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March 15. 2007 DOCKETED
USNRC

Secretary,
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
Attn: Rulemaking and Adjudications Staff

March 20, 2007 (3:51pm)

OFFICE OF SECRETARY
RULEMAKINGS AND

ADJUDICATIONS STAFF

Re: Rulemaking Docket PRM-51-11 (Sally Shaw)

On February 5, 2007, New England Coalition attempted to electronically file Comments
on the above captioned rulemaking. On February 7, 2007, New England Coalition
attempted to file Supplemental Comments on the above-captioned rulemaking, enclosing
relevant materials not available to us on February 5th.

On reviewing incoming E-Mail for the Month of February, we find that both filings were
"timed out," it appears at NRC's end of the system, and thus were not delivered.

Given that delivery failed through no fault of our own and given the importance of the
matters in the subject rulemaking: radiation protection, New England Coalition now
encloses hardcopy of each filing, along with copies of the "Mail Delivery System" failure
notices, and respectfully requests that our comments be considered and responded to as if
they had been timely received.

New England Coalition is a non-profit advocacy and education organization incorporated
in the State of Vermont

Thank you for your kind attention,
On Behalf of New England Coalition,

Raymond Shadis
Consultant to
New England Coalition

Te a +Zpo4 := 0EC -('a



In Page 1 014

From: MAILER-DAEMON@prexar.com (Mail Delivery System)
Subject: Undelivered Mail Returned to Sender
To: shadis@prexar.com

This is the Postfix program at host chimaera.prexar.com.

I'm sorry to have to inform you that your message could not
be delivered to one or more recipients. It's attached below.

For further assistance, please send mail to <postmaster>

If you do so, please include this problem report. You can
delete your own text from the attached returned message.

The Postfix program

<SCY@nrc.gov>: connect to maii2.nrc.gov[148.184.176.43J: Connection timed out

Reporting-MTA: dns; chimaera.prexar.com
X-Postfix-Queue-ID: C08931 E491
X-Postfix-Sender: rfc822; shadis@prexar.com
Arrival-Date: Mon, 12 Feb 2007 23:53:50 -0500 (EST)

Final-Recipient: rfc822; SCY@nrc.gov
Action: failed
Status: 4.0.0
Diagnostic-Code: X-Postfix; connect to mail2.nrc.gov[148.184.176.43]:

Connection timed out

Received: from Desktop.prexar.com (ip6599135057.link2usa.com [65.99.135.57])
by chimaera.prexar.com (Postfix) with ESMTP id C08931 E491
for <SCY@nrc.gov>; Mon, 12 Feb 2007 23:53:50 -0500 (EST)

Message-Id: <6.2.3.4.2.20070212235306.03af05cO@pop3.prexar.com>
X-Mailer: QUALCOMM Windows Eudora Version 6.2.3.4
Date: Mon, 12 Feb 2007 23:53:44 -0500
To: SCY@nrc.gov
From: Raymond Shadis <shadis@prexar.com>
Subject: Fwd: Undelivered Mail Returned to Sender
Mime-Version: 1.0
Content-Type: multipart/mixed;

boundary="=-..................-_26714265==_"

I X-Oriainal-To: shadistorexar.com
Delivered-To: shadis@prexar.com
Date: Mon, 12 Feb 2007 13:18:51 -0500 (EST)
From: MAILER-DAEMON•Orexar.com (Mail Delivery Svstem)
Subject: Undelivered Mail Returned to Sender
To: shadis@prexar.com

I This is the Postfix program at host chimaera.prexar.com.

Printed for Raymond Shadis <shadis@prexar.com> 3/17/2007
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I'm sorry to have to infom you that your message could not 
be delivered to one or more recipients. It's attached below. 

For further assistance, please send mail to <postmaster> 

If you do so, please include this problem report. You can 
delete your own text from the attached returned message. 

The PostFbc program 

<SECY@.nrc.gov> (expanded from <SECY@-nrc.gov.>): connect to 
mail1 .nrc.gov[l48,184.176.41]: Connection timed out 

Report ing-MTA: dns; chimaera. prexar. corn 
X-Postfix-Queue-ID: 41 9741 E491 
X-Postfix-Sender: rfc822; shadis@prexar.com 
Arrival-Date: Wed, 7 Feb 2007 13: 1 1 :37 4500 (EST) 

Final-Recipient: rfc822; SECY@nrc. gov 
Original-Recipient: rfc822; SECY@nrc.gov. 
Action: failed 
Status: 4.0.0 
Diagnostic-Code: X-Postfix; connect to maill .nrc.gov[l48.184.176.4 1 1: 

Connection timed out 

Received: from Desktop.prexar.com [ip659913f312&link2usa.com 165.99.1 36.1281) 
by chimaera.prexar.com (Postfix) with ESIVrrP id 419741 E491 
for <SECY@nrc.gov.>; Wed, 7 Feb 2007 13:? 1:37 -0500 (EST) 

Message-Id: <6.2.3.4.2.20072271 I ?205.035448cO@pop3.prexar. corn> 
X-Mailer: QUALCOMM W~ndows Eudora Version 6.2.3.4 
Date: Wed, 07 Feb 2007 1 3: 3 0:43 -0500 
To: SECY@nrc.gov. 
From: Raymond Shadis <shadis@prexar.com> 
Subject: [Doeket No. PRMSI 1 I] Sally Shaw; 
Petition for Rulemaking 

M ime-Version: 1 -0 
Content-Type: multiparUmixed; 

boun&~y='l===================== - 223093==-" 

New England Coalition 
VT - NH ME MA . RI . CT . NY - 

POST OFFICE BOX 545, BRATTLEBORO, VERMONT 05302 
O" Nuclear Pd/&n 

February 5,2007 

Annette L. Vietti-Cook 
Secretary of the Commission 

Printed for Raymond Shadis <shadis@prexar.com> 
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U.S. Nuclear Reaulatorv
Commission. Washington, L)G 2055b-0001
ATTN: Rulemakings and Adjudications Staff.
SEC Y(nrc. aov.

Comments on

Dear Mrs. Vietti- Cook,
Dear Rulemakinas and Adjudications Staff.

The Nuclear Regulatory Commission (NRC) has published for public comment a notice of
receipt of a petition for rulemakina. dated June 23. 2006. which was filed with the
Gommission by •Sally SShaw.
The petition was docketed by the NRC on November 1, 2006, and has been assigned Docket
No. PRM-51-1 1. The Detitioner reauests that the NRC oreoare a rulemakina that will reauire
that the NRC reconcile its generic environmental impact statement (GELS) for nuclear power
plant operating license renewal applications with the National Academy of Sciences Health
Risks From Exposure to Low Levels of lonizina Radiation:
Biological Effects of Ionizing Radiation (BEIR) VII Phase 2 Report.
Comments are to be submitted by by February 5,2007.
The partial comments of New Enaland Coalition. a non-profit membership oraanization
incorporated in the State of Vermont follow.
Additional comments by New England Coalition may also follow and if they are received after
this date we reauest that they also be considered if it is practical to do so.

Summarv
The petitioner petitioner asserts that the GElS relies upon an earlier NAS report, the BEIR V,
with was released in 1990. According to the NAS Web site, the BEIR VII updates the
information contained in the BEIR V and draws upon new data in both eoidemioloical and
experimental research.
The petitioner requests that NRC consider the NAS BEIR VII report as new and significant
information and recalculate certain conclusions set forth in the GELS. includina early fatalities.
latent fatalities and any injury projections based on this information.
New England Coalition respectfully submits that NRC's primary duty under its Congressional
mandate and the Atomic Energv Act (as amended) is to protect the public health and safety.
Thus it is incumbent upon NRC to examine any new information that may impeach current
agency assumptions underlying radiation protection policies, guidance, and regulation.
Further, in order to sustain public confidence, the NRC should undertake consideration for
rulemaking in the most transparent, open, and collegial manner possible seeking both the
advice of knowledgeable sister agencies, such as the Environmental Protection Agency and,
in emulation of the National Academies of Science, the public.
The NAS BEIR VII Report touches upon much newly developed information in radiological
impacts at the cellular level, such as the so-call "by-stander effect" and the intergenerational
propagation of cytoplasmic damage. that suggests more damage at the low end of the linear
scale than previously assumed. If risk levels may therefore be higher at low dose exposures
than presented in the GElS, it is NRC's duty to examine the question and relay the agency's
considerations and conclusions to the public.
We urge that the agency complete this rulemaking prior to the issuance of any additional
license renewals.

Printed for Raymond Shadis <shadis@prexar.com> 3/17/2007
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.esoectfullv submitted on Behalf of New England Coalition.

Raymond Shadis
Consultant to the Coaiiuc..
Shadis apre.ar.corn

Co ients on Shaw.,, Rukemak<ino. .etitic..;. o-
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From: MAILER-DAEMON@prexar.com (Mail Delivery System)
Subject: Undelivered Mail Returned to Sender
To: shadis@prexar.com

This is the Postfix program at host chimaera.prexar.com.

I'm sorry to have to inform you that your message could not
be delivered to one or more recipients. It's attached below.

For further assistance, please send mail to <postmaster>

If you do so, please include this problem report. You can
delete your own text from the attached returned message.

The Postfix program

<SECY@nrc.gov> (expanded from <SECY@nrc.gov.>): connect to
mail2.nrc.gov[148.184.176A431 Connection timed out

Reporting-MTA: dns; chimaera. prexar.com
X-Postfix-Queue-ID: 4E5831 E458
X-Postfix-Sender. rfc822; shadis@prexar.com
Arrival-Date: Mon, 12 Feb 2007 23:45:57 -0500 (EST)

Final-Recipient: rfc822; SECY@nrc.gov
Original-Recipient: rfc822; SECY@nrc.gov.
Action: failed
Status: 4.0.0
Diagnostic-Code: X-Postfix; connect to mail2.nrc.gov[1 48.184.176.43]:

Connection timed out

Received: from Desktop.prexar.com (ip6599135057.iink2usa.com [65.99.135.57])
by chimaera.prexar.com (Postfix) with ESMTP id 4E5831 E458;
Mon, 12 Feb 2007 23:45:57 -0500 (EST)

Message-ld: <6.2.3.4.2.20070212234547.03af05c0@pop3.prexar.com>
X-Mailer: QUALCOMM Windows Eudora Version 6.2.3.4
Date: Mon, 12 Feb 2007 23:45:50 -0500
To: SECY@nrc.gov.
From: Raymond Shadis <shadis@prexar.com>
Subject: Supplement to Comments on [Docket No.
PRM51 11 1 Sally Shaw; Petition for Rulemaking
Cc: Sally Shaw <acer8sac@comcast. net>, NEC NP:;
Mime-Version: 1.0
Content-Type: multipart/mixed;

boundary="=--------------.... .- _26241531 ==

New England Coalition
POST OFFICE BOX 545,
BRA TTLEBORO, VERMONT o5302

Printed for Raymond Shadis <shadis@(prexar.com> 3/17/2007
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February 7, 2007

Annette L. Vietti-Cook
Secretary of the Commission
U.S. Nuclear Regulatory
Commission, Washington, DC 20555-0001
ATTN: Rulemakings and Adjudications Staff.
SECY@nrc.gov.

Supplement to Comments on [Docket No. PRM-51-11] Sally Shaw; Petition
for Rulemaking

Dear Mrs. Vietti- Cook,
Dear Rulemakings and Adjudications Staff,

The New England Coalition herein submits additional or supplemental
comments in the above captioned matter.[1]

On February 5, 2007, of New England Coalition, a non-profit membership
organization incorporated in the State of Vermont, filed what it termed "partial
comments" in the above captioned matter and requested that any additional
comments by New England Coalition filed after this February 5, 2007 also be
considered if it is practical to do so.

Specifically, New England Coalition now places before the NRC and adopts
and incorporates as a supplement to its own comments the attached, "
Healthy from the Start: Building a better Basis for Environmental Health
Standards - Starting with Radiation," authors - Arjun Makhijani, Bruce Smith
and Michael C. Thorne, Volume 14, Number 4 of Science for Democratic
Action February 2007.

