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Health Physics Society Adopts Position re

Low Doses of Radiation

Risks from Annual Doses Below 5 Rem Are Non-Existent or Too Small fo Quantity

In the March 1996 issue of the Health Physics Society newsletter, the society published its position on how
radianon risk should be expressed. The position, which is l?nnted below, states in short that health risks should
not be juanufied for radiation doses exceeding background dases by less chan § rem (5,000 millirem) per year
or 10 rem during a lifrume. Because the health risks in this range are so small, only qualiracive expressions of

risk are appropriate, and the qualitative expressions should emphasize the “inabilicy to detect any increased
health de:?mem' from exposures at these levels.

“

Heaith Physics Society”
Position Statement

sttt et—————————

“Radiation Risk in Perspective”
Kenneth L. Mosrman, Marvin Goldman, Frank Masse, William A. Milis, Keith | Schiager, Richard ] Verrer

In accordance wish curremt knowledge of radianon
healsh risks, the Healsh Physici Society recommends
against quantstasive esimation of health risk beiow an
individual dose of 5 rem’ tn one year or a liferime do.e
of 10 rem in addivion to background radiasion. Risk
esamarion in this dose range showld be : qualicanve
acensuanng a range ?potbmcd health ouscomes
with an emphasis on the lskely possibiliy of zero adverse
health effecrs. The current pbdawpz; of radiation
prowecrion i based on the assumption that any radiation

Current radiadon protection standards and practices
are based on the premise thar any radiaton dose, no
marrer how smn.l{ can result in detrimental health
effects, such as cancer and genetic damage. Further, it
is assumed that these effects are produced in direcr
proporuon to the dose received, i.e., doubling the
radiation dose resules in a doubling of the effect
These two assumptions lead to 2 dose-response
reladonship, often referred to as the linear. no-
threshold model, for estimadng health effects a

dose, no manier how small, may result in human health
¢ffects, such as cancer and heredstary genenc damage

here i mubstannal and convincing scientific evidence
for health risks at high dose Below 10 rem (which
includes occupanional and environmensal res), risk

radistion dose levels of interest. There is, however,
su'stantial scennfic evidence that this mode! s an
ov :rsunplificadon of che dose-response relanonship
ard results in an overestimation olPl'?ea}th nisks 1n the
lov* dose range. Biological mechanisms including

of healsh effects are essher oo small re be observed or are  cell dlas of mdiation injury, which are noc
non-existent. accounted for by the linear, no-threshold mouce
9610080445 960326 reduce the likelihood of cancers and orneri- ~fa-r.
PDR ACRS
GENERAL PDR /16 __—_J
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Annex
List of ICD Codes for Causes of Death Studied

All causes
Unknown
All cancers
All except leukomia
Buccal and pharvnx
Esophagus
Stomach
Small intestine
Colon

_ctum

ver

Biliary tract
Pancreas
Nasal cavity
Larvnx
Lung
Pleura
Bone
Connective tssue
Melanoma
Female breast
Cervix uten
Other uterus
Ovan
Prostate
Tesus
Bladder
Kidnev
Bramn and CNS

Thyvrowd

11l defined and secondary
Non-Hodgkin s lvmphoma
Hndekin's disease
Muluple mveloma

All leukemias

Leukema exciuding CLL
CLL

Acute leukemias

Other cancers
Smoking-related cancers

Non-smoking cancers
All non-cancers
Non-malignant tumors

Circulatory discases
Respiratory diseases
Liver currhosis

External causes

1ICD#*
000-999

| 40-207
(3)=(385)
140149
150

151

152

153

154
1550-155.1
156

157

160

16l

162

1630

170

17

172
174

N
In1.1N2

| %30

iN§

1 86

|88

I¥90. 189 |

191-192. 237 5-
2379.296

193
195-199
200. 202
201

203
204207
(35)=(37)
204 12049

204.0.205.0.
206.0. 2070

(3)~(5-135)

140-150.161-162.

157.188. 189 |

(3)40)
(1)=3)
210-239

390-458

460479
4900-5199

5N

800-999

Internanonal Classificanon of Duseases. Bth ed
"Intermational Classification of Diseases th ed

Vanes with facility
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© §20.1405(d)
‘M%) 100 mrem/y Cap

"

v Too low
> should not assume all institutional controls will fail
~ allow 500 mrem/y cap

v Too high

» institutional controls are uncertain

> use 15-75 mrem/y

Development of Regulatory Guldance on Decommissioning




§20.1403
M} General Provisions

v EPA Drinking water standard,

> oppose

-

— prefer single dose based, all pathway standard
» support
— consistent with EPA rule
v Calculation to 1000 years post decommissioning
> use > 1000 years for long lived radionuclides

> use < 1000 years to be consistent with 10 CFR 40 and 61
-~ 200-500 years

De ent of Regulatory Guidance on Decommissioning



%) §20.1407 SSABs

v Differing views
» Support for provision
» SSAB not always the best solution, other options should be ok
S, - extend use of SSABs to unrestricted use sites
v Provide more detail
~ responsibilities
- membership, size, qualifications, government role
> independence from licensee
» administrative and financial support
~ meetings

e o e digensee and NRE use of SSAR recommendations
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GUEST EDITORIAL
The Linesr, No-Threshold Model in Radiation Protection:
The HPS Response
MLMDSM“A&MM
B Qs issue of the Newsleter, the whn—ud'-d&i‘m.
wucific and Public Issuse Coeamit. munuymw
mpﬂi‘-hwuha’-q beelth rick. & bucame clear afer severs]
pﬁnum&hﬁm. M.dthm&qlnyh&uh
no-dhreshold model (LN-T) in radiation um-sw-rmu
protaction. In recest montks, the dis- the sppropristences of the LN-T model
m.bm&u to predict risk a2 low doses is not the
w-rmﬂulhuhhrm mmm*m-
m&mmum unbdqu
Bons has reached the ineraatiosal arens model to predict boalth risks a¢ low
msoa'-y'-mw-u. h’hhﬁmofww
Mmohmh&u. M-hb«m’ and the
n.cmmn,w Mnm%:ﬁdm-

the many viewpoints om the LN-T
model, | 36 pro and con, expressed ia
MM.MM&
bars (Devid Goodes, Wade Pattersos,
T-Td’ah.ufm,ldﬁuy
Zocwan) attonded the Committee meet-
ing uliyl”ﬁlhhiuh
HPS ammuni ing and sdded ciguifi-

nb’-h(o.;.,&mcinam
ﬁundmaion-lopvu
-iu-clumsnmli-ﬁ
bummamomr').
unm»mym

The pocisi

b-dﬂhn'wm' of risk
hb-Su-humcrwmin
Hﬁﬁa.(lhnhw. Qlaarty,
thnm-nynyshv&dn'akm
bwm.l‘am
Sssume o2 individual receives & whols
M«-dwmmm
I8 &8 SPPropriate qualitative expression
of the risir:
thfmiaﬁmmdwu
MJOMMMNMc
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[s Slightly Dirty Clean
Enough? DOE Thinks So

Y GEOAGE LOBIENZ

The Energy Department. frustrated by regulaiory
INSCLION Of & key “how clean .1 clean” saus, 15 plan-
NING (O 15506 &N 1niernal order outlining procedures 0
determune when slightly radiosctive but valuable
swplus DOE matenals can be soid 10 outside companies
for recycling overseas.

DOE officials also were pushing for a White House
mesung this wesk to confer with Eaviroamenial
Protsction Agescy asd Nuciesr Reguistory Commission
officials o woys 10 rejuvenale & lagging |nleragency
eifort (o craft broader deregulatory standards for
migimally contamisaied matenals. However, the
planned mesting was cascelled as Tuesday.

The proposed DOE order. now scheduled for relesss
in March, would establish “fres release crusna” for the
sale of conaminated surplus maisnals—manly vanous
metaly-—hat could briag the deparument teas of mul-
lions of dollars 1n revenus.

Markey Dr

aft Proposes
Trade: Retail Wheeling
For PURPA Reform

BY MARY C'DRSCOLL

Sale of the mewl also
would eliminaie or reduce B
costs for continwed storage
of those matenials & DOE
siles.

DOE's decision 10 1s3ue
the order now 13 prompied
in part by a contcmplated
sale of ons of comtasm-
nated rickel from DOE w

Scienufic Ecelagy Croup
(SEG), a W
subsidiary e

volved 1n DOE wess
management acTUVIOSs.
The surplus mckel 1s left
over from uramium earnch-
ment operstions and 13
being managed by DOE's
Qak Ridge. Tenn.. office

The order s designed (0
clear away heaith and legal
questions now blocking
sale of the mckel. which
SEG plans to resell for
reuse |n Spaein. according
10 DOE officials

The proposed rule aiso

(Continued on page ¢) 1993

udget Impasse F
Murkowski To Introduce
New USEC Bill

Sesking 8 way around the dudget impasse. Senats
lawmakers have awroduced a bill @ privauze the
United States Eanchment Corp.

Sea. Frank Murkowsk: (R-Alaska), chairmas of
the Energy and Natural Resourres Commities. aloag
with Sens. Pete Domenici (R-N.M.), Beanet Johnston
(D-La.) and Wendell Ford (D-Ky.). last Frday intro-
duced & proposal (0 privauze the government-owned
ennchment business: the language of the bili 1s viru-
ally identical to the USEC language that was stuached
10 the fiscal 1996 budget reconciliation bill that was
vetoed by President Cliaton Dec. 6

And with high-level budget negotialions sputier-
ing. gerung the reconcihiauon bill passed in 18 en-
trety i3 looking increasingly improbable.

As such. Murkowsk: said 1n introducing the mes-
sure (hat he 13 prepared (0 take his chances either with
a2 stand-alone dill. or ataching the USEC language

‘to any other legisiative vehicle ™

The pnvauzstion effort was set in motion by the
Energy Policy Actof 1992, which required the lederal
government (0 move (oward selling the enuty by

Prompts

~PAMELA NEWMAN

Rep. £d Markey (D-Mam.) bo floating a8 slectric
mmﬂﬁl“hﬂ-dn

for sloctric competition and repsais PURPA's
-::~."WWM-Q~
Byll. besed om & proposal ongisally drafisd by the
Mwm&cm--u:m

tricity restructuriag bill
ever, the odds of senous
considersuon of sach & bxll
e slim o3 prasadential elec
(£ we sotsd more
for their lack of coegres-
1008 ECCOMON iheikatrts Thas
anyiking else—and this
yoar's budget debese 13 ei-
peciad to taks up mach of
Coagress’ ume.

For that aad other res-
soms, such & the Federn
Energy Reguistory Com-
mission’'s pending Opew &
cess rule, lack of comsensus
among (he manmy elecuic
powey Industry partcipants
and the Energy Depan
ment 3 reluclance 0 move
on anything (his year mMaoy

(Contmued on pege <)

snwnou:conmcmmmnu-w-man-u-mn—-m--u

¥,

]
w , D.C
Dﬂlly o
)
ED Volume 24, Number 20
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Is Slighyly Dirty Clean Enough?... cssmes vem s e

would establish
DOE contamu

overseas

In order to offer contaminated DOE materials for
domesuc recycling, DOE officials saxd EPA and NRC
Must complets acuon on reguistions setung de mimimis
levels for reiease of slightly contaminaied mawna's

nto U S. commerce.

The problem has been that the EPA-NRC dé minimus
‘nitative has been bogged down by controversy and
funding consiraints at both agencies

DOE officials had hoped 10 discuss ways to reflcat
the NRC-EPA de muawmis iniuative ai a meeung that
the White House Council on Environmental Quality had
imitaily scheduled for Thursday The meeting was
cancelled late Tuesday. however. dus 10 lack of consen-
sus on the need for such a meetng

The department now will attempt to lead by example
by i1ssuing its more circumscribed order on “free release
of contaminaied matenals.” according 10 8 DOE

document.

“The DOE order on free release 15 a ressonable and

thorough framework that
represents an important 1) §
government prototype for
addressing volumetnc
radioactive contamination.”
the document saxd. “This
approach offers & ressonable
‘path forward’ that shows
the DOE 15 taking an
iniative 10 deal with the de
Mminimis Impasse

The order etfectively
would clear for outside sale
those surpius DOE metals or
maierials with radioactivity
levels between one and 30
millirems. DOE officials
said that range was roughiy
equivalent 1o the gemers! |5
millirem
standard being considered
by EPA and : '

‘Once the [free release|
critena (are] met it 18 the
vendor s responsibility, not
the department s. (o fully
comply with pertinent
niernauonal. federal and
state regulations regarding

rYIew process under which other

Mmatenal sales could move forward
However - depurument officials sasd the rulemaking only
would cover nternal transfers batween DOE sites or
sdles (0 companies intending (0 market maienals

disposiuon of radioacu ve contamiontsd maerials. ™ the
DOE document said.

NMMaﬂmmcﬂWﬂM
w'cn m‘vuauamm tnal rus f:::m I8 the traasfer
of surplus conaminaed copper 's Oskisad.
Calif . field office for recycle 1a Asis.

DOE officials believe (he order will provide the
dummmmnwmwm-m
surplus matenal sice. [n aruculsr. the order is sup-
posed 10 shuekd DOE from say liadility coscerns
relating 10 release of siightly contamisated matenals
into gemeral commsrce.

“With the fres releass criena. the DOE has & direct
and meamingful safeguard, once the matenals are
:r:.n‘nfcmdwmpmu sector,” e DOE document

However, depanment officials sud there is some
doubt about ihe exient of legal prowcuos that as
inernal safety order can provide the depantment They
said & brosder EPA-NRC rulemaking would bs much
more effective in thae regard. i

The officials also saxd they plan w0 wek public
commesi on the isternal free relesse order s
hopes of further clanfying key ssues nsediag
uoa.

- '

1995 A Record-Setting Year For Wind Energy

The numbers are 10, and 1999 was & recovd-setting year for U wind
industry. according (0 the Amencas Wind Esergy Association. e

Woridwide, inswalled windpower copacity climbed 10 more has 3,000 megrvans
in 1995, a 1,300 MW increase from 1994, AWEA said. s wtehe o

Most of this increase occurred owisids the U S, sccondiag 1o AWEA. Specifi-
caily. sand AWEA Executive Director Randall Swisher, the fasisst growd im wind
energy 13 occumng in Gerpany, Spas and lndia. “Lass than 5 percest of sew
construction 1n 1999 occurrtd n the United Sumes. Wisd essrgy wechaology s
taking off while the Amencan market remains stuck s sswwrnl.”

[n 1990, Swisher added. nearly 80 percent of the world's installed wind capacity
was sited in the United States: by 1999 the U S.' share of the market had (aties o
less than 50 perceni. ’

ABB V' .5 $400 Million Korean Power Contract

ABB saic idonaay (22t it has been awarded a $400 miliios conwract from Kores
Electric Power Corporation (0 build & 2.000 megawan combiaed Cycle power plas:
15 South Kores. . _

Under the terms of the contract,. APB will supply Kepco with eight of the
company s high-performance GT24 sequenusl combusios gas tartuacs. plus theu
associaled heat recovery sieam nnrluon. sieam (urtisss, elecIncity w
power plast control systems and suxiliary eguipment.

When operating, (he plant 13 expecied (© schieve a8 overall fuel efficiency of
nearly 80 percent 4 .

