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1 P-R-O-C-E-E-D-I-N-G-S

2 (8:05 a.m.)

3 CHAIRMAN RYAN: I guess the staff is

4 sweeping the lobby, so I'm going to take care of a

5 couple of preliminaries, if I may, and read our

6 opening statement.

7 I would like to ask participants to please

8 come to the table to their name tags, and I would like

9 to ask everybody else to take their seats.

10 This is the first day of the 188th meeting

11 of the Advisory Committee on Nuclear Waste and

12 Materials. During today's meeting, the Committee will

13 conduct a working group meeting on the effects of low

14 radiation doses. At the end of the day, the Committee

15 will consider discussion of ACNW&M letter reports.

16 This meeting is being conducted in

17 accordance with the provisions of the Federal Advisory

18 Committee Act. Neil Coleman is the Designated Federal

19 Official for today's session.

20 Regarding today's session, we have

21 received written comments and requests for time to

22 make oral statements from two members of the public,

23 Dr. Ted Rockwell, Vice President of Radiation Science

24 and Health, and Mr. Lynn Ehrle, Senior Biomedical

25 Policy Analyst for the Organic Consumers Association.
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1 Should anyone else wish to address the Committee,

2 please make your wishes known to one of the Committee

3 staff.

4 It is requested that speakers use one of

5 the microphones, identify themselves, and speak with

6 sufficient clarity and volume so they can be readily

7 heard. It is also requested that if you have cell

8 phones or pages that you kindly turn them off or place

9 them on mute at this time.

10 Feedback forms are available at the back

11 of the room for anyone who would like to provide us

12 with his or her comments about this meeting.

13 I have two items of interest regarding

14 personnel. Ms. Sanari Chay, who has been with the

15 ACNW&M staff for almost five years, is leaving on

16 April 14, 2008, to join the Office of Nuclear Reactor

17 Regulation in the Division of License Renewal. During

18 her tenure with the ACNW&M staff, she has provided

19 outstanding support to the Committee and the Committee

20 staff. Her dedication, professional attitude, hard

21 work, attention to details, and willingness to assist

22 others are very much appreciated.

23 Sanari, thank you very much, and good luck

24 in your new job.

25 Ms. Carol Brown, who has been with the
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1 PMDA staff for almost two years, is also leaving on

2 April 18, 2008, to be closer to her family in Central

3 Virginia. She is joining the staff of the University

4 of Virginia in Charlottesville. During her tenure on

5 the PMDA staff, she has provided outstanding support

6 to the Committee in areas of travel, scheduling, and

7 support for letter reports. Her professional

8 attitude, dedication, hard work, attention to details,

9 and willingness to assist others is also very much

10 appreciated.

11 Carol, thank you very much, and the best

12 of luck to you in your new job.

13 Let's see, I think we'll have a few folks

14 that will be coming in late, but we'll go ahead and

15 get started. I'Id like to introduce our first speaker.

16 Commissioner Peter B. Lyons is here to share his views

17 on communicating risks at low doses. Without further

18 ado, Commissioner Lyons, the floor is yours.

19 COMMISSIONER LYONS: Well, thank you very

20 much, Mike, and thanks to ACNW and the other f olks who

21 are joining you here today to discuss this topic.

22 This whole area of low-dose radiation

23 effects has been a subject of great personal interest

24 to me for many, many years. And now that I have the

25 opportunity to be here at the NRC and see -- and
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1 perhaps get a better direct understanding of how our,

2 I would say, extremely limited scientific knowledge of

3 effects at low doses, to see how that limited

4 scientific understanding drives major elements of

5 public policy, including a few areas that I'll touch

6 on in my brief remarks. It's truly something that I

7 find very, very frustrating.

8 I'1m very hopeful that the discussions that

9 you're going to have today I'm at least very hopeful

10 will shed additional light on this very complex area

11 of health effects at low doses. Hopefully,

12 particularly through the DOE program, and other

13 discussions that may well go on here, that all of you

14 may be able to provide some feedback to the Commission

15 on ways of better understanding the science of risk at

16 low doses, and perhaps guiding us in directions that

17 might be better supported by science than the paths

18 that I think we're on now.

19 To the extent that this group today can

20 propose new approaches, that to me would be a measure

21 of success for the workshop's activities.

22 In an ideal -- in anything resembling an

23 ideal world, I would look forward to being with you

24 throughout today. Unfortunately, the Commission is

25 meeting with FERC, and I will have to get out of here
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1 right at 8:30, jump in a car and go downtown and spend

2 the rest of the day with FERC.

3 Members of my staff -- Steve will be here,

4 and certainly I am looking forward to Steve's report

5 back, along with Mike's and other of you discussing

6 with me what transpires during the day's discussions.

7 In addition, as I'm sure you are well

8 aware, NCRP has another major meeting coming up

9 devoted to this subject very soon. Again, in an ideal

10 world, I would be there. However, in this case I will

11 be in Japan, a different part of that ideal world. So

12 I'll have to miss that one, too. But certainly my

13 absence doesn't reflect on my interest in these very,

14 very important areas.

15 If I could have that next slide.

16 A large part of your discussion today is

17 I'm sure going to involve the linear no-threshold

18 model. And I would like to just share in the next few

19 slides some of the reasons why I'm particularly

20 frustrated by the use of this model, not that anything

21 I'm going to say is going to be the least bit

22 surprising to any of you. You are even -- you are far

23 better aware of the literature and the issues than I

24 am.

25 But at least from the perspective of just
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1 one member of the Commission, and just one regulator,

2 the concern I have is that we deal with the LNT, which

3 -- the linear no-threshold model -- which is no better

4 than a hypothesis. And I think that -- I think that

5 most scientists would agree with that.

6 But we treat it as essentially fact. We

7 frequently use the word that it is a prudent way of

8 managing risks. From a regulatory standpoint, I'd

9 much rather know the right way to regulate risks.

10 And, again, another word on this slide, the word

11 "conservative," is applied frequently.

12 But I'd like to at least suggest that it

13 may well not be conservative to be -- to be using a

14 model with very limited scientific foundation, if any,

15 and a model that drives very, very large expenditures

16 of public funds. And as I'll note on my last slide,

17 1 think also is one of the main drivers of public

18 fears about this unknown quantity of radiation.

19 So to me there are very, very real public

20 impacts of the so-called conservatism that we use in

21 this area. And I hope that your workshop today will

22 consider and discuss some of the impacts of that

23 conservatism.

24 And, again, I hope out of this you can

25 provide some guidance to the Commission that might
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1 allow us to take alternative approaches, at the same

2 time that I, and I would guess all of you, are going

3 to be cheering on further scientific research that

4 will I hope nail down with greater confidence exactly

5 what the effects are.

6 If I could have the next slide.

7 This is just -- well, this is -- I was

8 going to say this starts a series of quotes, but it

9 actually doesn't. This is just the standard sound

10 byte that you hear relative to LNT. It's repeated in

11 any number of ways for -- sometimes it's just the

12 statement that all radiation causes cancer. This

13 statement certainly has nothing to do with an

14 understanding of risk.

15 It does use the word "risk,"1 but it's

16 certainly not placing that risk in any sort of a

17 context. And most of the quick sound bytes that you

18 hear that derive from LNT are relatively or completely

19 devoid of any risk-based statement by -- such

20 statements, unfortunately, can and do increase the

21 public fears of radiation.

22 It would be probably equally accurate to

23 say that the simple fact that all of you showed up

24 today had a risk. You might have gone on the Metro.

25 You might have walked across the street. You might
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1 have driven in a car. That's all -- those are all

2 activities that introduce risk as well.

3 And I personally have been very frustrated

4 by the difficulties of trying to communicate both the

5 uncertainty and the knowledge of low doses, of what

6 the risks may be, and then trying to place those risks

7 in terms of perspective, in terms of the risks that we

8 experience and accept as part of modern life.

9 The next viewgraph, if I may, starts the

10 series of quotes which, again, all of you know. But

11 just to make my point that for virtually any of the

12 careful studies on the linear no-dose threshold, the

13 LNT model, there is -- there are statements in there

14 recognizing that it is a theory, that it is a

15 hypothesis, statements like you're seeing here --

16 assumed proportional to dose; or the second one, a

17 prudent basis for practical purposes; or the third

18 one, scientifically plausible. Again, those are all

19 accurate statements I think, but then -- let me go on

20 to the next slide and make a few more points on this.

21 The National Academies, evidence

22 consistent with the hypothesis, and the Committee

23 judges it is unlikely that a threshold exists. Those,

24 to me, are not scientific statements. Those are all

25 hypotheses and certainly best guesses, and they are
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1 carefully worded statements. But they all reflect the

2 dearth of scientific knowledge.

3 If I could have the next slide.

4 The Department of Energy -- Ray Orbach --

5 responded to the BEIR VII National Academy report, and

6 made a number of points from the work, or based on the

7 work, that is ongoing within the Department of

8 Energy's low-dose radiation effects program.

9 And, again, I'm sure you've seen these,

10 but Ray Orbach -- and this was back in 2005, there is

11 even stronger statements that have come out since from

12 this program. But even in 2005, Ray was able to state

13 with high certainty that significant elements of the

14 assumptions under pending LNT are simply not correct.

15 Plus, Ray also was concerned that BEIR VII, in his

16 view, and I would say in my view, as he says in the

17 first point, did not have adequate consideration of

18 recent scientific advances, particularly those in the

19 DOE program.

20 Could I have the next slide?

21 Coming in from the other side -- did we

22 lose it, or maybe I just lost it on this screen?

23 Coming in from the other side is the excellent work of

24 the French Academy, and I certainly appreciate your

25 presence here today, sir. That should be most useful

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



13

1 to again share the French perspectives with the ACNW.

2 But the research in France and the views

3 in France are really quite different than those

4 professed by the National -- our National Academy

5 here. And the last statement that the LNT is not

6 based on valid scientific data I absolutely agree

7 with. Certainly, I have not seen data that would led

8 me to say that LNT has a strong scientific basis.

9 We're, again, back in this mode of, well, is it

10 prudent or is it conservative?

11 May I have the next slide with the Health

12 Physics comments?

13 And the Health Physics Society again makes

14 the point about the LNT being an oversimplification,

15 rejected for a number of different cancers, and making

16 the point that there is a number of effects that have

17 been well documented in the DOE program that can

18 simply not be accounted for by the linear no-threshold

19 model.

20 And the next one.

21 The NCRP -- again, and I hate to be

22 belaboring this, but again making the points that the

23 data are inconclusive. When I see a statement like,

24 "No alternative relationship appears more plausible in

25 LNT," that's hardly a ringing scientific endorsement
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1 for LNT.

2 And the next one.

3 No conclusive evidence to reject the

4 assumption. As a scientist, and now as a regulator,

5 statements like that I find very frustrating, and I

6 think all of us would be very, very well served if we

7 can complete enough research to better understand the

8 effects in that range.

9 And if we go to the next slide, perhaps

10 the most frustrating aspect of LNT to me is the way

11 that it is used in applications of collective dose.

12 At least to me mathematically, if you believe LNT,

13 then you have to believe collective dose, even though

14 groups like ICRP and others make a statement like you

15 see here that tries to argue against the use of

16 collective dose for projecting radiation effects on

17 large populations.

18 I very much agree that collective dose

19 should not be used, and I agree with the first

20 statement from the ICRP on this slide, but to me is --

21 when at the same time ICRP is saying, "Well, let's use

22 LNT," I don't see how you accept the use of LNT and

23 then argue that, well, we don't really mean it to be

24 used for collective dose where collective dose is used

25 to calculate actual risks to real people.
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1 1 have no problem with the bottom

2 suggestion from ICRP that it's an instrument for

3 optimization. But as you are all well aware,

4 collective dose is frequently used in far, far broader

5 context.

6 The next slide shows the Health Physics

7 Society, which, again, makes exactly the same point.

8 And, again, this isn't going to be news to anyone.

9 And if I could go to my very last slide

10 before I run out the door to head for FERC.

11 1 started with the question on the LNT.

12 Certainly, my very strong view, and I think the view

13 supported by any of the scientific organizations is

14 that it is a hypothesis. There is not adequate

15 scientific data to say that LNT is a fact.

16 1 discussed earlier my frustration on the

17 words "prudent" and "conservative."1 And from a

18 regulatory standpoint, I think one has to truly

19 question whether using a model that is so-called

20 conservative is the wisest course when it has

21 substantial implications. And I've tried to list some

22 of those implications.

23 I think we would all be very well served

24 if we could move towards a stronger scientific basis

25 for radiation effects at low doses. And I think if we
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1 had that we would be able to address each of those

2 implications that I have down there. Instead of

3 taking a conservative view, we could perhaps be -- I

4 think we could be much more conf ident that we are

5 adequately stewarding the use of public funds. I'm

6 thinking here in the cleanup and the decommissioning

7 aspects.

8 I think we would do a far better job of

9 discussing where it's appropriate to use collective

10 dose and where it's not appropriate to use collective

11 dose. And in particular, it's my very strong belief

12 that improved science would only confirm the

13 statements that have already been made, by Health

14 Physics, by ICRP, and others, that collective dose

15 should not be used to estimate risks to large groups.

16 And I think the public's fear of radiation

17 would certainly be addressed by -- partially addressed

18 at least -- by a better understanding of what those

19 effects truly are. We may find that we -- I don't

20 know which way we need to go on LNT. Is it more

21 conservative or less conservative? But to me, the

22 important point is that we should be using better

23 scientific information, trying to strive for that

24 information, and trying to use the most scientifically

25 accurate models we can for risk estimates.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



17

1 I should stop there. You have a

2 fascinating set of presentations planned for today.

3 And, again, I wish I could be here for the day, but I

4 will be 10 miles away.

5 There may be time for a question, Mike, or

6 maybe I should just head out.

7 CHAIRMAN RYAN: Sure. I think,

8 Commissioner, we certainly appreciate your views. And

9 as you've noted, we have an excellent panel of experts

10 to explore the questions that you've outlined,

11 including a discussion of the LNT in light of current

12 science, and then some of the implications that that

13 science might have on policy. So we're pleased to

14 have them.

15 1 want to thank everybody with you here that has

16 given of their time and expertise to participate

17 today. It's, I think, going to be an excellent panel

18 and a rich discussion for two days.

19 On topics like this, we tend to try to

20 explore the range of views, and our report to the

21 Commission will certainly try and document the views

22 that we hear today, and then provide you with our

23 analysis of those views.

24 COMMISSIONER LYONS: Very much

25 appreciated.
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1 CHAIRMAN RYAN: We thank you very much for

2 your time, and good luck in the rest of your day.

3 Is there anybody on the bridge line? Is

4 the bridge line open? It's open. Okay. We have a

5 bridge line for folks that want to dial into the

6 meeting. We have not had anybody dial in, but we'll

7 hear them. And if I may just beg your indulgence,

8 we'll need to interrupt and have them identify

9 themselves for the Court Reporter. So as they do

10 that, we'll have them announce themselves.

11 MR. EHRLE: I'm on the bridge line I

12 guess.

13 CHAIRMAN RYAN: And you are, sir?

14 MR. EHRLE: Lynn Howard Ehrle, Senior

15 Biomedical Policy Analyst, Organic Consumers

16 Association, and chair of its project, the

17 International Science Oversight Board, a 41-member

18 worldwide group.

19 CHAIRMAN RYAN: Thank you, Mr. Ehrle. We

20 do have, as I mentioned in my opening remarks, time

21 for you to make comments, and that will come up a

22 little later on -- let's see, a little later on this

23 afternoon at 3:15. So we'll look forward to your

24 remarks then. I'm glad you're able to participate

25 throughout the meeting. Welcome.
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1 MR. EHRLE: Thank you.

2 CHAIRMAN RYAN: It might be helpful -- I

3 don't know if your phone is capable to have a mute

4 button, but sometimes the mute button is helpful,

5 because if you don't have one we'll hear whatever you

6 -- you know, whatever happens on your end of the

7 phone.

8 Okay. Without further ado, I guess I

9 would ask our keynote speaker, Professor Kenneth L.

10 Mossman from Arizona State University, to open the

11 meeting. Dr. Mossman?

12 DR. MOSSMAN: Thank you. Thank you very

13 much, Mike. First, as a start-off, I want to applaud

14 the efforts of Chairman Michael Ryan and also

15 Commissioner Lyons for putting this meeting together.

16 I think that the timing of this meeting is very

17 important.

18 It's interesting that the NCRP is holding

19 its annual meeting next week and will be talking about

20 many of the same issues that we will be discussing

21 here. So hopefully -- I'm not going to be able to

22 make the meeting, but hopefully many of the other

23 people here will be able to, because in my view what

24 is absolutely critical is we get as many perspectives

25 on the table as is possible.
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1 LNT is a -- to say the least -- an

2 emotional issue, in addition to a scientific one, an

3 economic one, and a social one, and a political one.

4 And over the past several decades, the primary focus

5 has been on the social -- I'm sorry, has been on the

6 scientific issues. But over the past 10 or 15 years,

7 I have come to believe that, really, science is not

8 the driver. The driver in the LNT debate is going to

9 be --

10 CHAIRMAN RYAN: Did you want your slides

11 up, Ken? I'm sorry.

12 DR. MOSSMAN: I'm sorry?

13 CHAIRMAN RYAN: Do you need your slides

14 up?

15 DR. MOSSMAN: Yes, I do. I will need my

16 slides. Thank you.

17 Over the past 10 or 15 years, I have come

18 to believe that the major drivers are the social

19 implications and the economic implications of using

20 LNT.

21 In fact, could we have the next slide,

22 please?

23 So I want to take just a few moments of

24 your time to go over what I think are the major

25 issues, and at the end pose a number of questions that
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1 hopefully we can address and may lead as a springboard

2 to other kinds of questions as well in trying to

3 resolve the LNT question.

4 And what this workshop is about is a broad

5 exploration of the LNT question. It will focus

6 primarily on science, but we have speakers such as

7 Professor Jim Hammitt from Harvard School of Public

8 Health who will be able to address important issues

9 about economic questions as well.

10 CHAIRMAN RYAN: Again, forgive me, Dr.

11 Mossman, but Dr. Hammitt has a personal issue he has

12 to take care of today that came up suddenly. So he

13 will be here --

14 DR. MOSSMAN: Oh, okay.

15 CHAIRMAN RYAN: -- either late today or

16 tomorrow.

17 DR. MOSSMAN: Okay. All right. But

18 hopefully his talk will --

19 CHAIRMAN RYAN: Is tomorrow, yes.

20 DR. MOSSMAN: Okay. Very good.

21 CHAIRMAN RYAN: I just wanted to let you

22 know he's not here.

23 DR. MOSSMAN: Thank you. Thank you.

24 This is not a policy discussion, because

25 policy is the province of the Commission, and we are
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1 not here to set policy or in any way to provide policy

2 input, although hopefully the products of this

3 workshop will be very helpful to the Commission -- to

4 Commissioners and their staff.

5 So what we do want to talk about is: what

6 is the state of the science? What is it that we know

7 and don't know, from am epidemiologic perspective as

8 well as a radiobiologic perspective? What are the

9 uncertainties and risk estimates?

10 I find it very interesting that we use LNT

11 down to doses of the order of one millisievert, two

12 millisieverts, and calculate a risk. Well, what does

13 the risk mean? Because the risk really is anything

14 from zero all the way on up. And if we are making

15 decisions on risk, it's beyond me how we can make any

16 kind of decision when the uncertainty is so large. So

17 uncertainties and risk estimates are really a critical

18 issue.

19 And then, of course, there is the whole

20 question of how we balance science and policy, and

21 that is considered with the economic, political, and

22 social issues. Even if LNT is right from a scientific

23 standpoint, do we still use it? And the reason why I

24 ask that -- are social and economic factors such that

25 it would be -- preclude its use?
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1 The science is such that we cannot exclude

2 candidate theories. In other words, there is no

3 robust, statistically significant, scientific data at

4 low dose that will allow us to distinguish alternative

5 scientific theories. And, therefore, one can really

6 say with some degree of confidence that every theory

7 that is currently on the table -- linear no-threshold,

8 quadratic, l inear- quadratic, hormesis -- is to one

9 degree or another scientifically defensible. That

10 means anything works.

11 And the real question then becomes: if

12 the science cannot eliminate candidate scientific --

13 candidate theories in favor of one versus others, then

14 the decision really *is going to very much depend on

15 economic as well as social considerations. And that

16 is why I said at the beginning of my presentation that

17 science may not necessarily be the major driver. What

18 will be the driver, in my view, is going to be

19 economic considerations as well as social

20 considerations.

21 I think it's useful at this point -- if I

22 may have the next slide, please -- to talk about what

23 LNT is used for, what it's not used for, and, perhaps

24 more important, what it shouldn't be used for. What

25 LNT is used for, obviously, is its federal policy.
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1 And whether you like LNT or not, that's federal

2 policy. And it's endorsed by the ICRP, it's endorsed

3 by the National Academies through their BEIR reports.

4 It is also endorsed by the National Council on

5 Radiological Protection.

6 It is used as a translator of dose to

7 risk. It establishes a dose floor of zero, where we

8 consider the structure of radiation protection as a

9 top-down mechanism, where the dose limit is the

10 ceiling, and the LNT theory establishes the floor as

11 zero. And what we try to do in radiation protection

12 is to keep doses as low as reasonably achievable,

13 never above the dose limit, but as low as we possibly

14 can, given that there are social and economic

15 constraints in trying to do so.

16 Unfortunately, as Commissioner Lyons

17 pointed out in his opening remarks, sometimes LNT is

18 often misinterpreted, and that means we have to go to

19 zero. So the goal of radiation protection is zero

20 dose, zero risk, when in fact that may not necessarily

21 be the case.

22 What ALARA tries to accomplish is to

23 achieve a rational, quantitatively-determined

24 acceptable risk. How is a risk acceptable? It's

25 acceptable when we have applied all of the economic
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1 and social resources necessary to the situation, to

2 reduce the dose as low as reasonably achievable.

3 Once we've done that and we're satisfied

4 with it, that residual risk is then acceptable. if

5 it's no longer -- if it's not acceptable, then we go

6 back and we apply additional resources -- social,

7 economic, whatever it is -- to get the dose and the

8 risk down to an acceptable level.

9 Next slide, please.

10 What LNT is not use for. It is not used

11 for setting dose limits. I have followed the BEIR

12 reports quite closely over the past 30 years -- no,

13 I'm sorry, it would be 25 or 27 years -- no, is it

14 more than that? '72 was the first report, so it would

15 be 35 years, or thereabouts.

16 And it'Is interesting that special interest

17 groups argue that BEIR VII is going to establish dose

18 limits via its adoption of LNT. And their argument

19 against LNT, therefore, is that the -- is that dose

20 limits are not restrictive enough.

21 But, in fact, when you look at the

22 history, when you look at the data, LNT has really not

23 been used in any way in setting dose limits. And the

24 little chart that is shown on the slide, and

25 presumably everyone has a copy of that, shows the
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1 history of occupational dose limits from 1940 to 2005.

2 And there has been a steady decrease with no change

3 since 1960. And BEIR VII risk estimates, of course,

4 have been all over the place since the first report in

5 1972 through the most recent report in 2005.

6 I should say -- all over the place -- in

7 retrospect, they are pretty good numbers. We probably

8 know more about radiogenic cancer risk than we do

9 about any other agent -- carcinogen -- in humans.

10 And, in fact, although the numbers look like they are

11 varying wildly, they are all within an order of

12 magnitude, which is pretty good.

13 And, in fact, I was struck by the fact

14 that the first numbers that came out in 1972 are not

15 that different from the current estimates in 2005,

16 even though we have much more epidemiologic data,

17 including incidence data, we have far more

18 sophisticated modeling capacity, and just the back-of-

19 the-envelope calculation, puts you well within an

20 order of magnitude of what the numbers are that we are

21 currently using, and the nominal risk now is roughly

22 about five percent per sievert. In other words, five

23 in a -- five percent lifetime cancer mortality risk.

24 Next slide, please.

25 What LNT should not be used for -- it
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1 shouldn't be used for estimating individual radiogenic

2 risk. Why is that? Because the risk estimates that

3 all of the authoritative bodies use in developing

4 their recommendations come from studies of large

5 populations. So they are really population risks.

6 The real question is: how do you

7 translate from population risks to individual risks?

8 And we really don't know how to do that very well,

9 because we fully don't understand what the nature of

10 the risk factors are for these diseases. At very

11 small doses of the order of a few millisievert per

12 year, radiogenic risk is a very, very small

13 contributor to the total cancer risk in any one

14 individual.

15 If the individual smokes cigarettes or has

16 a particular diet that would enhance risk, these

17 factors tend to be far more important than any

18 radiogenic risk. And how we factor in these

19 individual risks, how we structure an individual risk

20 profile, is problematic, but it's obviously something

21 that we would need to do, if in fact we're serious

22 about going from population-based risks to individual

23 risks.

24 Estimating public health impacts from

25 collective dose, as Commissioner Lyons had pointed
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1 out, is inappropriate in a number of ways. I would

2 disagree with the Commissioner that collective dose

3 should never be used, and I apologize if I am

4 paraphrasing incorrectly.

5 There are instances in which collective

6 dose may be meaningful -- when you're dealing with a

7 population that is very well characterized, doses are

8 high, and for which we have some confidence in risk.

9 Under those circumstances, collective dose may be

10 reasonable.

11 But the way collective doses used

12 routinely is -- is inappropriate, and the NCRP, in its

13 report 121, the ICRP in its most recent report, 103,

14 clearly discuss the limitations of collective dose.

15 And we need to be very careful about how we use it in

16 trying to estimate public health impacts.

17 I'm always reminded of the comment that

18 when individuals are exposed to very, very small

19 doses, and the associated risks are small, if the risk

20 to the individual is small, then the risk to the

21 population is small, too. And simply because you have

22 a large population, millions of individuals, and you

23 multiply the individual risk, which may be of the

24 order of one in a million, and you get some number,

25 doesn't make it a public health problem.
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1 And we need to be -- and that's -- and

2 that's a key part of the collective dose constraint is

3 that we should be cognizant of the fact that we're not

4 dealing with infectious diseases where individuals can

5 affect the probability of other people. We are all

6 autonomous units, if I could use that expression, in

7 the public. And the fact that I got one dose and Dr.

8 Land got another dose doesn't impact his risk any more

9 than his risk impacts me.

10 Let me turn quickly now to a recent

11 history of the LNT debate, because I think it's useful

12 to see where we've been and where we might be going.

13 And those of you that have been following LNT for a

14 while know that it has been a concern ever since LNT

15 was introduced into the radiation protection

16 philosophy several decades ago.

17 But it is only within the last 20 or 25

18 years that there has been a systematic effort to

19 really look at LNT and determine what the basic of the

20 -- what the scientific basis is for supporting LNT and

21 the like.

22 As I best can gather, in 1988. Leonard

23 Sagan at the Electric Power Research Institute was one

24 of the first people to convene a workshop that looked

25 at ionizing effects research, and particularly opened
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1 up the question about whether the science really did

2 support the LNT or whether we need to look more

3 closely at it.

4 The ICRP recommendations, in 1990 and

5 1991, and the BEIR V report also looked very closely

6 at the LNT question.

7 In 1998, the Health Physics Society

8 convened the Wingspread conference, which looked --

9 and some of you may have been there -- looked at the

10 conflicting scientific views in the LNT question. And

11 we had representatives from all camps, including

12 hormesis, LNT, quadratic, linear quadratic, etcetera.

13 We have a followup conference in 2000,

14 again supported by the Health Physics Society, the

15 Airlie House Conference, in which at this time we

16 began to look at linking some of the science issues

17 with policy. And then, of course, in 2005 and 2006,

18 emerged the first really serious, serious debate by

19 major authoritative bodies -- the BEIR VII report and

20 the French Academy of Sciences.

21 Both panels are -- both reports were

22 written by arguably the top people in the world on

23 low-dose radiobiology and understood the problem.

24 They essentially looked at the same data and came to

25 diametrically opposed conclusions.
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1 The heart of a scientific debate is honest

2 difference of opinion. And I think that the

3 differences between the BEIR VII report and the French

4 Academy report highlight what we really don't know

5 about the science, and how much more it is that we

6 need to learn about.

7 And then, this year, the ICRP 103 report

8 came out. EPRI is currently revisiting its issue that

9 it introduced back in 1988, looking at economic as

10 well as social implications of the LNT debate, in

11 addition to science.

12 This meeting, of course, is going to be

13 doing much the same thing, and then, of course, next

14 week the NCRP is also going to be looking at these

15 questions.

16 So, in summary, the debate has

17 transitioned from a purely scientific argument to one

18 which includes both social and economic factors.

19 Next slide, please.

20 The LNT problem -- there are three basic

21 elements to the problem, as I see it. One, scientific

22 questions. There is new radiobiology, which has --

23 it's not so new now. There's -- some of the data is

24 10, 15 years old. But there is new stuff coming out

25 all the time questioning the assumptions of LNT.
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1 There is lack of conclusive scientific

2 evidence at low doses below 100 millisieverts to

3 eliminate competing theories, and this I think is very

4 important.

5 Now, I've gotten arguments before. Yes,

6 there is data below 100 millisievert. And if you

7 believe that data, you know, that's -- you know, that

8 certainly adds to the debate. But I think when you

9 look at the majority of the data, at low doses below

10 100 millisievert, there is a paucity of statistically

11 significant risk information there.

12 Economic costs -- there are enormous costs

13 to reducing dose when the benefits are uncertain. We

14 are confronted with this with waste management -- a

15 very, very serious problem. I worked with the

16 National Academies on the waste isolation pilot

17 project and -- or the waste isolation pilot plant, and

18 the costs to isolate waste there, characterize the

19 wastes, are just absolutely incredible.

20 And you asked, "For what end? What's the

21 benefit of doing that?" And it's unclear.

22 The social costs -- the notion, as

23 Commissioner Lyons had pointed out, that any dose, no

24 matter how small, is associated with the risk. That

25 the general public concludes from this that there is
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1 no safe dose. And, again, because it's federal

2 policy, then the conclusion from the Federal

3 Government is that the Federal Government doesn't

4 believe that there is no safe dose, and that any dose

5 is potentially harmful.

6 Next slide, please.

7 The low-dose problem is interesting. I

8 sort of like to draw the analogy from cosmology where

9 cosmologists talk about the singularity. And the

10 singularity is essentially all about what happens to

11 laws of physics as we know them when you hit the event

12 horizon. And essentially at the event horizon

13 physical laws tend to lose meaning.

14 Well, I like to draw the analogy that when

15 you get down to very, very small doses of ionizing

16 radiation on an LNT, or even a curvalinear model, when

17 you get down very, very close, are we approaching a

18 radiobiologic singularity? In other words, the kinds

19 of events that are occurring really cannot be

20 predicted or understood in any way based on what it is

21 that we know at higher doses.

22 So it's an interesting concept. When the

23 dose approach is zero, we have a problem understanding

24 what is going on. Now, there is a lot of research,

25 primarily funded by the Department of Energy low-dose
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1 program, which I might add Commissioner Lyons was

2 instrumental in helping secure this funding through

3 Senator Domenici's office back in I think it was about

4 the year 2000 or 2001. So he has played an important

5 role in getting research dollars available for this

6 kind of research, but we are learning more and more

7 about what is going on at very, very small doses.

8 And what we can say with a high degree of

9 certainty is that what is happening at low doses is

10 different than what is happening at high doses. And

11 that causes a problem in terms of how we use LNT,

12 because what LNT -- the theory would predict -- is

13 that mechanisms ought to be the same, and that the

14 only thing that is varying is the dose, and that's

15 what the predictor of risk is going to be.

16 But if at high dose we are seeing certain

17 radiobiologic effects that are different than what is

18 going on at low dose, it makes interpretation of risk

19 rather difficult.

20 If we can go to the next slide, please.

21 I have a -- I'm anal, let me put it that

22 way. I'm anal about definitions, and particularly

23 about definitions of theory, models, and hypothesis,

24 and as they pertain to LNT. And the reason why I

25 think this is important is because we can't advance
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1 the debate unless we have a clear understanding about

2 what LNT is and what it isn't.

3 LNT is not a model, and LNT is not a

4 hypothesis. LNT is a theory. Hypotheses are

5 questions that we ask about theories. In other words,

6 you can ask a whole array of hypotheses or questions

7 as hypotheses that question the LNT theory. For

8 instance, one could ask a question about: is the data

9 consistent with linearity? Is the data consistent

10 with a threshold dose? And these all go back

11 ultimately to asking the question: can I support LNT

12 as a theory?

13 On the other hand, models -- and there was

14 a recent National Academy report on this -- models are

15 conceptual or actual physical constructs that describe

16 some type of theory. But the model operates on the

17 basis that the theory is there. So when we talk about

18 climate models or the like, the underlying theory is

19 energy processing, Second Law of Thermodynamics,

20 things of that nature. There is lots of different

21 models that one can use to support the Second Law of

22 Thermodynamics. There's all sorts of different models

23 that one can use to support the LNT theory.

24 So what I'm saying is that we need to

25 think about LNT as a theory, because then we can begin
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1 rationally to talk about, well, how do we begin to

2 discuss the appropriateness of LNT versus hormesis

3 versus linear quadratic versus quadratic? Because

4 ultimately what we're trying to do -- in the utopian

5 view, what we're trying to do is eliminate everything

6 else and come up with one theory, whatever that is.

7 You can't do that if you're talking about

8 hypotheses. You can't do that if you're talking about

9 models. What we need to do in the Popperian sense is

10 that we need to collect data that will not necessarily

11 prove a particular theory, but it will be used to

12 disprove candidate theories.

13 And Popper, who was a very well-known

14 philosopher of science and his treaties on

15 falsification of theories, and what not, I think is

16 worth reading for anyone who is interested in the LNT

17 question, because it's the nature of the scientific

18 data and how it can be applied to candidate theories

19 that is going to help us answer the particular

20 question.

21 Can we go to the next slide, please?

22 I'm not going to spend any time on this,

23 but here is just a little schematic of the different

24 kinds of dose -- the different dose-response theories

25 that we took -- take a look at. The take-home message
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1 here -- we have lots of data at the high-dose end.

2 That doesn't help us because all of the candidate

3 theories essentially converge there.

4 So the data are really very -- are not

5 very helpful in helping us distinguish one theory from

6 another. Where we need data, and where we don't have

7 a lot of statistically significant risk data, is at

8 very, very small doses, whereas you can see at the

9 origin now you have divergence of the theories, and we

10 can better take some -- a clear path as to determine

11 which theories are acceptable and which theories can

12 be eliminated.

13 Next slide, please.

14 I'm sort of running out of time, aren't I?

15 How much time do I have, Mr. Chairman?

16 CHAIRMAN RYAN: You have to 9:15.

17 DR. MOSSMAN: Through 9:15. Okay.

18 CHAIRMAN RYAN,: Leaving time for

19 questions, please.

20 DR. MOSSMAN: Okay. Fine, thank you.

21 There are some data from -- just to

22 illustrate how you can fit various theories to

23 scientific data. This is data from the Radiation

24 Effects Research Foundation, the life span study.

25 It's not looking at cancer; it's looking at non-cancer
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1 disease. But the point still -- is still valid, is

2 that at very small doses there is some difficulty in

3 trying to determine which theories are acceptable and

4 which ones are not.

5 And, obviously, depending upon which

6 theories you choose, the risk estimates that you are

7 going to predict at small doses are going to be very,

8 very -- are going to be very different. And I might

9 add -- in looking back at the BEIR VII report, it is

10 too bad that they didn't follow the model that was

11 used in the BEIR III report.

12 And the BEIR III report, which was

13 published in 1980, came under a lot of criticism,

14 because they couldn't focus on a single dose-response

15 theory. What they did was they provided risk

16 estimates for a linear no-threshold theory, for a pure

17 quadratic theory, and for a linear quadratic theory,

18 and they provided risk estimates.

19 In retrospect, what a beautiful thing to

20 do, because that's what the policymakers need. You

21 know, we can't -- we can't provide the science that is

22 going to distinguish one theory from another. But

23 what the authoritative bodies ought to be doing --

24 like the BEIR committees, like ICRP, like NCRP -- they

25 are staffed, and they have sitting on their councils
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1 the top people in the world, who know more about this

2 stuff than anybody.

3 What they ought to be able to do is

4 provide a pallet, if you will, of options that are

5 each scientifically defensible, and allow the

6 policymakers to work with that.

7 And, in retrospect, I wish BEIR VII would

8 have done that. They didn't. But if there is to be

9 a BEIR VIII, or a BEIR IX -- and I don't know whether

10 there is or not -- I hope that they will revisit the

11 BEIR III model and ask the question: do we want to go

12 back to this? Because that's really what the

13 policymakers need.

14 And, frankly, the BEIR VII report and

15 these other reports are written in part for

16 policymakers. They are written in part for people who

17 are going to be making some decisions, in addition to

18 regulators in various government settings, radiation

19 safety officers, other people who actually manage

20 risk, and things of that nature.

21 Next slide, please.

22 The collective dose problem I have already

23 mentioned. And, again, I focus on my -- on my last

24 bullet. If the individual isn't harmed, then the

25 population isn't either. Collective dose has utility.
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1 Its utility is not in determining public health

2 impact. Its utility is in establishing trends

3 analysis of doses in a particular occupational

4 environment.

5 So in trying to determine whether a

6 particular ALARA program is effective not, it is

7 useful to calculate collective dose, the sum of doses

8 in the exposed population at various times, and look

9 at what is happening to the collective dose, without

10 inferring anything about risk. That's a useful way to

11 utilize collective dose. But because population risks

12 are poorly defined, particularly at small doses, there

13 are significant limitations.

14 Some of you may be familiar with a recent

15 paper by David Brenner and Eric Hall that appeared in

16 New England Journal, I think it was in October or

17 November of last year, where they were looking at CT

18 doses. It received a lot of public press, and I don't

19 know about your local papers, but in our local papers

20 in Arizona there was a good deal of fear that was

21 engendered about whether I should get a CT exam or

22 whatever.

23 No question, doses are too high. I can

24 tell you that the American College of Radiology has

25 been looking at this problem for a long time. In
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1 fact, they put out a very important white paper in

2 their journal, I think in May or July -- May or June

3 of last year -- that essentially recognized the

4 problems that we're having with high-dose CT, the

5 problem with multiple studies, and whether these are

6 appropriate or not. That's the problem.

7 Calculating risks, where for the most part

8 the risks are very small, and engendering fear because

9 they are calculating a total cancer mortality burden

10 of something of the order of two to three percent in

11 the U.S. population, is, in my view, an inappropriate

12 application of collective dose, and does nothing to

13 advance what the fundamental problem is. And the

14 fundamental problem is: how do we deal with large

15 doses in CT studies? So collective dose is an issue

16 that we need to be cognizant of.

17 Risks are uncertain at doses below 100

18 millisievert, although as I mentioned before there are

19 some studies. The most important one perhaps is the

20 Oxford childhood cancer survey that was begin in the

21 mid-1950s that shows, or purports to show, that at

22 doses of the order of one to five rad there is an

23 elevated risk in children who are exposed in utero.

24 Those studies have been the subject of

25 very careful analysis. It's unclear to many
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1 epidemiologists what the nature of causality is, but

2 there are still others who believe that this is a very

3 real effect. It has stood up the test of time. It is

4 an important study. To my mind, it is unclear to me

5 what the relevance is of an exposure in utero to an

6 exposure of an adult in a powerplant situation. But,

7 you know, that kind of issue needs to be I think fully

8 resolved.

9 So down to 10 -- to 50 millisievert may be

10 an area where we need to look much more closely, and

11 hopefully the DOE low-dose program can provide us with

12 some useful scientific information at that level.

13 Next slide.

14 Let me look -- next slide, please. Sorry.

15 Thank you.

16 Let me look very quickly at the economic

17 impacts, and this is from a very, very narrow view --

18 one study. And I'm looking forward to Professor

19 Hammitt's discussion of the economic questions when he

20 is here tomorrow.

21 This is some data from the General

22 Accounting Office from 2000. And, again, I applaud

23 Commissioner Lyons and his boss at the time, Senator

24 Domenici, who commissioned the Government Accounting

25 Office to look at questions about economic impacts of
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1 LNT.

2 Senator Domenici recently received an

3 award I think from the Health Physics Society, and it

4 is well deserved, because he is a member of Congress

5 who really, really does understand the science and

6 knows what questions that need to be asked. And,

7 certainly, the economic question is an important one.

8 And here I illustrate the -- at the Nevada

9 test site, the costs of cleanup -- and these are data

10 from the General Accounting Office -- where we --

11 where we limit the dose down to about .15 rem -- 15

12 millirem a year, .15 millisievert per year.

13 As you may recall, there is an ongoing

14 controversy between the U.S. Nuclear Regulatory

15 Commission and the EPA as to what the appropriate

16 cleanup should be. Should it be .25 millisievert, as

17 the Commission would argue? Or should it be .15

18 millisievert, as the Environmental Protection Agency

19 would argue?

20 As a classical radiobiologist, frankly,

21 from a public health and environmental perspective,

22 there is no difference between those numbers.

23 However, there is a very, very significant economic

24 difference, and that is what's illustrated -- that's

25 what's illustrated here on this slide. That once one
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1 gets down to doses that are very, very close to

2 natural background, you're cleaning up to natural

3 background, and the costs are extraordinarily high.

4 And one needs to ask, when you are going

5 to allocate public funds in this way, what is the

6 benefit? You know, I'm the first to say, if there is

7 a need for cleanup, absolutely, let's allocate the

8 money. But then, we need to look very carefully at

9 the cost-benefit equation and at what point are we

10 just throwing away money for very little return.

11 I would strongly recommend Associate

12 Justice Steven Breyer's little book that he published

13 in 1993 called Breaking the Vicious Circle on

14 regulatory law, where he talks specifically about

15 getting down to very, very small doses of anything.

16 And when you regulate down to those levels, the costs

17 can be enormous, and you need to very carefully look

18 at what the benefits are from these large

19 expenditures.

20 The social impacts -- of course,

21 radioactive -- next slide, please.

22 Radioactive waste disposal, well-known

23 "not in my backyard" philosophy, there are significant

24 questions. Particularly now at Yucca Mountain the

25 Commission is likely to receive an application from
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1 the Department of Energy any month now for the Yucca

2 Mountain facility. And the Commission will be looking

3 very carefully at public health and environmental

4 risks.

5 And no doubt there will be many special

6 interest groups that will also be challenging the

7 Department of Energy to be sure that if this facility

8 is to be licensed that environment and public health

9 questions are completely and thoroughly answered.

10 Mammography and CT imaging continues to be

11 a problem. We have now reached a point -- and I think

12 at the NCRP annual meeting last year Fred Mettler made

13 a very -- a very important presentation on where

14 medical exposures now sit in the grand scheme of

15 exposures to the U.S. population. And medical

16 exposures now are by far the vast majority of sources

17 of exposure.

18 To give you an example of how serious the

19 problem has become -- in 1980, there were only about

20 three million CT scans that were done in the United

21 States. And last year there was something like 60

22 million. And I'm not going to sit here and argue that

23 these weren't justified, because I'm not a physician

24 and can't tell you that.

25 But whatever the justification question
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1 was, the enormous increase in numbers has got to give

2 us pause, particularly when doses are very high. And

3 that's why I made my comment about the Brenner and

4 Hall study, that we need to be very careful about what

5 we saw about public health risk, although they were

6 right on the nose when they said -- and they have

7 repeated things that have been known for decades --

8 that doses f rom CT are high, and that we need to take

9 care of that.

10 So the social impacts are considerable,

11 and what we want to avoid is in the medical arena

12 patients declining radiographic examinations because

13 of fear of radiation, where declining such

14 examinations may have a significant impact on disease

15 diagnosis and treatment management.

16 So with that, let me turn to my last

17 slide, and then I will open this up for questions.

18 I'm sure you have many.

19 And here are a few questions that I would

20 like to challenge the group with. One is -- is the

21 LNT question even answerable? In other words, are we

22 ever going to be able to -- and what I mean by

23 "answerable" is, are we going to be able to get enough

24 robust, statistically significant scientific data at

25 small doses that we can in the Popperian sense falsify
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1 candidate theories, so we're left with one, whatever

2 that theory is.

3 It could be hormesis, which means that

4 there is a threshold somewhere. It could be LNT, and

5 all of the -- all of the scientists in the

6 establishment have been right all the time. Or it

7 could be curvalinear, or it could be something else.

8 I mean, what muddies the water, of course, is that we

9 already know from epidemiology that for several cancer

10 types the dose-response curve is different already.

11 I mean, if you look at certain kinds of leukemias,

12 it's curvalinear. If you look at breast and thyroid,

13 it's linear. If you look at bone, it's threshold.

14 So we already know from a substantial

15 amount of epidemiologic data that there is already

16 difference in models -- in theories. So one of the

17 questions that I think we are going to need to answer,

18 certainly in terms of the scientific questions: is it

19 even answerable?

20 Now, I may sound pessimistic, and to a

21 degree I am, but that doesn't mean that we shouldn't

22 go after the studies and do them anyways. We still

23 need to understand what's going on at low doses from

24 a scientific perspective.

25 I'm a health physicist. Some of the other
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1 people around here are health physicists, too. We

2 essentially manage small doses. We are professionally

3 better if we understand better what is going on at

4 small radiation doses.

5 So if, in fact, we don't get anything

6 resolved with regard to the LNT debate, nonetheless

7 the more information that we have about what is

8 happening is going to be very, very useful. So I

9 would certainly strongly encourage we do that.

10 What is the lowest dose associated with

11 statistically significant radiogenic cancer risk?

12 Current debate. The Health Physics Society put its

13 foot in first, said it's 100 millisievert, and then

14 there has been arguments ever since. Why is this

15 important? Because I think it's an important trigger

16 in resource allocation.

17 1 mean, once we understand -- what are the

18 significant risks? There are some epidemiologists who

19 would say -- and I don't necessarily ascribe to this

20 in this case, but they would argue, if I can't measure

21 the risk, is the risk worth even worrying about?

22 Well, I don't know that that'Is necessarily

23 a philosophy that I would want to follow, but

24 nonetheless that'Is a view that's out there. So how we

25 -- what triggers that we use to allocate resources
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1 depends on how well we can measure the risk. Because

2 otherwise, if we can't measure risk very well, then we

3 are almost blindly allocating resources to try to

4 reduce risks that we can't measure. And that, I

5 think, is a significant problem.

6 Can low-dose radiobiology answer the

7 threshold question? Well, I think that that goes to

8 the heart of the LNT question as to whether it's

9 arguable, but certainly the threshold question is at

10 the heart of whether hormesis has any validity. There

11 are arguments that even if there is a threshold, does

12 it really impact the way we do radiation protection?

13 There are people that would argue, no, it won't.

14 What are the economic and social costs of

15 using an LNT-based system of protection? The GAO

16 report in 2000 was certainly a good start, but I think

17 we need more such reports. We need more efforts to

18 determine, what are the economic impacts? What are

19 the social impacts?

20 And what does this mean? That means we

21 need to recruit economists, we need to recruit

22 cultural anthropologists, we need to recruit

23 psychologists, we need to recruit risk analysts, other

24 people who we normally don't converse with, other

25 people who we don't normally get involved with, to
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1 help us learn a little bit more about what some of

2 these issues are, because, again, my view is that the

3 economic and social costs are actually the key drivers

4 in the whole debate.

5 And then, finally, it's an issue I have --

6 for those of you that are unaware, I have a book that

7 I published last year, Radiation Risks and

8 Perspective, in which one of the big issues that I

9 promote is this notion of abandoning the risk-based

10 system of protection and going straight back over to

11 dose-based system of protection.

12 The Commission is essentially doing that

13 anyways. You have a dose limit, and you measure

14 doses, and you determine whether, you know, you are

15 sufficiently far enough from the dose limit that you

16 don't have to use administrative controls and things

17 of that nature.

18 I used to be a radiation safety officer.

19 Not one time in my 15 years of doing it did I ever

20 calculate risk, because I didn't need to. What I

21 needed to calculate was dose and look at my ALARA

22 program in terms of dose. So in terms of my own

23 operational situation, I didn't have to measure risk.

24 What I really needed to know was dose, and that's what

25 really was important.
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1 So it's an interesting -- it's an

2 interesting idea, because then the LNT question goes

3 away, because then we don't have to worry about

4 calculating risks. Then, we don't have to worry about

5 explaining to people what the risks are when we don't

6 know what the risks are at small doses. And i t

7 certainly might help ameliorate the social and

8 economic questions.

9 So with that, I stop. I thank you for

10 your attention, and I'm more than -- I will turn it

11 back over to the Chairman.

12 Thank you, sir.

13 CHAIRMAN RYAN: Thank you, Dr. Mossman.

14 We'll have a panel discussion of all presenters at

15 9:30 this afternoon, so we'll maybe save interactive

16 question and answers for that time.

17 Just one comment. I want to clarify a

18 point that this Committee has written on regarding

19 collective dose. We have I think stated that

20 collective dose for the purpose of work planning is a

21 very useful tool, and I want to emphasize that, that

22 for example, in our work practice 1 versus work

23 practice 2 or 3, for a group of individuals conducting

24 an assignment may, in fact, be a very good way to

25 judge work practices, tools, equipment, whatever it
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1 might be, and the Committee has stated that.

2 And I think you implied it, but I wanted

3 to be explicit about --

4 DR. MOSSMAN: Yes. Thank you for

5 clarifying that.

6 CHAIRMAN RYAN: -- is an excellent way to

7 sue collective dose, but it's a relative comparison of

8 one activity versus another. It's not an absolute

9 estimate of risk, but I want -- and I'm pretty sure

10 you agree with that.

11 DR. MOSSMAN: No. Absolutely.

12 Absolutely, thank you.

13 CHAIRMAN RYAN: That's one thing I wanted

14 to make sure that we're clear on the record.

15 We do have just a couple of minutes, if

16 there are any comments from the Committee at this

17 point. Or do you want to just press on?

18 PARTICIPANT: Jerry has got a question.

19 DR. PUSKIN: Can I ask, what do you mean

20 by dose-based standard versus --

21 CHAIRMAN RYAN: Jerry, if I may, I'm going

22 to defer questions to Ken individually until we get to

23 the panel discussion, if I may, because I want to make

24 sure we get all of the speakers in. If we start, we

25 might not get through too much in five minutes, if

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com
% I



53

1 that's all right.

2 Yes, Dr. Tenforde.

3 DR. TENFORDE: May I make just one comment

4 and amplification of Dr. Mossman's calculation of

5 economic impact versus cleanup target doses at the

6 Nevada test site. And that is, NCRP published

7 Report 146 in 2004 that deals with very specific

8 issues on differences in target doses for remediation

9 of contaminated sites.

10 And it is extremely interesting to compare

11 the underlying assumptions in the NRC recommendation

12 of .25 millisievert versus the EPA recommendation for

13 cleanup of .15. The EPA's recommendation is largely

14 based on a resident farmer who eats produce from the

15 site, drinks the water, etcetera, whereas the NRC goal

16 is based on a suburban resident, 30-year suburban

17 resident.

18 Those are very different underlying

19 assumptions, and lead to some different conclusions on

20 target doses for cleanup that actually, when you look

21 at them from the higher level, really are not very

22 different, because they are driven more by the

23 underlying assumptions on land use, ultimate land use.

24 So I think that is a very important factor

25 to keep in mind, and I highly recommend to those of
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1 you interested in this issue to look at NCRP

2 Report 146.

3 Pardon me for doing that --

4 CHAIRMAN RYAN: That's okay. That's fine,

5 Dr. Tenforde.

6 DR. TENFORDE: I wanted to point that out.

7 CHAIRMAN RYAN: We appreciate your

8 comment.

9 Jerry, if you do have one quick question,

10 maybe we could fit it in now.

11 DR. PUSKIN: I just wanted to know what

12 you meant by dose-based regulation versus risk-based,

13 since I think all regulations that I know of are risk

14 -- are dose-based in the sense that they are defined

15 as a dose limit or concentration limit or some

16 exposure limit. And I don't -- I just wonder what you

17 mean -- what would be the change? I guess --

18 DR. MOSSMAN: Well, in part, it's not --

19 the NRC dose limits are not really dose limits,

20 because you are factoring in weighting factors that

21 are based on risks. So, in other words, the tissue

22 weighting factors are a portion -- are fractions of

23 the total risk that can be applied to a particular

24 tissue.

25 So, in fact, they do include risk
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1 information in the dose limit calculation. When you

2 say -- when you say one millisievert a year, or 50

3 millisievert a year, the fact that you are using the

4 millisievert is a dose -- as a measure of dose

5 includes the weighting factors, which are risk-based.

6 So those are risk-based.

7 What I'm saying is we should eliminate

8 that and use just straight dose to the absorbed organ

9 or to the target organ. If it's the whole body, then

10 it would be the whole body. So don't factor in risk

11 at all there.

12 DR. PUSKIN: Let me just ask one question,

13 then. Let's suppose the dose were entirely in the

14 lung. What would you allow? How much would you

15 allow, just in the lung, as compared to the whole

16 body?

17 DR. MOSSMAN: Well, I wouldn't change the

18 dose limits, because as I pointed out earlier in my

19 talk, the dose limits don't have anything to do with

20 risk anyway. The way I would manage the system is

21 that I would use -- I would use some reference level,

22 either from natural background or whatever, as a basis

23 for comparison to the dose that was actually received

24 in the occupational setting or whatever it might be.

25 DR. PUSKIN: So you would allow just as
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1 much to one organ as you would allow to the whole

2 body.

3 DR. MOSSMAN: No, I didn't say that. No,

4 I didn't say that. All I'm saying is that the limits

5 -- the limits are not based on any information that we

6 have on risk. I mean, all -- the limits were

7 established before we had any really good handle on

8 risk estimates as we do today.

9 CHAIRMAN RYAN: Let's pick up that

10 discussion, if we can, when we have the general panel

11 discussion.

12 Dr. Le Guen, did you have one quick

13 question?

14 DR. LE GUEN: Yes. No, it would be a

15 quick comment. Of course, about collective dose, I

16 would agree with you, because the problem is not to

17 use or not to use a collective dose. Of course, we --

18 in a nuclear powerplant we monitor the collective

19 dose.

20 The problem is when you want to predict

21 the future risk for this group, and particularly to

22 assess the number of cancer. So the problem with the

23 LNT now is management of risk.

24 I would like just to take an example about

25 CT scan. From my point of view, if today we have a
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1 large decrease of the dose received by nuclear

2 workers, it is because we have a good ALARA approach.

3 For CT scan, it is exactly the same approach.

4 The problem is because we must take into

5 account two other parameters -- medical benefits and

6 age of patients. So from my point of view, the good

7 question is how to avoid to the most sensitive

8 populations, for the children, to avoid non-useful

9 radiation? And I think the best way is then to try to

10 assess and try to have a lot of faith to the

11 population with this kind of approach.

12 That's all.

13 CHAIRMAN RYAN: Thank you, Professor.

14 With that, we're at the point of inviting

15 Dr. Tenforde, President of the National Council on

16 Radiation Detection and Measurements, to provide us

17 with his insights.

18 Dr. Tenforde?

19 DR. TENFORDE: I'll bring this a bit

20 closer, so that I project.

21 CHAIRMAN RYAN: You don't have to move it.

22 It will be just fine where it is.

23 DR. TENFORDE: I see.

24 CHAIRMAN RYAN: It's high tech.

25 DR. TENFORDE: Very high tech. Thank you.
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1 Well, let me begin by thanking Chairman

2 Ryan and Neil Coleman and the other organizers of this

3 working group meeting for inviting NCRP to

4 participate. I think this is a very important

5 subject, and I think this is a very timely workshop

6 that you're hosting.

7 Next slide, please.

8 What I would like to cover are several

9 issues that do relate to the theme of the workshop.

10 First, let me just say a few words about the role of

11 NCRP, and I will ultimately describe some of our

12 current and future activities related to understanding

13 low-dose radiation effects.

14 I will briefly talk about the rationale,

15 some key research issues that I feel need to be

16 addressed, and the public policy and regulatory

17 implications of having a better science base for

18 judging models of --

19 CHAIRMAN RYAN: Dr. Tenforde, excuse me.

20 Have we had somebody join the bridge line?

21 MR. BRUCEMAN: Yes. This is Carl

22 Bruceman.

23 CHAIRMAN RYAN: Carl, thank you for

24 joining us.

25 We'll return to Dr. Tenforde's
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1 presentation. Excuse me, Dr. Tenforde.

2 DR. TENFORDE: That's quite all right.

3 And then, I want to give you an overview

4 of NCRP's near-term and longer-range plans in the area

5 of evaluation of low-dose radiation effects and

6 models, and then, finally, make a few concluding

7 remarks.

8 Let me say at this point that although

9 this presentation is based on my own slides, I have

10 built very much on several months of strategic

11 planning by NCRP. We have just issued our triennial

12 strategic plan for 2008 to 2010. Much of what I say

13 is consistent with the scientific goals and thrusts

14 described in that plan. It is also consistent, I

15 believe, with the content of next week's NCRP annual

16 meeting on low-dose and low-dose rate radiation

17 effects and models.

18 And I believe, also, much of what I will

19 say is consistent with the current thrusts and themes

20 of the DOE low-dose program, which I think is a very

21 important, new -- well, not so new, but a very

22 important research area. And so that will be largely

23 the basis of my comments.

24 I will state at this point that at this

25 time NCRP does not have a firm position on the LNT
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1 model or theory as Dr. Mossman has described it. We

2 are, I would say, very open-minded in terms of

3 alternative models of radiation response, and a major

4 thrust of our future work will be in analyzing

5 scientific information and building a framework upon

6 which hopefully we will be able to better judge

7 appropriate models of radiation dose response,

8 including of course LNT.

9 So that's somewhat of a disclaimer. I

10 will mention LNT at a number of points during my

11 presentation, but more in the context of scientific

12 issues that must be addressed in order to more

13 appropriately and adequately assess LNT.

14 Next, please.

15 Well, NCRP, in brief, was originally

16 formed in 1929 as the U.S. Advisory Committee on

17 Radium and X-Ray Protection, and in 1946 became the

18 National Committee on Radiation Protection and

19 Measurements. The change was largely driven by the

20 many new types of radiation, such as neutrons that had

21 to be considered after the A-bomb detonations.

22 And then, in 1964, under Public Law

23 88-376, NCRP was formally chartered as a non-profit

24 organization to provide national guidance on radiation

25 protection and measurements. In the Public Law, there
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1 are four primary elements of NCRP's mission -- first,

2 provide information and recommendations on protection

3 against radiation and radiation measurements

4 quantities and units; and, secondly, to develop the

5 basic concepts of radiation protection that underlie

6 these recommendations.

7 We are also in our mission mandated to

8 facilitate effective use of the combined resources of

9 organizations, both in the U.S. and worldwide, that

10 are concerned with radiation protection issues. I put

11 the first two in red because they are particularly

12 relevant to some of our current and future thrusts in

13 the area of low-dose radiation effects.

14 Next, please.

15 Now, I think there would be little

16 argument that there are several main drivers that

17 underlie the need for a better understanding of low-

18 dose radiation effects. First of all, as has already

19 been said, our current knowledge is largely based on

20 higher dose laboratory and human exposure data. And

21 the conclusions that can be drawn from epidemiologic

22 data on low-dose exposures, let's say less than 100

23 millisievert, or some people will say 50 millisievert,

24 are rather limited.

25 And, of course, with human populations you
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1 have confounding factors, such as diet, lifestyle,

2 smoking, etcetera, that complicate the interpretation

3 of the data that's available. There are a lot of

4 studies on individuals that have been exposed to low

5 doses -- occupationally, medically, in the subset of

6 A-bomb survivors who were in relatively low exposure

7 areas, and a variety of other populations have been

8 studied. But it has been very difficult to draw

9 conclusions.

10 Yes?

11 CHAIRMAN RYAN: I'm sorry. Is somebody

12 dialing a telephone? Anybody new join the bridge line

13 that hasn't signed in?

14 (No response.)

15 Sorry.

16 DR. TENFORDE: That's quite all right.

17 Third, it is important to understand low-

18 dose effects. obviously, through improved work

19 practices, especially over the last couple of decades,

20 the radiation exposure under occupational conditions

21 is generally quite low. And largely the regulations

22 are based upon extrapolation and models or theories

23 that are based on information obtained from high-dose

24 exposure situations in the laboratory or in human

25 populations.
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1 And there is clearly, I think we would all

2 agree, a need to close the gap in scientific knowledge

3 on low-dose versus high-dose effects, and evaluate the

4 implications of this improved knowledge base for

5 radiation exposure practices and policies.

6 Next, please. Next? Thank you.

7 Let me now, just in a few slides, give

8 some fairly high-level perspectives on key areas of

9 research related to low-dose radiation effects and

10 trying to develop this improved scientific framework

11 for evaluating dose-response theories and evaluate

12 effects and implications.

13 Clearly, the continuing and ongoing

14 efforts in characterizing damage, repair, and

15 misrepair mechanisms, and consequences of both

16 cellular and integrated tissue levels, are extremely

17 important, and at lower and lower doses.

18 Second, I can't emphasize strongly enough

19 the importance of the work that is going on in

20 characterizing so-called non-targeted effects. These

21 include bystander effects, where say a single cell is

22 hit but neighboring cells are influenced or killed as

23 a result of the radiation of the individual cell. And

24 genomic instability is another non-targeted effect.

25 It has been argued by some that these
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1 could enhance the overall radiation effect and damage

2 at very low doses. And these are being characterized

3 at progressively lower doses. There are, of course,

4 alternative effects, such as adaptive responses, that

5 can counteract any adverse effects of non-targeted

6 effects such as bystander effects or genomic

7 instability. So it will be very difficult to analyze

8 the tradeoff of these.

9 And I might point out, as Dr. Brooks, who

10 headed the -- well, he was a consultant to the DOE

11 research program and has argued very effectively that,

12 as you get down to lower and lower doses, you do

13 encounter signal to noise issues of extracting from

14 the scientific data the true biological signal versus

15 the background radiation in which the experiments are

16 conducted.

17 So this is a very difficult area of

18 research, but extremely important, because there may

19 be some major implications in terms of dose-response

20 theories and analysis of effects.

21 There are many modifying factors, and

22 these are extremely important. It's not just DNA

23 damage, but we know that there are a number of

24 mechanistic factors that come into play that influence

25 the ultimate expression of damage, and that includes,
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1 of course, repair enzymes and antioxidants, humeral

2 factors such as hormones, and regulatory factors, and

3 the extracellular matrix interaction with cells

4 influences integrated tissue responses. We know that

5 now very well from work that has recently been done.

6 And so we need to bear in mind that

7 analysis of radiation damage and repair or misrepair

8 really can be modified by a number of biological

9 factors, as well as the physical damage to DNA and

10 other cellular structures.

11 And then, extremely important is the

12 analysis of dose and dose rate on exposure outcomes,

13 and the differing effects of low and high LET. We

14 know that in terms of relative biological

15 effectiveness, high LET is generally much more

16 damaging than low LET radiation.

17 These are modifying factors, physical

18 factors, that must be taken into account in evaluating

19 radiation damage and repair mechanisms.

20 Next, please.

21 Moving to laboratory animal studies, it's

22 very important to use the wealth of data that has been

23 acquired over the years, with support from DOE and

24 many other sources, on various toxic effects. Not

25 only cancer but non-cancer effects are getting more
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1 and more attention, such as cardiovascular effects,

2 cataracts, nervous tissue influences.

3 And the relationship of these measured

4 outcomes, adverse outcomes, to radiation sensitivity,

5 genetic factors such as genetic susceptibility of the

6 irradiated animal, or in the human case obviously the

7 human organism, and then the damage mechanisms studied

8 in vitro need to be taken into account in evaluating

9 the results of animal studies.

10 And it's very important to expand the

11 investigation of biological markers of radiation

12 damage and recovery. Traditionally, we have used

13 endpoints such as chromosome damage, but there is more

14 and more focus on alternatives that have a lot of

15 sensitivity related to protein and gene expression,

16 molecular markers, garnma-H2AX, foci, near DMA, damage

17 sites, and other powerful tools can be brought into

18 play in this molecular biology that can be good

19 markers of radiation damage and recovery patterns.

20 Next, please.

21 A very important direction that's being

22 taken more and more is to look at damage in integrated

23 tissues, organs, and whole organisms, using systems'

24 biology approaches to understanding radiation risk.

25 We know now that damaged individual cells,
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1 although an early event can be propagated through an

2 integrated tissue, it can either be moderated in terms

3 of enhanced or diminished and often diminished through

4 mechanisms that are induced in an integrated tissue.

5 And there's some excellent examples of this that have

6 been worked through in laboratory systems and I think

7 that the use of system biology concepts and approaches

8 is becoming increasingly important.

9 And then again, it's very important to

10 emphasize the need to evaluate injury and recovery

11 from radiation after exposures to radiations of

12 differing dose and dose rates and differing qualities.

13 Next, please.

14 Human health studies are on-going and

15 important in the low dose regime. Of course, it is

16 very important in the view of NCRP to attempt to use

17 the wealth of information from laboratory animal

18 studies for projection of risks in humans at the

19 tissue and whole body levels. NCRP published, a few

20 years ago, Report 150 on exactly this subject.

21 It turns out that in many cases the

22 extrapolation of risk from laboratory animal models to

23 humans can be done very well; mammary cancer, for

24 example; hematopoeta cancers, and other end points in

25 humans can be related quite well to appropriate
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1 laboratory animal studies. And I think this is a

2 powerful tool that should be applied in analyzing low-

3 dose effects.

4 And then interpretation of the outcomes,

5 based on laboratory-based studies as they grow in

6 number and wealth of information, I think it will be

7 coming increasingly important to use this information

8 to evaluate health outcomes in humans, including of

9 course, as I mentioned before some of the new

10 biological markers of radiation damage that are being

11 developed through laboratory-based studies.

12 And then ultimately, of course, evaluation

13 of modifying factors influencing radiation damage,

14 repair and ultimate health outcomes is very important.

15 These are not only physical factors such as uniformity

16 or non-uniformity of exposure, partial body or whole

17 body, but of course, as I indicated earlier, in the

18 human case you have to deal with confounding factors

19 such as diet and lifestyle and other things that can

20 significantly modify risk to radiation injury.

21 Next, please.

22 1 think that as the scientific database

23 grows, there will be more and more need for critical

24 risk modeling and dose-response modeling at tissue,

25 organ, and whole-body levels. And again, I want to
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1 emphasize the very important analysis of factors that

2 relate to dose, dose rate, and radiation quality on

3 health outcomes.

4 Next, please.

5 Now where does all this ultimately lead

6 us? In an ideal sense, we will be able to improve

7 risk modeling, reducing uncertainties, and I think

8 that this will be a very key application of the

9 improved and greatly expanded scientific basis and

10 framework, including again, I keep saying this, but

11 it's very important to include the factors of

12 radiation quality, dose, and dose rate. And the

13 application of the results of laboratory-based studies

14 and extrapolations to humans in establishing

15 acceptable levels of exposure in both occupational and

16 public settings will become, I think, more and more

17 possible and more and more important as the database

18 grows.

19 Next, please.

20 I think I've already said this basically

21 that we need to use this improved scientific knowledge

22 and framework to reduce the uncertainties in risk

23 estimates and improve radiation protection policies

24 and practices, if indeed that proves to be an

25 important thing to do. It's not absolutely clear
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1 that's necessary at this point, but as our knowledge

2 grows, I think we will begin to understand better the

3 limitations and possible need for improvement of our

4 current policies, practices and regulations.

5 .And ultimately, we want to resolve the

6 question of whether, in fact, general conclusions can

7 be drawn and predictive models developed for

8 optimization of health protection in individuals that

9 are in many cases chronically exposed to low doses of

10 radiation that at or close to background levels.

11 Next, please.

12 I'd like to just now turn to some of the

13 work recently done by NCRP that relates to low-dose

14 radiation effects and then tell you about some near-

15 term and longer-range plans that we have. I have

16 already mentioned this important report published in

17 2005 on Extrapolation of Radiation-Induced Cancer

18 Risks measured in Experimental Systems to Humans.

19 1Statement 10 looked at applications of

20 NCRP public dose limits that were published in 1993 in

21 various settings including, for example, the use of

22 radiation in homeland security applications where

23 members of the public could be irradiated.

24 We've published the report that was

25 mentioned by Commissioner Lyons and I believe also
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1 briefly by Dr. Mossman on evaluation of the linear-

2 nonthreshold dose-response model for ionizing

3 radiation. That was published in 2001 and I must say

4 that this report has a very different character than

5 BEIR VII 7 and other reports that have been published

6 that relate to LNT, because basically the conclusion

7 was drawn in this report that the evidence available

8 through the late 1990s, that database was not

9 sufficient to reject LNT.

10 On the other hand, it didn't form a strong

11 basis for accepting LNT as a sort of a general theory

12 of dose response. So this leaves the issue more or

13 less up in question and really points to the need for

14 a significantly expanded scientific database for

15 drawing conclusions on LNT and I think that that's --

16 that was a very appropriate conclusion at the time

17 this report was developed under the chairmanship of

18 Art Upton.

19 I believe that what we're seeing in the

20 last few years is the evaluation of some factors that

21 can modify dose response characteristics including, as

22 I mentioned, non-targeted effects that need to be

23 taken into account and these were really not studied

24 very much at the time this report was developed. So

25 there's a need for re-evaluation in this area.
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1 We've also published report on fatal

2 cancer risk estimate that are used in radiation

3 protection.

4 Next, please.

5 Research needs for radiation protection

6 was published shortly after Report 116 which is

7 perhaps one of the most cited -- undoubtedly one of

8 the most cited NCRP reports on limitation of exposure

9 to the public and occupationally-exposed individuals

10 to ionizing radiation. Report 115 lay the groundwork

11 for this report 116 in estimating risk for radiation

12 protection and some uncertainties in those risk

13 estimates. And then earlier, we had published an

14 important report on RVE for radiation of differing

15 qualities.

16 Next, please.

17 Now moving to some near-term activities

18 after about a year and a half of planning, we have

19 scheduled for next week a very exciting annual meeting

20 on low-dose rate and low-dose radiation effects and

21 models and that will be here in North Bethesda,

22 literally across the street at the North Bethesda

23 Marriott Hotel, rather convenient location for those

24 of you located in the Washington area because the

25 Metro stop is right across the street. And those of
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1 you who have not yet registered or planned to come to

2 the meeting, I would encourage you to do so. I think

3 this will be a two-day meeting and we have many

4 experts from the U.S. and internationally discussing

5 important issues in low-dose and low-dose radiation

6 effects, including an interesting dialogue or debate,

7 if you will, between representatives of the BEIR VII

8 report position versus the French Academy position.

9 And that will be a debate moderated by Eric Hall. It

10 should be very fascinating.

11 The program is available at this website

12 and the sessions, in brief, will include discussions

13 of molecular cellular tissue and animal radiation

14 responses, human epidemiological studies. Dr. Land

15 will be a speaker, thank you very much. And there

16 will be a full session devoted to low-dose radiation

17 effects, regulatory policy and impacts on the public.

18 I think many of you will find that to be of great

19 interest.

20 And then, of course, as always, we will

21 develop peer review proceedings and they will be

22 published the following year, hopefully early in the

23 year in the Healths Physics Journal.

24 Next, please.

25 Now on the path forward, we have in our

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



>

74

1 strategic plan a very ambitious plan to develop a

2 definitive report on Biological Effects of Low

3 Radiation Doses and Implications for Human Health and

4 Radiation Protection.

5 There is in an early stage now the

6 development of a detailed outline of the report and we

7 will be submitting proposals to potential funding co-

8 sponsors for this report with an anticipated starting

9 date in 2010 and we do anticipate because of the

10 complexity of this effort that it will be a four-year

11 effort. And we want to go well beyond the simple

12 analysis of existing information and drawing

13 conclusions. We want to create a framework for using

14 this scientific information in moving forward in

15 radiation policies, practices, regulatory issues and

16 it's a very ambitious plan.

17 Next, please.

18 And we anticipate that this will involve

19 a relatively large committee. At NCRP, reports

20 typically have drafting committees with 10 to 12

21 scientists. We expect in this case we may have as

22 many as 10 to 15 or even more scientists involved in

23 all major aspects of basic radiation research,

24 epidemiology, operational public health radiation

25 protection and public policy and regulatory issues.
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1 We want to cover all these bases with the depth of

2 expertise in the scientific committee that will draft

3 the report. And we will, of course, reach out and

4 consistent with our charter, we will engage experts

5 from the international arena and we would like for the

6 report ultimately to be one that can be placed in both

7 national and international context.