We also wish to incorporate the remainder of Volume 14, Number 4, as
appropriate and relevant and respectfully draw the NRC's attention in
particular to the articles, "Health Risks of Tritium: The Case for Strengthened
Standards"(Page 1), "Combined Effects of Chemicals and Radiation" (Page 5)
and "Radiation Protection Standards in the U.S.: Some Nuts and Bolts (Page
8).

It is New England Coalition's evaluation that the submitted supplemental
material articulates more clearly than we are able, the rationale for a re-
examination of radiation standards in NRC regulation and practice. The
submitted supplements include among many other salient discussions, a
comparison of gender specific radiological risks in FRG-13 and BEIR VII; and

Printed for Raymond Shadis <shadis@prexar.com> 3/17/2007
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a discussion of environmental, circumstantial, and chemical synergies that
affect radiological risk.

The submitted supplemental information was not available to us or otherwise
not in our possession on the due date for comments, February 5, 2007 and we
are providing it as coon as practicable, Februa.ry 7, 9007.

If the NRC finds that it cannot, for press of schedule or any other reason,
consider this late filed supplement, New England Coalition requests that NRC
inform us by letter or e-mail of its reason(s).

Respectfully submitted on Behalf of New England Coalition,

Raymond Shadis
Consultant to the Coalition
New England Coalition
Post Office Box 98
Edgecomb, Maine 04556
Sh-dis. prex oi. _.co

Attachment - Science for Democratic Action, Vol.14, No.4 (pfd),
also available at www~ieer.wog

[1] The Nuclear Regulatory Commission (NRC) published for public comment a notice of
receipt of a petition for rulemaking, dated June 23, 2006, which was filed with the Commission
by Sally Shaw.
The petition was docketed by the NRC on November 1, 2006, and was assigned Docket No.
PRM-51-1 1. Petitioner Shaw requested that the NRC prepare a rulemaking that will require
that the NRC reconcile its generic environmental impact statement (GElS) for nuclear power
plant operating license renewal applications with the National Academy of Sciences Health
Risks From Exposure to Low Levels of Ionizing Radiation: Biological Effects of Ionizing
Radiation (BEIR) VII Phase 2 Report.
Comments were to be submitted by by February 5, 2007.

EllC J ENCE - D Eik,/OG R ATIC. 10 FL 1 -i 4-42. pcf

Printed for Raymond Shadis <shadis@prexar.com> 3/17/2007
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From: MAILER-DAEMON@prexar.com (Mail Delivery System)
Subject: Undelivered Mail Returned to Sender
To: shadis@prexar.com

This is the Postfix program at host chimaera.prexar. com.

I'm sorry to have to inform you that your message could not
be delivered to one or more recipients. It's attached below.

For further assistance, please send mail to <postmaster>

If you do so, please include this problem report. You can
delete your own text from the attached returned message.

The Postfix program

<SECY@nrc.gov> (expanded from <SECY@nrc.gov.>): connect to
mai1l.nrc.gov[1 48.184.176.411: Connection timed out

Reporting-MTA: dns; chimaera.prexar.com
X-Postfix-Oueue-ID: A61 FD1 E44C
X-Postfix-Sender: rfc822; shadis@prexar.com
Arrival-Date: Mon, 12 Feb 2007 16:53:09 -0500 (EST)

Final-Recipient: rfc822; SECY@nrc.gov
Original-Recipient: rfc822; SECY@nrc.gov.
Action: failed
Status: 4.0.0
Diagnostic-Code: X-Postfix; connect to mail .nrc.gov[1 48.184.176.41]:

Connection timed out

Received: from Desktop. prexar.com (ip6599136119.link2usa.com [65.99.136.119])
by chimaera.prexar.com (Postfix) with ESMTP id A61FD1E44C;
Mon, 12 Feb 2007 16:53:09 -0500 (EST)

Message-ld: <6.2.3.4.2.20070212165249.03b47a68@pop3.prexar.com>
X-Mailer: QUALCOMM Windows Eudora Version 6.2.3.4
Date: Mon, 12 Feb 2007 16:52:53 -0500
To: SECY@nrc.gov.
From: Raymond Shadis <shadis@prexar.com>
Subject: Supplement to Comments on [Docket No.
PRM51 111 Sally Shaw; Petition for Rulemaking
Cc: Sally Shaw <acer8sac@comcast. net>, NEC NP:;
Mime-Version: 1.0
Content-Type: multipart/mixed;

boundary="--- 1 464234=="

New England Coalition
POS T OFFICE BOX 545,
BRA TTLEBORO, VERMONT o5302

Printed for Raymond Shadis <shadis@prexar.com> 3/17/2007
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February 7, 2007

Annette L. Vietti-Cook
Secretary of the Commission
U.S. Nuclear Regulatory
Commission, Washington, DC 20555-0001
A TTN: Rulemakings and Adjudications Staff.
SECY@nrc.gov.

Supplement to Comments on [Docket No. PRM-51-11] Sally Shaw; Petition
for Rulemaking

Dear Mrs. Vietti- Cook,
Dear Rulemakings and Adjudications Staff,

The New England Coalition herein submits additional or supplemental
comments in the above captioned matter.J1]

On February 5, 2007, of New England Coalition, a non-profit membership
organization incorporated in the State of Vermont, filed what it termed "partial
comments" in the above captioned matter and requested that any additional
comments by New England Coalition filed after this February 5, 2007 also be
considered if it is practical to do so.

Specifically, New England Coalition now places before the NRC and adopts
and incorporates as a supplement to its own comments the attached, "
Healthy from the Start: Building a better Basis for Environmental Health
Standards - Starting with Radiation," authors - Arjun Makhijani, Bruce Smith
and Michael C. Thorne, Volume 14, Number 4 of Science for Democratic
Action February 2007.

We also wish to incorporate the remainder of Volume 14, Number 4, as
appropriate and relevant and respectfully draw the NRC's attention in
particular to the articles, "Health Risks of Tritium: The Case for Strengthened
Standards"(Page 1), "Combined Effects of Chemicals and Radiation" (Page 5)
and "Radiation Protection Standards in the U.S.: Some Nuts and Bolts (Page
8).

It is New England Coalition's evaluation that the submitted supplemental
matbrial articulates more clearly than we are able, the rationale for a re-
examination of radiation standards in NRC regulation and practice. The
submitted supplements include among many other salient discussions, a
comparison of gender specific radiological risks in FRG-13 and BEIR VII; and

Printed for Raymond Shadis <shadis@prexar-com> 3/17/2007
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a discussion of environmental, circumstantial, and chemical synergies that
affect radiological risk.

The submitted supplemental information was not available to us or otherwise
not in our possession on the due date for comments, February 5, 2007 and we
are providing it as soon as practicable, February 7, 2007.

If the NRC finds that it cannot, for press of schedule or any other reason,
consider this late filed supplement,. New England Coalition requests that NRC
inform us by letter or e-mail of its reason(s).

Respectfully submitted on Behalf of New England Coalition,

Raymond Shadis
Consultant to the Coalition
New England Coalition
Post Office Box 98
Edgecomb, Maine 04556
SShadisgprexa corn

Attachment - Science for Democratic Action, Vol. 14, No.4 (pfd),
also available at www..ieer.org

[1] The Nuclear Regulatory Commission (NRC) published for public comment a notice of
receipt of a petition for rulemaking, dated June 23, 2006, which was filed with the Commission
by Sally Shaw.
The petition was docketed by the NRC on November 1, 2006, and was assigned Docket No.
PRM-51-1 1. Petitioner Shaw requested that the NRC prepare a rulemaking that will require
that the NRC reconcile its generic environmental impact statement (GElS) for nuclear power
plant operating license renewal applications with the National Academy of Sciences Health
Risks From Exposure to Low Levels of Ionizing Radiation: Biological Effects of Ionizing
Radiation (BEIR) VII Phase 2 Report.
Comments were to be submitted by by February 5, 2007.

, SC1E NCOE- - - DE fMOiCRAII r -, C T NI.-41 .•d-

Printed for Raymond Shadis <shadis@prexar.com> 3/17/2007
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From: MAILER-DAEMON@prexar.com (Mail Delivery System)
Subject: Undelivered Mail Returned to Sender
To: shadis@prexar.com

This is the Postfix program at host chimaera.prexar.com.

I'm sorry to have to inform you that your message could not
be delivered to one or more recipients. It's attached below.

For further assistance, please send mail to <postmaster>

If you do so, please include this problem report. You can
delete your own text from the attached returned message.

The Postffx program

<SECY@nrc.gov> (expanded from <SECY@nrc.gov.>): connect to
mail .nrc.gov[1 48.184.176.411: Connection timed out

Reporting-MTA: dns; chimaera.prexar. com
X-Postfix-Queue-ID: 21A061E432
X-Postfix-Sender: rfc822; shadis@prexar.com
Arrival-Date: Wed, 7 Feb 2007 13:16:10 -0500 (EST)

Final-Recipient: rfc822; SECY@nrc.gov
Original-Recipient: rfc822; SECY@nrc.gov.
Action: failed
Status: 4.0.0
Diagnostic-Code: X-Postfix; connect to maill .nrc. gov[1 48.184.176.41]:

Connection timed out

Received: from Desktop. prexar.com (ip6599136128.link2usa.com [65.99.136.128])
by chimaera.prexar.com (Postfix) with ESMTP id 21A061 E432;
Wed, 7 Feb 2007 13:16:10 -0500 (EST)

Message-ld: <6.2.3.4.2.20070207131208.01f25a20@pop3.prexar.com>
X-Mailer: QUALCOMM Windows Eudora Version 6.2.3.4
Date: Wed, 07 Feb 2007 13:16:03 -0500
To: SECY@nrc.gov.
From: Raymond Shadis <shadis@prexar.com>
Subject: Supplement to Comments on [Docket No.
PRM51 11 ] Sally Shaw; Petition for Rulemaking
Cc: Sally Shaw <acer8sac@comcast. net>, NECNP:;
Mime-Version: 1.0
Content-Type: multipart/mixed;

boundary="=-------------------546203==_"

New England Coalition
POST OFFICE BOX 545,
BRA TTLEBORO, VERMONT o5302

Printed for Raymond Shadis <shadis(a),prexar.com> 3/17/2007



i-IL

February 7, 2007

Annette L. Vietti-Cook
Secretary of the Commission
U.S. Nuclear Regulatory
Commission, Washington, DC 20555-0001
A TTN: Rulemakings and Adjudications Staff.
SECY@nrc.gov.

Supplement to Comments on [Docket No. PRM-51-11] Sally Shaw; Petition
for Rulemaking

Dear Mrs. Vietti- Cook,
Dear Rulemakings and Adjudications Staff,

The New England Coalition herein submits additional or supplemental
comments in the above captioned matter.[1]

On February 5, 2007, of New England Coalition, a non-profit membership
organization incorporated in the State of Vermont, filed what it termed "partial
comments" in the above captioned matter and requested that any additional
comments by New England Coalition filed after this February 5, 2007 also be
considered if it is practical to do so.

Specifically, New England Coalition now places before the NRC and adopts
and incorporates as a supplement to its own comments the attached, "
Healthy from the Start: Building a better Basis for Environmental Health
Standards - Starting with Radiation," authors - Arjun Makhijani, Bruce Smith
and Michael C. Thorne, Volume 14, Number 4 of Science for Democratic
Action February 2007.

We also wish to incorporate the remainder of Volume 14, Number 4, as
appropriate and relevant and respectfully draw the NRC's attention in
particular to the articles, "Health Risks of Tritium: The Case for Strengthened
Standards"(Page 1), "Combined Effects of Chemicals and Radiation" (Page 5)
and "Radiation Protection Standards in the U.S.: Some Nuts and Bolts (Page
8).