Construction of the plant, to be built in Poryong, Korea. is schaduled o begis 12
Apni The plant 15 expecied (0 begin generaling electncity wdus 13 -‘ aod

be compiete 1n 27 months
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innovatve Research Needed

Marvin Golgmen, M. 0., Professor Ermaritus

i

rates other them the conmstently
son-linssr relationstip for all radio-
gemc tamOrs W experumental -
mals. Since ths obswrvation s Bl
@ bammans, i ol but ignored.

Simce duect  epademmoiogical
studies cannot be expectad o venfy
offecis o dowss whack wre smmll
fractions of background radiaton.
we @ay bave © wait for the bomo-
hecuker explamtos of WINON genesLs
siespe fTOM WALMDOE (O PHOBIOCCY W
s fostetion for oug mEFwer

As loag e theve sem 0 be

The s of these step probabiliv s
sleo mey 90t be o straaght Lise - U
s just a8 likaly © be mgmoud’
Leat's wop debsting whet we
betiove snd bops for, mad put the
Lsssr, ao-tweshold Bypothems o
soumd, sotd scmenfic scrunny and
obpective wstmg. [t u Ome for
maovative ressarch! We oeed 0 30
.mmdhlvuhbsc
dets, snd a8 well employ Our oeweT
mobscular 100ls @ WqUe researtt
10 better wdersiand the rdiacoo
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EDITORIAL

Dose-Response Model Resctions
Bring Surprises

wo potable surprises occurred as

respotises Came @ O my editonal
o the Apnl wssue of the Newslaner. The
biggest surprise 15 that responders beld
very closely w0 the 500-word limmt for
‘ubmusmons and thet tus limst did pot
sem 1© bamper suthors. Responses
wem cogent and compiete.

The second surprise 1o thet the view-
poits are all 50 cue-mded. Almos all
refute the linesr, ao-threshold (LNT)
paradigin. We bhad wvited responses
from both “mides” of thie weue, 30 doa't
know how to usterpret the lack of resc-
toa from the LNT supporters.

It certaanly 15 & controvermal topec.
Almost se controversial, we found, s
bow 10 punctuate the same of our model
under discusmos. Submusmoss hed o
lenst three different styles. Health phys-
s publications editocs decaded it should
be “lisesr, so-threshold. *

The 22 responses recsived by the |
Msy deadline appesr 18 the cext 14
pages of the Newslerier. Regular News-
lerer matenals start on page 17. The
first soveral w the special sechion pive
some of the hustory of the Lnear, no-
threshodd model. The ssxt fow discuss
molecular and cellular implications. The
recamnder are of & move genersl sature
#5d are arvanged, as much s posmble,
o look mce on ¢ page. Due w the
hastoncsl nature of some of the arucies,
radinonal units have besn retawped.

What use will be made of this special
issue of the Newslenier”? Fum of all, we
bope it will be wieresting o read.

Secondly. we have alresdy sw the
arucies © Ken Mossmea, Chesrmean,
Scieatific and Public [ssues (SPI) Com-
mutiee, Health Physmcs Sokety (HPS).
Ken was directed by the Board 1o pre-
pare 8 HPS positon paper oo the sub-
ject following & recommendation o thus
effect by Wade Patterson st the mudyear

/20

meeting of the Board 10 Charieston.

Ken expects © have & rough draft
of thas positon paper ready for review
by the SP1 Comsutiee a2 the July
sweting m Boson. The Commutize
will decide on the depomtion of the
paper at that time.

Under conmderation will be wheth-
& to submui 1t o the NCRP. The
NCRP plans 0 uutuste s new Scientif-
 Commutise 16, Bass for the Lin-
anty Assumpton. [t s expected that
work oo this Committee will begia ir-

The papar way also be subimtied w0
the National Academy of Sciences as
wput W the pext commtiee sam goed
© update the evaluation of low-level
effects.

la sddition 0 submuttung tus spe-
cial weue 1o the SPI Conamutioe, what
other plans do we bave? It 13 expected
that thus wews will pat 2 lot of other
people cxcited sbout the topic and the!
they will weit 10 pat thesr words oo

where secessary and follow the style

ing what othwers bave slready sad.

Aseociste E4 o Aady Hull prov
od wdons and oames Of persons W .
ovited for submusmons.  Associate
Editor Steve Garry carefully proofed
all of the subsussions. Thanks o all

Gen Roessur @
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— SPECIAL ISSUE —
RADIATION DOSE-RESPONSE MODEL

M

Through Space and Time...
10 the Linesr, No-Threshold Paradigm

Roneld L. Kathwen

Itummm-pﬁmbmufa
WIymuﬁummMMWu
active practice today . the linear, no-threshold dose response
hmmum«-mmu.w
thesr entire carmers. basn the foundston of radistion
protection standards applied wn our efforts o protect people
and the eavironment from the harmful effects of radistion.
It thus mey come as & surpnse 10 some, parucularly those
who have begun their careers \n recemt years, (o learn that
the Laear. so-threshold model and its offspnag, ALARA
and the noatruncated application of collective dose, bave
oot always served as the basis for radiation protection
siandards.

o fact, the linear bypothesis 15 & relative latecomer
lstially follovng the discovery of x rays aad radsoactivary,
the peneral bebef was that radistion expowure wes ook
barmful This supbona quickly gave way w the wcreasing
reports from both expernumental work sad field observations
0 bumens to the more sober concluson that o great an
exposire could, indeed. result 1 some sort of damage.
Thus, although by 1905 it was generally recogmnuzed that oo
greal A exposure could result 1o acute frank effects (today
we call them determinustic), it was 8o¢ until 1925 ~ three
full decades afier the discovery of x rays ~ that the first
protsction standerd wes propossd. The stasdard was based
on the sowcalled skin erythems dose end umplicitly (snd
indeed 1t proposer, Arther Mutacheller, 0 sated) carmed
wnth it th® comcept of a dose which, If oot excesded, would
permut such dammage s¢ mught occur to be repaured, or, w
other words, & (olerance dose.

The concept of the tolersnce dose beld for nearly three
decades. [t served the Manbattan Dhstnct workers well, and
seemed W provide an adequate margwn of safery. [ndeed.
40, or even 30, years ago the prevalent belief was that one
could be exposed at the maximum permussible dose (then
15 rem whole body per year) coptinuously over & 50-vear
working lifeams with no demoastrable 1li effect. But 1o the
19508, the linear, no-threshold model was adopted, based
2 00 small measure on the Nobel prize wwaning work of
Herman Mdller whuch showed a clear lineanty between
dose and wduction of genetic mutations 1o fruit flies with
00 apparent threshold, and W 1959 testimony by Caltech

genstcist E.B. Lewis, who proposed before Congress the
ALARA protection phulosophy besed oo geaeuc effects
lnsually, the Loear hypothesis was chosen because of s
mathematical sumplicity, snd the fact that of all the dose
response curve chowoss, it provided an upper Lmul oo the
nsk 10 the sxposed wndividual.

Largely widun the past two decades, the linear. no-
threshold model has ssvumed wcreamng regulsiory (mpor-
tance snd 15 now penerslly applied w0 radiation nsk studies
[n an offort 10 ensure the safety of the worker and the
gemeral public, evidence cootradictory W a linear, no-
threshold model s rejected owt of hand by otherwise
respoasibie scienlists and regulators, leading 1o acceptance
of the model as & fundamental law or paradigm. rather than
as a bypothesis or theory. What we know (or should know)
and bear i ound in owur standards-setting process is that the
linear, no-threshold hypothesis doss not apply w all radis-
uon dose responses, and that for some effects there may
fact be 2 threshold, or s noalinesr response.

History: The Linear, No-Threshoid Model
David S. Gooden

be lLinewr, so-threshold model for radiatos wjury

evolved dunng the Cold War's ers of untense above-
the-ground testing of nuclear wespons. [o the 1950s, *Sr
ad "Cs from fallouwt were known o exist w small
amounts & milk and other foods. There was a fear that
exposure to these sod other rmadioactive matenals would
compromuss our nation's genetic pool. This fear was based
on the belief that penetic wjury was » linear, no-threshold
phesomenca. The bslisf was sttnbuted to expenmentation
with the frust fly (Drosophuls). However, Dr. H.J. Mdller
the Nobel Prize wianer for peastic work with the fruit flv
siud 1o bus 1927 artcle that

‘while the figures are not quite conclusive, they make

it probable that, withun the lumits used, the sumber of

recessive lethals does pot vary directly with x-ray

energy ebsorbed, but more nearly wath ¢ square

oot of the latter. should thus proportiooality be

confirmged, we should have w conclude thal these

mutations are not caused directly by & sungle quanu

of x-ray energy that happens to be absorbed a! some

cntical spot (emphans added)’ (Maller 1927

Thus clearly 15 an early statwonamt for swblinearr

)
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lmesrity. The UNSCEAR 1958 Reporr clumed no genetic
damage, even n e frex fly, buiow what could be called
8 25 rad threshold (UNSCEAR 1958). This value is withun
the range of other spparan “treshold® dosee identified
other dissmses such & radiogenic leukemis w the atomuc
bomb survivors (UNSCEAR 1994). Hereditary wyury dus
0 rediatos exposure of humans hes pot been Wdent fied o
all.

Also m the 19508, s phynicase, E.B. Lows, contnibused
o the bolief in & ey, so-threshold parsdigm for radiation
ugury. Lewns clamed that rediation-mduced leuksums was
¢ limsar, po-threshold phenomencn. This is sot the case
(UNSCEAR 1994). It » mow kmown thet radiogenic
heruditary wywry sad leuksmns, the two premcses oo whuch
Limear, ao-threshold phenomens.

o apite of the loss of early foumdations, the linear, no-
threshold model continues t0 persst because once It was
pat mto place, it wis mauntained by value systems (science
policy), sot scaemce fact.® Through usage, the model
became s artucle of futh snd competmg models of radia-
nos myury were excluded from coasderation. The model
wnflusaces all of our radiston safery sctions and all our
related hanith and safety regulations. [t 1s tme © svaluste
our scxemce policy 1 see 1f it serves us well, based ca owr
scrence facts.

*L.A. Sagan, address to the 1992 International Coaference
o2 Low Dese [rradistion smd Biological Defesse Macha-
nisms, Kyuts, Japes. Segan noted that Thomes Kube, o bas
semaonl work. The Strectwrs of Scemtific Revelations,
poumed i the! @Ot sosotsts are not seskers after truth,
but rethor are techoucians who are taugis 0 unquestioangly
adopt certasn models or paradigms  Thew scwatific sndeav -
ors, therefore, are Lmsed 1o modifymg only the detaus of
the paradigme end the paradigme themeelves are rarely
challenged Kubo states thet scxsststs °cessor’ wforma:on
thet 1 mconsustant wih the paradigm. He bebeves thet m the
sbesnce of comcrew scwemtific fdimgs the wfuence of
pereonal and commmmary velses (wiich scwnDsts share)
contributes 1o the csstrecton of parudigms.

Raloresion e

Milller, M) Anificisl voomsmation of he gene Sciewss 8487, 1927

Uttt Natsome $<watithe Commmaioe on e Efacn of Acemc Baduroon
Sowrces sodl offects of icating rdietion. | 958 Report w0 B Geasral
Amembly UN New York: 193831

Ussed Natwoms $<rentific Commmwaer on the Effects of Alomsc Rashsicn
Sources and sfects of westng mdistos. (994 Report © e Gessral
Asembly, wih Scwsuilic Asssxes UN New York: 1994257

U st Metons Scwmufc Commeties on G Effocts of Aloemc Radsuon
Radiogeen: ioukanms » demoamrad i0 Do o lmar quadriue response
wilb oo apparem threshodd of abowt 20 rem (0.2 5v) W UN New York,
1994257

Changes in an Isolated Moilecule
Versus Human Hesith Effects

R.G. Thomas

Thnuhnhmummmuu
sowme change w an organic molecule. [n other words,
if ome were 0 place an in wro dish of bwologically active
mobscules, sy proteans, ia the beam of & radiation source,
sad if messurement were made of all subtie changes o that
molecule, then & radiobrological effect would be recordad
on thet molecule.

The common mmse question that should follow such s
osvent 8. Doss thet subtle change wn an wsolated molecule
heve sy relationship 0 some health effect 1 ao irradiated
persca”

The linewr extngolation dogme s oot based upos
st fic or eprdemioiogical evidence of radiation-wnduced
benith effects. We have a complicsied system 1 the bumen
body, complicated by ali sortz of wtncate machunery such
& the unmune system., designed W protect us.

Subtle moleculir changes observed in wiro gemerally
have mo extrapolative powers 0 the bumen bewng because
of the bumes repar process; they can oaly be scientifically
bused if proves w be relatad. Molecular bologusts tend o
show & mdiation offect upon thewr favonie moleculsr or
collular system, with the umplication that s relsied health
offect should be considered w radistion protectios cnitena

We know of 80 husoes cancer cases resulting from doses
of rdiation below o least 0.2 Gy (20 red). Why are we
worrying sbout what hepsens a8 2010 dose 15 approached”
Why am we sufficently meotally meufficent o even
consder pudance dosss of 0.01 mSv (1 mrem) yr', o the
rangs where it canact be messured”?

If we are that comcerned, what are we 0 do sbout
natural beckgrousd, which cs vary by 1-3 mSv yr',
depanding upon geography” (The frightfl part of thus laner
¢ that soms day, some parson who commders hum/berself
@ spadeamolopist. ¢ gowmg o find some hologcally related
effect thet 1s endemec 10 the people of Estes Park, Colors-
do, that 15 not found @ Baltmore, Marylsad, and the Press
and the 28ro dose-zerv effect peopls @ our LUgHous soc ety
will ent it wp.)

The ples bere is for cocamon sease. s it ever gowng w
be posmble for wfiuental people 10 recognize that an effec
oo & molecule, which may extrapolate lnearly w0 the zero
dose-zer0 effect pownt, s mesninghess when ¢ comes ©
sethng standards for radusticn, where 20 cancerous effects
have been sees below rather mzmable doses’ The waswer
unfortunately s 8o; there 1s (0o much job secunt™ wod

DOlonety &t stake.

| R P
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The Cell Dose Approach Uncovers the
Probability of @ "Threshold” for Late
Tissue Response at Exposures 10 Low
Doses of lonizing Radiation

Luswrg £ Fewnencegen

Ruﬂof“mmuty“fm-um
0 omnng radishion 13 conventionally related w©
sbeorbed dose wn the rradiated tasue.

Thus approach does not wke wio conmdersuon the
macToscopic distnbution of eneryy deposition events from
tracks of omunag particles (referred 10 bere & hits) w
Gamse, nor does it relate © Se multcellular structure of
Lssue
thmhd-ulwno!hbumuw
& ealre mucroorganisms, 1.¢. a8 & whole, 0 physiological
or pathologcal wierventbons. Responses of hut cells
underiie ussue detriment. Late effects, such as cancer snd
fenelic mutations u germ cells wath bereditable diseases 1o
the offspring, anse from sungle cells.

Almmuofw&uocdoumodyuch
cells are hut per defined ume wierval, and the quantities of
sbsorbed energy per cell (referred 1o heve as cel! doses. or
hatn.)ca!x‘womuuwmum-
radistion quality.

At low-level exposure, absorbed dose 10 tssue thus 1s
inadequate for assssming effects of rmadiabon w hut cells
potentally causing cancer or genetc mutanons. The use of
the relative biological effecuvencas (RBE) or the quality
Wollmwymuwauhw
ancy betwosn the values of absorbed dose 10 tasue and that
10 hut cells un that ussue when assestng nsk from low dose
exposure (Fanendegen e al. 1994).