8 Last slide, please.

9 Finally, these are some general concluding

10 remarks. I think everyone here would agree that

11 understanding the biological and human health effects

12 of low-radiation doses is a major scientific challenge

13 and a frontier that must be crossed.

14 I think that commitment has been made and

15 it's very excellent to see the commitment of

16 government agencies, DOE, NRC, NASA, and others in

17 improving the scientific database on which to cross

18 this frontier. And as discussed in our recently

19 issued program plan which you can read and download

20 from the NRCP website, NCRPonline.org, the analysis of

21 low-dose radiation effects is a major strategic area,

22 a focal area of long-term effort by NCRP and as

23 always, we welcome input on our plans and our

24 activities from interested scientists and regulators

25 in the United States and worldwide.
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1 And with that, I'll conclude my comments

2 and would welcome any questions that you might have.

3 I believe I've left enough time.

4 CHAIRMAN RYAN: Plenty of time. We've got

5 15 minutes.

6 Dr. Mossman.

7 DR. MOSSMAN: Thank you. Dr. Tenforde, I

8 was interested in your comments on laboratory animal

9 studies and the use of systems biology. I think that

10 that's clearly a path in a number of areas of life

11 science where system biology and engineering concepts

12 are used and I trust what you mean by that is working

13 in the context of cells as networks with feedback

14 controls and the like.

15 But another area which I think is just as

16 important is to explore emergency biology. If you

17 think of cancer as an emergent property of cells, then

18 a whole vista opens up, if you will, in terms of

19 understanding cancer not so much as a cellular

20 problem, but as a much larger reflection of

21 complexity. For instance, the classic example is the

22 brain where we essentially define emergence as that

23 property where you can't predict brain function like

24 thought processes, ideas, language, by looking at

25 individual nerve cells. What you have to do is look
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1 at nerves in their collection in the brain. That

2 emergent property, where you have these connections of

3 individual units, that's the driver. And I think

4 emergence becomes a really interesting concept that

5 goes to the heart of this issue and I applaud the NCRP

6 for taking this approach. I think it's very

7 important.

8 DR. TENDORDE: Thank you, and I, in turn,

9 will applaud DOE for supporting some very enlightening

10 studies. I mean there's some excellent laboratory

11 models now, for example, release of TGF beta from a

12 few select radiated cells and the enhancement of

13 kinase activity in the organized tissue and the

14 resulting effects in terms of radiation response of

15 the integrated tissue.

16 In a way, it's like propagation of signals

17 and can be in many cases protective. Tissue responses

18 may be collectively lower than individual cell

19 responses studied in a petrie dish, for example. So

20 I think and I like the term emergent biology because

21 it does capture this idea in a very good way.

22 CHAIRMAN RYAN: Any other questions or

23 comments?

24 MEMBER WEINER: This is -- I'm going to

25 save most of my questions for the panel at the end,
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1 but several people have mentioned the DOE low-dose

2 responses, low-does response research facility. And

3 perhaps this is a question for Dr. Barcellos-Hoff and

4 not for the two panelists, but how do you get DOE to

5 talk to each other and to bring these scientific facts

6 into their other activities? And maybe that's a

7 question that the panel can speak to.

8 DR. TENDORDE: Well, actually, there's a

9 member of the audience who could probably best answer

10 that, but let me give you my 20,000-foot level view.

11 I think that DOE has been very open in their

12 communications. For example, in January, they held

13 their seventh investigator workshop which was open to

14 everyone and I think a number of you attended that.

15 It was very enlightening. I mean all the

16 investigators presented the results of their work.

17 There were some overview presentations. I thought it

18 was very open and very informative and from the

19 statements made by Dr. Orbach, the head of the Office

20 of Science, I think ultimately as the data base grows

21 the intent will be to integrate that information into

22 DOE policies and practices and the communication, I

23 think, with other organizations such as NRC has been

24 very good and so hopefully this wealth of information

25 that's being acquired in the DOE low-dose program will
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1 have a very broad effect across many government

2 regulatory activities and policies and practices in

3 the private sector, as well as in government.

4 So that's kind of my view as somewhat of

5 an outsider, but I think two people here are better

6 equipped to answer that and one, of course, is Dr.

7 Barcellos-Hoff and the other is Dr. Noelle Metting,

8 who is the manager at DOE of the low-dose radiation

9 research programs. So I will leave it to these two

10 ladies to respond.

11 DR. METTING: I'll just comment.

12 CHAIRMAN RYAN: Could you come to the

13 microphone and tell us who you are?

14 DR. METTING: Hi, I'm Noelle Metting. I

15 run the low-dose program. I'm in the Office of

16 Science. And I think -- I'm not sure about your

17 question, but I think you were also maybe implying

18 that DOE doesn't talk to each other. And I talked

19 with Health, Safety and Security all the time who is

20 Andy Wallow and Ed Renier and I think that Office of

21 Science, we're very interested in the excellent

22 research which you will hear about when Mary Helen

23 gives her talk after the break. And I think that our

24 health protection part of things, I think we're all

25 trying to keep the communication open.
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1 Thank you.

2 CHAIRMAN RYAN: Thank you very much.

3 Well, with that, we're just a few minutes ahead of

4 schedule, so everybody can enjoy a leisurely cup of

5 coffee and we'll start promptly at 10:15. Thank you

6 very much. We'll take a break.

7 (Off the record.)

8 CHAIRMAN RYAN: Everybody take their

9 seats, please. Come to order, please. All right.

10 Thank you.

11 Next on the agenda is Mary Helen

12 Barcellos-Hoff. Dr. Barcellos-Hoff, welcome. Thank

13 you for being with us.

14 DR. BARCELLOS-HOFF: Well, thank you very

15 much for the invitation to speak today. I apologize

16 for my tardiness this morning. I went to the wrong

17 place, always pleasant way to start the day.

18 I'd like to begin by introducing myself

19 just a little bit so you have a little bit of a notion

20 of my background. I'm a Senior Scientist at Lawrence

21 Berkeley National Laboratory. I've been there for

22 over 20 years doing basic research in radiation

23 biology and breast cancer. I'm currently the Deputy

24 Director of the Life Sciences Division, as well, which

25 consists of about 50 investigators. And in 2007 or 6,
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1 Noelle Metting asked me to be the Chief Scientist for

2 the Low Dose Radiation Research program, so I acted in

3 an advisory capacity to Noelle, and to the program in

4 organizing some of the research efforts. So what I'd

5 like to do today is give you an overview of some of

6 the research that's going on in this program.

7 Now, obviously, this is going to only be

8 a snapshot because there are something on the order of

9 80 different projects currently funded, multiple

10 investigators, and very interesting areas of research.

11 And what I've decided to do today is to highlight some

12 of the aspects of Radiation Biology that are probably

13 considered to be a little bit newer. In fact, one of

14 the things I'll do is highlight the publications that

15 have occurred in the last couple of years in the very

16 low dose region.

17 So with that, I'll try to operate

18 everything. It's important to recall the goals of the

19 DOE Low Dose Radiation Research program, was initially

20 to, and remain, to understand the mechanisms action

21 for low doses of radiation, to provide a scientific

22 basis for radiation standards for the low dose region,

23 and to supply up-to-date information on low dose

24 effects for researchers and the public. So one of the

25 components of this, research program has always been
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1 communication, and many of you know Tony Brooks, who

2 has operated in that capacity for nearly the entire

3 reign of the program, which has been essentially nine

4 years at this point in time. So I'm going to -- Tony

5 also supervises the website for the program, so you

6 can find a listing of all the projects that are

7 currently funded projects, as well as publications and

8 summaries.

9 It's important to recognize that over a

10 nine-year period, the program has evolved. The

11 initial focus was on low dose studies using single

12 cell systems, which are essentially the standard of

13 the science at the time. But what the low dose

14 program stimulated was research on many previously

15 studied underfunded phenomena; for example, adaptive

16 responses bystander effects and genomic instability.

17 And, also, initiated the use of new technology, which

18 brought a new aspect to the biology of radiation

19 effects.

20 One of the most fundamental ones that was

21 initiated very early in the program by Sally Amundson

22 and Al Fornace, as well as Nat Coleman and Andy

23 Wyrobek was the use of expression profiling in single

24 cell systems, as well as in vitro, I'm sorry, in vivo

25 by Andy Wyrobek. And you can take this expression
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1 profiling, where you're looking at 20,000 different

2 genes at one time, and you're looking at snapshots as

3 a function of dose, or as a function of time, and ask

4 the question how do low doses and high doses dif ferent

5 in their ability to change the transcriptional program

6 of a given cell type. And so these are very

7 complicated data sets, and I've summarized them very

8 succinctly here on one slide, which is what I'll try

9 to do with the other research studies.

10 At low doses, you can look for

11 transcriptional profiles, look at the transcriptional

12 profiles, and look for genes that are unique to those

13 very, very low doses. And I believe in Sally Amundson

14 and Al Fornace's work it was 2 centigrade was their

15 low dose, 400 centigrade high dose. In Andy's work,

16 he had a larger dose range. But you can ask this

17 question and essentially make little Venn diagrams,

18 and very simple analysis shows you that there are

19 unique low dose genes that do not overlap with the

20 high dose genes. There are genes in common, so these

21 transcriptional profiles that change even response to

22 a few centigrade.

23 These pathway analysis that you then take

24 the gene transcriptional patterns and classify them

25 according to what they have been recognized to
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1 regulate or be involved in processes for; for example,

2 apoptosis or metabolic pathways. Suggestion that the

3 transcriptional programs are differentially affected

4 at low doses and high doses. And although there's

5 some overlap across species or cell types, endothelial

6 cells versus epithelial cells, transcriptional

7 programs are differentially affected in vitro versus

8 in vivo. So this tells you, to begin with, that low

9 doses do elicit a different biological response than

10 high doses at the very same instant as -- well, very

11 shortly these are usually on the time course between

12 one hour and twenty-four hours post radiation, and

13 that the cell is able to respond to that radiation

14 stimuli.

15 The research funded in these simple

16 systems, mono layer culture, have motivated challenges

17 to the biophysical paradigm of linearity because there

18 is good evidence now from a variety of researchers

19 that low dose radiation exposure alters the subsequent

20 response to high dose. Now, I think, as pointed out

21 by Dr. Tenforde, this is actually follow-up on work

22 that was done in the 1980s at UCSF, but there's now a

23 better understanding of what that adaptive response

24 might actually mean for the cell, and how it's

25 executed.
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1 We've also investigated how cell-cell

2 communication is affected by exposure to radiation, so

3 the fact that an irradiated cell can send signals to

4 a non-irradiated cell has been extensively studied

5 using the microbeam facilities at Columbia, as well as

6 some work by Ellie Blakely at LB and L using the

7 advanced light source.

8 Those radiation elicit heritable

9 phenotypic responses because, of course, one of the

10 aspects of radiation biology that we're concerned with

11 is what are the persistent effects of radiation? What

12 actually could have consequences when we think about

13 the time frame under which cancer actually occurs,

14 which is usually years in the case of Leukemia, to

15 decades after radiation exposure in the case of many

16 solid tumors, so we need to understand heritable. In

17 this case, I don't mean generational,

18 transgenerational, but just that a somatic cell can

19 pass on a feature, a phenotype to its daughter cells.

20 Genomic instability is a very good example of that,

21 this occurrence of genomic instability in the

22 daughters of irradiated cells. And there's a new

23 interest in epigenetics.

24 And, finally, one of the things that the

25 program has initiated is a movement away from these 2D
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1 culture to understand how multicellularity modulates

2 radiation responses and consequences. And there's a

3 variety of different models systems in which now

4 there's multicellularity, even between cell types,

5 like fibroblast and epithelial cells can be used to

6 now understand long-term consequences of radiation.

7 So as Tony Brooks likes to put this, he's

8 a much more classical radiation biologist than I am,

9 targeted -- essentially, we have to deal with this

10 question of targeted versus non-targeted effects. In

11 terms of targeted effects, we're thinking about the

12 production of damage. Linear processes due to energy

13 deposition, because we know that energy deposition is

14 linear under most circumstances that we're

15 considering.

16 In this case, we think the critical sensor

17 is the DNA. And as a transducer into that heritable

18 consequences, we're thinking about the genetic changes

19 that occur, mutations that will then modify the

20 behavior of cells for many -- for an extended period

21 of time post irradiation.

22 In terms of non-target effects, one way to

23 characterize it, it's like a processing of this

24 damage. These non-linear process, these tend to be

25 non-linear because it's due to a signal cascade that's
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1 propagating an effect. We don't really know what the

2 critical sensors are here, but we think they are

3 proteins, could be lipids. Leave that question open.

4 That should be a question mark after proteins. And

5 the transducer here is the genome, not genetic

6 sequence change, but rather how the genome is

7 expressed. So change that are really epigenetic in

8 terms of what we've characterized as modifications

9 that affect the way the cell expresses its individual

10 genome. And those can actually have -- those two

11 aspects of the radiation biology need to be

12 incorporated into our thinking.

13 So one of the ways I discuss this is to

14 say, okay, there are radiation phenomena, like

15 bystander effect, genomic instability. There are

16 effects, so consequences that we can really read out

17 in our measured assays, and then there's cancer risk.

18 And that's, of course, what regulatory committees, and

19 regulatory institutions are interested in, what is the

20 cancer risk due to these effects. So another -- I'm

21 just going to -- because there's a basis for the rest

22 of the talk, I wanted to just make sure we're on the

23 same page for targeted versus non-targeted effects.

24 I showed you Tony's description, and my

25 description is slightly different. One of the things
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1 I think of targeted effects are those that affect the

2 irradiated cell, so this can be an autocrine effect,

3 like apoptosis, the induction of apoptosis. That is

4 occurring in the cell that was irradiated, or it can

5 be a paracrine effect, so signals that are sent out to

6 adjacent cells are bystander, what we call bystander

7 phenomena, is, in effect, occurring in the irradiated

8 cell, is sending out a signal that you can then

9 measure responses to that signal in adjacent cells.

10 Targeted effects are thought to generate

11 mutations in the progeny, and this is the mode of

12 action by which you effect long-term consequences in

13 a tissue or an organism.

14 Non-targeted effects I think can be

15 classified as those that affect the progeny by

16 altering daughter cell behaviors that affect, for

17 example, genomic instability, or stability, or

18 phenotypic stability. I'm going to give you some

19 example of what I mean by phenotypic stability.

20 These are really through the perpetuation

21 of persistent signaling cascades that mediate a

22 variety of different -- that are mediated by a variety

23 of different types of signals, reactive oxygen, ROS,

24 cytokines, lipids can be signals that can be

25 perpetuated in a tissue. And these signals can affect
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1 surveillance for - and I'll get a little bit into that

2 - phenotypes or cell-cell interactions. And these are

3 thought to then modify epigenetic modifications of the

4 genome versus the genetic change.

5 So I guess my take-home message from this

6 overall talk is that radiation elicits complex

7 biology, and it'Is probably not something anybody wants

8 to hear, because it really is very complex biology.

9 And for the biologists who are in this program, I

10 think they've done a fabulous job of really digging

11 into the underlying mechanisms. But what we really

12 want to get at is how does this actually mediate

13 carcinogenic risk? So these heritable non-mutation

14 effects of radiation mediated through dynamic

15 signaling, directed perhaps towards maintaining

16 homeostasis, now can induce a variety of effects,

17 including something I'm going to describe in more

18 detail, selective apoptosis. And, as a consequence,

19 this kind of biology may actually suppress or

20 eliminate abnormal cells. And radiation is actually

21 a very good tool for getting at this underlying

22 biology of a system of a tissue. And I'm going to

23 give you a couple of examples of how this works, and

24 then we're going to go into the more complex models.

25 So protection by selected deletion of
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1 aberrant cells. This is actually a very interesting

2 phenomena, and it suggests a whole higher level order

3 of organization in the tissues. But I'm going to

4 briefly give you a summary of four studies that

5 suggest that this actually does occur, and occurs in

6 the cells of interest. So in Les Redpath's work, he's

7 published a very recent paper on radiation research

8 which shows that low doses suppress the transformation

9 assay that he's used over the last 20, 25 years to

10 demonstrate the linearity of transformation at high

11 doses, but that low doses suppress th is

12 transformation.

13 Georg Bauer, who participates in the

14 program via his collaboration with somebody whose name

15 just escaped me, who's co-funded by NASA. His name

16 will come to me, I'm sorry, has shown that transformed

17 cells can be selectively deleted by signals from

18 normal cells, and that low dose radiation actually

19 augments the efficacy of the normal cells in doing

20 this. This was a paper on cancer research in 2007<

21 Portess was the first author.

22 We have work in my laboratory that shows

23 that radiation TGF Beta mediates the surveillance of

24 genomically unstable cells, and Pam Sykes has shown in

25 vivo that low dose radiation can suppress an endpoint
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1 that she uses for genomic change recombination in

2 vivo. So how does this work? Essentially, what the

3 little diamonds are supposed to represent are normal

4 blue cells. Of course, I'm from California. That's

5 a reference to Democrats, you know.

6 (Laughter.)

7 DR. BARCELLOS-HOFF: And abnormal red

8 cells in the middle, and the idea is that the signals

9 from those normal cells can actually cause those cells

10 to selectively die.

11 Now this is some of the kind of data that

12 supports that idea. Here's from Les Redpath, his

13 transformation frequency, where you can see that,

14 first of all, there's a J-shaped dose response curve,

15 and these are very -- Les being a classical radiation

16 biologist with a lot of experience with this assay,

17 these are actually very extensively done studies,

18 showing that at doses of lower than 10 centigrade, you

19 definitely see a decrease over the baseline frequency

20 of transformation in this assay. He suggests that

21 there are three mechanisms that actually contribute to

22 this. One is a low dose radiation sensitivity

23 possibly of G2 cells that may operate at above 10

24 centigrade, the induction of DNA repair, and up-

25 regulation of antioxidants. And, interestingly, he
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1 has done this with very, very low dose rates, a few

2 milligre a day, and shown that actually over the --

3 exposing the cells for a few milligre a day actually

4 suppresses the transformation frequency overall in

5 this assay.

6 So this very complicated slide represents

7 the accumulation of mechanistic understanding of how

8 normal cells can suppress or cause apoptosis in

9 transformed cells that has been the work of Georg

10 Bauer, and the fellow's name that just won't come to

11 mind. The reason I show this slide is to show that,

12 indeed, we're getting a more detailed understanding of

13 how this actually operates. And that then leads us to

14 understand why antioxidant levels are going to have a

15 major impact on whether we see or don't see aberrant

16 cells in a population, so I'm going to leave at this,

17 but I recommend Georg's papers in this area.

18 So this carcinogenic risk is mediated by

19 this complex biology, which you can actually show

20 deletion of aberrant cells. But we can also show in

21 the program that there's altered cell-cell

22 communication displayed by the progeny of irradiated

23 cells that disrupts cell-cell interactions and

24 corrupts these cell signaling networks. And this

25 actually may promote abnormal cell phenotypes and
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1 genomic instability. So an example of this is work

2 from Zhi-Mingh Huang, who published a paper in cancer

3 research in 2006, that showed that small doses of

4 radiation induced fibroblast phenotype called

5 senescence.

6 Now, senescence is an interesting

7 phenotype, and it's not that senescence is part of

8 aging, where you -- the cells actually revert into a

9 non-proliferative viable state. So what do I mean by

10 a viable state? They're metabolically active, but

11 reproductively inactive, something you all may be

12 familiar with from the 1980s feeder cell layers in

13 clonal assays were essentially senescence cells. So

14 what Zhi-Min showed in this case was that this top

15 dose, this is incidence of senescence using a beta-Gal

16 marker, and here you can see that it's much more

17 efficiently induced by single fraction, or

18 fractionated exposures, 5 centigrade every 12 hours,

19 versus a single dose of radiation. But both were able

20 to elicit it, so this is very interesting in and of

21 itself. But what he showed is that these senescent

22 fibroblasts alter the signals that send out. They

23 alter, and particularly induce matrix

24 metaloproteinases. This is just RTPCR showing that

25 the senescent SF fibroblasts actually have more of
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1 these various and sundry matrix metaloproteinases, and

2 then when you then mix these fibroblasts with

3 epithelial cells, in this case MCFlOAs, you alter

4 their growth properties. So here's a traditional

5 monolayer where the epithelial cells are growing --

6 I'm sorry, this is a 3D culture, and you can see this

7 is the normal way epithelial cells grow. And then in

8 this 3D matrix, and if you put in these fibroblasts,

9 senescent fibroblasts, and they grow in these kind of

10 arborized fashion. And, indeed, if you do this now

11 using confocal microscopy and immunoforescence, you

12 can see the very different morphology that the cells,

13 the epithelial cells assume when they're out with the

14 senescent fibroblasts.

15 So you would think well, that doesn't look

16 good. You know, you've changed the matrix, you've

17 changed by the induction of matrix metaloproteinases.

18 And, indeed, in our own laboratory we showed a variety

19 of different effects that suggest that when you

20 irradiate cells, human mammary epithelial cells, these

21 are non-malignant epithelial cells, you can alter the

22 way the cells undergo morphogenesis when you expose

23 them to another cytokine. Now, this is a cytokine TGF

24 beta which we showed years ago was induced by

25 radiation, so the question was well, how does an
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1 irradiated cell differ in its response to TGF beta

2 versus a non-irradiated cell? And what we show in

3 these 3D images here is that the normal appearance of

4 these cells should be a nice little hallow sphere.

5 And when they're irradiated, in this case with a dose

6 of 2 Cy, which is a high dose, they undergo disruptive

7 morphogenesis. But what's interesting about this is

8 these are the progeny of the irradiated cells. These

9 are ten days out post irradiation, and yet they

10 remember the fact that they've been irradiated, and

11 now response to TGF beta in a quite different fashion.

12 As it turns out, they also, when you

13 expose irradiated epithelial cells, and we've done

14 this with three different cell lines. And, in fact,

15 we've also done it with non-cell line, cell strain,

16 normal epithelial cells, we find that radiation

17 predisposes these cells to now acquire mesenchymal

18 cell markers. And that, actually, is a feature of

19 EMT, epithelial to mesenchymal transition. This is a

20 physiological event that occurs during development,

21 but has also been linked to carcinogenesis. It's a

22 way of cells beginning to acquire motile capacity as

23 they break away from their normal association with

24 each other, and then begin to behave independently.

25 And, indeed, when we measure motility, we can see a
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1 significant increase in the motility of these cells

2 when they've been irradiated and then treated with TGF

3 beta.

4 And, again, the important thing about this

5 is this is the progeny of the irradiated cells, and

6 that it persists for up to several passages in

7 culture. So we're quite interested in well, okay,

8 this is a negative, I would assume a negative effect

9 of radiation. Now, I don't have on here is the dose

10 response. What's fascinating about the dose response

11 here, does it make any difference whether I irradiate

12 them with 2 centigray, or 200 centigray. If I then

13 expose them to radiation -- to TGF beta, they all

14 undergo EMT, so that is a classic indicaci of a non-

15 targeted effect.

16 So we have these negative effects and

17 these positive effects, deletion, how might they play

18 out? There must be some interaction. I think Tom

19 Tenforde alluded to this in his review, so we can

20 induce these abnormal cell phenotypes and genomic

21 instability. Radiation can reduce signals that

22 counteract these events, which is actually going to

23 prevail? So, again, taking these non-malignant

24 mammary human epithelial cells, I wanted to show you

25 an example of this.
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1 Here we're using again two epithelial

2 cells, and we're looking for an indicaci of genomic

3 instability aberrant centrosomes. Centrosomes are the

4 organelles that allow your chromosomes to segregate at

5 mitosis, and if you don't have two, you begin to

6 disperse your chromosomes in odd fashions, and develop

7 very quickly, and then genomic instability. And we

8 see here that radiation is actually -- appears to be

9 acting in a very targeted fashion in inducing these

10 centrosomes aberrations. It's a dose response that

11 goes down to 10 centigray, but that's a significant

12 different down there at 10 centigray, going up to 500

13 centigray.

14 And, furthermore, that's at the first

15 passage. If we now take irradiated cells, clone them

16 and look for instability in the clonal progeny of

17 these cells, we can see that is occurring at doses at

18 least above 10 centigray. Ten centigray didn't seem

19 to persist in inducing this instability. And here

20 we're measuring centrosome aberrations, and here we're

21 using spontaneous DNA damage, these foci that occur in

22 pre-malignant lesions. You can see it's quite

23 increased in this case. So that's a negative effect

24 of radiation, but, again, here's another -- this goes

25 back to this complexity. If you add TGF beta to these

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



98

1 cells, then you can suppress those -- actually, you

2 don't suppress the instability. You actually still

3 generate the aberrant centrosomes, but three days

4 after radiation, you begin to see an increase in

5 apoptosis, so TGF beta induces this apoptosis, it

6 induces it in p53 dependent fashion. And I can go

7 through the details of this if anybody is interested

8 in the experimental. But the important thing about

9 this is that TG beta is actually selectively inducing

10 apoptosis in the aberrant cells. And so when we look

11 at the TGF beta treated population, we can actually

12 see the genomic instability disappearing from the

13 population, very similar to the effect that Georg

14 Bauer, and Portez, and it will come to me showed in

15 selective deletion of transformed cells. So you can

16 have this operational, even in the same population.

17 Right?

18 So there's been a significant interest in

19 how you would incorporate these kind of processes into

20 how we think about modeling radiation effects at low

21 doses. Bobby Scott has probably been the foremost in

22 doing these kinds of modeling, putting all the pieces

23 of information together. And he has a number of

24 papers suggesting that you can actually model this

25 protective apoptosis mechanism as an inhibitor of
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1 neoplastic transformation.

2 So while the evolution -- so I wanted to

3 go back to this. So it's evolving, and the real

4 current emphasis is to find these mechanisms that I

5 was just talking about in the in vitro studies, and to

6 integrate these single cell responses into complex

7 multicellular systems, tissues and organisms.

8 So I think it's important to recognize

9 that this is not unique to radiation biology, that

10 tissues as a modifying influence on oncogenic events

11 is quite well-established in the cancer biology

12 community. Carcinogenesis, you can show with

13 experimental systems that carcinogenesis is suppressed

14 by normal tissues, that's promoted by remodeling

15 tissues, like in wound healing, that malignant

16 genotypes can be reverted to normal phenotypes by

17 modifying the extracellular signal so you actually

18 suppress their malignant features. That's pioneering

19 work by Nina Bissell at Lawrence Berkeley Laboratory,

20 who's been funded by the DOE for her entire career,

21 practically. And that the micro environment, and here

22 we're being very inclusive, inflammation,

23 neovasculargenesis, immune system, stroma is paramount

24 to facilitating this neoplastic progression. So this

25 was pioneered by Beatrice Mints, Barry Pierce, Judah
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1 Folkman and Nina Bissell, but recent studies appearing

2 in cancer cell and in nature have shown that even

3 oncogene models where you've deleted a primary

4 immediate of genomic stability like p53, or you've

5 treated with large T antigen which takes out p53 and

6 RB at the same time. Even in those model systems,

7 what you really need for cancer to occur is the

8 cooperation of other cell types, so the oncogenic

9 event occurs here, but it's the other cell types that

10 actually allow that cell to express its neoplastic

11 potential.

12 So what's important to recognize about

13 radiation, that it affects the pathways by which

14 tumors actually develop. It's not identical,

15 necessarily, to spontaneous radiation. This is work

16 from Alan Balmain's laboratory at UCSF where he showed

17 the genomes of high dose radiation induced tumors are

18 different than those of spontaneous null tumors. And,

19 indeed, the genomes of these high dose down here, this

20 is a comparative genomic hybridization which is

21 showing you loss of regions of the genome versus gains

22 in the region of the genome. And here, the

23 preponderance of the irradiated, the tumors from the

24 irradiated animals incurred in this mix bag of

25 amplification deleters and scrambled genomes.
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1 Interestingly, even though the genomic

2 changes were very different in these tumors, there was

3 no difference in the latency of the tumors, so it

4 didn't predict which tumors were going to come up

5 early or late, an interesting aspect of this biology.

6 So what this is says is that radiation

7 affects the pathways by tumors develop. Radiation

8 actually altered tissue context and progression. In

9 our system, we took mice and irradiated them, and then

10 -- with a high dose here. And this is a published

11 study in "Cancer Research 2000", that showed that if

12 we irradiated with high dose 4 Gy, and the transplant

13 a non-irradiated, non-tumorgenic epithelial cells, we,

14 indeed, got tumors very rapidly in this model system.

15 And we could extend the period between irradiation and

16 transplantation out to 14 days, and still saw this

17 increase in tumor frequency.

18 We've now expanded that study to ask,

19 okay, that's a huge dose, what does it mean for low

20 doses? And we essentially take advantage of the

21 mammary gland, which develops post-natally. If you

22 come in and surgically remove that epithelium, you can

23 transplant new tissue, it will grow out into a normal

24 mammary epithelium, or you can use a genetically

25 modified tissue, like p53 null mammary epithelium
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1 which has a propensity to develop into tumors. So we

2 remove the epithelium at three weeks, we wait until

3 the animals are 10 weeks old, and then we irradiate

4 them now with 10, 50, and 100 Gy, we transplant them

5 with this p53 null tissue, and then we wait for tumors

6 to develop.

7 Under normal circumstances, these tumors

8 develop in the mammary tissue develop at a year of

9 age, and they're quite similar, actually, to humor

10 tumors. They undergo DCIS type lesion, and genomic

11 instability. And what we found, very surprisingly,

12 was that a dose of 10 Gy at 10 weeks of age increased

13 the frequency of tumors at a year of age, quite

14 significantly, and interestingly, with no dose

15 response, 10, 50, 100.

16 Now remember, we're not irradiating the

17 epithelial cells. The epithelial cells have their own

18 innate driver here. But what we're seeing is this

19 drive promotion of the carcinogenic effect. More

20 importantly, though, we can say we now have a better

21 understanding about how that actually operates,

22 because if we now do this in a TGF beta compromised

23 mouse, based on all the biology that we've done in the

24 past, we can see that we can significantly decrease

25 that effect of radiation. So we begin to understand
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1 the mechanisms that are operating to drive this

2 carcinogenic potential.

3 It's even more complicated because one of

4 the things David Boothman's program has shown is that

5 radiation, very low doses of radiation, 10 Gy actually

6 induces the expression of a protein called clustering,

7 which is a pro-survival factor that suppresses TGF

8 beta signal. So, obviously, as we get into this more

9 complicated biology, we're going to have to begin to

10 understand how these phenotypes and the genotype of an

11 individual actually cooperate to initiate cancer

12 susceptibility. So we, obviously, think cancer

13 susceptibility is this complex array of different

14 components, inflammation, immune response, stromal

15 cells, metabolism, but that those then are affected by

16 genotype, and they all interact. So how are we going

17 to pull this apart?

18 Allan Balmain and Zhi-Mingh Huang have

19 proposed a systems genetic approach for studying

20 radiation carcinogenesis, where they now take a series

21 of animals that they've created genetic diversity in,

22 and then they track a variety of different features so

23 they ask this question down here, which is a network

24 analysis to identify susceptibility genes, and these

25 contributions from environmental factors, like
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1 lifestyle, or diet in the case of the mice. They

2 don't have a very elaborate lifestyle. Arnd they've

3 shown, actually, that when they do that, they begin to

4 see these phenotype networks that are associated with

5 tumor resistance. And it's very interesting because

6 it begins to pull out different contributions of cell

7 types in terms of the ability of given tissue to

8 develop a tumor. And what they have found is that if

9 you look for lung cancer versus skin cancer, these

10 phenotype networks shift, and so that again gets to

11 one of the fundament questions in radiation protection

12 is why are some tissues dif ferent than others in terms

13 of their susceptibility to radiation?

14 So, obviously, we need new tools to

15 describe this complexity that I've just dazzled you

16 with, I hope, using systems biology. There's a

17 genetic basis of sensitivity. This is looking for

18 genetic basis, hindered by looking under the lamp

19 post. You look for things that you know about, and

20 then you say ah-hah, or you say oh, didn't work, so

21 there are other ways of doing that where you have a

22 systematic analysis of diverse phenotypes in the

23 context of genetic diversity, which you can have

24 multiple outcomes, increases and decreases in

25 susceptibility.
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1 Then you use data integration of all these

2 things, molecular phenotypes, genotypes, and

3 biochemistry and functional phenotypes to actually

4 pinpoint mechanistic contributions. So in our

5 approach at the DOE Low Dose Program, is to initiate -

6 to think about organisms using these excess haler

7 endocrine, paracrine, juxtacrine signals to

8 orchestrate damage responses of cells, and that

9 actually it's a system, i.e., the tissue or the organ,

10 or the organism that responds to the damage by

11 radiation at the molecular level. So we have to

12 better understand what the system control is of this

13 cancer. And so appreciate the good words about

14 systems biology, because that is an area that the DOE

15 program has initiated actually two years ago in

16 collaboration with the European community. We

17 initiated the first set of workshops in systems

18 radiation biology. Everybody has a different -- well,

19 it's one of those new fields, so there are a lot of

20 different definitions of systems biology, but I think

21 Dr. Mossman and I agree on what makes systems biology

22 the most interesting, is this idea that what

23 distinguishes a complex system from a merely

24 complicated one is that some behaviors emerge as a

25 result of altered relationships between the elements.
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1 And you can actually ask that question, is cancer an

2 emergent phenomena?

3 And believe it or not, I had this slide in

4 there before Dr. Mossman's comments, because this is

5 an example that I always use. I study TGF beta, but

6 this is a fascinating thing. Here's a mouse in which

7 the TGF beta receptors were floxed in fibroblasts,

8 only in fibroblasts. That means that there's a loss

9 of TGF beta signalings in the stroma. And, as a

10 result, you got epithelial cancer at six weeks within

11 birth, and two different types, prostate and squamous

12 carcinomas of the forestomach occurred in these mice

13 so rapidly, just by deleting, and actually not even

14 abrogating because this in a subset of fibroblasts,

15 the signaling from TGF beta in a non-target tissue.

16 I think that suggests that cancer really

17 is about the relationship between cells, and not a

18 feature of the individual cell, per se. So we've put

19 this together as integrative cancer biology, cellular

20 events such be placed in a multicellular and

21 organismal context, systems are maintained by

22 information, in which space, and time, and location

23 are a factor. Radiation may actually give rise to

24 emergent phenomena, i.e., small perturbations and many

25 things that result in big changes like cancer. In

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



107

1 order for us to actually then predict cancer risk, we

2 have to understand how these actually intersect. And,

3 if so, then dose rate may actually alter this in a

4 non-linear manner.

5 So my final slide, and I apologize, I

6 talked really fast, which I know I have a habit of

7 doing, to try to cover the breadth of this program,

8 and I haven't left very much time for questions. So

9 what does it tell us about LNT? We think that

10 responses to low dose radiation are different from

11 high doses, and probably have different sensors and

12 elicit different biology. Non-targeted are a mode of

13 radiation action whose actions may prevail in

14 carcinogenesis, and that's something that we need to

15 understand better how they actually intersect with

16 those targeted mutational mechanisms of

17 carcinogenesis. And that predicting radiation effects

18 actually needs to integrate biology occurring at

19 different levels of tissue organization, so we

20 understand how cell-cell interaction, cell

21 communication across tissues and across organs

22 actually affect cancer in the organism, the human.

23 Thank you. I'll take questions, and thank you.

24 CHAIRMAN RYAN: Thank you very much. Any

25 questions? Dr. Mossman.
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1 DR. MOSSMAN: What are the aspects -- I

2 read this somewhere, and I can't recall who I should

3 give this credit to, but there's on school of thought

4 that says everybody's got cancer, but relatively few

5 people have disease.

6 DR. BARCELLOS-HOFF: Right.

7 DR. MOSSMAN: And what they're referring

8 to is this notion that in prostate cancer in males, in

9 males who die 85, 90 years old, almost all of them

10 have cancerous lesions, but they don't develop into

11 overt disease. And my question is, in the context of

12 emergent biology, what does this say about to what

13 extent do the cells have to acquire emergent behavior

14 in order to make the leap from just in situ disease to

15 overt disease? Is cancer of the prostate, cancer of

16 the breast where you would see similar kinds of

17 epidemiologic data, are these model systems that you

18 would want to look at in-depth, in terms of

19 understanding emergence? The question that I've

20 always had in the back of my mind, at what point does

21 emergence occur? I mean, I'm sure it's not just a

22 discrete phenomenon, that it's something that's

23 gradual, but at some point you ought to be able to see

24 a tipping point, if you will. Any comment?

25 DR. BARCELLOS-HOFF: I think that's a very
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i pertinent question, and it's something that's only

2 beginning to be better recognized in the cancer

3 biology field. We've been in a paradigm of

4 reductionism where we're thinking about the oncogenic

5 changes, or genetic changes that occur in the cells,

6 and that's been very, very informative. It's pointed

7 us in the direction of a lot of intrinsically

8 interesting biology, and looking at those mutated

9 cells. But, again, all these models I referred to,

10 and I can give you the reference list where it shows

11 large key antigen, oncogene doesn't actually operate

12 to induce cancer of the skin unless there's a b-

13 lymphocyte cooperation, and doesn't induce cancer in

14 the pancreas unless there's macrophage cooperation.

15 And you can eliminate those cell types, and you

16 eliminate cancer incidence, so emergence is actually

17 the key feature of cancer biology.

18 I started with the idea that my research

19 group, we all walk around with initiative cells. It's

20 just a function of breeding, breeding and inefficient

21 repair mechanisms. But what actually drives clinical

22 disease is the ability to escape that normal tissue

23 control, and so the studies that you're referring to,

24 there was a -- there are autopsy studies published in

25 Lancet, and, essentially, if you look at breast, if
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1 you look at prostate, if you look at thyroid cancer,

2 90 percent of all -- well, I would say just about

3 everybody in this room has incipient thyroid cancer,

4 yet, the incidence of clinical disease in a 50-year

5 old plus population is one in 4,000. So it's very

6 interesting biology, shift in our paradigm about what

7 we're thinking about cancer.

8 CHAIRMAN RYAN: Allen, you have a

9 question?

10 VICE CHAIRMAN CROFF: Yes. A question on,

11 I guess, definitions. I think you clearly defined low

12 doses on the order of a few centigray early on. What

13 do you define as a low dose rate?

14 DR. BARCELLOS-HOFF: Oh, do we have a

15 functional definition of low dose rate, Noelle? So

16 our low dose is 10 centigray and below, low dose rate,

17 I think anything delivered in less than the standard

18 100 rads a minute or thereabouts is maybe a little bit

19 lower than that.

20 DR. METTING: Yes. Just for fun, I say

21 one gray and one day is what, 1,000 times background

22 radiation, something like that.

23 DR. BARCELLOS-HOFF: But there's not a

24 standard definition in the program. A lot of people

25 use different --
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1 VICE CHAIRMAN CROFF: Okay. But in the

2 terms of dose rate, low is high.

3 DR. BARCELLOS-HOFF: Okay. Well, yes. We

4 don't do our experiments on the order of human

5 exposures.

6 VICE CHAIRMAN CROFF: Okay.

7 CHAIRMAN RYAN: One follow-up question to

8 your discussion with Dr. Mossman. So where do we fit

9 -- this is a novice question, so forgive me. Where do

10 we put our emphasis then? We put our emphasis on the

11 thing that keeps the thyroid cells from not expressing

12 a cancer, or do we think about cells and what triggers

13 the --

14 DR. BARCELLOS-HOFF: Well, let me put it

15 this way. I've written a couple of proposals, I

16 haven't had any luck with funding yet, but I'm going

17 to persist in this idea. A really interesting thing

18 about the non-targeted effects is epigenetic effects

19 that are modifiable. Mutations you can't do anything

20 about. Once you've been irradiated, you've got a

21 mutation, you got it, but I don't know what your's is

22 versus mine, versus the person next to you. Right?

23 And if we understand how normal tissues suppress

24 carcinogenesis, then we can really support that under

25 the circumstances that you're treating clinically, or
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1 if you have an accidental exposure to a population

2 that the NIAID is interested in. But understanding

3 how these two components intersect in terms of

4 radiation I think actually, something I'll talk about

5 in my NCRP talk next week, is the way I think about

6 this, and I didn't put it in here because I'm trying

7 to represent the program, is that the non-targeted

8 effects actually do cooperate, and radiation acts as

9 a carcinogen, primarily because of that cooperation.

10 But we don't know how the non-targeted effects

11 actually operate in the dose response fashion in in-

12 tact organisms, other than to say they seem to act

13 more switches. Right? On and off, like my 2

14 centigrade versus 200 centigrade, which is on or off.

15 And, therefore, then it becomes critical as to what

16 turns the switch on, so what is the threshold.

17 CHAIRMAN RYAN: Thank you. Good luck with

18 your proposals. Thank you very much. Without further

19 ado, I'll introduce Dr. Bernard Le Guen, who is the

20 President of the Commission on International

21 Relations, and President of the Research and Health

22 Section of the French Radiation Protection Society.

23 DR. LeGUEN: Well, just before to begin,

24 I would like to have a comment. You know,

25 radiobiology is a long story, and before about the
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1 explanation on cancer, we talk about cells disease.

2 Today, we talk much more on tissue disease or body

3 disease, and that's why -- and beyond your question,

4 there's another comment. It's the problem of

5 extrapolation from in vitro study to in vivo study.

6 That's why it's so difficult. So thank you for your

7 invitation.

8 So I will try to explain to you in 45

9 minutes the estimation of the carcinogenic effects on

10 low doses of radiation, and particularly about the

11 French Academie reports, because I am one of the co-

12 writers of this report.

13 Over the past 20 years, the French

14 Ministry of Research has asked the Academie des

15 Sciences to carry out a critical review of the

16 available data regarding the effect of low doses of

17 radiation has. And in 2003, the two Academies, the

18 Academie of Science and also the Academie of Medicine

19 decided to join the effort for an update of two main

20 topics. So those carcinogenic effects relationships,

21 and the carcinogenic effect of low doses. So a

22 working party was set and a report was accepted after

23 a few modification, and continue, today we are in

24 2008, and continue to work on these topics, I'm sure

25 in next years we'll continue, too. So this report was
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1 released in March 2005.

2 So another remark about the Kenneth

3 Mossman presentation this morning. The main problem

4 for both medical and non-medical uses of radiation is

5 a possible carcinogen risk associated with small doses

6 of ionizing radiation. And these eventual risks are

7 also of great importance with regard to natural

8 irradiation. We are today in the ACNW meeting. For

9 example, it would be of great value to assess the risk

10 of lung cancers caused by various radon concentrations

11. in the air at home, or at work, and whether there is

12 a practical threshold below which the risks become

13 negligible. Because a narrow estimation of the risk

14 associated with exposure to radon at home could lead

15 either to overlooking serious public health problems

16 given the number of people exposed, or conversely, to

17 insuring considerable pointless expense in order to

18 limit such exposure. So, again, the problem of

19 management of risk.

20 So the assessment of carcinogenic risk

21 associated with doses of radiation from 0.20 to 50 is

22 based on numerous epidemiological data. However, the

23 doses which are delivered during medical x-ray

24 examination, or the dose received by nuclear workers,

25 or in regions of high natural background radiation are
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1 much lower, from 0.1 mSv to 20 mSv. So the evolution

2 of the cancer risk of low dose is of great importance

3 in medicine, but also in nuclear.

4 Here you can see the radiation of more

5 than 50 person over 10 years of the average individual

6 dose in mSv. So nuclear energy delivers about 1 mSv

7 per year to each person in France, in the vicinity of

8 stations so dose can reach 50 mSv per year. People

9 working in the nuclear industry receive an average of

10 1.5 mSv per year, with a large increase over the last

11 10 years due to CLR process. So the impact on health

12 varies widely, depending on how it is estimated

13 between zero impact, and several dozen cases per year

14 for the entire French population. And between zero

15 and a few little cancers per year for workers. Next

16 one.

17 Well, following small doses, no excess of

18 cancer has been detected with epidemiological studies.

19 However, the lack of an increase does not excludes the

20 possibility of a small concentration of cancers.

21 Solid tumors, and leukemia have spontaneous incidents

22 and varies according to lifestyles. Possible increase

23 in this incidence following irradiation is relatively

24 low, so the study must have sufficient statistical

25 power which requires large cohorts. But in large
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1 population, confounding factors are present, and they

2 must be taken into account by appropriate statistical

3 measures, because their specific affect can be much

4 greater than the effect of radiation. Of course, you

5 know tobacco consumption, but here you have also an

6 example. With the increase of the incidence of cancer

7 simply due to the aging process. Next one.

8 All the difficulties must be taken into

9 account with epidemiological studies, cosmic

10 radiation, external exposure due to earth radiation,

11 but also internal exposure due to drinking water.

12 Next.

13 Following exposure to low doses,

14 epidemiological studies have no evidence any

15 significant effect, because either there is no effect,

16 or the effect is too small to be detected by such

17 studies. These results, which are sometimes described

18 as negative results, are useful because they help to

19 assess the upper limits of the potential risk, and can

20 be included in meta-analysis. Next.

21 Moreover, some important new facts have

22 emerged, such as feasibility and value of studies

23 comparing the morbidity and mortality in regions with

24 high and low levels of natural irradiation, but

25 similar lifestyle. Next.
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1 So the question is what is a good relation

2 between dose and effect? At low doses, you know, and

3 we talked a lot about different possibilities, and you

4 know that the regulator has taken the LNT curves.

5 Next. Continue. And it's always interesting to have

6 a look at the long history of radiation protection.

7 The LNT model was used in 1956 by Russell

8 to evaluate the radio induced mutations germ cell line

9 in the mouse. It was introduced between 60 and 80 for

10 the purposes of regulation in radiation protection

11 with regard to all mutagenic and carcinogenic effect

12 in humans.

13 In the 60s, the International Commission

14 of Radiation Protection introduced it because it

15 alludes to the addition of second shell irradiation

16 delivering low or high doses of radiation received by

17 an individual, whatever the dose rate and the

18 fractionation. Tests which really simplifies

19 accounting in radiation protection. However,

20 gradually LNT was interpreted as a meaning that the

21 carcinogenic risk is proportional to the dose, and

22 that even the smallest dose induces a cancer risk.

23 Next.

24 So the LNT has been used for assessing the

25 effect of low and very low doses. This procedure has
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1 become the norm in many radiation protection cycles,

2 but the validity of the LNT has been challenged over

3 the past decade for two main reasons, and we talked

4 about that. We talk about the meta-analysis of the

5 animal data have shown the absence of any carcinogenic

6 effect of doses below 100 mSv. And, also, with Mary

7 Helen, about scientific progress as reveals the

8 complexity of carcinogenesis, and the diversity of

9 effectiveness of the responses of a cell to radiation.

10 Indeed, a cell is not passively affected

11 by the accumulation of lesions induced by ionizing

12 radiation. It reacts through several mechanisms. The

13 LNT model postulates that the cell reacts the same way

14 regardless of dose rate, and dose, which implies that

15 the probabilities of death and mutation per unit dose,

16 and the contribution to carcinogenesis of each

17 physical event remains constant irrespective of the

18 number of lesions in the cell, and the neighboring

19 cells. This consistency amid several hypotheses --

20 you can see it's a different hypothesis here, and

21 these hypotheses are not consistent with current

22 radiological knowledge which shows that cells do not

23 remain passive when they are irradiated, either by

24 solar UV, or by ionizing radiation. Moreover,

25 intercellular communication system inform cell about
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1 the presence of neighboring cells. Next.

2 So using recent molecular approaches

3 radiation impacts -- so DNA lesions in cells and

4 tissue has been measured down to very low doses below

5 1 mGy, and this allowed to get important new insight

6 in the effect on cells and tissues that was formerly

7 inaccessible in that range. It is not surprising some

8 results obtained change our understanding of ionizing

9 radiation induced effects at low and very low doses.

10 Next.

11 So radiation risk evaluation are concerned

12 with radiation effects that lead to long-term genetic

13 effects such as genetic alterations or mutations,

14 general stability, malignant transformation, and

15 cancer.

16 In the case of low inner transfer

17 radiation, such as photons or electrons, when the

18 whole body is exposed to 1 mGy, each cell is on

19 average grows by one electron. Each electron induces

20 in average, two DNA lesions. This initial effect is

21 proportional to the dose, and is direct or indirect

22 consequence of a high transfer of energy within or

23 alongside a DNA molecule. Oxidative stress stimulate

24 enzyme systems that detoxify active spaces of oxygen

25 and induce synthesis of enzyme that destroys them. In
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1 parallel, oxidative stress also activates neural

2 signal pathways, so about DNA damage, it is not the

3 initial physical chemical events that change, but

4 their outcome. So defense mechanism is induced in a

5 cell depend on the degree and the nature of the

6 cellular damage.

7 The defense mechanism induced in a cell

8 depend on the number and nature of cellular damages.

9 The number of double-strand breaks caused by 1 Gy dose

10 has been estimated to be between 30 and 40. In

11 contrast, the number of double-strand breaks of

12 endogenous origin produce in each cells by the

13 oxidative metabolism remain controversial. It has

14 been estimated to be eight per day and 50 per cell

15 cycle by Vilenchik who estimates that about one

16 percent of single-strand break turning to double-

17 strands breaks, and there are about 3,000 single-

18 strand break per day. It's interesting to note that

19 the double-strand break caused by natural irradiation

20 of 2 to 25 mSv per year only seems to correspond to a

21 very small fraction of the total number of double-

22 strand breaks, less than 1 per 1,000. Next.

23 In recent years, some new findings have

24 alerted radiation biologists, K-shell activation by

25 low LETs ionizing radiation, the emission of two
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1 energy Auger electrons can induce complex DNA damages,

2 like DNA double-strand breaks. Also, very low energy

3 electron, below 10 electrovolt can give rise to

4 double-strand breaks, and high LET and low LET

5 radiation can give rise to locally multiply damaged

6 sites in DNA.

7 In the light of theoretical considerations

8 and in vitro experimental studies, it has been

9 proposed that ionizing radiation could induce multiple

10 localized lesions consisting of two or more DNA

11 lesions form within one or two helical turns of the

12 DNA molecule at the end of the single radiation track

13 located within a distance of less than 20 base pairs

14 within the DNA. These very complex lesions are

15 considered to be responsible to a large extent for the

16 genotoxic effect of radiation.

17 LMDS are thought to be responsible for

18 most genotoxic effects such as lethality, mutations,

19 chromosome aberration, cell transformation, and

20 cancer, said BEIR VII. However, the number of such

21 lesions induces in a cell and their impact have not

22 yet been clearly established. Much work has been done

23 in recent years to better define and quantity these

24 lesions in irradiated cells, and to determine their

25 biological consequences. However, LMDS are difficult
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1 to quantify human cells, and their number, if present,

2 is quite limited. Most of cluster lesion make consist

3 of complex double-strand breaks. In most cases,

4 cluster of lesion are found refactory to repair. But

5 those lesion are lethal, and non-mutagenic. That is

6 unlikely to contribute significantly with mutagenic

7 and carcinogenic risk of ionizing radiation for

8 humans. So differences in the efficacy of the

9 protection system are supported by various

10 experimental and clinical data, but with equal doses

11 the mutagenic effect varies markedly with dose rate.

12 When the dose rate increases, the mutation frequency

13 after having passed through a minimum increases

14 strongly.

15 On this figure, you can see indication of

16 double-strand breaks is reduced after exposure at low

17 dose rate, so 0.5 Gy/min, as compared to exposure at

18 high dose rate, 3.5Gy/min, so another definition, we

19 talked about that before. You know, at equal dose,

20 when the dose rate is low, the number of lesions

21 simultaneously present in the cell is limited.

22 Conversely, a high dose rate leads to the simultaneous

23 presence of a large number of lesions, which

24 interferes with the coordinated action of repair

25 systems, and also increases the probability of error-
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1 prone endjoining due to the presence of several

2 double-strand break in a restricted volume.

3 Conversely, a limited number of lesions

4 induces reversible arrest of the cell cycle, which

5 enhances repair. A high amount put on to cell cycle

6 average which can lead to apoptosis. And that's very

7 interesting to note that in this slide you can see the

8 induction of double-strand break in the repair-

9 deficient Chinese hamster ovary shows an absence of

10 dose rate effect on the induction of double-strand

11 break due to the absence of repair in the cell line.

12 So the effectiveness of DNA repair systems is

13 evidenced by the lack of any reduction of the

14 mutagenic and lethal effect as the dose rate decreases

15 in the cell line, in which the DNA repair system are

16 impaired. This lack of repair is also observed when

17 yeast or mammalian cells are exposed to gamma rays at

18 zero degrees Celsius, a temperature that inhibits the

19 repair enzymes. The number of DNA double-strand

20 breaks is identical at high and low dose rates,

21 whereas, at room temperature it is much smaller at the

22 lower dose rates. So the dose rates determines the

23 average time interval between physical hits. It has

24 a major effect on the cellular response, so biological

25 effects of irradiation lethality, mutagenesis,
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1 chromosomal aberration, and so on decrease as the dose

2 rate decreases. So biological effect of irradiation

3 depends on two distinct factors, the greater efficacy

4 of the DNA repair at low dose rates, and the

5 probability of damaged cells to be eliminated by

6 death.

7 DNA damage signaling via ATM protein and

8 H2A phosphorylation was found to be absent at a very

9 low dose rate, 1.5 Gy/min, and associated with

10 lethality but present at a slightly higher dose rate,

11 4.16 Gy/min, and at high dose rate 750 Gy/minute. So

12 Collis and collaboration has shown that at a very low

13 dose rate, double-strand breaks are recognized by

14 detector proteins, but not repaired, because of an

15 absence of activation of ATM, so an absence of DNA

16 damage signaling. So signaling of DNA damage double-

17 strand break depends of dose rate. At higher dose

18 rates, DNA damage signaling is taking place. There

19 appears to be a tracer for ATM dependent signaling and

20 DNA repair.

21 Dose rates changes affect genes of

22 radiation induced apoptosis but not genes of cell

23 proliferation, because exposure at very low doses

24 levels of chronic radiation may cause more cell

25 killing than that estimated from extrapolation at
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1 higher doses. Next.

2 For some cell types, mortality is very

3 high per dose unit as the onset of irradiation during

4 the first 200 mGy, then falls to a very low level

5 before increasing again. This low level

6 hypersensitivity is observed in many cell types

7 leading to a high mortality rate per dose unit for

8 doses of less than a few hundred mGy of low LET

9 radiation. This variation in the mortality rate per

10 dose unit indicates that the cellular defense

11 mechanism against lethality, which initially show

12 little efficacy become more effective during

13 irradiation. And this initial hypersensitivity

14 eliminates damaged cells with mutagenic potential

15 after low doses of radiation. Next. So variations in

16 DNA repair efficiency, different for dose rate, but

17 not only, depend also on genetic background, depend on

18 the different status of cells and tissue, and depends

19 on age. Next.

20 So DNA damage signaling is necessary for

21 DNA repair. Deficiencies in DNA repair are

22 associated with cancer. Deficiency in DNA repair are

23 associated with individual hypersensitivity, and may

24 cause premature aging neurodegeneration, and

25 immunodeficiency. Next.
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1 Well, I didn't prepare my slide with Mary

2 Helen, but I have exactly the same example with

3 another publication. Let me present to you an example

4 with normal human skin cells. Specific molecular

5 responses are triggered in cultured primary

6 keratinocytes from adult skin at low doses, 10 mGy, or

7 at high doses, 2 gray of gamma rays. Using DNA

8 microarrays, it is shown that among 850 modulated

9 probes, the expression of 214 are specifically

10 modulated by low doses, 10 mGy, and 370 genes are

11 specifically modulated by high dose 2 gray exposure.

12 Low dose specific genes, 140 known genes, include

13 mostly genes of homeostasis, cell communication,

14 signaling, membrane, cytosketelon, RNA and protein

15 synthesis, chromatin, energy metabolism, stress, cell

16 death and transport but rarely DNA repair genes.

17 Conclusion, the radiation response at low dose is

18 rather specific, and quite different from that

19 obtained at high dose. Next.

20 Another experiment on yeast at very, very

21 low dose, studies carried out with the DNA micro array

22 techniques, and yes, show that continuous irradiation

23 at a dose rate of 20 mGy/h so lower than the level of

24 irradiation that causes a detectible (lethal,

25 mutational) biological effect is enough to change
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1 intercellular signaling without modifying the genome

2 to activate or inhibit numerous genes involved in the

3 general metabolism, and in defense against ionizing

4 radiation. Such mechanism bring into play defenses at

5 dose of the same order as those due to natural

6 irradiation. It's possible to reduce or prevent its

7 potentially harmful effect. Next.

8 So when we compare repair double-strand

9 breaks it depends ionizing radiation dose, and the

10 answer is not linear, and you can see an absence of

11 repair at 1.2 mGy in this experiment. When a large

12 number of cells in the same tissue are killed or

13 damaged, repair and proliferation mechanism are

14 triggered, which are intended to protect the integrity

15 and function of the tissue. By means of intercellular

16 communication system, the reaction of the cell to

17 irradiation, therefore, seems to be influenced by the

18 number of cells affected. Some DNA repair system are

19 activated by low doses of ionizing radiation, but

20 associated with apoptosis. So the disappearance of

21 damage cells seems to result from the rate of

22 activation of repair system, which leads to an absence

23 of repair, and to cell death, and from high fidelity

24 repair from constitutive systems. When only a f ew

25 cells are damaged, this elimination strategy seems to
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1 be optimal because repair system are sometimes error-

2 prone and can potentially lead to the emergence of

3 pre-cancerous and subsequently cancerous cells. Next.

4 So to summarize with another publication,

5 low dose radiation increased phosphorylation of

6 proteins involved in the more general biological

7 processes, and not specific genotoxicity-related

8 responses. And high dose radiation increase

9 phosphorylation of proteins involved in the cells

10 signaling pathways and apoptosis. Next.

11 So the cell response, therefore, seems to

12 depend on the dose, the dose rates, and the cell type,

13 and without doubt on the concentration of damaged

14 cells. So extrapolation from high dose effects to low

15 dose effects do not respond to the actual rate of

16 living cells to ionizing radiation.

17 DNA damage or modification of the

18 chromatin are detected by signaling proteins. The

19 activity of these proteins is modulated by the number

20 of lesions, and by messages from neighboring cells.

21 These protein activate phosphokinase transmitters, in

22 particular, the protein encoded by ATM gene and the

23 ATR genes. In turn, these transmitters modulates the

24 action of proteins involved either in cell cycle

25 control, so the interruption of which promote repair,
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1 DNA repair, or in triggering apoptosis. So, hence,

2 the cell reacts to irradiation by a global and

3 integrated response that involves several enzyme

4 systems which governs the efficacy of DNA repair, and

5 the probability of cell death, of senescence

6 eliminating damaged cells. DNA induced damage is

7 constant per unit dose, the probability of mutation is

8 modulated within a framework of what could be called

9 a strategy of least cost.

10 Consequences of the tissue level cells are

11 usually embedded in tissue. At very low ionizing

12 radiation doses ionizing radiation damaged cells do

13 not survive, and are eliminated. Tissue function are

14 not compromised. At higher doses, a substantial

15 fraction of cell damage, tissue function cannot be any

16 more assured except if cellular damage is repaired,

17 and cells are allowed to survive even if mutation and

18 fulfill some of the tissue function. This, however,

19 may also allow genomic instability, malignant

20 transformation, and cancer to occur. Next.

21 So all the radiobiological phenomena which

22 contradict LNT hypothesis, and we saw that before with

23 bystander effects, low dose impaired sensitivity,

24 adaptive radiation response, I tried to win some time

25 because Mary Helen showed that before, so tried to
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1 respect my time. Next.

2 But I would like to talk about adaptive

3 radiation response. The existence of an adaptive

4 response is now well established. The first low dose

5 of radiation leads to a reduction of the mortality of

6 organisms in vivo. The number of mutation and the

7 rate of neoplastic transformation caused by a second

8 irradiation carried out during subsequent hours or

9 days. This inducible and transient protective effect

10 seems to occur also in humans, and appears to result

11 from a stimulation of cell defense and DNA repair

12 system. At the cellular level, an increase in

13 lethality may be observed as a result of apoptosis and

14 delayed mortality due bystander effect. One

15 hypothesis is that Genotoxic physical agents, UV and

16 ionizing radiation, were present when life appeared on

17 earth, and very likely at that time irradiation was

18 generally more intense than today. Recent work has

19 revealed the efficacy and multiplicity of defense

20 mechanism which developed during evolution, many of

21 the systems are targeted against reactive oxygen

22 species produced by irradiation. Next.

23 And that's very interesting, and also Mary

24 Helen talked about that. Recent works shows that low

25 doses selectively remove transformed cells in co-
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1 culture by stimulating intercellular induction of

2 protective pro-apoptotic process mediated by reactive

3 oxygen and nitrogen species and TGF beta that

4 eliminates cell with genomic instability. These may

5 relate to positive effects of low dose ionizing

6 radiation, radiation hormesis, showing a reduction in

7 transformation frequency after low doses. The low

8 dose saturation of radiation induced apoptosis in pre-

9 transformed cells as potential implication for the

10 effect of low doses of ionizing radiation on the

11 naturally occurring anti-cancer defense mechanism.

12 These effects are not compatible with the LNT model.

13 Next.

14 Also, non-targeted effects of ionizing

15 radiation might be interrelated and possibly have a

16 protective role under in vivo consideration by

17 promoting differentiation. This effect might relate

18 to adaptive responses because of increased non-

19 targeted differentiation in irradiated samples. Based

20 on this experimental data, Berlyakow and collaborators

21 proposed as a main function of non-targeted effects,

22 the decrease of the risk of carcinogenesis in a

23 multicellular organism exposed to oxidative damage.

24 Next.

25 About bystander effects, bystander effects
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1 can be beneficial or detrimental depending on the cell

2 type and the range of doses analysed. So it is

3 possible that bystander effects play a role below one

4 to 5 mGy where few cells are actually damaged by

5 irradiation. Are there bystander effect in vivo and

6 in radiation therapy? I don't know. What about

7 abscopal radiation effect? Yes, they may arise, but

8 they need to be fairly defined before assuming that

9 bystander effects radiation induced carcinogenesis.

10 Next.

11 Well, a new concept in radiation biology

12 emerge. Cells respond even very low radiation

13 impacts. The response to ionizing radiation involves

14 activation of defense mechanism, maintenance and death

15 pathways. Cell react differently at high and at low

16 doses, or dose rates of ionizing radiation. The

17 ionizing radiation response involves activation of

18 signaling pathways, and different genes families are

19 activated. At low doses and dose rates a multitude of

20 parameters influence the cellular fate, whereas, at

21 high doses, and doses rates cellular responses are

22 more directly channeled towards survival, genomic

23 instability, and malignance transformation of cell

24 death. Next.

25 Radiation induced carcinogenesis is
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1 considered a multi-step process, and is initiated DNA

2 damage and genetic alterations in somatic cells which

3 after stepwise promotion and progression will cause

4 cell transformation, and the development of cancer.

5 It is strongly dependent on the cell and tissue

6 microenvironment. These interaction are ongoing, and

7 play a crucial role in tissue transfusion during

8 embryogenesis, growth, and the repair of damaged

9 tissues. The conventional model acknowledges that by

10 a series of stages modification of the genome confer

11 a selective advantage on the cell during

12 carcinogenesis. We know now that this phenomena

13 cannot be described by a linear process during which

14 successive genome damages accumulate at random.

15 Carcinogenicity is a phenomenon that cannot be reduced

16 but to a series of mutations due to independent

17 stochastic lesions occurring in the same cell.

18 Indeed, it affects all aspects of genome function.

19 The association of genetic and epigenetic mechanism is

20 now well-established. The process leading to the

21 transformation of the normal cell into a tumor cell is

22 interpreted as a Darwinian selection process

23 determined by a series of genetic or epigenetic

24 events, each or which gives the initiated cell a

25 selective advantage in terms of survival or
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1 proliferation within the tissue to which it belongs.

2 The cells, the tissue, and the body all have defenses

3 against carcinogenic processes, and these must be

4 successively overcome for carcinogenesis to occur.

5 Cell death, therefore, appears to be a main safeguard

6 mechanism, in particular programmed death or

7 apoptosis. Next.

8 So cell tissue and body defenses against

9 cancerization, so we saw all together the

10 intercellular system and cell proliferation control is

11 important. Death of initiated cells which has escaped

12 to a safeguard mechanism, apoptotic response, are also

13 important. Control by neighborhood cell, secretion by

14 neighborhood cells and stroma of regulation factors,

15 inhibitor of proliferation, bystander effects,

16 exchange of signalization, and regulation molecules by

17 intercellular gap junction are also important.

18 And I would like to focus on the last one,

19 mechanism of immunosurveillance. Perhaps, this is the

20 answer to the question of Kenneth Mossman before.

21 Because at the whole body level, escape of the immune

22 surveillance responsible for eliminating tumor cells

23 is based on selection of cells that are capable of

24 escaping from it. For instance, by the low self

25 expression of the competence of the major
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1 histocompatibility complex. Carcinogenesis may be

2 facilitated by a reduction in human defenses when a

3 large segment of the body has been irradiated. So, in

4 conclusion, next -- why LNT may be useful for the

5 administrative organization of radiation protection.

6 It's used for assessing carcinogenic risk induced by

7 low doses, such as those delivered by diagnostic

8 radiology, or the nuclear industry, is not based on

9 valid scientific data. All the data shows the lower

10 effectiveness of low doses, and dose rates. Moreover,

11 the quantitative discrepancy between the results of

12 the various epidemiological and animal experiment

13 studies supports the view that there are several dose

14 effects relationships rather than only one, and

15 perhaps would be the answer to your question before.

16 Their parameters depends on the type of

17 cancer, the type of ionizing particle, radiation dose,

18 dose rate, fractionation of irradiation, species

19 breeding line within the same species, target tissue,

20 volume irradiated, age, and individual sensitivity

21 factors. Epidemiological and biological data are

22 compatible with the existence of a threshold but

23 cannot today demonstrate its existence, or assess its

24 value somewhere between 10 and 60 Msv. The concept of

25 collective dose can be used for alleviating the cancer
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1 risk in a population. So my last slide, to say if you

2 are interested by those topics, you can find an

3 English version of the Academie Medicine and Science

4 report on the web line. Thank you for --

5 CHAIRMAN RYAN: Thank you very much, Dr.

6 LeGuen. Any questions or comments? We have five

7 minutes. Let's see. We'll start with Dr. Puskin.

8 DR. PUSKIN: Thanks. That was very

9 interesting. I would just like to be a little bit of

10 the devil's advocate here. One of the things you

11 cited was the Lobrich and Rothkamm study, which showed

12 a threshold below which there was no repair. I'd just

13 like to mention that a lot of people question that

14 study in terms of the methodology, the assay that was

15 used, that it was unreliable. And also, when they did

16 a later study with patients who had been -- humans now

17 had had CT scans at somewhat higher dose than where

18 the threshold was, but not very high, on the order of

19 1 centigray, they found there was repair in the human

20 body. So there's a lot of questions to the importance

21 of that study.

22 Then a second thing I'd mention is that -

23 and it's also something in Mary Helen's talk, that

24 there's a difference in how cells react to high doses

25 versus low doses, it's certainly true. But we already
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1 know that cancer is caused at 10 centigray. What

2 we're really interested in is the difference between

3 lose doses and very low doses. And my understanding

4 is that Dr. Lobrich's study, he didn't find any

5 difference there that he could show. And then the

6 immuno surveillance, I'm not sure exactly what you're

7 -- I missed exactly what your point is, but it's

8 pretty clear that immuno surveillance may not be

9 perfect, even at the lowest doses, or at least it does

10 -- we know that people get cancer without any excess

11 radiation, so whatever -- no matter how low the dose,

12 it appears that the immuno surveillance is not able to

13 pick up all these pre-malignant cells, and stop them

14 from becoming cancer cells, unless it somehow works

15 for radiation differently than everything else. But

16 maybe your point was that radiation could stimulate

17 the immuno surveillance.

18 DR. LeGUEN: You know, I'm a radiation

19 oncology physician, and one of my masters was Georges

20 Mathe, and Georges Mathe during the 60s was thinking

21 a lot about the link between cancer and the human

22 response. And at this time he has no tool to -- but

23 he was his idea. In fact, I'm very happy to see now

24 a lot of experiment with new molecular biology. It's

25 a new tool. To be -- we believe a lot in the immuno

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



138

1 surveillance. I think one of the response to the

2 question to Kenneth Mossman, if you take prostate

3 cancer, and we know that some people will have a very

4 aggressive cancer, and others not, one of the

5 explanations is to say well, one moment, there is

6 something in the body that we have - I don't know - a

7 cell, will become much more aggressive because it's

8 not under control, under pressure of the immuno

9 surveillance. And we know when we have a deficit,

10 when you have a disease, and immunological disease, we

11 have much more risk to have cancer than if we have not

12 this kind of disease. So the human pressure is very

13 important. It's one of the parameter, it's not only.

14 That's why I say, it's different parameters, and with

15 those natural sensitivity, with also the different

16 tissue sensitivity, the neighboring cells, the tissue.

17 That's a wall response, not one response.

18 DR. PUSKIN: I mean, it's unquestionable

19 that the body, including the local environment could

20 suppress a cell that's mutated from becoming a cancer

21 cell. The question is, is the probability of it

22 becoming a cancer cell any different at very, very low

23 doses, compared to 10 centigray, and --

24 CHAIRMAN RYAN: Let me get Dr. Land's

25 question before we break for lunch.
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1 DR. LAND: Oh, I was just going to comment

2 that in your conclusions, your sum-up, it seemed to me

3 you make a very good argument against use of high dose

4 excess relative risk, or excess actual risk per gray

5 being applied at very low doses. But it's not an

6 argument -- it doesn't seem to me that it necessarily

7 leads to a threshold, it leads to a DDREF. And the

8 DDREFs are used routinely, it's accepted the idea.

9 And so the question, it seems to me, is more like what

10 is the DDREF, rather than --

11 DR. LeGUEN: That's it. That's a very

12 good question. You're right. I agree with you. So

13 the problem is the assessment of the risk and the

14 DDREF. I fully agree with you. And one of the -- the

15 question for the future is this, if we can assess at

16 the very low dose, the real risk associated with DDREF

17 more precisely than today. That's the problem.

18 You're right. You're right.

19 DR. LAND: You know it's higher than two,

20 though.

21 DR. LeGUEN: Yes, yes. Yes, I know.

22 CHAIRMAN RYAN: All right. With that, we

23 will close our morning session and reconvene promptly

24 at 1:00.

25 (Whereupon, the proceedings went off the
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1 record at 11:50:08 a.m., and went back on the record

2 at 1:05:05 p.m.)

3 CHAIRMAN RYAN: Come to order please.

4 All right. Thank you very much. We'll

5 open our afternoon session and the first speaker this

6 afternoon is Dr. Charles Land from the National Cancer

7 Institute.

8 Dr. Land, welcome and thanks f or being

9 with us.

10 OVERVIEW OF UNCERTAINTIES IN THE ESTIMATES

11 OF LOW-DOSE EFFECTS

12 DR. LAND: Well, I guess this will be

13 fairly self-explanatory.

14 The background for this particular talk is

15 ultimately quantitative uncertainty analysis which I

16 discovered as a well -established field of study and it

17 is the really basis for what follows. And NCRP

18 Commentary No. 14, "A Guide for Uncertainty Analysis

19 and Dose and Risk Assessments Related to Environmental

20 Contamination" I think is where the NCRP first became

21 involved and basically it's the evaluations of risk

22 are based on a combination of statistical and

23 subjective sources of uncertainty. That's the -- of

24 it.

25 And then where I came in working with
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1 Warren Sinclair and Andre Bouville on NCRP report 126,

2 "Uncertainties in Fatal Cancer Risk Estimates used in

3 Radiation Protection" I think it was very illuminating

4 to me. I didn't know anything about this before from

5 the side of a statistician. But it really does

6 develop into what I think I call a "New Paradigm" for

7 expression of radiation-related cancer risk and for

8 dealing with what we don't know well but can't ignore,

9 things you just can't leave alone.

10 Some examples of New Paradigm examples,

11 there is the report of the NCI-CDC Working Group to

12 revise the 1985 NIH Radio-epidemiological Tables in

13 2003. There's ICRP Report 99, "Low-Dose Extrapolation

14 of Radiation-Related Cancer Risk" and then something

15 I wasn't involved in which was BEIR VII.

16 All of these used this general approach.

17 The way it works is first you do statistical analysis

18 of epidemiological data and the new wrinkle is that

19 they are corrected for dosimetric uncertainty in the

20 data that underlie this analysis. And it yields, this

21 analysis yields, estimated excess per Gy if linear

22 with confidence limits or statistical uncertainty

23 distribution. And then takes a quantitative

24 uncertainty analysis approach to necessary, but

25 uncertain, assumptions needed to apply the statistical
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1 information to risk analysis.