It is New England Coalition's evaluation that the submitted supplemental
material articulates more clearly than we are able, the rationale for a re-
examination of radiation standards in NRC regulation and practice. The
submitted supplements include among many other salient discussions, a
comparison of gender specific radiological risks in FRG-13 and BEIR VII; and

Printed for Raymond Shadis <shadis@prexar.com> 3/17/2007
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a discussion of environmental, circumstantial, and chemical synergies that
affect radiological risk.

The submitted supplemental information was not available to us or otherwise
not in our possession on the due date for comments, February 5, 2007 and we
are providing it as soon as practicable, February 7, 2007.

If the NRC finds that it cannot, for press of schedule or any other reason,
consider this late filed supplement, New England Coalition requests that NRC
inform us by letter or e-mail of its reason(s).

Respectfully submitted on Behalf of New England Coalition,

Raymond Shadis
Consultant to the Coalition
New England Coalition
Post Office Box 98
Edgecomb, Maine 04556
Shadis @ptexar.€om_

Attachment - Science for Democratic Action, Vol.14, No.4 (pfd),
also available at www.ieer.org

[1] The Nuclear Regulatory Commission (NRC) published for public comment a notice of
receipt of a petition for rulemaking, dated June 23,2006, which was filed with the Commission
by Sally Shaw.
The petition was docketed by the NRC on November 1, 2006, and was assigned Docket No.
PRM-51-11. Petitioner Shaw requested that the NRC prepare a rulemaking that will require
that the NRC reconcile its generic environmental impact statement (GETS) for nuclear power
plant operating license renewal applications with the National Academy of Sciences Health
Risks From Exposure to Low Levels of Ionizing Radiation: Biological Effects of Ionizing
Radiation (BEIR) VII Phase 2 Report.
Comments were to be submitted by by February 5, 2007.

SCIENCE - DEM0CRA.TtC ACTION 14-4.pdf

Printed for Raymond Shadis <shadis@prexar.com> 3/17/2007
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From: MAILER-DAEMON@prexar.com (Mail Delivery System)
Subject: Undelivered Mail Returned to Sender
To: shadis@prexar.com

This is the Postfix program at host chimaera.prexar.com.

I'm sorry to have to inform you that your message could not
be delivered to one or more recipients. It's attached below.

For further assistance, please send mail to <postmaster>

If you do so, please include this problem report. You can
delete your own text from the attached returned message.

The Postf'x program

<SECY@nrc.gov> (expanded from <SECY@nrc.gov.>): connect to
maill .nrc. gov[1 48.184.176.41 ]: Connection timed out

Reporting-MTkA dns; chimaera.prexar.com
X-Postfix-Queue-ID: 419741 E491
X-Postfix-Sender: rfc822; shadis@prexar.com
Arrival-Date: Wed, 7 Feb 2007 13:11:37 -0500 (EST)

Final-Recipient: rfc822; SECY@nrc.gov
Original-Recipient: rfc822; SECY@nrc.gov.
Action: failed
Status: 4.0.0
Diagnostic-Code: X-Postfix; connect to maill .nrc.gov[148.184.176.41]:

Connection timed out

Received: from Desktop.prexar.com (ip6599136128.link2usa.com [65.99.136.128])
by chimaera.prexar.com (Postfix) with ESMTP id 419741 E491
for <SECY@nrc.gov.>; Wed, 7 Feb 2007 13:11:37 -0500 (EST)

Message-ld: <6.2.3.4.2.20070207111205.035448c0@pop3. prexar.com>
X-Mailer: QUALCOMM Windows Eudora Version 6.2.3.4
Date: Wed, 07 Feb 2007 13:10:43 -0500
To: SECY@nrc.gov.
From: Raymond Shadis <shadis@prexar.com>
Subject: [Docket No. PRM51 11] Sally Shaw;
Petition for Rulemaking
Mime-Version: 1.0
Content-Type: multipart/mixed;

boundary="=============......---_223093==_"

New England Coalition
VT NH ME MA RI CT NY

POST OFFICE BOX 545, BRATTLEBORO, VERMONT o5302
on Nuclear Pollution

file://C:\DOCUME'-l\Ray\LOCALS-1\Temp\eudl 59.htnm 3/17/2007



February 5, 2007

Annette L. Vietti-Cook
Secretary of the Commission
U.S. Nuclear Regulatory
Commission, Washington, DC 20555-0001
ATTN: Rulemakings and Adjudications Staff.
SECY@nrc.gov.

Comments on

Dear Mrs. Vietti- Cook,
Dear Rulemakings and Adjudications Staff,

The Nuclear Regulatory Commission (NRC) has published for public comment a notice of
receipt of a petition for rulemaking, dated June 23, 2006, which was filed with the Commission
by Sally Shaw.
The petition was docketed by the NRC on November 1, 2006, and has been assigned Docket
No. PRM-51-11. The petitioner requests that the NRC prepare a rulemaking that will require
that the NRC reconcile its generic environmental impact statement (GElS) for nuclear power
plant operating license renewal applications with the National Academy of Sciences Health
Risks From Exposure to Low Levels of Ionizing Radiation:
Biological Effects of Ionizing Radiation (BEIR) VII Phase 2 Report.
Comments are to be submitted by by February 5, 2007.
The partial comments of New England Coalition, a non-profit membership organization
incorporated in the State of Vermont follow.
Additional comments by New England Coalition may also follow and if they are received after
this date we request that they also be considered if it is practical to do so.

Summary
The petitioner petitioner asserts that the GElS relies upon an earlier NAS report, the BEIR V,
with was released in 1990. According to the NAS Web site, the BEIR VII updates the
information contained in the BEIR V and draws upon new data in both epidemiological and
experimental research.
The petitioner requests that NRC consider the NAS BEIR VII report as new and significant
information and recalculate certain conclusions set forth in the GELS, including early fatalities,
latent fatalities and any injury projections based on this information.
New England Coalition respectfully submits that NRC's primary duty under its Congressional
mandate and the Atomic Energy Act (as amended) is to protect the public health and safety.
Thus it is incumbent upon NRC to examine any new information that may impeach current
agency assumptions underlying radiation protection policies, guidance, and regulation. Further,
in order to sustain public confidence, the NRC should undertake consideration for rulemaking
in the most transparent, open, and collegial manner possible seeking both the advice of
knowledgeable sister agencies, such as the Environmental Protection Agency and, in
emulation of the National Academies of Science, the public.
The NAS BEIR VII Report touches upon much newly developed information in radiological
impacts at the cellular level, such as the so-call "by-stander effect" and the intergenerational
propagation of cytoplasmic damage, that suggests more damage at the low end of the linear
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scale than previously assumed. If risk levels may therefore be higher at low dose exposures
than presented in the GELS, it is NRC's duty to examine the question and relay the agency's
considerations and conclusions to the public.
We urge that the agency complete this rulemaking prior to the issuance of any additional
license renewals.

Respectfully submitted on Behalf of New England Coalition,

Raymond Shadis
Consultant to the Coalition
ShadcisnpIre 3vrc korn
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February 5, 2007

Annette L. Vietti-Cook
Secretary of the Commission
U.S. Nuclear Regulatory
Commission, Washington, DC 20555-0001
ATTN: Rulemakings and Adjudications Staff.
SEC Y@nrc.gov.

Comments on

Dear Mrs. Vietti- Cook,
Dear Rulemakings and Adjudications Staff,

The Nuclear Regulatory Commission (NRC) has published for public comment a notice of receipt of
a petition for rulemaking, dated June 23, 2006, which was filed with the Commission by Sally Shaw.
The petition was docketed by the NRC on November 1, 2006, and has been assigned Docket No.
PRM-51-1 1. The petitioner requests that the NRC prepare a rulemaking that will require that the
NRC reconcile its generic environmental impact statement (GELS) for nuclear power plant operating
license renewal applications with the National Academy of Sciences Health Risks From Exposure to
Low Levels of Ionizing Radiation:
Biological Effects of Ionizing Radiation (BEIR) VII Phase 2 Report
Comments are to be submitted by by February 5, 2007.
The partial comments of New England Coalition, a non-profit membership organization incorporated
in the State of Vermont follow.
Additional comments by New England Coalition may also follow and if they are received after this
date we request that they also be considered if it is practical to do so.

Summary
The petitioner petitioner asserts that the GElS relies upon an earlier NAS report, the BEIR V, with
was released in 1990. According to the NAS Web site, the BEIR VII updates the information
contained in the BEIR V and draws upon new data in both epidemiological and experimental
research.
The petitioner requests that NRC consider the NAS BEIR VII report as new and significant
information and recalculate certain conclusions set forth in the GElS, including early fatalities, latent
fatalities and any injury projections based on this information.
New England Coalition respectfully submits that NRC's primary duty under its Congressional
mandate and the Atomic Energy Act (as amended) is to protect the public health and safety. Thus it
is incumbent upon NRC to examine any new information that may impeach current agency
assumptions underlying radiation protection policies, guidance, and regulation. Further, in order to
sustain public confidence, the NRC should undertake consideration for rulemaking in the most
transparent, open, and collegial manner possible seeking both the advice of knowledgeable sister
agencies, such as the Environmental Protection Agency and, in emulation of the National



Academies of Science, the public.
The NAS BEIR VII Report touches upon much newly developed information in radiological impacts at
the cellular level, such as the so-call "by-stander effect" and the intergenerational propagation of
cytoplasmic damage, that suggests more damage at the low end of the linear scale than previously
assumed. If risk levels may therefore be higher at low dose exposures than presented in the GELS,
it is NRC's duty to examine the question and relay the agency's considerations and conclusions to
the public.
We urge that the agency complete this rulemaking prior to the issuance of any additional license
renewals.

Respectfully submitted on Behalf of New England Coalition,

Raymond Shadis
Consultant to the Coalition
Shadis@prexar.com
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To: SECY(dnrc.oov.
From: Raymond Shadis <shadis@prexar.com>
Subject Supplement to Comments on [Docket No. PRM-51-1 1] Sally Shaw, Petition for
R"'gemaking
Cc: Sally_Shaw, NECNP
Bcc:
Attached: C:\Documents and SettingskRay\My Documents\ENVY RELICENSING\RAY
Correspondence\SCIENCE - DEMOCRATIC ACTION 144.pdf;

New England Coalition
POST OFFICE BOX 545,
BRA TTLEBORO, VERM ONT o5302

February 7, 2007

Annette L. Vietti-Cook
Secretary of the Commission
U.S. Nuclear Regulatory
Commission, Washington, DC 20555-0001
ATTN: Rulemakings and Adjudications Staff.
SEC Y@nrc.gov.

Supplement to Comments on [Docket No. PRM-51-11] Sally Shaw;
Petition for Rulemaking

Dear Mrs. Vietti- Cook,
Dear Rulemakings and Adjudications Staff,

The New England Coalition herein submits additional or
supplemental comments in the above captioned matter.[1l

On February 5, 2007, of New England Coalition, a non-profit
membership organization incorporated in the State of Vermont, filed
what it termed "partial comments" in the above captioned matter and

Printed for Raymond Shadis <shad is@prexar.com> I
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requested that any additional comments by New England Coalition
filed after this February 5, 2007 also be considered if it is practical to
do so.

Specifically, New England Coalition now places before the NRC and
adopts and incorporates as a supplement to its own comments the
attached, "Healthy from the Start: Building a better Basis for
Environmental Health Standards - Starting with Radiation," authors -
Arjun Makhijani, Bruce Smith and Michael C. Thorne, Volume 14,
Number 4 of Science for Democratic Action February 2007.

We also wish to incorporate the remainder of Volume 14, Number 4,
as appropriate and relevant and respectfully draw the NRC's
attention in particular to the articles, "Health Risks of Tritium: The
Case for Strengthened Standards"(Page 1), "Combined Effects of
Chemicals and Radiation" (Page 5) and "Radiation Protection
Standards in the U.S.: Some Nuts and Bolts (Page 8).