[ndividual cells m tssue respond w vanous ways
heving besn hut. According to expenumental evidence, ooe
response may lead t0 & permsnent sltsration 0 the DNA
itk the consaquence of msligeest tremsformenca, with &
probabuity of sbout 107 par 1-may it (Feinendegen 1990).

Other respomses sy, with o probabelity clossr © ooe,
wvolve the cells m Wmmporanly umproving o the one hand
heir defense -~ for exemmple egans metabolically produced
asggresmive oxygen-comtmmmng radicals (Fewendegon ot al.
1987. Fawnendegen of al. 1988; Hoho-Elkarim o al. 1990) -
- and on the other hand thewr capacity of repmur — for
example of DNA damages wcurred from such radicals or
other Wi agents (Wolff et al. 1988; Wolff 1992).

Also, bt cells omy be induced W spoplosis sad thus
elimunate damages carned by them (Koado 1993). Cells of
the unmune yystem have beem reported 0 be stimwilated,
resulting w a0 umproved survedllsnce 1 tssue aguast
malignant cells or agunst potentally oxic agents (Makino-
dan 1992) The ratios of probsbuities of some of these

respouses bave been shown 0 change w favor of benefit
mdad‘cmmgdoulomwhﬁmwnuu la
Press).

The response of ussue 1o low-dose exposure must be
viewed a3 & oet consequence of multpie cellular responses
0 the uradisted tasue (Fewnendegen 1991). the algebruc
molcdhuwnmmmum
poniansous malignant transformation, and thei. after
malignant truasformation, are eimunated by & suipulaed
immune sysiem, may ourweigh the sum of cells that sustain
.mmmmuapm
dose.

[n view of the demonstrated wcrease of the o benefit
© detnument @ bt cslls with decressing dose 1o e cells
the relationstup betwess probabuity of detrumen: 1 tssue

Fossadegen. LE.. Boud, V P . Boox. | The quastificavon of phymcal
ovenis wuhis Laswe of low levels of exporur W onung redialon
ICRU News 29-1); 1994,

Fesadeyen. L. E. Thapeil doee camsept. potemtial applicatson 16 reduuon
prosscuoa. Phys Med Biol. 35 597412, 19%0

Foumadeges. L E.. Miblsasepss, H . Boad, V P Sondheus C A
lmtracelbuiar sumleuon of buochemecs) COMMI MEChammns by o Gose
ow-LET wrodmion. Healih ™y, 52.643-669. |987

Fousadoges, L £ Bosd, V P, Boox. | | MShieomepes, M Biochemic s
cad coliuier mechamems of low-dom offects. latere | Radi Beol
33:23-37, 1988

Hohe- Blkari K., Milisasepen, H . Abums, K |, Fessadegen. |
Modificanon of offecty of mdistce on Bywedios Diss lmers |
Radias. Beci. 5897-110; 1990,

Wolff, §., Afsal. V., Wieassks, / K., Ofivieri, 0., Michsali, A Humas
lymphocyws possd w0 low dows of ommag rdedoos become
refmciory w hgh doses of rediatson o well 48 w0 chommcs) maAagens Da(
wiuce domble-srand braals m DNA. lsove. | Radist. Beoi $3(1) 29
®, 1988,

Wolff, §. Low does expomures and induction of sdapiatson Lo Sugaban
T, Segen. L., Acyemn, T Low dow wradistion sad biologcal de fenme
amchaseens Lacorpm Modica Ammordam, London. New York, Tokyo
.

Kondo, 5§ Headh offocws of lowdovel mdiation. Kiski Usrverwry Prase
Omnka, japen; Madicel Fayues Peblisheng . Medieon, Wisconma, | %)
idakamodun, 7 Colhaier snd subcolbuiar (bsrahion @ memns sLs o oo
by chrom:, EReraNGes] SRPOSY § YIVO 10 vary low doses of woeciag
redaanion (Wr) add 63 emsborung +Tacts G PrOTEAmMON Of saskor MR
dscose and memmery v grool b Sugshers, T . Segea L
Acysma, T Low doss wredistion s Seologoni dsfesss mechamsms
Excerpin Modics. Ammerdam, Losdon, Mew York, Tokyo, 1991
Foumsadeges. L E.. Loten, KM ; Booe, |, Mikisamepen. H = Soodbs s
C A, Bosd VP Calhuiar ssochaswme of prosschion asd repay g oo
by redistecn w‘mwhuﬂmw.
St Colln; in Press

Fonsedugea. | E. Radission ek of teses ate effect, o oet < otmeqg . ¢
of probebustios of vancus celluiar respomsss. Burop | Nl Mec
187409, 1991
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Dose. Responss, and Biological Level

Almost umuitaneously 1o & given targe Comversely, equal
dosss from besvy charged partcles or neutrons are distnbu-
bons thet wclude many evenis large enough 0 cause cell
respouses; bowever, fow cells  the urradiated ussue are hut
even once (Bond ot al. 1988).

The probabulity of any cell response depeads oe event
size. [t remuuns very small for small hits, thes increases
rapidly and becomes quite high for large snough events, as
shown by the “hut mze effectiveness function (HSEF)*
(Scndbaus et al. 1990). Yot fow, if any, responses result
unless single hits depomit eoough emergy to overcome free
racical removal and DNA repur mechanisms (Fenendegen
ot al. [n Press).

A given radiaticn produces the same relative distnbution
of sngle event sizes & any low doss level. The probability
per uaut fluence of caumng & given cell response can be
denved by convoluting thus distribution with the HSEF It
differs, for examphe, by three orders of magnitiude between
“Co gamme photons sad low-energy fast Deutrons.

The sumber of sberamt cells that result from & given
flusnce of say mdistion wili thus mcresss Linearly with
increasing flussoe, o mest w te low-level repron. Howev -
er, apprecisble smasbers of respomses will not begu ‘o
sppear until the sumber of sufficiently emergetic events
exceeds some specific value. Accordingly, s dose level
should exist below whichk the sumber of sberrant cells
produced u an irradiated cell population remauns 30 small
that & functiomung immune surveillance system may elimu-
oate most, (f not all, of them.

Thresholds may therefore occur on two levels: wn cells,
where sungle events mey oot deposit enough energy L0
Cause respoases, and o ussue, where the resulting number
of aberrant cells may remaun small enough 1o be controlled

by the ummune symem. A level of irndistion should
m«.-mm»m«:m—omqu-

MuMhhmﬁhquhml
A prume example u the sow-but-successful evoluton of
complex organisms under the COBRAD: cOsmIC and lerrestr -
umm&:uumwmu
long hustory on earth.

Ratoarrvwe,

Boow, | . Femssasegen, L £ A mes rodoxswirc
radiation offects. . J Rad Mol 531321, 1988

Bond, VP, Fussndegen, L.E.. Book, | Whet & s “iow dose’ of
redinticn® b | Bad. Biel. 53:1-12; 1968

of low <dose

WL‘I..LA-LM‘.&-.I.MH . Soadbaus
CA.Bosd VP Colisiar mmchamsne of prowcton and wpe.r nduced
ly“cmdumuhaﬂmm-
o Prems

Crostte, EP s assersl baskgrousd or rudistos from muciesr power
plasts louksmogemnc’ in: The Biolo, s of Hemewpowms New York
Wikey-Liss 1990 439448

The Linear, No-Threshoid Mode!
Fails Badly in the Low-Dose Region

Bemard . Coher.

bere s po expenmental evidence for a linear, no-

threshold dose-response relaticastup for radianon-
induced cancer w the low dose, low -dost rale regioe of the
vast majonty of applicabions. (I thus regics, ‘lLinear-
quadratic* reduces o ‘Lissar, no-threshold. *)

The gply bams is 1w tus theory: & cancer is mutiatad by
s sngle partcie of mdistion wterecting with & sngle cell
oucieus, 20 the cancer nsk is proporticnal to the aumber of
particles of rediation, wiuch 15 just proportiocal 0 the dose
Howsver, this very mmple theory ignores the effects of
(SRSM processes wiuch prevent the vas majonty of witia-
g events from developing wto cancers.

If the efficiency of these repair processes 13 affected by
radiaton, the simple theory obviously becomes wvalid, and
ALY reason for accepting ¢ linear, no-threshoid relationshp
collapees.

[t 15 now undisputably clear thet small doses of rdiaton
do indeed sffect the sfficiency of repaur processes. The best
evidence for tus 15 the “adaptive response’ which s e
topic of » forthconung ICRP Report. Numerous papers oo
tus are contaned wn Sugubars et al. 1992, and & bnet
review is given o Coben 1994,

A typical result stated 1o one of these papers s (at ¢ |
rem dose several hours before a 200 rem dose reduces e
cancer nsk from the latter by about 35 percent. which

/Y
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nlerpreted &3 @ WCTRM® 0 production of repair eazymes
by the | rem dose. Amother supporung finding is that |-$
mofmnamuymmhmhm:yun.
which mey also be protective agmuast development of
Cancey.
Thus there 1s g evidence, expenmental or theoreucal.
wmn“.MWnubm
of wterest, and the omly waYy 0 wvestigate it 13 through
expenment Unfortunately. tradibonal spproeches w0 such
ovestiganons are very stromgly wbubited by staustical
problems. Al leest many s of thousands of subjects
Mhm.ﬂmmmmmmt.

Hm.-mnlppummmgthhm.
oo-threshold relatonshup with 8o sanstical limstations has
recently been descnbed o Healh Physics (Coben 1999). It
utilizes so ecological spproach. but it shows tha ‘the
ecological fallacy, whuch is the usual objection to ecologr-
cal studies, 15 pOt applicable o thus work.

it also sddresses all ocher powental problems wath
ecological studies that have been discussed o the litersture.
and shows that they have little effect. [t includes studies of
potential confounding by 54 sociceconomuc vanables pius
many chimatic vanables and peographucal fectors. The

conclusion 13 that the :noar. po-thresbold theory fauls very -

badly w the low-dose region. grossly overesumating the
nsk of low-level radistion. (o the ten weeks swnce that
paper appeared. no letiers 1o the editor cnuquing it bave
been recesved.

R o

Sugshers, T Segea, LA, Aoyams. T Low doss uradiatos asd
botogical defenm mechemsmu Amserdem Excerpu Medca (997
Colea B L Dow-response relsuondh i for redustsos cerinogensms s (e
ow doss regron i Arch Occup Esvwon Heakth 86 71.75. 1994
Cobea. B L Tex of the linsar-uo threshiold heory of radieton carino-

Feamas for abaled muon decay products. Meakh Pays. 68 157.174,
1995

Threshold Proven for High LET Radiation?

Car' M. Distenteld

P rofessor Bernard Coben, n hus srucle Relanionship
Berween Exposwre 1o Radon and Variows Types of
Cancer (Coben 1993), made the pount that for Linear. no-
threshold dose effect response e ECOLOGICAL FALLA-
CY RQES NOT APPLY . He first published thus fisding o
the [ot. J. Epideauology (Coben 1990).

[f the ECOLOGICAL FALLACY does not apply, then
the massive morwlity and ecological data Coben published
1s valid for nsk estumation. Coben's nsk results show »
negalve relationship berween e viroamental radon exposure
and lung cancer, for esther sex, with or without correction
for smolang. Under the condition uoted shove. '“oben s

work provides compelling statistical evidence for & thresh-
old, if oot & beneficial effect for high LET exposures of
lung ussue at eovironmenial levels.

What compelling evidence exists for Linear, no-threshold
effects” Should we continue 0 1gnore the counter evidence
and retus the lnear, po-thresboid extrapolatioas from scute
hugh exposures’ | believe it 1s past ime © act oo what we
know, snd [ bope this mey belp reverse the morbidity of
suclesr research, applications, and power

oo e w.

Coben, § L. Relationshy befween exposirs © redos and vanous (ypes
of camcor Heskh Phys. 65.529-531, 1993

Cobsn. B.L.. Bcological vi. case-cousrol mudios for lasung s liosar. 0o

Groshold dows-reaponne ruisuomtep (. | Epwdsmmology (9 680684,
1990

The Linear Hypothesis is Too Expensive

AN Tscheeche

Th.unofhlh-rhypﬂ-ummgrwmon
prolecuon standards was appropriate 5O years ago
Now, we know much more about the actual harm that low
levels of mdiation DO NOT cause w humans. No peer-
reviewed study (o date demonstrates that snnual doses on
the order of 0.05 mSv (5 rem) per yesr cause significant
barm © bumens. Therefore, the lLinear hypothesis should 0o
longer be used. Instaad, & specific value such as 0.05 mSv
(5 rem) per year should be the level below which oo
resources should be spent to further reduce the dose
Populstions thet recerve such doses should be studied w0
venfy that the level is appropriste 1o mauntan safety

The ICRP, NCRP, sad EPA should use & phulosopby for
ssting radation protection standards that adopts & numen-
cal value for snaual dose below whuch regulatory agencies
do sot need 0 provide requiremsnts and sbove whuch the
process of ALARA is appiied. That value should be 0 05
mSv (5 rem) par yoar for everyoes (radisticn workers and
members of the public aiike). Thea the United States would
oot have to spand billions w save bypothetical lLives. The
publsc ‘s fear of radiation should be allevisted We could get
on with mdiological waste disposal. The United States
would be more competitive in th. world market. We could
stop burmung fossm fuels altogether by umng bydrogen
produced from auclear-generaied electnicity W power ailos
and airplanes and by umng ouclesr-generated electncity for
other thungs. All of those benefits can be ours if we oalv
gt nd of the very expensive Linear hypothesis whuck s oot
fact. Delgnng the linear hype Desis is a8 ides whose me
has come.

/is’
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The Deceptive Nature of a
Dose-Based Statement of the

Linear, No-Threshold Hypothesis
© P Bong

ks following demonstration of tise urelevency of a

dose-based watement and “proof” of the “linesr, no-
threshold Bypothems, * depends on maiong o sharp distac-
bon betwesn the gmouns of the radistion agent, the mpert-
od emerygy, ¢, w jowes, end the svernge eosrgy SORCBOLA-
BCE, ¢/m, the absorbed dose 1w Gy (Bond 1992; Boad et al.
1991).

With mmey biological rymems — o.§., colls @ tesus
culture ~ ons can easly sdjust the sumbers of cells ussd o
all dets pownts, w the rauge of sbost 0.7 Gy to parhaps
several Gy, 50 that & chearly sagmficant fracticn of doesd
cells will show s mdiation-wduced “quantal® responss,
¢.g.. malignent transformation, denth. [f that sumber of
expossd cells 18 held constant and the absorbed dose s
progressively reduced, & powst & resched & whih no
nguificant excess 18 observabie (Bond « al. 1995q).

This mtuanos i frequently ‘remedied” by wciuding
@more cells & thet pout 1© umprove the statistical validity.
pount, despote having gamed ststistical signsficance, remauns
o the same energy comcsatration (dose) valus. Thus pives
the fales impreamon thet 8o sddibonal amount of emergy 13
nesded 0 achweve ngnificances, o even the smalles dosas.

However, if both coordinstes are put m ebeoiu’s terms,
i.e., the number of quantal respoases ve. the total amount
of imparted energy, tod the Jme exercise of “improving
the statisice’ i1s attemptad, 1t then becownes eviden! that the
poun: resultiag from wcreasmg the sumber of cells must be
moved upwerd on the plot, 10 & substantially larger value.
This exercise shows the irrelovamcy of dose as the
‘smouns’ 1 articulstag, Or stiempting to “prove,’ the
*Lisssr hypothesis® (Bomd 1995b).