2 And I'll just make a couple of technical

3 notes which are kind of dry, but in all this risk is

4 an actuarial concept. I'm not talking about personal

5 risk. I'm talking about the thing that you can

6 actually estimate and verify on the basis of

7 population rates and you apply to an individual, if

8 you do, as a property of a population to which he or

9 she is assumed to belong. Okay. I don't know what

10 anybody's, any individual person's, actual risk is.

11 Excess risk can be expressed in relative

12 terms as a multiple of baseline. That's Excess

13 Relative Risk. or absolute risk as an addition to

14 baseline, that's Excess Absolute Risk and they are

15 related to -- Excess Absolute Risk is the baseline to

16 sometimes the Excess Relative Risk and Excess Relative

17 Risk is the Excess Absolute Risk divided by baseline.

18 Actually, the age-specific graphs for EAR

19 and ERR are essentially the same. There's just a

20 difference in scales. So I'll use them

21 interchangeably.

22 This is an example of statistical

23 uncertainty. It's a long normal uncertainty

24 distribution for all solid cancers from the life scan

25 study population, all survivors. This sex-average
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1 excess relative risk for GY at age 50 after exposure

2 at age 30 allowing for dosimetric uncertainty and I'll

3 be building on this particular example throughout the

4 talk.

5 other sources of uncertainly, one is

6 transfer of risk estimates between populations which

7 is not a big problem for all solid cancers combined

8 which is the subject of the previous slide. But it

9 can be a big problem if the baseline cancer rates

10 differ greatly between populations. I think stomach

11 cancer is probably an extreme example. The stomach

12 cancer rates in Japan are about 12 times higher than

13 those in the U.S. Though it makes a great deal of

14 difference whether you transfer the excess relative

15 risk per Gy to U.S. or the excess absolute risk per Gy

16 from Japan to the U.S. It's a 12 fold difference.

17 It's a big deal.

18 There is surprisingly little information

19 on how to do it because you need data on radiation-

20 exposed populations in both countries and there'Is very

21 little on stomach cancer, radiation and stomach cancer

22 in the United States. There's some, but not very

23 much.

24 And one approach to this problem might to

25 treat everything in between these two extremes as
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1 equally likely and incorporate the uncertainty into

2 the estimation process. Take the excess relative risk

3 times probably (p) plus (l-p) times the additive

4 transfer where p is uniformly distributed between 0

5 and 1. That's what we did. Well, actually we did

6 something a little bit different, but I'm just going

7 to use it for example.

8 And here you see this one is what you

9 would get if you took the multiplicative transfer to

10 the U.S. population. This is what you'd get if you

11 took an additive transfer. In your handouts, I did

12 all this in log scale, but I think I wanted to save

13 some time here. So this is arithmetic scale and this

14 complete ignorance is somewhere between multiplicative

15 and additive is this distribution here. It treats

16 everything as equal.

17 For all solid cancers combined, the

18 Japanese rates are a little lower than the U.S. rates.

19 The difference is far less than for stomach cancer,

20 but it still requires some adjustment.

21 And so again, I'm going back to this

22 example of statistical uncertainty for all solid

23 cancers and this is a Monte Carol stimulation of the

24 uncertainty distribution for all solid cancer with an

25 excess relative risk at 1 Gy after transfer to U.S.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



145

1 population using essentially the same method as I used

2 before in the stomach cancer evaluation. And it's --

3 You get a shift a bit to the right. The mean is a bit

4 larger and the -- Oh, sorry. It's shift to the left.

5 This is the mean of this distribution and it's error

6 range and this is what you had before. So it's a

7 shift to the left and a wide distribution.

8 Here's another thing that's an uncertain

9 DDREF for low-dose extrapolation and, for example,

10 this is a subjective uncertainty distribution that was

11 used in the Radioepidemiologic Tables Program. It's

12 just an example, but when you divide by this

13 uncertainty DDREF for low doses you get a distribution

14 that looks like this. Again, it's approximately low

15 normal and you have a mean of 0.17 compared to 0.25

16 before making that -- and again the range with the 90

17 percent probability limits broaden. Again, you're

18 exchanging uncertainty. You're folding in this

19 uncertainty. But it becomes part of your information.

20 So the "New Paradigm" approach uses

21 objective and subjective information about radiation-

22 related cancer risk. And I think a real advantage of

23 it is that the approach is transparent. It highlights

24 crucial uncertain factors and requirements for more

25 information. That is more research. But it also
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1 provides an interim and non-arbitrary basis for making

2 decision. If you don't like the assumptions, you

3 change them. You can argue about them. But anyway,

4 this is what you get if you make this particular

5 assumption.

6 Radiation protection, okay. It's really

7 a political process with stakeholders. They f eel

8 threatened by radiation exposure and concerned about

9 the worst case or they value certain benefits that

10 involve radiation exposure to themselves or to others

11 and I think most of us belong to both of these groups.

12 We don't want to really be exposed to radiation

13 unnecessarily, but we do derive some benefits from it.

14 And it's useful to address the

15 stakeholders' concerns from their particular

16 viewpoints. For example, for some of you, how bad

17 could the risk plausibly be? So that's addressing

18 their concern. What actual or potential benefit to

19 you or to others is associated with the exposure? And

20 what is the highest acceptable risk level, if there's

21 a benefit or if there isn't a benefit? And I suppose

22 the answer would be different.

23 The methodology can provide a considered

24 average value of risk and the highest plausible risk

25 and the lowest plausible risk and that allows
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1 comparison of these risks with other risks that a

2 stakeholder may tend to disregard or they would

3 strenuously avoid and with a known or uncertain

4 benefit. So you can fold all these things in

5 together.

6 Now a little about linear, no-threshold

7 theory which is currently the radiation protection

8 practice, the basis of radiation protection practice.

9 The theory states that at low doses excess risk is

10 proportional to dose and it doesn't require linearity

11 of dose response over the entire dose range, just at

12 low doses.

13 And I actually don't need to spend any

14 time on this. We've already done this. This is

15 collective dose of how we get the implications of LNT

16 if we take it literally. Estimated risk, if we have

17 the estimated risk, to 10 mGy to 10,000 people would

18 be one excess cancer than the estimated risk from 1

19 mGy to one million people who would be 10 excess

20 cancers which we would never be able to prove by

21 studying the million people if that indeed were the

22 risk now would we be able to prove that the risk is

23 much lower, if indeed it is. It might be helpful

24 though to show that, if we can, we can be reasonably

25 confident that the risk isn't as high as, say, 1 per
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1 10,000 which is the industrial standard that is what

2 is considered to be acceptable in industries and

3 usually considered to be safe.

4 Now the low-dose threshold theory, if we

5 could agree that there is no radiation-related cancer

6 risk associated with doses below, say, 2mGy, then the

7 million people could relax. And it might be cheaper

8 and easier to protect than it is today. I'm not sure

9 that's true. But a low-dose threshold at, say, 2 mGy

10 would be difficult to prove, very difficult to prove,

11 for the same reasons that make it difficult to

12 demonstrate the opposite.

13 The experimental and epidemiological

14 evidence does not preclude tissue-specific thresholds.

15 But also it doesn't support, no at least, existence of

16 a universal threshold operating in all or most tissues

17 which is I think what you want to influence radiation

18 protection policy.

19 So what would be the implications for

20 radiation risk assessment of assuming some likelihood

21 of a low-dose threshold?

22 Let's go back to this Monte Carlo

23 simulation of the uncertainty distribution for low-

24 dose excess relative risk per Sy after division by an

25 uncertain DDREF and this simulated distribution is

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



149

1 roughly lognormal.

2 And here it is made nice. So it is really

3 lognormal. So I can work with it. The mean 0.17, 95

4 percentile 0.36.

5 Now here is the cumulative form of that

6 distribution and if you want, this is how you get the

7 upper 95 percentile. You just go over from -- Well,

8 1 didn't do that. You just go over from here over to

9 there and you drop down and you get this 0.36. There

10 isn't a way to do that with the mean, but here it is

11 just for comparison and this is the lower 95 percent

12, interval limit.

13 Now suppose we allow for the uncertain

14 possibility of a threshold at some dose greater than

15 the one we're interested in now. Suppose that for

16 doses below some assumed threshold value, we accept

17 that with 20 percent probability there is no excess

18 risk. That's what an uncertain threshold would be.

19 And with 80 percent probability, the previous

20 cumulative graph applies.

21 So you start with this. Then we assume a

22 20 percent probability of a threshold. So 20 percent

23 of the probability goes into zero and the rest from

24 there is distributed 80 percent over this way. So you

25 get a difference calculation. You have a mean that's
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1 -- Well, the mean is actually 80 percent of the

2 previous mean because 20 percent goes to zero and the

3 95 percent limit is obtained this way and it's

4 slightly less than before.

5 Now let's suppose a 50 percent threshold

6 probability. Okay. The mean is now half of the

7 original mean and the 9 5 th percentile of the

8 distribution is shifted over a little bit more.

9 And now let's assume an 80 percent

10 probability of a threshold. Now the mean is 2 0

11 percent of the original and the 95 percent limit is

12 shifted over quite a bit more, but it doesn't

13 disappear. Neither does the mean.

14 And here is a graph that summarizes the

15 previous four. We have as a probability as the mean

16 value decreases proportionately to 1 minus p where p

17 is the assumed probability of a threshold. The upper

18 95 percent confidence probability limit is more

19 complicated, but it actually remains quite high

20 relative to the mean value until p approaches 0.95

21 when it disappears.

22 Now the implications of an uncertain

23 threshold for radiation protection, well, for any

24 given threshold probability the effect on the mean of

25 increasing p is like dividing the excess relative risk
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1 per Gy by a fixed DDREF value which is equal to 1/(l-

2 p). The 95 percentile limit decreases with increasing

3 p but remains relatively high until p approaches 0.95,

4 just what I said before.

5 The epidemiological and radiobiological

6 information available does not suggest a high value

7 for p at any threshold dose level high enough to

8 matter. Thus, allowing for the possibility of a

9 threshold should make very little difference to

10 radiation protection.

11 Conclusions. Probably most people would

12 object to exposure unless the potential benefit

13 clearly outweighs the potential risk or they judge

14 that the risk is truly negligible. Information on

15 risk and its upper probability limits, in particular,

16 are important to this process. If the scientific

17 consensus were that a threshold is very likely, we

18 should take that into account. But otherwise, I

19 think, the threshold possibility is mostly a

20 distraction and can be largely ignored in risk

21 protection.

22 And that's my talk.

23 CHAIRMAN RYAN: Okay. Thank you very

24 much. Questions? Comments? Ken.

25 DR. MOSSMAN: Charles, you and Warren
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1 Sinclair authored that excellent report. I think it's

2 NRCP 121 or --

3 DR. LAND: 126.

4 DR. MOSSMAN: 126 which essentially

5 reviewed in a good bit of detail the sources of

6 uncertainty in risk estimates and I was struck by the

7 -- Well, you reported in some detail on uncertainty

8 related to dosimetry, population, transfer and also

9 DDREF. But there seems to be one other factor that

10 wasn't included and I wonder if you could comment and,

11 that is, if we assume LNT to be right, what's the

12 uncertainty in dose extrapolation? In other words, to

13 get down to doses that are typically involved in

14 nuclear power plant operations --

15 DR. LAND: That's the DDREF.

16 DR. MOSSMAN: All the DDREF is doing is

17 changing the value of the risk coefficient, changing

18 the slope. Right?

19 DR. LAND: Yes.

20 DR. MOSSMAN: But what I'm talking about

21 is the actual extrapolation of extrapolating from

22 almost two orders of magnitude. You know, if we say

23 that we know risk at 100 mSv, many nuclear power plant

24 workers are getting doses closer to 1 mSv. So that's

25 hundred fold reduction in risk and that's a
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1 substantial extrapolation and my question is what's

2 the uncertainty in doing that dose extrapolation. I

3 mean, is that a --

4 DR. LAND: That really is what the DDREF

5 is about. You can make a DDREF more complex and have

6 it be dose dependent so that it goes down. You can if

7 you can justify it. But that's how you would handle

8 it.

9 DR. MOSSMAN: I don't --

10 DR. LAND: The DDREF takes into

11 consideration what we think we know about this

12 extrapolation.

13 DR. MOSSMAN: I mean, the DDREF really

14 isn't a dose extrapolation. It's a dose rate

15 extrapolation. You're accounting for repair and other

16 kinds of radiobiologic phenomenon that ultimately

17 result in a reduction in radiobiologic effects that

18 you see when the dose rate is reduced.

19 DR. LAND: You know, if you can only deal

20 with what you know or you have some familiarity with

21 and I think that what you're -- It's again I do think

22. that the way to handle it is with DDREF. The DDREF

23 have this one real bad -- probably there's a

24 disconnect and it goes down and then you go down like

25 that. Well, actually, in the radioepidemiological
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1 table stuff we put in a kind of segue in a curvilinear

2 thing and I think that once you get down to really low

3 doses that dividing the dose by another factor of 10

4 probably doesn't make much difference, at least, as

5 far as the theory are concerned. That if the

6 difference between a one and 100 chance of having a

7 traversal and a one and a 1,000 chance of having a

8 traversal, it shouldn't make that much difference, I

9 mean, besides dividing by ten, of course. And if your

10 question involves something else, I don't understand

11 it.

12 DR. MOSSMAN: Yes, I'm just -- The dose

13 extrapolation --

14 DR. LAND: That's the whole thing. That's

15 what we're talking about is the dose response

16 function. We're talking about the shape of the dose

17 response function. We have a linear model and then

18 we're modifying it by a DDREF.

19 DR. MOSSMAN: I guess what I'm really

20 trying to ask is there is a difference in uncertainty

21 if I'm extrapolating by a factor of ten or a factor of

22 100. I mean, the closer I get to zero, do I see any

23 more uncertainty in the dose extrapolation? I guess

24 that's the question I'm asking.

25 DR. PUSKIN: I would say that the approach
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1 that was in there, there's a hidden assumption in

2 there that the dose response is a linear quadrate and

3 therefore and extrapolating down --

4 DR. MOSSMAN: Not at low dose.

5 DR. LAND: Not at low dose. Well, dose

6 squared is --

7 DR. PUSKIN: Dose squared. As you

8 extrapolate to low doses and low dose rates that

9 there's a single function like that that describes it.

10 But the real question is what's the chance -- Is there

11 some mechanisms that come in between where we can

12 observe it epidemiologically and zero that change that

13 dramatically.

14 So the uncertainty in this that's in that

15 report presumes the only uncertainty is in this single

16 factor that the dose response is of that form. If

17 that's the case, there really isn't much uncertainty

18 about radiation risks. But I think the question is is

19 there something below that kicks in.

20 DR. LAND: Right.

21 DR. PUSKIN: And you considered that when

22 you put different percentages on thresholds or

23 something where that whole function no longer

24 describes things. So something else might -- The dose

25 response would be something else.
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1 So that's the question. As you go down,

2 I won't say where we have the data at this point, go

3 down from where we have data to where we don't is what

4 does the dose response look like at those doses, those

5 dose rates.

6 DR. LAND: The DDREF is uncertain. It has

7 uncertainty built into it.

8 DR. MOSSMAN: Right.

9 DR. LAND: And I suppose with more you

10 actually might have a more sophisticated evaluation of

11 the DDREF as a function of dose or dose rate. But it

12 isn't. We don't. So far we just have what was handed

13 down.

14 DR. MOSSMAN: If DDREF is a function of

15 dose, then does that preclude LNT as a -- Again, DDREF

16 is -- The way it's used is simply an external

17 correction to the LNT theory because all you're doing

18 is multiple the risk coefficient, the slope, by some

19 factor.

20 DR. LAND: Right. Of course, yes

21 DR. MOSSMAN: But then -- And we're

22 assuming dose independence when we apply DDREF. But

23 if, in fact, --

24 DR. LAND: We are now.

25 DR. MOSSMAN: I'm sorry.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



157

1 DR. LAND: We are now.

2 DR. MOSSMAN: Yes. Right. But if, in

3 fact, DDREF is dose dependent, then that argues

4 against LNT theory as the approach theory because then

5 the degree to which you are modifying the risk

6 coefficient changes with dose and therefore it's not

7 linear anymore.

8 I'm not -- I don't mean to -- I'm not

9 making any astounding kinds of things. I'm just

10 saying that it's my observation that LNT is no longer

11 valid under that circumstance, but it requires dose.

12 CHAIRMAN RYAN: Tom, you had a comment.

13 DR. TENFORDE: Well, yes. A question

14 related to the interpretation of the results of the

15 life span study on A-bomb survivors. As you know, the

16 curves generated by Preston and his colleagues showed

17 some very intriguing features in the population

18 exposed to relatively low doses, let's say, 20 mSv to

19 50 mSv and yet the statistical analysis that I've seen

20 presented in papers and the radiation research and

21 elsewhere suggest that you can't really discriminate

22 dose response models in trying to fit this data with

23 different models.

24 DR. LAND: The low dose data, yes, that's

25 true.
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1 DR. TENFORDE: And I'm just wondering if

2 with different uncertainty analysis assumptions you

3 might arrive at a somewhat different conclusion.

4 DR. LAND: You know, I honestly don't

5 think so and it's not -- it's a sort of a

6 psychological thing, but the first thing we do when

7 we're calculating things is we do straight lines.

8 DR. TENFORDE: Yes.

9 DR. LAND: And then if there's evidence

10 that it's not a straight line, then you make it more

11 complex. Well, actually when you're down at that low

12 doses --

13 (Conference calling center.)

14 DR. LAND: -- There just isn't the

15 information there. You can't --

16 CHAIRMAN RYAN: I'm sorry. I think we're

17 getting a phone.

18 (Conference calling center.)

19 CHAIRMAN RYAN: I'm sorry.

20 DR. TENFORDE: Could I extend my --

21 CHAIRMAN RYAN: Please, yes.

22 DR. TENFORDE: Just to my related

23 question. As you know, there have been some very

24 ambitious dog life span studies with various kinds of

25 radiation and again, in the extremely low absorbed
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1 dose region, there are some intriguing features in

2 terms of life span shortening and carcinogenesis,

3 etc., and some people have even interpreted some of

4 the data on life span to be supported of the idea for

5 hormesis because some of the big old dog studies do

6 show a dip in the dose response of low doses that

7 would be suggestive of increased life span, not

8 shortened life span, and this has been a subject of

9 great debate and proponents for hormesis, of course,

10 have seized on this as one of the central pieces of

11 information from laboratory-based research in support

12 of their theory.

13 And I'm wondering if you have applied

14 uncertainty analysis to the interpretation of the data

15 at low doses from many of these very ambitious, large

16 scale animal studies, dog studies primarily.

17 DR. LAND: Maybe I could trade somebody to

18 do that.

19 DR. TENFORDE: It might be a very good PhD

20 thesis project or at least a Masters degree thesis

21 project. Now a trivial thing to do, I'm sure, but it

22 would be interesting to bring the full power of some

23 of these techniques you had described to bear on

24 reinterpreting some of the data published in the

25 literature you using fairly conventional statistical
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1 models and maybe not reaching exactly the best

2 conclusions. Just a suggestion.

3 CHAIRMAN RYAN: All right. Well, thanks,

4 Dr. Land.

5 PANEL DISCUSSION ON SESSION 1

6 CHAIRMAN RYAN: Again, we're at a point in

7 the discussion where we have a panel discussion on

8 this first session to discuss. Dr. Mossman, you've

9 been taking copious notes. Maybe you could lead us

10 off and again, this is kind of an open forum. Anybody

11 that has any particular comments about any other paper

12 or wants to offer some general comments or additional

13 information, please don't hesitate.

14 So we'll start with the panel and then I'm

15 going to ask could we get a few minutes if Members

16 have particular questions of the first session to

17 speak because we'll go through that and then we'll

18 come to more discussion and hopefully finish up at or

19 before 3:00 p.m., I'm sorry, at or before 3:00 p.m.

20 We'll have some short break in there and then we'll

21 have Stakeholder Participants who I believe are on our

22 conference call or some are in the audience. I'm not

23 exactly sure where but we'll manage between 3:15 p.m.

24 and 4:00 p.m. or so or if we're running ahead of

25 schedule, we'll close at about 4:00 p.m.
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1 So with that, Mossman.

2 DR. MOSSMAN: How did you want to proceed?

3 CHAIRMAN RYAN: What have we learned so

4 far?

5 DR. MOSSMAN: I haven't gotten the

6 foggiest idea except it's all very, very complicated.

7 Let me just take a moment if I can just to

8 sort of summarize what I think are the salient points

9 and please the other speakers jump if I say something

10 that's incorrect.

11 I thought that Commissioner Lyons set the

12 stage very nicely. He obviously has serious

13 reservations about LNT, but he is open to a serious

14 dialogue among scientists to try to better

15 understanding what's going on at low dose and it's

16 understanding the science that I think is going to be

17 key in determining whether we have a threshold or

18 whether dose response is curvilinear or whether the

19 problem is indeed intractable and so I thought he

20 opened the conference with that idea and that was very

21 useful.

22 In my own talk, of course, I tried to set

23 the stage without getting into any detail to identify

24 what I think are the key issues in the debate and the

25 science is the topic of the day. Tomorrow we will

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



162

1 have a talk from Professor Hammitt who will get into

2 some nonscience issues.

3 President Tenforde, of course, from the

4 NCRP talked about some of the reports that the Council

5 has put out on the issues of LNT, risk estimates and

6 the importance of, for lack of a better phrase, the

7 new radiobiology, understanding non-targeted effects,

8 things of that nature. And that's -- We need to look

9 at the NCRP and the ICRP and other learned

10 organizations for guidance in terms of where we need

11 to go scientifically. So I think that the work that

12 the Council is doing is critically important in many

13 ways to lead the way.

14 That's not to say that Dr. Barcellos-Hoff

15 and the other radiobiologists that are doing work in

16 the DOE low dose radiation program aren't doing things

17 appropriately. They are. But, of course, that's

18 laboratory stuff and I think the NCRP, in many ways,

19 provides a perspective, an additional perspective,

20 which is very critical in terms of putting all of

21 these pieces together.

22 I was struck by Mary Helen's presentation

23 in terms of the complexity of the data, not so much

24 that we're talking about systems biology and that the

25 systems are complex, but just the complexity of the
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1 findings and how we make sense out of all of this.

2 And it seems like it's becoming as we answer more and

3 more questions, additional questions continue to come

4 up in a positive feedback loop, if I can use that, in

5 a way that makes the problems even more difficult.

6 And understanding these various non-

7 targeted effects, one of the issues that is of

8 interest to me is what do these non-targeted effects

9 mean with respect to our idea or the concept of dose

10 where we've always thought about absorbed dose, the

11 fundamental quantity that's of interest to

12 radiological detection where we've always thought

13 about that as deposited energy in some tissue and that

14 that was the metric that was important in determining

15 what the risk is.

16 Well, what the radiobiology is now telling

17 us is that maybe that's wrong or, at least, maybe we

18 need to start looking at it in another way, that the

19 target, the radiation deposition target, is different

20 than the radiation effects target. The radiation

21 effect target or the radiobiologic target is much,

22 much larger and maybe very different. So I was

23 particularly struck by Mary Helen's talk in that

24 regard.

25 Dr. Le Guen's talk about estimating the
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1 carcinogenic effects from low doses from the

2 perspective of the French Academy of Science's report

3 was extremely enlightening. If there was really a

4 take-home message for me, it was not even a science

5 message. What the message was is that we can all look

6 at scientific data through honest interpretation of

7 the data come to diametrically opposed positions. I

8 mean, the French Academy of Sciences says one thing.

9 The BEIR VII report says something else.

10 We can argue about who's right and who's

11 wrong. I'm making the assumption that everybody is

12 professional and everybody is making an honest

13 interpretation of the data and yet we have these very,

14 very different interpretations of what's going on and

15 that'Is what we'Ire f aced with in this entire LNT debate

16 is we're looking at bunch of data. People are looking

17 at the data through different lenses and I was

18 particularly struck by the differences in the reports

19 in that way.

20 And then finally Dr. Land provided a very

21 useful overview of some of the biostatistical

22 questions, the uncertainties in risk, whether in fact

23 we have a threshold, whether in fact a threshold can

24 even be detected or measured or whether it'Is something

25 that has a high probability of occurrence or has a low
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1 probability of occurrence and even if it does, does it

2 mean anything and these are obviously key questions

3 particularly in considering hormesis where you

4 obviously have to assume that there's a threshold.

5 But if we -- Depending on how you look at the

6 threshold question hormesis either goes away or

7 becomes a very, very serious alternative.

8 That's the way I saw things. Obviously,

9 everybody else has different views. But I thought the

10 session this morning was excellent.

11 CHAIRMAN RYAN: Thank you.

12 DR. MOSSMAN: And I applaud the speakers

13 for excellent clear presentations.

14 CHAIRMAN RYAN: Let's start in the order

15 we went. Next is Dr. Tenforde.

16 DR. TENFORDE: I'd like to echo what Dr.

17 Mossman just said in terms of congratulating all of

18 the presenters. I felt I learned a great deal today

19 and you generated some interesting ideas and thoughts

20 in my mind as well.

21 Let me more or less follow the procedure

22 used. Dr. Mossman, first, with regard to your talk,

23 I think after reading some of your papers and hearing

24 you speak today, I certainly understand your concerns

25 about using risk as a basis for setting guidelines and
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1 regulations.

2 1 want to mention an activity that NCRP is

3 about to embark upon and that is we have been told

4 that we have funding for a report on uncertainties in

5 radiation risk estimation and that will be a committee

6 that will be chaired by Julian Preston who I think is

7 probably a familiar name to most of you and we have a

8 number of ideas of the candidates for the committee.

9 But that committee in the scope of work that has been

10 developed will address some of the issues on

11 uncertainties in radiation weighting factors and

12 tissue weighting factors. And you didn't mention

13 this, but, for lack of a better word, the frailty of

14 the tissue weighting factor and the ICRP effective

15 dose system is that there are such large uncertainties

16 as evidenced by the fact that in 2007 the tissue

17 weighting factor for breast was increase two and a

18 half fold and for testes decreased two and a half fold

19 and those are rather large shifts and has some impacts

20 on, of course, estimation of effective doses. So I

21 share some of your concerns and I hope that a

22 contribution from NCRP through this new committee

23 effort will be to try to pin down a little better what

24 some of these uncertainties are and give a little

25 better estimate thereby of effective doses.
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1 With regard to Dr. Barcellos-Hoff's

2 presentation which I thought was very elegant, you've

3 1 think made the case very well and I congratulate as

4 well the DOE program for the importance of looking at

5 integrated tissue responses and not just focusing on

6 single cells because obviously there are so many

7 modifying factors that come into play in an integrated

8 system that moderate in one direction or another

9 radiation responses that we've probably ignored them

10 too long and it's great to see some of this new and

11 very elegant work underway especially using some of

12 these new three dimensional tissue models which I

13 think are very interesting.

14 one thing I would like to comment on in a

15 broad sense is that using acute radiation, there have

16 been some differences that have been fairly well

17 characterized between response as to high and low

18 doses as more or less defined within the context of

19 the DOE program. But I think when you look at human

20 exposures particularly, for example, in an

21 occupational setting, you're really dealing with

22 fairly low dose rate exposures and I think it's

23 extremely important and I hope this will become part

24 of the DOE research program to a greater extent than

25 it is today to look at dose rate effects in a
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1 practical sense, dose rates comparable to the dose

2 rates we experienced from occupational or public or

3 background exposure which is very low dose rates

4 basically. And I think it's going to be necessary to

5 sort that out in relation to low acute dose phenomena

6 because we may begin to see -- issues enter in in a

7 way that might not even expect. So there are some, I

8 think, candidate model systems that would be good for

9 those studies and I'd like to encourage that.

10 Also one thing that I talked with you

11 about during the lunch break is very intriguing to me

12 and has been for years. It's very well known that

13 endogenous oxidative damage creates about 10,000

14 strand breaks in DNA per day per cell. It's a lot.

15 And so because we have placed quite a focus on

16 oxidative interactions and damage from radiation and

17 some in cases at very low doses, it brings to my mind

18 the question of extracting the signal of oxidative

19 damage from the radiation insult from the background

20 endogenous oxidative damage that cells are coping with

21 day in and day out. And that may actually be part of

22 a survival mechanism for cells because it may enhance

23 oxidative damage control mechanisms, anti-oxidant

24 levels, etc. So I think it would be interesting with

25 the very low doses, centi-Gy and below, that are being
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1 used in many of the oxidative damage studies to try to

2 somehow segregate the endogenous oxidative effects

3 from the imposed oxidative effects of radiation and I

4 wish I had some really good suggestions on how to best

5 do that. I'm sure that there must be some approaches

6 that can be taken.

7 And then another thing that has intrigued

8 me which I don't -- We again talked about this at noon

9 and that is we live in the background radiation on the

10 average in the U. S. about 3 mSv per year and one

11 question that intrigues me is supposing we had some

12 laboratory test systems where we could shield the

13 target tissues or cells or even animals. It's been

14 suggested deep salt mines or places where the natural

15 background f ields are greatly reduced and then look at

16 very low dose radiation effects.

17 When I was speaking earlier, I mentioned

18 that one of the real challenges, of course, in going

19 to very low doses to try to discriminate dose response

20 characteristics is extracting the signal from the

21 experimental system from the background radiation

22 noise and that is a huge challenge and maybe this

23 would be one approach to take. It's not an easy

24 experiment to do but there have been suggestions of

25 how to do it and possible places where it could be
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1 done.

2 1 also was very intrigued by the report

3 largely based on the conclusions of the French Academy

4 and again I'll echo Dr. Mossman that it's very

5 interesting that two groups of scientists looking at

6 pretty much the same worldwide database should reach

7 different conclusions about the LNT theory and I find

8 that intriguing. I think that it would be of great

9 interest to have a small subset of the BEIR committee

10 and the French Academy committee try to ferret out

11 what are the elements that have driven this difference

12 in some of the final conclusions.

13 As I said of next week's NCRP meeting,

14 there will be an interesting debate between Dave

15 Brenner and Dietrich Averbeck from the French Academy

16 group and I'm very anxious to hear the results of that

17 and hopefully some things will come to light on the

18 basic reasons for the final differences and

19 conclusions. But again, I think that some of this may

20 be driven in part by the type of studies that have

21 been done comparing higher dose responses to lower

22 dose responses, both from the biological perspective

23 and the physical energy deposition aspects of

24 radiation. I think that needs to be looked at very

25 carefully.
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1 And then finally, I thought that Dr.

2 Land's presentation was very informative. obviously,

3 the role of uncertainty analysis has probably been

4 understated over the years and I think we are really

5 beginning to appreciate how important that is in

6 estimation of risk and so I was very interested in

7 your discussion of uncertainty analysis with differing

8 models' response. I think that was very informative

9 and hope that we'll see more and more applications of

10 that in some of the studies that exist in the

11 literature like the ones I mentioned, the life span

12 study, which I think you've probably already looked at

13 and some of the animal model studies, the dog life

14 span studies, etc. So there may be some jewels to be

15 mined there by doing a little more in-depth

16 uncertainty analysis of the data and the way that it

17 has been fit with varying models. Again, I think

18 that's a very informative presentation.

19 1 think that's about all. I'm pleased to

20 be here today. I think there's been a lot of very

21 enlightening discussion of low dose radiation effects

22 and models. So thank you again for inviting me to be

23 here.

24 CHAIRMAN RYAN: Thank you, Tom. Again,

25 more to come this afternoon and more tomorrow.
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1 Next, Mary Helen. First let me say that

2 I'd like to add my thanks too for a very enlightening

3 presentation. It was -- For the first time, it put

4 together a picture of a biological model and a

5 physical model of radiation dose, energy deposited,

6 pre-heated mass. I won't think about it as mass

7 anymore. I'll think about it as a system of biology

8 that I have to think more carefully about. So that

9 insight I think is one of the most important things

10 that if we can take away a message. It's not dose per

11 unit mass. It's dose per biological unit whatever

12 that unit might be.

13 Yes, Dr. LeGuen.

14 DR. LE GUEN: Just I don't know if you

15 know that we have a lot of slides that are close.

16 CHAIRMAN RYAN: Yes, very much.

17 DR. LE GUEN: Because the metric of the

18 slide prepared for this morning was on publication

19 raised after the French report.

20 CHAIRMAN RYAN: Right.

21 DR. LE GUEN: And in fact we have not the

22 same result but the same approach in that we are very

23 close because I was much more on ATM and she was much

24 more on TGF beta. But the conclusion of the different

25 publication was not different, I think.
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1 DR. BARCELLOS-HOFF: Yes.

2 CHAIRMAN RYAN: And again, just from a

3 health physicist's point of view, we take a physical

4 absorbed dose and we multiply it by factors, all kinds

5 of factors, to get into a biological system. Maybe we

6 ought to just change the fundamentals, the way we

7 think about it a little bit, and think about what's

8 the biologic system to which we are imparting

9 something, whether it's energy or chemicals or

10 information or whatever it might be.

11 So with that, I ask you to offer your

12 comments on today's panel.

13 DR. BARCELLOS-HOFF: It's quite a lot to

14 digest.

15 CHAIRMAN RYAN: It is.

16 DR. BARCELLOS-HOFF: For somebody who is

17 not used to thinking about so many different sides of

18 the problem. But I'd like to just start with a couple

19 of general comments and actually keep them very brief.

20 I think it's actually one of the unique

21 aspects of radiation biology as a community, radiation

22 sciences as a community, is that we are really the

23 original systems biologists. We start from physics

24 and go all the way to disease and that's something

25 that we don't give enough credit to our own field of
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1 research in trying how difficult that task is, how

2 difficult it is to actually move through those

3 different levels of molecular, cellular, tissue,

4 organismal populations and that's something that we

5 should actually acknowledge the difficulty of that

6 problem.

7 Right now, biology is finally coming out

8 a wave of reductionism to try to put these pieces back

9 together and essentially systems biology is just that.

10 How do you extrapolate from one level of organization

11 to the next which again is a problem that radiation

12 biology and sciences has been trying to grapple with

13 for many decades. I think that's something that we

14 should kind of give ourselves a little breathing room

15 in that, yes, it's a difficult problem.

16 I think that I completely have been

17 reeducated in terms of what kind of implications are

18 the fundamental radiation biology that I came into the

19 field to do has in terms of understanding health

20 consequences in humans and I really appreciate Dr.

21 Mossman's comments of how -- radiation protection is

22 not about the science at some fundamental level. It

23 has so many other layers again of input in society,

24 economics, regulatory paradigms which we went to a

25 meeting in Helsinski organized by the European Union
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1 that really brought this in terms of how I think about

2 communicating the results of our very interesting

3 radiation biology. And we can go on and on. I really

4 truncated a lot of the details, I think, biologists

5 get so enamored of that we forget, we lose sight of

6 this bigger picture.

7 1 think one of the things that I think

8 this meeting is particularly important is getting that

9 communication opened up and just trying to discuss it

10 from the different perspectives. I thought that our

11 discussions this morning on the science were very

12 complimentary and it was remarkable to see how many

13 overlaps we brought to the table and without any

14 preparation in that regard because I made my talk

15 yesterday on the plane.

16 So I think this is the important thing to

17 recognize. I'm probably repeating myself at this

18 point. So essentially it is a complex problem and we

19 should give ourselves a lot of credit for even

20 attempting it. And I see that the implications of the

21 biology and the understanding of the biology have many

22 more ramifications that we tend to think about at the

23 biological level and that this is a really good venue

24 to educate each other and to perhaps elaborate on this

25 discussion productively.
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1 CHAIRMAN RYAN: Great. Thank you.

2 Dr. Le Guen.

3 DR. LE GUEN: Well, I was really impressed

4 today because for different reasons. Me, too, I

5 really appreciate your point of view about economic

6 approach and science approach not only based all on

7 sciences. I fully agree about that.

8 I was also very surprised about a lot of

9 overlaps that we had together because I promise I

10 didn't have your slides before and you can say exactly

11 that you didn't have mine before. We are really

12 different of this. Because in fact from my point of

13 view the best way is to have an open mind for the

14 future, to say if you know one conclusion, that's why

15 in fact I don't like so much to say to try to compare

16 BEIR VII and French Academia report.

17 I think the most important is to try to

18 have a good approach of the management of risk, of

19 risk management. And I would like to this morning, in

20 fact -- When I prepared my slides, I was thinking

21 about is there a better understanding on the effect

22 today than before when we used the LNT approach. And

23 1 said, yes, we have a lot. It's much more

24 sophisticated today than before.

25 And my first point was to say, well, we
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1 must keep in mind that when we decide to take the LNT

2 approach it was the next calculation from high to low

3 to this and today we can say that it's not exactly

4 like that and we know exactly that it's a different

5 mechanism at low dosage than at high dosage. So on

6 this point, we know.

7 But the other question is is there trouble

8 if we use the LNT approach. From my point of view,

9 there is no problem because for every day and we saw

10 that also today that LNT is very convenient. But it's

11 very important to not -- that be careful about LNT

12 because it's not universal. If you want to have all

13 the answers with LNT approach, you will make a lot of

14 mistakes.

15 If we need to use LNT for managing, for --

16 for population and so on, okay. But it's very

17 important to education the population on this. If you

18 don't educate -- Because the problem is that when we

19 introduce Sv a long time ago, we introduced Sv as a

20 unit of risk. So if you have a dose in mSv, in mSv,

21 I can assess my risk easily. But it's not true.

22 That's why today we have trouble because

23 time has changed that shows that today is much more

24 complicated than before. But it's not a problem. I

25 think it's -- I'm very excited about the evolution of
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1 science today because, of course, I said during lunch

2 it's like Lancet. Do you remember in 1993 the first

3 pages on Lancet was p-53 the molecule of the year

4 because all was based on cell. And with time, we've -

5 - the molecule tool, we've observed that, of course,

6 there is reaction into the cell. But there is also

7 reaction on the tissue and on the body, too.

8 And that's why that's amazing and that's

9 why I say also today it's not so easy to extrapolate

10 from individual measurement, individual experiment, to

11 in vivo because there is a lot of connection in vivo

12 that it's not possible to see if we are only in vitro

13 experiment. But that's not the problem.

14 So please let free the science and we will

15 see and don't try to mix a political problem with

16 science. I think science is a part of the problem,

17 not only this, and perhaps I'm sure that with time and

18 you know just three years ago we were not alone, but

19 we were a little bit alone in Europe and it was

20 amazing the presentation of Mary Helen's this morning

21 to say now we have a great power to exactly the same

22 approach and with a different experiment and perhaps

23 about my dialogue, about my sentence, that I said

24 before. Perhaps we will have no sentences on the

25 paper and I think with this we will have perhaps one
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1 day, you know, other connection with epidemiology.

2 You know, I'm also a scientific advisor

3 and I give grants and subsidiaries to other French

4 research team and we have begun to have molecular

5 epidemiological approach. I believe a lot in this

6 because this is a link between molecular science and

7 epidemiological studies and I'm sure that alone for

8 science it's not possible to have the answer. But

9 also from epidemiological approach due to natural

10 background and so on, about all confronting factors.

11 As I said before, it will not possible to have the

12 answer. But perhaps if we have a great link between

13 the two approaches, perhaps we will see.

14 CHAIRMAN RYAN: That's interesting. Thank

15 you.

16 Dr. Land.

17 DR. LAND: Well, I would like to just get

18 something a little off my chest here that it's about

19 purpose of radiation protection. And the idea that it

20 is people have to agree what we tell them. They have

21 to accept it.

22 And I think that, of course, there is an

23 education process involved but generally if we decide

24 if we can agree on a general approach I think probably

25 it's going to be accepted.
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1 But I'm just thinking of something that

2 happened to me a couple of years ago. I was giving a

3 talk on radiation related breast cancer to a group of

4 breast cancer survivors in New York and I gave my

5 speech and was asked a question about isn't there a

6 better alternative than mammography. And I said,

7 "Well, there probably is some small risk associated

8 with mammography, but we don't think it, we don't see

9 how it could be very great and when you look at the

10 risk compared to the benefit it really generally in

11 most situations where it's used the benefit clearly

12 outweighs the risk" and there was this rustling in the

13 room and then somebody stood up and said, "You just

14 don't understand. We don't want risks. We just want

15 benefits."

16 (Laughter.)

17 DR. LAND: It's a very reasonable thing to

18 say actually. But the fact is that really you do have

19 to accept risks in order to get benefits and how to

20 get that across in this whole essential political

21 nature of the radiation protection. I just don't

22 think that you can make it fly and to say there isn't

23 any risk at really low doses just isn't going to work

24 unless you have enormous agreement among all sides.

25 So I think the problem is a dif ficult one,
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1 but I think it's actually solvable by emphasizing the

2 tradeoff and again addressing people's concerns and

3 being seen to address people's concerns. That's it.

4 CHAIRMAN RYAN: Thank you. Great. Thanks

5 for sharing that story. That's an epiphany of sorts,

6 I guess, to hear that message.

7 With that, I'd like to -- I'm sorry. Yes,

8 Dr. Le Guen.

9 DR. LE GUEN: Yes, just a reaction because

10 you mention a very good question. We have exactly in

11 front exactly the same trouble today about women with

12 BfCRI and BfCR2 mutation and about the different exam

13 and between mammography and echography and IRM, MRI.

14 Okay. IRM in French, MRI. And it's not so easy

15 because, of course, there is a risk/benefit and we

16 have to take into account the risk of exposure with

17 mammography and because we are physicians we must

18 propose monitoring for these women because it's of a

19 great important to be sure to see the concern as a

20 very small step, as a very small concern.

21 And the question is we need to propose

22 mammography every year, every two years, every five

23 years and we know if we wait too long, if we wait a

24 long time, it's a risk for the woman. But if we

25 propose mammography every year, we have a risk of
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1 concern due to the radiation, to the mammography, to

2 X-ray and that's a real problem.

3 And today we have not found an consensus

4 on this point. That's why it's not so easy to answer.

5 And we know that in fact it's not only one exam and we

6 must take into account it's three exams, mammography,

7 echography, and MRI.

8 CHAIRMAN RYAN: Very good. With that, I'd

9 like to ask if the ACNW&M members have any questions

10 and start with you, Allen.

11 VICE CHAIRMAN CROFF: I have a couple.

12 First, thank you for some very interesting

13 presentations. After a couple times around, I think

14 I'm starting to understand at least some of it.

15 I'd like to note Dr. Tenforde's mention of

16 background which I thought was appropriate and use

17 that to segue into my first question. I come at this

18 whole issue from, I guess, let me call the perspective

19 of a regulator. This committee doesn't regulate, but

20 we advise the Commission on technical issues related

21 to regulation.

22 And from that perspective, we sort of in

23 my view start at a dose of about, let's say, 200,

24 maybe 300 mSv over a lifetime. That's a natural

25 background and that's sort of a floor. This Agency
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1 and nobody else can do anything about it. We all get

2 this kind of a dose, some people more, but that's an

3 average for natural background. And let me preface my

4 remarks also by saying I'm going to focus on low dose

5 rate situations. But if we're starting at a floor of

6 about 200 mSv it seems to me from the perspective of

7 this agency we're interested in regulating and

8 interested in dose response in the range of, say, 200

9 to 500 mSv for most situations. Occupational can run

10 you up a little bit. There's variability in there,

11 but it's that kind of a range we're interested in.

12 Now going back to what I've heard around

13 the table from a number of you as to at what point the

14 uncertainties in dose response start to get to the

15 place where you really just don't have much confidence

16 and you can't tell what's going on. In various talks,

17 I've seen numbers that seem to be around 100 to 200

18 mSv, again low dose rate and my first question to the

19 group is did I hear that right and is there some

20 reasonable degree of confidence in the dose response

21 curves in the 200 to 500 mSv range?

22 Don't all jump in at once.

23 DR. LAND: I think there is. I think

24 there is very definitely evidence of excess risk in

25 that range.
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1 VICE CHAIRMAN CROFF: That's the

2 impression I took away from what I heard from more

3 than one of you as a matter of fact. But I wanted to

4 make that explicit. Does anybody think that's not the

5 case?

6 DR. PUSKIN: I think it's more complicated

7 because it really depends on what time period you're

8 talking about the dose. If you're talking about dose

9 per year or dose per day.

10 VICE CHAIRMAN CROFF: No, I'm talking

11 about low dose rate. On the order of background dose.

12 DR. PUSKIN: We don't have -- I'd say we

13 don't have any data at that range.

14 DR. LAND: I take it back.

15 DR. PUSKIN: That's -- It has to be

16 extrapolated. We don't have any data at low dose

17 rates really.

18 VICE CHAIRMAN CROFF: With my definition

19 of low, if you will.

20 DR. PUSKIN: Yes, right, unless --

21 VICE CHAIRMAN CROFF: So you're saying the

22 complicating factor is that the dose rates where we do

23 have data are more what you're currently defining to

24 be -- I've heard numbers like 10 centiGy, I'm sorry,

25 1 Gy a day and something on this order.
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1 DR. PUSKIN: No, much lower than that.

2 VICE CHAIRMAN CROFF: Lower than that?

3 DR. PUSKIN: Certainly 1 centiGy, less

4 than 1 centiGy in a day.

5 VICE CHAIRMAN CROFF: Okay.

6 PARTICIPANT: Is there data at that point

7 for less than 1 centiGy a day?

8 DR. PUSKIN: A little bit less, yes.

9 DR. LAND: If there's a risk at 50 mGy,

10 then it's not much of a stretch to say that there's a

11 risk at 2 or 1. That isn't a stretch.

12 And the question that I wonder about is

13 when you're talking about really fractionating doses

14 spread over a long time, how are you going to get that

15 kind of data?

16 VICE CHAIRMAN CROFF: Okay. That's the

17 other --

18 DR. HOLAHAN: One of the places I think

19 we're going to get some information in the future is

20 going to be with our occupational workers and our

21 occupational workers if you look at the IARC study on

22 average they've had about 20 mSv. Now keep in mind

23 those workers generally men have gotten a background

24 of cancer incident rate probably over 40 percent,

25 cancer mortality rate of about 20 percent. And those
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1 exposures even over a ten year period are probably

2 going to take another 30 or 40 years to manifest

3 themselves so that you see an excess over background.

4 And we haven't gotten to that point yet.

5 The early indications and I'm going to

6 call them early indications from the 15 nation IARC

7 study said that among those workers that were only

8 exposed to external radiation, anyone who had internal

9 radiation was pulled out of the cohort, their average

10 exposure being about 20 mSv, about one percent of

11 their cancer was associated with that occupational

12 exposure. Now that was primarily biased by Canadian

13 data and I think that'Is going to be corrected and

14 rescinded. But that'Is going to be a source of data in

15 the future to look at because generally those workers

16 were 40 years of age and have clearly not had enough

17 time to express an access.

18 The second set of data that we're going to

19 see are probably going to be the resident along the

20 Techa River because of releases from the Mayak

21 Production Association. There we have data that

22 probably extends over 50 to 60 years. We're looking

23 at access cancers in that population. There were

24 exposed to very low compared to the occupational and

25 some of the other stuff exposures. But again, the
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1 problem there is reconstructing the doses and

2 assigning some dose to their background. Again,

3 that's going to be complicated by a lot of other

4 factors, too, socioeconomic being one. It's the food,

5 what they drink, what do they smoke compared to a

6 reference population.

7 But there I think in the next 10, maybe 20

8 years, we might be able to extract some information

9 and again the latter program is supported by DOE. DOE

10 is putting a lot of money into that as well as NIH.

11 DR. MOSSMAN: I think the Techa River

12 study will be very informative because doses are

13, fairly high there. Now in the 15 country IRAC study

14 I'm not sure how to interpret that data because I get

15 to see any stratifications of the data according to

16 dose.

17 I mean, you say, and correctly so, that

18 the average was something like about 20 mSv. But what

19 we don't know is among the groups that received the

20 highest doses what's their cancer rates versus the

21 populations that received much lower doses. So we

22 can't -- Until we stratify the data according to dose

23 intervals, we really won't understand in that

24 population what the magnitude of the risk is.

25 The doses that we're typically seeing now
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1 which is under a half of -- Well, it's under 5 mSv per

2 year, well under that in many instances. So I think

3 the jury is still out in terms of the 15 country

4 study. It's a very important program because there's,

5 what, 400,000 nuclear workers involved.

6 DR. HOLAHAN: Actually, it's closer to

7 600,000.

8 DR. MOSSNAN: Is it 600, 000? Yes. But I

9 think until we understand the stratification according

10 to dose it's going to be difficult to really

11 understand what the magnitude of the smaller dose is.

12 All of the cancer we may have been seeing may have

13 been those that were exposed very early and at very,

14 very high doses.

15 DR. LE GUEN: Of course, it's very

16 important to have a meta analysis study in order to

17 have a large cohort. But one of the problems that we

18 have about large cohort is the uncertainty. About the

19 15 country, there was problem about the uncertainty

20 due to the Canadian cohort and if you exclude this

21 Canadian cohort it would be better.

22 And a similar point, this is very

23 important to continue this study. Why? In fact, I'm

24 involved in the French cohort of nuclear workers and

25 this French cohort is too young for the moment. And
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1 that's why it will be very important to continue

2 during the next 20 years to follow this population

3 because you remember my relation between age and

4 concern and you increase the number of concern with

5 age and, of course, if your cohort is too young, it's

6 not -- you are not able to see a small excess of

7 concern.

8 So we are decided in France to continue to

9 support because, of course, for the future if we want

10 to assess a risk at low dose this is very important to

11, take into account these nuclear workers. But also

12 perhaps medical examination, don't forget this because

13 we have a broad population because we are all involved

14 in this cohort and perhaps it's also of great

15 importance to AP epidemiologists, AP epidemiological

16 studies with medical examination.

17 DR. MOSSNAN: But it's also -- To follow

18 up, it's important to look at leukemia as a sentinel

19 disease. I mean, we ought to be able to see that in

20 increase before we see anything else and that ought to

21 -- We should be seeing increases in leukemia 10, 15,

22 years, even earlier than that, following exposure. So

23 1 think we ought to be getting indications of what the

24 risks might look like by particularly paying attention

25 to the leukemia because in general they're latency is
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1 shorter.

2 CHAIRMAN RYAN: Just go there and then --

3 DR. PUSKIN: There are several other

4 studies on chronic exposures like the Taiwanese

5 apartment dwellers, people who lived in apartments

6 that had cobalt-60 contamination steel. We had quite

7 a range of doses. The epidemiological follow-up is

8 very short now. So there's data that's pretty

9 preliminary on that. There's -- I think there's some

10

11 There are some old studies where we really

12 don't know the dose, but we know the chronic dose did

13 elevate cancer rates in radiologists back when they

14 didn't control the doses very much or medical

15 technicians. There is --

16 CHAIRMAN RYAN: Relatively small groups

17 though. Not huge numbers.

18 DR. PUSKIN: No, but another one that's

19 very worth looking at is the clean-up workers at

20 Chernobyl whose doses were over a few months at least

21 and there is one study so far that they have not, I

22 don't think, seen leukemia where you might have

23 expected to see it. That's an interesting group.

24 CHAIRMAN RYAN: Allen.

25 VICE CHAIRMAN CROFF: Vince, did you have
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1 something?

2 CHAIRMAN RYAN: Vince, sorry.

3 DR. HOLAHAN: Leukemia has been observed

4 in -- It wasn't picked up in the IARC study because if

5 you received any internal exposure, the reprocessing

6 activities or even up in Canada having gotten exposure

7 to tritium, they were among the 200,000 that were

8 pulled out of the cohort. So you have to really watch

9 the methodology of the study and how the protocol is

10 set up.

11 VICE CHAIRMAN CROFF: Okay. I had a

12 second question if I could and going back to

13 Commissioner Lyons this morning who expressed some

14 degree of frustration over the collective dose issue

15 which I share and let me try to pose the question like

16 this. For the purposes of regulation, let's say, the

17 policy has been LNT and, as Commissioner Lyons said,

18 if that is the policy, collective dose immediately

19 follows. You can do very simple math. There it is in

20 front of you.

21 But yet the ICRP, for example, on one hand

22 says use LNT, but on the other hand they say you

23 shouldn't use collective dose to produce risk to

24 populations.

25 And what I'm leading up to given that this
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1 is a technical body here. In other words, we don't do

2 social factors and not really economics, is there any

3 technical reason the panelists can come up with why

4 such use of collective dose is not or should not be

5 done or is inappropriate. Let me phrase it that way.

6 DR. LAND: I can't think of any technical

7 reason why you shouldn't use collective dose.

8 DR. PUSKIN: I think it's just important

9 when you use it that way to put in context --

10 CHAIRMAN RYAN: How about a 10 millirem a

11 year per person in addition to background?

12 VICE CHAIRMAN CROFF: On what basis?

13 CHAIRMAN RYAN: I'm just saying. Ten

14 millirem in addition to background should be treated

15 as just a multiplication and it's the added risk. But

16 I struggle with any addition dose that's within -- I

17 don't know. Pick a number. One segment of the

18 average of background in the U.S. and saying that's

19 added risk.

20 DR. PUSKIN: I would say you should put it

21 in context. Two things. One is that it's based on

22 the assumption of LNT and that we're not positive

23 that's right. And the second is that the individual

24 risk is for individual probably down -- if it's like

25 a dose as an individual, you probably would not be

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com% I



193

1 concerned about.

2 VICE CHAIRMAN CROFF: I fully agreed it

3 needs to be put in the context of the background

4 collective risk and other risk people get and also it

5 needs to be done properly.

6 CHAIRMAN RYAN: I say you could

7 miscommunicate the risk. That's my problem with it.

8 DR. PUSKIN: It could also be -- I think

9 the misuses come in to trying to apply to populations

10 you really don't know their background rates, for

11 example, populations -- months from now.

12 VICE CHAIRMAN CROFF: It's interesting

13 that the IRSP in the separate report in an appendix to

14 it gave what I thought was some pretty good advice on

15 sort of how to do uncollected dose. You have to apply

16 it to homogenous groups with similar lifestyles and

17 this kind of stuff and, of course, if you're looking

18 at a very large population, release Krypton-85 or

19 something that persists in the atmosphere, that can

20 get to be a real chore.

21 But I just wanted to make sure and I also

22 recognize that there are other balancing factors, the

23 economics and social aspects and would the use of the

24 collected dose result lead you to spend a lot of money

25 on something that doesn't make any sense is very valid
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1 as a policy issue, but not necessarily --

2 DR. PUSKIN: I do have a problem though if

3 you say don't use. I think there's a danger that

4 people think you're hiding something. In other words,

5 some scientist is going to come along and use it

6 because there's, I would say, pretty good evidence for

7 LNT and it's not all conclusive, but there's a

8 scientific basis for it. Somebody is going to go out

9 there and calculate it and they're going to put out

10 the number and if you're going to say "I'm just not

11 going to look at that."

12 CHAIRMAN RYAN: No, no. I think you can

13 do whatever you want as long as you recognize its

14 limitation. Very often, what you say is true, people

15 use it and never site the limitation.

16 DR. PUSKIN: Right.

17 CHAIRMAN RYAN: That's just as bad as not

18 leaving it silent.

19 DR. BARCELLOS-HOFF: And essentially what

20 you touched on is how do you communicate information

21 about risk.

22 DR. LE GUEN: Absolutely.

23 DR. BARCELLOS-HOFF: And one of the things

24 that people -- If you just listen to risk

25 communication discussions, you were just exposed to
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1,000 mSv, 1,000, and that number impresses people.

If you say you were now exposed 0.0001 whatever it is

which I can never do it just loses any impact and I

think one of the things that we tend to, and I think

probably what you're alluding to, is how you

communicate risk to regulatory bodies or to the public

and we don't do a very good job of that.

One is we have all these different units

which is impossible to keep track of even as a

radiation biologist in terms of --

CHAIRMAN RYAN: -- bilingual in the U.S.

DR. BARCELLOS-HOFF: But there's also the

same that you could ask the other question. Why use

collected dose? Why do you use it? Under what

circumstances do you use it? And what does it convey

DR. LAND: Just a higher smokestack thing.

DR. BARCELLOS-HOFF: Yes.

DR. LAND: You know, you get -- you spread

it out more and you think it isn't going to go away.

It's sort of reasonable to think that maybe you're

just causing just as many cancers only they're spread

out over a larger area. So nobody will ever find out

and that seems to me that's morally not such a good

thing to do.
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1 DR. MOSSMAN: Yes. It's equivalent in

2 insurance to spreading the risk and I'm not sure that

3 there's really any value and you're right, Mary Helen.

4 It's a question of communication. If the idea is

5 communicating risk, collective dose is not the way to

6 do it. I think that there are ways in which you can

7 frame risk that uses appropriate analogies that helps

8 people understand what the magnitude of the problem is

9 and I think that that needs to be the approach.

10 But to me, collective dose is really its

11 true value is in looking at trend analysis, evaluating

12 job scenarios, things of that nature. I think that's

13 where it's very, very useful. You do not calculate

14 any kind of risk from that. You're just using a --

15 CHAIRMAN RYAN: It's a relative measure.

16 DR. MOSSMAN: Yes, it's relative measure.

17 That's right.

18 (Simultaneous speakers.)

19 CHAIRMAN RYAN: -- dose than this way of

20 doing it.

21 DR. MOSSMAN: Right.

22 CHAIRMAN RYAN: And that's a good tool to

23 use in the -- I agree with that.

24 DR. MOSSMAN: It's a good tool. Yes, it's

25
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1 DR. LE GUEN: That's a good word. It's a

2 tool.

3 DR. MOSSMAN: I mean, dose -- There's

4 nothing wrong in an ALARA situation to establishing

5 dose targets in which the dose target is expressed as

6 a collective dose and then your idea is then in the

7 population that you're managing to make sure that that

8 trend analysis meets this dose target and you might

9 want to say 300 millirem per person, mSv, of whatever

10 it is for the large population and you evaluate your

1i ALARA program based on that. That's fine.

12 DR. PUSKIN: I think take a couple more

13 controversial uses of collective dose and one would be

14 after the Chernobyl accident dose to the European

15 population result in roughly 10,000 cancer deaths.

16 That would be one. Right? Another one would be the

17 latest one about the dose from CT scans that there are

18 so many cancers.

19 Now I know I'm going to be in the minority

20 here. I would say those are both legitimate uses of

21 collective dose in terms of looking at the population

22 impact of an activity. Now from an individual risk

23 standpoint, the people need to understand that there

24 is, first of all, that there is an uncertainty about

25 that and, secondly, that particularly in the medical
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1 case, that this risk is balanced by a benefit that is

2 larger in almost every case.

3 CHAIRMAN RYAN: In whose judgment?

4 DR. PUSKIN: Well, I think the --

5 PARTICIPANT: It's a personal judgment.

6 DR. PUSKIN: I think we could -- I think

7 the medical community --

8 CHAIRMAN RYAN: I got your point.

9 DR. PUSKIN: Assuming LNT is correct you

10 could say that the benefit is greater than the risk

11 for those exams unless the exam is unnecessary.

12 CHAIRMAN RYAN: But that's -- You know,

13 the hard part to me, Jerry, is not that I agree or

14 disagree with you. It's that's your assessment and a

15 reasonable person could come up with exactly the

16 opposite assessment and that's to me the flaw in LNT

17 as a tool or as a metric or whatever you want to call

18 it for the purpose of making the assessment. If, in

19 fact, it's a dose based way of thinking, if, in fact,

20 all that we've heard about biology tells us it's not

21 that simple then we're sort of, it seems to me,

22 backing up just a bit to keep waving it as the flag

23 we're going to rally around.

24 Just for the sake of the discussion, I

25 offer that to you. It's really easy and comfortable
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1 and familiar. That doesn't mean it's right.

2 DR. PUSKIN: I don't understand how else

3 you can examine the question as to whether CT scans

4 are a good thing or not unless you look at the

5 projected risk that you might incur and look at the

6 benefits of it. If you're going to say I'm not going

7 to calculate it because the risk is too low --

8 CHAIRMAN RYAN: Calculating it is fine,

9 but the real proof would be in the epidemiologic study

10 that examines that question, not in the estimate of

11 what it might look like when we're done with the

12 study.

13 DR. PUSKIN: I don't know if that's true.

14 I think if it really came out that the calculation

15 showed that based on LNT CT was a bad thing for a

16 whole slew of purposes I think there would definitely

17 be resistance using CT for that purpose. I don't

18 think you'd wait 30 years and see if there's a bunch

19 of cancer showing up.

20 That's the old way. That was the old way

21 they used to regulate the environment in the 1800s,

22 but I don't think that's --

23 DR. MOSSMAN: The alternate -- the flip

24 side of that is also true. If you look at coronary

25 angiography which has associated with very, very high
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1 doses, can be anyway in a complicated case. You can

2 make the argument that there isn't probably a person

3 alive who would not accept such a procedure if they

4 told you, if the doctor told you, "This is a critical

5 procedure for us to diagnose your condition. We need

6 to be able to do this in order to save your life", and

7 under those circumstances you accept the risk.

8 The bottom line then is that risk and how

9 one perceives it, is very much dependent on the

10 context in which the person is in. I mean, you know,

11 if it's something for which you derive personal

12 benefit, suddenly the risk acceptability goes way up.

13 You know, and I think that we to keep that kind of

14 stuff in mind. I'm done.

15 CHAIRMAN RYAN: Okay, thanks.

16 DR. MOSSMAN: Thank you.

17 CHAIRMAN RYAN: Ruth?

18 MEMBER WEINER: Thank you. First of all,

19 just following up on that discussion, I'd like to

20 thank Dr. Mossman for making the statement on the

21 slide that if the individual isn't harmed, the

22 population isn't harmed either. Thank you for that.

23 But my question to the -- an individual.

24 That wasn't what was on your slide. I'd like to ask

25 a question though and that is something that was not
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1 really addressed. And that's the question of

2 accumulation of damage with dose and it's something

3 that those of us in another life -- I deal with

4 Environmental Impact Assessment and projections of

5 doses to populations. And the common way to do this

6 is to say, you have a population exposed to a dose of

7 X from one event.

8 Now, if you have 100 of those events over

9 a period of 25 years, you are -- you are exposing that

10 population to an accumulated dose. Is that a valid

11 concept?

12 CHAIRMAN RYAN: Those would be the

13 imaginary doses.

14 MEMBER WEINER: The imaginary doses, but

15 this is very commonly done. Every DOE Environmental

16 Impact Statement does it. And I am asking the group,

17 is that a valid construct? Can you say that a group

18 of individuals, a population, exposed to a particular

19 dose from one event if that event is repeated, you

20 have 100 similar -- 100 events of the same type which

21 exposed that population to the same dose, and those

22 100 events take place over a period of let's say 25

23 years.

24 DR. LE GUEN: This is the definition of

25 the natural background.
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1 MEMBER WEINER: But is -- this is above

2 the natural background. Is this a valid way to

3 accumulate doses?

4 CHAIRMAN RYAN: Well, the real question,

5 Ruth, is you use those numbers to assess the

6 appropriateness or inappropriateness of some activity.

7, MEMBER WEINER: Yeah, and --

8 CHAIRMAN RYAN: So it's only in that

9 context you can ask that question.

10 MEMBER WEINER: Well, it is used to assess

11 the appropriateness of --

12 CHAIRMAN RYAN: Something, it doesn't

13 matter what it is.

14 MEMBER WEINER: -- something and I'll1 even

15 say what it is that I'm thinking of. The

16 transportation of radioactive materials, you go by a

17 population that lives along the side of the road.

18 You're exposing them to a very low dose, it's a very

19 low individual dose. I mean, it's like 10-5 sieverts

20 per -- as the average dose. You're exposing this

21 population and then you have 100 shipments and then

22 you take that 100 shipments are spaced over 25 years

23 say and you calculate and dose.

24 CHAIRMAN RYAN: So what's the nature of

25 the background you're talking about 10 to the minus
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1 nothing?

2 MEMBER WEINER: Okay, yes, that's the

3 answer to the question, but I ask, do the doses

4 accumulate?

5 DR. MOSSMAN: In fact, what you do in the

6 Environmental Impact Statement is you assume that they

7 do.

8 MEMBER WEINER: Yes, exactly.

9 DR. MOSSMAN: And as -- to establish an

10 upper limit of risk, now, then you can begin factoring

11 in DDERFs or whatever to determine dose rate in all of

12 that but in the impact statements that I've been

13 involved in, just assume the dose has been received

14 all at once. It's not been received over 25 or 30

15 years. You receive it all at once. You do the

16 calculations to determine what the cancer risk is to

17 the population and that's the worst case scenario.

18 MALE PARTICIPANT: But that didn't answer

19 her question.

20 MEMBER WEINER: Thank you, Ted. It did

21 not answer -- the question, is that a valid procedure?

22 I know that we do it. But what is that procedure

23 communicating?

24 DR. BARCELLOS-HOFF: That procedure is

25 communicating that you have a biophysical -- is the
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1 biophysical model of radiation damage. In other

2 words, any increment of dose is going to have some

3 increment of damage and that is cumulative. It

4 doesn't have to be cumulative in the same cell. It

5 can be just cumulative across the organ or across the

6 organism.

7 And I think it is based and I wanted to

8 say something along the lines of there's an elephant

9 in the room, okay, that nobody has actually raised,

10 which is that we have a linear no threshold radiation

11 protection policy that has -- or was established many

12 decades ago consistent with ALARA, but in the last 20

13 years there's been a scientific argument for linear no

14 threshold based on biophysical considerations of

15 energy distribution, targets, DNA and the ocogene

16 driven model of cancer.

17 And that's where we see this disconnect,

18 now between the biology of targeted effects versus

19 non-targeted effects. Using the biophysical model of

20 cancer risk and what I have a hard time with is we

21 have policy and we have models, you know, and then we

22 have scientific rationales or support for those models

23 and they go back and forth and back and forth and you

24 know, you lose track of which one you're talking about

25 when we talk about LNT.
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1 So let's just say there's the policy,

2 there's linear threshold biophysical modeling and its

3 application then back to policy. But that is exactly

4 what you're talking about. It's a cumulative because

5 there's a biophysical event. There's a persistent of

6 that event and all I was -- one of the contributions

7 of the DOE low dose program in getting people to work

8 at the very low doses and looking at non-targeted

9 effects is there's another component, another mode of

10 action beyond the biophysical which is -- are these

11 non-target attacks, these signaling cascades,

12 interactions between cells that can both suppress and

13 promote complicated biology that needs to be worked

14 out. But that'Is the part that we don't take into

15 account and I would say if it was me, I wouldn't worry

16 about it.

17 But that's my risk assessment, right, my

18 personal risk assessment, not yours.

19 MEMBER WEINER: Thank you. That'Is very -

20 that clarifies it a great deal. To answer Dr. Le

21 Guen's comment, background is something that is

22 experienced on a continuous basis. I'm talking about

23 discrete events. And my question is really and you've

24 answered it in part, Dr. Barcellos-Hoff. My question

25 is really do those discrete events have a -- does the
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1 damage or punitive damage or benefit done by one

2 discrete event, is that accumulated in the next

3 discrete event?

4 DR. LE GUEN: You remember this morning I

5ý told you that this is not the physical event that is

6 important but the outcome, the consequence and due to

7 natural background but also a lot of stress because

8 you are talking about transport which we can leave

9 closed to the reader and we have a chemical agent. We

10 eat a lot of -- a lot of chemical product and so on

11 and we live in the stress.

12 And if we have planned a good mechanism in

13 your cells we have some trouble. And, of course,

14" that's why it's not, for us even this is modern, but

15 our reactor cells and particularly not the cells, the

16 tissue in the body. And so a dose is always a dose.

17 If a dose is very small and close to the natural

18 background, if we -- it's not possible to make a

19 difference between a very small dose due to

20 transportation with the natural background. That's

21 not possible and it was one of the comments of Thomas

22 Tenforde this morning to say how it's possible to make

23 a difference between the natural background and the

24 very small dose rate with an experiment. It's not so

25 easy.
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1 DR. TENFORDE: Let me address Ruth's

2 comment. First of all, 10 micro-sieverts is defined

3 by NCRP and it's agreed upon almost worldwide that

4 that is a negligible individual dose. Now, that

5 doesn't mean if you get a lot of repeated exposures to

6 10 micro-sieverts, let's say you have a truck driving

7 by every minute or something, that you wouldn't see

8 some cumulative effect.

9 However, we do know that the critical

10 issue is distribution of dose over time. And there's

11 a vast literature on animal carcinogenesis, for

12 example, and Bob Ulrich's many elegant studies and

13 others that show either dose protraction or dose

14 fractionation creates lesser outcome in the long run

15 than single acute exposure. So there are recovery

16 processes going on and to estimate the extent of the

17 recovery processes, you really need to have a clear

18 understanding of the distribution of dose over time

19 and so you know, in a random situation, it's very

20 difficult to achieve that.

21 And that's why in EA's and EIS's as Dr.

22 Mossman said, quite often the starting point is the

23 worst case analysis where you take the maximum

24 possible dose even if it's protracted over time or a

25 fractionated exposure, and use that as a basis of
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1 estimate of risk and I mean, that's the nature of an

2 EIS or an Environmental Assessment is you want to know

3 what could happen in the worst case typically, but

4 that isn't the proper scientific approach to take.

5 You really need to understand distribution

6 of dose over'time and in your situation if this person

7 was exposed let's say once a day to 10 micro-sieverts,

8 I'd say, well, they got a negligible individual dose

9 every day, you know.

10 MEMBER WEINER: That answers the question.

11 One very quick one, and that is we mentioned --

12 epidemiology was mentioned in many cases but there are

13 a number of uncertainties in epidemiology and it's

14 very uncertain and I wonder, Dr. Land, if you have

15 looked at the distribution of epidemiological fact

16 parameters.

17 DR. LAND: That's my job. That's what I

18 do.

19 MEMBER WEINER: That's great.

20 CHAIRMAN RYAN: So the answer is yes.

21 MEMBER WEINER: The answer is yes. Do you

22 think it's adequately considered the -- in drawing

23 conclusions from epidemiological studies about the

24 effects of ionizing radiation? Do you think that the

25 uncertainties are adequately included?
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1 DR. LAND: The ones you can deal with,

2 yeah, the ones you know about, you can -- if you don't

3 have any measurements, then you can't do it then.

4 CHAIRMAN RYAN: Jim?

5 MEMBER CLARKE: Thank you. Let me join my

6 colleagues in saying I think this is a wonderful day

7 so far as well and thank all of you for some very

8 interesting presentations. I have kind of a basic

9 question but I need to give you a little background

10 and frame it a little better.

11 If we start out with -- by the way, I come

12 from the chemical side. I'm a risk analysis person,

13 slowly gaining an appreciation for dose and was

14 engaged for many years in the conduct of investigating

15 and so-called remediation of contaminated sites

16 beginning with chemicals and moving into chemicals and

17 radionuclides and have some familiarity with the

18 process that the EPA uses to do risk assessment as

19 embodied in the Superfund guidance.

20 And if we start with -- Dr. Mossman had a

21 nice slide early on of the dose response curve and

22 showing that at high doses all the different

23 extrapolation approaches pretty much come together.

24 I remember a similar chart for DDT where many of the

25 models that you could use really converged at the high
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1 doses but as you went down to the low doses, they

2 started to diverge.

3 And you know, that divergence on the

4 chemical side, this case up before, can be

5 considerable. I mean, it's many orders of magnitude.

6 1 guess we could force them all to come back together

7 again and look at them as linear, very low doses, but

8 we find, at least for those kinds of analyses or if

9 you wanted to use that process say to estimate a so-

10 called maximum contaminate level for the chemical in

11 drinking water, you could essentially do that same

12 thing, pick an exposure scenario, get a slope factor,

13 risk coefficient and calculate a number.

14 But I think we find that we have to

15 operate at least for those objectives in that area

16 where there's just a great deal of uncertainty. So

17 the question arises to me is, is there -- and by the

18 way, the EPA removes the mystery by telling us what

19 model they've used and give -- and they give us the

20 slope factors so the calculation is actually pretty

21 straightforward. You just calculate what's called a

22 chemical intake through an exposure scenario and then

23 you multiply it by a slope factor and you get a risk.

