RESEARCH llROGRAM 

• Health outcomes for early nuclear 
workers 

• Graying expertise 

6 
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BEIR VII Recommendation 

"Studies of occupational radiation 
exposures, particularly among 
nuclear industry workers, including 
nuclear power plant workers, are well 
suited for direct assessment of the 
carcinogenic effects of long-term, low 
-level radiation exposure in humans." 

7 
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• 174,541 workers 

• 2009 analysis (3rd analysis) 
- Increasing cancer risk with dose 

• Leukemia and solid cancer mortality and 
incidence 

- Overall mortality less than expected 
when compared to the general 
population - "Healthy Worker Effect" s 
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NRC's Radiation Exposure 
Information and Reporting 
System (REIRS) for Radiation 
Workers 

Average Measurable Dose per Worker• 
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Totals: 
• # of individuals in database: 

910,934 -largest in the world 

{- 1.2 million after data clean-up) 

• Exposure records: 

5,864,765 

• Individuals with measurable dose: 

578,523 (63°/o) 
1 1 
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What about FSME? 

I NRC Industrial Radiography Workers by Lifetime Dose and First Radiation Work 

Period <1.0 

1940-44 1,466 

I £!45-49 414 

1950-54 761 

1 ~l55-~1~l 933 

1960-64 1,866 

1 £165-69 4,452 

1970-74 7,590 

1£!75-7£1 4.250 

1980-84 2,328 

I £!85-89 2,004 

1990-94 2,406 

1 £195-99 2,720 

2000-04 2, 118 

2005+ 2,502 

Total 35,810 

Dose Range (rem) 

1.0- 5.0-

388 128 

-115 57 

359 151 

422 193 

834 371 

1,813 666 

1,966 478 

1,740 614 

1,010 371 

642 208 

811 271 

892 212 

947 237 

1.007 E 12,946 

10.0+ 

100 

66 

130 

236 

492 

626 

446 

~,-17 

321 

130 

175 

127 

57 

Total 
number of 
worlcers 

2,082 

6~52 

1,40 I 

1,784 

3,563 

7,557 

10.480 

7, 121 

4,030 

2,984 

3,663 

3,£151 

3,359 

Collective dose 
(person rem) 

4,074 

2.312 

5,152 

7.417 

15,096 

22.818 

18,637 

18,946 

11,46 I 

5.51'1 

7,318 

6.068 

5,169 

~h359~ 3.484 

133,462 ' &,21 

- 7500 workers > 5 rem 

Mean dose 
(rem) 

1.96 

3.55 

368 

4 16 

4.24 

302 

1.78 

2_66 

2.84 

1.85 

200 

1_54 

154 

0.£!7 

2.37 
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Database size - UK vs. US-NRC 
Lifetime dose (rem') 

<1.0 

1 0 -49 

5.0 - 9.9 

10.0 and abo;e 

Total 

Number of 
individuals 

118,766 68% 

35,402 20% 

9,869 6% 

10,504 6°/o 

174,541 

Collective dose 
(person rem') 

24,500 

84,000 

69,200 

257,100 

434,800 

*Converted from sieverts in the original Muirhead study 

Lifetime dose (rem) 

0 

>O - 1.0 

1.0-4.9 

5.0 - 9.9 

10.0 - 49.9 

50.0 - 99.9 

100 & abo;e 

Total 

6o/o 

19% 

16% 

59% 

Number of 
individuals 

332,411 36°/o 

395,758 43% 

126,254 14% 

31,841 3°/o 

24,290 3°/o 

345 QO/o 

35 QO/o 

910,934 

Collective dose 
(person rem) 

0 Oo/o 

86,437 8°/o 

295,582 28% 

223,291 21 o/o 

429,720 40o/o 

21,396 20/o 

5,962 1 o/o 

1,062,387 
13 
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Future Studies 

- Last -10 years focused on biology 

- Now plan to perform occupational worker 
epidemiology studies in these cohorts 

• Uranium miners Plutonium workers 

• Atomic Veterans Nuclear Power 

• Medical Combined cohorts 

14 
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Government Collaborators w/ 
DOE 
• Department of Defense 

• National Institutes of Health -
National Cancer Institute 

• Veterans Affairs 

• Centers for Disease Control -
NIOSH, EPA, NASA (interest) 

15 
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Research Collaboration - 5 year 
proposal already accepted 
• International Epidemiology Institute, Rockville, Maryland 

- John Boice, Sc.D. 

• Oak Ridge Associated Universities, Oak Ridge, Tennessee 
- Donna Cragle, Ph.D., Richard Toohey, CHP, Ph.D., Derek 

Hagemeyer, REIRS PM 

• Oak Ridge National Laboratory, Oak Ridge, Tennessee 
- Keith Eckerman, Ph.D., Richard Leggett, Ph.D. 

• University of Southern California, Los Angeles, California 
- Daniel 0. Stram, Ph.D. 

• Vanderbilt University, Nashville, Tennessee 

• Risk Assessment Corporation, Neeses, South Carolina 
- Jon E. Till, Ph.D. 

• Los Alamos National Laboratory, Los Alamos, New Mexico 
16 
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Next Steps 

• User-need request 

• Possible Options 
- lnteragency Agreement with DOE Low­

Dose Research Program to ensure 
NRC interests are met 

- Sole-source with ORAU 

- Commercial solicitation 

17 
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Fram: 
Sent: 
To: 

Brock, Terry 
11 Apr 2016 12:30:46 +ODDO 
Tadesse, Rebecca 

Cc: Armstrong, Kenneth 
Subject: Re: ACTION: OED0-16-00193 ·Briefing Package Request for Meeting 
with National Council on Radiation Protection & Measurements on April 25, 2016 

The NCRP could help the NRC by completing the analysis and publication of the health 
studies on the early nuclear power plant and industrial radiographer worker cohorts. 

Additionally, the NCRP could provide assistance by completing the ongoing review of 
the adequacy of LNT for use in radiation protection by the first quarter of CY 2017 or 

earlier. 

From: Tadesse. Rebecca 
Sent: Monday, April 11, 2016 8:20 AM 
To; Brock. Terry 
Cc: Annstrong, Kenneth 
Subject: RE: ACTION: OEDO- J 6-00193 • Briefing Package Request for iv1eeting \Vith National 
('ouncil on Radiation Protection & Measurements on April 25, 2016 
"rerry _ 
I did not reali7e you are at NC'RP 1neeting ju~t give 111e a couple of sentences \Vhztt additional 
\vork they can do and I \vJJI update the other part or the briefing book before I leave for the 
airport. 
Fro1n: Brock. T~·rry 
Sent: Monday, i\pril 11, 20 16 8:07 i\M 
'ro: ,\nnstrong, Kenneth: Tadesse, Rebecca 
Subject: Re: /\CT!Ol\: ()Ef)(). 16~00103 Briefing Package f{cqucst for lvlccting \Vi th National 
('uuncil on Radiallon Protection & Measure1nents on .t\pril 25, 2016 

Nothing else to add. We already have NCRP working on a number of things for us as I 

listed in the update. 

Terry 

Front: J\nnstrong, Kenneth 
Sent: rriday, April 8. 2016 10:29 Al\.1 
To: Tadesse. Rebecca: Brock. Terry 
Subject; f.ZE: 1\C:TJON: ()[f)Q. J 6·00193 Briefing Package Request for \1ceting \Vi th 1\ational 
(:ouncil on Radiation Protection,').;, l\1easuren1ents on April 25, 2016 
1\1y bad. off n1y TA game, here \Vas the 111ost recent version (sent up): 
View ADAMS PS Properties MLl6089A067 
(?.!29.!) ... A.J2.A.~JS. .. P.~.J2Q.tr.1!!JJ.9.r.!..l().J:~QJ2::.!.f2::.0.0 . .L9.J .. : ... R.9.D.9.£ .. I.~.Y.lQL ... .t?.(:JY.!.,'.'J.B..i. .. B.!J).§.j.l.r9.; 
Briefing Package Request t'i.Jr Meeting v .. ·ith ihc National C'ouncil on Radiation Protection 

Hnd Measure1nents (l\'JlC'P) on J\!larch 30. 2016 (Briefing Book/llES)) 
In the profile, \Ve can find the \VOrd version to update the front page and anything else'? Pl..:-llse 
note the fnllo\ving question: 
Then a broad question to the c:onunissioncr as to any areas he felt the N(:RP rnight be 
helpful to the NRC' mission. 



c:an 1.ve send this book up (perhaps \vith the HPS bo(1k) early next \veek'? 
From: Annstrong. Kennelh 
Sent: Thursday, April 07. 2016 10:06 ,'\!VI 
To: Tade~se, Rebecca <Rebecca.Tadesse.ra..'nrc.iiov>: Rrock, Terry <Terry.Rrock(a'nrc.gov> 
Subject: F\V: AC'TJ()N: OLL)l)~ l 6~00193 l3ricfing Package Request for /\1ceting \Vi th 
National C:ouncll on Radiation Protection & Measuren1ents on April 25, 2016 
Importance: High 

I believe that vl'cjust need to change the first page: 
\iievv ADANIS P8 Properties ['v1L l 3360,4.322 
Open AI)AMS PS Docutnent (Brieling Package ror Meeting 1,vith NCRP (t\ational 
Council on Radiation Protection and Measuren1ents) on January 3. 2014 (RES).) 
F'ro1n: f'idsH.csP111daJvlail Itcso\lrcc 
Sent: Thursday, i\pril 07. 2016 9:58 A./\1 
To: .r\nnstrong, Kenneth <'.Kenneth./\n11stn1ng.rivnrc.gnv> 
Subject: FW: AC'TJON: C>E[)(}~ 16~0019~ Briefing Package H.equest for Meeting \Vi th 
National Council on Radiation Prt\leclion & Measuren1ents on April 25, 2016 
ln1portance: High 

Good \1orning! 
Ken, 
A ne\\' acti0n has been assigned tc> your Division: 
Subject: Briefing Package J{equest for Meeting \vlth the National Council on TZadiation Protection 
and Measure1nents (NRC.~P) on 1\pril 25. 2016 
Due to OFDO Christian Araguas April 14, 2016 
Ken, they only need 2 copic-:;. 
Subject Matter: E1nail be\o\v 
From: Laura Atv./cll l1nailto:Laura.At\vcllC<l'ncmonlinc.or!.!J 
Sent: Thursday, 1\rril 07, 2016 9: l 7 .1\M 
To: Bloon1er. Ta1nara <Tan1ara.Bloon1er(ri'nrc.2ov>-
Subjcct: rExten1al_Sender] RE: Topics of discussion \Vith Con11nissioner Ostendorff. 
Iii Ta1nn1y. 
Herc arc sonic discussion roints: 
Brief introduction ofNCRP and ho\V \Ve have \Vorked closely over the decades \Vith NRC' 
Brief 1nention of ongoing collaboration \Vith NRC on ( 1) Million Person Study (2) 
(iuidancc for Regulations for lJS and (3) Ciuidancc for lens of the eye and (4) guidance 
on the use of Ll'\T (Linear Non Threshold) 1nodel for radiation rrotcetion. 
C'ollaboraiions \Viih the Nuclear Navy 
Then a broad question to the C'on1111issioner as to any areas he felt the NCRP 1night be 
helpful to the NRC: 1nission. 