It is New England Coalition's evaluation that the submitted
supplemental material articulates more clearly than we are able, the
rationale for a re-examination of radiation standards in NRC
regulation and practice. The submitted supplements include among
many other salient discussions, a comparison of gender specific
radiological risks in FRG-13 and BEIR VII; and a discussion of
environmental, circumstantial, and chemical synergies that affect
radiological risk.

The submitted supplemental information was not available to us or
otherwise not in our possession on the due date for comments,
February 5, 2007 and we are providing it as soon as practicable,
February 7, 2007.

if the NRC finds that it cannot, for press of schedule or any other
reason, consider this late filed supplement, New England Coalition
requests that NRC inform us by letter or e-mail of its reason(s).

Printed for Raymond Shadis <shadIs@prexar.com> 2
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Respectfully submitted on Behalf of New England Coalition,

Raymond Shadis
Consultant to the Coalition
New England Coalition
Post Office Box 98
Edgecomb, Maine 04556
Shadiscprexar.com

Attachment- Science for Democratic Action, Vol.14, No.4 (pfd),
also available at www.ieer.orrj

- Nuciear Reaulatorv Commission (NRCI oublished for oublic comment a notice of receipt of
a petiton for ruiemaking, dated June 23, 2006, which was filed with the Commission by Sally Shaw.
The petition was docketed by the NRC on November 1, 2006, and was assigned Docket No.
PRM-51-1 1. Petitioner Shaw requested that the NRC prepare a rulemakina that will reauire that the
NRC reconcile its generic environmental impact statement (GElS) for nuclear power plant operating
license renewal applications with the National Academy of Sciences Health Risks From Exposure to
Low Levels of Ionizing Radiation: Biological Effects of Ionizing Radiation (BEIR) VII Phase 2 Report.
Comments were to be submitted by by February 5, 2007.

Printed for Raymond Shadis <shadis@prexar.com> 3
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Healthy from the Start:
Building a Better Basis for
Environmental Health Standards-
Starting with Radiation
BY ARJUN MAKHIJANI. BRICE SMITH AND MICHAEL C. THORNE'T he last half century has seen great progress in environmental

health protection. As part of this progress there has been a
growing awareness that the focus must be the protection of
those most at risk- The protection of children, in particular, has

grown significantly in prominence. In the United States for example,
President Clinton in 1997 issued Executive Order 13045, Protection
of Children From Environmental Health Risks and Safety Risks.
This Executive Order was endorsed with amendments in 2003 by
President Bush.

There has also been a great deal of progress in radiation protec-
tion. The International Commission on Radiological Protection
(ICRP), the US. Environmental Protection Agency (EPA), and the
Committee to Assess Health Risks from Exposure to Low Levels
of Ionizing Radiation of the National Research Council of the U.S.
National Academies of Science (known as the BEIR committee) have
all made significant contributions by developing age-specific and sex-
specific dose and risk factors. However, regulations have generally not
kept pace with the overall trend in environmental health protection or
with important developments in the scien-
tific understanding of radiation risks.

In fact, as our knowledge has grown, H ealth R
the gaps in the regulatory framework have
become more evidert. For example, many The Case fo
U.S. regulations remain focused on esti-
mating the dose received by a hypothetical BY ARJUN MAKHIJANI

Radiation exposures in utero can lead to
a heightened risk of cancer and other ill-
health effects, yet most radiation protection
standards still are based on "Reference Man,
a hypothetical adult male.

isks of Tritium:
r Strengthened Standards
I, BRICE SMITH AND MICHAEL C. THORNE'

SEE HEALTHY ON PAGE 2. ENONOTES. PACE 7
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art of the inspiration for IEER's project to reorient radiationN standards to the protection of those most at risk came from
a simple realization about the simplest radionuclide, tritium.
Tritium is a form of radioactive hydrogen with two neutrons in

the nucleus. Ordinary hydrogen has no neutrons while deuterium, a
stable isotope of hydrogen, has one neutron.

All three hydrogen isotopes behave almost the same chemically.
Therefore tritium MT) can replace hydrogen to form tritiated water
(Le. HTO or T20). 2 Tritium decays via the emission of a beta parti-
cle, and is thereby transformed into a stable isotope of helium (He-3).
With a relatively short half-life of 12.3 years, tritium is highly radio-
active. For example, one gram (approximately the weight of a quarter
of a teaspoon of salt) of tritium in tritiated water will contaminate

SEE TRITIUN ON PAGE 10, ENDNOTES. RACE 12
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"Reference Man," defined as a 154-pound "Caucasian" male in his
twenties. Children, when they enter the radiation protection picture
at all, are still often viewed simply as little adults. A crucial manifes-
tation of this problem is that the Reference Man model is built into
the main computer program, called ResRad, that is used to assess
future risks from radioactivity in the environment In addition, while
cancer risks may dominate for adults, other risks may be important
for other age ranges. The problems of early miscarriages, malforma-
tions, or neurological impacts, for example, are not within the existing
regulatory framework. While much scientific work is needed, interim
strengthening of regulations is justifiable in many areas, based on
present-day understanding.

The risks we are considering are those associated with exposure to
low-level radiation from environmental contamination. "Low-level"
exposure is defined as that which does not produce deterministic ef-
fects, such as skin rash, hair loss, etc. It also encompasses high cumu-
lative doses received at a relatively slow rate over a period of time.

The connections between radiation and gene mutation and cancer
have been extensively studied- In fact, these connections were first
discussed during the late 1920s and early 1930s. Over time, radiation
protection efforts have come to focus on cancer as the health outcome
of greatest concern.

The framework of radiation protection

It is widely accepted (including by the U.S. National Academy of
Sciences) that the best model of the cancer risk of radiation at low
doses and low dose rates is the Linear No-Threshold Hypothesis
(often abbreviated as LNT hypothesis or LNTH). It states that every
increment of radiation exposure, no matter how small, produces a
corresponding and proportional increment of cancer risk- This model
applies to all solid tumors, which includes most cancers, but not leu-
kemia- The no-threshold hypothesis is also applied to leukemia, but
the dose-risk relationship is not linear, in other words not directly
proportional to exposure.

Radiation protection has emphasized the development of a uni-
fied approach, where the impacts of a variety of external and internal
exposures are squeezed into a single framework. This allows different
types of radiation exposure to be aggregated. However, this approach
involves considerable simplifications, and there has been a tendency to
become fixed within a particular paradigm, i.e., cancer risk. For in-
stance, the effects of radiation on mental abilities were not recognized
until the late 1970s, a remarkable lapse given the early observations at
Hiroshima and Nagasaki of microcephaly, a rare disorder in which the
head is undersized.

The first dose limits in the United States were adopted in the
early 1930s, but it was during the atom bomb program that radiation
protection underwent its most important evolution- As a result, the
primary focus was on protecting the workers in the nuclear weapons'
complex. The first post-war revision of the standards came in 1954
and the first separate standard for the general public was set in 1959.
See the chronology of radiation standards on pp. 8-9.

It was also during the 1950s that the focus on young males was
officially incorporated into radiation protection. This focus evolved

SEE HEALTHY ON PAGE 3. ENDNOTES, PAGE 7
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over time and, in 1975, the ICRP published their recom-
mendations for a model known as Reference Man. The
ICRP was quite explicit in its definition:

Reference man is defined as being between 20-30 years
of age. weighing 70 kg [154 pounds], is 170 cn [5 feet 7
inches] in height, and lives in a climate with an average
temperatur of from 10" to 204C- He is a Caucasian and
is a Western European or North American in habitat
and custom.2

Newer definitions of reference individuals have been
published, including by the ICRP, which has set forth
its revision in ICRP 89:

Moving from the past emphasis on 'Reference Man',
the new report presents a series of reference values for
both male and female subjects of six different ages:
newborn. 1 year, 5 years, 10 years, 15 years, and adult.
In selecting reference values, the Commission has used
data on Western Europeans and North Americans
because these populations have been well studied with
respect to an[a]tomy, body composition, and physiology.
When appropriate, comparisons are made between the
chosen reference values and data from several Asian
popolatioM3

But the ICRP's 1975 Reference Man approach re-
mains the one in primary use in U.S. radiation protection
efforts, since it is the basis of the guidance report on
which most of the EPAs regulations are based, Federal
Guidance Report 11, published in 1988.

As the risk of developing cancer from exposure to
radiation was found to be greater than originally
thought, the regulations were tightened over time- By
1990 the dose limit for the public had been lowered
to 100 millirem per year, a factor of five lower than its
1959. By this time, stricter standards also had been in-
troduced by the EPA to control exposures from single
nuclear facilities by all pathways and from a single path-
way, such as drinking water or air. In 1991, the ICRP
recommended that the worker limit be reduced to 2 rem
per year. While this recommendation has been ignored
in the United States, it has been adopted in Germany
and in a somewhat modified form throughout the
European Union.

In brief, much has been learned and the regula-
tions have been improved over the years. However,
neither the regulations nor the research has yet been
fully oriented to protecting the most vulnerable. This is
changing so far as research is concerned. For example,
the U.K. Environment Agency is undertaking research
on phosphorus-32 and phosphorus-33 because these
radionuclides have substantially higher impacts on the
embryo/fetus than on other age groups. There are also
other signs that the focus of radiation protection is
beginning to shift.

Women

In 1990, the fifth BEIR report (BEIR V) affirmed the
Linear No-Threshold Hypothesis for solid cancers, and
estimated that the risk of radiation exposure was consid-
erably higher than estimated in prior official studies. At
that time, the fatal cancer risk to women was thought to
be about 5 percent greater than to men for the same level
of exposure. Since 1990, much has changed. In 1999,
the EPA published Federal Guidance Report 13 (FGR

13), in which they concluded that the cancer mortality
risk due to radiation exposure was 48 percent higher for
women than for men- The higher risk to women was af-
firmed in 2006 by the seventh BEIR report (BEIR VII)
which found that the risk for females exceeded that of
males by 37.5 percent.

The more biologically relevant estimate of risk, how-
ever, is not cancer mortality, but cancer incidence, since
fatality rates depend on the evolution of medical capa-
bilities. Considering cancer incidence makes the differ-
ences between men and women even more pronounced.
In FGR 13, the EPA estimated that women would be 58
percent more likely to develop cancer than men for the
same level of exposure- The BEIR VII Committee esti-
mated the figure at 52 percent. See Figure 1 and Table 2
on pp. 8-9.

The risks of developing certain organ-specific cancers
reveal even greater differences. The organs most respon-
sible for the heightened risk of women in FGR 13 were
the breast, colon, lung and ovary In BEIR VII, the most
important organs are breast, lung, thyroid and ovary
while the colon was estimated to be less radiosensitive
for women than for men- See Table 3 on page 9.

Of particular note, given the importance of breast
cancer, the BEIR VII report cited evidence that suggests
radiation may interact synergistically with other risk
factors for breast cancer. This raises the possibility that
endocrine disrupting chemicals like PCBs and dioxins
might act to increase the risks associated with radiation
beyond that which would be caused by either separately.

Despite these well-documented differences, the
EPA continues to average the risk to men and women
in setting regulations. Although the use of the average
captures the risk to a large population, it does not
make sense at the level of the individual. In effect,
there is an implicit discrimination against women in
the EPA'S approach.

If current dose limits were updated to protect women
using the EPA's estimates of mortality risk, the dose lim-
its would be reduced by about 18 percent. If the stan-
dards were updated to reflect the most recent estimates
of cancer incidence published by BEIR VII, dose limits
would be reduced by about a factor of two compared to
the present.

For workers, the protection of women within the
present framework but with updated risk factors would

SEE HEALTHY ON PAGE 4. ENDNOTES, PAGE 7
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reduce the dose limit from 5 rem per year to between 3
and 4 rem per year. If the same logic is applied to the
2 rem per year standard in use in Europe, the standard
should be tightened to about 1.5 rem per year. Such a
reduction would require changes, but it would not be
expected to pose undue obstacles.