24 Also it strikes me that every time we do

25 that, we get into trouble, so that I'm gaining an
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1 appreciation for more of a semi -quantitative approach

2 to risk analysis which I think is coming out of the

3 merits of using collective dose, if you're going to

4 use collective dose at all, more of a relative kind of

5 assessment.

6 But I guess my question is around this

7 area of great uncertainty where we find we have to

8 operate and I'm wondering given the cellular work that

9 Mary Helen described and some of the other studies, is

10 the work that's coming out of the laboratory

11 investigations at that scale, is that going to

12 position us to better select one model we might use

13 for -- on the chemical side it would be for a certain

14 class of chemicals, I guess.

15 In other words, is that going to help us

16 with this ultimately? And I didn't mean to --

17 DR. BARCELLOS-HOFF: That's an interesting

18 question. Now, but I guess it depends on how much the

19 regulatory policy is set on the science and what the

20 scientific community considers the weight of evidence.

21 1 think there is one -- in my view, one community of

22 scientists who value really the observational data

23 that you can get from epidemiology as being the

24 evidence of what will happen in humans.

25 In the biological studies, the
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1 experimental research, you always have the question of

2 expectation either to dose rates or across species or

3 across organs. And that is a complicated question. I

4 think where the science, the basic research comes to

5 bear is in asking -- is coming down to this question

6 of what does the science support in terms of if you

7 have alternate models, can you provide a biological

8 rationale to LNT?

9 MEMBER CLARKE: That's my question.

10 DR. BARCELLOS-HOFF: We can certainly

11 provide a biophysical rationale for LNT but can you --

12 is there sufficient biological evidence to support LNT

13 at very low doses and I think that's where the whole

14 field is looking.

15 MEMBER CLARKE: I guess I'm going a little

16 beyond that because I'm going into a region where you

17 might have multi -- single hit, multi-hit, all these

18 different models and saying you're operating in that

19 region and you want to -- you just want to say, well,

20 I'm going to pick a model, you know, I'm going to

21 calculate a risk, you know, what's the best way to do

22 that.

23 I guess if I had my druthers, I wouldn't

24 do that, you know.

25 DR. MOSSMAN: To me the Karl Popper
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1 philosophy becomes very important and the reason why

2 1 say that is what we try to do with the science is to

3 discredit competing theories. So really what we're

4 doing is collecting data that hopefully will allow us

5 to say that there's -- that what we want to say is

6 that there is no threshold or that there is a

7 threshold with a high degree of confidence.

8 If we can make statements like that, if we

9 can make statements like yes, the dose response at

10 very low doses is linear or it's curval linear, then

11 we can begin to make rational decisions about whether

12 certain candidate theories are scientifically

13 defensible or not. I am not so sure that we're ever

14 going to come to that. I don't think we'Ire ever going

15 to come to the situation where we're going to have

16 rigorous scientific data that's going to allow us to

17 exclude certain candidate theories in favor of other

18 ones. Therefore, I think science is very important to

19 establish -- to defend particular theories but the

20 decision to use one theory or another would be an

21 economic, political and social determination. And

22 what's key is, is that whatever economic, social and

23 political determinations you make. It has to be based

24 on scientific defensible information which we have,

25 frankly, for all the theories.
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1 I mean, we can -- there are people out

2 there who can point to data that says, yes, Hormesus

3 (phonetic) is right. We've got lots of data to

4 support that. Same thing with threshold, same thing

5 with curval linear, same thing with LNT. And of

6 course, what the Bureau 7 report says is the

7 preponderance of the evidence, an interesting rule for

8 making decisions, but the preponderance of the

9 evidence is in support of LNT.

10 Okay, that's fair enough. That's their --

11 that was their determination. So I'm not very

12 convinced that the science will ever come to the point

13 where we're going to be able to disqualify theories.

14 MEMBER CLARKE: Let me respond to that.

15 I appreciate that and again, just to put my question

16 into perspective, we are using a process that

17 estimates risk and we are using that process to

18 evaluate the current state of the contaminated site

19 and we are using that process to evaluate certain

20 alternative approaches through remediation technology

21 and remediation strategy and we are spending billions

22 of dollars with this process.

23 So my question simply is there -- if we

24 have to operate in these regions, we have to do these

25 calculations, and again, I'm much more comfortable
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1 with risk when I'm using it on a more relative semi-

2 quantitative comparative basis, but if we have to

3 operate within a certain risk range, which the CIRCA

4 (phonetic) regulations specify, and if we have to use

5 this tool to make these decisions, is the work that is

6 being done at the -- and I believe the EPA is doing

7 the same thing for chemical carcinogenesis, they're

8 looking at in vitro and cellular. They're looking at

9 everything they can. Also a lot of the data that we

10 use for chemicals came from very high human exposures

11 as well, for example, arsenic, and we have the same

12 extrapolation problem.

13 So is this helping us get to that area

14 that we have to operate in, I guess is my question and

15 I probably answered it.

16 DR. MOSSMAN: Well, I mean, the way I see

17 this thing going and I'm probably wrong but I'll say

18 it anyways, is that someone or some group of people

19 will say this is costing us too much money. Is there

20 another way that we can manage risk using a

21 scientifically defensible underlying theory that will

22 cost us less money and still protect the public health

23 and the environment?

24 CHAIRMAN RYAN: Ken, one element of that

25 is back to this idea of bounding case.
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1 DR. MOSSMAN: Is what?

2 CHAIRMAN RYAN: Bounding case. Bounding

3 case is an admitted overestimate of risk.

4 DR. MOSSMAN: Well, LNT in some ways is

5 that --

6 CHAIRMAN RYAN: Well, leave that aside for

7 the moment.

8 DR. MOSSMAN: Okay.

9 CHAIRMAN RYAN: As John Garrick, who was

10 my predecessor in this chair would say, "You can mask

11 risk by using bounding analysis". Actually, you don't

12 know what it is because you haven't done a credible

13 job of trying to assess it. Now, sorry, Jim?

14 MEMBER CLARKE: I'm sorry.

15 CHAIRMAN RYAN: So if -- you know, if you

16 think about the way we reach those decision tools,

17 particularly if we use bounding analysis so use this,

18 well, we assume, you know, all sorts of goofy

19 assumptions, for example, low level waste. You know,

20 you have to have a farmer who lives on top of a waste

21 site and he has to grow his food in exhumed waste,

22 which I challenge anybody, show me how that can be

23 done.

24 But you know, we do it anyway and then we

25 come up with a dose calculation and say that's -- you
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1 know, that which we do on concentrations. Is it safe

2 or is it bounding? Well, you know, I guess so but

3 does it really tell you what the risk is from disposal

4 of the waste, no. So I struggle a little bit with you

5 know, this idea of you know, the premise for some of

6 the decision making are these sorts of bounding

7 analysis that really don't tell you what the risk is.

8 It's a convenient way to calculate stuff and say, well

9 if we're there we're okay. It has nothing to do with

10 risk. Nothing.

11 That's my point is that if you use some of

12 these extreme cases, you don't learn anything about

13 the risk. You just have made a decision based on an

14 absolute. So that's kind of a strategy for how to

15 assess risk I wish we would get away from.

16 DR. BARCELLOS-HOFF: I just wanted to

17 raise that in terms of strategies for managing risk,

18 I also work in -- for NASA's program for space

19 radiation exposures where, of course, you're never

20 going to have a population in our lifetimes or next

21 couple lifetimes to actually evaluate risk of sending

22 people into space and you have a very complex space

23 radiation exposure on top of your biology.

24 CHAIRMAN RYAN: All the quality factors

25 are well worked out, I'm sure, yeah.
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1 DR. BARCELLOS-HOFF: An RV is a lovely

2 concept. And their strategy has been to try to

3 attempt, and I think attempt is about where we are, a

4 molecular mechanistic based model of cancer risk.

5 Now, what does that mean? It essentially at one level

6 says identifying every single step and the possible

7 interactions in this hugely complicated human body

8 which consists of 10'" cells. And so you say, well,

9 that will keep us busy longer than getting to Mars,

10 right? But there is some element of reality there and

11 because what it says is, what you need to know are

12 going again to systems biology is the critical cuts,

13 the really -- and we've been working under that

14 paradigm for many years thinking that the critical

15 nature was a genetic sequence. And you know, putting

16 -- and you know, that that was it and that we could

17 extrapolate everything from changes in the genetic

18 sequence. And now, we're trying to incorporate more

19 of this and I think there will be this better defined

20 process of what it takes to become a cancer.

21 And maybe that's something that will

22 eventually used but again, I have no real appreciation

23 of what you actually do. So -- but I think from the

24 biology side, that's the goal.

25 CHAIPM4AN RYAN: With that, we're kind of
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1 at the hour where we need to take a 15-minute break.

2 We have some other stakeholders as I mentioned this

3 morning, that have asked for time to participate and

4 so we'll start promptly at 3:15 with our two

5 requesters starting first with Dr. Ted Rockwell I see

6 here in the audience, and Ted if you want to go up and

7 get yourself set up that will be fine. And also, Mr.

8 Lynn Ehrle, are you still with us on the phone, sir?

9 MR. EHRLE: Yes, sir.

10 CHAIRMAN RYAN: Okay, well, thank you for

11 being with us. And just for the record, would you

12 tell us who you are at the microphone? And we've got

13 a third request.

14 DR. COCHRAN: I'm Tom Cochran with the

15 Natural Resources Defense Council and I would like to

16 speak as well.

17 CHAIRMAN RYAN: Dr. Cochran also has some

18 time to speak after the break. So we'll reconvene

19 promptly at 3:15.

20 (A brief recess was taken.)

21 CHAIRMAN RYAN: Could I ask everybody to

22 take their seats please, and reconvene. Come to

23 order, please. Dr. Rockwell.

24 DR. ROCKWELL: Mike, I have to

25 congratulate you on a tight ship you're running.
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1 CHAIRMAN RYAN: Well, you know, we've got

2 a lot of speakers and a lot of views, Dr. Rockwell,

3 and we certainly want to have appropriate time f or our

4 stakeholder comments this afternoon. And without

5 further ado, right on the appointed hour, if you'd

6 take it away, Dr. Rockwell, you have about 15 minutes.

7 DR. ROCKWELL: Thank you. Well, I've been

8 in the nuclear business for 64 years now from when I

9 was in Oak Ridge during the Manhattan Project and the

10 explaining the thing is very complicated and we always

11 get tripped up. Every item you want to talk about

12 turns out you can't talk about that one until you've

13 talked about the other one first kind of thing.

14 My objective in putting the material into

15 the record is a small one and maybe a bigger one will

16 follow with that but the smaller one is that we in the

17 nuclear community, authoritative people in the nuclear

18 community, are saying opposite things day after day.

19 We're telling them over and over again there is no

20 such thing as a safe dose of radiation and the other

21 day the Chairman said in a big public meeting, the

22 public needs to understand that here is such a thing

23 as a safe exposure. You know, and it goes on.

24 We're completely repeatedly told that

25 collective dose can't be used and yet, as you've
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1 heard, we have procedures in which the Government is

2 requiring people to use collective dose to make

3 evaluations. So I would like to see if I could

4 contribute a little bit to resolving that. I find

5 that there's a lot of information out there that

6 people don't really want to hear and it's amazing how

7 fast they can forget data. And when you put a number

8 of these things together, one after another on a piece

9 of paper, it's really quite a shocker and that's one

10 of the things that I've tried to do.

11 So what I've put into your record here

12 with the little memory stick and it's on the web so

13 anybody can get it if they click this thing. They can

14 get the whole package of stuff we have here.

15 CHAIRMAN RYAN: Now, this is your packet,

16 I believe.

17 DR. ROCKWELL: Yeah.

18 CHAIRMAN RYAN: And we've made copies

19 available in the back of the room for other

20 participants as well.

21 DR. ROCKWELL: Yes, that's right.

22 CHAIRMAN RYAN: Okay, very good.

23 DR. ROCKWELL: There are two things here.

24 one is this info paper that I've just mentioned and I

25 threw in at the last moment in response to the idea
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1 that gee, there really isn't any good low dose

2 information and therefore, we have to make a lot of

3 assumptions we wouldn't have to make otherwise. And

4 that simply is not true, that there's no good

5 radiation -- low dose radiation information. And so

6 what I did just hurriedly is show you that -- mine is

7 in color because this is the original one but since

8 I'm paying for this out of my own pocket, the black

9 and white -- you're getting black and white copies of

10 it.

11 But this is an outline of the material in

12 the Radiation Science and Health website. This is

13 data, scientific data, at low dose that refutes the

14 LNT that shows that low dose radiation is not harmful

15 and is, in fact, beneficial in most cases, Just as is

16 stated in NCRP 136, it is important to remember that

17 most populations exposed to low dose radiation are not

18 harmed and as a matter of fact, most are benefitted.

19 That should have been the bottom line. They should

20 have said, that'Is the question you asked me and here'Is

21 the answer.

22 But they come to the opposite conclusion

23 in the report, as you know. But this thing is five

24 pages of outline and after each line in the outline,

25 and this is eight point typed single spaced and we've
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1 got five pages of it here, just of the outline. And

2 after each line in the outline is how many reports.

3 There are 29 on this line, there are 106 reports on

4 that line and so forth.

5 This is just to show and if you want to

6 see how substantive those papers are and how

7 legitimate they are, go to the website because there

8 it is, but the basic document here is in three pieces.

9 It'Is a one page that says what it is and that'Is what'Is

10 on the website that you start clicking on to get the

11 rest of it. And what -- on the printed copy we give

12 it to you, it's a one-sheeter. And then there's a

13 f our-page executive summary that goes through the

14 arguments and doesn't have two many links on it and

15 then we have the scientific attachment which is 26

16 pages showing some actual stuff.

17 Now, even this 26 page thing does not have

18 any figures and doesn't have very many pieces of

19 actual data but what it does have is some links and

20 citations to reports that are really solid and those,

21 in turn, have a lot of citations of their own. So

22 this is the information on which decisions can be made

23 and pulling in a lot of stuff that hasn't been used

24 before and which should be. Now if these reports are

25 legit, they ought to be used. If they are not
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1 convincing, then they should be repudiated, but they

2 are ignored. They just don't get into the reports.

3 So that's what's the package in there that

4 you can use. Now, the -- there's a couple of points

5 1 want to make and that is that in addition to the

6 fact that this good data that is not being used, there

7 is bad data that is being leaned on very heavily.

8 There's some really terrible reports that are cited

9 over and over again in favor of preserving the LNT.

10 And some of them have just very basic scientific flaws

11 in them. The work of Cartiss, et all, for instance on

12 those things that -- did some terrible stuff of data

13 selection. There were seven little data bins and

14 three of them were -- showed some damage, net damage

15 and four of them showed benefit. So she never

16 mentions the four that showed benefit, just quoted the

17 others which was 70 percent of the data. She ignores

18 70 percent of the data. So she ends up with only 30

19 cancers out of the whole thing. That's not enough to

20 get good statistics.

21 So she builds a computer model of 500

22 cases to represent the 30 and then goes for there.

23 And on top of it all at the beginning, she says, that

24 since there's no reason to believe that radiation

25 could be beneficial any radiation effect will assume
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1 it's damaging when used just one-sided -- one-tailed

2 curves. Really bad stuff.

3 So let me tell you about what I think is

4 some of the myths of this game that ought to be

5 examined and fixed. One is that there is a debate

6 going on between people who favor the LNT and people

7 who don't. There is no such debate. I don't know

8 anybody that will stand up and defend scientifically

9 the basis for the LNT. There are people who say that

10 although there isn't good data to support it,

11 nonetheless, it's the best we have and it's prudent to

12 assume and so forth and so on.

13 I've been trying to get a debate between

14 the pro and the non-LNT people. We tried to get --

15 when Charlie Meinhold was Chairman of the NCRB, tried

16 to get him to chair a debate and lead a debate of

17 people, we could pick on either side and here's some

18 of the scientific efforts. And you know, he wouldn't

19 do it. He wouldn't get involved. He says, "Gee,

20 we're in the middle on the thing," he says.

21 On one side you have people like

22 Sternglass and Radford and who was the third one, oh,

23 Coldecott (phonetic) and on the other side you have

24 Cohen and Polycove, who was the other one, Cohen,

25 Polycove and -- the idea that -- and he says, "We're
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1 right in the middle so we're not in a position to do

2 a debate. You know, we must be doing something right

3 because we're right in the middle".

4 So I have not seen, and I would like to

5 see a good open discussion of the scientific story as

6 to where we are on the thing. Now, I've heard a lot

7 today about the fact that there's more than science

8 involved but Mike opened the meeting with a very

9 important statement. He says, "We don't make policy

10 here, we'Ire here to talk about science". And I think

11 it's important that we act on that and the policy

12 people will decide what they're going to do with the

13 science.

14 But if we can't give them a straight story

15 from the science, how can we expect them to do their

16 job. So I think it's misleading, I think it's dodging

17 the issue if we pin too much on the fact that there

18 are factors other than science involved here. it

19 seems to me, if I understood Mike and I certainly

20 agree with him, that our job is to talk about what is

21 the best scientific story and right now, as I say,

22 we're talking out of both sides of our mouth and we

23 can'It blame that on the press and we can'It blame it on

24 the anti-nukes, we can't blame it on Tom Cochran. He

25 didn't invent the China Syndrome and he didn't put out
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1 reports telling people that we're killing people every

2 day at normal radiation levels. When what'Is his name,

3 the guy from New Mexico was -- Bill Richardson, when

4 he was head of the Department of Energy, he put out

5 this report, calculations showing they're going to

6 kill so many people, 250 people, whatever it was, in

7 the plants and 98 percent of this will fall within the

8 tolerable limits. I don't know how in the world

9 anybody would ever calculate that, you know, it's an

10 impossible thing to say, but then the DOE proceeds to

11 run out and send people to all the old people's homes,

12 retirement homes and things like that and tell them,

13 "Don't you feel sick, you know, you were a visitor or

14 a participant in one of the bomb tests", and so forth.

15 So we're really -- we have created this

16 problem, we in the nuclear industry have created this

17 problem all by ourselves. The scientists and the

18 contractors and everybody else, we've created this

19 fearful thing. We're going to have to build a 323-

20 mile highway for a billion bucks so that we don't send

21 Ruth's trucks be the churches and schools. If they

22 sent them by churches on weekdays, I suppose it would

23 all right but you know, we've created this thing and

24 so I think it's really important that we clarify that

25 if it is not true, that there is no such thing as a
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1 safe dose, then we ought to quit saying that and we

2 ought to tell people that that's what it is. And I've

3 heard the argument that says that we should, you know,

4 not look as if we're trying to downplay the danger,

5 that if we say something like that, we'll be

6 considered that we're speaking in our own behalf.

7 Why shouldn't we? Who else is going to do

8 it for Pete's sake? So this is a document, I hope

9 you'll look at. I hope you'll look at the radiation

10 science and health thing here. There are hundreds of

11 good reports here and I was told that what I should do

12 is get the facts out and let people draw their

13 conclusions on the thing, but I've got a bunch of

14 letters in here quoting from different people with

15 bitter complaints that they have sent data in, whether

16 it's NCRP or whether it's DEIR, I've done it myself,

17 testified, gave them the data and it's never

18 mentioned, never mentioned.

19 You say these are flaws in the draft that

20 you sent around and they send the thing, and they're

21 still there. And that's not a narrow group of people.

22 That's the thing. So that I think that we've got the

23 power and in an advisory committee like this, you are

24 freed from any obligation to have to implement these

25 policies, so you're set up this way solely with the
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1 idea so you can speak truth to power. That's your

2 job. You don't have to live with it.

3 You know, you don't have to live with it,

4 but you ought to tell them what you think honestly the

5 science says and if they have some trouble dealing

6 with that, they'll have to take that responsibility

7 but they won't be able to say, "Gee, my advisory

8 committee told me this was what the science said".

9 That's my time, I think.

10 CHAIRMAN RYAN: Thank you very much for

11 your comments. Just for everybody's benefit, Dr.

12 Rockwell's material will be part of our written record

13 and your comments today a part of the transcript for

14 this meeting. So it will be part of the record.

15 DR. ROCKWELL: Thank you very much.

16 CHAIRMAN RYAN: Thank you very much.

17 Next, I believe we have Mr. Lynn Ehrle on the phone.

18 MR. EHRLE: Yes.

19 CHAIRMAN RYAN: Mr. Ehrle, the floor is

20 yours and I think we can hear you quite well. We have

21 a very good speaker phone here. So you have the next

22 15 minutes, sir.

23 MR. EHRLE: Thank you. Lynn Howard Ehrle,

24 I'm a retired consumer economics and social studies

25 teacher who happens to have been studying radiation
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1 effects at low dose for the past 40 years. I became

2 interested in this field initially because I began to

3 be concerned about the whole issue of nuclear power

4 and shortly thereafter, I was a founding member and

5 was the Vice President of Consumer Alliance of

6 Michigan for a 10-year period during the '70s.

7 Did all of their testimony in the Public

8 Service Commission and was even nominated twice for a

9 post but unfortunately the Governor didn't want to

10 have a consumer advocate setting utility rates so that

11 was that. The -- there's several concepts that I am

12 curious to see if we can get our hands around. A

13 statement was made by one of the panelists that

14 there's an elephant in the room. Unfortunately, you

15 haven't even tweaked its trunk. There are issues that

16 will not be discussed by neither the Commission nor

17 NCRP nor the ICRP. Those organizations are basically

18 closed unions.

19 They're self-appointed, self-perpetuating,

20 and there's no way that all stakeholders can get a

21 foothold in those organizations. And it's very

22 simple. A statement was made by Dr. Le Guen who

23 indicated that science and politics should remain or

24 be separate. My observation is, is studying the

25 sociology of the issue, science since Hiroshima and
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1 Nagasaki, has been inextricably interwoven with

2 politics.

3 Classic example, the Atomic Energy Act of

4 1946 locked up radiation research. In fact, it stayed

5 locked up all through the Cold War, under its

6 restrictive data label, RD, and in the Act, it, of

7 course, was interpreted to mean that all radiation

8 research relative to weapons was borne secret. In

9 fact, the book "Atomic Audit", done by Brookings

10 Institution that estimated $5.8 trillion has been

11 spent on nuclear weapons and the system between 1940

12 and 1996. The Department of Energy, they stated, had

13 at least 280 million pages under lock and key.

14 And so you can see the enormity of the

15 problem for those of us who had a concern about risk

16 as it related to the exposures from nuclear power,

17 from the embryonic nuclear power plants that were

18 coming on line. By the way, for several months I

19 tried to search out studies dealing with shoe fitter

20 salesmen. You know, there isn't a study around.

21 Well, I love to stand under that periscope and see my

22 toes wiggle. And one day about 1952 they took them

23 out and I asked the salesman where did they go. He

24 said, "I don't know, they just came and took them

25 out". I said, "Why"? He said, "Well, we were never
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1 told". Well, obviously, those salesmen are all dead

2 because those were low doses over time, protracted and

3 scatter gun fluoroscope. So we can look at events.

4 For a classic example, what is it that was

5 kept under the rug after Hiroshima? Indeed, it was

6 not until 1950 that the American Bomb Casualty

7 Commission began to do its work. And so there was a

8 long period where Japanese physicians were told to

9 report their findings on health effects to the agency

10 that was coordinating their efforts with the Army.

11 And indeed, that whole process, that super secret

12 process, was set in motion by Leslie Groves,

13 compartmentalized so that nobody could know what the

14 other hand was doing. And that had serious

15 consequences scientifically as you might well imagine.

16 And so as the situation developed from the

17 Atomic Energy Act, we began to see that some of the

18 scientists were treated as Pyrrhus. They were made --

19 subjected to scientific shunning, as it were. They

20 were closed out because they were too independent,

21 because they may challenge the conventional wisdom and

22 indeed they tried to but they could never get a

23 hearing.

24 Take the case of John Gofman, Gofman was

25 a brilliant scientist. He is my mentor. Over a 12-
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1 year period I conversed with him frequently. He sent

2 me all five of his radiation books. The first one

3 "Radiation and Human Health", over 900 pages, a

4 brilliant book, but as one doctor said in complaining

5 about it, "Well, that was published by the Sierra

6 Club", as that somehow case a pall over the science.

7 It really is even now very current in terms of what

8 was presented.

9 And yet as the Atomic Energy Commission

10 gave Gofman a grant, Associate Director of Lawrence

11 Livermore. Well, before that, he had distinguished

12 himself as a cardiologist. I've interviewed several

13 cardiologists. They don't even know Gofman's name.

14 He wrote the book. In 1974 he was designated as one

15 of the top 25 cardiologists of the past quarter

16 century by the American College of Cardiology.

17 And as far as radiation effects, he could

18 run circles around some of these people that

19 pontificate about the fact that there's no low dose

20 data. It's ridiculous. It's all over the place.

21 When Klausner was head of NCI, he spoke out in 1996,

22 I recall at Nancy Pelosi's town hall meeting in San

23 Francisco and he said, "We don't have any data on low

24 dose". I sent him a list of 71 low dose studies that

25 were all peer reviewed and never got a response.
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1 There's plenty of evidence. I'm looking at John

2 Gofman's book right now, "Radiation Induced Cancer

3 from Low Dose Exposure". Two top flight medical

4 physicists reviewed his book along side Beard 5

5 (phonetic) and concluded that persons concerned about

6 radiation risk should read both of these excellent

7 studies.

8 And it seems as though Gofman had already

9 established himself as an anti-nuclear advocate and so

10 his studies were uniformly dismissed and so you wonder

11 why I have a tone of anger in my voice. When you see

12 people like Albert Einstein that was trailed, read the

13 "Einstein File", a brilliant book that summarizes what

14 the FBI did in copious detail to hound him and cause

15 him and other scientists to be on the defensive and

16 the same thing happened to others as well.

17 And so they either caused them -- well,

18 take the case of Heuper. Here was a man, who in 1948

19 became the first director of the Environmental Cancer

20 Section of NCI. They put a collar on him because he

21 worked at Dupont. They sent his studies to Dupont for

22 them to review. If you haven't heard some ridiculous

23 stuff there, read it in the book "Cancer Wars", by

24 Proctor, who goes through the case of Heuper. When he

25 retired in '64, the NCI disbanded his project and
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1 shipped his large library, broke it up and sent it

2 elsewhere. And so that was the treatment that people

3 who dared to challenge the conventional wisdom would

4 get. So you can see why I make the conclusion that

5 one of the impediments to low dose radiation and

6 effective science is because the people have come up

7 with new science.

8 For example, here's a classic one for you,

9 the Health Physics Society, Ken Mossman former

10 President, they came up with a report, and I'm looking

11 at it right now that said below 5 to 10 rem that "risk

12 of health effects are either too small to be observed

13 or are non-existent." Well, I should refer you to the

14 TNAS paper. Brenner was the lead author, 15 top

15 flight cancer experts were on that study and they

16 concluded that there was risk, good epidemiological

17 evidence, that low dose risk from 10 to 150 milli-

18 sievert and protracted dose of 50 to 100 milli-

19 sievert.

20 Well, that certainly goes against what Mr.

21 Mossman has said in the past relative to statements

22 that he has made that -- in fact, one of the articles

23 that I had from -- that he had written related to a

24 statement that he said that these doses of -- at those

25 levels are diminimus. So here we have people who
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1 supposedly are experts in the field and yet you go to

2 either ICRP or NCRP and none of the people that I'm

3 dealing with and right now, I'm -- for the past two

4 years was appointed Senior Biomedical Policy Analyst

5 for the Organic Consumers Association that basically

6 is trying to keep food safe and I worked with the

7 director in the early '90s to try and keep Monsanto

8 from putting rBGH in the food but unsuccessfully and

9 so he appointed me to this post because he wanted to

10 see this project that I put in front of him, the

11 establishment of an international science oversight

12 board. We don't have a dime, that's the problem with

13 all the non-profits. They don't have time to travel

14 to Washington. They don't have time to get involved

15 in these conferences and they're certainly not going

16 to get any grants from the NIH or the NCI to deal with

17 these conflicts of interest that so bedevil our

18 science today.

19 So here we have this huge problem and in

20 Gofman's book, "The Radiation Effects of Low Dose", he

21 points out the genetic risk factors and if you go back

22 to H.J. Muller who, of course, only won the Nobel

23 Prize for his fruit fly study, drosophila, the

24 treatment he got at first, doctors walked out of his

25 lectures. They didn't want to hear it. He was
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1 uniformly criticized, of course, until he won the

2 Nobel and then was called the Father of Human

3 Genetics. But in -- and that was 1946. In 1955, he

4 went to give a talk at an international body and the

5 Atomic Energy Commission -- he had just won the Kimber

6 Genetics Award, the first one from the National

7 Academy of Sciences and he, in that particular award,

8 indicated that one of the accounts he pointed out the

9 tremendous damage, autogenic (phonetic) damage, that

10 is caused by radiation and then in the talk that he

11 was about to give in '55 at the International

12 Conference of Peaceful Uses of Atomic Energy, he was

13 called up for this, sponsors of the meeting were

14 called up and said, "Muller can't speak. He's not

15 designated as a technical advisor by the Atomic Energy

16 Commission".

17 Can you believe the treatment of a Nobel

18 Laureate and a recipient of the Kimber Genetics Award

19 being told that by any government agency? That shows

20 the tremendous power that we're up against and now we

21 have Chernobyl. And three of the members of my

22 International Science oversight Board, 16, by the way

23 out of the 41 are low dose experts, three of them from

24 Russia, and if you go over, it's very interesting to

25 note that the World Health Organization and the ICRP
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1 and the IEA have had the Russian studies in their

2 files for years and have refused to translate them.

3 There is a book that I reference in my study that I

4 passed out there that apparently you must have in

5 front of you. That book is called "Chernobyl 20 Years

6 On". It can be viewed full text at euradcom.org.

7 That is the European Committee on Radiation Risk.

8 The editors, Chris Busby, a UK physicist

9 and Alexey Yablokov, a Russian biologist are on my

10 oversight board. And they distinguish themselves by

11 Yabolkov actually translated some of -- enough of

12 these studies to compile something that nobody else

13 has ever bothered with. As you know, the Beer studies

14 deal with cancer mortality. This book has a whole

15 long list of what is equally as dangerous and that is

16 the non-cancer effects and they are all from low dose.

17 Of course, you look at -- with the

18 exception of the liquidators, of course, that worked

19 around the reactor and were subjected to very heavy

20 doses, but the fall-out was basically low dose. And

21 what is it that could cause low birth weight in many

22 countries to spite, after Chernobyl? What other

23 event? You say we have to measure dose. Why do you

24 have to measure dose? Look at the effects and then

25 tell me what other events took place concurrently with
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1 Chernobyl that would cause a spike in low birth rate,

2 which by the way is the single most important cause of

3 infant mortality.

4 CHAIRMAN RYAN: Mr. Ehrle, excuse me.

5 First, we do have your materials, but second, I'd like

6 to ask you in the next couple of minutes to finish up.

7 MR. EHRLE: Okay.

8 CHAIRMAN RYAN: We do have another speaker

9 that we want to include.

10 MR. EHRLE: Understand, and I appreciate

11 the time.

12 CHAIRMAN RYAN: Thank you.

13 MR. EHRLE: The book that I mentioned on

14 that website is one that everybody can read and should

15 read if they're concerned about the non-cancer

16 effects. As you might recall, and I have the three

17 volumes of Unsteer 2000 (phonetic) that basic problem

18 that they said with the survivors at Chernobyl is that

19 they're suffering from psychosomatic problems.

20 Well, guess what, that's radiophobia.

21 Isn't that something to us that are concerned about

22 the radiation risk at low dose that by the way studies

23 now indicate are more dangerous in protracted doses

24 over time than in a single acute dose, but you will

25 not hear that discussed at the NCRP conference. You
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1 will not hear discussed the bystander ef fect or gnomic

2 instability to the effect of the Hsu study (phonetic)

3 with Tom Hay at Columbia and others that I have right

4 here that indicated that a single hit, a single track

5 of radiation can actually, through a process of gap

6 junction communication effect other cells at far

7 distant site and they predicted that this would mean

8 that we have to reorient our theory about the Japanese

9 A-bomb study.

10 .CHAIRMAN RYAN: Mr. Ehrle, I'm going to

11 have to ask you to finish up.

12 MR. EHRLE: In fact, the obvious is that

13 there is an excess risk. It's super linear at low

14 dose and I thank you for the time.

15 CHAIRMAN RYAN: Thank you very much for

16 your participation. Our next speaker is Dr. Thomas

17 Cochran. Dr. Cochran?

18 DR. COCHRAN: Mr. Chairman, thank you for

19 this opportunity. For those who don't know me, I'm

20 Thomas Cochran. I'm retired as the Director of

21 Nuclear Program at the Natural Resources Defense

22 Council and I'm on the Senior Staff there. I was an

23 Atomic Energy Commission Health Physics Fellow in the

24 '60s and have been a member of the Health Physics

25 Society since '64.
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1 I've several short items. First, the

2 announcement says you plan to prepare a letter to the

3 Commission. I wasn't here for your opening remarks.

4 I don't know what that entails but I would caution you

5 that this agency is not under Executive Branch

6 guidance, not the agency responsible for setting

7 general policy on radiation standards. That's the

8 purview of the EPA so be careful what you ask for.

9 CHAIRMAN RYAN: We're -- our letters are

10 consistent with our charter and we provide advice on

11 the scientific aspects of what we hear. So we're not

12 here to give policy advice. We made that very clear

13 at the outset.

14 DR. COCHRAN: Okay, thank you. Secondly,

15 this is just a plea on the use of the term "low dose"

16 and "low dose rate". I'll pick on Dr. Le Guen because

17 you quoted Collin's with reference to 94 milligrade

18 per hour as a very low dose rate and in some quarters

19 that might not be viewed as a very low dose rate. And

20 I lust think in these discussions the more one focuses

21 on the numbers and not sort of use low dose to mean

22 almost any dose depending on which exercise you're

23 involved in the better.

24 Next, I think Allen mentioned, of course,

25 all of these sources that are regulated by this agency
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1 are added to background radiation and therefore,

2 really the interest is in the range of background

3 radiation and somewhat above. And that I think a lot

4 of these problems that people have about arguing what

5 the meaning of collected dose and so forth would be

6 lessened if people would -- now that we have computer

7 models and they're easy to do these calculations would

8 plot a cumulative risk, number of people at risk

9 versus the risk. So it would be a cumulative plot and

10 then people can make their cutoff and either do that

11 as a dose, cumulative dose, versus dose or cumulative

12 risk versus risk and then don't put yourself in the

13 position of trying to be the arbiter of what the --

14 whether there's a threshold or not and let people look

15 at the data and judge what the individual risks or the

16 collective risks are.

17 The -- another sort of plea is on

18 discussing extrapolation, we're not -- this whole

19 debate is not about extrapolating dose but it's about

20 extrapolating overdose rates because if you look at,

21 for example, the Oxford study, somewhere in the 1 to

22 5 rem or I use the old terms 10 to 50 mSv, that's the

23 dose one gets from natural background radiation over

24 10 years, 15 years. So we're not extrapolating dose.

25 We're extrapolating dose rates, to ask the question of
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1 whether the risk is still the same or lower or higher

2 at the lower dose rates.

3 Couple of minor points, Dr. Le Guen, in

4 your slide, in your conclusion, you have a statement,

5 "All data show lower effectiveness of low dose and

6 dose rates". I would advise you to take that out. I

7 think that's in error. All data don't show that.

8 Some data show that. The -- there's another

9 statement, I believe, of Dr. Mossman that I think is

10 in error when he said dose limits don't have anything

11 to do with risk. I know that you're implying but in

12 fact, from the very beginning, dose limits were based

13 to minimize the risk. In the early days they were

14 based on radium exposures and the risk of radium

15 exposure.

16 Just an observation in the discussion of

17 effects at low dose, the concept of dose itself

18 already averages vast differences in energy deposition

19 across tissue and across organs and so forth. So this

20 is just my personal view, it's hard for me to

21 reconcile the concept of a threshold. I don't believe

22 -- I personally believe the linear model -- the

23 preponderance of data is that in a Beer 7 report

24 supports the linear model and that's the best estimate

25 today given all the uncertainties. And I have
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1 difficulty when I recognize that for a single hit of

2 a gamma or even a high LET radiation, you get vastly

3 different amounts of energy deposited in local areas

4 depending on whether it's Compton scattering and what

5 kind of Compton scattering or whether it's some other

6 photoelectric absorption or whatever and when we talk

7 about dose we average that over an entire organ. And

8 so then turn around and talk about threshold as if

9 there's a threshold in energy deposited below which

10 there's no effect, it lust doesn't make a lot of sense

11 to me.

12 Lastly, I *want to say just a word or two

13 about collective dose because there was some

14 discussion of that toward the end. I think the

15 concept of collective dose is extremely important in

16 some applications. If you're talking about

17 individuals, a lot of individuals want to know their

18 individual risks, either their average risk or what

19 the maximum likely -- maximum possible risk is but if

20 you're talking about weighing benefits and costs of a

21 technology or process when proving safety, you've got

22 to weigh all the benefits against all the costs. And

23 even that doesn't factor in the issue of justice.

24 That implies that the same people are gaining the

25 benefits as receiving the costs or risk. But you
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1 can't weigh the benefits and cost even if you don't

2 sum up all of the costs. And only collective dose, if

3 you accepted the linear model is the best estimate of

4 the effects at low dose, given the uncertainties, then

5 you've got to add in even those small risk to large

6 populations.

7 And I would -- maybe some people would

8 believe that this is -- should be repealed but I would

9 point out that we do have, as in 40 CFR 190, I believe

10 it is, standards set in this case for the amount of

11 noble gases released from commercial reprocessing

12 facilities that are based on a collective does

13 assessment of the dose to the -- all equal in the

14 Northern Hemisphere from krypton-85 releases.

15 And I think that's valid. I was on a NRC

16 Citizens Advisory Committee that was asked to give

17 advice on whether to release the krypton-85 from the

18 secondary containment in Three Mile Island and I said,

19 it ought to be released but that's based on a

20 collective dose assessment. So I do think it is

21 important. It's certainly important for me and I

22 would hate to see some other body or the Commission

23 tell me that it's misleading for me to see the

24 collective dose. Put it out there and those of us who

25 want to use it, will use it and if you don't want to
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1 use it, you don't have to use it. Thank you. I'll be

2 happy to answer questions.

3 CHAIRMAN RYAN: No, I think thank you very

4 much for your comments. We appreciate it.

5 DR. COCHRAN: And I don't want to be

6 critical of what your -- I just -- there were a couple

7 of things I disagreed with.

8 CHAIRMAN RYAN: Thank you. With that, we

9 are at a point in our agenda for closing remarks. I

10 guess my closing thought is that I think we've had a

11 very rich discussion during the day from a wide

12 variety of views and subjects and topics and I

13 appreciate everybody's participation. I'd like to

14 take the last minute or so and preview tomorrow.

15 We'll start with two presentations, first

16 with Dr. Puskin from the EPA and Dr. Holahan from the

17 NRC's Office of Nuclear Regulatory Research, with I

18 believe the US EPA agency views and the NRC staf f

19 view. So we'll start with those presentations and

20 again, starting up with. I'm sorry, the first

21 presentation, we'll start just with opening comments

22 and the opening statement at 8:30 and then of course,

23 Dr. Hamnmitt will be here from the Harvard School of

24 Public Health to offer his views on the economic

25 perspective and then we'll go into Dr. Puskin and Dr.
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1 Holahan. So that will take care of our morning, and

2 then we'll have a similar panel discussion on those

3 issues and bringing in any other thoughts we might

4 want to share from today's discussion and again, we

5 have an opportunity for stakeholder views. At this

6 point, I don't know that we have anybody who has

7 requested a slot in that time period but we'll

8 certainly have that available if anybody would like to

9 make additional comments in the same time period as we

10 used today, and with that, we'll close the working

11 group somewhere around 4:00 o'clock and then we'll be

12 onto other business with the Committee. So thank you

13 very much. Have a pleasant evening and we'll see you

14 promptly at 8:30 tomorrow morning. Thank you very

15 much and we'll close the record here for the day,

16 thank you.

17 (Whereupon, at 4:05 p.m. the above-

18 entitled matter recessed to reconvene at 8:30 a.m. on

19 April 9, 2008.)

20

21

22

23

24

25

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



CERTIFICATE

This is to certify that the attached proceedings

before the United States Nuclear Regulatory Commission

in the matter of:

Name of Proceeding: Advisory Committee on

Nuclear Waste & Materials

1 8 8 th Meeting

Docket Number: n/a

Location: Rockville, MD

were held as herein appears, and that this is the

original transcript thereof for the file of the United

States Nuclear Regulatory Commission taken by me and,

thereafter reduced to typewriting by me or under the

direction of the court reporting company, and that the

transcript is a true and accurate record of the

foregoing proceedings.

James Salandro
Official Reporter
Neal R. Gross & Co., Inc.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com



Materials submitted to ACNW&M by:

Lynn Howard Ehrle
8888 Mayflower Drive
Plymouth, MI 48170

e-mail: ehrlebird@organicconsumers.org



Low Dose Ionizing Radiation Exposure
Prepared for Reich & Binstock LL.P.
Case: Hilaria Cano, et al. v. Everest Minerals Corporation et al.
CIVIL ACTION No: SA-01CA060OEP

Introduction

The standard approach to the health effects of low doses of ionizing radiation, common to
physicists and radiation epidemiologist, was relied upon by Dr. John Boice in his Report,
prepared for this Case. As stated by Dr. Boice:

"We know a great deal about the health effects of ionizing radiation. Radiation effects in
humans have not been detected below doses of about 5,000 - 20,000 mrem to the organ,
and no study has reported excess cancer risk for such a variety of cancers as alleged to
have been caused from uranium mining and milling activities of years past among the
residents of Karnes County" [Ref 1].

Because researchers who specialized in the Hiroshima and Nagasaki atomic bomb exposure, and
research into the effects of radiation therapy, both high dose and fast dose rate, believed that no
health effects could be detected at low doses, they failed to study the health effects at low doses.
The biological endpoints that were used to observe effects at high dose exposure: namely skin
bums, cancer deaths, depression of lymphocytes and neutrophils, and severe genetic damage in
live born offspring, disappeared or became hidden in natural population variability when the
radiation doses become low. This theory, which I will call -the Physics Model, assumes that
extrapolation of high dose fast dose rate effects, namely, cancer deaths due to ionizing radiation
exposure, can be extrapolated to predict cancer deaths at low dose exposures, using a straight line
dose-response. Their theory assumes this process to actually overestimate the health detriment at S
low doses. Most recently, the Physics Model has assumed a "dose and dose rate factor" (DDRF)
which allows them to reduce the cancer death rate estimate at low dose and low dose rate by a
factor of two below the straight line [Ref. 2].

The Physics Model of radiation damage has other characteristics: it is based on the health effects
exhibited by the Standard Man, and it assumes that the human body, and each organ of the body,
is water (actually about 80% of the human body is water). The Standard Man is 20 to 30 years
old, Caucasian, and in good health. Also, because the physicist assumes the human body to be
water, all organ doses are considered to. be homogeneously distributed throughout the water-
organ. When controlling radiation doses around a uranium or nuclear site, this model identifies
the "maximally exposed person", usually an adult male outside worker. If the exposure to
ionizing radiation for this person is within regulatory limits (500, mrem per year for members of
the public in the USA) they assume the project is "safe" for all members of the public.

Weaknesses of the Physics Model

The most obvious weakness of this model is that it assumes, without experimental evidence, the
health effects (usually cancer death risk) of exposure to ionizing radiation at low doses. It fails to
allow for non-homogeneously distributed radionuclides in organs, which is an especially serious
problem when the radionuclide is in a molecule that is not soluble in body fluid. The emphasis on
the "maximally exposed person" fails to recognize the maximally susceptible person, for example
a small child, pregnant woman or elderly sick individual. The theory does not allow for different
mechanisms operating at less traumatic human response exposure levels, where the survival of
the organism (person) is not at stake. High dose fast dose rate exposures are life-threatening. The 0
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physics model fails to include the variability of response to toxicity common to all living beings,
and tries to provide a purely mechanized dose-response based on theoretical mechanistic factors
at high doses and fast dose rates, extrapolated to low dose slow dose rates..

Although there were researchers over the past 50 years who specialized in research at low doses
of radiation, and who reported serious health effects associated with that exposure, these
researchers were considered (by those who believe in the Physics Model) to be "not serious" or
even "anti-nuclear." Their research was rejected by. nuclear regulatory agencies and their research
budgets cut. The physicists, taught the Physics Model in their University courses, considered the
low dose research, even when peer reviewed and published in professional journals, to be
obviously false since it contradicted the "classical studies" of the atomic bomb survivors.

U.S. Regulatory Philosophy

In the United States, it is actually the Environmental Protection Agency (EPA) that sets the
standards for public and worker exposure to ionizing radiation, and not the Nuclear Regulatory
Commission or the National Committee on Radiological Protection. The Nuclear Regulatory
Commission is expected to regulate air and water effluence so as to respect the EPA Standards for
air and water. On the EPA web site [Ref 3], the following statement is made:

"Long term exposure to radium increases the risk of developing several
diseases. Inhaled or ingested radium increases the risk of developing
such diseases as lymphoma, bone cancer, and diseases that effect the
formation of blood, such as leukemia and aplastic anemia., These
effects usually take years to develop. External exposure to radium 's
gamma radiation increases the risk of cancer to varying degrees in
all tissues and organs."~

The EPA caution is based on radiation epidemiological studies that are different from those
reviewed by Dr. Boice And Dr. Mettler. The EPA recognizes biological mechanisms in living
systems beyond the simple Physics Model of energy deposited in the human body, (water, in the
Physics Model). In the Physics Model, the energy is seen as directly damaging the DNA, the
genetic material in the cell, giving rise to subsequent cancers. While various studies may focus
on one or two cancers that predominated in a particular population, this does not limit the
potential of radiation to cause cancer in all tissues.

There are other biological mechanisms, different from direct damage to DNA, in living
organisms, now recognized by scientists as occurring at low dose ionizing radiation exposure.
Moreover, the homogeneous distribution of energy in organs posited by the water model, can be
shown inadequate for explaining hot or warm particle effects of insoluble radionuclides that are
not homogeneously distributed. These particles may deliver a .high dose to localized tissues.

While Dr. Boice reports that he has never seen a' study of a polluted area with a variety of
cancers, it is clearly possible. The variety of cancers reported at Hiroshima and Nagasaki is
broad, as is the variety of cancers reported in the general U.S. population. These latter are surely
partially caused by natural background radiation. The majority of human cancers are of epithelial
tissue, for example: skin, lung and gastro-intestinal'tract tumors, the tissues most vulnerable to
environmental factors, including natural background radiation.

Because of the recognized hazard of uranium mining and milling the U.S. Congress passed .the
Uranium Mill Tailings Radiation Control Act. Under the authority of this act, the EPA has
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established standards for cleaning up and managing left over uranium ore at inactive ore-
processing plants. EPA establishes National Emissions Standards for Hazardous Air Pollutants
(NESHAP), including radium. The limit per year is 10 mrem. The Safe Drinking Water Act
authorizes the EPA to limit the maximum contaminant level for radium and other radionuclides in
pfublic drinking water. This limit is currently 5 picoCuries per liter for 226 and 228 radium, and
15 picoCuries per liter for 224 radium.

According to the EPA: "Both air and water standards limit the increased lifetime
cancer risk to about 2 in 10, 000."

The State of Minnesota, in regulating radioactive waste, set the maximum exposure limit for
members of the public at 0.05 mrem per year. Exposures at this level would be expected to
increase the lifetime risk of cancer by 1 in a million, using current ICRP risk factors. This is the
traditional standard for a "safe industry", and is the same standard used in Minnesota, and most
other States, to regulate the chemical industry [Ref 4]. In contrast, the American Health Physics
Society members are challenging the maximum permissible dose level of 500 mrem per year as
too restrictive.

Obviously the U.S. EPA and the Minnesota Department of Health do not accept the belief, based
on the Physics Model, that low dose radiation exposure has no human health consequence, or that
the straight-line estimates of cancer risk over-estimates the true risk.

Cell Repair after Radiation Exposure

Very early on in the nuclear era, researchers began to experiment with the human ability to repair
radiation damage. Some of the early findings at low dose levels indicated that slow chronic doses
are more damaging than rapidly delivered doses, due to the failure of repair efficiency. In 1968,
Dr. T. Stokke, of the Oslo Hospital, Norway, reported that a protracted exposure due to ingested
or inhaled beta and alpha emitters can be one thousand times more harmful to cell membranes
than a brief exposure to external X-rays. This-is thought to be due to the failure of DNA repair,
which is relatively efficient after a single hit, but unable to cope with the oxygen free radicals at
very low chronic doses [Ref 5].

Dr. Stokke studied 90Sr that is stored in human bone as is calcium. The heavy metals, uranium,
radium, polonium and lead, are also stored in bone. He found the storage of 90Sr to be especially
serious for the developing child or adolescent. The radionuclide irradiated the bone marrow at a
slow rate over a number of years. He discovered that very small doses, 10 to 20 mrads (0.1 .to 0.2
mGy) produced visible damage to the blood forming cells in the bone marrow. This was re-
discovered later by Dr. Rosalie Bertell and reported in her paper on monocyte depletion with
exposure to uranium mining, milling, processing and transportation activities [Ref 6].
Stokke assumed this effect was due to free radical oxygen interfering with the cell repair
mechanism. The Physics Model assumes the cellular repair mechanism works equally efficiently
at all ionizing radiation exposure levels.

Abram Petkau, M.D. 1971

Dr. Petkau worked in radiation research at an Atomic Energy of Canada Ltd. Laboratory, in
Pinawa, Manitoba, Canada. He was looking at the behavior of lipid membranes when exposed
to radiation. Human cells have such lipid membranes as cell walls. He suspended the
membranes in water to simulate the water environment of human cells. In the laboratory, Dr.
Petkau exposed the membranes to different radionuclides, at different quantities and different
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dose rates. To his surprise, when he added a small amount of 22 sodium to the water containing
the model lipid membrane (extracted from fresh beef brain), it burst. It was exposed to just one
rad (10 mGy) absorbed dose delivered over a protracted time of several hours. He had previously
found that 3,500 rads (35 Gray) X-ray dose delivered over a few minutes were required to break
the membrane [Ref 7]. This is the first known demonstration in the West of comparable effects,
namely cell membrane destruction at very low and very high doses of radiation, with a so-called
"dead zone" of no effect (or weak effect) in between these extreme doses. There was a parallel
research history in the former USSR.

In subsequent experiments, Petkau found that the biological mechanism at low dose exposure
involved the liberation of electrons from water, and the capture of these electrons by circulating
oxygen, forming a toxic negative ion called a. free radical. The negatively charged free radical
molecule is attracted to the electrically polarized cell membrane, causing a chemical chain
reaction that dissolves the lipid molecules. These lipid molecules are the principal structural
component of all membranes in cells. If the wounded, leaking, cell is unable to repair its
membrane, it dies. However, if the free radicals are formed inside of the cell near to the genetic
material of the cell nucleus, the DNA, the damaged cell may survive but in a mutated form.

When large numbers of free radicals are formed, as in response to higher radiation doses, they
apparently become crowded and less mobile. They tend to interact with each other rather than
attacking the cell membrane. At low doses free radicals not only destroy healthy cells but also,
affect normal cell function in a way believed to speed the aging process and cause old age
diseases to occur earlier [Ref 8].

Petkau discovered that nature provides living cells with some protection against free radicals,
called superoxidace or superoxide dismutace. This protector molecule quenches the chain.
reaction that can destroy the cell. Those cells which use oxygen in their life processes, for
example human brain, liver and pituitary tissue, contain naturally high levels of superoxide
dismutase and are more resistant to radiation. Spleen and bone marrow, are low in natural
superoxide dismutase, and are less resistant to radiation [Ref 9, 10]. The use of superoxide
dismutase became standard therapy in bone marrow radiation exposure [Ref 11, 12].

The works of Petkau are widely available to the physics and engineering community through the
publication of Petkau's biography by a Swiss Ph.D. engineer, Dr. Graub [Ref 13]. In 1993, Dr.
Graub shared with me some personal communication that he had with Dr. Petkau in the course of
writing his book.

Radiation injury to human bone marrow. "In my more recent publications I have
shown that human bone marrows contain a subset of progenitor cells that are unusually
sensitive to free radicals (superoxide) because they are deficient in superoxide dismutase.
...Because they are more radiation sensitive it seems likely that they are more susceptible
to radiation-induced mutation, the result of which could be expressed as leukemia."

Perinatal effects of radiation: "In the 1970s Beckman showed that the amount .of
superoxide dismuase per unit weight of placenta increased with gestational age up to 36
weeks of normal pregnancy. In contrast, spontaneously aborted placentae showed
deficient levels of superoxide dismutase activity. Thus, I would expect placentae in early
gestation to be more radiation sensitive than more mature ones. This is, I suspect, the
underlying cause of spontaneous abortions in radiation exposed pregnant women. Also,
radiation-induced lipid peroxidation leads to products that are known abortifacients that
would increase the risk of abortions."
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Lipid peroxidation in the brain: "The brain is extremely rich in phospholipids in which
the inverse dose-rate effect would apply. Hence in children this process may retard brain
development by interfering with the growth and organization of neuronal
associations/connections, thus expressing itself as smaller brains and/or mental
retardation."

Lipid peroxidation in mammary tissue: "The mammary gland is usually rich in lipids.
This feature makes it susceptible to:

a. The inverse dose rate effect with respect to lipid peroxidation,
and mutagenesis/carcinogenesis by the ensuing products such as
malondialdehyde.

b. The lipid rich tissue will concentrate hydrophobic chemical carcinogens,
increasing the risk of radiation and chemical carcinogenesis."

Inverse dose rate effect: "The inverse dose-rate effect (whereby effect decreases with
increased dose) implies a supralinear dose-response relationship. Whenever/wherever
such a relationship exists, the cumulative response from fractionated doses will be
greater than that from a single dose of the same total size."

The simple model designed by the physicists for understanding the deposition of energy in the
human body (considered to be water) was totally inadequate for biological activities and
biochemical processes within the living body.

Irwin Fridovich and Peter Certutti

The study of biophysical damage from free radicals was picked up and duplicated by many
researchers outside of the radiation regulatory community. For example, Irwin Fridovich who
studied oxygen toxicity and Peter Cerutti, who studied the relation of pro-oxidant states and
tumor production [Ref 14, 15].

Petkau discovered that, in the absence of protective superoxide dismutase, only ten to twenty
mrads (0.1 to 0.2 mGy) will destroy a cell membrane. This raises questions about the exposure of
children to radiation, and the age at which the organ levels of this naturally protective molecule is
formed. Damage at an early age can be expressed later in adulthood, as was demonstrated in the
breast cancer cases among atomic bomb survivors who were very young at the time of the
bombing [Ref 16].

The Petkau studies also shed light on medical X-ray usage. The higher doses (higher doses then
received from natural background over the same time period) and very rapid dose rate of ordinary
medical X-ray procedures, produces free radicals that are so concentrated that they tend to
deactivate-one another. Were this not true, medical X-ray would cause much more biological
damage than it does. The Petkau research also implies that chronic exposure to low dose
radiation, producing only a few free radicals at a time, can reach and damage blood cells and the
integrity of the immune system, although very little radiation dose has been absorbed. The same
dose of radiation delivered slowly over days, months or years, produces more damage than when
delivered in seconds. This observation is the direct contradiction of the DDRF used in the Physics
Model, by which they reduce the theoretical effect by a factor of two.
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Charles Waldren

Now that single human chromosomes can be isolated, there is new research not possible when the
physics model of radiation was articulated. In fact, the model used in physics pre-dates the
discovery of the DNA that holds the, genes. Charles Waldren and his co-researchers have found
that a single human chromosome, placed in a hybrid cell and irradiated at very low doses of
ionizing radiation, produced mutations two hundred times more efficiently than the conventional
method of using high doses or brief bursts from X-ray machines [Ref 17].

Waldren went beyond the identification of low and high dose points with similar biological
effects, and a "dead spot" in between. He and his colleagues discovered that the dose-response
curve exhibits a downward concavity in mammalian cells, so that the mutational efficiency of X-
ray has a regional maximum at low doses. The dose-response curve is supra-linear.

This agrees with the findings of Stokke and Petkau. It also begins to explain the anomalous
reports of "hormesis" whereby researchers claim to find improved biological outcomes of
radiation exposure, at low doses, as the dose is increased (also called an inverse dose-response by
Petkau), If one begins testing just above the low dose maximum, effects will be reduced as the
dose' is increased. Hormesis also clearly contradicts the theory that the radiation dose-response
curve is linear, and that a straight line can be used to estimate detriment at low doses. It also
contradicts the belief that the straight-line over estimates the risk at low doses.

"Hormesis" is defined in Dorland's Medical'Dictionery, 27th Edition, as: "the stimulating effect
of subinhibitory concentrations of any toxic substance on any organism". An organism is said to
inhibit a toxic substance when it retards, arrests or restrains its effect. Hormesis is common to
most toxic exposures, and appears to be a natural alert response to threat, not an indication that a
toxic substance is a "benefit". If one accepts hormesis as real for low doses of radiation, then one
can observe a worsening of biological effects as the dose of ionizing radiation is decreased. Thus,
the organism is less stimulated to protect itself at "super" low doses. As we shall see later, this is
an indication of some dose point below which the cellular repair mechanism is not operative, and
low dose negative effects are maximized.

Radiation protection theorists have rejected most epidemiological studies that reported health
detriments after exposure to low doses of ionizing radiation. These studies were published in
peer reviewed professional literature, but appeared to the regulators to be impossible given their
straight-line dose response hypothesis. In this rejected category I would include the works of
Carl Johnson, Alice Stewart, Thomas Mancuso, George Kneele, Irwin DJ Bross, Steve Wing,
Rosalie Bertell and many others.

Dr. Ernest Sternglass

Dr. Sternglass was the first American to publish on childhood cancer and radiation. [Ref 18]. He
had lost his first child to Tay-Sachs disease, a genetic disease which he suspected was related to
his own father's careless exposures to ionizing radiation. His father was a radiologist in the early
days when the hazard was not well understood and there was little protection for those working
with it.

Sternglass, Professor of Radiology at the University of Pittsburgh, became seriously concerned
about the strontium 90 in milk, being reported as part of the monitoring of fallout in the U.S. from
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the atmospheric nuclear bomb tests in Nevada. He began publishing papers on the correlation
between cervical cancer and levels of radioactive strontium in milk. [Ref 19]. He began to look
at infant mortality in the U.S. during the atmospheric nuclear testing in Nevada and published his
estimate of infant deaths attributable to fallout. The U.S. Atomic Energy Agency hired Dr. John
Gofman, Head of Radiation Research at the Lawrence Livermore National Laboratory, to prove
Sternglass's estimates of infant deaths due to nuclear fallout were wrong. One of Gofman's
researchers, Dr. Art Tamplin, managed to reduce Sternglass's estimate of deaths, but not reduce
the number to zero. Both Gofman and Tamplin were then forced out of the Lawrence Livermore
Laboratory, and labeled "anti-nuclear." They have continued to speak out against the incorrect
science underpinning the Physics Model for low dose radiation exposure.

In the late 1970s, in an effort of nuclear researchers to silence Dr. Sternglass, the first BEIR
(Biological Effects of Ionizing Radiation) Committee in the U.S. was formed. BEIR I was
published in 1980. This document, and subsequent updates, have concentrated on reporting
Hiroshima and Nagasaki data findings, and have shored up the Physics Model of dose-response.
One of the BEIR reports even contained a section criticizing by name those scientists who
disagreed with their findings. It was not an attempt at scientific dialogue, since those not
accepting the Physics Model were never allowed to participate in the development of the BEIR
text. They were even barred from directly answering their critics who chose to publish their
criticism in a book with no response mechanism, as provided by scientific journals.

Research on Free Radicals

Outside of radiation related research, there has been considerable interest in the problem of free
radicals as it relates to the cellular immune system, damaging the body's ability to recognize and
destroy infected or malignant cells. This method of cancer production differs significantly from
that in the Physics Model that posits a direct damage to the DNA.

By studying transplant patients, who are routinely given medicine to depress their immune
system, so that they will not reject the transplant, it was observed that recipient patients have high
rates of a variety of cancers after recovery. Their cancers diminished rapidly when the dose of
immo-suppressive drugs was reduced. The researchers found evidence that during immuno-
suppression, natural killer cells and cytotoxic T-cells were more depleted among the transplant
patients who developed skin cancers than those who did not [Ref 20].

Free radicals have also been associated with heart disease. The theory is that free radicals oxidize
the low density cholesterol (LDL) and cause it to become more readily deposited in arteries, thus
blocking the flow of blood and inducing heart attacks [Ref 21, 22].

Other researchers made the direct connection between exposure to radioactive strontium and
suppression of natural killer cells [Ref 23]. It could be posited that bone seekers capable of
chronically irradiating bone marrow stem cells would cause similar results, although there are
second transmutation effects with 90 strontium which enable it to deliver a second blow to DNA
before the first blow is repaired, i.e. within ten hours of the first blow.

Elena Burlakova

Dr. Elena Burlakova is Deputy Director of he Emanuel Institute of Biochemical Physics in
Moscow. She conducted intensive research on low-level chemical exposure between 1983 and
1986. After the Chemobyl disaster in 1986, she used the techniques that she had developed on a
detailed study of low dose ionizing radiation exposure. Her work was carried out systematically
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for biological specimens of different levels of organization. Her general finding was that
biologically active agents taken in concentrations from 10-'3 to 10-14 Mole (0.0000000000001
Mole to 0.00000000000001 Mole) and lower, display the same activity (both qualitatively and
quantitatively) as in concentrations of 1 0 4 to 10-5 Mole (0.0001 Mole to 0.00001 Mole). This
means that one obtains the same biological effect although the exposures differ by ten orders of
magnitude.

According to Burlakova:
"A so called 'dead zone' was observed between these two extremes: in this range of the
effect is either absent or is significantly weaker. It means that biologically active
substances taken in concentrations that are much below NOEL (No Observable Effect
Level) can display a high biological activity. The biologically active substance studies
were natural antioxidants, regulatory peptides, anti-tumor compounds, adaptogens,
neuromediators, herbicides, regulators of growth of plants, antidepressants, nootropic
preparations, and many others. The preparations were used both separately and in
formula. The synergistic and antagonistic effects of the biologically active substances
were studied with respect to each other and in combination with physical factors and
concentrations" [Ref 24].

Her research has been used to eliminate the side effects of medical preparations, reduce addiction
to drugs, and for other practical applications. Dr. Burlakova and the Institute began working on
the effects of what she calls 'super low doses' of radiation after the Chernobyl disaster. She has
developed an hypothesis to explain these observed super low dose effects, and to determine
individual sensitivity to low level factors. The super low doses of various substances often have
common targets, that can be identified, and low level irritation, that accounts for their similar
characteristic effects. Burlakova had introduced into the physics of energy deposition (ionizing
radiation exposure) the response of a living organism, which is often surprising to the researcher.
She accepted this deviation from a purely mechanical hypothesis because of the reality of her
own scientific investigations of living organisms. Theoretical hypotheses must at some point in
time, give way to biophysical reality.

In presenting her scientific findings before the Permanent Peoples Tribunal: "Chernobyl:
Environmental, Health and Human Rights Implications", in Vienna, 12-15 April 1996, Dr.
Burlakova stated:

"Even the first experiments on the influence of low dose irradiation on biological systems
have shown significant and diversified responses of biosystems in those dose ranges
where we did not expect any effects. Biochemical and biophysical properties of cells, the
genome, membranes and the regulatory systems may be altered. The sensitivity of
biomacromolecules, cells and organisms to subsequent or concurrent actions or other
factors of the environment, seems also to be affected. Synergistic effects with different
damaging agents, and in some cases a supralinear dose-effect relationship have been
found. These works show that the known radiobiological relations and all accumulated
information are not sufficient to explain all effects. New approaches should therefore be
suggested" [Ref 25].

Dr. Burlakova.'s conclusions about low dose ionizing radiation exposure in her new book
[Ref 26]: are:

1. "Low doses exhibit a non-linear, non-monotonic dose effect dependence.
2. There is an inverse dependence of the effect on a dose rate in certain dose ranges.
3. There are changes in the sensitivity of an object irradiated with low doses to the

action of other endogenic and exogenic damaging factors. As a rule, the
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sensitivity increases. This is why biological objects suffer far more serious damages
from other environmental risk factors, e.g. from chemical contamination.

The work of Dr. Burlakova has been translated and made available to western researchers. [Ref
26, 27]. Scholars at Georgia Technical Institute and Emory University, in Atlanta, recognize the
work of Dr. Burlakova, and joint programs of study for their graduate students with Dr.
Burlakova have been organized. Dr. Sc. Elena B. Burlakova (Emanuel Institute of Biochemical
Physics, Russian Academy of Science) will be included as a Professor of biochemistry and
biophysics: radiation, and induced genome instability in the Georgia Tech and Emory University
Graduate Program.

Chris Busby

Chris Busby was born in Paignton Devon UK in 1945 but brought up in India and Africa until the
age of 13. He took a First Class Honours degree in Chemistry from the University of London in
1969 and then studied for a PhD in Physical Chemistry at Queen Mary College. He failed to
complete the course due to a dispute with the College. He then spent seven years with the
Wellcome Foundation where he did research into the physical chemistry and pharmacology of
molecular drug receptor interaction. He was elected to the Royal Society of Chemistry and
Chartered Chemist status in 1974.

He left Wellcome and eventually returned to research at the University of Kent at Canterbury
where he studied Laser Raman Spectro-electrochemistry in collaboration with Shell Research and
later as SRC Research Fellow, a project that resulted in a PhD in Chemical Physics.

He left Kent in 1982 and moved with his family to Wales where, after the Chernobyl accident, he
became interested in the health effects of chronic internal low dose radiation. Together with his
eldest daughter Celia he developed the Second Event Theory, which distinguishes between the
hazards 'of external and internal radiation exposure. In 1995 he was funded by the Joseph
Rowntree Charitable Trust to develop his arguments and write Wings of Death." Nuclear Pollution
and Human Health, an account of the results of his research into radiation and cancer, and also
into cancer increases in Wales, that he argued were a result of global weapons fallout exposure.
[Ref 28].

In 1998 he was invited as expert speaker on radiation risk to the STOA (Scientific and
Technological Options Assessment) workshop of the European Parliament. Dr. Alice Stewart and
Dr. Rosalie Bertell were other invited speakers. The Greek Scientist hired by the EU Parliament
to prepare minutes for this conference, instead wrote an introduction containing the Physics
Model, that he believed, and sketchy notes on the research presented by the speakers. This
prompted the formation of an ECRR, (European Committee on Radiation Risk) task force to
present a full document on internal exposure to ionizing radiation for use by Parliamentary
Decision Makers. Until now, legislators have had only the recommendations of the ICRP
(International Commission on Radiological Protection), a self-established Non-Governmental
Organization, and the recommendation of their national nuclear experts, who were taught from
the documents prepared by ICRP, as guides to decision -making.

Busby approached the problem of inhalation or ingestion of radionuclides in much the same
manner as he would consider the interaction of pharmaceuticals. He began to note the bi-phasic
curve, which gave evidence to low dose effects more harmful than anticipated. These effects
seemed to lessen for intermediate doses and then increase again with increased doses. He formed 0
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an hypothesis that the human cells were of different ages, and older cells were less efficient in
repairing themselves when exposed to ionizing radiation. He interpreted the rise and fall of
effects at low doses as the damage or deaths of these more susceptible cells. There is much more
to his theory, however, since the entire text of the ECRR book has been entered into this court
proceeding, this is sufficient for the purposes of laying out both the facts observed and the
*proposed explanations of the facts. In 2003 Chris Busby was elected a Fellow of the University
of Liverpool in the Faculty of Medicine (Dept. of Human Anatomy and Cell Biology).

Rosalie Bertell

My research on the effects of low dose radiation was based on individually verified
diagnostic -medic al X-ray information in the Tri-State Leukemia Survey. I worked on the
analysis of the data for nine years at Roswell Park Cancer Research Institute. I found that
in adults, the primary effect of the exposure to diagnostic X-ray, was to accelerate the
biological aging process. The occurrence of leukemia was then a secondary effect,
happening "before its time" [Ref. 29]. I found that the low dose "biological aging effect"
of medical, X-ray exposure increased with increasing dose, in a way comparable with
certain aspects of chronological aging (probably reflecting exposure to natural
background radiation). The biological aging effect with added medical exposure seemed
to be less effective after an exposure of 5 rem (5000 mrem or 50 mSv) delivered over a
ten year period. I hypothesized that there was a plateau after which the effect of external
low dose, fast dose rate, exposure to ionizing radiation became redundant (causing no
more obvious detriment). I saw high dose exposure as a different biological happening
that might act independently of, or in addition to, the low dose effects. Thus the
Hiroshima and Nagasaki exposures were directly high dose fast dose rate exposures that
could not be extrapolated to low dose exposures. It now seems likely that low doses of
radiation are associated with the formation of free radicals, mutations, cancer formation
and also biological aging. An original report and an expanded report of the aging effect
of exposure to ionizing radiation was included in my report for the Court proceedings
[Ref 30].

Other Scientists

There were physicists who tried to inject low dose radiation studies into the understanding of
their colleagues. Dr. Karl Z. Morgan, one of the original members of the ICRP, was one who was
outstanding in his effort to include in the Physics Model discussions of scientists who specialized
in low dose radiation effects. Morgan was Director of Health Physics at the Oak Ridge National
Laboratory for thirty years. Although he was considered the Father of Health Physics by many of
his students, and he supervised the beginning of this discipline at the University of Chicago
during the Manhattan Project, he once said in dismuay: "the sole current function of health
physicists is to deny compensation to radiation victims."
Before his death at age 92, he published his autobiography: "The Angry Genie: One Man's Walk
through the Nuclear Age" [Ref 31]. In his autobiography he describes some 200 researchers
who developed hundreds of reports:

".a wealth of experience on such matters as problems of handling radioactive
materials, radiation ecology, radioactive waste disposal, radiation monitoring ... which
summarized the results of millions of dollars of research funded by the American
taxpayer... .All these reports were placed under lock and key in a special section of the
ORNL library. "
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Professor Rudi Nussbaum has for many years supported the work of Dr. Alice Stewart, and
studied her epidemiological studies and those of other epidemiologists whose work contradicts
the Physics Model [Ref 32].

Even the ICRP is being force to acknowledge some doubt about their theoretical approach to low
dose problems. Roger Clarke, current chair of the ICRP, has stated:

"The carcinogenic risks of exposure to low-level ionizing radiation used by ICRP have
been challenged as being, at the same time, too high and too low. This paper explains
that the epidemiological evidence will always be limited at low doses, so that
understanding the cellular mechanisms of carcinogenesis is increasingly important to
assess the biological risk... .As a result of considering this issue, the Main Commission of
the ICRP is now proposing a revised, simpler, approach based on the concept of what is
being called 'controllable dose'. This is an individual-based philosophy and represents a
shift in emphasis by the Commission from societal-oriented criteria using Collective
Dose" [Ref 33].

Even the BEIR VII Committee .is taking a new look at low dose radiation. In a letter from
Richard B. Setlow, Chair of BEIR VII, to Dr. Jerome Puskin, U.S. EPA Radiation Studies
Branch, dated 21 January, 1998, Setlow states that the Committee intends to address:

"...the new implications of new understanding of the biologic basis of radiation injury
and carcinogenisis for risk assessment."....

"Information on such phenomenon as DNA repair, signal transduction, chromosomal
instability and adaptation, although preliminary, might eventually affect risk analysis of

/ low-dose and low-dose-rate exposures."

It may also be true that this committee, which does not contain scientists who could speak to the
evolving research findings on low dose effects, will further delay regulatory change. However,
they have at least declared the existence of serious criticism.

Transgenerational Effects of Paternal Irradiation

The newest flurry over low dose radiation exposure comes from an allegation by M.J. Gardner
and his co-researchers that paternal radiation prior to the conception of an offspring could be
associated with leukemia in the offspring [Ref 34]. This was not a new hypothesis, but had
previously been reported by Dr. Irwin DJ Bross, who found this association in the Tri-State
Leukemia Survey data. [Ref 35]. A graduate student at Johns Hopkins University reported a
similar finding, with respect to paternal medical X-ray exposure prior to conception of a child
who developed leukemia. I have been unable to re-locate this paper, published in the late 1970s,
based on data from Shanghai, China.