Thanks. 

Laura 

Thank you. 
Kevin 
From: Ef)()RriefingPkgReque'it Resource 
Sent: \Vcdncsday. April 06, 2016 10:09 AM 
·ru: Ridsf{esPindaMail Resource <RidsResP1ndaMail.Resource(c/'nrc.gov>: Johnson, Kevin 
<KcvinJohnson-'ii.:nrc.gov> 



Cc: Araguas. C:hristian <,C:hristian .. i\raguas(c-unrc.gov> 
Subject: AC:TIO'.'-l: OEl)0-16-00193 - Briefing Package H.cqucst for !'vtccting \vi th National 
(\;u111.:il on Radiation P1ol!:::<.:lion & l\llt:asurt:n1t:nts vn 1\pril 25, 2016 

Good 111orning. 
Pk:asc rcvic\v the additional briefing packag..: requests b..:lo~v fro1n ('.0111111issioncr OstcndorfCs 
office for ticket ()ED()~ 16~00177. The inco1ning e~1nail \Vas added into lht: AD,i\.MS packugt: 
t\tfl 160811\220). Note: the due date to OEfJ() is /\pril 14, 2016. 
Thank you. 
Denise 
\iie\\1 /\DAMS P8 Properties ML 16097/\180 
Op..:n ALJAl\1S PS LJocun1cnt (OLL)l)-16-00193 - Linda I !err. (J(:l\1/\VC'l), Einail re: Uriefing 
e.<:\~:h.t:g\J3._yq~J\_~JJl)IJY1\.~ti.Dg __ ~yj!!t1hY .. N.'.:\!j_~?I~~J1J:_~n!I~~;jJJ2It.R.<:\~1i-<:\tj9JJ_J?I~?l~-Yti9Jt.<:\!I~I 
Mcasurc111cnts rNRCP) on 1\pril 25. 2016.) 



From: 

Sent: 
To: 
Subject: 

Brock, Terry 

3 Feb 2016 15:38:23 +ODDO 
Decker, David 
RE: call to Adam Demalla, Re: million worker study (MWS) 

Thanks so n1uch David. Would you let Adarn know they need $4~5 n1ill1on per year for five 
years ($20-25 million total) to finish the Million Worker Study_ I think I forgot to tell him on the 
phone call last Sept. This may help him as he starts FY17 discussions. 

Thanks again 
Terry 

Terry Brock, Ph.D. 

Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Comn1ission 
Washington D.C. 20555 

Mail Stop TWFN-10 
phone: 301-415-1793 

Fn:>rn: Decker, David 
Sent: Wednesday, February 03, 2016 9:44 AM 
To: Brock, Terry <Teny.Brock@nrc.gov> 
Subjec:t: RE: call to Adam Demall, Re: million worker study (MWS) 

Terry 
Adatn just returned n1y call, and his input 1s that their wo1·k1ng approach is that they support the 
program and want to see 1t continue. Although it was too late last year to do anything in FY16. 
for FY17 his going-in approach appears to be increasing funding for DOE (n1aybe DOE-NE and 
DOS-EHSS) at a level that will provide a useful continuation of the program (not sure how much 
that would be) 

David 

From: Brock, Terry 

Sent: Wednesday, January 27, 2016 12:25 PM 

To: Decker, David <David.Decker@nrc.gov> 

Subject: RE: call to Adam Demall, Re: million worker study (MWS) 

Thanks so much 

From: Decker, David 
Sent: Wednesday, January 27, 2D16 11:48 AM 
To: Brock, Terry 
Subject: RE: call to Adam Demall, Re: million worker study (MWS) 

Terry 
I did give the staffer a call but didn't hear back frorn ~1im last week. I was hoping to se-e an e­
mail tron1 hin1 today, but no such luck. I'll call him again today to sec if I can get anything. 



David 

From: Brock, Terry 
Sent: Wednesday, January 27, 2016 10:44 AM 
To: Decker, David <David.Decker@nrc.gov> 
Subject: call to Adarn Dernall, Re: rnlllion worker study (MWS) 

Hi David, 

I hope you survived the blizzard. I was just checking to see if you had a chance to follow-up 
with Adam Demalla of the Senate Appropriations Cmt. about the million worker study. AS you 
know, we had a conference call with him late last Septen1ber about the study. We were 
wondering if he sees any progress in moving forward with the study. Adam should be aware 
that our Chairman has spoken to Asst, Secretary Koteck of DOE-Nuclear Energy {NE) about 
them taking over this study from DOE-Office of Science (OS). We coordinated with OS 
leadership and they supported DOE-NE taking it over. 
Thanks for letting me know, 

Terry 

Terry Brock, Ph.D. 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Commission 
Washington D.C, 20555 
Mail Stop CSB-3A07 
phone: 301-251-7487 



From: 

Sent: 

To: 
Cc: 
Subject: 

Metting, Noelle 
16 Nov 201210:57:31-0500 

Dempsey, Heather 

Brock, Terry;Shaffer, Sarah 

RE: Discussion on IPAC for Worker Study Grant 

Y t:s. that ti nu: is goud for n1t'--

From: Dernpsey, Healher [rnailto:Healher.Dernpsey@nrc.gov] 
Sent: Friday, November 16, 2012 10:06 AM 
To: Metting, Noelle 
Cc: Brock, Terry; Shaffer, Sarah 
Subject: RE: Discussion on !PAC for Worker Study Grant 

Hi Noelle, 

How about Wednesday at 9:30? I will send you the appoi11tn1e11t with the call in number shortly, 

Thanks! 

From: Metting, Noelle [mallto:noelle.metting@science.doe.gov] 
Sent: Friday1 November 161 2012 9:35 AM 
To: Dempsey, Heather 
Cc: Brock, Terry; Shaffer, Sarah 
Subject: RE: Discussion on IPAC for Worker Study Grant 

Hi H<:atbcr, 

Scirry, I an1 out or the orllcc all day on Tuesday. Iain available both lv1onday and \\.lcdncsday. 

No~·ll..: 

,.\'F ,.lfettiu.r.:, ,Sc./J, 
f1oicc.· 3()/wf,}(}3w83()9 
!-'ox: J()f.C)l)J .. ()5(j7 

n()c/ le. metti ng(a\>;cf encc.doe. goi · 

From: Dempsey, Heather [mailto:Heather.Dempsey@nrc.gov] 
Sent: Thursday, November 15, 2012 6:03 PM 
To: Metting, Noelle 
Cc: Brock, Terry; Shaffer, Sarah 
Subject; Discussion on !PAC for Worker Study Grant 

Hi Noelle, 

I am the administrative person that helped put the worker study agreement in place with your 
organization. Terry has been looking into some information on when we can expect the IPAC and I have 

spoken with Mark Sojka this morning. Mark and I have a common understanding of what needs to 

happen and I wanted to bring both you and Terry up to speed. 



Would you be available for a quick conference call on Tuesday (11/20) at lOam? 

Program A11alyst 
RES/PMOA/POFCT 
Phone:2 51-7666 
Mailstop: CSB-6D20M 



From: 

Sent: 
To: 
Cc: 
Subject: 
(04/2016) 

Hello, 

Brock, Terry 
1 Mar 201615:03:02 +0000 
'Bond, Brooke' 
Wang, Charles {HQ);Grady, Christine 
RE: FW: 2ND REQUEST FOR IPAC APPROVAL CN: NRC-HQ-60-12-1-0006 

I was wondering if this has been resolved? My understanding is the funds from the NRC 
inte1·agency agreement to support the million wo1·ker epidemiology study were depleted and no 
more work was being perforn1ed 

Thanks, 
Terry 

Terry Brock, Ph.D. 
Office of Nuclear Regulatory Research 
US. Nuclear Regulatory Con1mission 

Washington D.C. 20555 

Mail Stop TWFN-10 
phone: 301-415-1793 

From: Bond, Brooke [mailto:Brooke.Bond@science.doe.gov] 
Sent: Thursday, February 25, 201612:07 PM 
To: Brock, Terry <Terry.Brock@nrc.gov> 
Cc: Wang, Charles (HQ) <charles.wang@hq.doe.gov>; Grady, Christine 
<Christi ne.Grady@science .doe .gov> 
Subject: [External_Sender] FW: 2ND REQUEST FOR IPAC APPROVAL CN: NRC-HQ-60-12-1-0006 
(04/2016) 

Mr. Brock, 

I wanted to let you know we are looking into the IPAC charge on the subject agreernent and will get back 
to you as soon as possible. 

Thank you, 

Brooke Bond 
Accountant 
Office of Chief Financial Officer 
U.S. Department of Energy 
Office of Science - Integrated Support Center - Chicago Office 
9800 South Cass Avenue 
Argonne, IL 60439 
Phone (630) 252-3397 



Our Service Excellence Pledge: 

We pledge to respect and value our partners and customers, communicate responsively and 
professionally, and build our reputation for delivering exce/Jent professional services with each task 

performed. 