Additional questions regarding women's health arise
in the context of medical radiation. For example, the
use of mammography involves deliberate exposure to
radiation and therefore increases the risk of cancer.
However, at the same time, it potentially increases the
chances of successful treatment if a cancer exists. The
risks and benefits of mammography are beyond the
scope of this article (and the report on which it is based).
However, we do note that health professionals have an
important obligation to explain the risks and expected
benefits of the procedure, to receive the informed con-
sent of the patient, and to keep exposures as low as rea-
sonably achievable.

Children
It is not a new realization that children are often the
most vulnerable population when it comes to envi-
ronmental threats. In fact, a major turning point in
the history of pediatric environmental health was the
formation of the Committee on Radiation Hazards
and Epidemiology of Malformations by the American
Academy of Pediatrics in 1957 as a result of a growing
awareness that the impacts of nuclear weapons testing
were disproportionately affecting children due to iodine-
131 in fallout. Despite this history, it was not until the
Chernobyl disaster in 1986 that there was a widespread
recognition of the need to accurately determine radia-
tion doses to children. Efforts undertaken in the wake of
the accident led to the development of age-specific dose
conversion factors for ingestion and inhalation.

The consideration of the risks to children is compli-
cated by multiple factors. Except for unique pathways
such as the consumption of milk or the intentional in-
gestion of soil, children often have lower intakes than
adults (e.g., amount of air, food and water taken in every
day). On the other band, children can receive a higher
dose than adults from the same level of ingestion. Also,
the risk per unit of dose for children is higher than for
adults. For example, the BEIR VII panel estimated that
the risk of developing cancer from exposure as a young
child (0 to 5 years) is 2.6 times greater for a boy than the
risk for a 25 year old adult male and 3.0 times greater
for a girl than the risk for an adult female. In addition,
the difference between the risks to males and females is
significantly more pronounced in early childhood. This
is illustrated in Figure 2 and Table 4 on pp. 8-9.

While in some cases these factors combine to make
the adult's risk the highest, in other cases the risk to

*children is highest. To illustrate this, we consider two
specific examples. Even after taking lower total level
of intake by children into account, we find that the cu-
mulative thyroid cancer risk accumulated over the first

Ifive years of exposure by females from drinking milk
contaminated with iodine-131 exceeds that accumulated
over their entire adult lifetimes, assuming that the food
and water consumed has the same level of environmnen-

*tal contamination at all ages. As a second example, we
found that the breast cancer risk accumulated by female

*children over the first five years of exposure from drink-
Iing water contaminated with strontium-90 is greater
than that accumulated over their entire adult lifetimes,
for the same concentration of strontium-90 in the water.

The embryolfetus
It has been known since the late 1 950s that radiation

*exposures in utero can lead to a heightened risk of leu-
kemnia and other cancers. In addition, a variety of other
rnl-health effects can result from exposure to radiation in
utero. As such, any effort to reorient radiation standards
to the protection of the most vulnerable must include a
discussion of the embryo/fetus.

We are, of course, aware of the sensitivities of this
topic. The status and even the definition of the embryo!
fetus in society has been a topic of serious contention.
We do not seek here to enter that debate. Unlike the is-
sues of abortion and contraception, which relate to
the rights of women versus the assertion of authority

*by the State or organized religion when the woman does
not want to be pregnant, the issues that concern this
work are centered on society's environmental responsi-
bilities when a woman decides that she wants to become
or stay pregnant.

The risks to the embryo/fietus are much less under-
stood for the early period of embryonic development (0
to14 weeks). It appears likely that the main risk in the
first two weeks is a failed pregnancy, It would be very
difficult to detect any early faied pregnancies caused by

*radiation due to the very high rate of natural, or presum-
ably natural, early failed pregnancies. Research defini-
tively indicates that above certain levels of radiation, an
early failed pregnancy is the result. Whether there is a

Ithreshold or whether some women may be more suscep-

tible than others is not possible at present to sy.
Malformations are also a special risk in early preg-

nancy; when organs are being formed. Once formed, the
growth of organs ent~ails a high rate of cell proliferation,
giving little time for repair mechanisms to function..
fTuis maes particular organs or systems of the embryo!

ftssensitive to damage during later development. This
*can be a particular concern for systems that develop over

a long period of time - and this vulnerability can con-
tinue into childhood. For example, the central nervous
system is known to be more susceptible to damage from

*radiation exposure in utero and in early childhood, since

SEE HEALTHY ON PAGE 5. ENONOTES. PAGE 7
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its development continues after birth. Multigenerational
risks are also involved for females because their ova are
formed while they are in utero. In addition, it has been
demonstrated in animals that prenatal irradiation can
interact synergistically with chemical carcinogens. This
may be a particular concern for human health given the
large number of chemicals that are known to cross the
placental barrier.

To date, children and the embryo/fetus have been
given specific regulatory consideration only in relation

to medical and occupational exposures. Over time, U.S.
regulations were enacted that set the dose limit for the
embryo/fetus over the course of the pregnancy to the
same value as the annual dose limit for a member of the
public, which was set at 500 millirem in 1959. This limit
comes into effect only when a woman voluntarily de-
clares her pregnancy in a notice to her employer. If the
500 millirem limit has already been exceeded at the time
of the woman's declaration, the exposure of the fetus
over the rest of the pregnancy is limited to 50 millirem.

The voluntary nature of this declaration means that
there would be no point in declaring a pregnancy that

SEE HEALTHY ON PAGE 6. ENDNOTES, PAGE 7

CORIE EFET OF CHMCL AND RAIAIO

onizing radiation can cause breaks in DNA. some of which

may remain unrepaired or may be misrepaired by the
bodyThe consequences of such failures of repair include
cell death and mutation. Chemical toxins can also dam-

age DNA Chemical toxins generally affect particular chemical
compounds and particular biochemical pathways in the body In
addition to damaging DNA, chemicals can have other mpacts,
such as suppression of ability of the immune system to detect
and remove malignant cells Therefore, despite the highly spe-
cific nature of the damage caused by individual chemicals, the
wide range oftoxins to which humans are exposed makes the
range of adverse effects from chemicals more diverse than is
observed with radiatiorn

In most cases, the primary risk from radiation exposure
is cancer. (See tritium article on page I for a discussion of
non-cancer effets.) The development of cancer is generally a
multi-stage process in which more than one mutation is nec-
essary for the disease to manifest itself. Complicating this pic-
ture is the fact that even a single clinically characteized type
of cancer may arise by multiple alternative pathways from a
normal cell to a cancerous cell.

Because of the multi-stage nature of the disease, exposure
to multiple toxins that affect different stages in the process
can thus cause damage in excess of that expected from simply
adding the individual impacts of each toxin in isolation. This
more-than-additive effect of exposures to multiple toxins is
referred to as a synergism or synergistic effect. For instance,
the suppression of immune-surveiflance by a chemical after
exposure to radiation could cause such an effect. Conversel
if two chemicals affect unrelated biochemical pathways, then
exposure to one may have no affect on the likelihood or se-
verity of adverse outcomes induced by the other

The non-specific nature of the damage that radiation
causes. and the generally long period between exposure and
expression of an associated cancer suggest that radiation
primarily has a role in the early stages of cancer development
Chemicals that also cause non-specific damage to DNA
might be expected to act similarly Therefore exposures to
radiation and such chemicals could reasonably be treated as
additive. However, most chemicals will induce a particular type

of damage or will have effects other than damage to DNA.
In these circumstances, a synergistic effect between ionizing
radiation and chemical toxins is readily envisaged and may be
the norm.

One example where the synergiStic effect between
exposure to radiation and chemical toxins is discernable from
human epidemiological data is the interaction between radon
and smoking. Studies of uranium miners indicate that the
carcinogenic impact of radon may be increased by roughly
three-fold when it is combined with exposure to tobacco
SMoke.The potential scale of such a synergistic interaction, if it
also applies between indoor radon and smoking, indicates that
synergisms can be a major public health issue.

Another case where synergisms may arise is from exposure
in the womb to radiation and endocrine disruptors le dieth-
ylstilbestrol (DES) or dioxin In such cases, there is the poten-
tial for a synergistic interaction between the radifion, which
can cause mutations, and the endocrine disruptors, whih alter
the environment in which those cells develop and can also
predispose toward cancer development A heightened risk of
breast cancer may be of particular concern in such cases.

A further example arises from the fct that a wide range
of metal salts are known to interfere with the repair of DNA
damage induced by x-rays or ultraviolet light As such, a syn-
ergistic effect between exposures to radiation and to metals
or semi-metals, such as arsenic, cadmium, mercury and nickel,
is to be expected.

Frially, in some cases, interactions between radooxic and
chemically toxic effects may arise from an exposure to a sin-
gle substance. Work being conducted at the Armed Forces
Radiobiology Research Institute has highlighted this possibility
for exposures to uranium (see SDA voL 13 no. 2 June 2005).

In surrary the multi-stage nature of cancer development
makes it highly likely that synergistic ef-.cts will exist between
radiation and some kinds of toxinmThus, when considering the
development of radiological protection standards, it is proper
to bear in mind that variations in sensitivity will arise not only
due to age and sex, but also due to exposure to toxic chemi-
cals that will interact with radiation in complex and poorly
understood ways.

Based on Chapter 6 of Sciencre for the Vuheable: Seting Radiatm and Multiple Exposure Envirwmetal Health Standads to Protect
Thao Most at Risk (IEER, 2006). The chapter was written by Mike Thome. This summary was prepared by Brice Smith.
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a woman has decided to terminate. Therefore, the
philosophy that the developing fetus should be protected
in the same manner as the general public is not in conflict
with a woman's ability to decide to terminate her preg-
nancy. The present approach of voluntary pregnancy
declarations has worked well to protect women's rights as
well as limit doses to the embryo/fetus. This approach
can be maintained until the larger and more complex
questions surrounding these issues can be addressed.

However, the specific dose limit of 500 millirem to
the embryo/fetus has been obsolete for more than
fifteen years, since the annual dose limit for exposure
to the general public, which was the reference point
for fetal exposure when the limit was first adopted,
was lowered to 100 millirem per year by the Nuclear
Regulatory Commission in 1991.4 Hence, the maxi-
mum dose limit to the embryo/fetus in the case of a
declared pregnancy in the workplace should be reduced
to 100 millirem. This also would be consistent with
the limit recommend by the European Atomic Energy
Community (EURATOM) and adopted into national
law in Germany.

There is, however. a gap in this framework in the
sense that an embryo/fetus might accumulate consider-
able exposure before the pregnancy declaration. Since
radiation may have certain deleterious impacts in the
first few weeks post-conception, this gap needs to be
addressed. This raises the question of whether standards
should be set that are adequately protective of women of
child-bearing age without them having to declare them-
selves pregnant. This is a complicated matter, however,
especially as it could place constraints on women's role
in providing medical care where staff exposures can be
relatively high. (The protection of sperm is addressed in
the next section.)

A related concern is the need for a U.S. standard
for workers who are breast-feeding to protect the in-
fant from radionuclides that may be passed through
the breast milk. Germany has already adopted a
EURATOM directive that allows women who volun-
tarily declare that they are breast feeding to be assigned
work that does not involve the risk of internal contami-
nation with radionuclides. A similar standard should be
adopted in the United States.

Men as prospective fathers
Despite the focus on Reference Man, regulators have not
yet taken into account the fact that nature has given a
reproductive role to men, even if it is rather modest by
comparison with the role of women. There is some evi-
dence that the progeny of men who were exposed around
the time of conception have an increased risk of cancer.
However, this is an area where research is extraordinarily
difficult and the results are uncertain and to a large ex-
. i-Z.;ear irom ine point or view of causauon.

Despite the focus on Reference Man, regulators have not
yet taken into account the fact that nature has given a
reproductive role to men, even if it is rather modest by
comparison with the role of women.