The fact thet & proportoastely larger populstion must be
pleced 1 the bomm = the doss bscomes smaller wggess
that, for the pradaction of ss excms cancer, there mus be
* mnDuEm sverage smoust of imparied esergy delivered
10 the populstion. This valus, from bumen cancer eprdean-
ologcal data and for psasreting photoa radistions, 1o about
I k) (Bond « al. 1991). The sbove does not prove thai,
with small amounts of essrgy, the expsctation value for
cancer must be ero.

However, the extracedinanly large value for the average
shows that the assocuated probability mwst be vazushungly
small sad of no public bealth sgmuficsnce. Accordingly. it
13 strongly recommended that the °“lmear bypotbesis’ be
abandooed .

/126

Whes o o doss ot ¢ dose”® Lewrvmon 5 Taylor Lacmum
NCRP dsnmen. lea., 1992

Bond, VP Beaary, V., Sondhane, C A A dfferes percepuce of te
: ., eowikreshold bypoiess for low-dows uredisuvon Proc Ned

1]
§

Bomd, V. P, Wisiopobsli, L., Shasi, 0 Qurresl snssarpretauons of e
bsar, sosthireshold bypoiboms Heelth Phys. in Prem, 19950

it's Time for 8 Re-Examination
Andy Ml

ko Limsmr, co-tureshold hypothems was adopied by

stndards-setting groups © the mmud-1950s. [t was
clearly stated o that tume thet 1t was adjudged 0 be #
compeTvalive assumpLon i the absence of any expenmental
evidence u the low dose, low dose-rate reion. They stated
thet the trus nsk of genetic effects and, later n the 1960s,
of cancer (a8 the Jspunese dats became svailable), sught be
much lower aad even o, Hormems had oot yot besn
proposed. At thet tume, the focus was primanly oo workery
and thore was listle, if any, sisention paad 1o doses w0
public much smaller than the 1/10 of the worker standards,
whuch wes the prevailing “public” upper lumut standard

With the advent of ICRP-22 snd 1 prnciple of opumu-
moon, the collective dose and the mam-rem (later the
person-rem) became s commdershion. Al this tme, there
were ssrious proposals for & lower-limet cuioff w s
calculation snd for maadards for the public either ai the
beckground level or s standari devistion (Adler and
Weaaberg 1978).

However, noss was sdopiad snd what was wuually
proposed as & conservative assumptioo bas subsequent!y
besn adopted by regulatory agencies as & bard and fast bans
for regulance, with calculatons of hypotbetical cancer
desths ss low as lsss then one per year and compansons of
them with sctual deaths from causes other then radistion by
way of justifying thewr sctions (EPA 1989).

Whea the linesr hypothens is used to justfy regulanoe
o extramely low levels and the resultant commitmen! of
wcarcs resources o comply with regulabons when the Lol
sumber of cancer facalities 16 this country is spproximately
$00,000 snoually, it seems 10 me that it is ume for its
cntcsl re-examvpation with the bope of steering resources
toward more obvious couses of cancer and their alleviation

Pehos o we

Adler. M., Weinbarg, A M Aa spprosch 10 sstling redualon Randar
Hoajp Phys. 34 715-T20; 1378

U$ Bovwomsenal Prowcuse Ageacy Code of feders ~puavoo.
Waskuagwon, DC U S Gov Praiag Office; 40 CFR Par & 74V
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Discontinue Use of Linear Models

M. Wede Patterson

bese references are sslected from peer-reviewed
sources. Thew data show 2 dowmward trend 1 the

Mnmmm—um-'mc with

the Linear Modei(s).

I, Crug, L. Sedmmn. H. Loukemis ed lymphoms
mortality i relation © cosmuc radiation. B'ood 17
319, 1961
Frgeno, N A Stows, R.S. Carcinogensc and genetic
baz d from background radiaton. [AEA Symposium,
Bio ogical and Eaviroamental Effects of Low Level
Rr " atiom, vol. 2, pp 285-289, Vieans, 1976,
tont, J.D.. Hamuitow, T.R.; Weeks, ] L. Epidesuo-
logcal studies w three corporastions covenng the
Canadisn auclear fuel cycle. pp 351-361, Biologcal
Effects of Low Levei Radistion. [AEA-STI/PUB 546,
Imternationsl Atoauc Ene. gy Agency, Vienna, 1983
Haywes, R.M. The disnoution of domestic radon
concentrations and lung cancer mortaaty w Eagland
and Wales. Rad. Prot. Doran., 25, 2, pp 9357 1988
Gilbert, E.":; Fry, S.A! Viggs-L.D.; Voe o ¢ L.;
Peterson, G R. Analysis of combined mortaii. i the
Haoford Sis, Osk Ridge Nanonal Laboratory, and
Rocky Flats Nuciear Weapons Plani. Radwstion Re-
search, 120, | : 19. 35; 1989.

We L.X..Zha YR Teo, Z.F.;. He, WH.; Chen,
DQ.: Yusa, YL Epdemwological wvesugauon of
rchological effects 1 hugh background radistion aress
of Yangpaug. Crine. Journal of Radistion Research,
3.1, pp 119- 136, 1990,
Nambi, K.5.V ., Soman, §.D. Furtber cbeervations oo
covironmenial rdianoe and cancer w [ndia. Health
Physics, 59, 3, pp 339-344, 1990
Chen, D Wa, L. Chromosome aberration, cancer
morts’ity . and bormstic pheoomens among \ababitants
w wens of hagh background radistion v Chuns. Journal
of Raduatscy Ressarch, 32 Suppl. 2. pp 46-53, 1991
Kendali, G.M.; Muirbead, C.R.; MacGibbos, B H ;
o al. Moradiiy sd occupanonal exposure 10 radiation;
first apalyms of the Nat: "N Repstry for Radiation
Workers. Bnt. Med. J. 7 .20, 1992
Cosen, B L. Tesmt of the linear-no tareshold theory of
diation carcwogenesis for whaled mdon decay
procducts. Hesith Physvs 68, 2, w 157-174; 1995
These referemces are selectad from peer-reviewed
sources. The. “4a show 2 threshold w the human expo-

SUre-response relalion - W uisagreemesn: with the Luinear

Model(s)

Evans, Robley D Radium o man. Hesith Physics. 27
pp 497-510, 1974
2. Schull, W.J  Shumuz, Y . Kaw, H Hiroshuma and

Nagasski' New doses, nsks, and ther implications
Health Physics 59, |, pp. 69-75; 1990

Thomas. .. G. The US radium ) amumisers: A case for
& polcy of 'below regulatory coocern’ | Radiol
Prot., 14, 2, pp 141-153, 19%

{t somme indisputshie e the | oear Model(s) disagree
with messured humen response O M.ston exposure and
as Ruchard Feynmao put it, “If it disagrees with expenment
it 18 wroag.”

| therefore suggest th.. UNSCEAR, BEIR, [CRP
NCRP, EPA, mad NRC discosunue their use of the Linear
Model(s) for setting protection sandards and for assessing
nsks from low-level exposures.

Radium Dial Painters
Show A Practical Thresho'g

RG. Thomes

Itmmhwufamwﬂmmmmm
of persons wi bad acquired body burdens of mdium
have shown no mdustion-relaied booe cancers below some
level of dose, e referred w as » practical thresbold
dose. Thus practical threshold concept was publisbed by
Evass et al. (1972) and followed more recently by Malets-
kos ot al. (1992) eod by Thomas (1994). The mos: conser-
vative estimmts as threshold s 4 Gy o the average
skeloton. There are over 1300 radium dial paunters sull
alive and carrying skeletal doses upwards of 10 Oy who
heve st reportad evidence of ostsosarcomas
What ba, . 'ns 10 the theones 2. J practices of those who
say that all radistion 1s barmful when caser Like the radium
dial paunters appenr” The perfect example of coe way thus
has been bhandled is seen wn the adera/ Regiuer (1991
The followng 1s locesly quoted from this reference
The Scieatific Advisory Board/Radiuatnion Advisor
Commutiee (SAB/RAC) urged EPA w© bese its nsk
sssessmmeny for radius: oo bawumen ep demuology data
oo radium watch dial paunt ws, raier dian on modeled
esumsies, and urped EPA '~ presse: its mnogale for
adopting the modeling approsch 1or radium Nak
ssssssment. The SAB/RAC also requested that EP A
better describe it dosumetrc model w the revised
critens docusaent, acluding calculated doses & d nsk
w organs, snd st if EPA contnued o use e
modeling spproech, uncertanties o the modeling be
addressad
EPA REPLY: The Agency carefully reconsidersd
thus issue. First it should be pownted nut thal all nok
ssumates are based oo epidenuologic dats and rec. e
Mmlm‘ The EPA uses the wea/n
eprdemuologic data on bhuman exposure aad ok
radiogenuc cancers, inciuding radium dial pauter 0.
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exposvre ~wrponse data, o¢ shandonang EFA policy

and SAGZAC sdvice & thus came.

As & result of this iterchange, the EPA uses data from
the 3.6 day helf life ™Ra 10 emtablish some gusdelines for
1500 year ™Ry

What sbout the retiura threshold” Is 1t real? Ise't it
isrssting, the stope that will be taker to svoid reality”

Poakerars o

Evams. RD . Kossw. AT . “hasshas M M Radiogemc ¢focu 0 man
of lomg4erva sbabeial slphs-wradiston e Sove, B Jos W 5 5 ods
Rodicinotogy of pheomws Tweesteth Asmversary §ymposum,
Umrvermry of Utab Radiobuoiogy Labormory Sk Lako City The I'W
Press. 1977 431468

Malstakon, CJ . Groer, PO, Algwifan, F . Shanehes, M M . Evase,
B D visserd- Ancioe anslyms of ¢ misest of e sibects o the U S

redinm oxxwy mady Heslth Pays Suppl 6. 518, 1997
Thosws. R G The U S redwes hmemaney: o case for - oo of ‘below
regulatory concern. | Radiol Pron. 142): 141150 Iy

Fedaral Regumer: $6(138):.33050-33127. juiy 18, 199]

LNT Model Impacts NORM
Susan 5. Milgti and Michee! J. Kietter

be DuPoat Minerals Business sppreciates thus opport.-

Wty to comment oo the Laser, so-thresbold theory
(LNT) for low-<dose radiation. Owr bumness manages
naturally occurnag radsosctve meterals (NORM) contauned
w our rew matenal mesernl ores. The precedent of reguiat-
ing NORM contsmeny wenarsls and wastes based upoo the
LNT could beve @ maserial wpect oo DuPont, and our
small bumness wmmersis customers, s well as buiding
construction, power plamts, coal snd sl sorzge siles. ol
fills, snd cuperstors. The 199¢ UNGCEAR report adds
significant scientific weight o0 the evidemce opposing b
INT. Upon reaterpretation of the stom bomb survor
data, UNSCEAR coacivded tha the dats could not be used
for saustucal venficaion o effects s low doses In
addition, the existence of bormess 13 acknowledged

There are additionsal studies whuch do pot support the
LNT, only a few of whuch are documentied here. A com-
pansos of Yanguang County, Chuna, with high natural
background radiation, with two adjacent low-background

' Q¥

counties showed that cancer mortalivy a8 lower i the
ugh-background county (Wer of al. 1990). The BEIR V
report sates, “No wcresse w e frequency of cancer has
been documented w populations remding w arees of hgh
ostursl background radistion * It nots several studies
where natural background gamme levels were three W four
umes sovmal (BEIR V 1990). Recent studies on the effect
of mdoor redon also throw doubt on the LNT, weluding o
Chuness study messunag the radon level w the bomes of
women with sad without lung cancer (Blot et al. 1990) sand
s mudy of o' wiaag Missoun womsm, selected 0 & W
ounumioe the poteatally confounding wflueace of cigarenie
smolung (Alevempe o al. 1994). Addioonal studies are
reforenced i the 1994 UNSCEAR report and 1o a paper by
Dngme  Jaworowsin (Jaworowsio 1995), & former
charrmor: of UNSCEAR.

The HPS should urge the EFA, NRC, >ate Conference
of Radsstson Control Program darectors. and state regulators
0 utilize ther best Radiaton Scwence Advisory Bowrds,
ICRP, sad NCRP 0 review the 1994 UNSCEAR repon
and other recant publications eod encoursge full scwou fic
debats 10 conmder all opposing dats before umposing costly
reguistions based on the LNT. The LNT bas bese tren '«
od by the EPA and NRC 10 & 1§ mwem yr' Lusut (druft 40
CFR 196, 40 CFR 193, sad 59 FR 43200), snd via
procedent, what mey likely be future regulaucn of NORM
Ths sandard s 0o low, snd for NORM squaies © #
clonpup of ™Ra of 0.1 pCi g' for & remAsntial site reuse or
0.3 pCi g' for commercial or industrial use, well within the
pormal background range of 1-5 pCi g' 13 sols

The HPS should lead public un.erstanding and accep-
mace of low-level radistion & pant of Lfe. Regulators
shouid propose radisbion regulatons that are easily disun-
guished from backgrousd levels w slleviate pr 1 and
musundersianding of radiation. HPS can belp F < . avord
betrayal o public trus sad beckiash at over-regulation
whuch 15 costly 1o society without bemefit w public beaith

B soreav e

Ussod Nsuow Scwaifle Comsumos co e Effects of Alwemc Radwooo
Adupuv. respomss ) mdietion o cslle snd orgamesre Docurwn
AAC BB 342 1994

Wei, L. Zha Y. Te0 2. He W . Chon D, Yun. ¥ Epwtomsooyncsl
iwvestigauce of redologuce) «fect @ Bagh bacEground MwhaLos Luas
of Yangymag, Chime | Ladisi. Ros. 31 119-134, 1990

Beotogneal Effscws of lonsziag Radwuons ¥  Healih offecis of cmpomr o
ow lwvels of wenng redietos Neu~al Ressarch Counci| Nauonal
Asaderry Prom Washeagron, DC. 1990

Bot, W), Xu.2Y Bowe, ir 1D . 2neo DI Swone B) Sur
Jing, L.B . Frowsiees, | F lndow redon and lung cancer o e
| Neu Cancer s 8. ' 045 0. 1990

Alsv.age, M C R Browssos. % C Lubw, | N Berger E Thacg

Bowe It |1 D Remdenuial redon exposurs amd lung amcer smoog
women | Natl Cascer lam 86 (8291817 %6y
Jeworowski, 1 . Nekioombr W J Nuchear Bas 4 (991
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Radiation Hormaesis for Health

TO Luckey

Th&mmmﬂofounm
tlistance o0 us planet. The bad sews was the
‘unquenchable fires” from broken gas (the “cleas fuel”)
lines. disrupuos of city wafrastructures, destruction of
bomes, wdividual suff and over 5,000 deaths The
world sympathizes aod »  nelp rebuild Kobe.