From: Brock, Terry 
Sent: 9 Dec 2D15 13:59:16 +0000 

Case, Michael; Tadesse, Rebecca 
Bush-Goddard, Stephanie 

To: 
Bc:c; 
Subject: RE: FYI· INFORMATION ON THE MILLION WORKER STUDY 

May we consider this good news? Did Mike W give any indication on what they thought? 

Terry 

From: Case, Michael 
Sent: Wednesday, December 09, 2015 7:33 AM 
To: Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov>; Brock, Terry <Terry.Brock@nrc.gov> 
Subject: FW: FYI· INFORMATION ON THF MILLION WORKFR STUDY 

FYI 

From: Weber, Michael 
Sent: Tuesday, December 08, 2015 2:56 PM 
To: Kelly, John E (NE) <JohnE.Kelly@Nuclear.Energy.Gov>; sal.golub@hq.doe.gov 
Cc: West, Steven Case, Michael Coffin, Stephanie 
<Stephanie.Coffin@ n re .gov> 
Subject: FYI - INFORMATION ON THE MILLION WORKER STUDY 

Good afternoon. John and Sal. Steve and I enjoyed our meeting this morning and opportunity 
far lunch together. As committed, I am providing some specifics regarding the "Millian Worker 
Study" that we discussed: 

• The official title of the study has evolved. The latest from John Boice, National Council 
on Radiation Protection and Measurements (NCRP) is the 'Epidemiologic Study of One 
Million U.S. Radiation Workers and Veterans." 

• The DOE's Office of Science (SC) in early 2012 approved a grant to NCRP for 5-years 
at, $21,733,858 through the now defunct Low Dose Radiation Research Program. SC 
pulled the funds soon after we joined the effort in June 2012 and reprogrammed the 
funds to other research areas related to climate change and biofuels. 

• The NRC lnteragency Agreement Number with DOE-SC is NRC-HQ-60-12-1-0006. The 
period of performance is 06/1/2012 to 07/31/2017. 

• NRC's contribution of $2.5M has resulted in the formation of the nuclear power and 
industrial radiographer cohorts (N=147,600 and 128,364, respectively) with cause of 
death ascertainment completed. Funds are needed to perform the leuken1ia and solid 
cancer risk assessments for both cohorts. 

c Other cohorts to be studied are medical workers, Manhattan Project workers, and 
atomic veterans 



• The other cooperating agencies with DOE-SC agreements are the U.S. EPA and NASA. 
We understand that DOD's Defense Threat Reduction Agency (DTRA) would be 

interested in joining the project, but were waived off by SC because they said no new 
contributions are being accepted. 

o The EPA contact is Mike Boyd--phone: 202-343-9395 or e-mail: 
boyd.n1ike@epa.gov. 

o The NASA contact is Lisa Simonsen-phone: 757-864-4432 or e-mail: 
lisa.c.simonsen@nasa.gov 

o The DTRA contact is Paul Blake-phone: 703-767-3433 or e-mail 
paul.k.blake.civ@mail.rnil 

• Adam Demella, majority Senate appropriations staffer, spoke to NRC staff about their 
interest in the study and the status. 

If you need additional information, please advise. Happy Holidays! 

Michael Weber 
Director of Nuclear Regulatory Research 

U.S. Nuclear Regulatory Commission 

301-415-1902 
Mail Stop T-10816 



From: 

Sent: 
To: 
Cc: 
Subject: 

Yes, I should go, 

Terry 

Brock, Terry 
14 Sep 2016 14:10:46 +0000 
Tadesse, Rebecca;Sherbini, Sarni;Case, Michael 

Webber, Kimberly 

RE: FYI· Meeting on Low Dose Radiation Research 

From: Tadesse, Rebecca 

Sent: Wednesday, September 14, 2016 8:34 AM 
To: Sherbini, Sarni <Sarni.Sherbini@ruc.gov>; Case, Michael <Michael.Case@nrc.gov>; Brock, Terry 

<Terry.Brock@nrc.gov> 

Cc: Webber, Kimberly <Kimberly.Webber@nrc.gov> 
Subject: RE: FYI· Meeting on Low Dose Radiation Research 

I agree with Sarni 

Rebecca Tadesse, Chief 
Radiation Protection Branch 
Division of Systems Analysis 
Office of Nuclear Regulatory Research 
301,415,1824 

From: Sherbini, Sa mi 
Sent: Wednesday, September 14, 2016 8:02 AM 

To: Case, Michael <Michael.Case@nrc.gov>; Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov>; Brock, 
Terry <T erry.B1·ock@nrc.gov> 

Cc: Webber, Kimberly 
Subject: RE: FYI - Meeting on Low Dose Radiation Research 

We (first me and then Terry) have been involved in an NCRP effort to use the huge REIRS and 
0H1er dosimetry data bases maintained at ORAU and elsewhere in an ep1dem1ology study on 
low dose cancer risk. The project was intended to use the data, which is essentially a chronic 
lo'llv dose rate database (as opposed to the Japanese rnostly acute high dose databas-e) to 
determine 1f any increases 1n cancer 1·atos can be detected at these chronic low doses. I 
understand that there are some interesting preliminary results, but ifs unclear 1f they are ready 
lo be rnade public. Terry should know, and if so, that would rnake a very interesting 
presentation. The presenter would probably be the lead author of the study, namely John Boise, 
who is the current president of the NCRP. I would suggest that Terry represent NRC at the 
meeting 

Sam1 



From: Case, Michael 

Sent: Wednesday, September 14, 2016 6:51 AM 
To: Tadesse, Rebecca <Rebecca,Tadesse@nrc.gov>; Brock, Terry <Terry.Brock@nrc.gov>; Sherbini, 

Sarni <SamLSherbini@nrc.gov> 

Cc: Webber, Kimberly <Ki111be rly.Webber@1~1·c.gov> 

Subject: FW: FYI - Meeting on Low Dose Radiation Research 

Thoughts? 

From: Weber, Michael 
Sent: Tuesday, September 13, 2016 6:52 PM 

To: Case, Michael <Michael.Ca~e@nrc.gov>; Webber, Kimberly <Ki111berly.Webber@nrc.gov>; Dapas, 

Cc: Collins, Daniel <Dan1el.Collins@nrc.gov>; Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov>; Gartman, 
Michael <Michael.Gartman@nrc.gov>; Difrancesco, Nicholas <Nicholas.Dir rancesco(@nrc.gov>; 

Hackett, Edwin <~~~t@J0\£'.lliS"l<:fuJ"'2l'> 
Subject: FYI - Meeting on Low Dose Radiation Research 

Should we participate? We could partner w1tl1 NMSS and others and represent the agency, if 
you deem this worthwhile. 

From: Cool, Donald [ma1lto:dcool@epri.com] 

Sent: Tuesday, September 13, 2016 9:34 AM 
To: Holahan, Vincent <Vincent.Holahan@nrT.gov>; Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov>; 

Weber, Mic~1ael <Michael.Weben:filnn:.gov> 
Subject: [External_Sender] Meeting on Low Dose Radiation Research 

Mike, Rebecca, Vince: 

Greetings from Charlotte. 

I am in the process of setting up a meeting on low dose radiation research. My desire is that 

organizations be able to talk about what their research program is, their objectives, plans, etc., as a way 

of facilitating discussions across the United States and the world. The meeting announcement is now 

available, with meeting dates of November 9 and 10, 2016, in Charlotte, North Carolina, USA. 

As Jacques Repessard said in the opening of last year's MELODI meeting, there is a need for an 
international forum for discussion and coordination. That is what I hope the International Dose Effect 

Alliance (IDEA) can be. 

I would greatly appreciate it if you could consider attending and presenting, and provide the information 

below to others in NRC and the Federal Sector, and encourage both their attendance, and a 
presentation on the work being done. I am already reaching out to DOE through Pat Worthington and 
lsaf Al-Nabulsi. I would also wish to have the potential contacts names and emails, if possible, so that I 

can follow up and answer any questions. I will be reaching out separately to many others, including 

ICRP folks, and contacts in Japan, Korea, and Europe, as well as in the U.S. 

Thanks 



Don 

T .;-chnicul Executive - Radiation Safety 

E:Pr21] 
13DO West WT Harris Blvd Charlotte NC 28262-2867 
Office: 704,595~2541 I Email: dcool:C!'eprLcorr1 
Together , ShJping the; Futu1-0 of Clr:ctricity 

From: Crosby, UnChu 
Sent: Friday, September 09, 2016 11:06 AM 

To: Crosby, UnChu <ucrosby@eprLco1n> 
Subject: Invitation to the International Dose Effect Alliance Workshop 2016 

International Dose Effect Alliance Workshop 2016 
The lnternaUonal Dose Effect Alliance (IDEA) Workshop is an initial forrnaUon workshop to 

explore the opportunities and interest in national and international collaboration on Low Dose 
Radiation Effects Research, Low Radiation Dose continues to be a significant isst1e, <:1nd there 
is a need for a framevvork and platform to facilitate communication and collaboration on low 
dose radiation research progran?s within the United States, and with international partners. 