Among the best known studies indicating an m-
creased risk of leukemia among offspring of fathers ex-
posed to radiation is the study done by M. J. Gardner et
al. in the vicinity of the Sellafield nuclear installation in
Britain. However, another review attributed the observed
increase in this case to the small numbers of cancers in-
volved. Another assessment was carried out by Sever et
al. under contract to the U.S. Department of Energy for
workers at three U.S. nuclear weapons plants (Hanford,
Idaho National Laboratory, and the K-25, Y-12, and X-
10 facilities at Oak Ridge) and their children. This study
found no statistically significant association between the
risk of cancer in children and the occupational exposure
of their fathers.

One major limitation of these studies, however, is
that they focused on external radiation exposure. The
only internal dose estimate used by Sever et al. was for
tritium, and even then it was only used where data was
available and hence likely to be incomplete. Conditions
at these plants were conducive to significant internal ex-
posures. Just because records cannot be found does not
lead to the conclusion that exposures did not occur. In
fact, data on internal exposure at many nuclear weapons
facilities from the early years tend to be rather sparse
because many workers were not monitored or were
only partially monitored.

A second problem with the epidemiological studies is
that the external exposure data are generally unreliable
tools for estimating the external doses to particular

SEE HEALTHY ON PAGE 7. ENDNOTES. PAGE 7
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organs, like the gonads. If the external exposure field
is not uniform, the badge data may have very limited
utility in accurately estimating exposure to the gonads.
In addition, the film badges only record the deep gamma
dose. While the beta dose received by uranium process-
ing workers, for instance, is unimportant for most organs
given the weaker penetrating power for beta particles,
high energy beta radiation could affect the testes.

More direct evidence of the effects of radiation on
sperm were indicated in a 1975 paper by Popescu and
Lancranjan. This work found an increased incidence of
weak sperm, low sperm counts, and malformed sperm in
the exposed population. Since this work involved direct
study of sperm and since all of the subjects were chosen
to be otherwise healthy, the results can be regarded as
more reliable than the epidemiologic studies discussed
above. The Popescu and Lancranjan study indicates that
gonadal exposure may be more problematic and involve
much broader concerns than has been recognized so far
in radiation protection.

Conclusions and recommendations

Generally, radiation protection regulations, including
those in the United States, are geared almost solely to
cancer risk and omit other risks. Our recommendations
here are focused on the United States, but most of them
are likely to have broader applicability. For instance,
concern regarding early miscarriages and malformations
are absent from the regulatory arena. There are no regu-
lations that govern exposure to men who plan to become
fathers. Even in the context of cancer, the higher risk of
women and children is not reflected adequately in stan-
dards. U.S. radiation protection standards for workers
generally, and for women who voluntarily declare their
pregnancies in particular, are far more lax than those in
the European Union. Unlike in Germany, there are no
standards in the United States specifically designed to
protect breast-fed children.

In addition, the cancer risks of combined exposure
to radiation and toxic chemicals are not currently con-
sidered; neither are non-cancer risks, including those
that may aggravate cancer risk. In particular, consid-
eration of damage to the immune system as a result
of radiation exposure, notably from radionuclides like
strontium-90 and uranium, or as a result of combined
radiation and chemical exposure, is absent from the
regulatory landscape-

For a start, replacing the concept of "Reference
Man" with a framework for protecting those most at risk
should be straightforward at least in principle, though
we recognize that actually accomplishing this goal could
be quite complex. As a first step, U.S. regulations should
be modified to take into account the higher cancer risk
experienced by women, and as a result the current dose

limits should be immediately lowered by about one-
third across the board. Further, the permissible exposure
of the embryo/fetus in the workplace after a woman
declares her pregnancy should be reduced to 100 mil-
lirem and a regulation protecting breastfeeding infants
should be created.

To facilitate the protection of the most vulnerable,
the government's computer program used to assess
radiation doses from environmental radioactivity (called
ResRad) must be modified to include as a standard
function the ability to calculate doses to infants and
children. We also recommend that the source code
be made freely available so that it can be modified
independently of government action to account for non-
cancer risks as well as doses to breast-fed infants and the
embryo/fetus.

We recognize that a major problem in setting more
protective standards remains the lack of adequate
knowledge on which to base them. Therefore, broader
and more intensive research is needed. In particular, it is
essential that the federal government initiate or intensify
research to better understand the health effects of com-
bined exposure to radiation and toxic chemicals. This
research effort must tap the vast knowledge at the grass-
roots that has been gathered in large measure by mothers
concerned about their children's health.

Given the importance of the developing immune sys-
tem, special research attention should be devoted to ra-
dionuclides like strontium-90 which preferentially affect
it. Similarly, uranium, tritium, carbon-14 and radioactive
isotopes of iodine require special attention, including
when exposure is experienced in combination with cer-
tain chemicals like endocrine disruptors.

The time is long overdue to abandon the grossly
outdated focus in radiation protection on a 154-pound
"Caucasian" male. It is vital that the radiation protec-
tion community keep pace with efforts to make the most
vulnerable the center of environmental protection efforts
and to accelerate the inclusion of the most up-to-date
science concerning the risks of radiation to women, men
as prospective fathers, children, and the embryo/fetus
into the regulatory framework.

1 Arjun Makhijani. Phil. is president of lEER. Brice Smith. Ph-D.,
is se consultant to IEER and assistant professor of physics at
SUNY-Cortand. Mike Thorne. PhD., is a private consultant and
an expert on radiological protection and enviromental transport
of radiomucldes. This artide is based on the October 2006 IEER
report. Science for the VuWnable: Setting Radiation and Multiple
Expos Ennunmnental Health Standanis to Protect Thomse Most
at Risk, by Ariun Makhjani. Brice Smith and Mile Thrne. The
report can be accessed on the Web at wicerrg/campaign/
report.pdf. T•e report was summarized for this artide by Dr
Scmith. References can be found in the report.

2 ICRP 23, pL 4.
3 ICRP 89, pi 5.
4 The regulation is published at 10 CFR 20.1301.
5 So= of our reborr,,e.ctos are bad an s•ricter stndard

already in force in all or part of the European Union.
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Radiation Protection Standards in the U. S.: Some Nuts and Bolts

U.S.Advisory Committee USAdvsory U. of Chicago Metallurgical National Bureau Atomic Energy Clommission
on X-Ray and Radium I Committee pro- 1 Laboratory adopts a of Standards re- I iAECi adoms iNanonai Puta: 1
F'rotection (precursor to wne poesut ooe~s not maxirnlum perrnssoi ouces tne umnir or ýtancaro!s reCOMMer-Gec ri4.--
National Council on Radiation implement owering exposurer stardard of 0.1 external whole mum long-term dose limit of 5
Protection and Measurements) the X-ray tolreran oen• wtn• per day. Becomes body radiation to rem per year Sets additional limits

Sadots X-ray "toterance dose" I dose to 0.02 roent- standard for entire 0.3 roenteen oer i for internal exoosures at 15 rem
of 0a I roena en per day- gen per day. Manhattan Project. a week t jper year for most organs.

Table adaptad from SDA vol. 6, No,.2, 1997. for external radlatioe aiowna roentgen and remi axe considered to be equivalent

"Reference rman is definied as be'n b~ewee 20-36 years of age,
wefir*ig 70 kg~isl 70 an iii he' Miedlsn adirl e 'ulia

4merp tmiperatUre al from 0* t~o 20k0C.H'e i's a Caucastan mnd
is a'a~stern EuoenOr iod~~k n k habkfa and aastmaL

-kiltemation Commisio on Radiologcical Ftectionr. Report.
of the Taok Group on ReFerence M~on LICRP pubkiation~ Noa2

OxoI ~gmnPes 95 Adopted Ocoe 94 age 4
Incorporated b, refrrnc into' B'As Federal Guidance Report,
Numberý HI.

WH 'W OI U .S. RA ITO PROTCTIO

A nmbe ofbodes tu4radiation`o regulate it- Omof the prn-

cipal ones (as they concern the United Staes) are

,guklance dcrstson radiation.called Federal Guidance'Repoirts-ý
(FGRs). which g~ euaoykirmtrothe c~alwn
it tobeue an r futis thuiit mayora o ctalb

US154 FGR 13 is ,the most current EPA guidance but FGR I I is the,
one uein re~gulatin

BEIR COMMTT1Elr= Commv~itteei to Asses HelthRislcs fr-om
690os4r to LOW Levels Of ionizing Racfiationm (formrl called the
Coimmitteet on theý Bioloigical Effes [f onizing Raditin of the

NainlResearch. Counicil of teNational &Aqde of Sciences.
Commitntees aeempele mu cl oce every ten years lo revriew-
the effiects of ioiigradiain The BEIR repots are inletafo

standrd" sett'ing9 bodies, lIce EFKkThe BRV!rpr 20)i h
mo Ist recent report in the series

NCRP.Nat:ional Council on Radiation PRvtection and Measurement
a scentfc advisory bodly.

NW--Nuclear Reguldatory ConrnimissioaThe NR reoAl es commer-
caal nue power pats and commerciallcessuinorpce-
ing nuclear mae'ls taSoets standard for pubi and worlce

expsue ro suh acliie and lbrdecorrwssioning of commercial

FIGUE 1 CANER NCIENCERIS PE

The BEIRVII report shows an increase in the risk of radia-
tion exposure for both sxesm while both reports agree that
women are at a higher risk compared with men.
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FIG URE 2: CANCER INCIDENCE PER UNIT
OF RADIATION EXPOSURE

Source BEIRVII

The change in cancer risk for people under the age of 20 is
steeper for females than males, indicating a difference be-
tween their risks. The exposure occurs at the stated age; the
risk is over the lifetime remaining after that age.
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u Dose limit for workers remains 5 re I Decen ....

per year.AbL aws aoopts close tines Tor timrEtTor ine puonc oT t uJ muunem Lyua rem; rratemo.rcuon raiz'.~z : ..-

the public equal to one-tenth of those per year; dose limit for workers remains 5 reduced to 2 rem per yew. Recommendation
allowed for workers 05 rem for external rem per yearA new modef for calcufation is not adopted by DOE Nudear Regulatory

I ex•osure and 1.5 rem for most organs I of internal doses to workers is adopted, the I Cornmlsdon a._4t !00 ' -
for internal exposure. "committed effective dose equivalen general public.
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Esopaus 2.18 included in residual

Stomach 150 126

Colai• 1.48 0.60

Liver 0.63 0.44

Lune' 1.55 2.14

Bone 1.02 included in residual

Skin 1.10 included in residual

Badder 0.46 0-96

Kidney 0.61 included in residual

T*h d'1  2.14 4.76

Residual(b) 1.20 0.93

Leukemia 0.73 0(72

Total 1.58 1.52

E. 220 733 1171 634,- .185 4592 4777

336 314 N/A 115 237 2326 2563
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NOTES (a) These are the organs most responsible for the heightened risk of
women compared to m. In FGR 13, the moit important single organs are,
in decding order, breast cm, lung and ovasy In BEIR VII. the most
important organs ae breast. lung, thyroid and ovary while the colon is no
estimatod to ble less radiosensitive for women than for men- (b) The risk to
me of developing breast cancer was assumed to be zem in both report, but
men do have a kom' rate of breast c ein the general poputi and would,
as such, be expected to have a smal increnentl risk of breast cance from
exposure to radiatioM. Ratios for Ireast and ovarian cancer are not shown
since one is very rare in men and the other does not oaur in mn.
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almost 500 billion gallons of water up to the current
drinking water limit of 20,000 picocuries per liter set by
the U.S. Environmental Protection Agency (EPA). One
ounce of tritiated water (HTO) would contaminate the
entire annual flow of the Sav.-rnah River above the pres-
ent drinking water limit.3

In addition to forming tritiated water, tritium can
also displace non-radioactive hydrogen in other types of
chemicals. Tritium that is part of a carbon-tritium bond
is difficult to remove and is therefore referred to as non-
exchangeable organically bound tritium (OBT). Animal
studies indicate that one
to five percent of the triti- Low-energy beta particles, like
ated water in mammals is
incorporated into organic those emitted by tritium, are
molecules inside the body

Fromthes obsrva- often nmuch nmore effective atFrom these observa-
tions, it is dear that triti- causing harm than currently
ated water and organically
bound tritium can cross the assumed by regulations.
placental barrier. This tri-
tium can then be incorporated into an embryo/fetus and
irradiate rapidly dividing cells, thereby raising the risk
of birth defects, early miscarriages, and other problems.4

Tritium therefore provides an important case study for
examining how radiation protection standards need to be
changed in light of risks to those who are not adult men.