The Gardner paper caused a scientific re-examination of published papers on paternal exposure,
which provided equivocal results. Lord found that in spite of the formal rejection of the
hypothesis of paternal irradiation-induced mutations in the germ line at the low doses experienced
at Seascale, UK:

"Nevertheless, more complete studies are now showing that, experimentally at least,
transgenerational effects that can render an individual more susceptible to subsequent
exposure to a carcinogen can be real. For the first time, also, these experiments seem to
be making a real link with leukemia and lymphoma" [Ref 36].
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The National Radiobiological Protection and Measurement Board (NRPB 1998), in the U.K., has
agreed that alpha radiation of mouse testes has provided evidence of predisposition of offspring to
a secondary carcinogenesis. This is also in keeping with the hypothesis that there are several,
mutational events required for the full development of a cancer. Some of these mutational events
are genetically transmissible. In another paper by Lord, and his research colleagues, the long
term effects of 239 Pu and 224 Ra are discussed. [Ref 37]. The transgenerational effect came to
be called genome instability, after an article by GA Luke. [Ref 38] The number of research
papers on this aspect of the 0ow dose radiation problem is quite large, and reviewing all of these
papers is beyond the scope of this report.

Bystander Cells

Another aspect of the low dose radiation question is a relatively new concept, known as the
Bystander Effect. This stems from research done under contract to the Medical Research
Council, at Harwell UK [Ref 39]. Notable in this research was that irradiating about ten per cent
of cells appeared to have the same carcinogenic effect as irradiating 100% of the cells. Cells near
to the irradiated cells acted as if they had been irradiated. The Harwell group also proposed a bi-
phasic curve, with a low dose supralinear peak due to the "bystander effect".

More recently, researchers at the Center for Radiological Research, College of Physicians and
Surgeons, and Environmental Health Sciences; School of Public Health, Columbia University,
repeated the experiments and confirmed the "bystander effect". They state:

"The data imply that the relevant target for radiation mutagenesis is larger than an
individual cell and suggest a need to reconsider the validity of the linear-extrapolation in
making risk estimates for low dose, high linear-energy-transfer (LET) radiation" [Ref
40].

All of the radionuclides of interest in the Hilaria Cano, et al. v. Everest Minerals Corporation et
al. Civil Case are alpha emitters, and have high linear-energy-transfer (LET) radiation.

Summary

It seems to be clear that appealing to a linear dose-response extended from observations of effects
at high doses and fast dose rate ionizing radiation exposure is no longer scientifically acceptable
for explaining effects at low or low chronic doses of radiation. There are now a large number of
research papers that are directly examining the mechanisms and effects at low dose exposures. I
think that presentation of this new data is incumbent on an expert witness to explain to a Court in
order to be fair to the plaintiffs.

While the low dose problems are not yet completely understood, we have the following situation:
1. There are published peer reviewed- epidemiological studies clearly demonstrating a

significant increase in cancer and/or birth defects at low dose ionizing radiation
exposures at rates above that predicted by linear extrapolation from high dose.

2. There are four hypotheses trying to explain this finding: free radicals (Petkau); delay of
repair effectiveness (Burlakova), siusceptible cells. that succumb first after exposure
(Busby) and biological aging effects (Bertell).

3. There is a theoretical and experimental observation that affected cells, after irradiation,
include more cells than those that are directly hit, called 'bystander cells. These may
provide information on the unexpected increase in effect (Gwyneth).

4. There is evidence that the effects at low dose do not stay relatively high, but weaken
before a firm second dose-response effect is seen. This is attested to by the observations
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that led to a hormesis theory, and by Burlacova's observation that as the repair function
gains effectiveness the biophysical effects decrease with increasing dose. Busby
theorized that after the more fragile cells had been affected there was a pause until the
stronger (younger) cells began to respond. Bertell attributed the fact that the biological
aging effect appears to disappear with higher doses, to redundancy of effect. The
theoretical and experimental observation of a bystander effect that is temporary is a
further hypothesis.

My conclusion is that the Nuclear Physics Model for radiation protection, which claims it is
impossible to study low dose effects is now scientifically irrelevant. Its main data bases include
the atomic bomb survivors and radiation therapy patients. Even in the case of radiation therapy
involving internal emitters the medical radionuclides are chosen for short biological half-life.
These experiences focus on high doses and rapid dose rates. They are inappropriate for estimating
the heath effects of low doses, chronically irradiating internal tissues.

Chronic dose effects appear (experimentally and observationally) to follow a bi-phasic dose-
response curve, with a regional maximum peak at low doses and another peak before death itself
becomes the primary effect at high doses. All of the mechanisms at work to produce this bi-
phasic curve are not yet clear. A separate scientific organization is needed to deal directly with
low dose radiation effects, since this is beyond the competence of current radiation
epidemiologists who have specialized in high dose fast dose rate exposures.
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Avoidable Tragedy Post-Chernobyl
Journal of Humanitarian Medicine 2002, Vol II, No. 3, pp 21 - 28.
by Rosalie Bertell, Ph.D., GNSH

Introduction

Journalists and mathematicians have a way of focusing on one aspect of a complex situation in
order to give a snapshot view of its magnitude. For example, one might read in the newspaper
that a six alarm fire had occurred in some neighborhood. This immediately conjures up the image
of a very large fire requiring six fire stations to send trucks to the scene. It gives one no clue as t 'o
the magnitude of loss of life or property, the water or smoke damage, the impact on human lives
and health, ecological impact, etc. Another example is that of a television show rating scale. If
you see an estimate of five million viewers of some special event, you immediately understand
that this is a rounded number meant for comparison only and does not reveal how many people
actually watched the show. Certainly some televisions play to an empty room and some to a large
number of people watching the display in the local pub. It gives no indication of whether.the
watchers reacted positively or negatively to the programme. If the event is imhportant, we expect
professionals to fill in the details later.

Another misleading human custom is presenting an event as "small" when there is evidence of
more traumatic, forms of the event. For example, the radiation exposure to depleted uranium in
the Gulf War is presented as "small" in the face of a nuclear holocaust. Such exposure is not
small for the victims.

Unfortunately, many government officials, physicists, engineers have used this tactic to
deliberately minimize the health effects of radiation, and, in particular the immense suffering
after the 1986 Chernobyl disaster. For example, some people actually believe that the magnitude
of a nuclear accident can be gauged by the potential number of cancer deaths it will cause, and
further, that cancer death is the only consequence! Minimalist reporting occurred after the Three
Mile Island accident, downwind of nuclear weapon testing, and at serious military accidents like
the one which spread plutonium on farm land in Spain. Press reports attempted to deny that
exposure to depleted uranium weapons has caused severe health damage to the military veterans
and civilians in Iraq, Kosovo and Afghanistan.

The disinformation campaign went even further with Chernobyl. The TABA (International Atomic
Energy Agency) and UNSCEAR (United Nations Scientific Committee on Atomic Radiation)
statement that "only 32 deaths occurred, 200 were heavily irradiated and 2000 avoidable thyroid
cancers resulted from the Chernobyl disaster" goes well beyond mathematical shorthand. This
report, fifteen years after the fact about a complex and painful situation, should be much more
precise and believable! It rather tries to obliterate from public consciousness the suffering of
millions of persons in rural and un-evacuated areas who were exposed as well as hundreds of
thousands of evacuated but not medically examined victims. When probing a little more deeply,
one finds that honest scientists and physicians who try-to explain the widespread injuries and long
term effects of nuclear exposure have been silenced.

In fact immediately after the disaster of April 26, 1986, due to IAEA policy, unless a person had
been declared "overexposed".at the medical tent set up for the liquidators of the disaster, he or
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she was officially considered to be a "radio-phobia" case, a purely psychological phenomenon.
Local physicians told people that there would be no medical effects of exposure, until, perhaps in
ten or twenty years, they may happened to develop cancer. But not to wonry! These future
radiogenic cancers would be indistinguishable from "natural" cancers. The physicians soon
learned from direct evidence of pathological injuries that this information from the physicists was
less than candid. It was not surprising to learn that those who tried to minimize the disaster were
the same people charged with promoting nuclear industries, indeed were marketing nuclear
reactors to the developing nations.

The experience of Chernobyl is not unique but follows the pattern of radiation obfuscation and
scientific jugglery that prevailed at many lesser accidents. This has occurred both in the
developed and developing world. In particular, I would note the radioactive pollution of the
Mitsubishi Asian Rare Earth facility in Bukit Merah, Malaysia, the radioactive waste dumped in
Nigeria, and the contaminated food distributed to Egypt, Papua New Guinea, India and other
countries during the Chernobyl disaster clean up.

However, the health problems due to Chernobyl continue to be very acute right now and demand
international action. Scientists and physicians are deprived. of their freedom and the victims,
especially the children, are suffering. This crisis is a clear demonstration of official secrecy,
vested interests, and collusion of international agencies whose primary objective is to protect
nuclear technologies. The public face of the nuclear industry parrots the phrase "clean and safe."
It is important to unmask this public face, a warning to economically developing countries
deciding on energy technologies even as they bring needed humanitarian aid to unwitting victims.
Preserving the false image of "safe" nuclear technology keeps the industry and nuclear agencies
in business.

Lessons from Hiroshima and Nagasaki

Unlike the general study of toxic materials handled by toxicologists, the field of radiation and
health has been dominated by physicists, engineers, and mathematicians since the dawn of the
nuclear era in 1943. Their health related communications differ markedly from similar
communications of health professionals in toxicology, occupational or public health.

This field of radiation health was, with a few exceptions, taken over by the physicists of the
Manhattan Project after World War 11 in their effort to contain the secrets of the nuclear age.
Millions of pages of research piled up in warehouses under the label Restricted Data. According
to the 1998 Brookings institution report, Atomic Audit, the Department of Energy had 280 million
pages of classified documents in storage. The report quantified the total cost of U.S. nuclear
weapons programs at $5.8 trillion between the years 1940-1996. Radiation was an effect of the
atomic bomb. Secrecy caused these "hard scientists" to fail to consider the broad range of
responses and varieties of vulnerabilities possessed by a living population exposed to this hazard.
Health professionals would have expected such variation in biological response had they been
privy to the heavily classified research.

Because of Hiroshima and Nagasaki most people now know about acute radiation exposure
syndrome, with vomiting, hair falling out, alierations in blood cells, etc., and this bit of
information has been translated into a naive belief on the part of the public that unless acute
radiation sickness has been documented (often by the governmnent physicists), any subsequent
severe illness observed in radiation exposed persons is due to something else, anything, but not
radiation exposure. This has some historical validity, but at Chernobyl with millions of exposed
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persons in rural un-evacuated areas and hundreds of thousands evacuated but not medically
examined, and with the population's continuous ingestion of contaminated foods for the past
fifteen years, demanding documentation of radiation sickness is ridiculous. Even in the Japanese
cities radiation sickness went undocumented for many victims. Radiation injury is not predicated
on documentation of acute radiation sickness, but rather on the alteration of a cell leading to a
fatal cancer. It is well documented that these cellular level events can occur well below the level
of exposure that causes overt sickness. The amount of energy released by just one nuclear
transformation of one atom of a radioactive material is measured in thousands or millions of
electron volts. It requires only 6 to 10 electron volts to break the molecular bounds in the cellular
DNA and RNA that carry the genes for life.

In Hiroshima and Nagasaki exposure data and subsequent health records were not complete. The
research stations did not begin to select a study population until after the 1950 Japanese census
identified survivors and a 1967 dose estimate was derived by the scientists at Oak Ridge National
Laboratory in the U.S. Deaths prior to 1950 were ignored. Death certificates, which were at
times incomplete, were used to determine first cause of death of the study population. Cancers
that were not fatal were not reported until 1994. Most survivors are still alive so their cause of
death has not yet been studied. Other non-cancer health problems were considered to be "not of
concern" and have not been systematically reported.

There were persons who entered the contaminated territories of Hiroshima and Nagasaki after the
fire died down, or who consumed radioactive contaminated food and water, or experienced
radiation sickness, but were not officially recognized as "exposed." They are in the radiation
exposure control group. This is easily explained to the mathematician who is told that the
Hiroshima and Nagasaki studies looked for effects of the immediate penetrating radiation from
the exploding bomb on the persons who were within three kilometres of the hypocenter at that
moment.i For the military person looking for information on the health effects of radiation due to
the bomb, this artificial lim~itation made some sense. However, if a civil society is seeking
information on the effects of man-made radiation on the human body,, then all sources of that
man-made radiation, are important, including that from nuclear fall-out, food and water
contamination, residual radioactive debris at the bomb site, and medical X ray, Changing the
definition "exposed to man-made radiation" to "exposed to the bomb," and then using this
research to ba ck public and occupational health policy is to turn the scientific method on its head!

Because of this concentration on the first flash of the atomic bomb, serious mistakes have been
made by the radiation physicists in estimating the biological damage done by ingested or inhaled
radioactive particles, many of which remain in the body for a long time and even enter into
biochemical reactions of the cell's genetic material.

It is this atomic bomb study that appears to be dictating much of the inappropriate behaviour of
officials with respect to the medical treatment of survivors of Chernobyl and other nuclear
accidents. It has also caused harsh treatment of the honest scientists and physicians who spoke
directly for the needs of the exposed suffering people. Many of these scientists and physicians,
now in prison or effectively silenced, have conducted well designed and executed scientific
studies.

Due to the complications generated by the study of external irradiation by a bomb being used to
evaluate civilian exposures to inhaled or ingested radioactivity and the use of this research to
educate young physicists and nuclear engineers, many scientific blunders and administrative
problems were generated. The failure to deal with the whole breadth of radiation problems
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became entrenched in the very agencies that were created in the 1950's to protect the public
at risk from atmospheric nuclear testing. I will try to unravel the problems with the
International Atomic Energy Agency (IAEA), the United Nations Scientific Committee on
Atomic Radiation (UNSCEAR), the International Commission on Radiological Protection
(ICRP), the U. S. National Academy of Science Biological Effects of Ionizing Radiation
Committee (BEIR) and the World Health Organization (WHO). All of these organizations, except
WHO, which was relegated to treating the victims rather than understanding the problem, play
key parts with respect to current radiation and public health policies and understandings.
ironically, the World Health Organization, created by the United Nations in 1948, was not given
any role in the health assessment of this global threat to human and ecological health.

United Nations Initiatives

Nuclear bombs were first used in war in 1945, when the U. S. used them against Japan in
Hiroshima and Nagasaki. As early as 1946, the U. S. began atmospheric testing of nuclear bombs
in the Marshall Islands, in the Pacific Ocean. The former Soviet Union demonstrated that it had
the nuclear bomb in 1949, and there was tangible fear of a nuclear exchange during the Korean
War. The U.K. began nuclear weapon testing off the coast of Australia in the 1950s, and then on
the continent itself and in the Pacific Islands.

The first atomic bombs were based on fission, and, because of this, they were limited in their
destructive power. The force of the explosion blew apart the fissioning materials, terminating the
explosive energy release. In 1954 the U. S. tested a thermonuclear device (hydrogen bomb),
called Bravo, at Bikini Atoll in the Marshall Islands, demonstrating that a nuclear device with
unlimited power could be built. This one was about one thousand times more powerful than the
Hiroshima bomb. It was this military accomplishment that prompted the <Peaceful Atom>> speech
of President Dwight Eisenhower before the United Nations in 1954.

The speech followed a shift in U. S. Military Policy to dependence on nuclear bombs and a rush
toward production of uranium and the technology necessary to carry this out. A major weapon
replacement programme included: uranium mining and milling, uranium processing facilities,
nuclear fuel fabrication facilities, nuclear production reactors, reprocessing facilities and the
hazardous transportation and waste associated with each of these industries. In order to obtain
American and global cooperation during peace time, there was a perceived need for commercial
or so called <peaceful uses>> of nuclear technologies which would justify everyone's cooperation
in the nation and the international community. Nuclear electrical production was billed as capable
of fulfilling all of the energy needs of the developing world, and being "too cheap to meter". It
was promoted as the hope of preventing future wars since no country would be in need!

The United Nations responded by creating in 1955, UNSCEAR (Res 913(X) 1955) to 'assess and
report levels and effects of exposure to ionizing radiation". According to the. UNSCEAR website,
"governments and organizations throughout the world rely on the Committee's estimates as the
scientific basis for evaluating radiation risk, establishing radiation protection and safety
standards, and regulating radiation exposure." UNSCEAR was envisioned as an organization of
physicists, who at that time were the only ones who could measure radiation since it escapes our
senses and requires specialized instruments for detection. They were the experts on the hazard of
ionizing radiation but failed to have the expertise to predict the varied human response to
exposure to this hazard. In an odd way, perhaps because of their training in physics, they
managed to average all exposures over the entire population of the world, now some six billion
people. Natural background, because it is ubiquitous, rather homogeneously exposes everyone.

4



However a localized accident or relatively small work force's exposure, when averaged over the
whole population can be made to seem trivial. It is not trivial to those who r~eceive the exposure!

UNSCEAR became primarily a reporting agency, detailing the measurement of radioactive
fallout, worker exposures and eventually emissions from nuclear power plants. I would assume
that legislators saw this agency as providing independent monitoring of nuclear activities as a
check on predicted pollution and theoretical estimates of harm. Unfortunately, UNSCEAR
incorporated into its midst those same scientists who were making the predictions and
estimating ono harm from low level radiation>>. No other industry is allowed to monitor
itself. We do not ask the tobacco companies to tell us about tobacco's harm, or the pesticide
companies to tell us the effects of their products on children. More on this point later.

In 1957, in response to the oPeaceful Atom>> speech, the U.N. also established the IAEA,
which describes itself as "an independent intergovernmental, science and technology based
organization, in the U. N. family, that serves as the global focus point for nuclear
cooperation." Its mandates is described as: "to promote peaceful uses of nuclear
technology, develop safety standards, and verify that nuclear weapon technology did not
.spread horizontally to the non-nuclear Nations". They had no mandate with respect to the
nuclear weapons of the five nuclear states. Because of their nuclear watchdog task, IAFA
reports directly to the U.N. Security Council.

Response of the World Health Organization

In 1957, the World Health Organization, founded by the U.N. in 1948, became alarmed about the
atmospheric nuclear testing and the proposed expansion of this technology for "peacefuil uses". It
called together eminent geneticists to consider the threat this exposure would pose to the human
and ecological gene pool. Prof. Hermann Muller, the geneticist who received a Nobel Prize
(1946) for his X-ray work on genetic mutations of the fr~uit fly, was a participant at this
conference. Although the United States had not sent him as its delegate, he received a standing
ovation at the conference for his work and he consistently opposed extension of nuclear
technology into civilian uses. When Muller accepted the first National Academy of Sciences
Kimber Genetics Award in 1955 he indicated, "No exposure [of radiation] is so tiny that it
does not carry its corresponding mutational risk. It is well established that the
overwhelming majority of mutations (more than 99 percent) are harmful, causing some
functional impairment." The conclusion of this expert group was that there was not enough
information available in the scientific community to assure the integrity of future generations
should the burden of ionizing radiation exposure be increased. They called for extreme caution
and further genetic investigations, especially in Kerala, India, where there is a high natural
background level of radiation, and people have lived in this environment for hundreds of years.
Governments never implemented these recommendations because they were anxious to get on
with nuclear activities.

Later an independent NGO in India studied genetic damage in the high radiation background area
and found it indeed significantly increased. An Article by B.A.Bridges in Radiation Research
(Vol 156, 631-641; 2001) suggests that genetic mutations due to radiation imply that "the nature
of the radiation dose response cannot be assumed." There is more complexity than was expected
in the health consequences of altered DNA sequences. The serious implications of nuclear
pollution for future generations is still an area of research demanding more than ordinary caution.
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One can only guess at the politics behind a second WHO conference, called by psychiatrists in
1957 to consider the public health impact of peaceful nuclear activities. These professionals
concluded that such activities could cause undo stress to the population because of the association
with atomic bombs. This has become a mantra for the physicists who have subsequently
controlled all information relative to the health impact of nuclear technologies. Most recently,
when UNSCEAR released its 15 year assessment of the Chernobyl disaster, one of its
spokespersons, Dr. Neil Wald, Professor of Occupational and Environmental Health at the
University of Pittsburgh School of Public Health, stated: "It is important that public
misperceptions be reduced as much as possible in this area because unwarranted perception and
fear of harm can itself produce avoidable health problems as well as erroneous societal benefit vs
risk judgements." Loosely translated, Dr. Wald appears to be saying, if the public gets upset we
will not be able to make our money with this nuclear technology.

After the Three Mile Island accident in 1979, and in response to the people's demand for a health
study, the government organized a study headed by a psychiatrist from the Annapolis Naval
Academy. He drew concentric circles around the failed nuclear reactor and compared the cancer
rates and also the levels of fear and tension of those living with in these layers. A sensible study
would have looked downwind for air borne radionuclide effects and downstreamfor water borne
effects. This official study found only fear, what nuclear apologists refer to as "radiophobia,"
which was positively correlated with distance from the plant.

There were about 2000 injury cases from the TMI population taken to court for compensation of
health damage due to the radiation exposure. The nuclear company fought a losing battle all the
way to the U.S. Supreme Court against the courts even hearing these cases. Then the industry
found an old law stating that an expert witness must use the methodology used by other
professionals in their field, and using this, the nuclear company managed to disqualify every
expert witness (physicians, epidemiologists, botanists, biologists) brought in by the victims. The
physicists and engineers claimed sole expertise in the area of radiation health effects. All cases
were dismissed by the court without a single one being heard.

A 1959 Deal Between WHO and IAEA

This potential conflict between those who wished to exploit the new nuclear technology for both
profit and military power and the custodians of the public health, was superficially resolved by an
Agreement (Res. WHA 12-40, 28 May 1959) stating that the IAEA and the WHO recognize
"the IAEA has the primary responsibility for encouraging, assisting and coordinating
research on, and development and practical applications of atomic energy for peaceful uses
throughout the world without prejudice to the right of the WHO to concern itself with
promoting, developing, assistingand coordinating international health work, including
research, in all its aspects." If the reader is confused, so is the writer. To understand this, one
needs to know that the health effects of radiation were classified as secret under the U.S. Atomic
Energy Act for national security. The "international health work" assigned to the WHO was
taking care of the victims. While technically the IAEA and WHO are equal in the U.N. family,
those agencies that report directly to the Security Council, as does IAEA, have more status.

Article I (3) of the WHO/LAEA agreement states, "Whenever either organization proposes
to initiate a programme or activity on a subject in which the other organization has or may
have a substantial interest, the first party shall consult with the other with a view to
adjusting the matter by mutual consent." This clause prevented the WHO from
investigating the Chernobyl disaster and gave the IAEA a green light to bring in physicists
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and medical radiologists to assess the damage relative to their limited knowledge of the
health effects of radiation. (Note: while radiologists use ionizing radiation in their work, they
deal with health damage only after the patient receives therapy levels of radiation.) This first
evaluation used a different epidemiological protocol in each geographical area and with different
age groups, eliminated all concern for cancers as not having sufficient latency periods and failed
to note the extraordinary epidemic of thyroid diseases and cancers. From the point of view of
medical epidemiology they failed miserably to deal with the reality. The director of this 1991
epidemiological study, Dr. Fred Mettler, is a Medical Radiologist. There were no
epidemiologists, public health professionals or toxicologists on the IAEA Team.

The Self-Established ICRP

UNSCEAR has continued to be the measurement agency, which verifies that all planned releases
of ionizing radiation to the environment, and all exposures of workers, are "acceptable." It fell to
the JAEA to "establish or adopt, in collaboration with other competent international bodies,
standards of safety for the protection of health and to provide for the application of these
standards".

Neither the IAEA nor UNSCEAR turned to the WHO to develop such protective health
standards. Instead they both turned to a self-appointed non-governmental organization
formed by the physicists of the Manhattan project together with the Medical Radiologists,
who had organized themselves in 1928 to protect themselves and their colleagues from the
severe consequences of exposure to medical X ray. This new organization, called the ICRP
(International Commission on Radiological Protection), has a Main Committee of 13
persons who make all decisions. Members of this Main Committee were originally self
appointed, and have been perpetuated by being proposed by current members and accepted
by the current executive committee. No outside agency can place a member on the ICRP,
not even the WHO.

The UNSCEAR 2000 Report was prepared by a Committee including the following seven
persons who also serve on the thirteen person Main Committee of ICRP: Prof. Roger Clark
(currently the Chair of ICRP), Prof. Rudolf M. Alexakhim, Dr. John D. Boice Jr., Prof.
Fred A. Mettler Jr.(the same radiologist who headed the IAEA Chernobyl epidemiological
study), Dr. Zi Quiang Pan, and Dr. Yasuhito Sasaki.

It is the ICRP that makes recommendations for the protection of human health for workers
and the general public. By its own admission it is not a public or environmental health
organization. It has given itself the task of recommending a trade-off of predictable health
effects of exposure to radiation for the benefit of nuclear activities (including the produiction
and testing of nuclear weapons). Its recommendations were first set in 1957, when the
medical radiologists accepted the proposal hammered out by the British, Canadian and
American physicists after World War II.

The original recommendation that workers be allowed 15 rad (150 mSv) per year was opposed by
the British National Radiological Protection Board (NRPB) and an independent committee called
the BEAR (Biological Effects of Atomic Radiation) funded in the U.S. by the Rockefeller
Foundation. This forced the ICRP to reduce its recommendation for nuclear workers to 5 rad (50
mSv) per year while maximum permissible doses to members of the public were ten times lower.
This recommendation remained in effect until 1990. Under pressure from more than 700
scientists and physicians, and after a reassignment of doses at the atomic bomb research centers,
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worker exposure was reduced to 2 rad (20 mSv) per year and exposures to the public were
reduced by another factor of five to 0.1 rad (1 mSv) per year.

Who Takes Responsibility?

It is important to note that no agency takes responsibility for these recommendations and the
WHO is excluded from professional collaboration or comment on them. ICRP recommends and
nations are free to implement or ignore these recommendations (Nations generally accept them,
claiming they do not have the expertise or money to derive their own standards). The
recommendations are for a risk-benefit trade off and do not pretend to be based solely (or
primarily) on protecting the public or worker health.

IAEA states, "The underlying biological basis of the standards over the last several decades has
rested primarily on the UNSCEAR. This committee was originally formed during the period of
atmospheric weapon testing to assess the physical processes and health effects of fallout, but has
since broadened its remit considerably." UNSCEAR depends on the leaders of the Main
Committee of ICRP. Those who set the standards also judge them to be adequate! Usually
scientific theory is tested against reality and rejected if it fails to conform. Radiation health
predictions are tested against the reality of the victims, and if reality fails to conform to theory,
reality is rejected. The suffering is blamed on some unknown cause!

Another body that also assesses radiation risk is the BEIR Committee of the U.S. National
Academy of Science. The BEIR (Biological Effects of Ionizing Radiation) Committee was
established in the U.S. around 1978 to counter accusations that the Nevada atmospheric nuclear
tests had caused the deaths of thousands of American babies. BEIR is essentially a report and
interpretation of the Hiroshima and Nagasaki studies of the effects of the atomic bomb, as
previously discussed. These atomic bomb studies do not underpin the radiation standards They
actually were established some 17 years before the '1967 dose assessment for atomic bomb
survivors (on which the atomic. bomb studies are based) was completed.

IAEA radiation standards for nuclear waste were made on the basis of recommendations by a
number of international bodies, principally ICRP and estimations of radiation risks made by
UNSCEAR. IAEA Safety Requirements for radioactive waste, including standards, codes of
practice, regulations, etc., "may be adopted by Member States at their own discretion for use
nationally". These IAEA requirements are mandatory only for the JAEA itself.

What happened to the people of Chernobyl?

One can easily imagine that there were civilian victims of radiation sickness in the midst of the
chaos during and after the Chernobyl disaster, who were never seen at Hospital Six in Moscow!
However, the IAEA (International Atomic Energy Agency) continues, even in 2002, to insist that
only 32 persons died of radiation exposure at Chernobyl! These "counted" deaths were all men
from the fire- fighting brigade identified as seriously exposed and sick by the heroic physicians
and other health personnel at the emergency medical tent near the~crippled reactor. This type of
counting goes even further than the usual mathematical and journalistic approach - it deliberately
and maliciously minimizes the scale of this disaster and leaves the public vulnerable. Those who
were exposed suffer without appropriate medical recognition and help whereas those at a distance
remain unprepared for another, perhaps worse, *disaster.
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Moreover, since land contaminated by the failed reactor was poisoned, the fruits and vegetables
grown on it, and the domestic animals that feed on it along with their milk and meat, are also
contaminated. Russia, Ukraine and Belarus have taken this contaminated food and, with the
advice of the IAEA, have mixed it with uncontaminated food from other parts of the former
Soviet Union. This diluted (or adulterated) food has entered the food chain, subjecting the
populace to'continuous low doses of internal contamination with radionuclides for the last fifteen
years. In Belarus people actually received money from the government for moving back onto the
badly contaminated areas and setting up new farms.

The false claims by the LAEA have also failed to rally the international community to help
victims of this disaster. People have not responded internationally, with their characteristic
generosity, to the tremendous needs of the people whose health and lives were cruelly disrupted.
The LAEA and its companion body, UNSCEAR, have gone even further in the Spring of 2002 by
recommending that Chechen and Central Asian refugees re-populate the still contaminated area
around the failed reactor. This raises some very serious questions about the mismanagement of
information and communication around this ongoing disaster.

These two UN agencies, namely, IAEA and UNSCEAR (and their partner the ICRP), have
apparently supplanted the WHO (World Health Organization) in speaking to the health risks of
this nuclear technology, and in particular, to the post-Chernobyl contamination of the people and
their land. Whether or not this land is fit for inhabitation or food production requires health
assessment, not a promotional OK from two agencies that have financial ties to the polluting
industry!

The WHO tried to take some initiative on behalf of the suffering people, and in 1996 its Director-
,General, Dr. Hiroshi Nakajima, organized an international conference in Geneva with 700
scientific experts and physicians in attendance, many of whom came from Russia, Belarus and
Ukraine. The IAEA, which to its dismay was not invited to jointly sponsor this international
conference, nevertheless blocked publication of the proceedings.

The physicians of Chernobyl then organized a conference in Kiev, Ukraine, in June 2001, and
invited Dr. Nakajima (who was no longer Director-General of WHO) to be their Honorary
President. He was asked about the proceedings of the 1996 WHO Conference about the
proceedings that had never been published. He answered as follows. "I was the Director-General
and I was responsible. But it is mainly my legal department... because the IAEA reports directly
to the Security Council of the United Nations. And we, all specialized organizations, report to the
Economic and Social Development Council. The organization which reports to the Security
Council, not hierarchically, we are all equal , but for atomic affairs,military use, and peaceful or
civil use, they have the authority."

Because of the internal UN structure, which is grossly out of date, the voice of the physicians and
scientists actually dealing with the situation were not heard. It is outrageous to measure the
radiation and then present a theory that no one has been hurt! It is imperative to look at the
victims and assess their injuries. Internationally, the theoretical voice of the ICRP, a
nongovernmental organization (NGO) which speaks through the IAEA and UNSCEAR, has
prevailed! All three agencies have a vested interest in maintaining the reputation of nuclear
industries as "clean and cheap," even if the evidence proves they aren't!

The representative of the U.N. Office for Humanitarian Affairs, D. Zupka, was present at the
Kiev Conference, and he shared with participants the view of Kofi Annan, who estimated that the
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number of victims of Chernobyl is nine million! They are predicting that this number will
increase. However, their voice is overpowered by the "scientific" voice of the ICRP speaking
through the IAEA and UNSCEAR. This seems incredible, but is the heavy burden that we suffer
as a product of the atomic genie and the nuclear secrecy which it spawned.

* Because of the self-serving theoretical predictions and safety recommendations of the ICRP that
colour the expectations of radiologists, physicists and engineers, even when they are confronted
with the reality of the suffering of Chernobyl's victims, these scientists strongly declare that the
observed health problems could not be due to the radiation exposure. Health problems are instead
assigned to an unidentified factor in the environment or life-style. Hans Blix, Director of the
IAEA at the time of the Chernobyl disaster, went so far as to say, "The atomic industry can take
catastrophes like Chemobyl every year." There is an obvious conflict of interest in this agency
whose only mandate is to promote nuclear technologies!

At the Kiev Conference, Alexey Yablokov, President of the Centre for Political Ecology of the
Russian Federation, pointed out that some of the data used by UNSCEAR had been falsified by
the State Committee for Statistics. The officials were arrested in 1999 for this crime. He charged
that UNSCEAR continued to use this falsified data to support its minimization of harm.

The medical research of Prof. Y Bandazhevsky, a medical pathologist, Rector of the Medical
Institute of Gomel, in Belarus, had to be presented by a colleague, Prof. Michel Fernex. Prof.
Bandazhevsky was under house arrest. Belarus received the heaviest fallout from the Chernobyl
disaster. After nine years of research in Chernobyl-contaminated territories, he had discovered
that cesium 137 incorporated in food leads to destruction of those vital organs where it
concentrates at higher than average body levels. With his wife, a paediatric cardiologist,
Bandazhevsky described what he called "cesium cardiomyopathy," a diagnosis other experts say 0
will eventually be named after him. The cardiac damage becomes irreversible at a certain level
and duration of this cesium intoxication. Sudden death may occur at any age, even in children.
After publishing this finding, Bandazhevsky denounced the government's non-intervention policy
and argued against the lack of resources given to the medical investigation of the disaster, For his
outstanding work he was arrested, tried and condemned to prison for eight years!

Prof. Bandazhevsky's trial of was observed by lawyers from the Organization for Security and
Cooperation in Europe (OSCE), from the French Embassy in Minsk, and from Amnesty
International. These observers documented irregularities and legal errors from the time of his
arrest. In the middle of the night of July 13,1999, Prof. Bandazhevsky was arrested by a group of
police officers who informed him that the arrest was by presidential decree aimed at fighting
terrorism. This was never charged in court. In fact, it was not until four weeks after his arrest,
August 1999, that he was finally charged with taking bribes. These proved to be trumped up
charges by two defendants who later recanted their testimony, saying it was forced under duress
and threats. Prof. Bandazhevsky was denied access to a lawyer for the entire duration of his
detention, and during the trial there were serious breaches of Belarussian and international law.
Amnesty International has listed Prof. Bandazhevsky as a prisoner of conscience. He is not well,
and his important research is being kept from his scientific and medical colleagues.

Professor Bandazhevsky is not alone. The Russian, Belarussian, and Ukrainian medical
community, though silenced in international circles, is still present and active in alleviating the
suffering and noting the causes of their people's pain. Many have carried out detailed high quality
scientific studies on the genetic, teratogenic and somatic damage done by radiation exposure.
They have confirmed their analyses by demonstrating the effects in animal experiments. The rest 0
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of the world is being deprived of this research through heavy-handed silencing of the'scientists by
their national authorities, acting on the recommendations of the IAEA and UNSCEAR ,and
specifically, ICRP.

Recommendations

While many individuals have been trying to make known this major United Nations problem, it
has been difficult to get this complex situation across to the public. Mainstream media outlets
and medical journals continue to misrepresent or ignore its humran consequences. Serious study
on the part of the U.N. will be needed to undue all of the damage caused. The following
recommendations to the United Nation should be implemented with all deliberate speed.

1. WHO should be mandated to review all radiation research and then recommend health-based
safety regulations. This mandate should be carried out by health professionals, including
epidemiologists, oncologists, occupational and public health policy analysts, geneticists and
pediatricians with no links to the nuclear power industry or ICRP, IAEA, UNSCEAR, NRPB, US
National Council on Radiation Protection (NCRP), American Cancer Society, US Nuclear
Regulatory Commission or National Academy of Sciences radiation committees.

2. The IAEA mandate to promote "peaceful nuclear technologies" should be withdrawn.
'J

3. The IAEA mandate to safeguard the spread of nuclear weapons should be expanded to include
monitoring the reduction and abolition of all nuclear weapons in the nuclear nations.

4. The UNSCEAR mandate needs to include the monitoring of increasing levels of background
radiation and nuclear emissions from reactors and nuclear accidents. They should not be entrusted
with estimating risk, which is the prerogative of the WHO.

5. Decisions relative to the safety of fanmland, food and water ingestion and refugee relocation
should be entrusted to WHO.

6. Investigation into the imprisonment of scientists and physicians who have spoken out on behalf
of the public health relative to radiation exposure should be undertaken by a special raporteur of
the Human Rights Commission in Geneva.
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Abstract

In 1993 Green Audit 'obtained the entire small areas cancer incidence database of Wales
Cancer Registry (WCR) aggregated to the level of small areas termed Areas of Residence
(AoRs). Since 1998 we have been conducting research into the distribution of cancer in
Wales utilising these data, which show cancer incidence by year, sex, age, site and AoR
from 1974 - '90. In a series of reports, Green Audit drew attention to the existence of an
apparent sea-coast effect on cancer driven by habitations near radioactively contaminated
intertidal sediment. This was particularly the case of the Menai Strait in north Wales, where
anomalously high rates of childhood leukaemia and brain tumours were found, notably in
Bangor and Caernarfon. These phenomena were denied by the Wales Cancer Intelligence
and Surveillance Unit (WCISU) which claimed that its own studies showed no such
increases. The WCISU studies were consistently backed up by the Committee on Medical
Aspects of Radiation in the.Environment (COMARE).
This paper addresses the studies and claims of WCISU and its collaborators. It shows that
WCISU have consistently made serious errors in their epidemiology. In particular, WCISU
and its collaborators have used incorrect base populations for the areas they have been
analysing. We show how, through an elementary error, WCISU misallocated census wards
to the AoRs, thereby hugely overestimating the base populations considered to be at risk
and commensurately underestimating incidence ratios relative to national averages.

In a letter to Green Audit in January 2001 Dr. John Steward, WCISU's Director,
presented his allocation of wards in Gwynedd, showing all wards were allocated to 5 AoRs.
However, in the WCR database, there were 35 AoRs. Thus the levels of cancer in the
Menai Area would be under-assessed by WCISU by a factor of up to 7-fold. Indeed, we
show here that WCISU used the population of Caernarfon and Bethesda (both of which
were AoRs in their own right) in addition to the population of Bangor as a base population
to reduce the apparent risk factors for childhood leukaemia in Bangor.

We also show that WCISU had made a similar error in an inquiry concerning cancer
rates in Mold in Clwyd, a case where in 2000 and 2003 WCISU and the Director of Public
Health for Flintshire rubbished a Green Audit report on this issue. WCISU used incorrect
ward assignments to deduce that the levels of cancer shown in the WCR database were
normal whilst in fact they were significantly high. This was despite the fact that a detailed
explanation of the error had been given by us to Dr. Steward in 2001 (Steward et al 2000).
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1. Background

There has been continuing debate over the incidence and spatial distribution of cancer in
north and mid-Wales since Green Audit carried out an analysis of the Wales Cancer
Registry 1974-1989 small area database in 1997-2000 and reported significant excess risks
of childhood cancer in the Menai area (Busby 1998, Busby 2000)

The three year analysis (Busby 2000, referred to as GAI in what follows) was
funded by the Irish State in connection with a case in the Irish High Court; Short and others
v. BNFL. The results showed that there was a curious and highly significant excess risk of
most (but not all) types of adult cancer in a narrow band 0-2km from the sea, and that these
effects were driven largely by towns on the north Wales coast. The results were presented
at the 2002 British Nuclear Energy Society International Conference in Oxford in
September 2002 and were published by BNES (Busby 2002). The method employed was
straightforward. Standardised Incidence Ratios were calculated for the small areas used by
the Wales Cancer Registry, based on 1981 census populations and relative to England and
Wales national rates in 1979. Various statistical tests and regression methods were used to
examine these areas in groups by distance from the sea, by rainfall, by disadvantagement,
by radon in homes and by various other possible causes. Only proximity to the sea, or the
variable SEAPU derived from measurements of plutonium in sea-to-land transfer, could
explain the findings. There were highly significant statistical effects in adults of all ages
combined. But for children, although the numbers were low, there were much bigger
relative risks. For some towns near the highest levels of Sellafield radioisotope
contamination on the Menai Strait and by the second half of the 16 year period Relative
Risks were similar to those found in the Seascale child leukaemia cluster (i.e. between 5
and 15-fold RR).

The results for children in North Wales were picked up by the BBC and a
documentary, Sea of Troubles, implicating the radioactive discharges from the Sellafield
nuclear plant, was transmitted in February 1999. These mutagenic radioactive substances
e.g. plutonium-239, Caesium-137, Strontium-90 etc. have been routinely measured on the
north Wales coast by the Ministry of Agriculture and later the Food Standards Agency.
Radioactive particles concentrate in the intertidal sediment and are brought ashore by a
phenomenon termed sea-to-land transfer, discovered in the 1980s (Eakins et al. 1984a).
Plutonium in the air (which may represent a flag for exposure) is highest in the lkm
distance zone and falls off rapidly. It can be inhaled and incorporated in humans and
animals and has been found in humans in autopsy measurements of the lung drainage
lymph nodes (Popplewell et al 1988) and also in sheep faeces (Eakins and Lally, 1984b).

Due to the peculiar tidal conditions in the Irish Sea, levels in the sediment are
highest around the Menai Strait between Anglesey and the mainland, and also along the
north Wales coast to the estuary of the river Dee. This is still the case: levels in 2004 in
intertidal silt on the coast near Caerhun at the northern entrance to the Menai are 160Bq/kg
(RIFE 2004). These were also the areas where the highest levels of adult and childhood
cancer had been found by the GA l study.

We found it curious that the Wales Cancer Registry (WCR), an official division of
the Welsh Office which had supplied the data on which the GAl studies were based, was
shut down almost immediately after the data were released. The WCR had already drawn
attention to high levels of cancer in children in North Wales in its final report published in
1994 just before it was closed (WCR, 1994). An obvious next move was to examine the
spatial distribution of the child cancer in north Wales to see if there were any 0
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epidemiological pointers to its cause, but it should be noted that access to small area cancer
data was being increasingly restricted over the period 1990 onwards. Indeed, access by
Green Audit to the WCR data was only obtained through the intercession of the then
Medical Officer of Health at the Welsh Office, Dr Deidre Hine, after pressure had been
brought by the Association of Welsh County Councils. Dr. Hine left around the same time
as WCR was closed. There was a gap of about 18 months before the cancer registration
system was taken over by a new organisation, WCISU. During this time Green Audit
obtained a second and independently downloaded set of small area data covering the period
1974-1990 from the Statistics Division of the Welsh Office. Thus Green Audit had two
independent sets of the same data to compare. There was one major difference between the
two datasets. A group of child leukaemia records labelled "all leukaemias" in the first set
had disappeared from the second. This was puzzling, and the origin of these child
leukaemia figures has never been adequately resolved. We were of the opinion that there
had been some cover-up, but since WCISU stated that the files had been removed from the
mainframe when they took over, the question seems unanswerable. The extra cases were all
in mid and north Wales. The GAl report analysed the spatial distribution of adult cancer,
childhood cancer, childhood leukaemia and childhood brain tumours. Since the two
datasets differed on child leukaemia we analysed the data both with and without the extra
"all leukaemias" files. Rates for childhood leukaemia were higher in the dataset which
included them, however, for both analyses, there was a clear sea coast effect. The highest
childhood cancer and leukaemia rates were apparent in the Menai Strait coastal towns and
along the north Wales coast where the levels of radioactive pollution were highest.

The BBC Wales TV documentary Sea of Troubles caused considerable controversy.
WCISU denied the existence of excess childhood cancer. They carried out a separate
analysis and showed that childhood cancer on the coast was actually lower than inland and
presented their results to the government Committee On Medical Aspects of Radiation in
the Environment (COMARE), a 'watchdog committee' set up following the Black report on
the Sellafield leukaemias in 1984. Without showing this report to Green Audit or asking for
any independent peer review, COMARE and WCISU presented their analysis to the Press
and to the Welsh Assembly (COMARE 1999). A statement was released claiming that the
WCR data were corrupt and that Green Audit's study was wrong - there was no increase
in childhood cancer in North Wales. The Press took the report straight' to Green Audit and
our analysis (Radioactive Times 1999, 2000) revealed major problems and inaccuracies in
the WCISU approach but nothing was done and no retraction wasmade.

Close examination of the WCISU study would have shown that WCISU had
removed 18% of the children with cancer from the database they obtained from WCR. At
the same time, the WCR database had been removed from the Welsh Office mainframe
computer. Later it was argued that these children had been coded wrongly, and were in fact
adults. This emerged during a plenary session of the three-day international Workshop
convened by the Committee Examining Radiation Risks of Internal Emitters (CERRIE) in
Oxford in July 2003. The Director of the Oxford Childhood Cancer Research Group, Dr.
Gerald Draper, asked Dr. Busby why his presentation on cancer epidemiology had not
mentioned the alleged miscoding. In reply Dr. Busby asked why the apparent miscoding
was specific to the north Wales coast, a question Dr. Draper was unable to answer. It has
never been answered.

But the debate remained. By 2003, the argument had passed from COMARE to the
new CERRIE Committee which the EnvironmentMinister of the day, Michael Meacher, set
up to look at this and other evidence that the risks from radioactive materials from nuclear
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sites may have been significantly underestimated. In the interim, more evidence that this
was the case had. been emerging from Chernobyl affected territories and new science was
showing unequivocally that the mechanistic assumptions underpinning estimates of risk
from releasing radioactivity to the environment were incorrect. The CERRIE committee,
consisting of scientists from the Nuclear Industry, from the National Radiological
Protection Board and from independent organisations, was split over the issue and the
disagreements remained (CERRIE Majority 2004, CERRIE Minority 2004):

By 2003, toward the end of the CERRIE process, and after Michael Meacher had
been sacked, there was another development relating to the question of cancer in children in
North Wales. A north Wales HTV researcher, Linda Parry, had a friend who developed
cancer in her 20s. Linda noticed how many children from the Menai were being treated.
She knew of the controversy over the BBC TV documentary and decided to carry out her
own research. She collected a database of some 40 children with their names and addresses
and she approached Green Audit to ask if it represented an excess. Based only on the
named children, we found there was a highly significant excess of child leukaemia and also
of brain and nervous system cancer. Relative Risks for leukaemia in the town of Caernarfon
were about 20 times the national average. Checking to see whether the risks extended into
the 34 wards around the Menai, where much of the population lives further from the coast,
the RR was still more than 5 times the national average. For brain and nervous system
cancers the story was similar with risks of 18-fold in children to age 15 in Caernarfon and,
again, more than 5-fold in the 34 Menai Wards. This led to a new documentary, Cancrs
Plant, transmitted by the Welsh-language TV channel S4C in February 2004.

To inform HTV's research a report was prepared (Busby 2004), putting Linda
Parry's findings in the context of the earlier period covered in the GA1 study, which had
also drawn attention to high levels of childhood cancer on the Menai. These earlier results.
are shown in Table 1 below.

Table 1 Areas of Residence with more than one case and also high (>3) relative risk of
leukaemia in the 0-4 age group in the north Wales area from 1982-1990 (Wales Cancer
Registry validated data).

AoR Number of cases Relative Risk (a)
71CC Colwyn Bay 3 5.6
74CA Bangor 3 11.2
74CE Caenarfon 2 8.1

(a) based on England and Wales, 1979

The paper was peer reviewed and presented at the International Conference on
Childhood Leukaemia organised by Children with Leukaemia in September 2004 in
London (Busby, Bramhall and Parry, 2004).

At the time of the HTV broadcast WCISU made no substantive comment (though a
non-committal statement was released on 13th Feb. 2004; the same statement was provided
to the subsequent CERRIE meeting, 2 7 th Feb.), but by Spring 2005, WCISU reported that
they had re-examined the findings of Green Audit (White et al, 2005). The authors reported
that there was indeed an excess of childhood leukaemia which was not statistically
significant but no excess of brain tumours. In a document dated 9 th March 2005 (NPHSW
2005) which was based on their report, the National Public Health Service for Wales denied
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that there was a continuing trend of increased incidence of childhood leukaemia. There
were no significant results ... for childhood leukaemia ... in either Anglesey or Gwynedd
LHB populations for the 2000-2003 period or any previous period. They could see no
reason for public concern.

COMARE also endorsed WCISU's report (COMARE 2005)

2. The problem - Bias and spin in WCISU analysis
Interestingly, in addressing our findings for 1982 - 1990, WCSIU did not use the technique
they had'used in 1999 - i.e. removing the children from the database on the basis that they
were misclassified adults. This might have been too dangerous, given that there appeared to
be a reporter who was capable of finding the cases and may indeed already have found
them. So the WCISU report contained the same numbers of observed cases as Green
Audit's. The difference was in the Relative Risks. Results are compared in Table 2.

Table 2 Areas of Residence with more than one case and also high (>3) relative risk of
leukaemia in the 0-4 age group in the north Wales area from 1982-1990 (Wales Cancer,
Registry validated data). Relative Risk calculated by WCISU in 2005 and by Green Audit
using the GAl data and method.

AoR Number of Relative Risk (95%CI) Relative Risk
cases WCISU 2004 Green Audit 2000

71CC Colwyn Bay 3 1.70 (0.35, 4.97) 5.6
74CA Bangor 3 2.48 (0.51, 7.26) 11.2
74CE Caernarfon 2 2.32 (0.28, 8.37) 8.2

It should be noted that the Relative Risks WCISU calculated are elevated. However,
the lower Confidence Intervals in column 3 are in every case less than 1, allowing the
inference that the actual number of cases found could have occurred by chance. This is just
what WCISU did infer.

We face a situation where a marked, cluster is officially dismissed as a chance
finding on the grounds that it is not part of a long-term trend or pattern. Given that
WCISU's figures for the number of cases in the 1982-90 period agree with ours it was
intriguing to consider how the apparent excess had been minimised. Where was the
difference between the two studies?
Statistical significance
First though, let us address significance. The GAl results were important to present in
Busby 2004 since they appeared to show that there was some cause of increased levels of
childhood leukaemia comparable with the levels of risk near Seascale, the notorious
Sellafield child leukaemia cluster; and therefore, the Linda Parry cases in the late 1990s and
early 2000s were a continuation and a worsening of this. As the NPHSW discussion report
argued, the numbers are small, but then so were the numbers at Sellafield and an entire
enquiry under Sir Douglas Black had been set up to look into that one issue. In Seascale
and the coastal villages (Drigg, Carleton, Bootle, Waberthwaite and Muncaster) there were
2 deaths from leukaemia within 4 deaths, of all cancers in the 0-14 year age group in the 16
years between 1963 and 1982. There were 9 cases (incidence) from childhood cancer in
Seascale and the coastal villages in the same 16 year period (Beral et al, 1993). Here we are
looking at 8 cases of leukaemia alone in the Menai coastal towns in the 9 years 1982 to
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1990, and the Linda Parry data gave 3 cases in Caernarfon in 2000-2003 and 6 cases in the
combined Menai wards over the same period. Thus we have a much larger cluster than
Seascale and the Cumbrian coastal villages since in the 13 years 1982-1990 and 2000-2003
for which we have data, there were 14 cases of child leukaemia ages 0-4 not counting any
other cancers, compared with 9 childhood cancer cases in the 0-14 age group at Seascale
and the coastal villages in 16 years.

The numbers are not disputed, but there are many ways in which epidemiologists
can bias results or affect conclusions drawn from data. WCISU have been responsible for
holding the raw data from the north Wales area and should have been aware of the
increases in child leukaemia and brain tumours there - the cases found by HTV. Why did
they not draw attention to this, given that they eventually had to concede it in their 2004
report? Is it because amidst much noise and controversy they had already denied Green
Audit's earlier claims and the 1994 claims of the Wales Cancer Registry?

Whatever the answer, their 2005 report began by attacking our GA1 report of excess
levels of child leukaemia over the period 1982-90 in Caernarfon, Bangor and Colwyn Bay
(shown in Table 1). If they could show that the levels were not significantly high, then the
high levels found by HTV for the later period, 2000-03, might be discounted as a 'small
cluster in time', rather than part of an ongoing and serious environmental health problem.

WCISU used three ways of reducing the significance of the observed numbers. In
ascending order of seriousness these are 1) the use of a different national rate to generate a
number of cases expected; 2) disaggregating the base population; 3) over-estimating the
base population.

1) National rate: WCISU employed all Wales national rates for 1982-90 whereas
Green Audit Risks, which were used to examine overall trends in time, were based on
England and Wales rates for 1979. This, however would not affect the results by more than
a few percent and can be justified.

2) Disaggregating the base population: This argument is about high levels of
childhood leukaemia near the Menai. The ideal would be to define the population of the
entire 2 kilometer strip nearest the sea, but we do not have data to this level of
disaggregation. The next best is to combine the data we do actually have which defines a
population living that close to the sea - in other words, the populations of the coastal
towns. So the statistical test should not disaggregate the data. To reduce this to absurdity, it
would be possible to deny the significance of any finding if we broke the individual cases
down to the streets in which they lived, since the numbers would be too small. Table 4
shows that when the three towns are taken as an entity even WCISU found significant
elevated risks.

3) Over-estimating the base population; serious errors in WCISU's
assumptions of the Welsh Areas of Residence: We shall show here that WCISU made a
massive and elementary error which dwarfs the other two points we have described above,
certainly as far as its impact on the present dispute is concerned.

The average incidence rate of a disease determines the number of cases expected in
any population. Comparing what is expected with what is observed determines the Relative
Risks. One can calculate back, using the RRs given by WCISU and by us to find what the
expected numbers of cases were and then, using national rates, work out the size of the base
populations. The formula is:

O/RR=E
where 0 = cases observed; RR = Relative Risk; E = cases expected.

7



Table 3 shows the results for Green Audit; Table 4 shows them for WCISU. (These
tables also show the results of aggregating the three coastal towns.)

Table 3 Green Audit analysis: Areas of Residence with more than one case and also high
(>3) relative risk of leukaemia in the 0-4 age group in the north Wales area from 1982-1990
(Wales Cancer Registry validated data). Relative Risk calculated by Green Audit in 2000
and reported in 2004 with numbers of cases expected based on their RRs from Table 1.

AoR Number of Number of cases Relative Risk
cases observed expected (RR) (Poisson p-value)

71CC Colwyn Bay 3 0.53 5.6(0.01)
74CA Bangor 3 0.26 11.2 (0.0004)
74CE Caernarfon 2 0.24 8.1 (0.02)
All three 8 1.03 7.76 (0.00005)

Table 4 WCISU analysis: Areas of Residence with more than one case and also high (>3)
relative risk of leukaemia in the 0-4 age group in the north Wales area from 1982-1990
(Wales Cancer Registry validated data). Relative Risk calculated by WCISU in 2005 with
numbers of cases expected based on their RRs from Table 2.

AoR Number of Number of cases Relative Risk
cases observed expected (RR) (Poisson p-value)

71CC Colwyn Bay 3 1.76 1.7 (0.24)
74CA Bangor 3 1.21 2.48 (0.12)
74CE Caernarfon 2 0.86 2.32 (0.23)
All three 8 3.83 2.09 (0.04)

We needed to look more closely at the way in which we and WCISU determined the base
population. Taking as an-example the Area of Residence 74CA BANGOR MB as defined
by the Wales Cancer Registry, WCISU's expectation was 1.21 cases; ours was 0.26. We
can calculate the different 0-4 populations of this area as assumed by these quite different
expectations. The formula is:

Population = E x 100,000/ (5.1 x 9)
where E is the expected number; the rate is 5.1 per 100,000 per year and we are concerned
with 9 years' data. The result is given in Table 5.

Table 5 0-4 Population of 74CA BANGOR MB obtained by back calculation from all
leukaemia rate 5.1 per 100,000 and expected numbers given by Green Audit and by WCISU.

Expected number 0-4 Population based on 0-4 Population based on Green
of cases 1982-90 WCISU expectation Audit expectation
0.26 (GA) 566
1.21 (WCISU) 2,636

So, we must ask whether 566 or 2636 more truly represents the 0-4 population of
Bangor over the period 1982-1990. This will decide which analysis is correct and which
relative risk is correct and therefore whether there is statistically significant excess
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childhood leukaemia in AoR 74CA BANGOR MB. We began with a very rough check.
Assuming a square demography (all age groups roughly equally represented between 0 and
70), there are 14 of the 5-year age groups which would roughly give a total population of
Bangor as 7924 as calculated by Green Audit, or 36,900 as calculated by WCISU. 36,900 is
clearly absurd - around three times what's really there now.

The back calculation can be checked against the 1991 census populations of
Bangor. The 1991 wards of Bangor town are shown in part of the official ward map in Fig
1. The 1991 ward names and populations in the 0-4 age group (798 children) are in Table 6.
Table 7 shows ward names and 0-4 population at the 1981 census (620 children). The
population derived by back calculation from Green Audit's "Expected" number is 30%
lower than the 1991 census population and apparently lower by 9% than the 1981 census
(which is explained by the GAl study employing 1979 rates which are slightly lower.
Green Audit employed 1981 census data adjusted for changes in inter-censal population
changes. Since the GAL study examined the period 1974-89 and was interested in the time
trend in disease we used 1979 cancer and leukemia rates.

However, the base population WCISU appears to have used is 330% too high.

Table 6 1991 wards in Bangor

Map No Ward name Designation 0-4 Persons All ages Persons
4 Deiniol 51SZFD 40 961
6 Dewi 51SZFF 102 1545
7 Garth 51SZFG 22 637
9 Glyder 51SZFJ 87 1601
10 Hendre 51SZFK 106 1234
11 Hirael 51SZFL 61 1230
19 Marchog 51SZFU 298 2685

Menai
20 Ban 51SZFW 82 1299Bangor

All Bangor 798 11,192

What happened? At this point we must say that analysis of the WCR data absolutely
required us to ascertain the definition of the obsolete Areas of Residence. By 1998, two
years after the closure of WCR and the dispersion of their personnel, this involved
considerable detective work. WCISU were of no help in this search. In 1997 Helen Beer, a
researcher at WCISU, said they had no idea of the composition of the AoRs. Eventually in
1998 we obtained lists from ONS, allowing us to determine the precise extent of the AoRs
and their logical structure and relationship to 1974 wards and communities. Three AoRs in
northern Arfon (the County District) are listed in Table'7 and are shown, with their
constituent 1981 census wards, in the coloured map Fig 2. It should be noted that the 1981
extent of AoR 74CA BANGOR MB in which WCR recorded the 1982 - 1990 cases is a
close (if not exact) match with the Bangor 1991 census wards (Fig. 1), confirming the size
of the 0-4 population Green Audit used to analyse leukaemia risk in that period.
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Table 7. AoRs in north Arfon near Bangor and their constituent 1981 census wards (from
ONS)

Ward No/ County/ Ward/civil AoR 1981 ward 1981 pop. 0-4
parish/corn Local parish code (all ages)
munity Authority persons
I Bangor Bangor MB North or Upper 74CA 51 SZAA 43
comm.. (pt.) Bangor ward Bangor M.B (1220)

(pt.)

2 Bangor Bangor MB North or Upper 74CA 51 SZAB 32
comm.. (pt.) Bangor ward Bangor M.B (899)

(pt.)

3 Bangor Bangor MB South or Town 74CA 51 SZAC 71
comm.. (pt.) ward. (pt.) Bangor M.B (928)
4 Bangor Bangor MB South or Town 74CA 51SZAD 207
comm.. (pt.) Ward (pt.) Bangor M.B (2903)
5 Bangor Bangor MB East or Hirael 74CA 51 SZAE 43
comm.. (pt.) ward Bangor M.B (1081)
6 Bangor Bangor MB West or 74CA 51SZAF 103
comm.. (pt.) Glanadda ward Bangor M.B (2054)(Pt)
7 Bangor Bangor MB West or 74CA 51SZAG 121
comm.. (pt.) Glanadda ward Bangor M.B (2178)

(pt.)

13 Bethesda Bethesda Ogwen ward 74CC 51SZAN 139
Comm U.D (pt.) Bethesda UD (2118)
14 Bethesda Bethesda Gerlan ward 74CC 51SZAP 70
Comm U.D. (pt) Bethesda UD (972)
15 Bethesda Bethesda Rachub ward 74CC 51 SZAQ 58
Comm U.D. (pt.) Bethesda UD (939)
30 Aber Ogwen RD Aber CP 74CN Ogwen 51SZBG 73
Comm; (pt.) Llanilechid CP RD (1050)
Llanllechid
Comm
31 Ogwen RD Llandegai CP 74CN Ogwen 51 SZBH 86
Llandegai (pt.) (pt.) RD (1450)
Comm (pt.)
32 Pentir Ogwen RD Pentir CP (pt.) 74CN Ogwen 51SZBJ 71
Comm. (pt.) (pt.) RD (pt.) (137 8)
33 Ogwen Llandegai CP 74CN Ogwen 51 SZBK 88
Llandegai RD(pt.) (pt.) RD (pt.) (1328)
Comm. (pt.) Pentir CP (pt.)
,; Pentir
Comm. (pt.)
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Fig 1. 1991 wards in the Menai area of north Wales; Bangor is circled.

Fig 2 Constituent 1981 wards of some Areas of Residence in Gwynedd near Bangor.
In northern Arfon, AoR 74CA BANGOR MB is shaded blue, AoR 74CC BETHESDA R.D
is green, AoR 74CL OGWENR.D is the yellow shaded area surrounding Bethesda.
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Once we had obtained the ward information of which Table 7 is a sample work could go
ahead. A dispute with WCISU soon arose which it is instructive to consider.

3. A parallel case: Cancer incidence in Mold, Flintshire.
In 2000, Green Audit was asked to examine cancer in Mold, Clwyd in connection with the
proposed development of a cement kiln at Padeswood where hazardous waste was to be
used as fuel. In examining the WCR database it became clear that there was already a
significant excess adult cancer risk in the Area of Residence 71EE MOLD UD. The
Padeswood Cement Public Enquiry, ensued. In this case, WCISU collaborated with the
Flintshire Director of Public Health Richard Roberts to examine the Green Audit claims.
Professor C. V. Howard of the University of Liverpool collaborated with Green Audit and
presented our results at the Public Enquiry. Correspondence. between the Director of
WCISU and Professor Howard showed clearly that WCISU was making a large error in
assembling the base populations.

Our results for the 71EE MOLD UD AoR are given below in Table 8.

Table 8. Relative Risks for cancer incidence in 71EE MOLD UD between 1974 and 1989
based upon 1979 England and Wales rates. Calculation by Green Audit 2003.

Site Observed Expected Relative Risk p-value
Allmalignancy 1161 555 2.09 0.0000
all ages
Child cancer 4 1.149 3.5 0.03
0-4
Female breast 131 56 2.3 0.0000
Lung 180 111 1.62 0.000

WCISU advised that these risks were not real, on the grounds that we had used the wrong
wards as the base population. In a letter to Professor Howard dated 5th Dec 2000, Dr.
Steward listed the wards he had used to examine our report. He explained that his
calculation assumed that 71EE MOLD UD was made up of 12 wards. Using these wards as
a base population he found the results given in Table 9 below, which he supplied as an
attachment to his letter.

Table 9 Cancer in 71EE MOLD UD according to Dr. Steward and on which the
publication Roberts et al 2003 was based. (Can be compared with Table 8.)

Site Observed Expected Relative Risk p-value
All malignancy all ages, 1161 1173.6 0.969 NS
Child cancer 4 3.3 1.218 NS
0-4
Female breast 138 145.6 0.948 NS
Lung 180 233 0.773 NS

Dr. Steward observed:

... if we consider the populations of the 1981 wards included in the AoR area
7JEE we get different versions according to whether we include all the wards
in the population at risk orjust those wards with Mold in the name - see Table
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I attached. Judging by the population figures quoted by Dr. Busby [of Green
Audit], he has clearly used those wards with Mold in the name rather than 6
the whole set. In layman's terms he is comparing proverbial apples with
oranges. In our view, this has caused a spurious increase in the relative risk
and an artefactual "canc'er cluster". When the correct populations are used,
this effect disappears.

In a separate table WCISU showed how they had been able to replicate our
alleged mistake by using the populations of the "correct" five wards.

The question arises, How is it that WCISU are so sure they are right and we are
wrong? Dr. Steward's letter enclosed a photocopy of what he described as being from the
official OPCS Area of Residence Classification Manual from the relevant period It
consisted of 25 pages (apparently typed). We show an example at Fig. 3.

Fig 3. Copy of the claimed official OPCS Classification manual sent by Dr Steward of
WCISU to Dr Howard in connection with the assignation of wards in the WCR Areas of
Residence used by Green Audit.
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The column on the right of the page lists 12 wards. This, WCISU claimed, was the
71EE MOLD UD AoR into which WCR had allocated cancer cases in the data files
released to us. It includes Mold itself as well as other wards nearby. The WCR files do
indeed have an AoR called "7lEE MOLD UD". Our own records, obtained from ONS,
show that it comprises only five wards - the ones numbered 10 -14 in Fig. 3.

Examining the set of copies provided by WCISU we can see it is a set of ward lists
presented county by county. It seems to show the ward composition of entities at a level
below the Management Unit. These entities have labels such as 71EE, where 71 is unique
to Clwyd, 74 unique to Gwynedd and so on. A similar labelling system identified the AoRs
used by WCR, but in the document provided by Dr. Steward there are many fewer than are
in WCR records. In his December 5 2000 letter Dr. Steward refers to this document as
being from the relevant period but by the time Roberts et al 2903 was published it had
become Office of Populatlon Censuses and Surveys Area of residence classification manual
(1992 amendments). It is clear that there must have developed in the late 1980s (since post-
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1988 wards are included) a coding system for parts of Health Management Units that took
over the earlier AoR code of one large town within the Unit area and employed this as the
designation code; it is this later list of the Management Unit sub districts that WCISU
mistook for the AoR list Wales Cancer Registry had used to place their cancer cases. It is
not hard to see how a superficial appraisal might have resulted in such an error. It is harder
to see how it persisted; any deeper analysis would have revealed that subsumed within the
areas so defined were other AoRs which had their own, separate designation code (and
cancer cases). In the case of Bangor and Caernarfon, which we turn to below, the
persistence of such a mistake is bizarre.

Table 10 List and number of AoRs assumed by WCISU on basis of alleged OPCS
classification manual in Clwyd and list and number of AoRs used by Wales Cancer
Registry for coding purposes.

Area WCISU's " WCR AoRs in which cancer cases are Overall
AoRs " assumed distributed number of
from OPCS AoRs
coding manual assumed in

Clwyd

Clwyd 71LA, 71CA, 71AA, 71AC, 71AL, 71CA, 71CC, 71CL, WCISU = 8
71EA, 71GA, 71CN, 71EA, 71EC, 71EE, 71EL, 71EN, WCR = 27
71GC, 71JA, 71GA, 71GC, 71GE, 71GL, 71GN, 71GP,
71AA, 7lEE 71GR, 71GT, 71JA, 71JC, 71JL, 71LA,

71LL, 71LN, 71LP

Consider, for example, the page shown in Fig. 3. The list on the left, the wards in
71AA, contains four Buckley wards, four for Connahs Quay, and a Hawarden. When we
consult our WCR datafiles we find that 71AA BUCKLEY is an AoR in its own right.
CONNAHS QUAY UD is AoR 71AC; and Hawarden is represented by two AoRs -
71AL HAWARDEN RD and 71LL HAWARDEN RD. If WCISU was looking at WCR's
data and trying to match it with what they thought was the OPCS manual, why did they not
notice that a list which on their logic would be one AoR contained three communities
bearing the same names as four of WCR's AoRs? This, in the context of the dispute about
populations, ought to have alerted them to the possibility that their assumptions were
wrong. [Note that the code at the top of that column is 71AA, that the Buckley wards are
the top four within the column, and that the code for WCR's Buckley AoR was 71AA
BUCKLEY UD. The right hand column for 71EE MOLD UD is analogous.]

Looking across nearby borders into other Management Units, Glyndwr, which on
WCISU logic would be one AoR, contains Llangollen and Ceiriog wards; WCR data shows
Llangollen as an AoR coded 71GC LLANGOLLEN UD and Ceiriog as 71GL CEIRIOG
RD.

Nearby Wrexham-Maelor has AoRs:
71 LP WREXHAM RD (pt),
71GT WREXHAM RD (pt),
71LA WREXHAM MB
71LN MAELOR RD.

0

0
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We note that Dr Richard Roberts, who was working with WCISU to attack our
work and who was one of the authors of the-Roberts et al 2003 paper, is a consultant in
Puiblic Health Medicine and an Honorary Senior Lecturer. He is based at the North Wales
Health Authority in Mold. It seems fair to expect him to have, or to have access to, a little
local knowledge of management systems even if they are defunct.

The existence in the list of wards that did not exist at the 1981 census and indeed
only came into being after 1988 means that the ONS manual dates from after 1988, and
cannot possibly have related to AoR codes which were used by WCR from 1974. This is
elementary, but seems to have been overlooked by WCISU although in the analysis they
carried out for Mold they subsumed these new wards within the older 1981 wards that they
had been divided from. (See Table 11 below)

We have demonstrated that WCISU's scheme for Mold was in error and their
pogulations were incorrect. We communicated this to Dr. Steward in detail in a letter on
18 December 2000. Nevertheless, the report of Roberts et al was eventually published in
part in the Journal of Public Health Medicine with the error in the basic population data
uncorrected. The fact that an article has been published in a peer review journal is no
guarantee of its accuracy, unfortunately.

Table 11 Constituent wards of 71 EE MOLD MB and
included in 71EE MOLD MB by WCISU

AoR assignment of other wards

Ward , Number AoR 1981 census ward
Mold North 10 71EE MOLD MB 48SGAK
Mold East 11 71EE MOLD MB 48SGAL
Mold West 12 71EE MOLD MB 48SGAM
Mold Central 13 71EE MOLD MB 48SGAN
Mold Bron Coed 14 7lEE MOLD MB 48SGAP
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New Brighton 15 71EL HOLYWELL RD 48SGAQ
(PART)

Gwemymynydd 16 71EL HOLYWELL RD 48SGAR
____________ (PART) _ _ _ _ _ _ _ _ _

Cilcain 19 71EL HOLYWELL RD 48SGAU
(PART)

Leeswood 21 71 EL HOLYWELL RD .48SGAX
(PART)

Gwernaffield 26 71EL HOLYWELL RD Not in 1981 census
(PART)

Mold South 27 71EE MOLD MB (?) Not in 1981 census
Mynydd isa East 28 71EL HOLYWELL RD Not in 1981 census

(PART)

Base population error in Menai cluster study
The first page of WCISU's paper on the Menai child cancers (White et al 2005) states that,
in order to examine our claim that excess risk was apparent in the 1982 - 1990 data,
Population figures were taken from the 1971 census Area of Residence (A oR) to calculate
relative risk by WCISU. We suggest that this is the source of the discrepancy between
WCISU's relative risks and Green Audit's. We remind the reader that WCISU and Green
Audit agree that the discrepancy can only arise from the use of wrong populations and that
resolution of the difference is crucial to the question of whether the levels of cancer
currently observed in the area are a significant public health issue or not.

Fig 4 Copy of part of the claimed 'official OPCS classification manual' sent by Dr
Steward of WCISU to Green Audit on Jan 2 nd 2001 in connection with the assignation of
wards in the WCR Areas of Residence
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CwYW~hI) DIXAGYZII GWYNrZDD DHA

ABERCOWWY MU

AB1RCUNW" CD

gwvnedd (Non-Met)

74AA,

Ward Ward Names

01 Deganwy

02 Marl

03 Pensarn

04 Conwy

05 Betws-y-Coed

06 Mostyn

07 Gogarth

08 Penrhyn

09 Craig-y-DOn

10 Tudno

11 Latan

C2 Pandy

13 Bryn

14 Cwrst

15 Pant-yrn-Afon

16 Eglwysbach

17 Uwch Conwy

I8 Caerhun

19 Penmaenan

20 Trefriw

21 Bro Machno

22 Bryn Rhys

23 Capelulo

24 Fforddlas

25 GOwer

APFON MU

ARFMU C3

Gwvnedd (Mon-?