The vision for IDEA is for an international platform for information exchange, discussion, 
cooperation, and collaboration in low dose radiation research, 

When 
Wednesday, November 9, 2016 7:30 AM Thursd.;iy, November 10, 2016 5:00 PM 

Ear.tern Tirne 
Where 

EPRl • Charlotte 
1200 West WT Harris Blvd, Building 3, Rooms 741 A <ind D, Charlotte, North C<irolina 28262, USA 

Dress Code 
Business Casual 

Vl~Y>iJ';ygnLSJLmxnar:y 
R.egistration Deadline 

Wednesday, November 9, 2016 
Pl-ease respond by clicking one of the buttons below 



Having trouble with the link' Simply copy and paste the entire address listed below into your web 
browser: 
htttJ : I I www. event, corn/ d/ • EAfq heZD OykD PETW17 J • w I sn ~19/P1I1Q7 
If you no longer want to receive emails from EPRI Events please click the link below. 
Oot"Out 

*** Th1~cm.aQ111cssagc is for the sole use of the intended rccipicnt(s) and tnay contain ~~ 
information thafiS'C6Rfhlential, privileged or exe1npt from disclosure under apglicabt€la\\I·, 
lJnless othet>A'ise express~isJ:!:essage by the sender or except ~,ma~allo\ved by 
separate \Vritten agreement between EPR-1-an,9 recipient oI--reciprerlt's employer, any revie\v, use, 
distribution or disclosure by others of this n1c~'.'.f!f0hibited and this 1nessage is not Intended 
to be an eleL'.tronic signature, instrun1en,t,or<rfiy"thing th-;:tllla)4Qrn1 a legally binding agreen1ent 
\\l'ith E.PRI. If you are not t~~in-ierfiiedrecipient, please contact the--~'2.Y reply email and 
pen11anently del~~"COpies of this n1essage, Please be advised that the me~s contents 
1nay bcfastloSCd, accessed and n::vic\vcd by the sender's cn1ail systcn1 adrninistrator andlnr-~~ 
.pmVUfer. *** ~----_~ 



From: 

Sent: 
To: 
Subject: 

Metting, Noelle 
10 Sep 201214:39:51-0400 
Brock, Terry 
RE: hi .and status of worker study grant 

The l'vlillion \\iorkcr Study is still sla1ed to be a\vardcd on 15 Scp1i:.:1nbcr, and I h<1ve no \\Orrics 

ahout this l ~ 1 budget period. \1y concern is \Vith the out-years. hut \\"C \Vill sec ho\V the future 
unt~)lds. 

I an1 \\·ell, and hope you are. too. 

Hl~st 1'ocllc 
;\-'/•" JJettin,t.:. s·c.D. 
//oici:." 301-903-8309 
Fo.r· 31)/.91)3.0567 
nocllc. tnel I ing(iiscicnce.cloc. go1 · 

From: Brock, Terry [mailto:Terry.Brock@nrc.gov] 
Sent: Monday, September 10, 2012 2:33 PM 
To: Metting, Noelle 
Subject: hi and status of worker study grant 

Hi Noelle, 

I hope you are well. I was just checking in to see how close you all are in awarding NCRP the worker 
study grant. The last I heard was that it was in the Chicago office. 

Cheers, 
Terry 

Terry Brock, Ph.D. 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Cornn1ission 
Washington D.C. 20555 
Mail Stop CSB-3A07 
phone: 301-251-7487 



Fram: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Brock, Terry 
16 Feb 2016 14:52:26 +0000 
Case, Michael 
Tadesse, Rebecca 
Re: Mill\on Worker Study 
45-From-Oak·Ridge-to·lnd\an-Point·Feb-2016.pdf 

I'm heading to the airport, but here is what I know. I spoke to Patricia Worthington in 

DOE-EH HS where the DOE epidemiologists reside and they are fully supportive still of 

continuing the study. I heard back from Capitol Hill~~Adam Demalla the majority senate 

appropriations staffer plans to try and get funding for the MWS in FY17 to DOE·NE or 

EHHS. Bottom-line: we need 4-5 million for 5 years to finish. Attached is a nice and 

timely update from Boice for your reading pleasure. 

Thanks 

Frorn: Case, Michael 
Sent: Tuc-sday, February 16. 2016 9:41 .l\.M 
To: Brock, Ten)': Tadesse, Rebecca 
Subject: Million Worker Study 

We're meeting with DOE today and MWS 1n on the agenda. If you're here yet, can you 
stop on by and give me a refresher/update? 



Health News 

The Boice Report #45 

John D. Boice, Jr., NCRP President 
ICRP Main Con1n1issiono1 
UNSCEAR U.S. Alternate Representative 
Vanderbilt Professor of Medicine 

From Oak Ridge to Indian Point 
Studying Workers at Nuclear Power Plants 

Februa 2016 

-NICIRIP;' 

Paraphrasing Thomas Edison, epidemiology is 5o/o inspiration and 95°/o perspiration. The inspiration 
for the Million Person Study of Low Dose Health Effects (MPS) came over 30 years ago with recom~ 
mendations to create a registry of r<Jdiation vvorkers among U.S. Nuclear Regulatory Commission 
(NRC) licensees (see June 2015 Boice Report #37). The 30 years of perspiration are outlined below. 

Thirty years In the making. Today. the Radiation Exposure Information and Reporting SysterTI 
(REIRS) database closely approxin1ates a U.S. occupational radiation exposui-e registry (CRISE 
2011). REIRS dates back to 1969 when U.S. Atomic Energy Commission (AEC) licensees were 
required to report radiation exposure data for individual workers at the end of employment and ex~ 
posure summaries for sites on an annual basis. At that time, AEC licensees were only required to 
submit radiation~monitoring records upon an employee's termination of employment. However, in 
1986, Gil Beebe and I, both at the National Cancer Institute (NCI), composed a letter sent by NCI 
Director Vincent De Vita, MD, to N RC Chairrnwn Lando Zech requesting that reporting requirements 
be changed to support epidemiologic health studies. In 199·1 a positive response was received fron1 
NRC Chairman Kenneth Carr to NCI Director Samuel Broder. In 1994, as part of the implementa~ 
lion of the 1991 revisions ot 10 CFR 20 ··standards for Protection Against Radiation," the NRC 
began requiring annual radiation exposure records for every monitored worker (NRC Regulatory 
Guide 8 7). In 1994 I wrote Bill Mon is, director of the Division of Regulatory Applications, Office of 
Nuclear Regulatory Research, urging the voluntary reporting of additional occupational radiation 
exposure data so that a high-quality radiation worker registry might be created for ep1dem101og1c 
studies. In 1994 NRC requested that licensed utilities report voluntarily the career doses of current 
and past employees (N_BJ;:; ___ G_g_o_QJj_Q __ l_Q1\Q.L_8'.'±::QA_); the JJtJJl!LQ_$__JQ_$_p_Qo_~J_Q_d _ _f_g_~'.QLi'J1'\JY to this request, 
and a registry of radiation workers suitable for epidemiologic study was born. 

How are REIRS data used for health studies? Annual radiation doses for over 1.1 million unique 
workers are in REIRS, including external whole-body exposure and, since 1994, internal exposure 
Identifying information includes nan1e, social security number, date of birth, sex. licensee code, 
and dates monitoring began and ended. We selected all 425,713 nuclear power plant workers fi1·st 
monitored before 1985, sampled 1 o~/o of the 30'1,553 workers with cumulative doses less than 1 O 
mSv, and removed 3,688 workers with duplicate, incomplete, or invalid dose 1·ecords for a study 
population of 145,227 workers. Workers hired after 1984 were excluded because they received 
much lower doses than earlier workers and because their younger age would not provide mortality 
information for many years. 1980 was originally chosen as the cutoff date for inclusion, but after 
the Three Mile Island accident in 1979, NRG required reactor modifications that increased workers' 
exposures for several years. The 10°/o sample of low-dose subjects was based on cost consider­
ation. i.e., it would be expensive to trace over 300,000 low-dose workers when their contribution to 
a health study could be adequately addressed by studying 30,000. 

How VfJlid are the rfJdiation dose dfJtfJ? The key to high-quality epidemiology is equally high-qual­
ity dosimetry. NCRP Sc1entlf1c Comn1ittee 6-9 is providing guidance, direction, and advice for the 
MPS. The committee has met six tin1es in Oak Ridge, most recently in Noven1ber 2015 (see photo). 
Most nuclear utility worker exposure is to high-energy gamma radiation from fission products (e.g., 
r'7Cs) or activation products (0°Co and "~Co) and there Is minimal neutron exposure or Ingestion 
of radioactive material. Measurement uncertainty includes sensitivity, energy response, angular 
dependence. calibration, processing. and fading. Model uncertainty includes radiatjon fields, g.Q.: 
QJI!£1[y, badge placement, missing doses. and conversion from badge reading to absorbed dose 
to organ of interest. A comprehensive report should be out this year that addresses these specific 
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Health News Februa 2016 

dosirnetric concerns and challenges 
(and ways to overcome them) 

SC 6-9 Meeting at Oak Ridge, November 2015. Front row, left 
to right: Dick Toohey (MH Chew, Inc.), Larry Dauer (Memorial 
Sloan Kettering Cancer Center [MSKCC]), John Boice (NCRPI 
Vanderbilt), Andre Bouville (NCI, retired), Kathy Pryor (Pacific 
Northwest National Laboratory), and John Till (Risk Assess" 
ment Corporation); back row, left to right: Keith Eckerman (Oak 
Ridge National Laboratory [ORNL]), Cary Zeitlin (Southwest Re· 
search Institute), Rich Leggett (ORNL), Harold Beck {DOE, re­
tired), Mike Mumma (International Epidemiology Institute [IEI]}, 
Derek Hagemeyer (Oak Ridge Associated Universities [ORAU]), 
and Craig Yoder (Landauer). 

How complete is REIRS? Before the 
NRC reporting changes in 1994 and 
the voluntary reporting of worker data 
back to 1957, I wrote that the REIRS 
data based on termination notices 
alone were limited. Since the reporting 
changes. the REIRS data are judged 
suitable for health effects studies_ Fur~ 
ther, data completeness back to 1969 
was validated based on a comparison 
with workers ide11tified from utility con1-
pany records at the Calvert Cliffs Nu~ 
clear Povver Plunt and on con1parisons 
of workers at two utilities included in a 
prior study (Hoyve 2004 ). Comparisons 
with data available from Landauer. 
Inc., also were remarkably consistent 
The Landauer, Inc., records accounted 

Nuclear Power Plant Workshop in New 
York City, December 2015. Left to right: 
Larry Dauer (MSKCC), John Kelly (former 
radiation protection manager al Indian 
Point 3), Dennis Quinn (DAQ, Inc.), John 
Boice (NCRPlVanderbilt), Matthew Wil­
liamson (MSKCC), Joseph Perrotta (re­
tired-quality assurance manager, Indian 
Point Energy Center}. Not Pictured: Craig 
Yoder (Landauer), Don Mayer (director, 
Indian Point Unit 1), Mike Mumma {IEI), 
Derek Hagemeyer (ORAU), 

for loss than 0.8°/Q of the cohort. 