Deficiencies in the regulations

The scientific models used to evaluate the adverse health
impacts of tritium have a number of serious weaknesses.
For example, the models assume tritiated water is uni-
formly distributed throughout the body. As a result, the
EPA predicts that all organs, except for portions of the
gastrointestinal tract, receive the same dose for a given
intake of tritium. However, tissues with a high water

content would be expected to receive a higher dose than
tissues like bone or fat. Fetal tissues have higher water
content than maternal ones. As a result, tritiated water is

likely to be present in high-
Tritiated water and organically er average concentrations

in fetal tissues, and this is
bound tritiunm can cross the indimted byanimal studies.

Furthermore, if organically
placental barrier. bound tritium becomes

incorporated into DNA, it
does not uniformly irradiate the whole cell; it preferen-
tially irradiates the nucleus. Hence, the risk of damage
to the DNA and of adverse health effects (including
cancer but not only cancer) is considerably greater than
if the tritium expended its energy in the cytoplasm of
the cell.

Fmally, the models used to evaluate the dose received
by the embryo in the first several weeks of pregnancy are
seriously deficient. Current models assume that the dose
to the embryo for the first eight weeks is the same as the
dose received by the uterine wall- This is a reasonable
assumption only for penetrating gamma rays. It does
not apply to alpha-emitting radionuclides like uranium;
nor does it apply very well to radionuclides like tritium
that emit relatively low-energy beta partides.' This is
because alpha particles and low-energy beta particles
do not travel very far, and thus the damage they cause is
more localized than that from gamma rays.

Tritium's damage potential
A related concern is the fact that low-energy beta par-
ticles, like those emitted by tritium, are often much
more effective at causing harm than currently assumed
by regulations. The effectiveness of different kinds of
radiation in causing damage is taken into account by the
"relative biological effectiveness" (RBE) factor. Current
standards generally assume that gamma rays, x-rays,

SEE TRITIUM ON PAGE 11, ENDNOTES, PAGE 12

TAB:1 ~LEm 1:~ i I~ INTGRTE REAIVE :1. BILOICAL~± EFFECT~IVENESS ~
0FRTAE WAE AN ORAIAL *. mDTR :. p

AV group Form of triduni 5% Confidence limit Median 95% Confidence limit

HTO 1.2 2-3 3.8
Adult

OBT 2.3 5.0 11.6

Fetus (maternal ingestion 21 4.4 8.1

during pregnancy) OBT 4.0 9.8 23.1

NOTE& HTO = tritiatel water in wch one atom of ordinary hydrogen has born replaced by an amos of tritium. OBT =organically bund
trittumn. The numbers in the columns for cmlfidence intervals mean that the RBEs would be less than the cited number for the percent of
times inda by the confidence interval were a series of identical experiments to be performed-

SOURCE: Fstimated from Harrison, Kihurshend and Lambert 2002. Table 8. The Integrated RBEs were calculated by dMding the tritium doses
shown in this paper by the dose conversion factor for tritiated water in the EPA's Federal Guidance Report 11.
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and all beta particles have an RBE of one - that is, the
damage caused is directly proportional to the amount of
energy deposited in the tissue. Alpha particles, on the
other hand, which deposit all their energy in a smaller
n-,b erof cells or even entirely in e cell, are assigned
an RBE of 20. That is, the standards assume an alpha
particle will do 20 times more biological damage than a
gamma ray that deposits the same amount of energy in
the body.

As noted, the low energy of the tritium beta par-
ticle can result in the deposition of all the energy in a
short distance, which could be particularly damaging
if the tritium is in the DNA. This makes tritium's beta
particles not unlike alpha particles in some situations.
Therefore, the RBE of tritium should not be taken
to be equal to one for all forms of tritium, nor for all
age groups. To examine this question more closely,
Harrison, Khursheed and Lambert published a study in
2002 examining the assumptions used in current models.
The dose conversion factors for various age groups esti-
mated from this paper indicate a RBE of both tritiated
water and organically bound tritium higher than one (see
Table 1 on opposite page).

This work highlights the importance of the chemical
form of tritium and the age at exposure in determining
the amount of damage done by tritium. For example,
using the median estimates from the table, we find that
the damage done to a fetus from organically bound tri-
tium is more than four times that done to an adult from
tritiated water and nearly ten times bigger than that as-
sumed by current models.

The importance of organically bound tritium
Organically bound tritium produces more serious health
risks than tritiated water for the same amount of tritium

removing half of the OBT present takes 21 to 76 days.
For certain molecules with very slow turnover rates, this
time can grow to 280 to 550 days. The longer retention
times of OBT are a particular concern if the tritium is
incorporated into tissues such as neurons (the main cells
of the nervous system) or oocytes (immature egg cells).
Considering that ova are formed once per lifetime, the
effects of radiation on the reproductive system of female
fetuses, and the possible effect on the children of females
-irradiated in the womb, could be significant.

A specific example where the importance of OBT is
very clear is tritiated thymidine. Experiments indicate

that tritiated thymidine, an
Additional research is organic compound that can be

incorporated into DNA, causes
needed regarding the over 1,000 times as much dam-

hlealthi inmpacts o[ tliti, age during certain stages ofembryonic development in mice
as is caused by the same con-

centration of tritiated water. This large difference would
not be the case for all forms of OBT, since thymidine is
a DNA precursor. However, this example illustrates the
critical importance of considering the specific chemical
forms of tritium, notably organically bound forms.

A final concern regarding models relates to tritium
that has replaced a hydrogen atom in DNA. Because he-
lium-3 does not bond easily to carbon, the decay of this
tritium atom creates a free helium ion that breaks away
from the molecule. This can lead to a variety of effects,
such as single-strand DNA breaks. Point mutations are
also possible, in which tritium's conversion into helium
can convert one of the four building blocks of DNA
(cytosine) into a different building block (thymine).
However, the current models expect the direct damage
from the beta particles to be more significant than the
damage caused by the creation of helium-3.

Non-cancer effects

Beyond issues with cancer risk models, estimates of the
health risks from tritium that focus only on cancer likely
underestimate its actual impacts. The increased risks
to pregnant women and the embryo/fetus include early
miscarriages, malformations, and genetic defects. Risks
can also be multi-generational given that a woman's ova
are produced while she is in her mother's womb.

Much additional research is needed regarding the
health impacts of tritium. For example, since we do not
have a quantitative understanding of early pregnancy
failure, it is currently impossible to make a quantitative
assessment of that health risk. Further, the ICRP model
of radiation dose in the early weeks of pregnancy is not
relevant for tritium dose. In addition, the effects of in
utero exposure to tritium combined with chemical tox-
ins, such as endocrine disrupting chemicals, needs to be
studied, as does the potential for neurological effects.

SEE TRITIUM ON PAGE 12, ENDNOTES, PAGE 12

intake for two main reasons.
First, the chemical form influenc-
es the likelihood of tritium being
integrated into DNA or other
biomolecules. Since tritium's low
energy beta particles don't travel
very far, there will be a big differ-
ence in the damage done by tri-
tium located in the nucleus of the
cell (where the DNA is located)

Estimates of the health
risks from tritium that

focus only on cancer
likely underestimate its

actual impacts,

to that located in the cytoplasm. Organically bound triti-
um ingested through food, for example, is more likely to
be incorporated into biomolecules than tritium ingested
by drinking tritiated water.

The second reason OBT is more dangerous is that
it is generally retained in the body longer than tritiated
water. Human studies indicate that half of the tritiated
water in the body is removed every 10 days, whereas
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TRITIUM
FROM PAGE 12

Tritium in the environment

While tritium is naturally present in very small concen-
trations, the use of tritium in nuclear weapons and the
creation of tritium by commercial nuclear power plants
have resulted in specific areas of concern. For instance,
the Savannah River is polluted with tritiated water
mainly due to nuclear-weapons-related activities at the
Savannah River Site.

In addition, following revelations of tritium leaks
from a nuclear power plant in Illinois, it has come to
light that deliberate discharges and accidental leaks may
be a more widespread concern at commercial nuclear
power plants than previously suspected. Significantly,
even in the midst of the scandal in the summer of 2006,
the Nuclear Regulatory Commission did not yet fully
understand all of the sources of the tritium entering the
environment or the full extent of the leaks.

Conclusion

In light of the deficiencies in the current models and the
variety of potential non-cancer health effects, a more
protective limit for tritium than the one in current use
may be needed. We have concluded that 400 picocuries
per liter for surface water should be considered as an
interim target limit for offaite surface water at all nuclear
power plants and U.S. Department of Energy nuclear
sites while a better understanding of the impacts of tri-
tium is developed. This level is 50 times lower than the
EPA'S current drinking water limit and corresponds to a
lifetime risk of a fatal cancer of about one in a million-'

Significantly, the Department of Energy has already
agreed to an action level of 500 picocuries per liter for
tritium in surface water in the dean up at Rocky Flats.
This level corresponds to Colorado's standard for tri-
tium in surface water. It is based on the dose conversion

1. 22,80000 Btpe t ton .001 : to per
kilogram x 10a5jouleipe Btu "24 40,000
joules per kilogram = 2.414x 10'joules per
kilo:gramn

-2., 1 kilowatt-hor1001ue e second per
* kilowatt 3ix 3600 seconds perý hour =3600,00
* joUlespe kilowatt-hour 3..6 x 106 joules per

3. 2.414x 107joules ofhfe~at E:eergyPer
kllgrmI.6x 10 olsper kioat-ou_

.6.704 kioathus(thermal) per kilogram

factor for tritium in EPA'S Federal Guidance Report 11
(FGR 11). If one uses the most recent guidance, FGR
13, the limit would be 400 picocuries per liter, which has
been adopted by the state of California as its health goal.
Both the Colorado and California levels are set using a
one in a million lifetime risk of a fatal cancer, which is
the goal of cleanup under the Superfund law, formally
called the Comprehensive Environmental Response,
Compensation, and Liability Act, or CERCLA.

The case for tightening the tritium limits as a preven-
tive measure is even more persuasive when one consid-
ers the higher RBE of tritium, its possible non-cancer
health effects, its possible synergisms with chemical
toxins, and its potential effects arising from exposure in
utero at certain crucial times during pregnancy. A

I Arjun Makhijani, Ph.D., is president of IEER. Brice Smith, Ph.D.,
is senior consultant to lEER and assistant professor of physics at
SUNY-Cortland. Mike Thorne. PhD.. is a private consultant and
an expert an radiological protection and environmental tranport
of radionuclide. This article is based on chapter 7 of the repr
Sciecfo the Vuwnrable: Seft igadiation and Multiple Exposure
F_.vivvngnal Health Standards to Potect Those Moast at Risk
(lEER, ctolr 19, 2006), cc the Web at www1eerg/campaign/
reportpdf The report chapter was wrttenby Dr- Makham and it
is mmmarized here by Dr- Smith with input from Dr Maihjani.
References can befound in the report.

2 Tro•im can also comb•e with deuteium (D) to form DTOQ This
is important in situations where heavy water (1320) is used in
nuclear reactoms, such as in Canadian nuclear power reactors or the
plutonium production reactors'in the United States at the Savannah
Rnw Site- The latter are now dced.

3 Assuming an average floaw rate of 10,000 cubic feet per second
(Makh~ani and Boyd Nndearflsrnps 17 the Riverside Threats
to the Saamnah River ,rom Radwactiw Cmoranato at the
Smmnmah River Site (SRS). 2004, p, 18. On the Web at
wwweerxog/reports/sm/mdex.html.)

4 Unless othewise specified, the forms of triium discussed in this
article are either tritiated water or OBT

5 A typical beta particle emitted from tritium has 35 times less
energy than a typical beta particle emitted by strontium-90.