Wmuhbwmtnummux-
counts for 10,000 riemature deaths esch week in the
UuuSu-?labNMIWA-‘c—Nuu
Sociery Mesung, Joha Camercs reviewed Matanosko 'y
study showwng & 24 percent decresse, p<0.001, w the
Mnnofm-hmmtlihn-um
>S5 mSv (Mawnosk: 1991). This 1s perenzual health
disaster. Matanosks s study sod three studies wiuch show
upﬁm«lyﬂn‘hﬂlmuﬂhymw
exposed white male workers. & towl of about seves mullion
persoa-years, provide s powerful incentive for radiation
m--wunm.mmmn 1964)
Recent results from 15,727 Los Alamos Nat:ons! Laborato-
qmwmmmlm(wlwIM‘ The
use of control coborts of unexposed workers i each  lant
negaies the usual “healihy worker effact. ”

Extrarolate Mawanosk:'s » esults 1o the toral population of
the Unuted Sum.ndyou'uz.no.md-m'wym
(US. 1994). If our exposure 0 iomumng radistion were
ncreased | mGy yr', equivalent o that of meny exposed
lmum.nwum”'l.@hwupu
year atnutable 10 & partial rudistion deficency

Safe supplementation with ounng radianos sbould be
possible. Generations have lived with >20 mGy yr' (see
Table). No bealth problems bave besn attributed to excess
iradiation un thaee populations. (atensive ssumal studies oo
growtt and development, reproduction, seurolommscular
scuwity, leamung sd memory, umsmune compewnce,
mfmumm.ﬂwhhmm
that chronsc . whole-body exposures 10 low-dose irradiation
s 8 bropomitive fores troughowt ontogeny (Luckey 1991)

The decreased quakity of life snd the cost of thus massive
premansre iness and death are devasmanng These coss
plus the woreased productivity of those 24 percest who
died prematurely, would more thas offses the ¢ of |)
distion supplementatios and 2) quality care for the
ncreased number of old poople.

The bormes:s mode! suggests & new plateay of bealts for
he 2ist century If our exposure were doubled 10 § mCy
yT . the premature desths prevented would be eg-..valent 10
t Kobe catastrophe every day. Also, ¢ safe sllowsace for
nuciear workers, 26 mGy yr' for 20 years, would belp 10
resiore our industnal besith (Luckey (o Press)

HPS Newsletier
TABLE

Lotatios aly yr' Rauo
Unsted States Average 26 0
Nie Deia s % |
Exposed Worker. 36 14
Chernoby| Lene* b 19
Erogesss Alowsney H 2
Kernls Indie (8§ 18
Guarspan Boaul 10-18 L
Masipe Brazi 22 L)
Gerass Brazu 3 s
Keruis Beach o | 88
Erepesed Worker Lung M) 00
Arnxs Brazy s s
Optamuem 100 8
Ramasan (ran 243 318
Guarapan Beach 63 101 2
The Zay' 10,000 3850

f

Mosmosky. G M  Heakt sflocu of low eval _redisuos n shnrar
workars. Fiasl Repont. DOE Comtree: No. DE-ACD2-79EV 10095 43"
PP 1991 (See aloo MPS Newsiemer, pp 9-11, February (992

Luckey, T D. Radisuon hormess @ cancer monaley (o | Ocoup Med
Tomwol J 173-191; 1994
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Soough | 990 among whae mmie worken & the Los Alamos Neuwonal
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radeston. Meolth Poys 67 577587, 1994
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Luckey, T D Radiouos hormass CRC Press. Bocs Rawe. (991

Luckey, T D Hormeas Quimosssncs | I Press

The Low Dose Question

Marsid M. Rossi

osimeters can measure the degree of compliance with

dose limuts but they give only s peneral indication of
radiation nsk unless the probobulity of deletenous effects 1
proporuonal o the sheorbed doee (or doss equivalent) The
dose reistered by & dosumeter 15 the anthmetc sum of
vanous \ncrements regardless of when they were received
The “linear hypothesis” requires the same assumptioo with
regand 1o cffect probabulity (Ross 1984) *

The desire o regard the dose az & direct measure of nsk
has &t least wfluenced the chosce of the linear mode!
especually by orgamuzanons that promwigate radiauon
prtection, standards Thus certral tenet can be defendec o
long as eprdeanclogwal dats cannot be considersd W he o
conflict watk it. ln view of the wiade Limuts of coufiden »
this has been — and remauns o be ~ & ould restnctioo
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bas. nevertheiess, become spperwnt that & *|unear quadrstc
rather the o Linesy dependence on dose 13 & betier approXi-
matioe w the case of morality from leukeass. The hope
that one could smivage lineanty o least o low doses s
conmdersbly dampened by & graph m the last report by
UNSCEAR (UNSCEAR 1994) whare any lunsar coefficient
is negative and the “natural” mortality s reduced by dosss
of less thas 0.2 Sv. The statistics for leukemss are optunal
because the nak —~ of lesst of hugh dosss ~ u rwlatively
large and the expression tume 15 relatively short; but vanous
poss: Lie sources of error would make it wrwise (o conclude
that » bmneficial effect at low dooes hes besn estavlished

It 15, bowever, posmble 0 clam this m several nstances
of smumal carcupogenesis. ‘Hormess® bas bese found w
cases where thi aatursl incwlence 15 30 hugh that & reductios
ot doses of the order of lenths of grays n carcimogenesis
was distinctly 1dent fied.

Doss-effect curves for ssumal tumors also vary grestly
1o shape and this arpues sgunst the assertion that for solid
bumaen tumors they are mmply straught lnes of different
slope. [t 15, pevertbeless, pot imposmible that what are
curves of vanous shapes for wdividual csecers could add
up W0 somedung that spprosches & strught Lne for ell
cancers. However, thus sbould mot be conmdersd 10 be
proves. Most of the dats comn from the studies of Japanese
survivors of A-bombe. The neutron component has been
wcormectly analyzsd (Ross: and Zauder 1990) and wiu'e 1t
had been conmdersd W be of mupor importance, thus has
recemtly been quesnioned. The relatively precise chromo-
some assays sbow the typical linear dependence for Hiro-
shume survivors and s linear-Guadratic dependence for
Nagasaki survivors (Stam o o) 1993). Ths kind of
difference indicates senous errors 1 the dosumeiry oe
whuch these curves are bused.

The epidecuoiogical date whuch carry substanual uncer-
winties o all doses become essent lly uscless wt doses of
less than & testk of & gray. Substa vual extrapolations are
required 10 evaluate the ‘rnsk” W rm Wation workers. They
spproach or excesd & factor of 100 « \ee extended 0 such
potons as the “neka’ from backgy wed r"abos or the
“collective doss”® remerved by populst ons. ICRP and NCRP
can coumder any prOpechOnS 10 such evels 10 be quite safe
because the “nsks” are vamessurable However. w view of
2 complexity of the mducthon sad t . sysiemuc respoases
in carcipogenesis such calculsbons an less than dubtous

*Assuming the usual case of low probailities

Wk e v

Ross. H H Lunwauon sod sssessmen o ediabon prowecuon Bb Ty ior
Lecture Nauonal Councy on Radusuon Prowecuon and Messureme o
Bethesda | 904

U nsed Neuoas Scientfic Commtiee oo the EMecw of Alwmw Radwuon
Sources sad cfecus of womzing distion New York UN. [99¢ 257

Rows, H M., Zasder, M. Comributon of asutross © the buoiogical efect
@ Hirvdheme Hoakh Puys 58 645647, 990

Suem. D O, Spomo, R Sisble chromoeccas sbermatons among soms
bowd mrvivors. RERF Update /1 54, 1993 U S lapen Radison
Effecy Rossarch Foundeton Hirodume & Negusk

it’s Time to Re-Examine
Qur Dose-Response Mode'

Thomas ¢ Mcleod
Thamas €. Booths

ur cwrrent modsl o predict cancer nduced by low-

dose redistion 15 beesd upon & lioesr extrapolation
with po threshold from populations exposed o hugh dose
snd hgh-dose rate radiation, & reasonable assumption if oo
direct measurements exist.

There are now an wncreasing number of studies designed
10 directly sssess the wcadence of cancer w populatons
expossd W0 low levels of radiatton. Studies of rachaton
workars do X report excess cancers 1o tus low doos, low-
dose rate group. Our conclumos from these data 15 that the
dose Lumsts and accompanying radiation protaction programs
begunmng 1o the 19508 must bave besn assquate since the
wodence of caposr i thess workers does oot differ
signficanty from the uaexposed populaton

Epsdeanological studies of cancer 1o populations ex posed
w low dose, low-dose rate radistion by Lving w hugh
background sreas have sumilardy not shown an increased
incidence of cancer. The whalatos of kigh levels of radoo
15 belwved to cause cancer u undevground ouners but e
nsk 1© the gensral public has not been established and 15
wnferred by extrapolation from the hugh dose using a lwnear,
eo-threshold model.

If dus model s m fact correct, the postulated 15,000
luang cancer desths per yess i the Umiied States artnbuiabie
0 radon (Sasoot | 994) should be detsctable by epidenuoiog-
cal studias, even in the presence of the large oumber of
uncertamGes. The implcation from these studses from three
porulancos sxposnd w0 low-dose edianon 15 st radiation
o wee bevels constitutes & very low nsk or B0 nsk.

A nierestng obrervation by somw studies (HBRRO
1980; Coben 1995 12 that the groups expossd (0 radistion
appear 10 have fewer cancers. Thus puzziing observauon |f
o fact valid, sught be explaned by observauoos thal @
oumber of genes are wducible by best, UV, and onunng
radiation and that tus may be so adaptive response (Kevse
1993). Whale these (8 viero srudaes Cranot be i prpreted as
evidence for in wivo adaptanion o radiation, they suggest
that there may be & basis for 8 threshold.

[ conclusion, the studies of populations exposed Lo (0w
levels B radiation sugges: there 18 00 detectable eliec:
may even be bepeficial) in contradiction o predictions ™
extrapolation from hugh dose using » Lpear 10 Lresdold
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model. We thunk et ®e low-dose studies are wn several
ways more compelling snce they ars looking for effects at
exposure levels commnly sioumterse sed hence 1 1s Ume
0 re-examane our dose-response model 1 Uus light.

Boateurame w

Same. | M. Bdnorwl . indoor mdon and ey cancer naky ov aot” | Na

Camser o 06 1813-1814; 1994

High B kyromad Reduioe Eessarch Growp Chaae Heellh mrvey i tu b
radiation arons @ Cluse  Scwmce 209 §77.880, | 980

Coben. B L. Tem of Ghe hamsr-eo Breshold Beory of rediston car o

':’-h-um-aym.u—.nn 68:157-17,

1

Koyw, S M The mdwsucn of gese expression & momwmabies cells by
mdanos. Sesvaars @ Casser Baclogy ¢ 119-128; 1993

Guidance Needed in Use of Models

Leonarg R. Smith

eith physicists bave iong reliad oo expert commutiees

10 determune the best models for esumauag the effects
of low-level onunng radiation. Whule this 15 appropriate,
there 15 also & oeed for clearer gudance on bow these
wodels should be used. Some examples follow.

I, To sssign detnmental effects 1o wndividuals or popula-
toas exposed W joniung radiation It 1S necessary W
messure those effects 1 ¢ comparable population or w
use & theoretical model 0 estimate effects.

2. We are currently unsble w0 measure effects due 10 low
doees and low-dose rutes aid we are also unable Lo test
models proposed for exirapolating from observatrons at
lugh doses.

3. It s good sciemtfic practice 10 limut the use of modeis
W esimate effects w doses that are withun & factor of
weas of doses where «ffects are quanu fiably observed.

4  Messuremants and sstmntes of mdistion effects should
be bes! sotuEeSss, BOC CORSETVEKIVe S80 mMies.

S. Esumetes of mdistion sffects shouw.d be accompanied
by specified wecertmsties w the estimmes wcludung
detnmental, 2o, sad protective effects, as appropn-
e

6 Detnmentsl effects should oot be asmgned w0 an

wdividusl or populstion whem the uncertmnty

estumales Or measurements greatly exceeds the magui-
tudes of the effects.

Al our currest level of understanding, quantitative

assossments o detrunental effects can only be made

with confidence fr¢ wdividuals who are exposed w

doeses approschung or excesding current Occupalional

drwe hiuts.

f  Occupatiooal dose limi's and limuls oe exposure of
emerpency respooders can and should be based oo nsk

esumaies and messurements. These radiation nsks
should be compared with the loss o life expectanc:
from other hazards w the work place.

9. Guidance on public Cose Lmuts and commouly experi-
enced occupstional dose regquire a different justifica-
0. Ap alternsive, and prefersble, method of jusufi-
catoun is the ICRP 60 recoramendation that public dose
limats should be comparsbie w:th common vananions
natural background radistion whuch arc accepuable
the public.

10. The often repested statemwent thei it i “prudent W

assume nsk o any dose” 18 DOt commct when sxh ac-

Gou resvits u the sbendonment of a bepeficial practce

wvolving redistion where thers sy e 0o nsk, for s
altsruative practice whare there s known risk.

It s prodest 0 congder te potsatial for nsk &t low

dosss. Cwdance s oeeded om how 10 evaluate the

g ficance of such potsatial risk.

It 15 very important that the NCRP aad ICRP make
best estiznates of nsk and clear recogmtion of the
uncertianes. The tendency to defauit 10 conservat ve
nsk assessovents could cause these OrganIZANOBS O be
discredited w the event that future studies sbow tha
_there 1980 nsk & low doses.

i

12.

Brosd-Range Cooperative Study Needed

Bob Turtle

w.m“-yWMme
non doee effects tha faded to schueve adequnie
satistical sugnu ficance because the smmll effects at low doses
require large populations. That deficiency has recently been
attacked by the combuatioe of studies oo puclesr wdustry
workers (Cardis ot al. 1994) ia whuch the records of nearly
96,000 puclear industry workers were studied. Thus s 2
siep 1 the nght direction but, conmdenng tha: the lowest
dose range, Just of and sbove astural background . currently
creates the grestost sconomnc, politcal, ead techoological
impects, it :3 sull an nadequate step. Other occupanonally
exposed groups such s the Nsval Shupyard Workers
(Matanosks 1991) should be wcluded, snd so should the
large publx sudied b the Massachusers
Division of Eavironmental Health Assestment (Morms and
Koorr 1990) and by the Nanonal Cancer Lasitute (Jabloe e
al. 1990), as well ss populations uving » ugh sarural
background aress. Populations exposed i the former Sov et
Union 0 mulitary rdioactive waste discharges and 0 the
Chernoby| relesses, and work dome oo radon exposuses
should alsc be ncluded. My point bere s that the daw <!
should-be as comprebensive and complete as possibie
The dats (DteTPretalion MUSt ACCOMIMOCALE 3 DrOAd ange
2 the quality of these data. and sbould be able 10 recoyn. i

AT
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& most valuable wvestment for our future. However, | must
add & peasinustic caubon: the most wflusotial government
ageocies 1o thus field owe theer curvent prospenty, w part,
o public ignorance and vear of radistion, s the range of
exposures where | propose we should sewrch for truth.
Because of tus. funding, support, esd even sacouragement
will be difficult 1 come by.