'74CA
Ward No

01

02

03

04

05

06

07

08

09

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

235

26

27

28

29

30

31

Ward Names

Menai (Bangor)

Garth

Deiniol

Marchog

Hirael

.Dewi

Glyder

Hendre

Kenai (Caernafon)

Seiont

Cadnant

Pebl ig

Ogwen

Gerlan

Rachub

Talysarn

Penygroes

Llanllyfni

Pentir

Llandwrog

Bethel

Waunfawr

Bontnewydd

Llanwnda

Deiniolen

Penisarwaun

Lianberis

Llanrug

Y Felinheli

Llanl lechid/Aber

Llandygai

13

- In Table I we identified excess risks in three of the coastal towns - Bangor,
Caernarfon and Colwyn Bay. WCISU derived quite different values for each. The question
is how. We infer that in the case of Bangor, for which WCR used the AoR code 74CA
BANGOR-MB, WCISU assumed that the entity 74CA as defined in Fig. 4 above was
correct. However, just as in the Mold example, the list has the actual Bangor wards at the
top (the first eight) and goes on to list a further 23 wards, some of which are obviously not
in Bangor, even to someone who is not as highly qualified as Dr. Steward and his staff.
Number 9 Menai (Caernarfon) is an example; it is followed by the remaining Caernarfon
wards, then by 13 Ogwen, 14 Gerlan and 15 Rachub which are in Bethesda. In the 'WCR
data inherited by WCISU, Caemarfon, Bethesda UD and Ogwen RD are all AoRs in their
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own right; respectively 74CE CAERNARFON, 74CC BETHESDA UD and 74CN
OGWEN RD. This is the answer to how WCISU obtained such a high base population. It
was the population 0-4 of the whole of Arfon, including Caernarfon.

Following this one must ask how they derived populations for the other towns
where they offered specific RRs - Colwyn Bay and Caernarfon. Colwyn Bay is WCR's
AoR 71CC; Caernarfon is 74CE but neither of these codes appears in the OPCS document
WCISU was using, so where did they find data? WCISU must explain the entire rationale.

Table 12 List and number of AoRs assumed by WCISU on basis of alleged OPCS
reference manual in Gwynedd, and list and number of AoRs used by Wales Cancer
Registry for coding purposes.

Area WCISU and alleged WCR Areas of Residence in Overall
OPCS coding manual which cancer cases are number of
AoRs distributed AoRs

assumed in
Region

Gwynedd 74AA, 74CA, 74EA, 74AA, 74AC, 74AE, 74AG, WCISU = 5
74GA, 74JA 74AJ, 74AK, 74AL, 74AN, WCR = 35

74AP, 74CA, 74CC, 74CE,
74CL, 74CN, 74EA, 74EC,
74EE, 74EL, 74EN, 74GA,
74GC, 74GE, 74GG, 74GJ,
74GL, 74GN, 74GP, 74JA,
74JC, 74JE, 74JG, 74JJ; 74JL,
74JN, 74JP

5. Discussion

The epidemiological evidence supports the argument that populations living in close
proximity to intertidal sediment contaminated with plutonium and other radioisotopes
suffer excess cancer risk. This shows itself in all cancer types in adults and in childhood
leukaemia and brain tumours. The source of these substances is Sellafield, and the cancer
rates began to increase in the early 1980s when the material from the major releases from
Sellafield to the Irish Sea began to build up on the coast in areas of low tidal energy like the
shores of the Menai Strait.

COMARE's response to Green Audit's evidence of excess child leukaemia in the
Menai area (COMARE 2005) relied partly on WCISU's error but was supported by a
curious, spurious digression into the paternal preconception irradiation hypothesis (PPI).
COMARE casts doubt on PPI but then observes that if it were a plausible explanation for
high cancer rates it failed to match the temporal pattern we have observed in north Wales.
According to COMARE, higher risks (if any existed and if they were caused by Sellafield)
would be seen shortly after the peak discharges of the 1960s and '70s. This is a
smokescreen. The continuing migration of radioactivity around the Irish Sea is well
described and deposition in sediment continues. Sea-to-land transfer is established, so
children are indisputably exposed to inhaling the radioactivity. Given the vast uncertainty
about the effects of internal radioisotopes, any number of mechanisms can be advanced to

0
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account for the observations including the accumulation of germline mutations in the
exposed population. It is clear that COMARE's ridiculous statement is a form of the
familiar argument that the increases in childhood leukaemia near Sellafield itself could not
be caused by radiation as doses were too low. However, new science in the area of genomic
instability and bystander effects has emerged together with the realisation that absorbed
dose, the basis for discounting the Sellafield leukaemias, is not a valid measure of risk for
internal irradiation (CERRIE Majority Report 2004; ICRP 2004). This is because internal
irradiation may result in high ionisation density in one place (e.g. the DNA). The discovery
of anomalous Chernobyl effects at very low doses (as conventionally measured) enabled a
figure to be placed on the errors in the conventional risk model. The analysis of infant
leukaemia in the children who were in the womb in five different countries (Busby 2000a
plus discussion in Radioactive Times 2005) and who were exposed to lower doses than the
Sellafield children has demonstrated unambiguously that errors in excess of 300-fold exist
in the application of the conventional ICRP model to internal irradiation. The increase in
childhood cancer in North Wales must be seen as part of this problem. The institutional
cover up of child and adult cancers in north Wales is disgraceful and must be addressed. In
an atmosphere of debate about the future of nuclear power, the proposals to build new
nuclear stations must be considered within the context of the real consequences so that
accurate costs can be put against the possible benefits to society.

6. Recommendations
0 Data on the incidence and mortality from cancer in north Wales by postcode or.

small area from 1982 to 2003 should be made available for research, and funding
should be .made available for a joint study to be carried out using this data and
involving Green Audit and two independent epidemiological groups agreed by all
who are involved in the study. Legal rules of evidence should pertain and the
process should be overseen by a senior judge.

* The authors of the 2003 paper on cancer near Mold should write to the editor of the
Journal of Public Health Medicine and retract the paper with an apology to Green
Audit.

* The authors of the White et al 2005 paper should retract it and issue an apology.

Afterthought: The Truth is Out There.
An article, The Truth is Out There, by Richard Wakeford and Robin Thornton in BNFL
World, June 2003 virulently attacked Green Audit's work in general. They wrote:

COMARE has serious concerns about studies, such as those of Green Audit,
that are published without formal peer review that would be carried out by a
reputable scientific journal in a standard way. Such publications often raise
public concern, which is subsequently difficult to allay if the results are
unsustainable, as is the case here 1. COMARE wishes to emphasise that
any organisation or individual dealing with epidemiological data has a
responsibility to ensure that the data are correct before publication.

This refers to a COMARE press release of 18 March 2003 Cancer Mortality Around Bradwell Nuclear
Power Station, Essex, which concerned another dispute where, once again, data used by an agency had been
found to be incorrect. In this case it was the Small Area Health Statistics Unit.
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John William Gofman, Ph D, MD

The Author's History by Egan O'Connor

John William Gofinan is Professor Emeritus of Molecular and Cell Biology,
University of California at Berkeley, CA 94720-5706. He is also on the faculty at
the University of California Medical School at San Francisco (UCSF). His life's
work is divisible into three main areas, which converge for the first time in this
monograph.

While a graduate student at U.C. Berkeley, Gofman earned his Ph.D. (1943) in
uclear/physical chemistry, with his dissertation on the discovery of Pa-232, U-
232, Pa-233, and U-233, the proof that U-233 is fissionable by slow and fast
neutrons, and discovery of the 4n + I radioactive series. His faculty advisor was
Glenn T. Seaborg (who became Chairman of the Atomic Energy Commission,
1961-1971). Seaborg, Gofinan, and Rdymond W. Stoughton share Patent
#3,123,535 on the slow and fast neutron fissionability of uranium-233, with its
application to production of nuclear power or nuclearweapons. The work is
recounted in Seaborg's book "Nuclear Milestones" (1972).

Post-doctorally, Gofman continued research related to the first atomic bombs ---
particularly the chemistry of plutonium, at a time when the world's total supply 0
was less than 0.25 milligram. He shares patents #2,671,251 and #2,912,302 on
two processes for separating plutonium from the uranium and fission products of
irradiated nuclear fuel. "We all were pushing the envelope in those years, and in
the process, we learned the habit of observing details very closely."

After the plutonium work, Gofman completed medical school (1946) at UCSF,
where the faculty and his classmates selected him to receive the annual Gold-
Headed Cane Award for having the qualities of "a true physician." In 1947,
following his internship in Internal Medicine, Gofman joined the faculty at U.C.
Berkeley (Division of Medical Physics), where he began his research on
lipoproteins and Coronary Heart Disease at the Donner Laboratory. At the time,
only two types of blood lipoproteins were known: Alpha and beta. By devising
special flotation techniques with the ultracentrifuge, he and Frank T. Lindgren
and co-workers at the Donner Lab began to reveal (1949-1950) the great diversity
of very-low-density, intermediate-density, low-density, and high-density
lipoproteins (VLDL, IDL, LDL, HDL) which truly exist in the bloodstream.
Their work on the chemistry of lipoproteins (e.g., the cholesterol-rich and
triglyceride-rich varieties), and on dietary experiments, and on epidemiologic
studies, soon produced evidence that high blood levels of the LDL, IDL, and
VLDL lipoproteins are a risk-factor for Coronary Heart Disease.
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In 1954, Gofman received the Modem Medicine Award for outstanding contributions to
heart disease research. In 1965, he received the Lyman Duff Lectureship Award of the
American Heart Association, for his research in atherosclerosis and Coronary Heart
Disease. In 1972, he shared the Stouffer Prize for outstanding contributions to research in
arteriosclerosis. In 1974, the American College of Cardiology selected him as one of
twenty-five leading researchers in cardiology of the past quarter-century.
Meanwhile, in the early 1960s, the Atomic Energy Commission (AEC) asked Gofman to
establish a Biomedical Research Division at the AEC's Livermore National Laboratory,
for the purpose of evaluating the health effects of all types of nuclear activities. From
1963-1965, Gofmnan served as the division's first director and concurrently as an
Associate Director of the full laboratory. Then he stepped down from the administrative
activities in order to have more time for his own laboratory research on Cancer and
chromosomes (the Boveri Hypothesis), on radiation-induced chromosomal mutations and
genomic instability, and for his analytical work on the epidemiologic data from the
Japanese atomic-bomb survivors and other irradiated human populations.

By 1969, Gofman and a Livermore colleague, Dr. Arthur R. Tamplin, had
concluded that human exposure to ionizing radiation was much more serious than
previously recognized. Because of this finding, Gofman and Tamplin spoke out
publicly against two AEC programs which they had previously accepted. In
1970, Gofman and Tamplin proposed a 5-year moratorium on that activity.
The AEC was not pleased. Seaborg recounts some of the heated conversations
among the Commissioners in his book The Atomic Energy Commission under
Nixon: Adjusting to Troubled Times (1993). By 1973, Livermore de-funded
Gofman's laboratory research on chromosomes and Cancer. He returned to
teaching full-time at U.C. Berkeley, until choosing an early and active
"retirement" in order to concentrate fully on pro-bono research into human health-
effects from radiation. His 1981, 1985, 1990, 1994, and 1995/96 books present a
series of findings. His 1990 book includes his proof, "by any reasonable standard
of biomedical proof," that there is no threshold level (no harmless dose) of
ionizing radiation with respect to radiation mutagenesis and carcinogenesis --- a
conclusion supported in 1995 by a government-funded radiation committee. His
1995/96 book provides evidence that medical radiation is a necessary co-actor in
about 75% of the recent and current Breast Cancer incidence..

John W. Gofman is the son of David and Sarah Gofman --- who immigrated to the
USA from czarist Russia in about 1905. JWG was born in Cleveland, Ohio,
21 September 1918; died 15 August 2007.
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Radiation from Medical Procedures in the Pathogenesis of
Cancer and Ischemic Heart Disease:

Dose-Response Studies with Physicians per 100,000 Population
November 1999

John W. Gofman, MID, Ph D
Professor Emeritus, Molecular and Cell Biology
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Edited by Egan O'Connor

Hypothesis-i: Medical radiation is a highly important cause
(probably the principal cause) of cancer mortality in the United
States during the Twentieth Century. Medical radiation means,
primarily, exposure by xrays (including fluoroscopy and CT
scans).

Hypothesis-2: Medical radiation, received even at very low and
moderate doses, is an important cause of death from Ischemic
Heart Disease; the probable mechanism is radiation-induction of
mutations in the coronary arteries, resulting in dysfunctional
clones (mini-tumors) of smooth muscle cells.

Part 4. Why Our Findings Do Not Challenge the Importance
of Other Causes of Cancer and IHD (excerpt)

Both Cancer and Ischemic Heart Disease are well established as multi-cause diseases.
There is convincing evidence that several different causes increase the death-rate from Cancer,
and likewise, that several different causes increase the death-rate from MID. Moreover, it is safe
to say that multiple causes generally (perhaps always) contribute to a single case of fatal IHD,
and to a single case of fatal Cancer. The case would not occur when it does, without co-action by
multiple causes. The concept of necessary co-actors is an. old one. For instance, in the famous
1964 "Surgeon General's Report" on cigarette smoking as a cause of Lung Cancer, the authors
wrote (p.31): "It is recognized that often the co-existence of several factors is required for the
occurrence of a disease, and that one of the factors may play a dominant role; that is, without it,
the other factors (such as genetic susceptibility) seldom lead to the occurrence of the disease."

The assumption, of more than one cause per case of Cancer, arises from various lines of
evidence. For example, the rate of Breast Cancer is higher in women who inherit one mutated
copy of a "Breast Cancer Gene" than in women without that inheritance, but that inheritance
certainly does not guarantee the development of Breast Cancer in every breast-cell --- even
though every breast-cell contains the mutation. One or more additional causes are necessary in
order to turn even one of those breast-cells into a Cancer.

The concept, that more than one cause is necessary to produce a case of Cancer, is
embraced by the widely accepted initiator-promoter model of Cancer. In that model, inherited or
acquired carcinogenic mutations require help from a "promoter" --- for example, a hormone or
infectious agent. The concept of mutually dependent co-actors is also inherent in the widely
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accepted multi-mutation multi-step models of carcinogenesis --- i.e., Cancer "is typically a multi-
step process resulting from an accumulation of as many as 10 genetic changes in a single cell"
(p.471 in Understanding Genetics: A Molecular Approach, Norman V. Rothwell; Wiley-Liss
Publishers, 1993).

By definition, absence of a necessary co-actor prevents the result. When two or more co-
actors each have a required role, in producing a particular case of disease, then the absence of any
one of them will prevent the case. We would regard such co-actors as equally important.

Thus, neither Hypothesis-i nor Hypothesis-2 challenges the very important roles, already
established, for various nonradiation causes of Cancer and I1HD. When we propose that medical
radiation is a highly important cause of Cancer and IHD mortality, we mean that in the absence of
medical radiation, many or most of the cases would not have occurred when they did. While
medical radiation has not been the only factor contributing to such cases, we mean that it has been
a necessary co-actor in such cases.

CONCLUSIONS (excerpts from Abstract)

Since its introduction in 1896, medical radiation has become a necessary co-actor in most
fatal cases of Cancer and Ischemic Heart Disease (HID). It is proposed that, for radiation-
induced IHD, the probable mechanism is radiation-induction of mutations in the coronary
arteries, resulting in dysfunctional clones (mini-tumors) of smooth muscle cells. A Unified Model
of Atherogenesis and Acute IHD Events is presented, which is consistent with the findings in this
book, is consistent with the findings (first by Earl Benditt in 1973) of monoclonal cells in
atherosclerotic plaques, is consistent with well-established knowledge about atherogenic
lipoproteins and other non-xray causes of fatal 11ID, and is consistent with recent findings about
the weaker connection than expected between degree of arterial stenosis and the fatal rupturing of
specific atherosclerotic plaques.

2c. Ionizing Radiation: A Uniquely Potent Mutagen

The extra level of mayhem is what makes x-rays (and other types of ionizing radiation)
uniquely potent mutagens. Cells cannot correctly repair every type of complex genetic damage,
induced by ionizing radiation, and sometimes cells can not repair such damage at all. Not all
mutated cells die, of course. If they all died, there would be very little Cancer and no inherited
afflictions. Indeed, certain mutations confer a proliferative advantage on the mutated cells.
Exposure to x-rays is a proven cause of genomic instability --- a characteristic of many of the
most aggressive Cancers.

Unlike some other mutagens, x-rays have access to the genetic molecules of every internal
organ, if the organ is within the x-ray beam. Within such organs, even a single high-speed high-
energy electron, set into motion by an x-ray photon, has a chance (far from a certainty) of
inducing the types of damage which defy repair. That is why there is no risk-free (no safe) dose-.

• level.

There is widespread agreement that, by its very nature, ionizing radiation at any dose-level
can induce particularly complex injuries to the genetic molecules. There is growing mainstream
acknowledgment that cellular repair processes are fallible, or entirely absent, for various complex
injuries to the genetic molecules.
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2d. The Very Low Doubling-Dose for X-ray-Induced Chromosomal Mutations'

The inabilityof human cells, to repair correctly every type of radiation-induced ,
chromosomal damage, has been demonstrated in nuclear workers (who received their extra low-
dose radiation at minimal dose-rates) and in numerous studies of x-ray7irradiated human cells at
low doses. Besides demonstrating non-repair or imperfect repair, such studies have established
that x-rays have an extremely low doubling-dose for structural chromosomal mutations. (The
doubling dose of an effect is the dose which adds a frequency equal to the pre-existing frequency
of that effect.)

For instance, the doubling-dose for the dicentric mutation is in the dose range delivered by
some common x-ray procedures, such as CT scans and fluoroscopy --- i.e., in the dose range of 2
to 20 rads. The rad is a dose-unit which is identical to the centi-gray. We, and many others, prefer
the simpler name: Rad.

X-rays are capable of causing virtually every known kind of mutation -- from the
very common types to the very complex types, from deletions of single nucleotides, to
chromosomal deletions of every size and position, and chromosomal re-arrangements of
every. type. When such mutations are not cell-lethal, they endure and accumulate
with each additional exposure to x-rays or other ionizing radiation.

2e. Medical X-rays as a Proven Cause of Human Cancer

Ionizing radiation is firmly established by epidemiologic evidence as a proven cause of
almost every maj or type of human Cancer. Some of the strongest evidence comes from the study
of medical patients exposed to x-rays --- even at minimal dose-levels per exposure. Mounting
mainstream evidence indicates that medical x-rays are 2 to 4 times more mutagenic than high-
energy beta and gamma rays, per rad of exposure.

Part 4. Role of Medical Radiation in Causing Cancer and IHD, Past and Present
4a. These Hypotheses in Terms of Multi-Cause Diseases

Cancer and Ischemic Heart Disease are well established as multi-cause diseases. In
efforts to prevent these multi-cause diseases, reduction or removal of any necessary co-actor is a
central goal. The evidence in this book is that medical radiation has become a necessary co-actor
in a high fraction of the U.S. mortality rates from both diseases. Fortunately, dosage from medical
radiation is demonstrably reducible without eliminating a single procedure.

We want to estimate the Upper and Lower 90% Confidence Limits on the Fractional
Causation by medical radiation of the male 1940 National All-Cancer MortRate. These limits are,
respectively, 99% and 75%. These limits are derived from the reliability of the slope of the line of
best fit, because its slope (the X-coefficient) determines the value of the y-intercept (the
Constant). The regression output provides the required values: The X-coefficient is 0.7557 units
of y per unit of x, with a Standard Error of 0.0650.

Part 6. Eight Features Which Confer High Credibility on the Findings

This monograph presents evidence that medical radiation is an important cause of both
fatal Cancer and fatal Ischemic Heart Disease in the USA. There are eight features of our findings
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which endow us with high confidence that the findings are correct, and so we call those features
to the attention of readers:

First, the findings occur from data collected long ago for other purposes --- namely the
collection of Vital Statistics from each state on the causes of death per 100,000 population,
and the collection of information from each state on the number of physicians per 100,000
population (PhysPop- abbreviation of book title). Thus, these databases are free from any
conceivable bias with respect to Hypothesis-1 or Hypothesis-2. This is no small matter. The first
obligation of objective analysts is to be able to assure themselves and the public that the raw data
which they employ are trustworthy and neutral with respect to the topic.

Second, the findings occur from an enormous database: The entire U.S. population. (132
million in 1940; 247 million in 1990). It is hardto imagine a larger prospective study than one
which "enrolls" the entire U.S. population in its nine dose-cohorts. All other things being equal,
the larger the database, the more reliable are the results.

Third, the findings occur without dependence on permanently uncertain dose-estimates in
medical rads and without dependence on unsettled estimates of cancer-risk per medical rad. Instead,
the relative sizes of medical doses, proportional to PhysPop values in the Nine Census Divisions, directly
reveal the magnitude of Fractional Causation, by medical radiation, of the death-rates from Cancer
and from Ischemic Heart Disease. This aspect of the method itself is a source of enormous
credibility for the results.

Fourth, the findings are not the product of elaborate statistical manuevers and adjustments
occurring, beyond realistic review, in a computer. While statistical operations are an essential part
of epidemiology, we regard findings in the biomedical literature as unreliable, if they are the
product of layer upon layer of such operations. In this monograph, we have confined ourselves to
one layer of statistical operation: The basic linear regression with just one independent variable.
(Every step in our findings --- from the raw data to the estimated values of Fractional Causation
by medical radiation --- has been presented in the open.).

Fifth, the mid-century dose-responses between Physician Population and the Mortality
Rates for Cancer and for Ischemic Heart Disease are extremely strong. There is nothing marginal
about the findings. They are almost spectacular in their strength. The nearly perfect correlations
provide a solid foundation for confidence in the resulting estimates of Fractional Causation by
medical radiation, both for Cancer and for Ischemic Heart Disease.

Sixth, MortRates from diseases in GENERAL very definitely do not share a strong positive
correlation with PhysPop values. On the contrary, PhysPop discriminates among diseases.

Seventh, the conclusion, that medical radiation is a major cause of both fatal Cancer and
fatal Ischemic Heart Disease, very reasonably explains the tight positive correlations between
PhysPop and the MortRates for Cancer and for liHD (and the absence of such correlations for
NonCancer NonIHD MortRates), while various alternative proposals fall short. Moreover, the
conclusion does not produce conflicts with well-established facts. Indeed, the conclusion helps to
explain some of them.

Eighth, this monograph --- although employing completely independent data and methods
from our 1995/96 monograph about Breast Cancer --- nonetheless produces remarkably similar
estimates of the Fractional Causation of recent Breast Cancer rates by medical radiation
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Part 7. Our Unified Model of Atherogenesis, and Non-X-ray Co-Actors in HID

As noted above, this monograph's real-world evidence clearly shows that Cancer and
Ischemic Heart Disease belong together, and not with the other causes of death, with respect to
PhysPop. The positive dose-response between PhysPop and Cancer is certainly not strange.
Cancer is the single cause of death already well-proven (prior to this monograph) to be
inducible by ionizing radiation --- and average population exposure to ionizing radiation from
medical procedures is approximately proportional to PhysPop.

The surprise is our unambiguous finding of a tight positive correlation between PhysPop
and IHD MortRates, a result which indicates strongly that Ischemic Heart Disease also is
inducible by medical radiation. With respect to "surprise," a reminder is appropriate: The kinds of
damage to the heart and its vessels, observed from very high-dose radiation and reported for
decades, seldom resemble the lesions of -ID.

Our monograph is essentially the first, large prospective study on induction of fatal
Ischemic Heart Disease by medical radiation. The results are stunning in their strength. Such
strong dose-response relationships do not occur by accident.

7a. Earl Benditt's Work on Monoclonality in Atherosclerotic Plaques

We might be less surprised, by the strong positive dose-response between medical
radiation and HID MortRates, if we (and others) had paid more attention to a different type of
evidence, available since 1973. We mean evidence supporting a role for mutagens in
atherosclerosis. Such evidence came into existence at the University of Washington School of
Medicine, Department of Pathology, when Earl Benditt and colleagues found evidence of
monoclonality in atherosclerotic plaques in 1973 --- findings which have been replicated several
times. The fact, that ionizing radiation is a uniquely potent mutagen, provides the foundation for
the second part of Hypothesis-2 --- our Unified Model of Atherogenesis.

7b. A Reality-Check, for Consistency in Our Findings
Our dose-response evidence, that medical radiation is an important cause of both Cancer

and Ischemic Heart Disease, elicits a "prediction." The MortRates for the two diseases should
show a persistent positive correlation with each other, by Census Divisions, overtime --- and
should simultaneously show a distinctly different relationship with MortRates for NonCancer
NonIHD Causes of Death, which are not inducible by ionizing radiation.

7c. Our Unified Model of Atherogenesis and Acute IHD Events

Our Unified Model of Atherogenesis and Acute IHD Events combines the evidence in
this book, that medical radiation has an important causal role in mortality from Ischemic Heart
Disease, with the abundant evidence elsewhere that certain lipoproteins in the bloodstream also
have an important causal role in mortality from Ischemic Heart Disease.

Our view (shared by many others) is that the plasma lipoproteins have no
physiologic function in the intimal layer of the coronary arteries, and that under normal
circumstances, their rate of entry and exit from the intimal layer is in balance. We propose
that what disrupts this lifelong egress of lipoproteins from the intima -- with the disruption
occurring only at specific locations -- are mutations acquired from medical radiation and
from other mutagens. In our Unified Model, some mutations acquired by smooth muscle
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cells render such cells dysfunctional and give such cells a proliferative advantage -- so that
they gradually replace competent smooth muscle cells at a localized patch of artery (a mini- 40
tumor). And this patch of cells, unable to process lipoproteins correctly, becomes the site of
chronic inflammation, resulting in construction of an atherosclerotic plaque -- whose
fibrous cap is sometimes too fragile to contain the highly thrombogenic lipid-core within the
plaque.

lOe. A Mountain of Solid Evidence That Each Dose Matters

The fact, that x-ray doses are so seldom measured, reflects the false assumption that such
doses do not matter. This monograph has presented a mountain of solid evidence that they do
matter, enormously. And each bit of additional dose matters, because any x-ray photon may be
the one which sets in motion the high-speed high-energy electron which causes a carcinogenic or
atherogenic mutation. Such mutations rarely disappear. The higher their accumulated number in a
population, the higher will be the population's mortality-rates from radiation-induced Cancer and
Ischemic Heart Disease.

The x-ray is a proven mutagen and a proven cause of Cancer, and the evidence in this book
strongly indicates that it is also a very important cause of Cancer and a very important atherogen.
From the existing evidence, it is clear that average per patient doses from diagnostic and
interventional radiology could be reduced by a great deal without reducing the medical benefits of
the procedures in any way: Same procedures, at lower doses. Unless effective measures are taken,
to eliminate uselessly high dosage, medical radiation will continue in the next century to be a
leading cause of Cancer and Ischemic Heart Disease in the United States, and will become a
leading cause in the "developing" world, too.

10f. A Prudent Position from Which No One Loses, Everyone Gains

Whether diseases are common or rare, a prime reason for studying their causation is prevention.
Cancer and Ischemic Heart Disease, combined, accounted for 45% of all deaths in the USA
during 1993. If we in the medical professions take the position, that we should not press for
reducing doses from medical radiation until every question has been perfectly answered, then we
can never un-do the harm inflicted during the waiting period, upon tens of millions of patients
every year. By contrast, if we take the prudent position that dose-reduction should become a high
priority without delay (and if humans do not

start exposing themselves to some other potent mutagen), the evidence in this monograph
indicates that we will prevent much of the future mortality from Cancer and Ischemic Heart
Disease, without causing any adverse effects on health. No one loses, everyone gains.

Excerpts by Lynn Howard Ehrle
Book review by LHE in Health Affairs, Mar/Apr 2000
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Radiation-Induced Cancer from Low-Dose Exposure (1990)
By John W. Gofman, Ph D, MD

CHAPTER 1 (Excerpts)

The Five Most Important Conclusions of This Book

The Atomic-Bomb Survivors of Hiroshima and Nagasaki:

The radiation community's most prominent committees on health effects are four:
BEIR, ICRP, NCRP, and UNSCEAR.

Currently, there are two sets of dose-estimates in the A-Bomb Study. The set.established in 1965
is called T65DR. A partial, interim set of new dose-estimates, introduced in 1986, is called DS86.
In making our point about how few of the survivors received high doses, we will state the dose-
estimates in both dosimetries. Doses shown on the next page refer to average whole-body internal
organ-doses, and they are given in centi-sieverts (reins) instead of centi-grays (rads). This change
is just the signal that adjustment for the survivors' small exposure to neutrons has been made, and
that the doses are equivalent to doses in centi-grays (rads).

Initial T65DR: Mean Organ- DS86: Mean Organ-
Persons Dose (cSv or rems) Dose (cSv or rems)

66,028 0.66 0.88
14,943 10.99 14.56
4,225 35.36 40.62
6,035 71.31 and up 74.24 and up

91,231

Finding (1) : Method for Handling the Retroactive Alteration of Dose-Estimates in the A-
Bomb Study

A clear rule in epidemiological research is that one does not change input to a study after any of
the study's output is known. Such rules have been established in research not in order to be
bureaucratic, but only to ensure believability for the results. It is virtually self-evident that
retroactive revisions of a study's input can create Orwellian opportunities to alter the meaning of
the existing results. Nonetheless, the new DS86 dosimetry for the A-Bomb Study has become the
occasion for retroactively altering the entire architecture of this study, and destroying its
continuity.

Finding (2): Cancer-Risk at Moderate and High Dose-Levels, Acute Delivery Only

Substantial agreement exists between this book and the new UNSCEAR and BEIR reports with
respect to cancer-risk per rad from moderate and high doses acutely delivered, now that those
committees have greatly increased their past estimates. This finding indicates that our
independent methods and theirs can lead to the same results.
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Finding (3) : Cancer-Risk at Low Doses, Acutely and Slowly Delivered

Serious disagreement exists between this book and the radiation committees about the cancer-
risk from low-dose exposure, either acutely or slowly received -- and acute-low and slow-low
doses are the ones which occur in the overwhelming share of human exposures. This
book, using human evidence exclusively, arrives at risk-estimates for acute-low and slow-low
exposures which are up to 30-fold higher than the wide range of values provided by UNSCEAR
and BEIR.

Finding (4) Disproof of Any Safe Dose or Dose-Rate

Influential segments of the radiation community have been speculating (especially since the
Chernobyl accident) about a "threshold" -- namely the notion that low doses and dose-rates may
be completely safe. Indeed, some segments are speculating in print that there may be a positive
net benefit for human health from. low-dose exposure -- a speculation known as "hormesis." The
1988 UNSCEAR Report does not challenge either of the two speculations. By contrast, we do. In
1987, the U.S. Department of Energy or DOE released its report on the estimated health effects
from the Chemobyl accident. The report asserts at every occasion that fallout from the accident
may cause no extra cancers at all beyond the immediate vicinity -- which is the same as asserting
that there may be a safe dose and dose-rate. The authors (one of whom is on the 1988 UNSCEAR
Committee) call this the "zero risk model" (DOE 87, p.J.8) and they state, "There are no direct
data that confirm that a few random ionizations in tissue cause fatal cancers" (DOE, 87,
p.7.5).

Finding (5) : The Practical Implications for Human Health

The practical implications for human health, of realistic versus mistaken risk-estimates in this
field, can be illustrated by evaluation, of the Chernobyl accident, but this accident is just "the tip
of the iceberg." Proposals are pending to exclude very low-dose exposure of entire populations
from consideration in risk-estimates, and also to handle a large share of radioactive waste as if it
were not radioactive -- in other words, to declare a threshold by using edict to over-rule evidence.
It is self-evident that if a mistaken notion about safe doses and dose-rates prevails in this field,
human exposures to ionizing radiation will rise dramatically -- from occupational, environmental,
and medical doses. Quite aside from heritable genetic consequences, which are not discussed in
this book, such a mistake would be far from trivial. Over time, it could mean cancer inflicted on a
hundred million or more humans. Indeed, low-dose ionizing radiation may turn out to be the
most important single carcinogen to which huge numbers of humans are actually exposed.
No one can possibly be sure yet, in the absence of comparable data on all the other human
carcinogens and on the magnitude of exposure to them.

CHAPTER 25 (Excerpts)

1. Method for Handling the Retroactive Alteration of Dose Estimates
in the A-Bomb Study

A process is now underway of substituting a retroactively altered database for the study's
previous database. This is not planned as an addition of new dose-estimates to the study. What is
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occurring is replacement of the previous dose-estimates and even replacement of the entire
structure of the A-Bomb Study. Everyone welcomes possible new insights about dosimetry in the
A-Bomb Study, but there are right ways and wrong ways to add new information to an on-going
prospective study. It is essential to show the scientific community that introduction of new
information is not creating opportunities for intentional or unintentional bias to enter a revised
study, for such opportunities by themselves are sufficient basis for the scientific community to
reject a study as unreliable.

Our Finding

a. This book not only proposes, but also demonstrates, a practical "constant-cohort, dual-
dosimetry" method for having the benefit of possible new insights about dosimetry, while
maintaining the continuity and identity of the A-Bomb Study as a first-class prospective study
with a permanent structure. Our method keeps the cohorts of survivors together, exactly as they
were before the new DS86 dosimetry. For each cohort, we just calculate a DS86 dose-estimate
which is additional to the cohort's previous T65DR dose-estimate, and then we analyse cancer-
hazard in both the old and new dosimetries for the same sets of people. In this way, scientists can
have the potential benefits of the new DS86 dosimetry, but DS86 never replaces the previous
dose-estimates and never disturbs the study's permanent prospective structure. The unaltered
database would remain, forever, the stable and objective foundation ensuring the scientific
credibility of the whole study. With our method, there would be no retroactive changes of input at
all -- only some supplemental information about doses. Therefore, the "constant-cohort, dual-
dosimetry" approach protects the A-Bomb Study from rejection based on concern that the current
version of the new dosimetry and its future revisions might be opportunities for bias to enter.
Leading figures in the radiation community acknowledge that the retroactive alterations of the A-
Bomb Study, now underway, are massive. We would have thought that this obvious challenge to
the most basic rules of prospective research would merit thoughtful discussion and remedial
proposals by the radiation committees. Nothing of the sort has occurred.

We note that both UNSCEAR-88 and BEIR V may leave the impression on their readers that
retroactive alterations are limited to new dose-estimates. Even if that were the situation, it would
not justify sending the T65DR dose-estimates to oblivion. A "dual-dosimetry" analysis would be
required in order to maintain the study's legitimate prospective status, with the new dose-
estimates handled as a supplement -- not a replacement. In effect, the prospective study was
terminated with the 1982 follow-up, its database was marked for oblivion, and with 37 years of
results in hand, a new database was created. It is hard to imagine a more "questionable practice"
in epidemiological research than this. Thus I find it amazing, particularly in a report which carries
the imprint of the National Academy of Sciences, National Research Council, that this treatment
of a database merits no discussion at all.

b. Cancer-Risk at Moderate and High Dose-Levels, Acute Delivery Only

There is substantial agreement between the analyl 990 BEIRV Reports with respect to cancer-risk
per rad from moderate and high doses acutely sis in this book and the 1988 UNSCEAR and
delivered -- now that those committees have greatly increased their past estimates. On the other
hand, we can only compare apples with oranges.
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LIFETIME FATAL CANCER-YIELD, excluding leukemia.
Radiation-induced fatal cancers per 10,000 persons, per rad (10 mSv), from a single,
acute gamma-ray dose of moderate level

Japanese United States

T65DR = 18.06 T65DR = 15.20
DS86 = 16.44 DS86 = 13.80

These Cancer-Yields should be doubled if exposure is from diagnostic X-rays.

In BEIR-5, there is also pre-judgment that dose-response cannot be supra-linear except at very
high doses, where cell-killing is regarded by BEIR-5 as an acceptable explanation. This pre-
judgment leads to additional throwing out of evidence: "The RERF data show a tendency toward
decreased risk per Gy in the highest dose groups, which may reflect either cell-killing or
overestimation of the doses in this group. The committee considered various ways of dealing with
this problem, including adding terms to the dose-response part of the model and adjusting the
highest doses downward. In the end, it was decided simply to exclude the two highest dose
groups" (BEIR 90, p. 199).

We note the subjective view of a supra-linear dose-response: It is called a "problem" to find that
risk per rad increases progressively as dose decreases toward lower levels. Supra-linearity was
viewed as such a bad problem by BEIR V that desperation measures were considered (described
in BEIR's statement above) -- including even changing the DS86 doses which had just been
newly estimated by a group of presumably objective physicists after almost ten years of study.
The attitude toward the findings, as they fall out of the data, was such that the only solution for
BEIR V, "in the end," was to get rid of part of the data. One may ask what the BEIR V
Committee would have.done if these two Dose-Groups had contributed to a concave-upward
dose-response. Would .the Committee have thrown them out?

We regard the exclusion of two Dose-Groups on the basis cited by BEIR V as scientifically
unacceptable. If there were a solid basis for regarding the finding of supra-linearity as spurious, it
would be scientifically objective to call it a problem. But there is no such basis. On the contrary.
The finding has been turning up for a decade and now is turning up in both the T65DR and DS86
dosimetries. BEIR V's own Table 4D-2 (p.200) again confirms that dose-response is supra-
linear for all non-leukemic cancers combined, throughout the dose-range shown there.

Cancer-Deaths beyond Age 75 Discarded

We will mention one more example of throwing out data. All cancers occurring after age 75 have
been excluded from the BEIR-5 risk analysis. "Records of cancer mortality at attained ages
greater than 75 years were omitted because of the lesser reliability of death certificate information
in such cases, as outlined in Annex 4D" (BEIR 90, p. 165). In Annex 4F (p.218), a statement
suggests that the severity of this problem may be magnified by BEIR's own choice to do site-
specific analysis. We cannot be sure: "... in that body of data [from RERF], the accuracy of
diagnosis from death certificates declines rather sharply beyond age 75, to the point that little
reliance can be placed on the data for specific sites. The Committee has refrained from basing
analyses on data that it considers unreliable." BEIR's exclusion of cancer-deaths after age 75
must already affect two of the five age-bands: The age-band 35-49 years old at the time of the
-bombings, and the age-band 50-years and older (average = 58.5 years) ATB. 0
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An Urgently Needed Remedy

These three exclusions (follow-up years, Dose-Groups, cancers occurring beyond an attained age
of 75) amount to major retroactive revisions in the study's database, all made with 35 years of
follow-up results at hand. Each of the three exclusions has its own impact on risk-estimates and
on the curvature of dose-response, but presently, only RERF and the radiation committees know
what those impacts are. The three changes are additional to the replacement of the T65DR
database and cohorts by the DS86 database and cohorts, and these additional changes presently
represent another assault against the continuity of the A-bomb Study and its credibility as a
legitimate prospective inquiry with a permanent structure. The urgently needed remedy would be
similar to the "constant-cohort, dual-dosimetry" approach. If all the data are made available by
RERF, in a form which maintains analytical continuity with the 1950-1982 follow-up, then no
one should object to supplemental analytical work carefully showing the separate impact of each
retroactive exclusion upon risk-estimates and upon curvature of the dose-response. Every type of
analysis should be welcome providing nothing interferes with the continuity of the on-going
study in its unaltered form.

LIFETIME FATAL CANCER-YIELD, excluding leukemia.
Radiation-induced fatal cancers per 10,000 persons, per rad, from a single, acute
gamma-ray dose of moderate level

Japanese Pop'n United States Pop'n

Gofman est. Gofman est.
T65DR = 18.06 T65DR = 15.20
DS86 = 16.44 DS86 =13.80

UNSCEAR-88 est. BEIR-5 est.
DS86 = 11.93 DS86 = 8.55

All Cancer-Yields above should be doubled if exposure is from diagnostic X-rays.

c. Cancer-Risk at Low Doses, Acutely and Slowly Delivered

Where risk-estimates really matter -- for acute-low and for slow-low exposures, our independent
analysis indicates that the radiation committees are underestimating cancer-risk by up to 30-fold.
In other words, although the radiation committees have made progress toward realism by greatly
increasing their previous risk-estimates for acute moderate-to-high exposures, we think they still
lack realism with respect to acute-low and slow-low exposures. These committees are continuing
the practice of rejecting good human evidence pertaining to such estimates, and substituting a
preferred hypothesis based on non-human evidence. The preferred hypothesis is that human dose-
response is concave-upward. However, our Figure 14-C clearly shows that upward curvature does
not describe the human evidence. If dose-response really were concave-upward, the cancer-risk
per rad would progressively diminish as either dose or dose-rate decreased, due to the
diminishing opportunity for inter-track carcinogenesis. However, the direct human evidence
shows a dose-response relationship which is supra-linear and supports no expectation of reduced
risk per rad from acute-low or slow-low exposures compared with acute-high. UNSCEAR-88
makes a claim that some human evidence supports a dose-rate effect, but we have shown the

5



fallacy of this claim. It should be emphasized, also, that even if human dose-response were linear
(Figure 14-B) instead of supra-linear, linearity would not support any expectation of reduced risk
per rad from acute-low or slow-low exposures compared with acute-high.

Conflict over the Shape

Radiation-induced cancer is now provable in the A-bomb survivors from an internal organ-
dose as low as 11 rems (15 rems in DS86). Radiation-induced cancer-risk between 11 rems and
zero dose (or 15 rems and zero) is necessarily estimated by interpolation. Thus such estimates
depend on the shape of the dose-response curve along which analysts make their interpolation.
we showed that that dose-response is supra-linear, with the highest cancer-risk per rad in
the lowest dose-range. And this finding is shown to be significant. The 1950-1982 evidence fits
a supra-linear relationship significantly better than it fits a linear relationship. We ask no one to
accept, on faith alone, our assertion that this is so. Our finding of supra-linearity has been reached
openly, step-by-step, from the unabridged evidence. All the work is checkable and verifiable.

Within the 1950-1982 evidence, the dose-response relationship turns out supra-linear no
matter how we approach the data. It turns out supra-linear with the T65DR dose-estimates,
and with the DS86 dose-estimates. It turns out supra-linear when we test cancer-deaths per
10,000 initial persons versus dose, and when we test cancer-deaths per 10,000 person-years
versus dose. And it turns out supra-linear whether we combine males and females, or test them
separately. Very important is the finding that supra-linearity is the dose-response relationship
throughout the dose-range, not just at high doses. A great deal has been written about the
alleged necessity of basing low-dose risk-estimates on dose-response curves limited to
high-dose observations. Now that radiation-induced cancer is provable in the A-bomb
survivors at an internal organ-dose of only 11 rems (or 15 rems in DS86), interpolation of
radiation-risk is required only in the short segment of the dose-range between zero rems
and 11 (or 15) rems. Any suggestion that low-dose Cancer-Yields must be based on high-
dose observations would be plainly inappropriate.

BEIR V on Shape:

Referring to the A-Bomb Study, BEIR V says in its Executive Summary (p.5): "The dose-
dependent excess of mortality from all cancer other than leukemia, shows no departure from
linearity in the range below 4 sievert (Sv), whereas the mortality data for leukemia are compatible
with a linear-quadratic dose response relationship." BEIR-5 restates this finding several times
within the report, and shows no quadratic term in its best-fit equations for its several subdivisions
of solid cancers (pp. 168-170). Except for leukemia, all the BEIR V Cancer-Yields are based on
the linear dose-response (BEIR 90, p.6). We already discussed how BEIR-5 responded to its
finding of supra-linearity: It threw out the high-dose groups. Our finding, however, is that supra-
linearity is not limited to the high-dose groups. So we differ on shape with the BEIR Committee,
too. Can it be that failure of BEIR V to use a "constant-cohort, dual-dosimetry" approach causes
it to miss the supra-linearity throughout the dose-range? And what is the effect upon shape of
their throwing out the 1950-1955 evidence? And the effect upon shape of their throwing out
cancers occurring after age 75?
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First Crisis for the A-Bomb Study

In first proposing that RERF support a "constant-cohort, dual-dosimetry" approach to the A-
bomb database we predicted that problems of believability for new findings were certain to arise
in the absence of such an approach. We have shown above that the first crisis has arisen even
earlier than we expected. A difference, or a change, in the shape of dose-response is a matter of
the greatest seriousness. The entire A-Bomb Study's credibility can appropriately be called into
question unless the reason for this difference can be fully traced and explained. And a comparison
of apples with oranges permits no such explanation. The simplistic suggestion can be made that
all of the difference arises because three more years of follow-up (1983, 1984, 1985) have been
provided for the abridged DS86 database used by the radiation committees (and by Muirhead; see
Chapter 30) than for our "constant-cohort, dual-dosimetry" analysis for 1950-,1982. It is possible
that this is the explanation, and we wish to find out.

On matters of such importance, no one should have to speculate concerning what the truth is. If
RERF provides the additional cancer-death data through 1985 for the T65DR cohorts used in this
book, and reported on in RERF's TR-1-86 (91,231 persons), then we can calculate the up-dated
dose-response for 1950-1985 in the T65DR and DS86 dosimetries, by our method of "constant-
cohorts." If the results show that the last three years of follow-up have altered the shape of dose-
response (after 12-years of a supra-linear shape), such a finding will be of profound importance.
But if the results show that dose-response remains supra-linear in both dosimetries with the
"constant-cohort" method, despite the additional three years of follow-up, then a very serious
problem exists. It would mean that the radiation committees' failure to find supra-linearity is
caused by all the retroactive alterations, including deletion of 15,000 persons and shuffling of the
remaining 75,000 into new cohorts.

A full explanation would be required of just how it could happen that a DS86 analysis by the
"constant-cohort" method could possibly give a different answer from a DS86 analysis with the
cohort-shuffling method currently in practice at RERF. The credibility of the A-Bomb Study is
going to hang in the balance until such questions are resolved. These questions and others which
may arise in the future could all be resolved on a permanent basis if RERF itself would adopt a
"constant-cohort, dual-dosimetry" approach along the lines we have proposed in Chapter 6.

LIFETIME FATAL CANCER-YIELD (excl. leuk.) for the dose-range 0-5 rads, any dose-
rate. Number of fatal radiation-induced cancers per 10,000 persons, per rad.
Data are in next column.

Table 16-B, Table 16-C,
A-bomb United States'
survivors population

T65DR = 31.65 T65DR = 26.64
DS86 = 30.43 DS86 = 25.56

Values need doubling for exposure by X-rays.
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BEIR-5, Low-Dose Cancer-Yield

BEIR V, referring to its Cancer-Yield for a single exposure to 10 rems, says in its Executive
Summary (p.6): "For low LET radiation, accumulation of the same dose over weeks or months,
however, is expected to reduce the lifetime risk appreciably, possibly by a factor of 2 or more."
In BEIR V's Chapter 1 (p.22), the report acknowledges: "There are scant human data that allow
an estimate of the dose-rate effectiveness factor (DREF)." The discussion procedes to confirm.
what we have explained in Chapters 22, 23, and earlier in this chapter -- that DREFS depend on,
dose-response having an upward-concave curvature. Then BEIR V mentions leukemia, the only
malignancy where it is claiming a concave-upward dose-response. No comment is made that this

• one site-specific finding may be spurious, in view of BEIR's failure to find such curvature for any
other subset of cancer with the same type of analysis. Instead, BEIR V reports (p.23) that the
leukemia curvature indicates a DREF of 2.1. After singling out leukemia from the human data,
BEIR-5 completely retreats from human evidence -- evidence which shows that no reduction for
slow dose-rate is appropriate. Instead, BEIRV focuses on laboratory animal studies. So its Table
1-4, "Summary of Dose-Rate Effectiveness Factors for Low-LET Radiation," consists of three
types of entries: (1) DREF of 2.1 from human leukemia as analyzed by BEIR-5, (2) DREF of 2.0
to 2.5 from human leukemia as analyzed by BEIR III (a very questionable analysis; see our
Chapter 22), and (3) the familiar DREF-range of 2-10 from laboratory animals. For the latter
range, BEIR V lists "4" as the "single best estimate."

This evidence from other species is clearly the only basis for what BEIR V refers to as "the
consensus" (BEIR 90, p28): "For low-LET radiations, the consensus is that decreasing the dose
rate or dividing a given dose into a number of fractions spread over a period of time reduces the
biological effectiveness." And indeed, as noted in Chapter 23 and above, we do not rule out the
possibility that risk is reduced if a high total dose is delivered slowly. But BEIR V is
recommending "dreffing" (reducing) the Cancer-Yield which applies to an acute dose of only ten
rems, if the ten rems are accumulated slowly. We have shown, and BEIR V will admit at a later
page, that there is no basis in either the human evidence or in logic for any such reduction.

Substitution of Non-Human for Human Data

BEIR-5 addresses its retreat to the animal evidence in the most superficial way, in our opinion:
"The committee felt strongly that its risk assessments should be based on human data to the
extent that they were available and that animal data should be used only to address questions for
which human data were unavailable or inadequate. Questions in the latter category included the
RBE of neutrons and gamma rays and the effect of dose rate" (BEIR 90, p.55). We call this
explanation "superficial" because it offers no reason for regarding the A-Bomb Study as
"inadequate" -- the very same study on which BEIR V relies for its leukemia DREF and most
everything else in its risk-analysis (see Part I of this chapter, above). And the statement by BEIR
V certainly does not explain how one could possibly trust other species more than the human
species, for evaluating the human dose-response. Everyone recognizes that "... the transfer of
inferences from animal studies to humans is perilous" (NCRP 85, p. 1), and that "Extrapolation
from animal data to humans remains a difficult process of uncertain validity" (Ncrp85, p.36).

One cannot justify the substitution of non-human data for human data just because we have
more of the non-human data. A mountain of stable and elegant animal data is worse than none at
all, if it is mistakenly assumed to be relevant where it is not, and if it is used to replace the direct
human evidence whose relevance is self-evident. BEIR-5 offers no justification. The following
quote shows that BEIR Vmakes a key recommendation which is admitted to be in conflict with
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the human evidence (BEIR 90, p. 171): "Since the risk models were derived primarily from data
on acute exposures ... the application of these models to continuous low dose-rate exposures
requires consideration of the dose rate effectiveness factor (DREF), as discussed in Chapter 1 [see
quotations above]. For linear-quadratic models, there is an implicit dose-rate effect, since the
quadratic contribution vanishes at low doses and, presumably, low dose-rates leaving only the
linear term which. is generally taken to reflect one-hit kinetics. The magnitude of this reduction is
expressed by DREF values. For the leukemia data, a linear extrapolation indicates that the
lifetime risks per unit bone marrow dose may be half as large for continuous low dose rate as for
instantaneous high dose rate exposures. [We are splitting the BEIR V paragraph here.]

"For most other cancers in the LSS [A-Bomb Life Span Study], the quadratic
contribution is nearly zero, and the estimated DREFS are near unity. Nevertheless, the
committee judged that some account should be taken of dose rate effects and in Chapter 1
suggests a range of dose rate reduction factors that may be applicable." The range
suggested in BEIR's Chapter 1 (Table 1-4) is the familiar 1980 NCRP value of two to ten.
At a later page (p.220), BEIR V mentions "2," whereas at page 6 it recommends "2 or
more," and at page 23, it calls 2 to 4 the best estimates. In the BEIR V statement above
(p. 17 1), which maintains the pattern documented in our Chapter 22, "nevertheless"
introduces the key action. A scientific basis for this action escapes us.

The BEIR-5 Cancer-Yield for acute exposure to ten rads is 8.55 (see Part 2 of this
chapter), excluding leukemia and based on a United States population. Thus, for
slow-low exposure, BEIR-5's Cancer-Yields have the following range:

(8.55) / (2) = 4.28
(8.55) / (4) = 2.14
(8.55) / (10) = 0.86

BEIR V is explicit in suggesting that all its values may need doubling for
X-ray exposure (BEIR 90, p.26, p.218, p.220).

Gofman Estimate from A-Bomb Study
LIFETIME FATAL CANCER-YIELD (excl. leuk.) for the dose-range 0-5 rads, any dose-rate.

Number of fatal radiation-induced cancers per 10,000 persons, per rad.

Table 16-B, Table 16-C,
A-bomb United States'
survivors population

T65DR = 31.65 T65DR = 26.64
DS86 = 30.43 DS86 = 25.56

Values need doubling for exposure by X-rays.
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The BEIR V Cancer-Yield for acute exposure to 10 rads is 8.55, excluding leukemia and
based on United States population. Thus, after "dreffing" for slow-low exposure, BEIR-5's
Cancer-Yields have the following range:

(8.55) (2) = 4.28
(8.55) (4) = 2.14
(8.55)! (10) = 0.86

BEIR V is explicit in suggesting that all its values may need doubling for X-ray exposure
(BEIR 90, p.26, p.218, p.220).

Our analysis, above, indicates that the radiation committees are underestimating risk from
slow-low exposure by up to 30-fold.

d. Disproof of Any Safe Dose or Dose-Rate

As demonstrated in our Chapters 24 and 34, influential segments of the radiation community have
been speculating in favor of a "threshold" -- the notion that low doses and dose-rates may be
completely safe ("without effect"). The U.S. Department of Energy calls this the "zero risk"
model (DOE 87, p.J.8). It received widespread attention when an abbreviated version of Doe87
was published by the journal Science (1988). Indeed, opportunities for disseminating such
speculations have increased, because slow-low exposure of populations has been much in the
news after the Chernobyl accident and after the series of recent revelations about radioactive
pollution inside, outside, and beneath many Department of Energy facilities. The estimated cost
to clean up DOE's contamination ranges from $63 billion (DOE estimate) to $175 billion
(Government Accounting Office estimate).

The BEIR III Report of 1980 (see our Chapter 34) "chose not to include the class of functions
with a threshold, i.e., functions in which the cancer risk is zero up to some positive value on the
dose-scale" (BEIR 80, p. 18 1). At the same time, the BEIR III Committee encouraged threshold
speculation (A) by stating "It is by no means clear whether dose rates of gamma or x radiation of
about 100 mrads/yr are in any way detrimental to exposed people" (BEIR 80,p. 139), and by
stating that the BEIR III Committee itself felt "uncertainty as to whether a total dose of, say, 1 rad
would have any effect at all" (BEIR 80, p. 193), and (B) by stating that it was not possible to settle
the question within the available evidence (BEIR 80 p.22).

Our Finding

In Chapters 18 through 21 of this book, plus supporting Chapters 32 and 33, we prove beyond
reasonable doubt and by any reasonable standard that no safe dose or dose-rate exists for the
human with respect to radiogenic cancer. Our disproof of a threshold is based on the human
evidence (much of which existed in 1980, too). Our finding means that when very large
populations are exposed to very small increments of ionizing radiation, the cancer-fatalities can
be enormous even though each individual's personal risk is low. Chapter 24 uses the small
individual doses from the Chernobyl explosion as just an illustration. Chapter 3 (page 1) mentions
another illustration -- our 1985 estimate of the cancer-deaths induced in the United States by
unnecessarily high doses given during diagnostic X-ray exams.
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Disproof of any safe dose or dose-rate means that such cancer-deaths are not
"hypothetical" and not "imaginary." They are real. Thus, there is no issue of greater
importance to the public and to the radiation community, than the threshold issue.

BEIR V on Threshold:

The repair of carcinogenic lesions, inflicted by a single primary ionization track upon

genetic molecules in a cell-nucleus, is a key issue in speculations about a safe dose or
dose-rate of ionizing radiation. The BEIR V Committee alludes to the issue very early in
its report (BEIR 90, p.4): "Of the various types of biomedical effects that may result
from irradiation at low doses and low dose rates, alterations of genes and
chromosomes remain the best documented. Recent studies of these alterations in
cells of various types, including human lymphocytes, have extended our knowledge
of the relevant mechanisms and dose-response relationships. In spite of evidence
that the molecular lesions which give rise to somatic and genetic damage can be
repaired to a considerable degree, the new data do not contradict the hypothesis, at
least with respect to cancer induction and hereditary genetic effects, that the
frequency of such effects increases with low-level radiation as a linear, nonthreshold
function of the dose."

However, the statement which is likely to be quoted by several segments of the radiation
community is the statement which the BEIR V Committee provides much later (p.181):
epidemiologic data cannot rigorously exclude the existence of a threshold in the millisievert dose
range. Thus the possibility that there may be no risks from exposures comparable to external
natural background radiation cannot be ruled out. At such low doses and dose rates, it must be
acknowledged that the lower limit of the range of uncertainty in the risk estimates extends to
zero." We are disappointed that BEIR V would issue such a statement without first testing the
epidemiologic evidence against a track-analysis of the type demonstrated in this book.

NOTE: Two radiation experts reviewed Gofman's book alongside the BEIR V report and
stated, "We strongly recommend both these excellent and timely books for physicians,
engineers, and public health officials concerned with radiation, the environment, and public
health" (Andre Bruwer and G. Theodore Davis, NEJM, 14 Feb 1991, p. 497).

The Most Important Single Carcinogen ?

A prominent member of the radiation community, Rosalyn Yalow (see Chapter 34), has asserted
that "... exposure to ionizing radiation is only weakly carcinogenic" (YLa88, p. 11). Weak on the
basis of whose estimate? The question really matters, when estimates differ by factors of 2, 5, 10,
15, 20, 25, or even 30.

The separate contributions from other carcinogens to the population's total cancer mortality are
hardly quantified at all. My estimates of the risk-per-rad from ionizing radiation are consistent
with some 15 to 25 percent of all human cancer being caused by ionizing radiation (see box).
Radon injects considerable, uncertainty into the range. Ionizing radiation may even turn out to be
the most important single carcinogen to which large numbers of humans are actually exposed. No
one can possibly be sure yet, in the absence of equally good epidemiological data on all the other
human carcinogens and on the magnitude of human exposure to them.
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"A Ball-Park Estimate" : For U.S. Population, Radiation's Contribution to the Cancer Problem

-2,200 persons out of 10,000 die of cancer. We will use 60-year accumulation of dose. Lifetime
Fatal Cancer-Yield, rounded from Table 16-C, is - 26 cancer-deaths per 10,000 persons per rem.
(Basis is A-bomb radiation.) Annual dose estimates in Col.B below are taken unchanged from
BEIR V Table 1-3. For our estimate below, the medical dose-estimate should be cut in half
because children receive little from this source, and should be doubled for the greater
carcinogenicity of X-rays. Thus, we need no net change in this BEIR V value. BEIR presents all
doses in Whole-Body Effective Dose Equivalents in reins (cSv).

Col.A Col.B Col. C Col. D Col. E
Source Dose(rems) Dose(rems) Lifetime Fatal Fatal

Cancers. /
(Annual) (60 year,cumulative) Cancer-Yield 10,000

persons
Radon 0.2 12.0 26 312
Other natural 0.094 5.64 26 147
Medical X-rays 0.039- 2.34 26 61
All other 0.024 1.44 26 37

TOTAL EXPECTED CANCERS PRODUCED IN 10,000 PERSONS = 557

Radiation-induced share of cancer-mortality = (557/2200)(10096) = 25.396

A Giant Gamble with Human Health ?

When we think over the fierce resistance to giving up the threshold idea with respect to
ionizing radiation, even when there is such compelling human evidence against any safe
dose or dose-rate, we wonder what behavior will prevail with respect to all those
chemical substances where compelling human epidemiological evidence is lacking. In
Chapter 24, with respect to ionizing radiation, we have mentioned that proposals are
pending to omit very low-dose exposure entirely from evaluations of human health
effects ("de minimis non curat lex," or "the law does not concern itself with
trifles"), and to treat a large share of "low-level" radioactive wastes (possibly some
consumer items too) as if they were not radioactive at all - "below regulatory
concern." If such proposals prevail, it is self-evident that less of the past radioactive
contamination will be cleaned up, that future nuclear pollution will increase, andthat
human exposures to ionizing radiation will rise.

The "Global Perspective"

The UNSCEAR 1988 Committee has raised the issue of public perception of radiation
risk -- a timely issue after the Chernobyl nuclear accident has called worldwide attention
to such risk. IJNSCEAR makes no estimate itself of the cancer-fatalities which will occur
from the accident, but it comments (UNSCEAR 88, p.42, para.268): "... the way in
which basic 'scientific facts are presented influences the impression they give. For
example, thousands of cancer deaths from a single accident would undoubtedly be a high
number of deaths. However, since such deaths could be expected to occur over a long
period of time, the annual incidence will be low. This means a very small increase of the
normal incidence of cancer, an increase which is not expected to be noticeable in health
statistics. This shows that it is possible, by selecting the form of presentation, to convey
different impressions."
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Not surprisingly, parts of the radiation community have been extremely active in trying
to shape public perception of the Chernobyl accident. In Chapter 24, we documented the
repeated comparison of any estimate of people receiving a cancer-death from Chernobyl,
with the far greater number of people who will die of cancer anyway in the northern
hemisphere during the next 50 to 100 years. The authors of the Department of Energy's
Chemobyl assessment call this the "global perspective" (Ansp88, p. 15 13). If there is
another accident -- or equivalent nuclear pollution from intentional releases -- we expect
to hear about the "inter-stellar perspective." To illustrate the consequences of "giving"
small per-capita doses to entire populations, we presented some realistic estimates of
Chernobyl's all-time cancer-consequences.

Just One Part in a Thousand ?

It may sound like a trifle to put only one part per thousand of a poison into the
environment, but we will show what one part per thousand means with respect to
radioactive cesium. The cesium-137 produced each year by a 1000-megawatt (electrical)
nuclear power plant amounts to nearly 4 million curies. Since its radioactive half-life is
30.2 years, very little of it decays during a year. The Chemobyl reactor contained a two-
year cesium-inventory of about 8 million curies. Recent estimates are that the Chernobyl
reactor released about 2.5 million curies of cesium-137, which is equivalent to (2.5 / 4.0)
or 62.5 % of a one-year inventory. Now let us consider 100 large nuclear power plants
each operating in the USA for a lifespan of about 25 years each. Call "A" the yearly
cesium-137 production by one plant. Then 100A = the yearly production by 100 plants.
Lifetime production = 25 yrs x IOOA/year = 2,500A. 99.9 % containment = release of 1
part per 1,000. With 99.9 % perfect containment, loss = 2.5A. Chernobyl lost 0.625A.
The ratio of 2.5A and 0.625A is 4.0. This ratio, 4, has an enormous meaning. It means
that achieving 99.9 % perfect containment of the cesium-137 produced by 100 plants
during 25 years of operation, through all steps of the cesium's handling up through final
burial, would still result in cesium- 137 contamination equivalent in curies to 4 Chernobyl
accidents. Worldwide, there are about 400 plants underway, so the same scenario
(99.9 % perfection in containing cesium) would mean cesium-loss equivalent to 16
Chernobyl accidents per 25 years of operation. And this assault on human health
could occur without blowing the roof off any single plant.

The stakes in the correct evaluation of cancer-risk from low-dose exposure extend far.
beyond one spectacular accident like Chernobyl. Not only do such evaluations affect
hundreds of millionsof medical and dental patients, and millions of occupationally
exposed workers, but correct evaluation necessarily affects the decisions which will
determine the ultimate and aggregate levels of radioactive pollution, everywhere, from
current and contemplated nuclear activities worldwide.

A WARNING!

What is scientifically appropriate behavior is only semi-prudent with regard to
public health protection. True prudence with respect to human health would
require the operating assumption that current uncertainties in sampling and
forecasting are causing us to underestimate the real risk.
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The Politicization of Environmental Science

PEDIATRIC CT RESEARCH ELEVATES PUBLIC
HEALTH CONCERNS: LOW-DOSE RADIATION

ISSUES ARE HIGHLY POLITICIZED

Rosalie Bertell, Lynn Howard Ehrle, and
Inge Schmitz-Feuerhake

This article presents an analysis of issues related to low-dose radiation, with a
focus on pediatric computed tomography (CT). It references several early
studies that are seldom quoted in radiation research papers, then quantifies
the excess lifetime fatal cancer yield attributable to an estimated 6.5 million
pediatric abdominal CT scans. The authors highlight an important policy
document issued jointly by the National Cancer Institute and the Society for
Pediatric Radiology-specifically, its conclusion that a small dose from CT
represents "a public health concern." Finally, the article identifies several
contentious issues and proposes policy initiatives that, if implemented,
could result in significant reductions of future radiogenic cancers and chronic
injuries. The authors call for discussions between professional radiology
societies and public interest health organizations, thereby involving all
stakeholders.

There is no such thing as "safe limits" where exposure to X-ray radiation is concerned.
Any X-ray exposure results in increased risk.for disease.

Medical physicist Joel E. Gray, testimony before the
Minnesota Health Care Commission, June 18, 1997

The health effects of low-dose ionizing radiation have become highly politicized
and risks are consistently understated. This article identifies several studies that
seldom are referenced in the peer-reviewed literature. It then uses data from
published works by radiation scholars to estimate the lifetime fatal cancer yield
from pediatric computed tomography (CT) scans. We contend that unscientific
attitudes and a culture of denial took root in skiagraphers' (photographers) X-ray
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clinics shortly after Roentgen's discovery in 1895-a defensive stance that
resulted in an official cover-up of radiation research after Hiroshima that lasted
throughout the Cold War. This review is based on a 2002 U.S. National Cancer
Institute (NCI) and Society for Pediatric Radiology (SPR) Guide for Health Care
Providers that contains this warning: "Because of the growing use of computed
tomography (CT) and the potential for increased radiation exposure to children
undergoing these scans, pediatric CT has become a public health concern" (1).
The four-page pamphlet also notes that "major national and international organi-
zations responsible for evaluating radiation risks agree there probably is no
low-dose radiation 'threshold' for inducing cancers," and it calls for strategies "to
minimize CT dose, disseminate relevant information, and clarify the relationship
between CT radiation and cancer risk."

This NCI-SPR document stands in stark contrast to the conventional wisdom
expressed over the past half-century by many leading health professionals and
nuclear power advocates, who have operated on the belief that radiation exposures
at low doses and slow dose rates have little impact on public health and safety.
A classic example is contained in the 1996 Health Physics Society Position
Statement, reaffirmed in 2004, which states: "Below 5-10 rem (which includes
occupational and environmental exposures), risk of health effects are either too
small to be observed or are nonexistent" (2). This premise was reinforced by a
National Academy of Sciences panel: "On the basis of studies of radiation dose
and risk in human populations, it is evident that ionizing radiation is not a potent
cause of cancer" (3)-a highly selective reading of the evidence. The issue has
become extremely politicized, with the nuclear power industry and its surrogates
vigorously lobbying to relax radiation standards, while, at the same time, a
growing number of federal and'international agencies recommend more stringent
regulation. The review of lifetime fatalities attributable to pediatric CT demon-
strates the health risk from low-dose radiation and refutes claims minimizing risks.
This article is an attempt to open a dialogue with those who seek an expansive
search of the evidence.

HISTORICAL BACKGROUND: A MINDSET OF DENIAL

When Wilhelm Conrad Roentgen discovered X-radiation in 1895, its diagnostic
qualities were instantly recognized, and skiagraphy clinics were quickly estab-
lished in the United States and Europe. Medical journals and newspapers were
flooded with ads proclaiming all manner of health benefits and cures, and
laudatory commentaries heaped unqualified praise upon untested diagnostic and
therapeutic procedures. In those early years there were numerous reports of
serious skin bums to radiologists who used "the ray" with reckless abandon.
Despite the death in 1904 of Thomas Edison's glassblower, Clarence Daily (the
first attributable to radiation exposure), and the subsequent deaths of several
prominent radiographers, few were willing to blame X-radiation since it had



RADIATION RISK IN PERSPECTIVE

FOUNDED 1956

SOCIEll POSITION STATEMENT OF THE

H EALTH HEALTH PHYSICS SOCIETY*

PHYSICS
SOCIETY Adopted: January 1996

Reaffirmed: March 2001
Revised: August 2004

Contact: Richard J. Burk, Jr.
Executive Secretary
Health Physics Society
Telephone: 703-790-1745
Fax: 703-790-2672
Email: HPS@Burklnc.com
http://www.hps.org

In accordance with current knowledge of radiation health risks, the Health Physics Society
recommends against quantitative estimation of health risks below an individual dose of 5 rem1 in
one year or a lifetime dose of 10 rem above that received from natural sources. Doses from
natural background radiation in the United States average about 0. 3 rem per year. A dose of 5
rem will be accumulated in the first 17 years of life and about 25 rem in a lifetime of 80 years.
Estimation of health risk associated with radiation doses that are of similar magnitude as those
received from natural sources should be strictly qualitative and encompass a range of
hypothetical health outcomes, including the possibility of no adverse health effects at such low
levels.

There is substantial and convincing scientific evidence for health risks following high-dose
exposures. However, below 5-10 rem (which includes occupational and environmental
exposures), risks of health effects are either too small-to be observed or are nonexistent.

In part because of the insurmountable intrinsic and methodological difficulties in determining if
the health effects that are demonstrated at high radiation doses are also present at low doses,
current radiation protection standards and practices are based on the premise that any radiation
dose, no matter how small, may result in detrimental health effects, such as cancer and hereditary
genetic damage. Further, it is assumed that these effects are produced in direct proportion to the
dose received, that is, doubling the radiation dose results in a doubling of the effect. These two
assumptions lead to a dose-response relationship, often referred to as the linear, no-threshold
model, for estimating health effects at radiation dose levels of interest. There is, however,
substantial scientific evidence that this model is an oversimplification. It can be rejected for a
number of specific cancers, such as bone cancer and chronic lymphocytic leukemia, and
heritable genetic damage has not been observed in human studies. However, the effect of
biological mechanisms such as DNA repair, bystander effect, and adaptive response on the
induction of cancers and genetic mutations are not well understood and are not accounted for by
the linear, no-threshold model.



Radiogenic Health Effects Have Not Been Consistently Demonstrated Below 10. Rem

Radiogenic health effects (primarily cancer) have been demonstrated in humans through
epidemiological studies only at doses exceeding 5-10 rem delivered at high dose rates. Below
this dose, estimation of adverse health effect remains speculative. Risk estimates that are used to
predict health effects in exposed individuals or populations are based on epidemiological studies
of well-defined populations (for example, the Japanese survivors of the atomic bombings in 1945
and medical patients).exposed to relatively high doses delivered at high dose rates.
Epidemiological studies have not demonstrated adverse health effects in individuals exposed to
small doses (less than '10 rem) delivered in a period of many years.

Limit Quantitative Risk Assessment to Doses at or Above 5 Rem per Year or 10 Rem
Lifetime

In view of the above, the Society. has concluded that estimates of risk should be limited to
individuals receiving a dose of 5 rem in one year' or a lifetime dose of 10 rem in addition to
natural background. In making risk estimates, specific organ doses and age-adjusted and gender-
adjusted organ risk factors should be used. Below these doses, risk estimates should not be used.
Expressions of risk should only be qualitative, that is, a range based on the uncertainties in
estimating risk (NCRP 1997) emphasizing the inability to detect any increased health detriment
(that is, zero health effects is a probable outcome).

Impact on Radiation Protection

Limiting the use of quantitative risk assessment, as described above, has the following
implications for radiation protection:

(a) The possibility that health effects might occur at small doses should not be entirely
discounted. The Health Physics Society also recognizes the practical advantages of the linear,
no-threshold hypothesis to the practice of radiation protection. Nonetheless, risk assessment at
low doses should focus on establishing a range of health outcomes in the dose range of interest
and acknowledge the possibility of zero health effects. These assessments can be used to inform
decision making with respect to cleanup of sites contaminated with radioactive material,
disposition of slightly radioactive material, transport of radioactive material, etc.