Focus group evaluation. Well, not really a focus group 
(a catchy politically correct phrase), but a daylong meet­
ing with current and former workers at the Indian Point 
Nuclear Power Plant and other national dosimetry special~ 
ists held in December2015 (see photo). The exchange of 
inforrnation enhanced our· understanding of dosirnetry and 
radiation protection practices at nllclear reilctors during 
the early years of the nuclear industry. Insights (for me) 

80°/o of exposures occurred during outages tor rr1ain­
tenance. n1odifications, and refueling. Refueling n1igt1t 
occur every 18~24 months but maintenance is more 
frequent. 
Multiple bad9es were worn by approxirnately 1 °/-0 of 
workers for some 1·epairs, with the highest value re­
ported. 
The conversion from film badge reading, H (10), to or­
gan dose is facilitated because most expoSure is from 
high-energy gamma rays, facilitating an adjustment 
with a scaling factor (conversion coefficient). 

There are few missing doses to impute because of reporting practices and requirements. 
Neutron exposures and intakes of rad1oact1ve elements were rare-whole-body counting was 
done each year, as were annual physicals for radiation workers. 
During one challenging outage, hundreds of welders received up to 20 mSv over a period of 
one to two days-while unusual, some workers with high cumulative doses may have received 
exposures at a relatively high dose rate. 
A fatnous incident of a vvorker vvho received 1 00 rnSv in one minute contributed to a change in 
NRC regulations for uccess to high radiation areas. 

Future. The first manuscript on radiation-related leukemia is under review. Follow-up through 2011 
identified 30,993 deaths from all causes, including 320 from leukemia other than chro11ic lympho­
cytic leukemia (CLL). For workers with cumulative doses greater than 10 mSv. the mean active 
bone marrow dose was 61 mSv (maximum 1.0 Sv; 8.4°/o of workers had doses greater than 100 
mSv). Subsequent manuscripts will evaluate over 1,200 cases of leukemia other than CLL, com~ 
bining data from induc;trial radiographers, atomir: veterans. and lJ S Department of Energlf worker 
cohorts. Results will significantly augment scientific knowledge on the lifetime risk of cancer and 
leukemia following relatively low-dose exposures received gradually over time 
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From: 

Sent: 
To: 
Subject: 

Tadesse, Rebecca 
20 Sep 2016 09:48:10 -0400 
Brock, Terry 
RE: One Million U.S. Radiation Workers and Veterans Study_D81712.docx 

I H1ink we need to look for the one that we used for DOE. I have asked Ken to look for· it as well 
but can you start putting one together if we don't have one 

Rebecca Tadesse, Chief 
Radiation Protection Branch 
Division of Svsten1s Anolvsis 
Office of Nuclear Regulatory Research 
301·415·1.R24 

From: Brock, Terry 
Sent: Tuesday, Septen1ber 20, 2016 9:46 AM 

To: Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov> 
Subject: One Million U.S. Radiation Workers and Veterans Study_081712.docx 

Here's the RES NUREG one-pager. Out of date, but shows our optimism back in 2012 



From: Armstrong, Kenneth 
Sent: 20 Sep 201610:32:22 -0400 
To: Brock, Terry;Tadesse, Rebecca 
Subject: RE: Request for Input· Meeting Request for Briefing with the Department of 
Energy on December 14, 2015 

Think that I finally found it: 

ML15334A109 

From: Brock, Terry 
Sent: Tuesday, September 20, 2016 9:45 AM 

To: Armstrong, Kenneth <Kenneth.Armstrong@nrc.gov>; Tadesse, Rebecca 

<Rebecca.Tadesse@nrc.gov> 
Subject: FW: Request for Input - Meeting Request for Briefing with the Department of Energy on 

December 14, 2015 

Rebecca. 

This is what we used for the Chairman I Kotek quarterly meeting with discussion about the 
worker study Ken do you have the final to share with Weber? 

Terry 

Terry Brork, Ph.D. 
Office or· Nuclear Regulatory Res.ear ch 

US. Nuclear Regulatory Commission 

Washington D.C. 20555 

Mail Stop TWFN·lO 

phone: 301·415·1793 

From: Armstrong, Kenneth 
Sent: TL1esday, November 10, 2015 2:49 PM 
To: Tadesse, Rebecca <~~!?.~.~S:i'!.:Ii'!.9g.?.?.~.@.O.!.~.KQ.Y.> 
Cc: Brock, Terry <Terry.Brock@nrc.gov> 

Subject: FW: RC"quest for Input - MeC"ting Request for Briefing with the Dep;;irtment of Energy on 

December 14, 2015 

Rebecca. 

Terry and I just put the attached edits together to highlight the fV1ill1on Workers Study, will you 
please take a look (page 2 and page 7)? 

Thanks! 

From: Armstrong, Kenneth 
Sent: Tuesday, November 10, 2015 6:56 AM 
To: Lee, Richard <Richard.Lee@nrc.gov>; Porter, Ian <lan.Porter@nrc.gov>; Bajorek, Stephen 



<Stephen.Bajorek@nrc.gov>; Hoxie, Chris <Chris.Hoxie@nrc.gov>; Tadesse, Rebecca 
<Rebecca.Tadesse@nrc.gov>; Toman, John <John.Tornon@nrc.gov>; Santiago, Patricia 
<Patricia .Santi agoC@nrc.gov> 
Cc; Krotiuk, William <William.Krotiuk@nrc.gov>; Brock, Terry <Terry.Brock@nrc.gov> 
Subject: RE: Request for Input· Meeting Request for Briefing with the Department of Energy on 
December 14, 2015 

All 

Just a reminder I have already received input from RSAB on the spent fuel cask work_ As 
discussed in the BC meeting yesterday, Mike would like to see something added on the Million 
Workers Study (RPB). 

Thanks! 

From: Armstrong, Kenneth 
Sent: Tuesday, November 03, 2015 7:18 AM 
To: Lee, Richard <Richard.Lee@nrc.gov>; Elkins, Scott <Scott.Elkins@nrc.gov>; Bajorek, Stephen 
<Stephen.Bajorek@nrc.gov>; Hoxie, Chris <Chris.Hoxie@nrc.gov>; Tadesse, Rebecca 
<Rebecca .T adesse@nre.gov>; Santiago, Patricia <Patricia .Sa ntiago@nrc.gov> 
Cc: Case, Michael <Michael.Case@nrc.gov>; Coffin, Stephanie <Stephanie.Coffin@nrc.gov> 
Subject: Request for Input - Meeting Request for Briefing with the Department of Energy on December 
14, 2015 

Good morning! 

The next quarterly meeting between the Chairman and the DOE Deputy Assistant Secretary, 
Office of Nuclear Energy, John Kotek will be held on Decen1ber 14 2015 

Attached 1s the briefing information from the September 4, 2015 quarterly meeting which 
includes the following topics· 

• General MOU with DOE on Cooperative Nuclear Safety Research 
• Fuels F'{esearch, including Accident Tolerant Fuels 
• Consorti urn for Advanced Sirnulation of LWRs (CASL) 

• Fukushima~Based Research on Severe Accidents 

• Experiments to Analyze Thermal 1·1ydraulic Margins of Spent Fuel Casks 

Please provide me any updates as a red line strike out version to this document by November 
10,2015. 

Thanks! 
From: Cruz, Holly 
Sent: Monday, November 02, 2015 1:29 PM 
To: Johnson, Kevin <Kevin.Johnson@nrc.gov> 
Cc: Schroer, Suzanne <Suzanne.Schroer@nrc.gov>; Issa, Alfred <Alfred.lssa(@nrc.gov>; Armstrong, 
Kenneth <Kenneth.Armstrong@nrc.gov>; RidsResPmdaMail Resource 



< RidsResPmda Mai I. Resou rce@nrc.gov> 
Subject: RE: Request for ticket (OED0-15-00747-RES) -Revised Due Date 

My apologies, Kevin. I should have waited for the official inquiry from NRO. Please note the 
highlighted changes to the ticket request below. In addition, please note the updated tile, with 
tl1e 1·equest to include changes as redl1ne strikeout. Please let n1e know 1f you need anything 
additional. 

Thanks again 

Holly 

From: Cruz, Holly 
Sent: Tuesday, October 27, 2015 2:10 PM 
To: Johnson, Kevin <Kevin.Johnson@nrc.gov> 
Cc: Schroer, Suzanne <Suzanne.Schroer@nrc.gov>; Issa, Alfred <Alfred.lssa@nrc.gov>; Armstrong, 
Kenneth <Kenneth.Armstrong@nrc.gov>; RidsResPmdaMail Resource 
< RidsResPmda Mai I. Resou rce@nrc.gov> 
Subject: Request for ticket {OED0-15-00747-RES) 

Kevin, 

Could you please create a ticket for the below request? Please let me know if you have any 
questions or need anything additional. 

Request 

• Please revise the attached quarterly input to support the 12/14/15 meeting between 
Chairman Burns and Mr. Kotek, DOE. 

Subject: 
• The Chairman and Mr. Kotek agreed that meeting quarterly would be beneficial. Please 

provide the Chairman with any topics or current issues that would assist him in this meeting. 
This input should be an update of the package developed in support of the Sept 4th meeting. 

Due dates: 
• Due date to provide RES input (to Holly Cruz): 11/12/15 (assign to Divisions) 
• Due date to NRO (to Jan Mazza): 11/16/15 (assign to Holly Cruz) 

Thanks for your help, 

Holly 

Holly Cruz, Aeling Technical Assislant 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Commission 
Phone: (301)415-1053 
Location: T1 OA64 
en1 a i I : bQJJ.Y.,st.f.Jd:?;@Qr.g,.Q.Q.Y 
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Non-Responsive Record 

3. 