Waforoar o

Cardis. E. » ol Diswst omhenstes ~¢ cancer monalicy dus 1o low doses of
Otumng rduton: o8 Wsreetons) ey The Lance 344, 10391043
1994,

Motmosk:, G M. Heslih offbse of low-devel rediston w hepyord
worksrs The Johae Hopluss Usrversey  Juss 1991
Morrs, M . Kaoer. B § Sowhsssmers Masachusetiy bealth wody 1978
1986 Mamechusets Drvmon of Esvuossmsasal Meakh Assssamens
Ocsokear | 990

jablon. § = ol Camcer w populeuons bving meer o war faciies NIM
Peblcanon No 90-874, Nenons lesumses of Healtk, July 1990
Beardaley, T The cold war's darty escres Scwsufic Amencan Maey
199516

Thyroid Cancer in the Low-Dose Domain
Raiph €. Lagp

T b combuwatce of hgh radisensioviey sad low
wodsace would sppesr 0 qualify & thyrowd cancer
opedenuology & the iummasior of the low-dose domaun o
sddinon, the embanced effect W wheu would jisufy
MunmmMAsmund
e al 1994) of 14,351 mfansts under 14 mmaths w age
obaervad |7 thyrosd cancers versus seven expucied. A meas
exiernal uradiation of 27 red was found. yelding & nsk of
0.9 per mullion diyrosd-rad-yesr (TRY).

To apply thus nek tc mternai rediation from radiorodine.
& factor of thres reduces thus nak 0 0.3 x 10° TRY. Thu
nsk mey be used w0 estumaie the potestial excess thyrowd
cancer smong the very youmg mulk consumers lLiving ness
the Hanford ouclenr site dunag e firm years of plutowum
orody boa. A puot study (Devis e« al. 19995) of 3,200
chuldren exposed 0 an V'] dose of 1] red has bean en-
dorsed by the Nationsl Resssrch Coumci (1994). The
collective dose of 35,000 thyrowd-rad yrelds 1.1 x 10° TRY
Thus rasuits & nak of 0.3 excess thyroud cancers for the
CDC mudy. Such » radiosodioe nsk s oot statistically
sens: ble

The prudsace of the CDC (Devis & al. 1995) eprdemuol-
ofy seeds w0 be examuped by companng s effecuve
collective dose 10 that of the Swedish study (Lundell & a
1994). The latter is 20-fold greater than the CDC study A
recant analyms of seves thyrosd cancer mudies shows po
comparable epsdemuology (Roe o al. 1999). Radiatioe-
induced thyrowd cancer 1 infants remauns speculative. The
CDC progect (Davis et al. 1995) cannot illumunate the 1ssue

Wb e

Lusdoll, M T, Hakwiises. T . Kodm, L-E Thyrood casser sfler madiother
Wy for sun bemeagroms o wlaets Rodsuce Remarch (60 134139
1994

Devia, §. & o Hesford yrosd disscos sy pibor mudy fimal repor
Fred Huwichuson Cancer Rosarch Comor. CDC Comtrect F200-8907 16
1995

Commutior o0 o Assesmest of CDC Nadetios Studws  Nauond
Ressarcn Councd The Haaford seveoammesial dose recomsru wou
progeci—a revwew of fow dosuments Netsomsl Acedemy Prom | 994

Ron. E & ol Thyroud camcer sflor sxposers © exiermal mdsvon
pooied ssalyms of seven sudims  Radistion Rescarch 141 259 17 961

Editor’s Note: Scott Davis, Fred Hutchunson Cancer
Rescarck Center, 15 prepanag a Hanford Thyroid Disease
Study response o Raiph Lapp's arucle. [t wvall be publishec
wn our Ju'ly 1550e .
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The Scientific Method and Radiation
Fritz A Seisy

Iahlﬂf'dhh.cﬂommwrnumnnm
bave Liem camned out under the beamer of scientfic
m.mmm.m.umcu
that these efforts were not guided by the scientific method.
h!m.nchnolh-wqcﬂommu
flagrant contradiction © some of the cornersiones of the
scient: fic method.

An applicaoe of the sx mquirements of cnucal
scient fic thought (Lett 1990; Seuer 1994a), shows that the
firm, sufficiency, s flfilled because there are sufficient
&ham‘dnbmm.bw“mw
mumm.mwm.u
wet because there 15 enough evidance W coafinn radistion
carcwmogenesis. The thurd requirement. bowever, s violated
routinely, because not sll the dats svailsble are wcluded w
mwdm.hfm.:o-o(hmnudnum
ignored: dats on cascer wcidence n areas with different
background doses. By the almoet exclusive chowce of A-
bomb survivor datas, we are led 1o believe that it 15 better
10 extrapolate cancer fatality data over six orders of
magrurude v dose rate thao to do careful evaluations of
M“mﬂuﬂnmmhm
Msmamuo-ofwu'tmndhmm
(Alvarez 1999).

mMmm.Molaww.u
badly warpsd by regulatory policy. In the last decades. the
question asked ssems 0 have besn “How do we keep the
luanar dose-effect relancastup alive”* rather thas “What do
mmwu?'mﬁm,mﬁcm.uu
suffered badly lo part, that requirement can be phrused ss
'Whﬂofmﬁcmmuwym"
udh-mmdlufum.ulybymmwu
reMmM“mﬂpﬁan
that we are abie (0 measure, predict, and control nsks with
icredible accuracy, o8 accurste as 3 x 10* for some NRC
regulaions and | x 10* for NESHAPS. Receatly, it has
h—“hh“numt-w.m
the munimum sgmilcumt radeton nsk 15 ks high as 8 few
percent, and that thare mey be severs problems if we ry
push 1t down woward | x 107 (Seiler 1994b).

Thmth.niohd-.dhu;mt‘
equirement of the ientific method 15 falsfisbiiry the
expenmental lesung of model predictions 1s of fundamental
importance W the integnity of science. It i3 bere, at low
doses. that the linear mode! has fauled decimively At hugh-
dose rates there is & threshold near & dose of about 0.3 Sv
(Alvarez 1995, Shumuzu 1993). Below that dose and its
equivalent al low-dose rates, there is & region of bormes:s.
as demoanstrated by Luckey (1991) and the 1994 UNSCE-
AR report (Jaworowsks 1994) Ounce & scientific model has

thus been falsified, the scientific method requires that it be
sbandosed and replaced (Seder 1994a). It 15 our collective
respoasibility as scientisis to see 1o 1t that the new mode! (5
constructed w stnct adherence 10 the scientific method

[

Lom, | A fald gusde 10 crtcal tuaking The Skapucal logquirer Wimer
19%0

Seder. FA. Alvarsz, /L The use of the xmwaufic mesbod 0 nes
snniyns Techmotogy 3314 53-50, | 90de

Avares, | L. Seiber, P A. Why we ased sew approsches W low dose nak
g Svbmuted 0 Heakh Paymcs. Apni 1999, preprms svaiadie
free: e suhors
u-.r;.m-.u.mu—-...—-.m&um
Techmotogy 331 A £3-95, 1994

Shomsan, Y . Ko, W, Sehull, W J | Mabuchi. K Dictis -ruponas anai v
of moaus bomb murvivor: oxpossd 1© low-evel rdistion The Heaith
Phymes Nowninsar |1, 1997,

Lucksy, TD Radistion hormems. Bocs Raton, FL. CRC Press. 1991
lm.l.m.hukdohde:uCcm
Fall: 1994

Need for 8 New Modsl
for Radiation Risk Assessment
and Management

JL. Averez

Tblw»mpnﬂiubrrdnn«nu was
wtially wtroduced s an upper bound estmate for
standarc serung . |t necessitates the wtroduction of concepts
such as acceplable risk and “as low as reasonably achuev-
able” but, above all, it is & model of convemsence whi.ch has
00 basis  sciemtific fact. Nevertheless, it = ‘outed »
pressut as & dogme based oo urefutable fact. Two prast-
pous commuteny, BEIR 1990 and ICRP 1991, stavd wt
the linesr<o-mro model could nether be proten oo
refuled, and that 1t was & beologically plausible model
uthough amther commuties specified the propertes which
would make it linear to 2erc dose. [s reslity, there 1s no
pbymcal, chemcal, or bvologcal effect that has beeo shown
0 be linear down W 2ero dose.

Thus model bas been disproved repestedly o epidemio-
logal studies wvolving radisbou background asd o
radiation worker stuches, but both commuttess dismuss all
these studies as possably confounded. However, their own
data, the Japsnese Atomuc Bomb Survivor data, also refute
the mode! 1o the low-dose region. (o & paper submuniad u
Health Physics (Alvarez e ol 1995), these data were
examuned for support of the linesr<4o-zero model and a
low doses, the dats demued the existence of & carm ogen..
effect, thus refuting the model. Several alternawe mode .
were exfimuned and found to fit the dats better than e
linear4o-2er0 mode!. o all cases these were noo
models with explicit or imphicit thresholds At highJo s

\Neta’
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um.uyhgh-doummunlow«m-‘

T\.x.nﬁchﬁcmolhm‘-mldh
Mnfhmnmﬁcmd-w
ncnﬂ.‘rhmwuhh-\wtbmnyof
mAsagwg nsk are 2 lack of understanding of uncertaunty
dm.dl-hcybwlynﬂmu-
ududn‘u-lofdlhnﬁ-volvd(&dulmn.
Also, stsmpts o reduce nsks, supported by a cost-benefit
analyms, are doomed W fadure dus 0 the excesaive
conservatism wn the evaluation of the nsks. The lack of
M.ofmmyum“wyﬁu
DOt CuTyng uncertuaties through the decision process and
oo the management of nak. This would lead 0 & guani-
mMoln&mwm.m.MuMy
asalogous 0 mummum sigmficast nsk levels (Seiler
1994b). Above all, uncertanty restncts cootrol If the
cancer rate 13 0.25 +0.02, then nsks of 0.001 +0.002 sad
jower do not alter an wdividual's cancer risk. Also, any
effori to reduce & nsk of 0.001 +0.002 must fal from lack
of coatrol.

Wy.&wwmfmndmo-nd
Wust be replaced by one whuch 15 scientifically defensible.
Cmﬂy.ntnnmlucoouolmhwu
2 scientifically valid bass.

Rabas car a4

Buosogreal Efecys of lonmng Reduuos V Hoaltk «facw of exposur 1o
ow wvels of wowsnag reduston Netoss) Resnarch Cowmcd. Washingion,
DC Neuoeal Acadeny Prass; | 990

(e maucnal Commenee ce Redwologicsl Prowcuce  Recomsnendeuons of
e memetons Commummos on Radeotogusl Prowcucs  Oxford
Pergumon Prass  ICRP Publicaucs 60 1991
Alvarse. J L. Seider. F A Wiy we aoad sew approsches 10 kow dose nak
modeling Submetiad w Healh Paymcs Apri 1999

Seder, F A, Alvarsx, 1L The use of B0 swmtific mothnd o nak
acalyms Techaotogy 331 A:53-58; | 994e.

Seusr. F A . Abvasss, J L. The dsfimmion of » mamesuen sgmficom nak
Techaology 13| AI-09, | P9

Radiston Protection is
Not a Science at Low Doses

John Carneron

be swatement by the Navownal Council on Radiation
Prowection and Measurements (NCRP) that radiation
nsk may extend down W zero dose 15 quoked by many non-
scientists (and some scientists) as though it had the same
ceriunty &s the laws of pbysics sod chemustry Biology at
the buman level 15 oot & scieace. There are no quantitative

llmn.hrb!houo!phmanddhmm Even
Mh-mmh-mnbnuwhrpvm What 15
Iwhmmnyunhmcﬂmmm‘

T\uhrphologmlv-‘uhhtyhb‘bo\nfor
mby-dmlmm.lmmwldommn-
dnhWhm.leNCt?Scmﬁc
Comentiee 40 10 conciude: “Because of the large range of
ll!nhnbnllmm.uuhum
Mjﬂ--hmvﬂunmhwnMnu
Q“hmumm'mmlm).
MdQ(uwwgvﬂ_umwm
hh-’:mmmtymmmcl
was surprised when NCRP Raport No. 116 (NCRP 1997)
geve W, valuse with 8o hunt that they mey mot be valid
mm&&m«-wlmmmw
(1991) while NCRP Report No. 104 was not referenced —
15 & now report! Howwver, NCRP still has confidence o
its nek estimams. NCRP Report No. 115 (NCKP 1993)
States that: “Finally, 1t should be nowd that the curren:
m-mm.mummmm
m.’T\um-uua-ppnM.h-ofﬁvc
major sources of uncertunry o the nsk faciors, wiech does
oot include uncertanty n W, valuse'

mut_c-dmwm of uw
hhmollhl_.m.-nmco-fmc
mmﬂwydwmm
w radive dial punters (Evans 1974). These dats show &
vuylprofomlOGyomenuph
particle doss to the skeleton for the radiation wducton of
bows camcer. Ifmu-aW.(ch)vdufordyh
radiation of 20, the threshold s over 200 Sv or 20 000
mNadymhM.Mww
cootradictad but the stochastic model of cancer wduction
was stroagly coatradicy{. [ncidence of redustion-wduced
sarcoms was pearly undependent of dose. Most of the
woses with cumulative skeleta! doses over 250 Gy did nox
hwmm.mmmnofum
important 1974 publication were recently coufirmed
(Rowland 1974).

L

Mevowal Coumcil on Rodienos Prosscuos sad Messurements Relsuve
brotogcnl «fiscuvensm of radictsons of differem quair Botesde MDD
NCRP. NCRP Repont No 104, 1990

Netoss! Comacil 08 Redutson Prowscuce sed Messursmenus Lomiwoon
of expomure 0 omung redauon. Bethesds, MD NCRP NCRP Repor
No. 11§ 1993

Navocal Coumci on Rodiauon Prowctos sed Messremwos Rk
coummias for redisuon prowecuon Bethesds, MDD NCRP NCRP Repor
No 1156, 1993

Evanse R Radmam sad nne Health Phys 17 #87.510 1974

Rowiand R E. Raduan o bumman - 0 review of U S mudies ANL ER
UC4M US Dept of Comunerce, Newoual Techoscal lniormaion
Service’ 5825 Pont Royel Rosd, Spnagheld. VA 22161 700 a8 40+
yoﬂ‘. .
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Health Physics Society:

Don't quantify risk below
o rem/yr or 10 rem lifetime

Charlie Willis

HS Puclear Regulatory
Commisgsion

SRR, |
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Health Physic Society:
Don? Quantity Risk Below 5 Rem Yr' or 10 Rem Total

Charfie Willis

“.. the Health Physics Society recommends against quantitative
sstimation of health riek below an Individual dose of 8 rem in one
year or & lifetime dose of 10 rem in addition to background
radistion.” [1)

!

raise.

Why the Health Physics Society?
Scientific vabdity? |
Impact if generally accepted?

cCowm>»

i
|
2
:
3
;
.