(b) Collective dose (the sum of individual doses in a defined exposed population expressed as
person-rem) has been a useful index for quantifying dose in large populations and in comparing
the magnitude of exposures from different radiation sources. However, collective dose may
aggregate information excessively, for example, a large dose to a small number of people is not
equivalent to a small dose to many people, even if the collective doses are the same. Thus, for
populations in which almost all individuals are estimated to receive a lifetime dose of less than
10 rem above background, collective dose is a highly speculative and uncertain measure of risk
and should not be used for the purpose of estimating population health risks.
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Footnotes

1The rem is the unit of effective dose. In international units, 1 rem=0.01 sievert (Sv)=l0 mSv.
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* The Health Physics Society is a nonprofit scientific professional organization whose mission is
excellence in the science and practice of radiation safety. Since its formation in 1956, the Society has
grown to approximately 6,000 scientists, physicians, engineers, lawyers, and other professionals
representing academia, industry, government, national laboratories, the Department of Defense, and other
organizations. Society activities include encouraging research in radiation science, developing standards,
and disseminating radiation safety information. Society members are involved in understanding,
evaluating, and controlling the potential risks from radiation relative to the benefits. Official position
statements are prepared and adopted in accordance with standard policies and procedures of the Society.
The Society may be contacted at 1313 Dolley Madison Blvd., Suite 402, McLean, VA 22101; phone:
703-790-1745; fax: 703-790-2672; email: HPS@Burklnc.com.
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2.1.2.1.1.3 Other Europe (3)
2.1.2.1.1.4 Japan (5)
2.1.2.1.1.5 Britain (2)

2.1.2.1.2 Case-control studies - confounded. weak. results (4)
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I 3.5 Biological and Mathematical Models
4.0 Cnne.I, inn.q h knnwirinn•_hl qeripnfti~qt%

rejecting the LNT: from the scientific
literature

4.1 Science Conclusions
4.2 Radiation Protection Policy Conclusions
4.3 Applying hormesis in regulations

5.0 Low Dose Radiation Research and Programs
Misrepresent or Suppress the Data

5.1 Epidemiology studies that misrepresent
or suppress the data

5.3 Official "Reviews" and "Assessments"
misrepresent and/or suppress the data

5.4 Science misconduct to support the LNT
6.1 Variations in Natural Background

Radioactivity Sources (vs. Radiation
Protection Limits)

2.1.2.1.2.1 U.S. (1)
2.1.2.1.2.2 Saxony/Germany (2)
2.1.2.1.2.3 China (2)

2.1.2.2 Miner studies (4)
2.2 Medical Applications (1)

2.2.1 Late Effects from Diagnostic and Therapeutic Applications (9)
2.2.1.1 Leukemia, multiple myeloma, non-Hodgkins lymphoma (7)
2.2.1.2 Breast cancer (3)
2.2.1.3 Thyroid cancer (11)
2.2.1.4 Lung cancer (4)
2.2.1.5 Nasopharynaeal radium (1)
2.2.1.6 Preconception and prenatal exposure (4)
2.2.1.7 Cancer followinq childhood cancer exposure (2)
2.2.1.8 Skin Cancer (1)
2.2.1.9 Stomach cancer (1)

2.2.2 Low-Dose Radiation (LDR) Stimulation Therapy (8)
2.2.2.1 Cancer LDR treatment (26)
2.2.2.2 Infection and inflammation LDR treatment (25)
2.2.2.3 Other LDR treatments (2)
2.2.2.4 Radon treatments (24)
2.2.2.5 HIV treatment (1)

2.2.3 Moderate-Dose Involved Field Radiation Therapy (6)
Z2.3.1 Inflammatory conditions (1)

2.3 Radiation Workers (2)
2.3.1 Medical Practitioners: Radiologists, X-ray Technicians. Physicists, etc.

(10)
2.3.2 Nuclear Facility Worker Studies (2)

2.3.2.1 Worker vs. Worker Studies (4)
2.3.2.1.1 U.S. (2)
2.3.2.1.1 U.S.4.1 Science Conclusions (1)
2.3.2.1.2 USSR (1)

2.3.2.1.2.1 Mayak Worker Studies (5)
2.3.2.1.3 UK (4)

2.3.2.2 Worker vs. Population Studies (3)
2.3.2.2.1 U.S. (2)

2.3.2.2.1.1 Plutonium worker studies (3)
2.3.2.2.2 U.K. (3)
2.3.2.2.3 Other countries (3)

2.3.3 Misuse of the "Healthy Worker Effect" (8)
2.3.4 Air crew (1)

2.4 Radium Burdens: No effects in "dial painters" and medical cases (3)
2.4.1 Bone and nasal cancers (9)
2.4.2 Other cancers and All-Cancer (5)
2.4.3 Mortality and Longevity (2)

2.5 Populations exposed to radiation releases (1)
2.5.1 Military Observers and Exercise Participants (3)
2.5.2 Weapons facility "Downwinders" (9)
2.5.3 Populations near nuclear power plants (5)
2.5.4 Populations exposed to other radioactivity releases (2)

2.5.4.1 Taiwan Co-60 contamination (2)
2.5.4.2 Chernobyl (9)

2.5.4.2.1 Cleanup Workers (9)
2.5.4.2.2 Public Exposures (7)

2.5.4.2.2.1 Public Exposure doses (1)
2.5.4.2.2.2 Thyroid cancer (g)

2.5.4.3 Kyshtym radioactive waste tank explosion (4)
2.6 Japanese Atomic Bomb Survivors (3)
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2.6.1 Cancer/Leukemia (17)
2.6.2 Non-cancer (2)
2.6.3 Longevity (4)
2.6.4 Biological assessment (2)
2.6.5 Genetic Effects (2)

3.0 Biology: The general non-linear biological dose-response - an "evolutionary
expectation- (15)

3.1 Human Biological Responses (in vivo and ex vivo) (13)
3.1.1 Occupational exposures (7)

3.1.1.1 "Healthy Worker Effect" data contradict presumed HWE for
cancers (3)

3.1.2 Medical exposures (9)
3.1.2.1 Radon thereapv exposures (6)

3.1.3 Accident exposures (2)
3.1.4 High background area exposures (4)

3.2 AnimallOrganism Biology Studies (10)
3.2.1 "Immunologically Whole" Animals (in vivo): enhanced longevity.

fertility, disease control (13)
3.2.1.1 Mammals (10)

3.2.1.1.1 Mice (92)
3.2..1.2 Rats, rabbits, Guinea pigs, chipmunks (31)
3.2.1.1.2 Rats, rabbits, Guinea pigs, chipmunks (1)
3.2.1.1.3 Dogs, other large mammals (10)

3.2.1.2 Lower order animals (1)
3.2.1.2.1 Fish (3)
3.2.1.2.2 Chicks, hens, etc. (1)
3.2.1.2.3 Insects (4)
3.2.1.2.4 Other (snails, C. elegans) (14)

3.2.1.3 Microorganisms (15)
3.2.1.3.1 Microorganisms - chemical hormesis (1)
3.2.1.3.2 Microorganisms - thermal hormesis (2)

3.2.1.4 Detrimental effects of suppressing background radiation (19)
3.2.1.5 Chemobyl ecological studies (1)
3.2.1.6 Radon studies. (4)
3.2.1.7 Reproduction (1)
3.2.1.8 Threshold doses (4)
3.2.1.9 Dose rate effects (3)

3.2.2 Bio-positive biological responses (39)
3.2.2.1 Immune responses and functions (38)

3.2.2.1.1 Disease/condition specific responses (9)
3.2.2.1.1.1 LDR Cancer therapies (38)

3.2.2.1.1.1.1 LDR Cancer therapies - in cancer-prone animals
(1)

3.2..1.1.2 LDR Inflammation and infection therapies (11)
3.2.2.1.1.3 LDR Wound healing (2)
3.2.2.1.1.4 Other LDR therapies (spinal cord iniury. diabetes) (9)
3.2.2.1.1.5 Murine AIDS (4)
3.2.2.1.1.6 Increased lifespan (3)

3.2.2.1.2 Cell and functions responses (18)
3.2.2.1.3 Non-radiation immunostimulation (7)
3.2.2.1.3 Non-radiation immunostimulation (1)

3.2.2.2 DNA and cell damage and repair: Aging (19)
3.2.2.3 Enzyme, gene and protein expression responses (93)

3.2.2.3.1 Gerontogenes and ageing (2)
3.2.2.3.3 Different high vs. low doses (6)

3.2.2.4 Hormone responses (4)
3.2.2.5 Apoptosis (15)

http:/ /www.radscihealth.org:9000/rsh/dd3/-database.jsp Page 3 of



.Data that Contradict the LNT 4/8/08 ,12:39 AM

3.2.2.6 Adaptive response (29)
3.2.2.6.1 Non-radiation adaptive protection against high-dose

radiation (20)
3.2.2.7 Teratoqenesis/malformations (5)
3.2.2.8 Anti-stress response (2)
3.2.2.9 Bystander effect (11)

3.3 Cellular/Molecular Biology Studies of Mechanisms (23)
3.3.1 LDR stimulates cell growth, proliferation and repair (14)
3.3.2 Immune system/functions stimulation (18)

3.3.2.1 LDR enhancement of protection to chemical toxins (3)
3.3.2.2 Low dose chemical enhancement of protection to high-dose

radiation (1)
3.3.3 Protective gene, protein, and enzyme expression (33)

3.3.3.1 Heat shock proteins and the general beneficial stress response
(12)

3.3.3.2 Cell cycle delay, and enhanced repair.(1)
3.3.3.3 Low dose chemical enhancement of protection to high-dose

radiation (3)
3.3.3.5 Cell responses: survival, micronuclei, and neoplastic

transformations (13)
3.3.3.6 DNA damage and repair (10)

3.3.4 Adaptive response: Mechanisms and effects (34)
3.3.4.1 Antioxidants (3)
3.3.4.2 Apoptosis (2)

3.3.5 Intercellular communication, signal transduction (18)
3.3.5.1 Bystander effect (15)

3.3.6 Genetic effects/mutations (5)
3.3.7 UV responses and mechanisms fmove to topics? checki (3)
3.3.8 Microdosimetry -Imparted energy (2)
3.3.9 Different low vs. high dose responses (9)

3.4 Plants (3)
3.4.1 Radiation-enhanced growth and reproduction (11)

3.4.1.1 Seeds (11)
3.4.1.2 Seedlings (2)
3.4.1.3 Algae (5)

3.4.2 Plant biology (13).
3.4.3 Mitoqenetic and secondary biogenic radiation (5)

3.4.3.1 'Ultrasoft x-rays' (1)
3.5 Biological and Mathematical Models (14)

3.5.1 One-hit and multi-stage models (8)
3.5.2 Random Coincidence Model (3)
3.5.3 Linear-guadratic with repair (1)
3.5.4 Mathematical models and model-free data analysis (9)

4.0 Conclusions by knowledgeable scientists rejecting the LNT: from the scientific
literature (24)

4.1 Science Conclusions (28)
4.1.1 Biophysical basis for LNT is not valid (3)

4.2 Radiation Protection Policy Conclusions (13)
4.3 Applying hormesis in regulations (1)

5.0 Low Dose Radiation Research and Programs Misrepresent or Suppress the Data
(12)

5.1 Epidemiology studies that misrepresent or suppress the data (1)
5.1.4 Canadian Tuberculosis Fluoroscopy Breast Cancer Studies (3)
5.1.5 Japanese Atomic Bomb Survivor Studies - ABCC/RERF (1)
5.1.6 IARC 3-country study (4)
5.1.7 Hanford - Mancuso, Stewart and Kneale (1)

5.3 Official "Reviews" and "Assessments" misrepresent and/or suppress the

http://www.radscihealth.org:9000/rsh/dd3/-database.jsp Page 4 of !



- Data that Contradict the LNT 4/8/08 12:39 AM

data (1)
5.3.1.1 BEIR IV (2)
5.3.1.2 BEIR V (9)
5.3.1.4 BEIR III (2)

5.3.2 ICRPINCRP Reports (1)
5.3.4.1 U.S. EPA (1)

5.4 Science misconduct to support the LNT (1)
6.1 Variations in Natural Background Radioactivity Sources (vs. Radiation

Protection Limitsý (1)
~i. JI~

Go(--)Ste,
1. 7, T.1

For more information please contact the RSH President Tim Muckerheide

For website problems plIease contact the Webmaster
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RSH Info Paper: Scientific Evidence that Low-Dose Radiation is Not Harmful
http://www.radscihealth.org/rsh/docs/Correspondence/LDR NotHarmful.htm

The public is repeatedly told: "There is no such thing as a safe dose of radiation" (e.g, BEIR-VII). Yet,
The Chairman, NRC, said: "The public needs to understand there is such a thing as harmless exposure."

The public is repeatedly told that Collective Dose cannot be used to predict health effects (NCRP-121).
Yet Collective Dose is used to "predict' deaths from various scenarios and evaluate plant performance.

This disconnect between policy and science causes public confusion and loss of credibility, leading to
increasing demands to resolve the issue. This document lays out the relevant scientific facts and
issues needed to do this.

This document has no figures and little data. It describes and explains the evidence, but the evidence
itself is the dozens of research papers for which links and citations are given, each of which has further
references. This is the evidence that has been ignored up to now. The report is organized as follows:

EXECUTIVE SUMMARY (PDF - 4 pages)

SCIENTIFIC ATTACHMENT (9 PDFs -26 Pages)

1. The Research Reports - The biological processes that characterize the interaction of radiation with
living organisms have been extensively researched and are well defined. Example reports are given.

2. Data Exclusion- Documentation that the vast body of credible, peer-reviewed scientific literature
showing that low-dose radiation is not harmful is repeatedly excluded from policy-setting reports.

3. Statistical Challenge- Response to the claim that statistically valid epidemiological dose-response
data in the low-dose range would require impractically large populations.

4. The Prudence Argument - Response to the argument that there is no harm in presuming that all
radiation effects are harmful, and that it is therefore prudent to presume that the LNT model applies.

5. The "Collective Dose" Fallacy -Documentation that 'prediction' of health effects from Collective Dose
has been repudiated as scientifically invalid, yet is still prescribed for measuring risk.

6. The Complication Argument - Response to the argument that departing from LNT would somehow
complicate radiation protection procedures and equipment.

7. Bad Science Used to Support LNT -In addition to omitting relevant research from the data base, the
documents used to support the LNT are seriously flawed. Some egregious examples are discussed.

8. Policy documents continue to recommend LNT while stating that science does not support this
action. Example are given of conflicting statements in important policy documents.

9. Calls for Reform - Several knowledgeable persons and organizations, including Congress, have
demanded this situation be fixed. Ample evidence is already available to resolve this discrepancy.

T. Rockwell & J. Muckerheide April 2008



Testimony to the Nuclear Regulatory Commission's Advisory Committee on Nuclear Waste & Materials
Theodore Rockwell & James Muckerheide, Radiation, Science & Health, April 8, 2008

Low-Dose Radiation (LDR) is Not Harmful;
Pretending Otherwise Corrupts our Economy, our Safety and our Credibility

For more than thirty years we have had major policy studies advising us that although there is no
evidence that low-dose radiation is harmful, prudence requires us to regulate as if radiation were
harmful down to zero dose, with the harm or risk proportional to the dose. This idea makes radiation
seem uniquely fearsome, and the price we pay for that is horrendous. The problem has spread to drinking
water, granite walls, phosphate fertilizer, airport exit signs, and other "natural" radiation sources previously
presumed safe. Even bananas are now listed in the dreaded hazardous zone.

The embarrassing discrepancy between science and policy in radiation protection has been openly
acknowledged in many of these reviews, but there seems to be little will to resolve it. We are falsely told
that there are no reliable data in the low dose range, and further, that it would take a prohibitively large
irradiated population to make a good epidemiological test. So, the status quo is sustained, with many
people believing the fiction that the truth of the matter is "unknowable.

During the spring of 2008, this dilemma is being examined yet again in extended international
conferences by the US NRC's ACNW (Apr.8-10), WNA (Aprl 1), the NCRP (Apr 14-15), IDRS (Apr 11),
followed in Nov 27-28 by WONUC. In addition, EPRI and the DOE have extensive investigations of their
own underway, from which the data are not being widely shared. So this seems to be a propitious time to
tackle the problem seriously and resolve it. The fact is, that for over 100 years there has been a great deal
of credible data in the radiation range of interest, including epidemiological data with excellent statistical
precision. Much of this information has been presented to the advisory bodies, often multiple times. Yet
it has been deliberately ignored, or accepted for consideration and then dismissed out of hand.

This situation cannot continue. We intend to ensure that this information is made available to these
reviews and to the relevant policy-makers, including the U,S. Congress and the international community.
Each must decide whether they wish to be seen as assisting or resisting this transition. Advisory groups
are freed from responsibility of regulating or implementing the resulting policies; they can speak the truth
to those who must carry them out. This is a serious obligation, and the time for action is long overdue.

The purpose of this report is to recap the enduring historical record referencing a brief selection of the
significant factual scientific and historical information. This indicates that there is abundant credible
evidence that low-dose radiation is not harmful and that collective dose is biologically meaningless.

It has been recognized, since a few months after Roentgen's discovery of x-rays in 1895, that low-dose
irradiation can benefit organisms while high doses cause burns. It is also well-known that low-dose
irradiation initiates this healing process by activating and deactivating different groups of genes, proteins,
transcription factors and other molecular and immune system responses than those activated by high-
dose irradiation. The discontinuity in these different high- and low-dose responses cannot be described by
a single linear dose-response relationship.

All organisms on earth are bombarded by radiation and could not survive if damage to a single cell
were life-threatening. Further, experiments to "protect" organisms from background radiation prove
harmful. Background radiation is only a fraction of what it was when life began, and it varies one hundred-
fold and more from one place to another. (While we regulate millionths of a millionth of a curie of
radioactivity, Mount St. Helens in 1980 dumped 40 megacuries - millions of curies - of radon into the
biosphere.) In addition, normal metabolism damages millions of times more cells than even a harmful
dose of radiation. Our survival depends on the effectiveness of our defense and repair mechanisms. Thus,
cell damage from irradiation of isolated tissue does not imply health effects in a living organism.
Indeed, the data indicate that low-dose radiation is likely to be essential to biological functions, i.e., to life.



The notion of "collective dose," adding together large numbers of trivial individual doses, is wholly
artificial with no valid physical meaning. Cell damage does not build up; DNA in cells are damaged and
repaired thousands of times each day. Attributing adverse health effects and deaths to such a source
has no scientific validity. Low-dose radiation health effects can be neither contagious nor heritable.

These facts has been reported and confirmed in credible peer-reviewed journals, and have not
been seriously challenged scientifically. Moreover, many of these facts have been stated in the various
advisory and policy-setting documents issued by ICRP, NCRP, BEIR, et al. that recommend policies
based on just the opposite premise: that no amount of radiation is small enough to be harmless.

This contradictory policy casts a fearsome pall over many activities that involve radiation. The
nuclear community and government policymakers have actively fostered this fear, by creating extreme,
unrealistic, scenarios of nuclear dangers, and failing to challenge outlandish warnings of potential public
disasters. The deep-grained public fear of nuclear power has been characterized as clinically phobic by
Robert L. DuPont, M.D., internationally known expert on phobia. "The phobic terror has a life of its own,
like nightmares," he writes (DuPont, RL, Nuclear Phobia: Phobic Thinking About Nuclear Power.
Washington, DC: The Media Institute,1980) "In phobic thinking, the event as it actually occurred is rarely
feared. The what ifs are feared." And he concludes with a message to those who created the what ifs: '.'If
nuclear power is to play a meaningful role in our energy future, this fear must be accepted and dealt with."

One factor in dealing with public fear is the attitude of policy-makers. For more than 30 years they
have stated in the strongest terms that we must drastically reduce our use of fossil fuels, and then refused
even to discuss nuclear power as a way to do that. This is grounded on, and reinforces, public fear that
radiation from nuclear power is just too frightening to deal with. The opposite side of the coin is strikingly
illustrated by the situation in France. Marcel Boiteux, Director, 1967 to 1979, of EDF, France's national
public utility, describes the situation there as follows (1993):

Our employees received death. threats. Coffins were delivered to the plant sites.
My apartment was bombed... At the end of July 1977, the President of the
Republic, Giscard d'Estaing, courageously .,..announced that the nuclear policy
was not an EDF [utility] policy, it was a French policy. And that changed the
climate completely, because once the whole of the political scene had taken a
positive position in relation to nuclear power, there was little protest.

The most fearsome charge one could raise is the possibility of irreversibly degrading the human
gene pool. This charge arises from time to time, although it has been indisputably proven baseless.
(e.g. W. Schull, et al., "Genetic Effects of the Atomic Bomb: Reappraisal, Science, 212, 1220-1227,1981)
The nuclear community must be clear, prompt and unambiguous in refuting that charge whenever it arises.

The unexplained gap between policy and the relevant science has been maintained so blatantly and for
so long that it will take determined, sustained action by top officials in the affected agencies to correct
it. We urge the Committee to take this occasion to again recommend the clearly indicated actions needed
to bring our policies concerning radiation into line with the scientific data and simple common
,sense. To do otherwise is to be complicit in a policy that is scientifically indefensible, exorbitantly
expensive, and antithetical to safety and the public welfare.

References-O: Previous Discussions with ACNW et al. on this Issue:
March 96 Joint Subcomm transcript plus slides (Muckerheide, Pollycove, Willis),
July '96 Itr ACNWIPomeroy to NRC Chairman/Jackson,
Chair direction to RES to require (NRC-funded) NCRP Committee-I LNT review,
Oct 98 draft; Mar 99 ACNW meeting
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Supporting the above statements is the following evidence:

1. The Research Reports - The biological processes that characterize the interaction of radiation with
living organisms are reasonably well defined. This work repeatedly shows that the effects of radiation are
generally beneficial in low doses and harmful at higher levels. This phenomenon, called hormesis, is
exhibited by nearly all chemicals, bacteria, exercise, red wine, and sunshine, as well asionizing radiation.
As toxicologists Calabrese and Baldwin wrote: Nature, 421 (6924):691 (2003), "Hormesis is not an
exception to the'rule; it is the rule." Or, as Marshall Brucer, "father of nuclear medicine" put it, "In August
1985, a Conference on Radiation Hormesis...finally recognized that low-dose radiation is not only good for
you, it is essential to life." (HPS Proceedings, published in HPJour, 1987)

Scores of these reports were submitted to the NCRP, ICRP BEIR and other groups preparing policy-
making reports. Numerous technical sessions and special panel discussions, with many authors of these
papers, were presented to American Nuclear Society technical meetings from 1994 to 2004. These were
very well attended, many with standing room only. A summary of these sessions is provided by url.

References-1: Testing basic response mechanisms and some overall hormesis reports

2. The vast body of credible, peer-reviewed scientific data showing that low-dose radiation is not
harmful is consistently and repeatedly excluded from policy-setting "reviews." The means by which
this is accomplished is documented below. A few examples are given to show how extensive, and how
technically substantive, this omission has been. That is then exploited to argue that, since there is no
good data at low doses, it is prudent to assume the worst. There is no valid basis for that argument.

References: 2a: Examples of excluded data
2b: Exclusion situation on-the-record

3. Statistical challenge - It is argued that to produce statistically valid epidemiological dose-response
data in the low-dose range would require impractically large populations. This is simply not true:

First, as a matter of logic, the statement is true only if the relationship is in fact linear all the way
to zero dose--the Linear No Threshold (LNT) hypothesis. This leads to the silly syllogism: We can't prove
the LNT is true if the LNT is true, so we should assume that it's true. But actual data in the low dose range
is statistically valid in groups of easily obtainable size,

Second, there are in fact good epidemiological data involving populations of millions:
people living in naturally high-radiation backgrounds vs. low; people exposed to radiation for medical
therapy; people exposed to radiation occupationally. These data consistently show that those exposed to
low-dose radiation are not harmed and are usually benefited thereby.

References-3: Examples of good epidemiological studies of LDR health effects,

4. The prudence argument - is that there is no harm in presuming that all radiation effects are
harmful, and that it is therefore prudent to presume that the LNT model applies. That begs the question it
presumes to answer, and it results in demonstrably serious harm. Moreover, saying "LNT cannot be ruled
out" is ruled out by biological theory as well as by the direct data. LDR and HDR evoke different
processes that cannot be described by a single straight line.

The Prudence Argument denies the science and thus damages our credibility
Extreme, unnecessary requirements, place exorbitant costs and uncertainties on all activities

involving radiation, with no public benefit. And important beneficial uses of radiation are constrained.
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References-4a: Examples stating the "no harm" premise
4b: Examples of significant harm caused by the premise

5. The "collective dose" fallacy - The most egregious and harmful aspect of using the LNT model
for regulation is using the concept of collective dose to "predict" health effects and judge the quality of a
radiation protection program. This has no scientific merit, and in many ways works against good safety.

References-5 Examples of Repudiation of Collective Dose

6. The argument that dropping the LNT would complicate regulation - Some regulators have
argued that the LNT, being linear, is a simple basis for regulation, and that any other metric would be more
complicated and confusing. Since no other hazardous material is controlled under an LNT premise,.this
argument is hard to understand, let alone concur in.

Reference-6: R. Osborne statement of concern, and T Rockwell response

7. Despite conceding that there is little scientific evidence to support it, the various policy-setting
reports, ICRP, NCRP, BEIR, NCRB, et al., recommend that radiation protection be regulated under the
premise that no amount of radiation is small enough to be harmless., And they have repeatedly
prepared extensive reports claiming to support this conclusion scientifically. But their data and their
reasoning are flawed. Not only do they ignore the data that refutes their conclusions, but the "supporting
evidence" data that they do provide is flawed. Data are manipulated and misrepresented. Analytical tools
are used inappropriately. Reports are cited that have no data in the low dose range. Examples of these
and other breaches of scientific integrity are given here.

References-7: Examples of flawed arguments used to support LNT

8. A strange and important factor in keeping this situation from resolution lies in the wording of the key
policy-setting documents: they all recommend using the LNT model, but generally state that no
scientific evidence supports such a requirement. Thus, they try to have it both ways. One can create
documents from excerpts of the BEIR reports, or NCRP or ICRP reports, that are quite reasonable: they
say the radiation risk is minimal or zero; current procedures are adequate, all's right with the nuclear world.
But applicable policies require that designers and operators of real facilities pursue a phantom goal of
decreasing radiation doses, using ever-increasing real resources, toward an unreachable zero. Thus, the
framers of these reports accept no responsibility, for this unworkable situation, while basking in the
glory of favoring a radiation-free world.

References-8: Recommending LNT while conceding that science indicates otherwise

9. There have been a few public calls from knowledgeable persons and organizations to correct this
contradictory situation. These have been answered, as so often in the past, with statements that new
programs to "study low-dose radiation effects" will shed light on this problem during the next few years, so
do nothing now. RSH has requested assurance that existing research, heretofore ignored in setting
radiation protection policy, will this time be evaluated. No such assurance has been obtained. Regardless,
we have ample evidence now to resolve this discrepancy without waiting for any further information.

References-9: Several senior policy-makers have called for reform, but there has been no action.
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Testimony to the Nuclear Regulatory Commission's Advisory Committee on Nuclear Waste & Materials

Theodore Rockwell & James Muckerheide, Radiation, Science & Health, April 8, 2008

References I - Research Reports Contradicting LNT

In 1993, after a misleading public "debate" among LNT supporters claiming that low level radiation could
cause adverse health effects, J. Muckerheide, the Massachusetts State Nuclear Engineer, as a member of
the Mass. Governor's Advisory Council on Radiation Protection (ACRP), led the conduct of a state agency-requested ACRP review of the relevant scientific literature that was not considered by the BEIR V
Committee. In 1994, to further data and literature access, he began arranging technical sessions at
American Nuclear Society (ANS) national meetings. Experts were recruited from around the world.
Radiation, Science, and Health, Inc. (RSH), was formed in 1996 as an international non-profit organization,
to search out and distribute such data and communicate results beyond the research community.
Representative data is on its website (http://www.radscihealth.orq/rsh/docs). His September 1995
(http://www.radscihealth.orýQ/rsh/docs/JM509.html) coincided with forming and chairing the ANS Low Level
Radiation Health Effects Committee within the Biology and Medicine Division.
There are two seminal monographs on radiation hormesis by Prof. T. D. Luckey, chairman-emeritus,
Biochemistry, University of Missouri (Columbia) School of Medicine: Hormesis with Ionizing Radiation
(1980) and Radiation Hormesis (1991), both CRC Press, with more than 2000 hormesis references.

S. Hattori, VP and Director of Research at the Central Research Institute of the Electric Power Industry in
Japan, read Luckey's 1982 Health Physics Journal paper, from his 1980 book. Hattori requested that the
U.S. Electric Power Research Institute evaluate Luckey's results. EPRI organized a 1985 conference on
hormesis in Oakland CA. Selected papers were published in a Health Physics Journal Special Issue in
May 1987. Hatton encouraged K. Sakamoto, S. Kondo, T. Sugahara and many others to document,
reproduce and extend this research in Japan. He made presentations at several ANS sessions to report on
continuing Japanese hormesis research work in 14 research centers. Also in the 1980s-90s, E. Calabrese
brought the toxicologists into the issue, R. Evans and R. Rowland programs documented that workers with
radium body-burdens had no adverse health effects at doses below 10 Gy; B. Cohen demonstrated that
there are no adverse effects, and more likely health benefits, from high residential radon levels; and G.
Voeltz followed the health of plutonium-contaminated workers. Research and analyses of the relevant
radiobiological mechanisms were reported by L. Feinendegen, M. Pollycove, Z. Jaworowski, S-Z Liu, L.
Well, H. Rossi, P. Duport, R. Mitchel, G. Walinder, and many others.

References-I: In addition to sources mentioned above, a few key references are listed below:
Citing all the research that contradicts the LNT cannot be done in this space. Summaries of selected
papers presented at the RSH sessions during the ANS annual meetings, 1994-2000 are available at:
http://www.radscihealth.orQ/rsh/realism/ANSsessions1 994-1999a.doc

Summary of papers at RSH Symposium on Medical Benefits of Low-Dose Radiation, Nov.15, 2000:
http://www.radscihealth.orq/rsh/docs/RSHSympNovOO/index.htm

Abstracts of 85 research and review papers between 1995 and 1999 by Shu-Zheng Liu and coworkers at
the PRC Ministry of Health, Radiobiology Research Unit, Jilin University of Medical Sciences. Changchun,
China, 2000. (There are 113 additional papers from 2000to 2007 to be included on the website.)
http://www.radscihealth.orq/rsh/docs/shuzhenq fiu et al abstracts.htm

R. Mitchel and D. Boreham, "Radiation Protection in the World of Modern Radiobiology: Time for A New
Approach." IRPA-10, International Radiation Protection Association, Hiroshima, Japan, May 15-19, 2000
www.phvsics.ox.ac.uklusers/allison/NuclearSafety/Ron%/o20Mitchel /o20and`/`2ODouq`/`2OBoreham, /`20AECL, /o201R
PA-1 0,%20May%202000.htm
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W. Allison, "How Dangerous is lonising Radiation?" Oxford Colloquium, Nov. 23, 2006

www.physics.ox.ac.uk/users/allison/NuclearSafety/colloquiumNovember2006website.pdf

A. Aurengo et al., "Dose-Effect Relationships and Estimation of the Carcinogenic Effects of Low Doses of
Ionizing Radiation (Executive Summary)" Unanimous Joint Statement by French Academy of Sciences and
French National Academy of Medicine, 2005 www.radscihealth.orq/rsh/Papers/FrenchAcadsFinal07 04 05.pdf

C.L. Sanders, "Hormesis as a Confounding Factor in Epidemiological Studies of Radiation Carcinogenesis,"
Dose-Response 6(1): 53-79, 2008, cites 182 references.

E.J. Calabrese & L.A Baldwin, "Scientific Foundations of Hormesis" Crit Rev Toxicol 2001: 31: 351-624

Twenty pages of RSH comments on the EPA's use of LNT in setting drinking water standards are at:
www.radscihealth.orcq/RSH/Docs/Correspondence/EPAcommentslindex.htm

M. Pollycove & L. Feinendegen, "Biologic Responses to Low Doses of Ionizing Radiation: Part I: Detriment
vs Hormesis; Part I1: Dose Responses to Organisms" J NuclMed 2001:42:26N-37N
http://www.radscihealth.oro/rsh/docs/byAuthoblPollycove.htm

E. Lorenz etal., ""Long-Term Effects of Acute and Chronic Radiation in Mice. Part I". J Nat Cancer Inst
1955:15:1049

A. Caratero et al., "Effect of a Continuous Gamma Irradiation at a Very Low Dose on the Life Span of Mice"
Gerontology 1998: 44:272-276

N.A. Frigerio et al., 'Carcinogenic Hazard from Low Level Low Rate Radiation, Part I" Argonne National
Lab, 1973: ANLUES-26

L. Wei and T. Sugahara, "An. Introductory Overview of the Epidemiological Study.on the Population at the
High Background Radiation Areas in.Yangjiang, China" J Radiat Res (Tokyo) 2000: 41 Suppl: 1-7

G.L. Voelz, et al., "Fifty Years of Plutonium Exposure to the Manhattan Project Plutonium Workers: An
Update" Health Physics 1997: 73:611-619

B.L, Cohen, "Test of the Linear No-Threshold Theory of Radiation Carcinogenesis for Inhaled Radon Decay
Products" Health Physics 1995: 68:157-174

R.D. Evans, "Radium in Man" Health Physics 1974: 27:497-510

R.E. Rowland, "Bone Sarcoma in Humans Induced by Radium: A Threshold Response?" in Radioprotection
Colloques, Proceedings of the 27th Annual Meeting of the Eur Soc for Rad Biology 1997: 32:Cl/331-338

R.G. Thomas, "The U.S. Radium Luminisers: A Case for a Policy 'Below Regulatory Concern"' J Radiat
Protect 1994: 14:141-153

K.N. Rithidech and B. R. Scott. "Evidence for Radiation Hormesis in Human Lymphocytes." Presentation at
6th International Conference on Hormesis, University of Massachusetts, Amherst, MA, May 1-2, 2007.
The paper also describes significant new findings that were not reported at the Amherst conference.

S. Kondo, "Health Effects of Low-Level Radiation," Kinki University Press, Osaka, Japan, via Medical
Physics Publishing, Madison, WI 1993 (www.radscihealth.orcq/RSH/Docs/Kondo93/skl 2Ti.html)

J. Muckerheide, "There has NEVER been a Time when the Beneficial Effects of Low-Dose Ionizing
Radiation were NOT Known," 2002, (www.radscihealth.orq/rsh/docs/byAuthor/Muckerheide.htm)

T. Rockwell, "Bad Science in Service of a Bad Hypothesis," Health Physics News 2006: 34:9-10
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D. Higson, et al., "Effects of Low Doses of Radiation," Dose-Response 5, 259-262 (2007) by seven senior
participants in the 15th Pacific Basin Nuclear Conference at Sydney, Australia, October 2006. Excerpts:

"In summary, research reported at the 15PBNC showed that the popular concept of
radiation being harmful at any level of dose or dose rate (no matter how small) is not
supportable, viz:
* The risk of cancer generation is trivial or zero up to more than a hundred times the
average of natural background radiation.
- There are adaptive responses to low levels of radiation exposure which reduce the
effects of damage from all causes, including those from radiation, thus reducing risk to
levels lower than those observed in the absence of the radiation exposure.
* Because of this adaptive or hormetic effect, the dose and dose rate effectiveness factor
(assumed to be 2 in the application of the LNT model for the purposes of radiological
protection) becomes very large and can be assumed to be infinite at low doses and low
dose rates.

Claims that the.LNT model underestimates risks from low level radiation by orders of
magnitude have been vigorously expounded elsewhere and used as the basis for attacks
on the nuclear industry. There is no credible, consistent evidence to support these
claims."
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References-2a Credible Scientific Data Barred from Policy
Reports

The Radiation, Science & Health website quotes from eight formal protests that material submitted to
NCRP has been completely. and repeatedly ignored...
See www.radscihealth.org/rsh/docs/Correspondence/NCRP136/index.htm

Letter, Director, DOE Office of Science, to President, National Academy of.Sciences, July 15, 2005:

In addition, a number of significant epidemiological studies of workers exposed
occupationally to low dose/low dose-rate have been published. Although some of these
various studies were discussed in the BEIR-VIl Report, they were, in the end, left outof
the Committee's final deliberations.

Charles Willis, NRC, CHP, HPS Fellow and Board Member, in the transcript of ACNW meeting March
23, 1996, describing 1958 experiments at Oak Ridge showing that cells fed potassium with the K-40
removed were injured thereby, noted:,

So we couldn't publish theresults, another ill effect of the paradigm about the linear
hypothesis.

Myron Pollycove, MD, then NRC Special Medical Fellow and Professor Emeritus, Clinical Laboratory
Medicine and Radiology, UCSF and Chairman, RSH, in transcript of ACNW meeting, March 23, 1996:

There has been a good deal of low-dose data available that has high statistical
power and good controls in contrast to the epidemiologic data which was accumulated
during the'60s and 70s and '80s in the United States, as was pointed out by Frigerlo, as
wellas in Brazil, India, China, China being a very well-controlled case control.study.
UNSCEAR '94 felt that this was done as the National Cancer Institute recommended.
And all of these studies showed decreased mortality and decreased cancer in the high
background areas and as compared with the low background areas. Nevertheless,
these were discarded

Dr. R.G. Thomas of the Argonne National Laboratory report on the radium dial painters:
Thomas, R.G. (1994). "The US radium luminisers: A case for a policy of "below regulatory concern," J. RadioL. Prot. 14(2):141-153
(See: http://www.radscihealth.orq/rsh/dd3/2.4.1 5.3.4.1Thomas94.html )

The Scientific Advisory Board/Radiation Advisory Committee (SAB/RAC) urged EPA to
base its risk assessment for radium on human epidemiology data on radium watch dial
painters, rather than on modeled estimates, and urged EPA to present its rationale for
adopting the modeling approach for radium risk assessment....
EPA Reply: "EPA policy, supported by recommendations of SAB/RAC, is to assess
cancer risks from ionizing radiation as a linear response. Therefore, use of the dial painter
data requires either deriving a linear risk coefficient from significantly non-linear exposure-
response data, or abandoning EPA policy and SAB/RAC advice in this case." (1991
Federal Register 56, (138), 33050-127)

This excerpt exemplifies how the need to satisfy certain ground rules (the use of linear
modeling with what the EPA referred to as dose-squared radium dial painter data) forces
the rule-makers to use only data that tend to give the desired result, or to use dicta for
the interpretation of scientific data. One can only marvel that such results are generally
acceptable by the standard-setting community.
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A Unanimous Joint Report of the French Academies of Science and the National Academy of
Medicine, English text March 2005, 94 pages, 306 references by M. Tubiana and A. Aurengo, cited a
number of significant relevant reports and critical technical questions that were not discussed in BEIR-VII.
http://radscihealth.org/rsh/docs/Correspondence/BEIRVII/TubianaAurenqo5Oct05 .pdf An example is cite below:

The BEIR V-VII report does not discuss two important review papers, those of
Tanooka (2001) and Duport (2003) which showed the high proportion of animal data with
practical threshold or hormetic effect. These two papers are not quoted in the BEIR
report. If this is because the writers of the report disagree with their conclusions,, it
is regrettable that they do not explain why. The BEIR report is based entirely on a
technical NRPB memorandum by A.A. Edwards (1992), which is unfortunately not
available...

The BEIR-VIl report overlooks the complexity of the defense mechanisms and their
high efficacy at low doses (Feinendegen and Neumann 2005)... The Joint Report does not
share the skepticism of the BEIR report about the significance of these data for two
reasons: i) these phenomena are not now disputed and mechanisms are being
uncovered; ii) the absence of a mechanistic basis has never in science justified
overlooking data.. .These mechanisms and their variation with dose or dose rate are not
discussed in the BEIR-VII report or the ICRP preliminary report (2004).

Refs 2b: Recognition that Science Repudiates LNT is on the Record
The fact that low-dose radiation is harmless and often beneficial is not a new or minority opinion. It has
been given multi-page coverage in Fortune (Jun 03), Discover (Dec 02), American Spectator (Jul/Aug 02),
Crisis:(Jun 02), Wall St. Journal (Dec 19, 03), and Boston Globe (Dec 12, 03). The proto-scientist Paracelsus
said in 1540, "Nothing is poison but the dose makes it so." Within a few months after Roentgen's discovery of
x-rays, articles began appearing in scientific journals on the use of x-rays to cure infection. It was recognized
even then that the radiation was not strong enough to kill the bacteria directly, and that its effectiveness must
result from stimulation of the immune system. This phenomenon-toxicity at high levels and stimulation of
healing at low levels--is a nearly-universal biological process call hormesis. Calabrese and Baldwin report
(Nature 421, 691, 2003) "thousands of studies demonstrating hormesis.. .we see it across the whole plant and
animal kingdom... and at essentially every endpoint... hormesis is not an exception to the rule, it is the
rule." Jocelyn Kaiser's four-page News Focus on hormesis (Science 302, 376, 2003) contained a full-page
sidebar documenting the phenomenon's occurrence with ionizing radiation.

There is no lack of data on the effects of low-dose radiation. T.D. Luckey, Chairman Emeritus,
Biochemistry, U. Missouri-Columbia, wrote two books, Hormesis with Ionizing Radiation (1980) and Radiation
Hormesis (1991) with nearly 2000 references validating hormesis in plants, animals and humans. James
Muckerheide, as Chair of the ANS B&M Division Committee on Health Effects of Low Dose Radiation,
organized a series of sessions on Health Effects of Low-Dose Radiation at ANS annual meetings, 1994-2003.
Since 1994, the international public interest organization, Radiation, Science, & Health, has amassed and
evaluated several thousand documents on the health effects of low-dose radiation dose
(www.radscihealth.orq/rsh/docs). Edward Calabrese and colleagues at the Northeast Regional Environmental
Public Health Center, U Mass School of Public Health, publish a newsletter, Biological Effects of Low-Level
Exposures (1990-), and run an annual international conference on Non-Linear Dose-Response Relationships
(See www.belleonline.com.
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The nuclear medicine pioneer, Rosalyn Yalow, Nobel Laureate in Medicine, asserted:

No reproducible evidence exists of harmful effects from increases in background
radiation three to ten times the usual levels. There is no increase in leukemia or other
cancers among American participants in nuclear testing, no increase in leukemia or
thyroid cancer among medical patients receiving 1-131 for diagnosis. or treatment of
hyperthyroidism, and no increase in lung cancer among non-smokers exposed to
increased radon in the home.

The association of radiation with the atomic bomb and with excessive regulatory and
health physics ALARA practices [As Low As Reasonably Achievable] has created a
climate of fear about the dangers of radiation at any. level. However, there is no
evidence that radiation exposures at the levels equivalent to medical usage are harmful.

The unjustified excessive concern with radiation at any level, however, precludes
beneficial uses of radiation and radioactivity in medicine, science and industry. (Mayo
Clinic Proc 69:436-440, 1994)

Hugh F. Henry at Oak Ridge summarized the low dose data in the Journal of the American
Medical Association:

A significant and growing amount of experimental information indicates that the overall
effects of chronic exposure (at low levels) are not harmful... The preponderance of data better
supports the hypothesis that low chronic exposures result in an increased longevity.,.
Increased vitality at low exposures to, materials that are markedly toxic at high exposures is a
well-recognized phenomenon. (JAMA 176, 27 May 1961)

The "Wingspread Conference" August 1-3, 1997, concluded:

In a surprise move, leading US and international scientific experts agreed in an historic
accord that an increase in cancer has not been observed at radiation exposures below
10,000 millirem given to the whole body in a short time.

Prof. W.V. Mayneord, former member of UNSCEAR and ICRP, wrote:

I have always felt that the argument, because at higher values of dose an observed
effect is proportional to dose, at very low doses there is necessarily some effect of dose,
however small, is nonsense. (Mayneord, Radiation and Health, p. 140 (1964).
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References 3 - Some Good Epidemiological Studies of LDR Health Effects

1. The Nuclear Shipyard Worker Study
(R Sponsler & J Cameron, "Nuclear Shipyard Worker Study", Int J Low Radiation, 1, 4, 463 (2005)
www.ecolo.org/documents/documents-in-english/low-dose-NSWS-shipyard.pdf

The NSWS compared three cohorts: a high-dose cohort of 27,872 nuclear workers, a low-dose
cohort of 10,348 workers, and a control cohort of 32,510 unexposed shipyard workers. The
cohorts were matched by age and job categodes... (from the Abstract)

The NSWS is the world's largest and most rigorously controlled study of radiation workers.
Significantly lower total mortality was observed in both groups of nuclear workers. Significantly
lower mortality from all causes was observed among the cohort of nuclear workers who were
exposed.. .thanamong unexposed controls.. This significantly lower mortality contradicts the
linear non-threshold (LNT) model of radiation risk... (from the Conclusions)

The key comparisons in the NSWS were between non-nuclear and nuclear workers with the same
jobs and ages and among dose-ranked groups of nuclear workers. Since-cohorts and controls
were compared to each other, there should be little "healthy worker effect," especially of the
magnitude of 24% difference in SMR... Lea et al. (2000) and Pollycove and Feinendegen (1999)
noted errors in methodology and small sample sizes in smaller published studies that have been
cited as evidence of harm from low-dose radiation where harm did not exist. (from the Discussion)

The hormetic effect was dismissed by the government as a "healthy worker effect." That explanation
doesn't hold since the major objective of the study was to avoid that problem, as discussed above. So a
new objection was raised: a few workers were discouraged from assignment to nuclear work, because of a
family history of cancer. Neither of these objections had been raised during the: 10 years of the study.
Arthur Upton, Committee Chairman of BEIR V, which ignored this study, and NCRP-136, which claimed a
healthy worker effect, also headed the NSWS Technical Advisory Panel (TAP) charged with dealing with
such questions. The second author, Dr. John Cameron, was also on the TAP and "recalls no discussion of
selection bias during the many meetings of the TAP" and adds: "All TAP members approved the NSWS
Final Report, and evidence of selection bias could have been brought up at that time." In any event, the
few workers screened from nuclear work was too small to affect the conclusions, and the practice did not
last long, because the workers objected to being barred from the more lucrative nuclear jobs.

This report also discussed an epidemiological study on British radiologists that yielded the same kind
of results. (P.G. Smith & R. Doll, "Mortality from cancer and all causes among British radiologists." 1981
British Journal of Radiology, 54, 187-194)

2. Effects of High Natural Radiation Backgrounds

Fifteen reports on studies of the health effects of high natural radiation backgrounds are cited on the RSH
website, at: www.radscihealth.orq/RSH/Data Docs/1-2/6i2/12621ist.html . Zbigniew Jaworowski, Professor
Emeritus, and Chairman-Emeritus of the UN Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), of the Central Laboratory for Radiological Protection, discusses some of these findings:
(Jaworowski Z. "Stimulating effects of ionizing radiation: new issue for regulatory policy." Regulatory Toxicol
and Pharmacol 22,172-179,1995.)
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The question arises: why governments of various countries do not relocate populations
living in areas where lifetime dose of natural radiation is higher than 350 mSv. For example,
why are people not evacuated from Norway where all country average lifetime dose is 365 mSv
(Henriksen 1988), or from high background regions in India with a lifetime dose of >2000 mSv
(Sunta 1990) and in Iran with lifetime dose of >3000 mSv (Sohrabi 1990)? Perhaps in Iran, for
example, the government considered not to follow the ICRP guidelines when it considered the fact
that in a house in the city of Ramsar several generations were receiving average individual lifetime
doses of natural radiation of 17,000 mSv (240 times more than the current ICRP limit for exposure
of members of the public to natural sources of radiation). Yet these individuals show no increased
incidence of any disease, and some of them lived to 110 years of age (Sohrabi 1990).

The best radio-epidemiological study at low doses to date has been carried out in China. Between
1970 and 1986, 74,000 people in Yangjiang county, which has a high level of natural background
radiation (5.5 mSv per year), were compared to 77,000 people in'two adjacent low-background
counties (Enping and Taishan, 2.1 mSv per year). In the high-background county, the inhabitants
receive a 70-year lifetime dose of 385 mSv, which is higher than the intervention level for
evacuation adopted for Chemobyl, and 5.5 times higher than the dose limit proposed in the EPA.
Should the Chinese govemment evacuate Yangjiang county? The epidemiological data show
that... in an age group of 10-79 years the general (non-leukemia) cancer mortality was 14.6%
lower in the high-background county than in the low-background counties. The leukemia mortality
among men was 15% lower and among women 60% lower in Yangjiang (Wei et al. 1990)."

N. Frigerio, K. Eckerman, and R. Stowe ("Carcinogenic hazard from low-level, low-rate radiation,
part I" Argonne Nat. Lab.: ANL/ES-26, 1973) reported that Argonne was contracted to aid AEC for
environmental statements for nuclear facilities being licensed, and that "the hypothesis has been
advanced that a significant fraction of human cancer mortality may be due to the human radiation
background", i.e., at 170 millirem/yr, U. S. cancer mortality excesses are about 3,000 to 100,000
per year (about 1% to 30% of current experience). Since so important an etiologic factor would be
of major significance in cancer epidemiology, we examined these hypotheses from current vital
statistics and known radiation background. At about 33,600 cancer deaths/yr, i.e., about 10% of
experience, spread over 56 Mn types, about 54 radiogenic deaths per million population per Mn
type for the 18-year period of observation is expected.

Populations at rates below 0.3 and 0.03, by sex, race, Mn type, and state of residence, were
applied to bracket a rate at which the linear additive model would be easily tenable. Cancer
epidemiology does not usually consider expectations <5 or so, much less as decimals, but this is
the practice in radiation carcinogenesis studies. Thus, we have allowed this practice at rates of 0.3
or 0.03. At 0.003 a plus sign (+) indicates that the value is mathematically real but less than 1. With
so many Mn sites "violating the requirements of the model", even as judged simply by the T'-test,
we had to admit that it was extraordinarily improbable, at least at these levels. So, we dropped our
search value until, at 0.006, all of the observations went to zero except for the three stalwarts, ICD
151,153 and 171. Since we might have something, we did our estimations on 0.003, the mid-value
of the interval, rather than 0.006, its upper bound. In this range level, the normal 't'-test becomes
awkward, so we resorted to the more powerful Monte Carlo method. The U.S. population was
subjected to a random "rain" of radio-carcinogenic deaths at 0.003 for 100 18-year periods. Ergo,
not only is the null hypothesis, at 0.003, improbable, but Monte Carlo results suggest that a level of
roughly 0.003/20 would be needed to reach even a 63% confidence level. This corresponds to
about 16 deaths/yr per 200,000,000 population, about 0.005% of current U. S. mortality. In any
case the model certainly seemed untenable at any level much greater than 0.003/20 = 1.5x0-4, at
least as its authors originally presented it.



Testimony to the Nuclear Regulatory Commission's Advisory Committee on Nuclear Waste & Materials
Theodore Rockwell & James Muckerheide, Radiation, Science & Health, April 8, 2008

3. Epidemiological Studies of the Health Effects of Radon

3a - Dr. Bernard Cohen, Professor-Emeritus of Physics at the University of Pittsburgh has published a
great deal of information on his epidemiological work on the health effects of radon, showing that in the
range of interest, radon is beneficial rather than harmful. Because his findings were so persuasive,
being based on real people in their homes, and including nearly 90% of the American people, they
were attacked on the basis that such studies cannot be "informative" in determining the validity of the LNT
model. So Cohen has devoted effort to responding to these generic criticisms, pointing gut that they do not,
invalidate his findings. (www.phyast.pitt.edu/-blc/)

His basic paper, "Test of the Linear No-Threshold Theory of Radiation Carcinogenesis for Inhaled Radon
Decay Products" and follow-up papers by him and others have been widely discussed but never,
successfully repudiated.

Abstract: Data on lung cancer mortality rates vs. average radon concentration in homes
for 1,601 U,S. counties are used to test the linear no-threshold theory. The widely
recognized problems with ecological studies, as applied to this work, are addressed
extensively. With or without corrections for variations in smoking prevalence, there is a
strong tendency for cancer rates to decrease with. increasing radon exposure, in
sharp contrast to the increase expected from the theory. The discrepancy in slope is
about 20 standard deviations. It is shown that uncertainties in lung cancer rates, radon
exposures, and smoking prevalence are not important, and that confounding by 54
socioeconomic factors .. can explain only a small fraction of the discrepancy... In spite of
extensive efforts, no potential explanations for the discrepancy other than failure of
the [LNT] could be found. (Health Physics 68, 2 157-174, 1995)

Five years later, Cohen published a follow-up paper, "Updates and Extensions to Tests of the Linear Non-
Threshold Theory" (see www.phyast.pitt.edu/-blc/Update of LNT.pdf) of which the Abstract read:

Two weaknesses in a 1995 article on tests of the linear no-threshold theory of radiation
carcinogenesis are pointed out. One is addressed by introducing more recent cancer
mortality statistics, and the other is addressed by introducing 450 newly available potential
confounding factors. The later cancer statistics give results very similar to the original
ones for the nation as a whole, but do cause some significant changes for some
geographic areas. None of the new confounding variables helps to explain the large
discrepancy with predictions of the linear no-threshold theory, nor does the use of
more recent cancer statistics. (Technology, Vol. 7 pp.657-670, 2000)

3b - A large number of reports on beneficial health effects of radon are cited on the RSH website at:
www.radscihealth.orq/RSH/Docs/Radon/RnTherapiesindex.htm Three examples are given here:

Beneficial Effects of Radon. 100 Years of Radon Therapy [PDF, 114 KB1, by Prof. Dr. Klaus Becker.
http://www.radscihealth.orq/RSH/Papers/Becker04lJLR-RnTher.pdf

Abstract: Supplementing a recent review on human health effects of radon as a potential test for
the LNT. hypothesis (Becker 2003), this compilation of biopositive radon uses, in particular for the
treatment of painful degenerative joint and spine diseases, covers mainly the century of large-
scale use and scientific studies on this subject since the discovery of radon. Most of those studies
and experiences originated in Western Europe, in particular Germany and Austria, but also in the
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former Soviet Union other countries such as Japan. They have in common that they are relatively
little represented and known in the anglophonic scientific literature, where radon therapy is still
frequently considered as a somewhat controversial 'traditional medicine" closely related to placebo
effects, which should not be compared with the use of drugs such as non-steroid anti-rheumatics.

This review summarizes, based on the substantial experiences as reflected in a selection of about
hundred references, from more than one thousand which have been published on this subject, that
radon therapy by inhalation or bathes is established as an effective treatment not only by empirical
observations in different civilizations, but also in randomized clinical double-blind studies (Pratzel
1992). It.should be further explored as an effective and inexpensive alternative to the use~of
pharmaca, which cause, unlike radon, serious side-effects with more than 10.000 casualties
annually. It is demonstrated that the benefits in the adequate use of low-dose radiation exposures
far exceed the hypothetical lung cancer risk attributed to the inhalation even of low radon
concentrations, which is claimed by supporters of the LNT/collective dose assumption. Further
research could provide further explanation of the mechanism of the stimulatory radon effect on the
body's defense systems.

Gasteiner Heilstollen: The Radiation Effect of the Gastein Healing Gallery," Bad Gastein, Austria.
http:I/ww.radscihealth.org/RSH/Docs/Raddn/RadiationEffectOfGasteinHealin.qGallery.mht

Dr. Peter Brandmaier, in charge of radiation protection. [Note: This page has been removed from the revised
Heilstollen website - it has temporarily been replaced by the Google cache of the original page. Unfortunately, the
most useful graphic is absent.]

Moderate alpha rays in the form of the inert gas Radon coming from deep cracks in the mountain
massive around Bad Gastein have been made medically useful for the public coming for cures for
thousands of years (Gastein Thermal Springs). The opening up of just such a system of cracks by
the miners led to the founding of the Cure Enterprise Gasteiner Heilstollen (Gastein Healing
Gallery) in the fifties, in which Radon concentrations of an average of 43 kBq/m3 (maximal 160
kBq/m 3) in temperatures of up to 41.5°C and air for breathing that is saturated with humidity are
available for therapies.

Scientific Principles of the Health Treatments in Bad Gastein and Bad Hofgastein by Peter Deetjen,
Professor, Ph.D. Head of the Scientific Staff of the Research Institute Gastein - Tauernregion, and Head of
the Department of Physiology and Balneology, University of Innsbruck, 1997, Sem. Reports Salzburg
Austria ISSN 0256 - 4173.

The history of the Gastein region as a health resort dates back to the Middle Ages. Long before the
spring water became the subject of any scientific research, practical experience had shown which
diseases were most helped by the treatment. These include the more painful chronic rheumatic
conditions such as deformation or degeneration of the joints and inflamation of muscles, tendons or
joints. Bechterev's disease, spondylitis, spondylarthritis, osteochondrosis, neuralgia, chronic
neuritis, difficulties in movement after an accident or sport injury, peripheral circulatory problems,
slow healing wounds or injuries (e.g. ulcer cruris, parodontosis) and some of the problems
associated with old age and degeneration have all been treated in Bad Gastein and Bad
Hofgastein with some degree of success.

Finally, to this list should be added complications involving the endocrine system, preclimacteric
and climacteric difficulties, and impotentia coeundi et generandi.
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It may seem surprising that one treatment is prescribed for such a wide range of conditions.
Indeed, many of the effects are only known from experience, and have still to be properly explained
on a medical basis. However, modem scientific methods are producing more and more significant
findings that lead to better understandings of the subject. Analysis have shown that the most
active component of the Gastein thermal water is Radon-222.

The Gastein water meets all the official Austrian standards for "treatment water" as defined by the
"Austrian Heilvorkommen-law" and "Austrian Kurort-law".

The temperature markedly exceeds the required minimum of 20 'C and the concentration of
Radon-222 (20.0 nCiI) is also higher than the minimum of 10 nCi/I. (i.e., 10,000 pCi/I)"
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References 4a - "No harm in presuming radiation is never beneficial"

Although this premise presumes to answer the very question it claims to examine, the premise
nonetheless plays a key role in many of the policy-setting reports on radiation protection. For example:

ICRP-2005 Task Group C-1 states (page 12, line 9) as "The conclusions of this report" that "there seems
to be no particular reason to factor the possibility of a threshold into risk calculations for purposes of
radiation protection. The LNT hypothesis... remains a prudent basis for radiation protection at low doses
and low dose rates.."

ICPR-2005 enshrines this notion by requiring "Dose Optimization," which it defines as simply dose
reduction: "The concept of optimization... is tolengender a state of thinking in everyone responsible for
control of radiation exposures such that they are continually asking themselves the question, 'Have I
done all that I reasonably can to reduce these doses?'"

Cardis et al. Cancer in Nuclear Workers
Cardis E, Gilbert, ES, Carpenter L, Howe GR, Kato I, et al, "Effects of low doses and low dose rates of

external ionizing radiation: cancer mortality among nuclear industry workers in three countries." Radiation
Research 142:117-132 (1995):

As there was no reason to suspect that exposure to radiation would be associated
with a decrease in risk of any specific type of cancer.. .one-sided tests are presented
throughout...For leukemia excluding CLL, the number of deaths was less than 30... P
value presented was estimated using computer simulations based on 5000 samples,
rather than the normal approximation."

BEIR-VI Report on radon (page G-20) dismissed Cohen's extensive series of measurements and analysis
as follows:

The results of Cohen's analysis will seem biologically implausible to many investigators,
although it is probably theoretically possible at the individual level .... Most of us would
not be willing to discard a useful theory on the basis of such a test. [i.e., actual
measurements of radon levels and lung cancer fatalities in real people in houses.]

References 4b - But Defining Low-Dose Radiation as Hazardous IS Harmful

Below are some examples of what happens when a government agency takes seriously the statement that
no amount of radiation is small enough to be safe and ALARA-to-zero is the order of the day. Many other
potential opportunities exist that have not yet been exploited. J

(T. Rockwell, "What's Wrong With Being Cautious?" Nuclear News, June, 1997)
www.radscihealth.orn/rsh/docs/TR 6-97 FOF.html

a. Since radiation dose is often caused by discretionary time spent inspecting and testing in radiation
zones, this quixotic quest for zero dose creates an ill-advised incentive to reduce that time for no
health benefit, at increased risk of downgrading a situation (such as corrosion or leakage) important to real
safety. This problem is aggravated by awarding financial incentives for lowering a facility's collective dose
during a given time period. A facility's NRC Safety Rating is also affected by its change in collective dose.
This is a real and significant negative impact on safety caused by the current practice of emphasizing
radiation dose far beyond its real hazard.
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b. C.L. Sanders, "Hormesis as a Confounding Factor in Epidemiological Studies of Radiation
Carcinogenesis" with 182 references, Korea Advanced Institute of Science & Technology (2006),
concludes:

Because the LNT hypothesis is very well established, and because many strong radiation
protection organizations are in place, scientists and government officials are reluctant to
seriously consider the implications of the radiation hormesis phenomenon, which has very
important public health consequences. The cost in lives and money in implementing
current radiation guidelines is enormous, while the benefit to our health may be negative
with not less but more cancer.

c. The problem extends beyond nuclear power. EPA's latest limits on radium, uranium and-other
radioactive elements in potential drinking water sources makes illegal many large and small water
treatment facilities. In hearings, EPA argued that the cost of the chemicals necessary to reduce
radioactivity to meet the new limits was only a few hundred dollars a month for a typical facility. But the
reality is that the rules change many'small treatment plants from localy conrroie-op-rations run-by
minimally trained personnel to federally licensed nuclear facilities. The sludge they used to sell
locally for fertilizer is now defined as a hazardous radwaste, requiring specially controlled
transportation, handling, storage and ultimate disposal. Considerable documentation exists on this matter,
since RSH and others unsuccessfully sued EPA over this regulatory ruling.
www.radscihealth.orpq/rsh/docs/Correspondence/E PAcomments/index.htm

d. Radium-dialed aircraft instruments have been manufactured for decades under US government
specifications. When the military accrued far more instruments than it needed, it auctioned them off for
civilian aircraft. Lawsuits that these instruments caused cancer were successfully defended by the
government on the basis that the radiation from, the instruments was not sufficient to cause cancer.
Preservation Aircraft, Inc. was one of the "buyers in good faith" that bought these instruments for use in its
historic aircraft museum. Despite the legal finding that the instruments were not hazardous, the California
Department of Health Services destroyed over one million irreplaceable historic aircraft instruments and
associated equipment at a cost of $7M. The EPA then declared the entire museum building "contaminated"
and razed it to bare ground, although extensive testing by two independent contractors found no
contamination hazard. Although less than 2% of the equipment had radium instruments, none of which had

-measurable contamination, the company was unable to reclaim any of their inventory. Not only was the
company not compensated for this loss, but the owner was billed as an individual for the demolition, and his
house and personal belongings were inventoried by the govemment for seizure.
www.the-boondocks.orq/forum/index.php?t=msq&qoto=13680&

e. Exxon was sued for over a billion dollars because its naturally-radioactive drilling mud exposed
eleven drill operators to radiation without their informed consent. Legal defense was made difficult by the
claim that, under the law, "no amount of radiation is considered small enough to be safe." The original
award was reduced to $112 million.

http://smithstaq.com/Articles/BLOOMBERG.COM%/o2004012005`/`20Exxon`/`2OWins`/`20$888%/`20MIn%/o20Verdict/%2
OReduction ,%20Loses%20Appeal%20%20Update3.pdf

f. Many years ago, a potentially large bed of uranium ore was discovered in Virginia. If this much energy
had been in the form of oil, we would be prepared to sacrifice a generation of soldiers to secure it. But
instead of rejoicing at this unexpected bounty, the state promptly passed a law forbidding any mining of
It. (See: wwwrwashingtonpost.com/wp-dyn/content/article/2008/01/01/AR2008049+0444 i - - -- __-__......
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g. Most of the fears people have regarding the safety of nuclear energy and other beneficial uses of
radiation are based on the false concept, repeatedly proclaimed and not denied, that radiation poses a
mysterious and unprecedented hazard. The idea of "no safe dose" is at the root of that fear. It applies
to. no other hazard and there is no basis for applying it to radiation.
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References 5 - The Harmful Fallacy of Collective Dose

Use of Cumulative Radiation Dose as a Measure of Good Practice or of Casualty Magnitude

Radiation protection policy uses as a prime measure of the severity of a casualty, or the efficacy of
"good plant operation," the total collective radiation dose in person-rem, multiplying trivial individual
radiation doses by large numbers of people to "predict" many induced cancer deaths. That process
has been repeatedly condemned as scientifically indefensible. Yet current policy presumes that,
in the absence of more data, this is the prudent course. That contention is wrong on both counts: there
is no lack of applicable credible data and the data show persuasively that low-dose radiation is not
harmful. And use of this unwarranted practice continues to have serious detrimental effects.

NCRP-121 specifically warns that collective dose should not be used to predict death or injury from
low-dose radiation:

"The summation of trivial average risks over very large populations or time
periods... has produced a distorted image of risk, completely out of perspective with
risks accepted every day, both voluntarily and involuntarily." (p.58)

And again:

"...it is recommended that regulatory limits not be set in terms of collective
dose.. .When the uncertainty in the number of individuals ... is large... collective dose
should not be used as a surrogate for risk, even at relatively high levels of individual
radiation dose." (p. 62)

Roger Clarke, Chairman of the International Commission on Radiological Protection wrote (1 Oct 98 at
http://hps.orq/documents/controllable.pdf):

"If the risk of harm to the health of the most exposed individual is trivial, then the
total risk is trivial-irrespective of how many people are exposed".

And the Health Physics Society, in its March 1993 Position Statement, emphasized in bold-faced type:

"We strongly recommend that dose limits be applied only to individual members of the
public, not to the collective dose to population groups."

The French Academy of Medicine quoted and concurred with the above statement from NCRP-
136, and stated in a press release 4 Dec 01:

[the Academy] associates with many intemational institutions to denounce improper
utilization of the concept of the collective dose to this end. These procedures are
without any scientific validity, even if they appear be convenient to administrative
ends.

A Unanimous Joint Report of the French Academies of Science and the National Academy of
Medicine, English text March 2005, 94 pages, 306 references, by M. Tubiana and A.Aurengo, objected to
endorsing the LNT and made the following simple statement about collective dose:

The concept of collective dose cannot be used for evaluating the cancer risk in a population

Zbigniew Jaworowski, MD, PhD, the noted member and former chair of UNSCEAR, wrote in "Radiation
Risk and Ethics" (Physics Today, Sept 1999, 24-29) that use of collective dose:



was introduced in the early 1960s...the concept is still widely used, although both the concept
and the concern [about harmful hereditary effects] ought to have faded into oblivion by
now... Individual doses cannot be additive over generations, simply because humans are mortal
and the dose dies when an individual does. Similarly, individual doses cannot be added for
individuals of the same generation because we do not contaminate one another with a dose that
we have absorbed...

If harm to the individual is trivial, then the total harm to members of his or her society over
all past or future time must also be trivial-regardless of how many people are or will have
been exposed.



References 6 - "Dropping LNT Would Complicate Regulation"

Some regulators have argued that the LNT, being linear, simplifies regulation, and that any other
metric would be more complicated and confusing. For example, Richard Osborne writes in the Canadian
Nuclear Society Bulletin:

(R]adiation measurements, dosimetry, and environmental modeling would become much
more complicated with a departure from an assumption of linearity of dose and response
for protection purposes. The instruments and models would need to be much more clever
than the ones with which I have been involved in my near four decades. Operational
protection, too, would be much more complicated. (CNS Bull. Vol 19 No 4, Oct-Dec 98)

This problem arises only if one assumes that cells damaged by radiation are somehow different from
those damaged by normal metabolism, and thereby resist the repair process continually going on for all
other damaged cells. It is true that radiation inflicts more double breaks than the oxidation damage caused
by metabolism. But, because of the much greater number of cells damaged by metabolism., there are still
more than 1000 times as many double breaks from metabolism than from low-!dose radiation, and
measurements.of the number of mutant cells remaining after repair confirm this fact. The radiation-
damaged cells do not add to the remaining mutants; in fact, by stimulating the defense mechanisms, the
number of mutant cells is significantly reduced. (M. Pollycove & L. Feinendegen, "Biologic Responses
to Low Doses of Ionizing Radiation: Part I: Detriment vs. Hormesis; Part I1: Dose Responses to Organisms"
J Nucl Med 2001: 42:26N-37N http://www.radscihealth.orq/rsh/docs/byAuthor/Pollycove.htm

Since few, if any, other hazardous materials are controlled under an LNT premise, this argument
is hard to understand, let alone concur in. With LNT, unlike a typical permissible concentration regulation,
no amount of dilution in time or space can diminish the defined hazard. This creates problems and
uncertainties never encountered in other types of hazard control. The unreachable zero becomes the
implied requirement for radiation and radioactivity, in a natural background whose magnitude and
variation create a hundred-fold noise-to-signal ratio. (See response by T. Rockwell in CNS Bull, 20, 1,
Jan-Mar 99)
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Refs 7: Bad Science & Flawed Arguments Used to Defend LNT

Sir Francis Bacon described scientific research as putting nature on the rack and torturing her to reveal her
secrets. In this context, it has been said that scientific data are like captured spies: if you torture them long
enough, they'll tell you whatever you want to hear. The raw data on the effects of low-dose radiation-
on A-bomb victims, people living in high natural radiation areas, patients irradiated therapeutically, workers
irradiated occupationally, and well as on lower organisms-the results are the same: High doses are
deleterious, low doses are harmless or beneficial. It takes a lot of manipulation to make the data say
the opposite. Here are some examples as to how this has been done.

a. Biased selection of data, e.g. rejecting unwanted data is a prime anathema in science. As noted
above (Refs-2), this is a repeated offense in reports advocating use of LNT.

b. Calculating cancers and deaths from "collective dose" has also been repeatedly discredited as
being scientifically invalid (Refs-5), yet is also a common offense in these reports (Refs 4a).

c. Discovery of "Cancer Clusters." This practice, common among anti-nuclear activists such as
Steven Wing, Ernest Sternglass et al., is tolerated too often by the nuclear community. It involves
collecting (say) cancer rates in counties around a nuclear facility. The raw data nearly always shows no
increased cancer. But a diligent parsing of the data will show that in some counties, some types of
cancers, for some age groups of "victims," are above average, and some are below. Ignoring those
below average, the researcher announces with alarm that there are "cancer clusters" downwind of the
facility. it is important to notethat the age groups and the cancer types showing high values in one
location are not generally the same for another location. (And it often turns out that some of the
counties with high cancers are not downwind, and some downwind counties are not high cancer.
When Stemglass was asked publicly how he selected the counties, he replied that he took those with
high cancer rates.) There have been a few such reports for which an increase was valid, but this was
shown to be unrelated to radiation and associated with such factors as groups of recent immigrant workers
for whom the normal cancer base differed from the rest of the local population. In this connection, it is
interesting to note that, whereas nuclear plants do not generally release significant amounts of radiation,
coal-burning plants do.

d. Inappropriate manipulation of data can take many forms. A common one is to lump all low-
dose data into one dose-range bin (e.g. 0 to 50 rad), even though that may be up to 80% of the data
points into one of six or more bins. Thus, the higher values in this bin will offset the hormetic effect of the
lower values. This is done with the A-bomb data and some other examples below. Another type of
inappropriate manipulation occurs when the numbers of cases is too small for good statistics, so a
computer-synthesized larger population is used for calculating uncertainties.. Some examples follow:

Cardis et al. Cancer in Nuclear Workers
Cardis E, Gilbert, ES, Carpenter L, Howe GR, Kato I, et al. "Effects of low doses and low dose rates of external
ionizing radiation: cancer mortality among nuclear industry workers in three countries." Radiation Research 142:117-
132 (1995).

The report covered 7 facilities with 95,673 workers, but omitted the 10-year multimillion-dollar study of US nuclear
shipyard workers with 700,000 workers-a study that showed statistically significant decrease in "all malignant
neoplasms" and in "deaths from all causes." The report states:



Testimony to the Nuclear Regulatory Commission's Advisory Committee on Nuclear Waste & Materials-
Theodore Rockwell & James Muckerheide, Radiation, Science & Health, April 8, 2008

"As there was no reason to suspect that exposure to radiation would be associated
with a decrease in risk of any specific type of cancer...one-sided tests are
presented throughout...For leukemia excluding CLL, the number of deaths was less
than 30... P value presented was estimated using computer simulations based on
5000 samples, rather than the normal approximation."

There were seven groups of data reported. Four show 86 observed deaths below the LNT. These deaths (72%
of the total) were excluded from the analyses and conclusions. The remaining 33 deaths were then increased
by computer modeling to 5000, so as to construct a P value of 0.048, just under the 0.05 level considered significant.

Miller et al. Canadian Fluoroscopy Study
Miller AB, Howe GR, Sherman GJ, Lindsay JP, Yaffe MJ, Dinner PJ, Risch HA, Preston DL. "Mortality from breast
cancer after irradiation during fluoroscopic examination in patients being treated for tuberculosis." N Engl J Med 321:
1285-1289 (1989).

32,710 women in a tuberculosis sanitarium were examined periodically by fluoroscope to monitor-lung-collapse
therapy. This report finds a linear increase of breast cancer mortality with radiation dose, an increase of 60 cancers

'in one million 30-year-old women. The data were not plotted, and the hormetic (beneficial) effect was not
reported. However, the data in the report show a strong hormetic effect: breast cancer relative risk was reduced to
0.66 (P<0.05) at 150 mGy and 0.85 at 250 mGy. At 150 mGy, the LNT "predicts" 900 excess cancers, while the data
at 150mGy show a reduction of 10,000 cancers in one million 30-year-old women. During a meeting of the BEIR-VII
committee, this discrepancy was discussed. One of the authors of this study responded, "They like straight lines."

Radon in homes
Samet JM, et al. "BEIR-VI: Health effects of exposure to radon." National Research Council, Washington, DC,
National Academy Press (1998).

Cohen BL, "Test of the linear no-threshold theory of radiation carcinogenesis in the low dose, low dose rate region"
Health Physics 68:157-174 (1995) and several follow-up papers, responding to comments.