Department of Energy 

The Chairman and Mr. Kotek agreed that meeting quarterly would 
be beneficial. 

Mr. John Kotek, Principal Deputy Assistant Secretary, Office of 
Nuclear Energy, Department of Energy 

Memorandum of Understanding (MOU) between the U.S. Nuclear 
Regulatory Commission (NRC) and the U.S. Department of 
Energy (DOE) on Cooperative Nuclear Safety Research and other 

~~~ ~~~i~~i:tc:~!9~::::~ N.~~~OE regarding 

4. Request for DOE to Re$tOre Support for the MUUon Workers and Atomic Veterans 
Study- Recently, staff learned that DOE - Office of Science decided to discontinue 
support for the multiagency Million Worker Study due to funding needs for other priority 
research areas. NRC believes that there is still strong scientific and policy interest in the 
nuclear and health physics communities to complete this study to get actual risk 
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estimates experienced by workers as a complement to the current paradigm of 
extrapolating risks from high dose and dose rate populations (e.g., Hiroshima and 
Nagasaki atomic bomb suivivors). In addition, this study was supported by the Advisory 
Committee an Reactor Safeguards in the last RES program review. The results would be 
influential in our understanding of radiation risk, particularly at lower dose rates, at the 
typical occupational exposure p(lttems the U.S. work force experiences. These results 
can be used to support future radiation protection standard setting bodies in broad areas 
such as reactor and facility siting, occupational dose, emergency response, off-site 
consequence analysis, and decommissioning and waste disposal. 

Background 

Non-Responsive Record 
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4. Request for DOE to Restore Support for the Million Workers and Atomic Veterans 
Study (CA Noto: ML 15288A509) 

In 2012, the Office of Nuclear Regulatory Research (RES) entered into an interagency 
agreement with the U.S. Department of Energy (DOE)· Office of Science (SC) to study the 
health effects of more than 1 million radiation workers and atomic veterans, which i$ often 
referred to as the "Million Worker Study." The U.S. Nuclear Regulatory Commission {NRC), 
the U.S. Environmental Protection Agency (EPA), and the National Aeronautics and Space 
Administration (NASA) provided support to DOE in this multiagency effort with the goal to 
provide new information for future radiation protection standards setting bodies and any 
resultant occupational radiation dose standards. Recently, staff learned that DOE-SC 
cancelled the study to focus on other research areas related to biofuels. Staff believes that 
there is stilt a very strong scientific and policy interest ln the nuclear and health physics 
communities to complete the Million Worker Study to get actual risk estimates experienced 
by workers as a complement to the current paradigm of extrapolating risks from high dose 
and dose rate populations. In addition, this study was supported by the Advisory Committee 
on Reactor Safeguards in the last RES program review. As a result, staff plans to engage 
DOE. Office of Nuclear Energy (NE) and DOE·SC about DOE's continued funding of the 
Million Worker Study through RES's current memorandum of understanding with NE. 

The significance of the Million Worker Study is considerable because it applies directly to 
the existing concerns about standards for chronic radiation exposure. Much knowledge has 
been gained from the study of atomic bomb survivors, but exposure was acute and among a 
Japanese population llvlng in a war-tom country, Scientific and medical committees continue 
to grapple with how best to estimate risks associated with the gradual exposures received 
from environmental, medical, and occupational radiation. As a result of NRC's participation 
in the Million Worker Study. two NRC radiation worker cohorts in the nuclear power and 
industrial radiographer occupations were established. In addition to the NRC cohorts, the 
study was to research DOE uranium workers, atomic veterans, DOE plutonium workers, and 
medical workers. The Million Worker Study would provide a definitive study on the health 
risks to workers exposed to radiation at the dose rates experienced in an occupational 
setting. The results would be very influential In our understanding of radiation risk at the 
typical occupational exposure patterns the U.S. work force experiences. 

DOE'S original estimate was $25M over 5 years to complete the study. So far, DOE 
contributed $1 M in fiscal year (FY) 2012 to this study; no further monies were provided. The 
NRC contributed $1.SM in FY12 and an additional $517K in FY14. NASA has contlibuted 
nearly $1M to date, while EPA's contribution was smaller, on the order of $200K 
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·t U.S.NR(: 
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From: ADAMS p8 .. ictn ... service 

Sent: Monday, Oi::tober 26, 2015 6:58 AM 
To: ICM_STARS_RES 
Subject: FYI STARS OEDO Office Notification (OED0-15-00747-RES) 

A new OEDO Ticket has been assigned to you by Boyer. Rachel (rcj3) on 10/26/2015. 

Last User Con1n1cnt has been added Lo a Ticket by I 0/26/2015 on I 0/26/2015. The con1n1cnt was 

10/26/2015 

The Ticket information is bc\o\v. 

Ticket Info 

Activity 
Information 

Incon1ing 
ADAMS 
Accession 

Case Number OED0-15-00747-RES 

Status FYI 
Activity Type Task 
E.DO Due Date 12/07/2015 
SECY Due 
Date 
Requested Due 
Date 
.i\ssigncd 
Oftices 

Routing 
Copies to 
ED() Point of 
Contact 

Other Parties 

ML l 5299AllO 
Q 

Date of 

NRO 

NMSS I RES 

Rosales-Cooper, Cindy (cer2) 



lnconting 
ADAMS 
Package 

Incoming 
Information 

Process 
Information 

Incoming 

MLl5299AOO 
7 

Frequency 

Originator 
Originator 
Organization 
Task 

Addressee: 
Na111e 
Addressee 
Af'flliation 
lncoining 
Received Date 

Subject 

Description 

Special 
Instructions 
Type 

Special 
Instructions 

Near Term 
Co1nn1cnt 
H.equestcd 
l\ction Type 
Cross 
Reference 
Nurnbcrs 
Signature 
Level 
010 
Reco111mend 
OEDO 
Concurrence 
OCM 
C~oncurrence 

OCA 

Kathleen Blake, OCM/SGB 

C'on1n1ission 

r::-mail 

l 0/23/2015 

Meeting Request for Brief1ng vvith the Departn1ent of Energy on 
December 14, 2015 

Briefing Package 

Please prepare brieting package in accordance v.rith OEDO 
Procedure 0240 (MLI 3262A36 l/ML I 3262A365 ). Provide input to 

C'.indy Rosales-Cooper, OEDO by December 7, 2015. 

Briefing Package 

No Signature Required 



Concurrence 



From: 

Sent: 
To: 
Subject: 

Tadesse, Rebecca 
17 Mar 2016 14:03:02 -0400 
Mitchell, Jeffrey;Brock, Terry; Davis, Chon 
RE: RES-16-0255 

Thanks for all your help Jeff. 

From: Mitchell, Jeffrey 
Sent: Thursday, March 17, 201611:04AM 
To: Brock, Terry <Terry.Brock@nrc.gov>; Davis, Chon <Chon.Davis@nrc.gov> 
Cc: Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov> 
Subject: RE: RES-16-0255 

RES, 

After reviewing the agreement file and the nature of this work, a revised SOW and IGCE 1s not 
needed to increase the ceili11g/fu11ding levels. This is a unique agreement in which is really a 
funding mechanism to transfer funds to DOE for the worker study Please use similar language 
as presented in the FY14 req (RES-14-0246) 

Jeff 

From: Brock, Terry 
Sent: Wednesday, March 16, 2016 8:53 AM 
To: Davis, Chon <Chon.Davi5@.Jnrc.gov>; Mitchell, Jeffrey <Jcffrcy.Mitchcll@lnrc.gov> 
Cc: Tadesse, Rebecca <Rcbccca.Tadcssc@nrc.gov> 
Subject: Re: RES-16-0255 

Hi Chon/Jeff, 

This lnter~agency Agreement with DOE was established as a financial assistance mechanism for 

NRC participation in a much larger ongoing DOE~grant project to the National Council on 
Radiation Protection ad Measurements "Million Worker Study" (original DOE budget was $25 
million for the entire project). As 5uch, the current SOW i$ 5till valid and an IGCE i5 not needed 

because we are providing financial assistance for this overall larger project The 
funding mechanism is already established and we have provided funding in the past without 
any modification to the original SOW or the need for an IGCE since this a financial assistance 
award. 

Please continue processing in STAQs. 

Thanks, 
Terry 

From: Davis, Chon 
Sent: Tuesday, March 15, 201612:56 PM 



To: Tadesse, Rebecca 
Cc: Brock, Terry 
Subject: FW: RES-16-0255 

Conf1rmat1on that a modified SOW and IGCE are required. 

From: Mitchell, Jeffrey 
Sent: Tuesday, March 15, 2016 12:46 PM 
To: Davis, Chon <Chor1.Davis@11rc.gov> 
Subject: RE: RES-16-0255 

Chon, 
You are correct a track changes or redl1ne strike out SOW and an IGCE on the new work. 