: -reguiation
Resistance to food irediation kills thousands and affects millions
annually (2]

Patiet fear of radiation delays early detection of cancer and other
problems

Radiation phobia promaotes urveasonable awards for ‘damages’
Radiation phobia supports the radwaste flasco

Reguiation inhibits research

Reguiation causes exorditart costs in decommissioning & cleanup
Regulation increases costs of research, medicine, power production etc
Extension of reguistion to natural radistion threstens agricufture
INdustry, construction, and most everything eiss (3]

IOMMOO @ »

Health Physics Society's reasons for acting

A Reason for exstence: worker and public protection

1. includes indirect sffects

2 Fundamental tenant: do more good than harm

First-hand knowledge of impacts of the present systermn

In-depth knowledge of the science

inaction of ICRP & NCRP

1. Evident commitment to the linear no-threshold hypothes:s (NL- T+
2. Evident lack of concern about indirect uffects

Limtations of consensus standards

inaction of the regu'atory agencies

1. EPA seen as scare-monger

2. NRC seen as wedded to ICRP/NCRP

3. DOE seen as paraftyzed

G. HPS claim to objectivity

2 Others lend strength - -
1 French Natonal Acacemy

ooOow®m
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2. BELLE [10)
3. ANS[11]

V. Scaentific bases for the HPS Position
A.  Absence of direct evidence of detriment from low doses (4]
1. A-Bomb suravors
Excess cancers evident above =50 rad
Maental retardation: Da 50 rads, 8 to 15 weeks
Mortality reduced for men with 50-150 rad doses
Cervical cancer patients: D2 250 rads
Ankylosing spondyiitis patierts: Ds 200 rads to lungs
Underground miners: Da 50 WM
U. Chicago stomach cancer patients: D« 160 rads
Stockhoim thyroid patients, D= 50 rads to thyrosd: No ill effect
Marshall isianders: D2 30 rads
Thorotrast patierts: D2 150 rads « to liver
Tinea capitis patierts: D2 120 rads to brain
10. US Radiologists: 200 sDs 2000 rad
11.  Nuciear workers { neighbors. No detriment
12, "High® natural radiation areas: No detriment
13.  Radon in homes: No detriment; refutes LN-TH (5]
B. Radiation ill effects wel! understood [6,7)
1. Investigation since 1896
a Scentifically interestng
b. Funding available from Government & madical community
2. Il sffects aimost all identified by 1911
3. Vast investigations related 1o nuciear development
4 National Acadermny of Science: "Dest understood environmental
hazard”
C. Biclogical knowledge
1 Virtually every material thing is harmful at high-enough doses
2 Virtually nothing is harmful at low-enough doses
a Harmful deficiencies are commonpiace
b. Pharmacology based on benefits from low doses of very
hazardous substances
0. mumam
Power of the paradigm
Hormesis data not sought in recent decades
Hormesis data suppressed in recent decades
Much supporting data stll avalable
Histoncal: spas, cures & radio-stmulaton

oop

CENORNB LN

»en s

IV Potential Costs and Benefits of General Acceptancs
A improved communicatons with pubic
8 Reduction of radiaton phobi2
C More cost-effective reguiations

137



More cost-effective radiation controls

important improvernents in public health

1. Food "Pasteunzation” by radiation

2. More general appiication of diagnostic radiology

3. Feciiitated medical ressarch

F. Substantial redirection of reguiatory programs

G.  Substantial redirection of radiation training and protection programs

mo
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S Questions et

K /i\_____/

Purpose?

Why the Health Physics
Soclety?

Scientific validity?

e 20

Impact if generally
accepted?




Purpose: Counteract
Radiation Phobia and
Over-Regulation

* Phobla

Blocks food irradlation; kills thoudands

Patient fears deter eai.y detection

Produces unreasonable court awards

XX (X [X

Maintains radwaste fiasco

#i Over-regulation
Inhibits research

Exacerbates decom/decon costs

Costly: power, madicine, research, etc.

X X X X

Extension to natural: general threat

/40



gealth Physics Society's
Reasons for Acting

M  HP purpose: worker & public
protection i

Knowledge of iImpacts
Knowledge of science
ICRP/NCRP inaction

Consensus standards limitations
Regulatory agency inaction

HPS claim to objectivity

Support of others
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Figure 2-22. Risk versus bone dose from radium (rom
Chemelevsky et al., as in BEIR IV, 1988, Figure 4-7)
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acientific Bases for Position:
o evidence of detriment

No detriment at low doses
A-Bomb survivors
High Doses

Cervical Cancer patients  —
Ankylosing spondylitis patients
Unerground miners
Stomoch cancer parients
Thyrold patients
Marshall Islanders
Thorotrast patients
Tinea capitis patients
US Radiologists

No Detriment
Nuclear workers & neighbors
"High" natural radiation
Radon in homes
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gcientific Bases
(Contirued)

I Detriment well-understood
Studled since 1896
Detriments identified by 1911
Vast studies, nuclear related
NAS: "Best understo Env. H."

Basic blology
High-dose: everything harmful
Low-dose: nothing harmful

/ Deficlencies often harmful

v/ Low dose often helpful

€ Evidence for hormesis

Power of the paradigm

Hormesis data not sought

Hormesis data surpressed

Much data available anyway

Historical: snas & treatments

Y

'Y



y MULTIPLICATIVE MODEL
1 )
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Leukemia Deaths
A-Bomb Survivors
1950-85

Rems People L.D. ExptExcs Unc.
0-1 34272 58 58 15

1-5 19192 36 33 3 15

6-9 4129 2 7 -5
10-19 5172 13 9 4
2049 5558 21 11 10
50-99 3616 19 6 13
1-200 1946 23 3 20
2-300 637 15 1 14
3-400 211 9 0 9
400+ 258 6 0 6
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> 7 45| 95 0 [
Other Can. Deaths

A-bomb Survivors
1950-85

Rems People 0.C.D Expct Excs Unc
0-1 34272 2443 2443

1-5 19192 1332
6-9 4129 333
10-19 5172 413
20-49 6558 537
50-99 3616 330
1-200 1946 221
2-300 637 78
3-400 211 23
400+ 258 31

1375
298
371
467
255
137

45
15
17

-53

35
45
70
75
84
33

8
14

97
90
38
43 /
49 /
37/
30 /
17 /

9
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Cancer Deaths
a-Bomb Survivors
1950-85
Rems People C.D. % CD UnCrt
0-1 34272 2501 7.3 I
1-5 19192 1358 7.08 .4
6-9 4129 335 8.11 .9
10-19 5172 429 8.29 .8
20-49 6558 558 8.51 .7
50-99 3616 349 9.65 1.
1-200 1946 244 12.5 1.6
2-300 637 93 146 3.
3-400 211 32 15,2 5.3
400+ 258 37 143 46
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L-NT Hyeothesis |

Vs
A-Bomb Data

gjms L.Exs LNTHO.Exs LNTH

1-§ 3 4 B3 17
6-9 .5 2 35 8
10-19 4 5 4 22

20-49 10 16 70 66
50-99 13 19 76 78
1-200 20 20 84 84

2-300 14 11 33 46
3-400 9 S R

400+ 6 8 14 33
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1950-85

-
Cancer Deaiis
A-Bomb Survivors

RemsC.D. % CD % Exs
0-1 250173 0O

1-5 1358 7.08 -0.26
6-9 335 8.11 0.73
10-19429 8.29 0.94
20-49 558 8.51 1.21
50-99 348 9.65 243
1-200244 12.5 5.32
2-30093 146 7.3
3-40032 152 8.0
400+ 37 143 75
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1896:

1899:
1901:
1902:
1903:
1904:
1911:

1921:
1925:
1927:
1929:

& A Radiation Effects Milestones M 4
&

o

X ray burns: Grubbe & E. Thompson

Blood vessel degeneration: Gassman

X rays fatal to Lab. animal: Rollins

Cancer in X ray ulcer: Frieben

Leukenia induced: Heinke

Clarence Dally died of radiation dermititis/cancer
Leukemia in 5 radiation workers: Jogie
Mutations induced: Loeb & Bancroft

ironside Bruce died of aplastic anemia, radiogenic?
Radium dial painters: Martiand, et al.

Mulier "proves' radiogenic mutations

Cleveland disaster; 125 people kiiled

1928-55: Thorotrast injections diagnosing brain disease
1935-54: Ankylosing Spondyiitis patient irradiation

- 1945:

Atomic bombs dropped on Hiroshima & Nagasaki



General Acceptance:
Potential Cost/Benefit

£ Costs

- % Regulatory redirection
Protection redirection
Retraining

§£ Benefits

3¥: Improved communications
¥ Reduced radiation phobia
J¥: Cost savings

MW Control programs

W Decon/decom

M. Radwaste management
3. Improve public health

3. Food "pasteurization"

. Medical research

¢ Medical practice

/ST




A oew Wisconsin Public Service Commission (PSC)
analyms shows (het replacing siesm generstors &8 Wiscousio
Elecrx Power Co.'s (Wepco) Point Beache-2 would save
ratepeyers nearly $500-mellion over the alterneti ve of retir-
ing the unit and gesting the powar elsswhere.

The $494-muilion sevings is up frow the $297 -million
savings estimated for the same option in & 1994 PSC sady
(NW, 3 Nov. '94, 6). The deteriorating condition of the
steam gensrator tubes &t Poinst Beach-2 means thet, withowt
new genaraioes, the unit wonkd heve © be retived this year.
That fact elimmnated some optioss csusidered o the oartier
stucy and caused & junip i1 e savisgs w be rewtizad by
sieaiu generstor roplacament, sccosding 10 Seceb Jenkims. &
PSC semor envirenmental plagming asalyst whe worked on
the enalyns.

Ome varisbie s the snsfysis s the possible fusuve retire-

Cavmsnsns om page | |

WORLLD'S FIRST ADVANCED BWR COULD
GENERATE ELECTRICITY NEXT WREK

Takyo Electric Power Co."s (Tepoo) Easwrazaki-
Kariwe-6, the world's first advenced beiling water reactor
(ABWR), is “on target” to penerate its fisat clootiicity =
the end of the month, according 10 an industry source.

Tepeo officials sad that Kashiwazaki- Kartwe-6, which
reached criticality in late December and is now &t 15%
power, is scheduled to synchroaize with the grid and gener-
ate first electricity in February, Pians call for commercial
operation of the unit. in Japan's Niigate Prefecture, o begin
in December

Coastruction at both Kashiwazallh- Kariwe-6 and -7 is
running about 2.5 monthe shead of schedule, according to
General Electnic snd the progect is expected come
in within b officials place the cost of the first
|.356- MW umit : yen (about $4.3-billion, or
some $3.170 kilowatt). In 1994, the company
put the cost of the secend unit &t 380-billion yen (NW, 29

Auy. “vafbw“ .’-’tm e 18
1977.

The design and menufacture of the ABWR has been s
Joint effort of GE Nuciesr Energy, Toshibe, end Hitachi,
under Tepoo's coordination. Components far the noclesr
plast were marafactured is GE's U.S. plants iz Wilming-
ton, N.C. snd Cleveland, Ohio, snd in Japan by GE's licens-
ces, Toshibe snd Hitachi, said Seeven Hucik. general man-
ager, nuclear plaat projece for GE Nuclesr Energy Design
Mmhﬂ“hhn-hnyhmmm
years.

“The kwy itwen that difforentiastes the ABWR is that we
evalussed all the BWRs operating eround the world and
comisimed oll the bew snd mew advanced qualives n thus
reaceor,” Mk seid s o Jasowry 22 interview. The ABWR
design moorporated isteranal ecry pumps, winch eliminat-

Continued on page 12
EUROPEAN UNION TO ADOPT NEW
RADIATION PROTECTION NORMS

~“The Baropons Coumcil is expecind 10 adopt new basic
safety stamdesds fir rediction prosestion without debate next
mouth, following & recossmendation from member staie
ambassedors o sdopt the defisitive version of a text first
proposed by the Beropeas Cammaission (EC) in July 1993

The etandurds, which wosld iscorporate inio European
Union (EU) lew the 1990 recommendations of the Lnterns-
tonal Commassion oo Radiological Protection (ICRP), heve
been the object of contsoversy in Bramsels’ expert group on
the subject A nearty dree yesrs. The stiffest opposition
came ongiaslly frose Faamos, where s internal debate on
the scaentific foundation of the ICRF's recommendations is
stll waging,

The 1990 ICRP publication, ICRP-60, recommends
lowering annual exposure msite for madistion workers from
50 milliSieverts (mSv), contained in the ICRP's 1977 rec
ommendstions, 10 20 mSv, averaged over five years, and (0
reduce annual exposure Emits for the public from 5 mSv 1o
| mSv. Some environmentally muiiitant member states, like
Denmark, Luxembourg, and Iceland, argued for & stnct 20

INSIDE NUCLEONICS WEEK

German court ruling agzinst Muoelbheim-Kaerlich based on bissed consuitant, lawyer claims . . . .

-

l
Court re-seats fired Hydro board members a¢ Outario privatization battie beats wp. .. ...... ... page 2 E

Utilities wary of public resction if they make tritiom, burn plutontam, for DOE .. ............. page 3
Swiss court says government owes Graben consortium nearly $200-millon ... ................ page S
Krsko planning steam generator replacement and simulator purchase by decade’send . . ... . ... page &
| Governors of nuclear host prefectures refuse to talk MOX in intest Monju fallowt . ... ..... ... page 7
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ernors, tbe;ovmumm_npohncddacmonofolbw
the mainstream international recommendations.

France's Academy of Sciences studied the issue of low
radiauon doses at the request of the French government and
reported last November that there was “no scientific justifi-
cauon” to lower the current level in force in Prance for
workers, 50 mSv/year (NW, 23 Nov. '95, 1). However, the
Academy's secretary also said in & preface to that report
that the government might have o judge the issue on other
critena besides strict scientific justification.

French Environment Minister Corinne Lepage an-
nounced. also in November, that France would indeed adopt
the EC recommendations, putting the issue 1o rest.

However, Vittorio Claai of the EC’s directorate gen-
eral for environment & nuclesr safety (DG XI) said a note
accompanying the text submitted to the Council calls on the
EC to “follow closely” ihe evolution of scientific knowl-
edge in the field of low-dose effects o permit modifications
in the standards should they be judged necessary.

Following a European Court of Justice ruling in 1992,
Junsprudence allows member states © apply stricter stan-
dards thao the “musimum” contained in the new text, Cian
noted, so Europe n. 'y end up with a two-tiered system.

In any case, the standards will apply in reality only once
they are ranslated into national law in each EU country.
The Commussion’s onginal proposal would have given
member states only two years (o pass the new standards into
nauonal legislauon, but Ciani said that position had 10 be
relaxed w accommodate some member stases.

The process could take some ume. Although some
member states, notably the U K., are already applying the
lower limits 1n practice, others are not, and experience has
shown the legislative and admunistrative process can grind
slowly Ciami saud that ltaly finally concluded the process of
adopting the ICRP-77 recommendatons, which the EU
adopted in |980, only last year.

He said that because ghe vast majority of radistion
workers in the E1 are under the 20-mSv yearly

imit. the new standards 4 “not have much impact in
reality. '—Ann MaclLachles, Pars

HYDRO BOARD MEMBERS REINSTATED
AS FIGHT OVER FUTURE HEATS UP

Five members of the Ontano Hydro board of directors,
fired without notice January 10, were reinstated by court
rder January 19 At least four of the five will continue
opposing the provincial government's plans to restructure
and at least parually pnivauze the utlity over the next four
years

©/ 00 Mhe MoGrow NMill Companier inc RepoodiecBon o maden w i Row! e /sson.

The five members reizstated w© the bosrd are: Jobn
Murphy, president of the Power Workers Union (PWU);
Kealey Cummings, & former Hydro amioe official; Michae!
Casmdy, former New Democratic Party (NDP) leader in
Ountano; Jim MacNeill, aa NDP sppointee and environmen-
talist: and James Hinds, & lewyer named 1o the Hydro board
by » Liberal governmeat in 1987. All but Hinds were par-
MDMCMMO.MWI&.OVMlM
00 canee to fire the divectors.

Ruling in the divectors’ favor, Roscaberg rejected the
government’s clakm that it could fire Hydro directors for
any reason. While the law psovides that a director can be
removed from office before the expiration of his or her term
“for cause” the judge found wo-valid resson in this case
The government’s action was “wmsuthorized. invalid. and
without effect,” he said.

At least four of the five oppose privatization proposals
for Hydro, although MacNeill wid Nuckeonics Week he was
going into a Hydro bosrd meeting Tuesday “with an open
mind on privatization.”