6 Calculated from dose conve-sion factom at various ages in FGR
13 compact disk (EPA 2002), approximate variations in water

- consumption with age, and an average cancer fatality ris •ftor of
0.057 cancer-s per sievert.

4.6.70kilowatt-hours7(thermal) X0.34 = 2.28
kilwat-h~(electrical)' per Lijograr'n' of

coal 4 4/2.28' 0.439 kilograms of coal per
*kil& wat~t-hourbf electricity',

5. 0.43 kilograms of colper kilowatt-hour
of eeti ity 0.61. klgram carbon per.

kiogams pfco t0 0268 kiorm ifcrbon
per klwt-orof 'electrict

6. 0.268 kilogrm of4 carboni per illowatt-hour of
elctiit x3671klgaso CO2 pe kilogram
ofcabnP .9.82 kilogramns ofr 6"2 Pr

,kilowatthou of electricit~y
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,'OPEN LETTER TO-

PRESIDENT BUSH

WE INVITEYOUTO SIGN ON
TOTHIS OPEN LETTER to fix an
important problern in public health
protection: the widespread use of
"Reference Man" in setting radiation
protection standards.

Instead federal agencies need
to protect those most at risk from
exposure to radiation and/or toxic
chemicals, be they pregnant women.
the embryo/fetus. infants, children
and/or some other group.

\Ae are under no illusions that the
White House will act with haste on
this important issue. However if we
get thousands of signatures, especially
from groups representing a broad
spectrum of sodety. we are likely to
get the attention of the media and
Congress and educate large numbers
of people about this important
environmental health matter

We invite you, our readers, to
sign the letter If you are affilated
with one or more organizations
- whether professional, fath-based&
PTA. neighborhood health-related, etc.
- please ask them to sign on, too.
Please spread the word about this,
important issu

Sign on at wwwleenorg/campaignr
or call lEER at 301-270-550. M
forward additional signatories to the
White House until positive action is
talkea

If you have questions or vwuld Ike
more information, please contact Lisa
Ledwidge of lEER at ieereerorg or
612-722-9700.

Dear' President Bush MOST
Mke are wring to al wx attention to a serious problen in pulic health, protection, and ask'
tayoutakeicit oto f it.

Present~ maeyfedera raiaio prtin sitandards are based on averaige ifetae xosur
or on -Reference Marnn a hyohtclaut"acsa~ml ho is 20 to 30 years oldweighs
154 pounds is five fee siý in ch'es tall, and is Akstern Europn *or North Amercn i habit, at

arnd custorn Rekfence Mats widel used -ostýea ue n egltos &rsac~rts
on ow uchresýidulradiation wil b allwe in radioactivlycnantesol

The problem is that di groups arm affected diffetly than adult qrmi wh"en exoed
toradiaton or icac ic, mat~wa-ls Accordng to teNional Reýsearch Coun cilo the National

Acdme.cne otaliwy risks for womnen are 37.5 pcethgetanfor ment fthe prne
radiaton qxsre.Somtims te mSt vul eralepeiod is not inadulthood but rather in

innt hldod puberty.orwt"en the ova are devýeloping in a femnale fetus. Prnal exposures
to certain todc chemiicals or radiation can increase the ris of cetaindsres like breas cancer
lateir in life.he cobined effe s f chemica ad raito- r littleý understood

Furthei: the use of Reference Mant is niot in accordwith'Presidenytial BiEcutive Order 13045
on' the' Protection of Chilre FrmEvrnenta Helt Risis andl Safey Risk%. which yo en-
dorsed with amrendmenits in 2003.The Order cný thcikeardi px y

vulnrabe t eniromenal az~ds nd irets edeal geniesto ensure their police adrs s

itis urgent that these problems be addressed systematically and broadyýbd ý pblic water'
bodies used**Wford j king, rrtm and recreation armplue ihrdouliesc st-tun
that can ooss the dplaceta and tmcaccmt-a such as rnr~rwhich affba develoin fetuses
and children.

MA pre coutin on your leadership to, make, it a centralpicpew eea ue n rgu.la-
tionsto protect Ihose who arer mostx sus eptbetoj raiati andtc chemct.w'hether they
be, wormen prenat wvmrneikkn% h rby~ssa various Stages of cfeýiomet or
indeed. in some casesý menL~o accomplish that gcoal we urge yo otake ther ,lkin meses.

I. Issue a PRsdeta DeuieOro l fedea agencles. an deatiens t

aL Review thei definitions of-Reference' persons and modify them sneesaysota
al ulsprotet those nes at riskro exposu~re to radiiation'andlortmadc chem~icals, be

teprgatwomen. the emrr feus inflants children, ndo some ohrgroup;

b.Reiw herruesrg~dlgprotection oprsetiv-pret and prgat~oen t
ensue tat l~tre ene atin mr not endangered, oPr bn hre due t~o rpte

eosrsand to emsrmta no discrimination or los o seniority resuilts fr-om ncs

Sary healthi protedionm

c pdate, compuxter models and other models used to estimarte dose and risk for regula-
toy uross othy ak it' account the erbrofoisa d cildren and keep the'

moel udated asrnewscietiic eviidence becom~es aala and.
dProhibit diomnlo ae ngntic information whncetngo nocng work-

place health foctoi.iddrj teirsfrpeaitmn.andenresic

ý2 Sluppr gsain rpops e legialion in Congrýess requiing all federalrilb s

that affect public healh and the envronmen tob re-al eiwdadvsed sas Ito

proatect those mrost at risk ýand,

3. Initiate or intenif research to better understand arid'estimate the humnan health effects of
cobndexposure to rdainand tco ic cheicls

Thak yu eryrruchfor considering owr rqslon this crucial mate eae opbi n

envrometalhelt Fo mreinfrmtin.please contact Dcrj, Maln ani(ajun~ieernrg)
or Lisa Ledwidge (Ceer~ker~og), Ptesidentaind Outeac Director of the Institute for Energy and

En~~nnmenal Reearc, re ive'or vstwie~r

Since*,l~

(Seewwidee~orgcam~i/for fist Of currnrt s~igntories)
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Calculating the CO 2emissions from a natural gas fired plant

Dr. Egghead's dog, Gamma, continues to be dogged
by global warming worries. Will you help him calculate
the amount of carbon dioxide (CO2) emitted by nuclear
power plants versus fossil fuel fired power plants? Do so
and win a prize! (See box below.)

This is the second part of a multi-part Atomic
Puzzler. (Don't worry, you need not have done the
first part to try your hand at this part.) In this Puzzler
you will calculate CO2 emissions from a natural gas fired
power plant. If you did the first Puzzler, found in the
last issue of SDA, you would have calculated the CO2

I. The complete combustion of one cubic meter of nat-
ural gas releases 36,410 British thermal units (Btu) of
energy. One Btu is equal to 1,055 joules. How many
joules of energy would be released by the complete
combustion of one cubic meter of natural gas?

2. The watt is defined at one joule per second. How
many joules are there in one kilowatt-hour?
[Hint: There are 1,000 watts in one kilowatt]

3. How many kilowatt-hours of thermal energy would
be released by the complete combustion of one cubic
meter of natural gas? [Hint: You will need to use your
answers to Questions One and Two.]

4. The density of natural gas is approximately 800
grams per cubic meter, How many kilowatt-hours
(thermal) would be released by the complete
combustion of one kilogram of natural gas?
[Hint- There are 1,000 grams in one kilogramn]

emissions from a coal-fired plant. In subsequent Atomic
Puzzlers you will calculate CO, emissions from a nuclear
power plant.

In this problem we will be calculating the CO2
emitted directly from the natural gas fired power plant
- that is, the amount of CO2 released as a result of
burning the natural gas. There are additional indirect
emissions associated with the mining and transportation
of the fuel and the construction of the power plant.
For fossil fuels, the direct CO2 emissions are dominant.

S. The average efficiency of existing combined cycle
natural gas fired plants is about 50 percent. That
is, 50 percent of the energy released by burning the
natural gas is ultimately converted into electrical
energy while the remaining 50 percent is wasted as
heat and other types of energy losses. An efficiency of
60 percent for new plants is likely to be achieved over
the coming years. How many kilograms of fuel would
need to be burned in a current natural gas fired plant
to produce one kilowatt-hour of electricity?
[Hint: For a plant with an efficiency of 50 percent,
how many kilowatt-hours of energy would have to
be released by the burning natural gas in order to
generate one kilowatt-hour of electricity?]

6. Typical natural gas is 73.4 percent carbon (by mass)
on average. How many grams of carbon would be re-
leased by such a plant in producing one kilowatt-hour
of electricity?

7. When the carbon is burned the additional weight
of the oxygen means that every kilogram of carbon
emitted is equivalent to 3-67 kilograms of carbon
dioxide (CO2). How many grams of CO2 are emitted
by a natural gas fired plant per kilowatt-hour of
electricity generated?

4 '4

Send us your ansaem via e-mail (imer@ieer.oMg), fax (1-301-270-3029), or snail mail (JEER, 6935 Laurel Ave., Suite 201, Takoma
Park, Maryand, 20912, USA), postmarked by March 30,2007. lEER will award a maximum of 25 prizes of $10 each to people

who send in a completed puzzler, by the deadline, right or wrong. One $25 prize will be awarded for a cotrect entry; to be drawn at
random if more th• e corec answr is submitted- International readers submitting answers will, in lieu of a cash prize (due to

exchange rates), receive a copy of Insuoawunta/e Risks: The Dangers of Usig Nilar RPomer to CombhatbGloal Clmate lange (lEER
Press and RDR Books, 2006).
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Thank vou,
LI

IEER is grateful to our superscraier (d•rnors of at beast $1 W). ["erxrten (at least $250), and
Dr E.ghead's Fmnc lAngels ($1.000 or more).

since November 2006.

Bill Kinsella
Stephen Kocermer

John Rachow
Karin Ringler

Susan Shaer Wbnmen's Action
for New Directions

Sara Shannon/
Susan Wright Burden

Fawn Shillinglaw
John Sudrnan
Dot Sulock
Seth Tuler

Davi Wright
KatherineYih

Hypencribers
since November 2006:

Dan and Anita Fine
Chris Papadopoulos
David and Kt Rush

Dr. Egghead's Financal
Angels

since November 2006:

Eleanor and John Yackel
Anonimous Donor (through
Fikleliry Charitable Gift Fund)

Your generous support helps SQA continue to be an important. useful and free resource for
activists, educators, students. poricy rfnaxs, journalists and others.

Thanks also to our foundation fumnders, listed on page 2.

Because many radiation standards are geared to "Reference Man:' in October lEER launched the Campaign to Include Women, Children,
and Future Generations in Environmental Health Standards.This spring, we will publish a report on triansitioning the U.S. economy to

one without nuclear power and without CO, emissions. In surnmer 2007. well hold our second curriculum deveiopment wornsnop Z
finalize college/university and advanced high school course modules based on lEER materials and others of sirnllar technical integrity

From your favorite website 6(eer0orp of course!) to CNN International. IEER's work is reaching a wide audience.
Support DEER's work today to help bring about a brighter tomorrow.Your children and grandchildren will thank you.

Yes! I'd like to support the Institute for Energy and Environmental Research.

(Donations are tax deductible- lEER is a SOI (4)3 nonprofit ornanization.)

_i Contributo $50

___ Hyperscribes $250 to $999

'* Other amount $_

_ Superscriber$100to $249

___I Dr. Egghead's Financial Angel,$1 .000 or more

[-i Chedc herm if youd rather we rnt adaioy~ede you by name in Sdience for DeinacractiAcon.

E-mail address (to receive lEER update, about one a month):

... payable, to EE Send to lEER. 6935 Laurel A..e .. Suite 20 .Takra Par. MD 20912 UISA

Or don-ate onlina e /..,,donate I
Questions? Call us at (30 1) 27G-5500

Thank you very much for your support.1
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