Jeff 

From: Davis, Chon 
sent: Tuesday, March 15, 201612:41 PM 
To: Mitchell, Jeffrey <Jeffrey.Mitchell@nrc.gov> 
Subject: FW: RES~16~0255 

HI Jeff. 
l"m advising COR and BC that a modified SOW and IGCE are required for the ceiling increase 
they are pr·opos1n~J. l"d just like lo confirrn with you that rny advice is accura1e. It seerns Lha1 
son1etimes these things are not required and I don't want to hold up the process 1f you really 
don·t need them. The person who processed the last action on this agreement was Edna Knox~ 
Davin. as far as I can tell 

Please let me know the correct path forward in this case. 

As always, thank you for your help. 
Chon 

From: Davis, Chon 
Sent: Tuesday, March 15, 2016 .1.2:36 PM 
To: Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov> 
Cc: Brock, Terry <Terry.Brock@nrc.gov> 
Subject: RES~16~02SS 

Hi Rebecca. 

I'm ernailing you and copying Terry because I see he's out of the office until March 21st_ 

I think I have to disapprove his requisition (RES-160-0255). 

I looked in NEAT and the information on record with AMO states a ceiling of $2,017,000 with no 
ceiling ren1aining. He has a different ceiling in his notes to buyer so, based on NEAT, his 
information below is incorrect: 

Original Ceiling: $2,001,942 
New Ceiling: $2, 101,942 



Paid Balance: $1,997,553.58 
Remaining Balance: $104,388.42 

Ceiling increases usually come with attachments (ie .. modified SOWs and IGCEs). There are 
no attach1nents to his requisition. 

Also - the requisition form that goes to the contractor contains the following information in box 
9. This information is not up to date. As a matter of fact it references FY14 (two FYs ago). I 
believe it should be revised as this text is confusing. I believe this text was appropriate for a 
former requisition. 

9 DESCRIPTION OF ITEM$ OR SERVICES 
l'vlodilica1io11 to \16J 17 (NRC -HQ-60-12-1-0006) 
lntcragcncy Agrccn1cnt >vith the [}_S_ DOE's ()fficc 
(lf Science L0\v Do~c Rc!:carch Pr0gnun · \V0rkc1 
l lcalth Studic~. Mo<lifi<.:ation to provide $517.000 
FV 14 funding and 10 111crease the linancisl 
aqsiqtance funding eeiling level by the qan1e 
a1nount. This \Vil! increase the ceiling fron1 S l .5M 
10 $2,U 17,000 The periud of pcrfon11anec \vill 
~lay the ~an1c ll\)111 6/I /2012 to 7.1J 1 .12017. The \'RC 
JW0\1d.:s sttppurt to thi1111ttlt1<1gcncy cftllll to 
study cancer risks in radiation exposed \\·orkcrs. 
NRC'~ contnbution Clbt11v~ the nurl,'lH" power and 
in<lu~lri;1l 1 ;1diugn1pl1i..:r cu hurl~ an.' p1 iorilit:i..:<l 
li.)r a11alys1~. Tl1c add11u111al funding Vvill all\)\\' 
for continued \\ ork on these cohorts to de\ clop 
the <lo~c respon~e analy~1s t0 dctcnnine 1f the 
~llipL' oCthc L\"J c11n<:L'I ri\k n1l1dcl eu1rcn!ly 
a~~Ulncd in radiali011 protcclion 1~ ~upportcd by 
en1pirical data. 

Do you happen to know if the contract specialist stated that he does not need a modified SOW 
and IGCE for the ceiling increase? I will try to contact son1eone in AMD ta see if there is 
anything we can do to move this forward. However I suspect it may have to wait until Terry's 
return to be addressed. 

Please advise regarding next steps. 

Thanks! 
Chon 

Chon Davis 
NRC/RES/PMDA/FPMT 
T-10B33 
301-415-6610 
Mail Stop T-10816 

Be in love with your life. Every minute of it. 

Jack Kerouac 



From: 

Sent: 
To: 
Subject: 

Metting, Noelle 
11 Jan 2013 12:01:13 -0500 
Brock, Terry 
RE: status of worker study spending 

Sorry I hn"c not gotten back to you, for rcaslin~ I can chat c1bout \vhcn vvc next talk. I an1 
gaining an under11tanding of the prohlc111 that your bos11cs have-it looks like unco;.;tcd funds at 
this point. and they arc \VOtTicd th<lt the- 111011c-y \Viii nut be spent \Vithin the year. I llO\\' bclic-vc 
that an "interagency transfer"' does not really "transfer'' funds at all. 

I tried to call your office. Plca:-;c give nlc a call after lunch. ifypu arc at \vork tnday ()thcr\\'isc. 
I hope to talk \Vi1h you on f\1onday. 

nest ..... 'f\'ocllc 

,\'/·' JJettin,r.:. 5'c.D. 
/-'uicc: 301~903~8309 
Pu.Y: 30/~903~05()7 
noel'''. ntel I ing(Zi-science.do''· g-ov 

From: Brock, Terry [mailto:Terry.Brock@nrc.gov] 
Sent: Friday, January 04, 2013 9:08 AM 
To: Metting, Noelle 
Subject: status of worker study spending 

Hi Noelle, 

Happy New Year. I hope the holidays went well for you. I was wondering when you were going 
to send over the IPAC for the worker study grant to start drawing down the funds. I'm getting 
some unwanted attention on this. 
I'm working at home today at"jtb"")('-6-) --~lif you want to chat. 

Thanks for your help, 
Terry 



From: 
To: 
Cc 

SL1bject: 

Date: 

Tade1se Rebprcil; Weber M1chgel 

Ammon Bein11e; CIJrk M1chwl; CljJ!k I isi; Cisg M1chJel; WeilbN K1mbtrly: HJckett Edwin; £ifilllliilll. 
Michael; Sampson Michele; Brock Terry 

Rf: RESPONSE - Quick TurnHround - FW: I.RM [EHF-114<32.3] ENfRGY Over>1ght Testimony on DOE"s Decision 
to encl 1rs Low Dose R~cl1arion ReseMch Program #11402.3192.6# 
Tuesdey, September 20. 2016 11 :02:39 AM 

Rebecca and Mike, 

Has the NRG staff engaged DOE to discuss these concerns about the termination of the 
Million Worker Study and DDE's Low Dose Radiation Research Program? I need a little 
additional information before I can advise on the best way for the NRG staff to proceed in 
response to this request from OMB. Our response is due to OMB by noon today. so 
unfortunately it would be good if we could touch base as soon as possible. 

Thank you. 

Michelle 

Michelle D. Albert 
Senior Attorney I Office of the General Counsel 
Legal Counsel, Legislation. and Special Ptojec:ts Division 
U.S. Nuclear Regulatory CorT1rnission 
1301) 287 "9259 I Michelle_Albert@orc_gov 

'"OFFICIAL USE ONLY ATTORNEY CLIENT PRIVILEGED INFORMATION. ATTORNEY WORK 
PRODUCT AND OR PRFDFCISIONAL INFORMATION"' 

Duplicate Record 



From: 

Sent: 
To: 
Cc: 
Subject: 

Hi Mike, 

Brock, Terry 

17 Nov 201517:04:47 +0000 
Weber, Michael 
West, Steven;Case, Michael;Coffin, Stephanie;Tadesse, Rebecca 

REQUEST: Please Contact DOE-NE about the million worker study 

I called my DOE-Office of Science (SC) contact, Dr. Todd Anderson, about our plan to ask 
DOE-NE to take over the million worker study (MWS). I also told him you wanted to talk to the 
SC Director to give a heads-up that we were contacting NE. Todd ran the request up to the top 
of SC and they dona€"'! need a calla€"SC has no problem with us asking NE to take over the 
project 
So with this information, I recommend you contact John Kelly of NE about the request--1 think it 
would be beneficial to have this call with hirn before the Chairrnan meets wilh John Kotek on 
December 14, 2015. Shirley told me you plan to have a meeting with John Kelly on December 

81h, so maybe the MWS could be an agenda item? 
Please let me know if you need anything. 
Thanks, 
Terry 
Terry Brock, Ph.D. 

Office of Nuclear Regulatory Research 
U.S. Nuclear Regulatory Commission 

Washington D.C. 20555 
Mail Stop TWFN-10 

phone: 301-415-1793 



Fram: 
Sent: 
To: 
Cc: 
Johar\;West, Steven 
Subject: 

Weber, Michael 
15 Dec 2015 18:21:35 -0500 
Brock, Terry 
Case, Michael;Coffin, Stephanie;Chen, Yen-Ju; Baggett, Steven; Moore, 

RESPONSE·- McClatchy News Series on Nuclear Workers 

Don't kno>v, Terry. Good question. Steve/.lohari, please advi~e (1\1\VS - l'vlillion \Vorker Study). 

-- Origin;il Me~~age 
Fro1n: Brock. Ten) 
Sent: Tu•'~rlay, Deccn1bi::r 15, 2015 08:56 Al\1 
T\)'. \Vcb..-r, Michai::l 
Cr.:: Ca~c, J\1ichacl; Coffin, Stephanie 
Subject: RE: RESPONSE -- McClatchy Ne\Vs Series on Nuclear \Vorkers 

Just curious ... Did the M\VS rnake it on the Chainnan's rneeting agend;i \Vith DOE-NE Asst. Sec Kotek'? I 
re1nernber subrnitting info for it. 

Terry 

-----()riginal Message----­
Fron1; Weber, Michael 
Sent: Monday, Decetnber 14, 2015 3:50 PM 
To: Hrock. Terry <lerry.Hrockrd'nr.:.gov> 
Cc: (a5e, Michael <MichaeL('ase(l~:nrc.gov>: Coffin, Stephanie <Stephanie.Coffin(~:nrc.gov> 
Subject: RESl'()NSt-. McClatchy Ne\VS Sene5 on Nuclear Workers 

Thanks, Terry. I'll ft,rv.-urd to DOE/NE for a\van::ness und as a fullo\N-up to our rnccting last V.'cck. 

--Original Mcssagc----­
Fro1n: Brock. Ten·y 
Scnl: Monday, Dccl~n1bcr 14, 2015 3:47 Pl\1 
T\r \Vcbcr, Michael <l\1ichacL\:V<ebcr(a)1rc.gov:> 
Cr.:: Ca~c, Michael <lvtichacLC'asc·0;nrc.gov>; Coffin, St..-phanic· <St..-phanic·.CofTin\!1;nrc.gov'>: Burnell. 
Scott <Sco!t.Bun1cll(U_,nn:.gov>: Weil, Jenny <Jcnny.\Vcil(t1jnrc.gov>: Foster, Jack <Jack.Foslcr({/)1rc.gov> 
Subject: Re: Query· McClatchy News Series on Nuclear Workers 

Hi !'dike. 