Four C's

The five reinstated directors joined the 14 others (three
seats are vacant) oa the board January 21 to discuss a con-
tentous “Four C's»—Competition, Convergence, and Cus-
tomer Choice” plan that would peve the way for the 90-year
old public utility to be soid off.

The proposal, drafied by senior Hydro swaff at the gov-
erniment's direction, is to be submitted January 29 to former
federal finance munisier Donald Macdonald. He was named
late last year w0 head a commitiee that will advise Premier
Mike Harmis in April on how Hydro should be restructured
and possibly pavatized.

PWU head Murphy has been most vocal in his opposi-
uon to the privatization move. In mid-November, he mount-
ed the first public attack on Hydro Chairman William Far-
linger’s call for the privatization (NW, 23 Nov. 95, 11)
The PWU ano-privatization campaign was launched less
than two weeks afier the Harms government named Far-
linger head of Hydro and appointed Macdonald to advise on
how to “introduce competition to Ontario’s electricity sys-
tem.”

Before his appointment, Farlinger wrote a report enu
tled “Ort2no Hydro and the Electnc Power Industry: V-
sion for a competitive industry; helping Ontario to thrive to
and beyond 2000,” and soon thereafter a Hydro strategic
planning group authored the “Four C's" report which urged
Hydro directdrs to “recommend to government that the
process of opening the Ontano market to competiuon
should evolve from competition in generation to direct
retail access.”
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e S ENERGY COMBMISSION
T govenment appoLIted ComatiEOR VWG $ we.
et gy by 18 aniie®y w rowsE e oarts seckew
O DRI, b ORISR TRETERET L RSO L
ool evas oo Foergy Mimeos Jooges Andoonson v, gges
ol G B lew ool be chimagied W allow davebopmaen of
maxe kydpopowar W raplite echia

Seperamiy . & wy Sedirult official smd the guesnon of
oew suclesr capecity s Sweden will bscome moot sfier the
clectncaty markam s deregulsed Jesuary | Bw ihe head of
ABE Sweden wid s» eudicnce & & doy-long energy confer-
ence. "k's cloer there will comw » dey whon Swedish indus-
ry will ssy, “We noed ® build more suclewr power. ™ ABB
owns both BWR vendor ABB Atom and PWR wendor

Rmpressniac ves of Swedish business and industry have
moasied ¢ highly visible, well-orchestrated and -financed
campaige t0 ensure that sons of the country's |12 reactors
! Continued on page 8

FRENCH ACADEMY REJECTS 1980 ICRP
NORMS AS NOT BASED N SCTENCE

The Preach Acadenry of Scietces has reaffirmed its
opinson that the latest recommendations of the Internstional
Commussion on Radiological Protection (ICRP) are not
sufficienty grounded in science 0 justify lowering expo-
sure limits for either nuclear industry workers or the general
public.

In & report in progress since Septrmber 1994 and ex-
pected to be released todey (Nevember 23), the Academy
lays out @ wealth of scientific dia, published since the
ICRP's most receat recommendations in 1990, which it

claims the ICRP's assumption of a linear,
no-threshold dose and effect 15 simplistic
at best and i sy cases. Among other explana-
uons, the the ICRP has overesumated the

extrapolation betwesn health effects at high doses and dose
rates and those at low doses and dose rates

R PRl Wowwnaniee 1 1P
The Acadeeny’s warkisg group oe die S¥bcts of low
doses, whose work was spproved for publication by the fiail
My.mhhmmne&'hm*y
standards m force in Prance todey. Those set & yearty limit
of 30 milliSievert (mSv) (5 rem) for workess and $ mSv for
the geaersl population, with & recommendation that no one
accumulste more thew | Sv (100 rem) over a professional

life.

Those limits steeni from KCRP-26, the recommendations
issved in 1977 by tw Sieeromfiona! commission, which are
mb&-dm“mumtmlwmg
in Prance and the U8 I ICRP-60, published in 1990, the
commussion recommended iwering exposure limits 1o 100
Mvmﬁmhmﬂb!m&pﬁyw{oﬂu
public. Some countries have put these limits into law—
Switzertand, Sweden—and™ibe U K. is applying them infor-
mally pending their soptiod by the European Union (EU)

Background radiatios averages 2.5 mSv/year, but gener-
Continued on page 9
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JACKSON WON'T LET DRESDEN OPERATE
INDEFINITELY ON PROBLEM PLANT LIST

NRC Chairman Shirley Jacksoe made it clear to Com-
monwealth Edison's (ComEd) wp brass last week that she
won’t let the troubled Dresden nuclear plant operate indefi
nitely on the agency's problem plant list.

Jackson stopped short of saying the commussion would
order the dual-unit BWR station closed. but during a brief
ing November 16, she put ComEd on notice that the plant
must show tangible progress soon.

Calling the operating performance of Dresden “intolera-
ble,” Jackson warned ComEBd CEO James O'Connor and
Michael Wallace, senior vice president and chief nuclear
operating officer, that their focus “has 10 be operating” the
plant well, “not on managing the regulators ”

Dresden has been on the NRC problem plant list for six
of the last nine years, is on the list now, and 1s expected 10
be there again when NRC issues a new list early next vear

Commissioner Kenneth Rogers noted that in the nearly
eight years he has served on the commiss..n, ComEd has

|
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and's fiether |-
m i “Thet's & com-
ment,” he said, “and the

~-Ariane Sains, Stockholm

ACADEMY STUDY —

From page |
ally vanies between | 5 and 6 mSv and roaches | S mSv/year
in some places. medical Tadisbon aversges | mSv/year.

The Freach Academy reached the same conclusion in its
last report on the subject, in 1989. The new report says that
research results since then iead 0 supparnt the position that
Muamnmmneﬂamumu
doses and dose rates, aad those at low doses and dose rates,
and that the ICRP"s choice of a multiplicative riak factor
m-mww»mmum
doses of Hiroshima and Nagasaki to fur Swer exposares is
“disputable.”

The workung group undertines that recent contrfdutions
of molecular bology support the hypothess thas cancer-
causing mechamisms of cell dumage differ markedly de-
pending on dose and dose rate, due (o the way DNA lesions
are repared 10 the two situations. & 'd adds thet recent epi-
dr.auoioencal data “are in complete haymony with this con-
<lusion.”

Cancers Don’t Arise As Predicted

The academicians cite numerous spadesuological std-
ies that they believe support criticism of the ICRP's ap-
proach to esumatng radiaton nsk at low doses and dose
rates. For example. the study of nuclear industry workers
published last year by the Iniernational Associsation for
Cancer Research (NW, 27 Oct. ‘w4, 1) failed 10 show any of
the 21 excess solid cancers thai were predicted by the Un-
scear (UN. Scientufic Commitiee on the Effects of Atomic
Radistion) mode! used by ICRP, although the sumber of
leukezmias in the nuclear workers calsort, amang subjects
who received over 400 mSv, was “"campatibie” with ICRP-
60 esumates. the report notes.

The acade that the dose-effect relation is
different for le thee for other cancers. But they cite
other epidenuologhgl evidence that has shown no excess
leukemuas in areas with hugh background radiation. For
instance, a study in an area of China, where the ICRP mode|
predicted an excess of 20% because of high background
radiauon, found 30% fewer leukemms than expected in the
areas where the lifeume dose was hughest. Another recent
study of non-smoking women has shown no influence of
radon concentration in houses on the incidence of lung
cancer

The group acknowledged that the studies are not ver
powertul enough to exclude health effects at single doses
below 200 mSv (X-rays and gamma irradiation) or chronic
rradiation of 400 mSv, aithough no cancer or leukemia
effects have been observed at these levels. It is thus, in the
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A Ruetor,” o acadernicinne
wrie. Howowsr, thoy comust s vesy bow dose rodaction
facior adopued by the | the dose-affect reis

on predicied by high doses by eafy » factor of two s low
doses—and quesuon the “legiimecy” of the ICRP' s linear
uuummmhm
eﬁm-mmmmmn“mmﬂdby
avubhdm"ndhhmcmamb(y

The group aiso fimds evidence for the existence of 2
threshold for carcinogenic effy ©ts from chronic radianon
by aipha particies, notmg that no effects have been found
among miners and other cohorts studied. despiie doses
exceading | Sv. They sttribute this 10 either the absence of
an effect & low doses aad dose rates, or the fact that the
latency period for developmer. . ¢ thezr cancers exceeds the
lifetumes of the subgsects.

Fov tus and redated reasons detailed in the report. the
warking growp's magority concluded: “There is no scientific
fact that argues in favor of lowering (the limit) 1 | mSv/
year for the public iwFrasce,” amd “There is 0o scienufic
{act, iachspurtable and recent. thet ergues in favor oblower-
ing the stapdards is fosse in Framoe for workers.” They say
worken should undergo checkupe every 10 years 1 make
sure they do mot nsk sccumulating & lifetime dose higher
thas 1 Sv. ’ ¢ 4

Minerity Urges Comservatism

The sepert says, howover, thas “s small munonty * of the
workung group's memabers, while they agree with the -on-
clumon thet the ICRF"s new proposels are “difficult 1o
Jusufy . conmder mevestheless that it s ot desirable for
France w dissociste iself from the position of other coun-
tres.” Tos small munerity aiso prefers that workers be
limited 10 a five-yosr dose of 100 mSyv.

For these two ressons, the report seys, “certain members
oflmsmmcyco-d.nm:lemw in the name
of consesvatism. all the dose limits proposed by the
ICRP...whiie reserving the possibility of a potential up-
wards revision of the standards relative to the public ' de-
pending on the progress of knowledge in radiology and
radiopathology. Other members of the “small munonity. " the
report adds, “propose to take into account only the ICRP's
proposals relative w workers, and consequently support the
majonity's recommendations” concerning exposure of the
public

The ICRP-90 recommendations. which have already
been adopted in new Basic Safety Standards by the [AEA
and other iniernational organizations—after iniual Frencn
resistance-—are under scrutiny by the EU, charged w it
harmonizing radiation standards across the Union s
member states. If the lower norms become EU law France
15 in prmciple obliged to incorporate them into nator
regulauons. uniess the EU guidelines are so formula
10 leave the door open 10 vanants

Normally, an opimion by the Academy. the highe
enufic authonty in the country, would weigh hea.
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» Septambes b
naione esinstiic o

m‘.“ﬁ“ . . a8 & possi-

ble sgn of bow remsnng the change

of standards proposed (NW, 3 Aug.. 8).
However, in o working group's report

for publication. the French Acsdesmy s report commitise
noted that such a “delicate question” as the effects of low
doses “cannot receive a scientific and rigorously justified
mpomnhn."mu.hmu"!hm-hny
leaves it up 10 the (government) suthorities 1 ¢ . de” what
approach o take W the 1ssue of changing nation | _adiation
safety standards, “no doubt on the basis of considerstions
which the Academy, (as a scientific body), does oot hev< ©
take 10w account.”

Indeed. the radiologacal protection commuraty often
ummnpvenmeummah(p-ut'-m-
m'dnwmumeﬂxuud'hbkofm-fm
Mdopcddnubvdn..modymm
of action 1s prudence. to make sure the most sensitive mem-
bers of the public, especially chikdren, are prosected.

No Problem For Industry

The Freach nucleas industry bas said it generaily has no
problem meeung the ICRP-60 dose linuts, although a very
small number of individuals might be affected. Problems
could be encountered with aranium muners, people around
mull taulings, and some workers in the fuel cyche indusery.
An effort IS under way, undex the segis of the Mimsstry of
Health. w0 establish a more realisuc way of calculating dos-
es due to aruficial radiation, for example by adopting the
“entcal group” approach used in the UK.

However, some influental French scientistas have
warned against adopting any approach thet is not scientifi-
cally well-grounded, because 1t will be polincally umposs: -
ble 10 revise the standards upwards eves if future scientific
evidence proves the ICRP was wrong.

The Academy of Science's working group om low doses
was composed of 23 members and was chaised by Francois
Gros. permanent secretary of the Acadeswy ef Seiences.

The editonal commutiee wcladed Acsdenyy mesnbers

Raymond Castaing, a physicist from the Univer-
sity of Panis-Sud, Ray yet of the lnstitut Cure,
and Maunce Tubiana Beclere medical cen-

ter, a legendary figure b puciear medicine com-
munity
The report 1s scheduled to be made public today at a

heanng called by Claude Birraux (Centrist-Haute Sevoie),
specialist on nuclear regulatory affairs for the Parliamentary
Office for Evaluation of Science & Technology Options
Tubiana and two other members of the working group s
editonal commuttee will explain how they reached their

onclusions. It promuses to be a lively session: Birraux also

ivited Roger Clarke. chairman of the U K. 's Nationa!
Radiological Protection Board and of the ICRP, (o outline
the iICRP's reasoning in ICPR-60 —Ann MacLachlan. Pans
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tory, and the state government of Saxo~, -Anhalt, which has
vomhmwmmmn.-u.-uu.m
avenue o do so.

The Superior Admunistrative Court of Magdeburg No-
vember lémhdm-thumnAmAadoulapve
Sumy-wlxunﬂnwupendormmfymehknk-
ben facility operating permit. Chief Judge Burkhard Gunlay
mhwhadamioliaohlywithmfedau;msdnc-
ton.

Grmnouwofmnhdclnmedm
ud.hm:nSuuy-Mvhkhumpombk
fornmh.nguhmuforhw’ . could order the site
cuummmmmmbym
former Germas Democratic Republic (GDR), was not valid.

The fresh verdict against Saxouy-Anhalt’s case last
wammmolmwmmof
Enviroament & Nuclear Safety (BMU), which since 1997
has disputed intervenors’ claims that the state could invali-
dmhMmﬁ.T&o&.MMxm
nOMe choose (0 coptaue they ke, teey must bring 2 new
lawswii against BMU wiuch, iance 1991, 1s the reposstory,
operator,

Saxomy-Aahalt is governid by & coalition of Social
Democrats (SPD), formally cpposed (o ouclear energy. and
environmentalist Greens. Mz 1 uclear regulasor, Heidrun
M(Gu.latdu.ﬂhlbq.dmu
Morsieben eartier tus yowr But operation resumed weeks
later when BMU, Germasy 's federsl wuciew regulaiory
auMq.Mmehmm.
Sum-wmw-mﬁumowm
ofMa:khenunnlhplnmnuuMhhﬂjtym
exhausted.

Monsieben, formerty a salt mine, was Noensed by the
GDR in the exrly | 9808 to take LL W/MLW from resesrch
institutons and from PWRs then operating s Rheinsberg
and Gresfswald. It holds sbowt 20,000 metric was of LLW/
MLW.mduphnndhdupmddmﬁmopamn;
West German reactors as well as scrap from the East Ger-
man PWRs. all now shut and undergomg decommussioning.
Alfter thus decade, BMU plans o seek a new license 1o con-
unue o put LLW/MLW iato the facility.

Heidecke hased her objections tc Morsieben opera-
ton in part upon what she termed unresolved radiation
health quesuons surrounding the current practice, licensed
by the GDR, of dumping liquid LLW into underground pits
Liguid waste dumping 1s not planned for a second L W/
MLW disposal facility, the former Konrad iron mine in
West German ternitory, whuch is still being licensed Ac
cording to BMU. there are no grounds for raising health
physics issues’ at Morsieben, but intervenors charge that the
dumping of liquid waste would never be allowed in a West
Cerman tacility
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