Thanks for the heads up. I didn't know they \Vere looking at this. I found the entire article here>> 
J1ttp ;, ·111 ied ia, nice lo tchvdc .coin/ sli11 i c/1~a1 ure~, · i rrrid tated ·"';Is to1v 

As you stated. the analysis is be based on the con1pensation programs The n1ortality data cited in the 
h(;'adline appears to be frotn normal ntortality. This is an o\d(;'r aged cohort so you \\"Ould expect a large 
nuniber to have dted. The authors risk cotnparison to actual deaths fron1 recent v.-·ars is a bit specious, in 
that attributing the death ofso1neone in battle is easy. to radiation exposure not so rnuch. 

The tnill!on \VOrker study \vould be an excellent study to reign in this type of reporting. For example, the 
first and u~ually ~in1plrst analysis t(' d(' i~ to ](1ok at all·causc 111ortality in tlu: C(lhort and co1npare the death 
rate tc' the general public for \.Yhat-evcr di~case you arc interested in. This v.'ill give son1e indicution if the 
cohort is dying at higher, 111\vcr, or san1c rate. Also o:stahlishing the dosc··n..:~p1insc for these cohorts V"'ould 
he extremely helpful in explaining the ri~k and pos~ihly cstahli~hing nc\v risk csti111atcs. Any nc\v risk 



esti1nates could be used by these cornpensation boards \vhen they are judging the probabi lily of causation 
for a ceitain tla1n1ant cancer 

A.s far as l...:vcragc \Vith D()E, I think you n1ight have sorncthing here and I think it is a gt1od idea tt1 kt 
thc1n know about the article, NRC 1nay be running in to this ~oineday too, The C.S. n:rtlly needs to get a 
cornprehcn~ivc handle on the actual risks to worker1> experienced at the dose rates ·we regulate to. The1>c 
con1pensalion progra1ns can get quite spcndy and it seetn~ to be n reasonable investn1cnl lo finish the 
study. The M\VS cohorts already inr.:lude these \VOrkers n·on1 the article and (:oinpleling the epi<len1iology 
\Vould she<l a lot of light on \VOrker risks and ad<lressing these types of future clain1s. 

Let inc kno\v iryou need anything 1nore, !'in out or the office today but \Vil\ be back in on Tue~day 

Terry 

Fn1nr \\leber. l\ilichael 
Sent: Friday, Decetnber 11, 2(115 8: 15 PM 
To: Bt'ock, Terry 
Cc: Case, Michael; Coffin, Stephanie; Hurnell, Scott; \Veil, Jenny; Foster, Jack 
Subject: Query· McClatchy News Series on Nucleat' \Vorkers 

fillOd ev..:ning, Terry. Hope all is well with you and that you arc enjoying your \Vcek..:nd I heard on the 
Nc\v~hour progn1111 tonight an intervic\V with rt correspondent fron1 McClutchy Ne\vs regarding \~·orkcrs 
fron1 the nuclear cornplex \vho \Vere hanncd a~ they built nuclear \Veapons. Sounds like the journalists 
n1i11cd the data frorn the CSG cotnpensation progran1s fill' radiation and beryllitun exposure. \\/ere you 
av>'<tre ofthi~ journalistic research? .t\ny connection to the Million \Vorker Study? ,1\ny \vay to leverage 
DOE to n1ovc forv,,ard? 

Please advise. 



From: 
Sent: 
To: 
Cc: 
Subject: 

Thanks, Terry 
From: Brock, Terry 

Weber, Michael 
20 Nov 2015 08:49:46 -0500 
Brock, Terry 
Coffin, Stephanie;Tadesse, Rebecca 
RESPONSE· SPECIFICS FOR MILLION WORKER STUDY 

Sent: Wednesday, November 18, 2015 12:15 PM 
To: West, Steven; Weber, Michael 
Cc: Case, Michael; Coffin, Stephanie; Tadesse, Rebecca 
Subject: RESPONSE: RE: QUERY SPECIFICS FOR MILLION WORKER STUDY 
Yes. DOE can terminate, but they never notified us. EPA or NASA8€''see below We all heard it 
second hand from our colleagues at various meetings. No one was pleased. that was the 
reason we set-up the call wiH1 DOE-SC with all the par"ties involved. T~1ere~€r 1•1 s unanin1ity 
.;:in1ong the three agencies for DOE to keep this going. Also the DOD8€r~1 s Defense Thre;;it 
Reduction Agency wants to join the mix, but as I mentioned in rny earlier e-mail, DOE-SC shot 
then'l down. 

Terry 
From: West, Sleven 
Sent: Wednesday, November 18, 2015 11:53 AM 
To: Brock, Terry <Tcrry.Brock@nrc.gov>; Weber, Michael <Michacl.Wcbcr@nrc.gov> 
Cc: Case, Michael <Michacl.Casc(dlnrc.gov>; Coffin, Stephanie <Stcphilnic.Coff1n(dlnrcgov>; Tadesse, 
Rebecca < R'~br;cc;:1 .T adcssc CW n r r;.gov> 
Subject: RE: RESPONSE: RE: QUERY - SPECIFICS FOR MILLION WORKER STUDY 
Terry 
Does the interagency agreement ollow DOE to unilaterolly ter1ninote the stl1dy? Did DOE inform 
us of U1e terrn1nat1on? (It seems that we just 8€cefound outa€ by ~1appenstance that 1t had 
been cancelled.) 
If you hove any solid insights on the other participating agencya€rMs views about the 
te1·mi11ation and the poss1bil1ty of restarting the study. they may be helpful. 
Steve 
Steven West. Deputy Director 
Office of Nuclear Regulatory Research 
U.S. Nuclear Regulato1·y Co1nmission 
301-415-1914 
Steven.West@nrc.gov 

From: Brock, Terry 
Sent: Wednesday, November 18, 2015 11:31 AM 
To: Weber, Michael <Michael.Weber@111·c.gov> 
Cc: West, Steven <Steven.West@nrc.gov>; Case, Michael <Michael.Case@nrc.gov>; Coffin, Stephanie 
<Stephanie.Coffin@nrc.gov>; Tadesse, Rebecca <Rebecca.Tadesse@nrc.gov> 
Subject: RESPONSE: RE: QUERY - SPECIFICS FOR MILLION WORKER STUDY 
Mike, 



Here are sorne facts about the rnillion worker study to support your forlhcorning call with John 
Kelly of DOE-NE 
Let me know if you need anything else. 
Terry 

'.ll• The official title of the study has morphed a bit The latest from John Boice, NCRP is 
calling 1t the a€00Epiden11ologic Study of One Million U.S. Radiation Workers and 
Veterans§.€ 

:H• Tl"le DOEa€rrvis Office of Science (SC) in early 2012 approved a grant to NCRP for 5~ 
years at. $21.733,858 million dollar through the now defunct Low Dose Radiation 
Research Prog1·am. SC pulled the funds soon after we joined the effort in June. 2012 
and reprogrammed the funds to other research areas related to climate change and 
biofuels. 

;H• The NRC lnteragency Agreement Number with DOE-SC is NRC-HQ-60-12-1-0006 The 
period of performance is 061112012 to 0713112017. 

;I\• NRC3€TMs contribution of $2M has resulted 1n the formation of the nuclea1· power and 
industrial radiographer cohorts (N=14 7 ,600 and 128.364, respectively) with cause of 
death ascertainment completed. Funds are needed to perform the leukemia and solid 
cancer risk assessnH::nts for both cohol"ls. 

·.'Other cohorts to be studied are medical, Manh;;:ittan Project, and ;;:itomic veterans 

:ll• The other cooperating agencies with DOE-SC agreements are the U.S. EPA and NASA 
1<3€TMye pe1·sonally spoken to the DODa€TMs Defense Threat Reduction Agency (DTRA) 
and they want to join DOE, but were waived off by SC because they said no new 
contributions are being accepted. 

c The EPA contact 1s Mike Boyd--phone: 202-343-9395 or e-mail: 

boyd.mike@epa.gov 
c::; The NASA contact is Lisa S1rnonsen8€"phone: "157 -864-4432 or eMrnail: 

lisa c.simonsen@nasa.gov 
.·_·The DTRA contact is Paul Blake8€"phone: 703-767-3433 or e-rna1I 

paul.k.blakec1v@mail.mil 
;l\•Adam Demel la, majority senate appropriations staffer, spoke to NRC staff about their 

interest in the study and the status. Adam was supportive of NRC asking DOE-NE to 
take over the study. 

:H• DOE-SC has no issue with DOE-NE taking over the study 

From: Weber, Michael 

Sent: Wednesday, Noven1ber 18, 2015 7:25 AM 
To: Brock, Terry <Ii~Lfu:g_r;_k_.@ll'}~r!_> 
Cc: Tadesse, Rebecca <Rcbccca.Tadcsscra:inrc.gov>; Coffin, Stephanie <Stcphanic.CoffinCWnrc.gov>; 
Cruz, Holly <Holly.Cruz@nrc.gov>; West, Steven <Steven.Westimnrc.gov> 

Subject: QUERY· SPECIEICS EOR MILLION WORKER STUDY 
Good morning, Terry. In preparation for my call with John Kelly, can you provide me with the 
specifics for the Million Worker Study, so I can share with John? lt3€™d like to give him 
sufficient information to avoid making extra work for him. The information I need is facts like .3€" 
official title of project? grant with NCRP? When started? I nteragency agreement number? 
Current period of performance? Other cooperating agencies and points of contact? Etc. 
Thanks, 

?ltike 
Michael Weber 

Director of Nuclear Regulatory Research 

U.S. Nuclear Regulatory Commission 



301-415-1902 
Mail Stop T-10B16 



Fram: Brock, Terry 

Sent: 23 Sep 2016 12:27:39 +0000 
To: Weber, Michael;Case, Michael; Tadesse, Rebecca 

Subject; Scientist claims 'unrelenting intimidation' from Energy management -

Federal NewsRadio.com 

All, 

Herc's s1>1nc reporting fron1 the DOE tc~tin1ony on the Lo\\' D1hc Program DL Noelle lvfctting was 1ny 
countcrparl/POC lbr the I'vlillion \Vorkcr Study. 

Terry 

h tip :i/ J'edera 1 new srad io. co111hi gencv ·O\ er~ igh ti2 U 1 6,.. 09/ scientist ·C 111i111s-ur1relenting • ir1! i1n ida ti ou-enen:v • 
n1anage1nen1.1 