The Cohen papers reported actual average lung cancer deaths in counties containing nearly 90% of the U.S.
population, and compared it with average residential radon exposure in those counties. His data showed
continuous decrease of lung cancer with increased radon dose. Because of the huge population iinvolved (over
200 million), his statistical precision wasvery high. The high population number also enabled him to correct for
smoking, urban vs, rural, age, gender and many other variables, none of which significantly changed the results.

Because his evidence differs from the LNT by 20 standard deviations, the policy-makers have tried to ignore,
obfuscate and disparage it. But their criticisms take the form of generic objections, which do not in fact apply
to the actual case. For example, the BEIR-VI report on radon, on which the EPA regulations are based, relegates
this evidence to its Appendix G and doesn't even mention the many other studies that reach the same conclusion.
Appendix G states:

Potential confounding by smoking was addressed... The potential for confounding by socio-
demographic factors or their correlates was explored by stratification on levels of 54 variables.
Confounding by geography was assessed by stratification, and the sensitivity of the findings to
outliers was examined. There was a strong negative association between 1970-1979 lung-cancer
mortality and the county-average radon concentrations; the association could not be explained
by confounding.

In interpreting this finding, Cohen proposes that the negative association implies failure of
the LNT theory.
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This convincing conclusion is ignored in the body of the report. The Executive Summary Conclusions
state: "The carcinogenicity of radon is convincingly documented through epidemiological studies of
underground miners, all showing a markedly increased risk of lung cancer." But miners are exposed to
diesel fumes, silica and other mineral dusts, as well as higher radon levels than found in homes. Certainly
all high-radon home-dwellers do not "show a markedly increase risk of lung cancer." The Conclusion
concedes, "most of the radon-related deaths among smokers would not have occurred if the victims had
not smoked."

But what about Cohen's data on actual people living in homes? This is not even mentioned in the entire
fourteen-page single-spaced Executive Summary. Nor is it discussed in the mainbody of the report.
Going back to the 61-page Appendix G, we find that "ecological studies" (the type that Cohen and others
performed using average radon measurements and average lung-cancer data) are dismissed as follows:

We conclude that ecological studies are non-informative for estimating risks posed by
exposure to indoor radon or for evaluating a potential threshold exposure below which radon-
progeny exposure would not be harmful.

Cohen's work has been replicated by others. For example, Dr. Gary Sandquist and others (1997) took
EPA's radon data and cancer data from the American Cancer Society and showed the same relationship
that Cohen's work shows. They found that average radon doses vary from state to state by an order of
magnitude, and that the cancer rate in the lowest radon states was nearly four times that "predicted"
by the LNT model, whereas the cancer rate in the high-radon states was only one-seventh of the
LNT prediction.

So what does the BEIR committee base its conclusion on, that 15,400. to 21,800 (3 significant figures?)
Americans die each year from radon? Even after ignoring scientific evidence it dislikes, the huge error
bars in its own supporting documentation make any correlation between lung cancer and radon levels
found in homes unpersuasive.

e. Misrepresentation of results

Having committed serious breaches of scientific protocol in its canonical literature, the radiation
protection community then misrepresents the scientific knowledge base of low-dose radiation health effects
by actions such as the following:

It mandates the A-bomb victim data as the "Gold Standard" for calculating radiation health
effects, despite the enormous differences between that situation and the homes and work-places
where the resulting regulations apply. It rules out the extensive study of workers at nuclear
shipyards as "healthy worker effect," though it was designed specifically to avoid that problem; and
data from high natural background locations for unstated reasons; and epidemiological studies of
radon in homes, because it has been criticized (though none of the criticisms invalidated the
conclusions); and studies of medically-irradiated patients, because their sickness makes them
atypical.

It treats natural radiation different from man-made, except that it sometimes burdens uranium,
radium, and radon with a full panoply of radiation regulations. And sometimes not. Over 60,000
websites discuss this topic, e.g.: www.arpansa.qov.au/aboutus/committees/norm.cfm#QenericContent This
becomes an issue only if radiation levels below natural backgrounds are defined as hazardous.
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Bobby Scott, et al. (B. Scott, C. Sanders, R. Mitchel, D. Boreham, "CT Scans May Reduce Rather than
Increase Risk of Cancer," J Amer Physicians & Surgeons 13, 1, 8-11, Spring 2008) discuss flaws in
many papers that disguise the presence of what they call "radiation activated natural protection"

(radiation ANP), a term they use in deference to those offended by the word hormesis"

Failure to Report Radiation-ANP-related Suppression of Cancer
Most epidemiological studies of radiation-induced cancer do not report radiation-related
ANP. The designs of epidemiological studies of radiation-induced cancer are largely
influenced by the presumption that the LNT model is Valid. Some approaches used in
such epidemiological studies that make it difficult to demonstrate or recognize adaptive
response and thresholds for excess cancers are as follows:

I. Dose lagging (ignoring some of the radiation dose), which shifts the dose-response
curve to the left, as was done in the analyses of Cardis discussed by Brenner and
Hall as supporting evidence for increased cancer risk at low doses;

2. Averaging risk over wide dose intervals in cohort studies, as was done for A-bomb
survivor cancer data cited by Brenner and Hall to infer increased risk for the entire
weighted dose interval 10-150mSv;

3. Averaging odds of cancer over very wide dose intervals before calculating the odds
ratio in case-control studies;

4. Including individuals who received low-dose radiation in the unexposed group in.
cohort and case-control studies;

5. Employing linear extrapolation from high to low doses after dose-lagging or odds-
averaging over wide dose intervals;

6. Not adjusting for the impact of combined injuries and differences in genetic
susceptibilities when using A-bomb survivor data to assess cancer risk for another.
population; and

7. Ignoring radiation ANP (whichis supported by low-dose data) for no apparent reason
other than it does not fit the LNT model.
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Refs 8: Recommending LNT while Conceding that Science Indicates Otherwise

No credible scientific case has ever been made for the belief that low-dose radiation is harmful.
Long, formal reports by the National Council on Radiation Protection and Measurements (NCRP) discuss
effects from high-level radiation and in cells in culture (with no functioning immune systems), and other
peripheral subjects, but they concede that science does not support the idea of deleterious health effects
from low-dose irradiation. After claiming no valid LDR data exist, they argue that LNT "cannot be
excluded." But biological theory-knowledge that LDR and HDR invoke different processes--is enough
to exclude LNT, even if direct experimental measurement had not already doneso.

For example, the report NCRP-121, states:

Few experimental studies, and essentially no human data, can be said to prove, or even
provide direct support for the concept.. Ilt is conceptually possible, but with a vanishingly small
probability, that any of these effects could result from the passage of a single charged particle... It
is a result of this type of reasoning that a linear non-threshold dose response relationship cannot
be excluded. (p. 45, emphasis added)

And NCRP-136 goes further, to concede:

It is important to note that the rates of cancer in most populations exposed to low-level
radiation have not been found to be detectably increased, and that in most cases the
rates have appeared to be decreased. (p. 6)

The French Academy of Medicine quotes and concurs with the above statement from NCRP-136,
and states:

The hypothesis of the risks of cancer induced by low doses and dose-rates is founded on the
extrapolation of data of highly-exposed human groups, applying the risk as being constantly
proportional to the received dose without being limited by a threshold, the linear no-threshold (LNT)
assumption. This hypothesis conflicts with itself and has many scientific objections (10); it is
contradicted by experimental data (11) and epidemiology. ..[the Academy] denounces
utilization of the linear no-threshold (LNT) relation to estimate the effect of low doses...
(Dec 2001)

A Unanimous Joint Report of the French Academies of Science and the National Academy of
Medicine, English text March 2005, 94 pages, 306 references, by M. Tubiana and A. Aurengo, objected to
endorsing the LNT and demonstrated that extensive scientific'evidence backs this conclusion:
http://radscihealth.orqg/rsh/docs/Correspondence/BEIRVII/TubianaAurencqo5OctO5.pdf

The LNT model, used in 1956 by Russell to evaluate the radio-induced mutations in the germ cell
line of the mouse... was considered a convenient pragmatic relationship but not a model based on
scientific data.. .This procedure has become a dogma in many radioprotection circles, but the
validity of the LNT has been challenged in the past decade for two main reasons: a) the meta-
analysis of the animal data have shown the absence of any carcinogenic effect below 1OOmSv;
b) scientific progress has revealed the complexity of carcinogenesis, and c) the diversity and
effectiveness of the responses of a cell to irradiation...The lack of validity of the LNT
relationship for chromosome aberrations at low doses with low LET radiation is not
surprising... LNT cannot be used to predict chromosome aberrations for very low doses.. .These
hypotheses [supporting LNT] are not consistent with current radiobiological knowledge...

One of the main arguments of the proponents of LNT was the linear dose-effect relationship for
solid tumors among the survivors of the A-bomb. In fact, the latest analysis reveals that the dose-
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effect relationship is not linear.. .Current radiobiological data are not consistent with the
implicit assumptions on which the LNT is based.. .Animal experiment data suggest the
existence of a threshold ...These conclusions regarding differences in the efficacy of the protection
system are supported by various experimental or clinical data, which highlight the impact of
repair on the biological consequences of irradiation...Not long ago, some proponents of the LNT
claimed that an analysis of the data of the A-bomb survivors (Brenner et al, 2003) showed an
excess of solid tumors after low doses. However this conclusion was open to question... their
conclusions for doses below 100 mSv were not convincing. The same remarks can be made
regarding the data on radiation workers (Cardis 2005)... The BEIR-VII Report is devoted to low
doses (below 100 mSv) and yet over 90% of the report discusses effects resulting from
much higher doses.. .The basic radiobiological assumptions of the LNT are not in accordance
with recent data.

The two relevant professional societies, the American Nuclear Society and the Health Physics
Society, have also supported this stance in carefully considered Position Statements:

It is the position of the American Nuclear Society that there is insufficient scientific evidence to
support the use of the Linear No Threshold Hypothesis in the projection of the health effects
of low-level radiation. (PS-41, June 2001)

In accordance with the current knowledge of radiation health risks, the Health Physics
Society recommends against quantitative estimation of health risks below 5 rem in one
year. (Public Statement on Radiation Risk in Perspective, Jan 1996)

Both societies agree in these statements that:

Below 10 rem...risks of health effects are either too small to be observed or are non-existent.

In addition to ignoring the most relevant evidence, ICRP.2005, Technical Task Group C-I Report
does not try to demonstrate that its self-restricted data pool and analyses support its conclusions. It
speculates that various processes and phenomena have been "suggested" or "postulated" that "may
induce" or "would enhance" various effects and "thus facilitate the accumulation of the requisite number of
genetic events to produce a cancer." It then quickly adds that "most types of cancer have not been
associated with specific DNA repair defects." (page 115, line 21). And in "Conclusions" (p.189, lines 16-18)
it asserts:

There is no direct evidence, from either epidemiological or experimental carcinogenesis
studies, that radiation exposure at doses on the order of 1 mGy of less is carcinogenic,
nor would any be expected...

Lauriston S. Taylor, charter member, ICRP; President-Emeritus, NCRP, special assistant to the President,
National Academy of Sciences, wrote (Health Physics 1980; 32, pp 851-874):

No one has been identifiably injured by radiation while working within the first numerical
standards set first by the NCRP and then the ICRP in 1934.... [NCRP chose 0. 1 r/day on
3/17/34; ICRP chose 0.2 r/day in July 1934-- 35 times greater than the present
recommendations.] Let us stop arguing about the people who are being injured by
exposures to radiation at the levels far below those where any effects can be found. The
fact is, the effects are not found despite over 40 years of trying to find them. The theories
about people being injured have still not led to the demonstration of injury and, if
considered as facts, by some, must only be looked upon as figments of the imagination.
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Carl Paperiello, then NRC Director of Nuclear Material Safety & Safeguards, at that same meeting said:

I do not believe the linear, non-threshold model, but I use it as the basis for all health
effects evaluations that are my official NRC duties. I want to make something clear. We
use it in the agency,. I use it. I don't as a scientist believe it.

Gaia proponent Prof. James Lovelock, FRS, in his forward to Bruno Comby's Environmentalists for
Nuclear Energy:

Life began nearly four billions years ago under conditions of radioactivity far more intense
than those that trouble the minds of certain present-day environmentalists... We need to
keep in mind the thought that these fierce energies flooded the Very womb of life.



Testimony to the Nuclear Regulatory Commission's Advisory Committee on Nuclear Waste & Materials
Theodore Rockwell & James Muckerheide, Radiation, Science & Health, April 8, 2008

References-9 Recognition that Change is Needed

US Nuclear Regulatory Commission Chairman, Dale Klein, stated in a major policy talk June 27, 2007,
"A Look Ahead for NRC and the Industry":

The public needs to understand there is such a thing as harmless exposure-which
I think most people would grasp if you explain it in terms they can understand... like a
standard banana.

Nils J. Diaz, Then-Chairman, US Nuclear Regulatory Commission, to Japanese Atomic Industrial
Forum Annual Conference, April 21, 2004, Tokyo, Japan:

I am convinced nuclear regulation now needs to be anchored in realistic
conservatism... if we are to avoid the twin pitfalls of under-regulation and over-
regulation...I use "conservatism" in the sense of preserving adequate safety margins, and
I use "realistic" in the sense of being anchored in the real world of physics, technology
and experience...When engineering margins are applied to input parameters, they can
distort our understanding of what is truly important Safety margins are better
discerned when they are applied at the decision-making stage, rather than at the
analysis stage.

Letter, Director, DOE Office of Science, to President, National Academy of Sciences, July 15, 2005:

I am writing to express my disappointment in the newly released BEIR-VII Report, with
regard to its overall conclusions and, in my view, an inadequate consideration of the
significance of recent scientific advances. Many of us in the scientific community are
concerned that the BEIR Committee chose to use only published analyses of data from
the Japanese A-bomb Life-Span Study in its estimates of risks for the U.S. population,
and to reaffirm the use of the linear no-threshold (LNT) hypothesis for extrapolation of
risks to low-dose radiation.

American Nuclear Society Position Statement No. 65, "Realism in the Assessment of Nuclear
Technology":

It is customary for scientists and engineers when modeling hypothetical accident
scenarios and failure. mechanisms to make conservative assumptions and add safety
margins. This practice, however, should not lead to assumptions that are physically
impossible or contrary to common sense. "Worst case scenarios" should not violate
the laws of nature.. .The absence of realism produces inaccurate results, undue alarm of
the public, and, ultimately, lack of credibility...

Therefore, the ANS encourages the scientific and engineering community and national
leaders to apply realism to regulations, practices and public policy and information.
Scientifically unfounded or unduly exaggerated consequences are a disservice to
the scientific community and the public at large. (Approved, Board of Directors, June
17, 2004)
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Philip Abelson, Editor Emeritus of Science, wrote:

The current mode of extrapolating high-dose to low-dose effects is erroneous for both
chemicals and radiation. Safe levels of exposure exist. The public has been needlessly
frightened and deceived, and hundreds of billions of dollars wasted. A hard-headed, rapid
examination of phenomena occurring at low exposures should have a high priority.
(Editorial in Science 265, 9 Sept 1996.)

Marvin Goldman, past HPS President, wrote:

It is time to scientifically challenge the old tenet that cancer risk is always proportional to dose,
no matter how small...It is time to update our thinking and policies. (Science 271,Mar 1996)

Prof. Gunnar Walinder, former Chair, Swedish Radiobiology Society and UNSCEAR member, wrote in his
book Has Radiation Protection Become a Health Hazard?:

Not only do the current models of radiation carcinogenesis disagree with modem oncology, but
most important they have contributed to a number of misconceptions about radiation risks.
What concerns me most is whether the radiological doctrines have sometimes caused greater
.health and environmental problems that those we seek to avoid.

Walinder called this situation "the greatest scientific scandal of the century" and Lauriston Taylor
called such practices "deeply immoral uses of our scientific heritage."

Some nuclear advocates say that aligning policy, practice and science in this way would not change much
in the real world. They say, "Without LNT, I'd keep on doing the same-thing." And with that view, they
probably would. But, on at least two occasions, leaders in the nuclear community have taken a
serious look at what designing, operating, and regulating with parameters based on the applicable
physics, biology and engineering could lead to. Shortly after the TMI casualty in 1979, Chauncey
Starr, Milt Levenson, et al., published an EPRI study on what consequences might result from a
maximum realistic meltdown casualty-no bickering about probabilities, assume the core melts. Using
known properties of materials, measured rates of physical processes, and realistic estimates for radiation
levels and resulting health effects, they demonstrated that few if any deaths would be expected. This•
report was well documented and widely distributed internationally, and its conclusions never effectively
challenged. After 9/11, this issue was re-examined with the latest data, and published as a peer-
reviewed study, in Science by 19 members of the National Academy of Engineers. The question of low-
dose health effects was again raised, and refuted with documented support. These papers suggest how
different the entire nuclear enterprise could be, if we stopped accepting that "there is no harm" in
assuming that radiation and nuclear reactors act differently than our scientific observations indicate. The
Science report is available at: http://www.radscihealth.orq/rsh/docs/Chapin20SepO2Science-PolicyForum.pdf.
Comments and authors' response are at: http://www.radscihealth.orq/rsh/dbcs/ScienceLtrs-Respl-10-03.pdf.

The Science paper's many references include the 1981 EPRI report that has its own bibliography of
supporting documents. How much longer will we rely on computer models that don't match reality?



Introduction: "....The report offers a glimpse into the history /ffluoride, a bio-acciunulative toxic that
Americans ingest every day. The authors, Gri/Tiths and Bryson, spent more than a year on research. Withl
the belief that the infbrination should be withheld no longer, the authors gave their report to Waste Not,
and others, with a short note: "use as you wish.
The science o/fluoridating public drinking water systems has been, fiom day one, shoddy at best. As we
learn firom this report, the basis-of that science was rooted in protecting the U.S. Atomic bomb program
from litigation. Americans have been convinced thatfluoride will save their teeth and we drink more
fluoridated water than any other nationality on earth. We learned about the dirty politics involved in the
science and selling offluoridation to a trusting public. We spent three months researching' fluoride which
resulted in the longest newsletter we've ever produced: Waste Not # 3 73. We learned that fluoride is a
poison that accumulates in our bones. It has been associated with cancer in young inhales; osteoporosis;
reduced I. Q., and hip fractures in the elderly, to name afew. George Orwell would have been dazzled by
the promotion of this toxic by dental and public health officials and concurrently, the avoidance of this
issue by the environmental conununity. We think it has a lot to do with the sordid 50-year history of the
promotion qffluoridation by the U.S. Department of Public IHealth and the American Dental Association.
Rather than acknowledge the accumulating evidence qffluoride's threat to human health, they have en-
trenched themnselves in a position that has produced tactics that include the harassment of scientists and
"dentists who speak but.

introduction to "Fluoride, Teeth, and the Atomic Bomb" from Waste Not #414 (September 1997), Fluoride
Action Network, where the article waq first published.

FLUORIDE, TEETH, AND THE
ATOMIC BOMB

By Joel Griffiths and Chris Bryson

Some fifty years after the United States began adding fluoride to public water supplies to reduce cavities
in children's teeth, declassified government documents are shedding new light on the roots of that still-
controversial public health measure, revealing asurprising connection between fluoride and the dawning of
the nuclear age, Today, two thirds of U.S. public drinking water is fluoridated. Many nmunicipalities still
resist the practice, disbelieving the government's assurances of safety. Since the days of World War 11,
when this nation prevailed by building the world's first atomic bomb, U.S. public health leaders have
maintained that low doses of fluoride are safe for people, and good for children's teeth. That safety verdict
should now be re-examined in the-light of hundreds of once-secret WWII documents obtained by Griffiths
and Bryson,- including declassified papers of the Manhattan Project, the U.S. military group that built the
atomic bomb. Fluoride was the key chemical in atomic bomb production, according to the documents.
Massive quantities of fluoride - millions of tons - were essential for the manufacture of bomb-grade
uranium and plutonium for nuclear weapons throughout the Cold War. One of the most toxic chemicals
known, fluoride rapidly emerged as the leading chemical health hazard of the U.S atomic bomb program--
both for workers and for nearby communities, the documents reveal.

Other revelations include:

* Much of the original proof that fluoride is safe for hunmans in low doses was generated by A-
bomb program scientists, who had been secretly ordered tO provide "evidence useful in litigation"
against defense contractors for fluoride injury to citizens. The first lawsuits against the U:S. A-
.bomb program were not over radiation,but over fluoride damage, the documents show.

• Human studies were required. Bomb. program researchers played a leading role in the design and
implementation of the most extensive U.S. study of the health effects of fluoridating public
drinking water--conducted in Newburgh, New York from 1945 to 1956. Then, in a classified
operation code-named "Program F," .they secretly gathered and analyzed blood and tissue samples
from Newburgh citizens, with the cooperation of State Health Department personnel.



* The original secret version--obtained by these reporters--of a 1948 study published by Program F
scientists in the Journal of the American Dental Association shows that evidence of adverse health
effects from fluoride was censored by the U.S. Atomic Energy Commission (AEC) - considered
the most powerful of Cold War agencies - for reasons of national security.

" 'The bomb program's fluoride safety studies were conducted at the University of Rochester, site of
one of the most notorious human radiation experiments of the Cold War, in which unsuspecting
hospital patients were injected with toxic doses of radioactive plutoniumn. The fluoride studies
were conducted with the same ethical mind-set, in which "national security" was paramount.

The U.S. government's conflict of interest--and its motive to prove fluoride "safe" - has not until now
been made clear to the general public in the furious debate over water fluoridation since the 1950's, nor to
civilian researchers and health professionals, orjournalists. The declassified documents resonate with
growing body of scientific evidence, and a chorus of questions, about the health effects of fluoride in the
environment. Human exposure to fluoride has mushroomed since World War II, due not only to
fluoridated water and toothpaste; but to environmental pollution by major industries from aluminum to
pesticides: fluoride is a critical industrial chemical. The impact can be seen, literally, in the smiles of our
children. Large numbers of U.S. young people--up to 8.0 percent in some cities--now have dental fliorosis,
the first visible sign of excessive fluoride exposure., according to the U.S. National Research Council. (The
signs are whitish flecks or spots, particularly on the front teeth, or dark spots or stripes in more severe
cases.) Less-known to the public is that fluoride also accumulates in bones - "The teeth are windows to
what's happening in the bones," explains Paul-Connett, Professor of Chemistry at St. Lawrence University
(N.Y.). In recent years, pediatric bone specialists have expressed alarm about an increase in stress fractures
among U.S. young people. Connett and other scientists are concerned that fluoride - linked to bone damage
by studies since the 1930's - may be a contributing factor. The declassified documents add urgency: much
of the original proof that low-dose fluoride is safe for children's bones came from U.S. bomb program
scientists, according to this investigation.

Now, researchers who have reviewed these declassified documents fear that Cold War national.
security considerations' may have prevented objective scientific evaluation of vital public, health
questions concerning fluoride. "Information was buried," concludes Dr. Phyllis.Mullenix, former head of
toxicology at Forsyth Dental Center in Boston, and now a critic of fluoridation. Animal studies Mullenix
and co-workers conducted at Forsyth in the early 1990's indicated that fluoride was.a powerful central
nervous system (CNS) toxin, and might adversely affect human brain functioning, even at low doses
(New epidemiological evidence from China adds support, showing a correlation between low-dose fluoride
exposure and diminished I.Q. in children.). Mullenix's results were published in 1995, in a reputable peer-
reviewed scientific journal. During her investigation, Mullenix was astonished to discover there had
been virtually no previous U.S. studies of fluoride's effects on the human brain. Then, her application

for a grant to continue her CNS research was turned down by the U.S. National Institutes of Health (NIH),
where an NIH panel, she says, flatly told her that "fluoride does not have central nervous system effects."

Declassified documents of the U.S. atomic-bomb program indicate otherwise. An April 29, 1944
Manhattan.Project memo reports: "Clinical evidence suggests that uranium hexafluoride may have a rather
marked central nervous system effect.... It seems most likely that the F [code for fluoride] component rather
than the T [code for uranium] is the causative factor." The memo - stamped "secret" - is addressed to the
head of the Manhattan Project's Medical Section, Colonel Stafford Warren. Colonel.Warren is asked to
approve.a program of animal research on CNS effects: "Since work with these compounds is essential, it
will be necessary to lkow in advance what mental effects may occur after exposure.. This is important not
only to protect a given individual, but also to prevent a confused workman from injuring others by
improperly performing his duties." On the same day, Colonel Warren approved the CNS research program.
This was in 1944, at the height of the Second World War and the nation's race to build the world's first
atomic bomb. For research on fluoride's CNS effects to be approved at such a momentous time, the
supporting evidence set forth in the proposal forwarded along with the memo must haye been persuasive.

The proposal, however, is missing from the.files of the U.S. National Archives.'".If you find the memos,
but the document they refer to is missing, its probably still classified," said Charles Reeves, chief librarian



at the Atlanta branch of the U.S. National Archives and Records Administration, where the memos were
found. Similarly, no results of the Manhattan Project's fluoride CNS research could be found in the
files. After reviewing the memos, Mullenix declared herself ý'flabbergasted." She went on, "How could I
be told by NIH that fluoride has no central nervous system effects when these documents were sitting there
all the time?" She reasons that the Manhattan Project did do fluoride CNS studies - "that kind of warning,
that fluoride workers might be a danger to the bomb program by improperly performing their duties--I can't
imagine that would be ignored" - but that the results were buried because they might create a difficult legal
and public relations problem for the government.

The author of the 1944 CNS research proposal was Dr. Harold C. Hodge, at the time chief of
fluoride toxicology studies for the University of Rochester division of the Manhattan Project. Nearly
fifty years later at the Forsyth Dental Center in Boston, Dr. Mullenix was introduced to a gently ambling
elderly man brought in to serve as a consultant on her CNS research--Harold C. Hodge. By then Hodge had
achieved status emeritus as a world authority on fluoride safety. "But even though he was supposed to be
helping me," says Mullenix., "he never once mentioned the CNS work he had done for the Manhattan
Project." The "black hole" in fluoride CNS research since the days of the Manhattan Project is
unacceptable to Mullenix,- who refuses to abandon the issue. "There is so much fluoride exposure now, and
we simply do not know what it is doing," she says. "You can't just walk away from this." Dr. Antonio
Noronha, an NIH scientific review advisor familiar with Dr. Mullenix's grant request, says her proposal
was rejected by a scientific peer-review group. He terms her claim of institutional bias against fluoride
CNS research "farfetched" he adds, "We strive very hard at NIH to make sure politics does not enter the
picture."

Fluoride and National Security

The documentary trail begins at the height of WW2, in 1944, when a severe pollution incident occurred
downwind of the E.I. du Pont du Nemours Company chemical factory in Deepwater, New Jersey. The

• factory was then producing millions of pounds of fluoride for the Manhattan project, the ultra-secret U.S.
• military program racing to produce the world's first atomic bomb. The farms downwind in Gloucester and

Salem counties were famous for their high-quality produce - their peaches went directly to the Waldorf
Astoria Hotel in New York. Their tomatoes Were bought up.by Campbell's Soup. But in the summer of
1943, the farmers began to report that their crops were blighted, and that "something is burning up the
peach crops around here." Poultry died after an all-nighf thunderstorm, they reported. Farm workers who
ate the produce they had picked sometimes vomited all night and into the next day. "I remember ourhorses
looked sick and were too stiff to work," these reporters were told by Mildred Giordano, who was a teenager
at the time. Some cows were so crippled they could not stand up, and grazed by crawlingon their bellies.
The account was confirmed in taped interviews, shortly before he died, with Philip Sadtler of Sadtler.
Laboratories of.Philadelphia, orie of the nation's oldest chemical consulting firms. Sadder had personally.
conducted the initial investigation of the damage.

Although the farmers did not know it, the attention of the Manhattan Project and the federal government
was riveted on the New Jersey incident, according to once-secret documents obtained by these reporters.
After the war's end, in a secret Manhattan Project memo dated March 1, 1946, the Project's chief of fluoride
toxicology studies, Harold C. Hodge, worriedly wrote to his boss Colonel Stafford L. Warren, Chief of the
Medical Division, about "problems associated witlh the question of fludride contamination of the
atmosphere in a certain section of New Jersey. There seem to be four distinct (though related) problems,"
continued H-lodge;

"1. A question of injury of the peach crop in:1944."
"2. A report of extraordinary fluoride content of vegetables grown in this area."
"3. A report of abnormally high fluoride content in the blood of human individuals residing in this
area."
"4. A report raising the question of serious poisoning of horses and cattle in this area."



The New Jersey farmers waited until the war was over, then sued du Pont and the Manhattan Project for
fluoride damage - reportedly the first lawsuits against the U.S. A-bomb program. Although seemingly
trivial, the lawsuits shook the government, the secret documentsreveal. Under the personal direction of
Manhattan Project chief Major General Leslie R.Groves, secret meetings were convened in Washington,
with compulsory attendance by scores of scientists and officials from the U.S War Department, the
Manhattan Project, the Food and Drug Administration, the Agriculture and Justice Departments, the U.S
Army's Chemical Warfare Service and Edgewood Arsenal, the Bureau of Standards, and du Pont lawyers.
Declassified memos of the meetings reveal a secret mobilization of the full forces of the government to
defeat the New Jersey farmers:

These agencies "are making scientific investigations to obtain evidence which may be used to protect the
interest of the Government at the trial of the suits brought by owners of peach orchards in ...New Jersey,"
stated Manhattan Project Lieutenant Colonel Cooper B. Rhodes, in a memo c.c.'d to General Groves.

27 August 1945

Subject: Investigation of Crop Damage at Lower Penns Neck, New Jersey
To: The Commanding General, Army Service Forces, Pentagon Building, Washington D.C.

"At the request of the Secretary of War the Department of Agriculture has agreed to cooperate in
investigating complaints of crop damage attributed.., to flumes from a plant operated in connection with the
Manhattan Project."

Signed, L.R. Groves, Major General U.S.A
"The Department of Justice is cooperating in the defense of these suits," wrote General Groves in a Feb. 28,
1946 memo to the Chairman of the U.S. Senate Special Committee on Atomic Energy.

Why the national-security emergency over a few lawsuits by New Jersey farmers? In 1,946 the United
States had begun full-scale production of atomic bombs. No other nation had yet tested a nuclear weapon,
and the A-bomb Was seen as crucial for U.S leadership of the postwar world. The New Jersey fluoride
lawsuits were a serious roadblock to that strategy. "The specter of endless lawsuits haunted the military,"
writes Lansing Lamont in his acclaimed book about the first atomic bomb test, "Day of Trinity." In the
case of fluoride, "If the farmers won, it would open thedoor to further suits, which might impede the bomb
program's ability to use fluoride," said Jacqueline Kittrell, a Tennessee public interest lawyer specializing
in nuclear cases, who examined the declassified fluoride documents. (Kittrell has represented plaintiffs in
several human radiation experiment cases.) She added, "The reports of human injury were especially
threatening, because of the potential for enormous settlements - not to mention the PR problem."

Indeed, du Pont was particularly concerned about the "possible psychologic reaction" to the New Jersey
pollution incident, according to a secret 1946 Manhattan Project mermo. Facing a threat from the Food and
Drug Administration (FDA) to embargo the region's produce because of "high fluoride content," du Pont
dispatched its lawyers to the FDA offices in Washington, where an agitated meeting ensued. According to a
memo sent next day to General Groves, Du Pont's lawyer argued "that in view of the pending suits.. any
action by the Food and Drug Administration... would have a serious effect on the du Pont Company and
would create a bad public relations situation." After the meeting adjourned, Manhattan Project Captain
John Davies approached the FDA's Food Division chief and "impressed upon Dr. White the substantial
interest which the Government had in claims which might arise asa result of action which might be taken
by the Food and Drug Administration."

There was no embargo. Instead, new tests for fluoride in the New Jersey area would be conducted - not
by the Department of Agriculture - but by the U.S. Army's Chemical Warfare Service because "work done
by the Chemical Warfare Service would carry the greatest weight as evidence if... lawsuits are started by
the complainants." The memo was signed by General Groves. Meanwhile, the public relations problem
remained unresolved - local citizens were in a panic about fluoride.



The farmer's spokesman, Willard B. Kille, was personally invited to dine with General Groves - then
known as "the man who built the atomic bomb".- at his office at the War Department on March 26, 1946.
Although he had been diagnosed with fluoride poisoning by his doctor, Kille departed the luncheon
convinced of the government's good faith. The next day he wrote to the general, wishing the other farmers
could have been present, he said, so "they too could come away with the feeling that their interests in this
particular matter were being safeguarded by men of the very highest type whose integrity they could not
question." In a subsequent secret Manhattan project memo, a broader solution to the public relations
problem was suggested by chief fluoride toxicologist Harold C. Hodge. He wrote to the Medical Section
chief, Col. Warren: "Would there be any use in making attempts to counteract the local fear of fluoride on
the part of residents of Salem and Gloucester counties through lectures on F toxicology and perhaps the
usefulness of F in tooth health?" Such lectures were indeed given, not only to New Jersey citizens but to the
rest of the nation throughout the Cold War.

The New Jersey farmers' lawsuits were ultimately stymied by the government's refusal to reveal the key
piece of information that would have settled the case - how much'fluoride du Pont had vented into the
atmosphere during the war. "Disclosure.., would be injurious to the military security of the United States,"
wrote Manhattan Project Major C.A Taney, Jr. The farmers were pacified with token financial settlements,
according to interviews with descendants still living in the area. "All we knew is that du Pont released
.some chemical that burned up all the peach trees around here," recalls Angelo Giordano, whose father
James was one of the original plaintiffs. "The trees were no good after that, so we had to give up on the
peaches." Their horses and cows, too, acted stiff and walked stiff, recalls his sister Mildred. "Could any of
that have been the fluoride ?" she asked. (The symptoms she detailed to the authors are cardinal signs of
fluoride toxicity, according to veterinary toxicologists.) The Giordano family, too, has been plagued by
bone and joint problems, Mildred adds. Recalling the settlement received by the Giordanos, Angelo told
these reporters that "my father said he got about $0."

The farmers were stonewalled intheir search for information, and their complaints have long since been
forgotten. But they unknow'ingly left their imprint on history - their claims of injury to their health
reverberated through the corridors of power in Washington, and triggered intensive secret bomb-program
research on the health effects of fluoride. A secret 1945 memo from Manhattan Project Lt. Col. Rhodes to
General Groves stated: "Because of complaints thatanimals and humans have been injured by hydrogen
fluoride fumes in [the New Jersey] area, although there are no pending-suits involving such claims, the
University of Rochester is conducting experiments to determine the toxic effect of fluoride." Much of the
proof'of fluoride's safety in low doses rests on the postwar work performed by the University of Rochester,
in anticipationof lawsuits against the bomb program for human injury.

Fluoride and the Cold War

Delegating fluoride safety studies to the University of Rochester was not surprising. During WWII the
federal government-had beco-ne involved, for the first time. in large-scale funding of scientific research at
government-owned labs and private colleges. Those early spending priorities were shaped by the nation's
:often-secret military needs. The prestigious upstate New York college, in particular, had housed a key
wartime division of the Manhattan Project, studying the health effects of the new "special materials," such
• as uranium, plutonium, beryllium and fluoride, being used to make the atomic bomb. That work continued
after the war, with millions of dollars flowing from the Manhattan Project and its successor organization,
the Atomic Energy Commission (AEC). (lndeed, the bomb left an indelible imprint on all U.S. science in
the late 1940's and .50's. Up to 90% of federal funds for university research came from either the Defense
Department or the AEC in this period, accordingtoNoain Chomsky's 1996 book "The Cold War and the
University.") The University of Rochester medical school became a revolving door for senior bomb
program scientists. Postwar faculty included Stafford Warren, the top medical officer of the Manhattan
Project, and Harold Hodge, chief of fluoride research for the bomb program.

• But this marriage of military secrecy and medical science bore deformed offspring. The University of
Rochester's classified fluoride studies - code- named Program F - were conducted at its Atomic Energy
Project (AEP), a top-secret facility fimnded by the AEC and housed in Strong Memorial Hospital. It was



there that one of the most notorious human radiation experiments of the Cold War took place, in which
unsuspecting hospital patients were inlected with toxic doses of radioactive plutonium. Revelation of this 0
experiment in a Pulitzer prize-winning account by Eileen Wellsome led to a 1995 U.S. Presidential
investigation, and a multimillion-dollar cash settlement for victims.

Program F was not about children's teeth. It grew directly out of litigation against the bomb program and its
main purpose was to furnish scientific ammunition which the government and its nuclear contractors could
use to defeat lawsuits for human injury. Program F's director was none other than Harold C. Hodge, who
had led the Manhattan Project investigation of alleged human injury in the New Jersey fluoride-pollution
incident. Program F's purpose is spelled out ina classified 1948 report. It reads: "To supply evidence
useful in .the litigation arising from an alleged loss of a fruit crop several years ago, a number of problems
have been opened. Since excessive blood fluoride levels were reported in human residents of the same area,
our principal effort has been devoted to describing the relationship of blood fluorides to toxic effects."

The litigation referred to, of course, and the claims of human injury were against the bomb program and
its contractors. Thus, the purpose of Program F was to .obtain. evidence useful in litigation against the bomb
program. The research was being conducted by the defendants. The potential conflict of interest is clear. If
lower dose ranges were found, hazardous by Program F, it might. have opened the bomb program and its
contractors to lawsuits for injury to human health, as well as public outcry. Comments lawyer Kittrell:
"This and other documents indicate that the University of Rochester's fluoride research grew out of the
New Jersey lawsuits and was performed in anticipation of lawsuits against the bomb program for human
injury. Studies undertaken for litigation purposes by the defendants would not be considered scientifically
acceptable today, " adds Kittrell, "because of their inherent bias to prove the chemical safe."
Unfortunately, mnch of the proof of fluoride's safety rests on the work performed by Program F Scientists
at the University of Rochester. During tie postwar period that University emerged as the leading academic
center for establishing the safety of fluoride, as well as its effectiveness in reducing tooth decay, according
to Denital School spokesperson William H. Bowen, MD. The key figure in this research, Bowen said, was
Harold C. Hodge - who also became a leading national proponent of fluoridating public drinking water.
Program F's interest in water fluoridation was not just 'to counteract the local fear.of fluoride on the part of0
residents,' as Hodge had earlier written. The bomb program needed human studies, as they had needed
human studies for plutonium, and adding fluorideto public water supplies provided one opportunity.

The A-Bomb Program and Water Fluoridation

Bomb-program scientists played a prominent - if unpublicized -role inthe nation's first-plannedwater
fluoridation experiment, in Newburgh, New York. The Newburgh Demonstration Project is considered the
most extensive study of the health effects of fluoridation, supplying much of the evidence that low doses
are safe for children's bones, and good for their teeth..

Planning began in 1943 with the appointment of a special New York State Health Department committee to
study the advisability of adding fluoride to Newburgh's drinking water. The chairman of the committee was
Dr. Hodge, then chief of fluoride toxicity studies for the Manhattan Project. Subsequent members included
Henry L. Barnett, a captain in the Project's Medical section, and John W. Fertig, in 1944 with the office of
Scientific Research and Development, the Pentagon group which sired the. Manhattan Proiect. Their
militaryaffiliations were kept secret: Hodge was described~as a pharmacologist, Barnett as a pediatrician.
Placed in charge of the Newburgh project was David B. Ast, chief dental officer of the State Health
Department; Ast had participated in a key secret wartime conference on fluoride held by the Manhattan_
Project, and later worked with Dr. Hodge oil the Project's investigation of human injury in the New Jersey
incident, according to once-secret memos.

The committee recommended that Newburgh be fluoridated. It also selected the types of medical studies
to be done, and "'provided expert guidance" for the duration of the experiment. The key question to be
answered was: "Are there any cumulative effects - beneficial or otherwise, on tissues and organs other than
the teeth- of long-continued ingestion of such small concentrations...?" TAccording to the declassified
documents, this was also key information sought by the bomb program, which would require long- .



continued exposure of workers and communities to fluoride throughout the Cold War. In May 1945,
Newburgh's water was fluoridated, and over the next ten years its residents were studied by the State Health
Department. In tandem, Program F conducted its own secret studies, focusing on the amounts of fluoride
Newburgh citizens retained in their blood and tissues - key information sought by the bomb program:
"Possible toxic effect's of fluoride were in the forefiront of consideration," the advisory c6mmittee stated.
Health Department personnel cooperated, shipping blood and placenta samples to the Program F team at
the University of Rochester. The samples were collected by Dr. David B. Overton, the Department's chief
of pediatric studies at Newburgh.

The final report of the Newburgh Demonstration Project, published in 1956 in the Journal of the
American Dental Association, concluded that "small concentrations" of fluoride were safe for U.S.citizens.
The biological proof- "based on work performed ... at the University of Rochester Atomic Energy Project"
- was delivered by Dr. Hodge. Today, news that scientists from the atomic bomb program secretly shaped
and guided the Newburgh fluoridation experiment, and studied the citizen's blood and tissue samples, is
greeted with incredulity. "I'm shocked - beyond words," said present-day Newburgh Mayor Audrey Carey,

• commenting on these reporters' findings. "It reminds me of the Tuskegee experiment that was done on
syphilis patients down in Alabama." As a child in the early 1950's, Mayor Carey was taken to the old
firehouse on Broadway in Newburgh, which housed the Public Health Clinic. There, doctors from the
Newburgh fluoridation project studied her teeth, and a peculiar fusion of two finger bones on her left hand
she had been born with. Today, adds Carey, her granddaughter has white dental-fluorosis marks on her
front teeth.

Mayor Carey wants answers from the government about the secret history of fluoride, and the Newburgh
fluoridation experiment. "I absolutely want to pursue it," she said. "It is appalling to doany kindof
experimentation and study without people's knowledge and permission." Contacted by these reporters, the
director of the Newburgh experiment, David B. Ast, says he was unaware Manhattan Project scientists
were involved. "lf.1 had known, I would have been certainly investigating why, and what the connection
was," he said. Did he know that blood and placenta samples from Newburgh were being sent to bomb
program researchers at the University of Rochester? "I was not aware of it," Ast replied. Did he recall
participating in the Manhattan Project's secret wartime conference on fluoride in January 1944, or going to
New Jersey-with Dr. Hodge to investigate human injury in the du Pont case--as secret memos state?.He told
the reporters he had no recollection of these events.

A spokesperson for the University of Rochester Medical Center, Bob Loeb, confirmed that blood and
tissue samples from Newburgh had been tested by the University's Dr. Hodge. On the ethics of secretly
studying U.S citizens to obtain information useful in litigation against the A-bomb program, he said, "that's
a question we cannot answer." He referred inquiries to the U.S. Department of Energy (DOE), successor to
the Atomic Energy Commission. A spokesperson for the DOE in Washington, Jayne Brady, confirmed that
a review of DOE files indicated that a "significant reason" for fluoride experiments conducted at the
University of Rochester after the war was "impending litigation between the dii Pont company and
residents of New Jersey areas." However, she added, "DOE has found no documents to indicate that
fluoride research was done to. protect the Manhattan Project or its contractors from lawsuits." On
Manhattan Project involvement in Newburgh, the spokesperson stated, "Nothing that we have suggests that
the DOE or predecessor agencies - especially the Manhattan Project -'authorized fluoride experiments to
be performed on children in the 1940'si" When told that the reporters had several documents that directly
tied the Manhattan Project's successor agency at the University of Rochester, the AEP, to the Newburgh
experiment, the DOE spokesperson later conceded her study was confined to "the available universe" of
documents. Two days later spokesperson Jayne Brady faxed a statement for clarification: "My search only
involved the documents that we collected as part of our human radiation experiments project - fluoride was
not partof our research effort. "Most significantly," the statement continued, relevant documents may be in
a classified collection at the DOE Oak Ridge National Laboratory known as the Records Holding Task
Group. "This collection consists entirely of classified documents removed from other files for the purpose

of classified document accountability many .yearsago," and was "a rich source of documents for the human
radiation experiments project," she said.



The crucial question arising from this investigation is: Were adverse health findings fo'om Newburgh and
other bomb~program fluoride studies suppressed? All AEC-funded studies had to be declassified before
publication in civilian medical and dental journals. Where are the original classified versions? The
transcript of one of the major secret scientific conferences of WW2--on "fluoride metabolism"--is missing
from the files of the U.S. National Archives. Participants in the conference included key figures who
promoted the safety of fluoride and water fluoridation to the public after the war - Harold Hodge of the
Manhattan Project, David B. Ast of the Newburgh Project, and U.S. Public Health Service dentist
H.Trendley Dean, popularly known as the "father of fluoridation." "If it is missing from the files, it is
probably still classified," National Archives librarians told these reporters.

A 1944 WW2 Manhattan Project classified report on water fluoridation is missing from the files of the
University of Rochester Atomic Energy Project, the U.S. National Archives, and the Nuclear Repository at
the University of Tennessee, Knoxville. The next four numerically consecutive documents are also missing,
while the remainder of the "MP-1500 series" is present. "Either those documents are still classified, or
they've been 'disappeared' by the government," says Clifford Honicker, Executive Director of the American
Environmental Health Studies Project, in Knoxville, Tennessee, which provided key evidence in the public
exposure and prosecution of U.S. human radiation experiments.

Seven pages have been cut out of a 1947 Rochester bomb-project notebook entitled "Du Pont litigation."
"Most unusual," commented chief medical school archivist Chris Hoolihan. Similarly, Freedom of
Information Act (FOIA) requestsby these authors over a year ago with the DOE for hundreds of classified
fluoride reports have failed to dislodge any. "We're behind," explained Amy Rothrock, FOIA officer for the
Department of Energy at their Oak Ridge operations. Was information suppressed? These reporters made
what appears to be the first discovery of the original classified version of a fluoride safety study by bomb
program scientists. A censored version of this study was later published in the August 1948-Journal of the
American Dental Association. Comparison of the secret with the published version indicates that the U.S.
AEC did censor damaging information on fludride, to the point of tragicomedy. This was a study of the
dental and physical health of workers in a factory producing fluoride for the A-bomb program, conducted
by a team of dentists from the Manhattan Project.

The secret version reports that most of the men had no teeth left. The published version reports only that
the men had fewer cavities. The secret version says the men had to wear rubber boots because the fluoride
fuimaes disintegrated the nails in their shoes. The published version does not mention this. The secret
version says the fluoride may have acted similarly on the men's teeth, contributing to their toothlessness.
The published versiori omits this statement. -The published version concludes that '-'the men were unusually
healthy, judged from both a medical and dental point of view.".

Asked for comment on the early links of the Manhattan Project to water fluoridation, Dr Harold Slavkin,
Director Of the National Institute for Dental Research, the U.S. agency which today funds fluoride research,
said, "I wasn't aware of any input from the Atomic Energy Commission." Nevertheless, he.insisted,
fluoride's efficacy and safety in the prevention of dental cavities over the last fifty years is well-proved.
"The motivation of a scientist is often different from the outcome. "he reflected. "1 do not hold a prejudice
about where the knowledge comes from." After comparing the secret and published versions of the
censored study, toxicologist Phyllis Mullenix commented, "This makes me ashamed to be a scientist." Of
other Cold War-era fluoride safety studies, she asks,. "Were they all done like this?"

About the authors:
Joel Griffiths is a medical writer in New York City, author of a book on radiation hazards and numerous
articles for medical and popular publications. Chris Bryson holds a Masters degree from the Columbia
University GraduateSchool of Journalism, and has worked for the British Broadcasting Corporation and -

The Manchester Guardian.
Archival research: by Clifford Honicker
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LOW DOSE IONIZING RADIATION: ANATOMY OF A COVERUP

This statement is a tribute to a small group of physicians and scientists who spent a large part of
their professional careers researching and warning of the health risks of low levels of ionizing
radiation and whose lives have inspired their contemporaries to persevere. With the exception of
H. J. Muller and Joseph Rotblat (Nobel laureates), you will never see their namesreferenced in
the major medical journals or newspaper articles, and for good reason. Their independence would
threaten the governments' ability to convince taxpayers to support the development of atomic
weapons and nuclear reactors. These stalwarts strove to lift the "curtains of fog and, iron" (a
Churchillian phrase) surrounding radiation research and deserve posthumous induction into The
Radiation Protection Pantheon. Their names are highlighted in this statement.

After the discovery of X ray by Wilhelm Conrad Roentgen in 1895, followed by the Curies'
radium experiments in 1898, numerous skiagraphy store front operations popped up all over the
U.S. and Europe, promising cures for a long list of illnesses. Despite accounts of painful deaths
among prominent radiologists, there was no call to measure dose. When the skin reddened, that
was the danger signal.

The first death attributable to X ray was that of Clarence Dally, a glassblower in Thomas
Edison's laboratory. After painful amputations of hands and arms, he succumbed in 1904. This
death was followed by Elizabeth Fleischman Ascheim in 1905,.the first woman and nonphysician
to be admitted to membership in the American Roentgen Ray Society. Citing 47 case histories at
the Society's December 1908 meeting, X-ray authority Dr. Charles A. Porter delivered a 65-page
report, dramatically referring to Dr. L.C.C., the eminent radiologist, Charles Lester Leonard, who
was in the audience. Leonard disagreed with Porter and other speakers and declared that early
surgical excision for X-ray-induced cancers "did not cut short the disease." He died of metastatic
cancer in 1913 (Source: The Rays: A History of Radiology in the U.S. and Canada by Ruth and
Edward Brecher, 1969).

Radium soon overtook X ray as the preferred therapeutic treatment, but the recounting of cancer
deaths of workers who painted luminous watch dials at the U.S. Radium Corporation plant in
West Orange, N.J. (established in 1915) sent a chill down the spines of radiologists. Prudential's
chief statistician, Frederick L. Hoffman, recounted the deaths of four workers and eight others
who were suffering from serious medical conditions; all of whom licked the tips of their brushes
before dipping them into a solution of zinc sulphid mixed with radium (JAMA, 26 Sept 1925).

These early warning signs should have caused radiologists, physicists, and clinicians to begin
questioning the conventional wisdom that X ray posed little health risk. Instead, denials and a
head-in-the-sand attitude prevailed.

In 1927, H. J. Muller startled the radiation community with his Drosophila study, demonstrating
that mutations could be passed on through several generations. Many physicians walked out of
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his early lectures, but when he was awarded theNobel in 1946 he became known as The Father
of Human Genetics.

John William Gofman was Group Co-Leader of the Plutonium Project for the Manhattan Project
(1941-1943) at University of California Berkeley. Along with Robert Connick, their team
irradiated a ton of uranyl nitrate by placing it around the cyclotron 'night and day for three weeks.
Half a milligram was needed, but when completed the team had reduced the ton to /2 cc of liquid
containing 1.2 milligram of plutonium. After his Ph.D. in nuclear/physical chemistry Gofman
earned his M.D. that led to a brief and distinguished career in cardiology. He became associate
director of the Lawrence Livermore National Laboratory (1963-1969) and established its
Biomedical Division with a $3 million grant from the Atomic Energy Commission but lost AEC
funding when he called for a five-year moratorium on the construction of nuclear reactors. This
led to scientific shunning by the radiology establishment that lasted right up until his death last
August. In 1972, he shared the Stouffer Prize for outstanding research in arteriosclerosis and in
1974 was honored by the American College of Cardiology as one of the 25 leading researchers in
cardiology of the past quarter-century. His five books on low-dose radiation are classics. In a
February 14, 1991 NEJM review of Gofman's Radiation-Induced Cancer from Low-Dose
Exposure alongside the BEIR V report, two prominent radiologists concluded, We strongly
recommend these excellent and timely books for physicians, engineers, and public health officials
concerned with radiation, the environment, and public health.

Physicist Joseph Rotblat came to the U.S. from Britain in 1944 to work on the atom bomb
project. Despite serious concerns about the bomb's destructive potential, he was afraid the
Germans were going to develop one of their own. When he discovered Germany had given up
their research, Rotblat decided to leave the Manhattan Project, the only scientist to do so as a
matter of conscience. He was charged with being a Soviet spy but managed to clear his name. As
he was preparing to leave New York for Britain, he noticed his research notes and
correspondence had disappeared. He was denied re-entry by U.S. officials until 1964. While in
Britain he signed the Russell-Einstein Manifesto in 1955 that urged all countries "to find peaceful
means for the settlement of all matters of dispute between them.", In 1957, he organized the 1st
Pugwash Conference that led to. his Nobel Peace Prize in 1995.

August 6, 1945 will be forever etched in the psyche of every person who survived the bomb
blasts over Hiroshima and Nagasaki. It also marked the date The Atomic Genie would demand
allegiance of the scientific establishment and exact a promise to extend forever the Manhattan
Project's policy of radiation secrecy. It wasn't until 1950 that the newly organized Atomic Bomb
Casualty Commission began to study the human health effects of radiation.

In 1923, Wilhelm C. Heuper emigrated to the U.S. from Germany and in 1930 became chief
pathologist at the University of Pennsylvania Cancer Research Laboratory. His groundbreaking
study on radiation-induced leukemia was published in 1934, and he also was the first American to
link chromium exposure to lung cancer. In 1934, Heuper was hired by DuPont to work at its new
Haskell Laboratory of Industrial Toxicology, but he ran afoul. of his superiors when he tried to
report on chemical effects on experimental animals. He was fired in 1937 and told he could never
publish any of his work. The DuPont medical director charged him with being a Nazi and
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harboring communist tendencies, a favorite tactic used during the Cold War. In 1948, he was
chosen as the first director of NCI's Environmental Cancer Section, a post he held until his
retirement in 1964. Heuper faced censorship of much of his work at NCI, and many of his papers
were sent to DuPont for commentary. Upon the very day of his retirement the NCI abolished the
Environmental Cancer Section and dispersed his library. In his chapter on Dr. Hueper, Robert
Proctor, in Cancer Wars, notes that "environmental carcinogenesis was generally regarded with
suspicion in the 1950s and early 1960s," whereas viruses and genetic factors were considered
primary suspects.

Linus Pauling became the only person to win two Nobels, the first for chemistry (1954) and then
the Peace Prize in 1962. Unfortunately, like many politically liberal atomic scientists, he had to
battle Senator Joseph McCarthy and Congressional inquiries into charges he was a Communist
sympathizer. His anti-nuclear views were well known, particularly when he led a petition drive to
end nuclear bomb testing. He secured signatures of over 11,000 scientists worldwide and
presented the petition to the United Nations in 1958. It stated: Each added amount of radiation
causes damage to the pool of human, germ plasma such as to lead to an increase in the number
of seriously defective children that will be born in future generations...As scientists we have
knowledge of the dangers involved and therefore a special responsibility to make these dangers
known. We deem it imperative that immediate action be taken to effect an international
agreement to stop the testing of all nuclear weapons.

Hermann J. Muller
Nobel Lecture, December 12, 1946
The Production of Mutations

In this situation we can, however, draw the practical lesson, from the fact of the great majority of
mutations being undesirable, that their further random production in ourselves should so far as
possible be rigorously avoided. As we can infer with certainty from experiments on lower
organisms that all high-energy radiation must produce such mutations in man, it becomes an
obligation for radiologists - though one far too little observed as yet in most countries - to insist
that the simple precautions are taken which are necessary for shielding the gonads, whenever
people are exposed to such radiation, either in industry or in medical practice. And, with the
coming increasing use of atomic energy, even jbr peace-time purposes, the problem will become
very importa nt of insuring that the human germ plasm - the all-important material of which we
are the temporary custodians - is effectively protectedfrom this additional and potent source of
permanent contamination (final paragraph).

On August 15, 1955, Muller was about to address the International Conference on the Peaceful
Uses of Atomic Energy when he received an order to stand down because he had not been made a
technical advisor by the Atomic Energy Commission. He published his paper in the Journal of
Heredity (1955;46: 199-200). He concluded: It has long been known, first, that the great majority
of mutations are harmful and second, that ionizing radiation produces mutations of genes with a
frequency proportional to dose. At the present moment, when protection policies and
installationsare being established (nuclear power plants), it cannot be emphasized too strongly
that these two principles are solidly based.

H. J. Muller, in 1955, accepting the First National Academy of Sciences Kimber Genetics
Award stated., It is no longer a matter of doubt among scientists working in this field that
radiation, of the types derived from radioactive substances or X-ray machines, does produce
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permanent changes, mutations, in the hereditary constitution of living things of all kinds. For
instance, one-tenth of a given dose produces one-tenth of the number of gene mutations, no
matter how long or how short a time that total dose was received. Thus, no exposure is so tiny
that it does not carry its corresponding mutational, risk. It is well established that the
overwhelming majority of mutations (more than 99 percent) are harmful, causing some
functional impairment (Science 1955; 121: 83 7-840).

Atomic Energy Act of 1946

The term "restricted data" as used in this section means all data concerning the manufacture or
utilization of atomic weapons, the production of fissionable material, or the use of fissionable-
material in the production of power.. .punished by death or imprisonment for communicates,
transmits, or discloses the same to any individual or person, or attempts or conspires to do any of
the foregoing, with intent to injure the United States or with intent to secure an advantage to any
foreign nation, upon conviction thereof, shall be life...
Note: Radiation research was "born secret," an unprecedented restriction that tied the hands of
independent investigators. It was not until 1997 that this practice was ended. The 1998
Brookings Institution report, Atomic Audit, noted that the DOE possessed at least 280 million
pages of classified documents, and it. estimated the total cost of our nuclear weapons program at
$5.8 trillion from 1940 to 1996.

Atomic Energy Act of 1954
This Act is the fundamental U.S. law on both the civilian and the military uses of nuclear
materials... "the development, use, and control of atomic energy shall be directed so as to promote
world peace, improve the general welfare, increase the standard of living, and strengthen free
competition in private enterprise." and to establish by rule or order, and to enforce, such standards
to govern these uses as "the Commission may deem necessary or desirable in order to protect
health and safety and minimize danger to life or property."

In 1952, the International Commission on Radiological Protection added physicists to its roster.
Despite its lofty promise to protect the public health, it has never taken a position vis-a-vis
atmospheric testing, the deliberate exposure of thousands of military personnel or workers in the
weapons labs, human radiation experiments, lack of ventilation in uranium mines, non-cancer
effects attributable to radiation, occupational exposures, or the unnecessary use of X ray. The
ICRP continues its reliance on results of the. A-bomb survivors life-span study of cancer mortality
based on a single external gamma dose. It ignores the more devastating effects of internal
emitters. From its inception it has established "acceptable" risk standards that were protective of
atomic weapons development and radioactive emissions from nuclear reactors. Membership in
the ICRP is only by nomination from current members. Therefore, it is a closed shop, with
members drawn from other regulatory and radiological bodies, a veritable Revolving Rolodex.

In 1957, Andrei Sakharov, the great Russian physicist, began to warn of the risks from nuclear
bomb tests. Sakharov's papers, "Radioactive Carbon from Nuclear Explosions and
Nonthreshold Biological Effects," and "The Radioactive Danger'of Nuclear Tests,"
disputed the soothing conclusions of the American weapons specialist Edward Teller, as
well as most of his Soviet colleagues, who' argued that tests of nuclear weapons were

, /
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practically safe. For Sakharov, the death'toll from nuclear testing in the atmosphere was a
fact that had already been proved by science, with inescapable moral consequences.

In 1958, Alice Stewart startled the medical world when she published the first epidemiological
study linking in utero X ray to childhood cancer and leukemia. Her paper, published in the
prestigious British Medical Journal (BMJ 1958, 2.-1495-1508), demonstrated that a single pelvic
X ray (10 MSv) to a pregnant woman resulted in a 40% increase in childhood cancers before age
10. She should have been awarded a Nobel but her study used a highly criticized retrospective
model. Four years later Brian MacMahon, at Harvard, authored a prospective study confirming
Dr. Stewart's work. Despite financial hardships she established the Oxford Survey of Childhood
Cancer and collected additional data until 1980. In 1975, she

Karl Z. Morgan was director of health physics at the Oak Ridge National Laboratory from 1943
until 1972. He was one of the few health physicists to recognize the significance of Alice
Stewart's work, and he soon realized that Gofman had it right-there is no safe dose of radiation.
He was a founder of the Health- Physics Society, its first president, and editor-in-chief of its
journal, Health Physics, from 1955 to 1977. He and Gofman teamed up as the lead witmesses in
Silkwood v. Kerr McGee Corporation (1979).. Prominent trial attorney Gerry Spence secured
punitive damages of $10 million, a record as of that date. In preparing data for Morgan's memoir,
The Angry Genie, his co-author asked the trial judge Frank G. Theis to render an assessment of
the testimony by the expert witnesses. He responded: I believe these two gentlemen [Gofman and
Morgan] are among the most impressive, articulate, honest, and knowledgeable expert witnesses
in their respective fields that I have had the privilege to hear and observe.

In 1962, Thomas Mancuso, a prot6g6 of Heuper, joined the faculty of the School of Public
Health at the University of Pittsburgh. In 1965, the Atomic Energy Commission chose him to
head a study of worker health risks at the Hanford nuclear weapons complex. In 1975, he hired
Alice Stewart and her topflight statistician, George Kn~ale to join him in the study. When they
began to find excess cancer deaths, the AEC cut off the funding and transferred the project to Oak
Ridge National Laboratory. Mancuso was ordered to give up his files, bit when he refused he
was subjected to legal action and character assassination. He gave copies of the documents to
Stewart, thinking they would be safer in England, and rightly so.

Books That Document The Coverup (with key quotes)

1. The Enemy Within: The High Cost of Living Near Nuclear Reactors (1996)
by Jay M. Gould, with members of the Radiation and Public Health Project-
Ernest J. Sternglass, Joseph J. Mangano, & William McDonnell.
The National Cancer Institute, which used our methodology in an attempt to
disprove our findings, estimated the currednt age-adjusted mortality rate for
"nuclear" counties within 50 miles of a reactor site at 26.9 deaths per 100,000
women, based on 69,554 deaths in the years 1985-1989, compared with 23.3
deaths for all other counties. The probability that so great a difference could be
due to chance is infinitesimal.
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2. The Plutonium Files: America's Secret Medical Experiments in the Cold War
(1999) by Eileen Welsome.
For five decades the public remained largely ignorant of the systematic nature
of human radiation experiments. Secrecy, compounded by the insular, inbred
nature of the atomic establishment, helped keep the experiments from becoming
known. But the fact is, the Manhattan Project veterans and their protiggs controlled
virtually all information. They sat on boards that set radiation standards, consulted
at meetings where further human experimentation was discussed,- investigated
nuclear accidents, and served as expert witnesses in radiation injury cases.

3. The Woman Who Knew Too Much: Alice Stewart and the Secrets of Radiation
(1999) by Gayle Greene.
Alice Stewart stated, "Everyone in America who took our side in the years
subsequent to the Mancuso incident lost theirfunding. They don't burn you at the
stake anymore, but they do the equivalent, in terms of cutting you offfrom your
means of work, your livelihood." Tamplin and Gofman were cut offfrom all
further government grants...Karl Morgan became a pariah because of his
outspoken support of Stewart.. .Rosalie Bertell, while at Roswell Park, had been
working on the Tri-State Leukemia Survey, was subjected to a smear campaign
when she spoke out about construction of a nuclear reactor (the NCI terminated
funding for the Survey).

4. Radiation From Medical Procedures in the Pathogenesis of Cancer and Ischemic
Heart Disease (1999) by John Gofman and edited by Egan O'Connor.
Some mutations ifrom medical radiation and from other mutagens] acquired by
smooth muscle cells render such cells dysfunctional and give such cells a
proliferative advantage-so they gradually replacecompetent smooth muscle cells at
a localizedpatch of artery (a mini-tumor).. .the dose-response in those date [A-bomb
Life-Span Survivors Study]for all types of solid cancers, combined, has a supra-
linear shape at doses above about 5 rads (50 mSv).

5. The Einstein File: J. Edgar Hoover's Secret War Against the World's Most
Famous Scientist (2002) by Fred Jerome.
What is most remarkable about the dozens of searches and intercepts is their
Casualness... The only indication of anything wrong, or even unusual, is that the
FBI kept these reports classified-and blacked out from the version of the Einstein
dossier they released-for seventeen years.

6. The Treatment: The Story of Those Who Died in the Cincinnati Radiation Tests
(2002) by Martha Stephens.
The report spelled out the details of the eleven. years of thes tests.. .it looked at every
possible way in which doctors could attempt to justify what had been done. The
record it compioled was accurate; and though it has been hidden and suppressed,
mocked and reproved by researchers and their co-conspirators in every way, the
facts that it records have never been replied to by these investigators.
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7. 2003 Recommendations of the European Committee on Radiation Risk: The
Health Effects of lonising Radiation Exposure at Low Doses for Radiation
Protection Purposes (2003) edited by Chris Busby withRosalie Bertell, Inge
Schmitz-Feuerhake, Molly Scott Cato and Alexey Yablokov.
The ICRP would advise legislators that if the individuals most exposed in any
model exposure were adequately protected at some acceptable leve of risk, then
all other exposed persons would be more protected and the overall cancer yield

in the exposed population would be, by extension, also acceptable. The ECRR
takes the view that this is an immoral position.. .Any attempt to avoid recognizing
that a process will result in a finite number of deaths by focusing on low probability,
high impact risk in individuals is morally questionable.. .there is a significant
difference between those who are 'most exposed' and those most 'at risk, 'e.g.,
women, children, the foetus, the radiosensitive. ECRR Scientific'Secretary, UK
physicist Chris Busby, was promised, as a member of the UK CERRIE that his
minority report would be part of the entire record, but under threat of legal
action, he was forced to publish a separate Minority Report that concluded,
"these well-documented effects [from seven cited studies ] indicate a potential for
the existence of errors in the ICRP risk model of between 200 and 300percent. "

8. The Fluoride Deception (2004) by Christopher Bryson.
Captain Friedell [ senior Manhattan Project doctor, Hymer L. Friedell] warned of
possible health problems: 'The primary potential sources of difficulty may be
present in the handling of uranium compounds and the coincident use offluorides
which are an integral part of the process'...Accouts offluoride injury mushroomed
as the laboratory work moved into full-scale production. At Oak Ridge in September
1944, 190 pounds of hexafluoride gas escaped into a room, exposing nine workers,
injuring the mouth, salivary organs, pharynx, skin, eyes and lungs. The news got
worse: that same year Gen. Groves got shocking new reports of multiple deaths in
the nuclear program. Details of those fatalities and fluoride's role have remained
hidden for a half-century or more. The stories of DuPont workers, who may have
been fluoride's first wartime fatalities, have not been made public until now.

9. Chernobyl 20 Years On: The Health Effects of the Chernobyl Accident (2006),
edited by Chris Busby and Alexey Yablokov for the European Committee on
Radiation Risk. This is the first and only book to deal with the long list~of non-
cancer effects directly attributable to the low-dose radiation fallout from
Chernobyl. the World Health Organization, IAEA, and ICRP has had numerous
Russian scientific studies in their files for years but has refused to translate them.
This book is available free full text, noted on the homepage of euradcom.org.
The evidence from the affected territories reveals the real-world consequences of a
simple and terrible new discovery: that the effects of low dose internal irradiation
cause subtle changes in the genome that result in an increase in the general
mutation rate.. .true for all species, for plants, animals and humans.

WHEN WILL THE COMMISSION BEGIN TO FULFILL ITS 1954 LEGAL MANDATE
"to protect health and safety and minimize danger to life or property."
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Technical notes
'Risk" is lin actuarial concept
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Excess risk can be expressed in relative
tertris. as a intiltiple of baseline (ERR). or
absolute ternis. its all addition to baseline
(EAR)

'hol, E AR ý 1),isdim, ERR ýRl, EAR / I, i- in,
Aw, I- EAR ERR oro III, samtý
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Example of statistical uncertainty
Lognormal uncertainty drstribution for
agl solid calncers, LMS population

2 Sex.averaged ER R/Gy at age 50 after

4-• exposure at age 30 allowing for
dosimetnc uncertainty

Smean 0 29

90% limits 0 1- 0 43

oi 02 03 04 01 f

ERFRAGy

Based on 1958-1987 LSS Tumor Registry Data, Thompson et al, Rad Res 1994
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Other sources Of uncertainty
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Stomach Cancer Example: Comparison of ERR Uncertainty
Distributions for Different Japan-to-US Transfer Models
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For all solid cancers combined

Japanese baseline rates are a little lower
than US rates

The difference is far less than for stornach

cancer. hill: it still requires adjUStillent

Result is a widening of the uncertainty
dlStrlI)LJtI0f) and a striall shift to the left

l1w waan [,RR!G/ ( from 0 29 to 0 25,

9l) , fnws , haii(je from 0 18 - 0 41 to 0 13 - 0 41

Example of statistical uncertainty:
Lognormal uncertainty distributlon for
all solid cancers LSS population

o Sex-averaged ERR/Gy at age 50 after

I -• exposure at age 30 allowing for
dosimetric uncertainty

f - mean 0 29
90% limits 0 18 - 0 43

2-

Mean 0.25 o90 rtbdf

I :. 04 % irf r, Oinirroirrretfirst 13-04

01 01 03 04 05 06

ERRIGy

'eased on 1958-1987 LSS Tumor Registry Data. Thompson el al. Rad Res 1994

Moote Carlo simulation of the uncertainty distlrbuifon for all solid
carrcer ERR at I Gy. after transfer to a U S population the

simolated distribtiion is Romroxirmaele lotnorreal

Uticertaiii DDREF for low-dose
extrapolation
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Monte Carlo simulation of the uncertainty distribution
for low-dose cancer ERR per Sv,

after division by an uncertain DDREF: the simulated
distribution is roughly lognormal
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Radiation Protection
A political piocosF, with stakeholders

V1ý1,,ý ý, , I J by r,ýd I
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Usotul to addres,, stakeholders cmicems,
from theii particular viewpoint,,
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Vt1hat is the highest ac(ýoptable iisk lovel?
1.11, 111 ý, t " ý , 1, 1 ,
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Implications of the LNT theory:
Collective close

If the estimated risk from 100 mGy to 10.000

poople is 10 excess cancers. then (ignoring

DDREF)

0 wk f-ri, 10 ý16Y T'' 10.000 pooplk

lhýý !ISK 110111 IU 111GY týj 1 000 UCX 11-1131(' WOUld
1)ýý 100 ?SS "'ItIl "IS

Aii(i oi, tiýk fr-ii 1 mG,, tý, 1 000 000

The new paradigm

-rhe methodology can provide:
The avetaite value of risk

A highest plausihic, risk

A lowest platisible tj,,k

Allows comparison of the-;(, risks with
other risks

That a stakoholder way tend to distogard

Or suentiously avoid

And with a known or uncertain bcnofit

We'd never be able to prove it by
StUdying the million people (if the risk is
indeed 10 per million)

Nor WOUld we be able to prove that the
risk is 1111.101 lower (if indeed it is)

It might be helpful to show that we can
be reasonably confident that the risk
isn't as high as (say) 1 per M000
(industrial standard)

ishae of6h LN theory

The~ ~~ thor sttstaa o lss

ec ss riki rprtoa ods

It dosn' r r lie rt of dos

repos ove th niedoerne

just atlow (l se

Th lo -ds thehldte r

If WeCSI areta heei ordain
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Experitnental and epiderniological
evidence doesn't preclude tissue-
specific thresholds

But also. it doesn't stipport existence
Of a Universal threshold. operating if) all
or tnost tissues

(Which is what wotild be needed to
illflUence radiation protection policy)

Wht0~db h

im lcain fo ra ito ris

asesmn of ackowedinsoelieiho1f* owds

7- The lognormal approximation
6 to ERR/Gy after correction for

C dosimetric uncertainty, transfer to the
6 US population, and division by an

uncertain ODREF

4- Mean 0. 17. 9
5

1h percentile 0.36
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ERR/Gy at low doses

Cumulative form of the dislrib•tion:
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ERRIGy at low doses

SLIppose we allow for the Uncertain
possibility of a threshold

At ýzonie Jose greater thai lie mný
interested in now

e ' Q SLIppose that for, doses belo.-, tnf.1,
JSSLInied threshold level
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Uncertainty distribution assuming threshold probability p
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Uncertainty distribution assuming threshold probability p10o.
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Uncertainty distribution assuming threshold probability p
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Uncertainty distribution assuming threshold probability p
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ERRKGy at Low Doses and Dose Rates ERRtGy at Low Doses and Dose Rates

Effect of increasing the assumed threshold probability p on
the lognormal uncertainty distribution for ERR per Sv

(mean 0.17, upper 95% limit 0.36 when p = 0)
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Estimation of the Carcinogenic Effects
of Low Doses of Ionizing Radiation
Insights about the LNT Hypothesis

Dr Bernard Le Guen,
Medical A visor

Nuclear Plant Operation
Electricite de France

President of Health and Research section
French Radiation Protection Society

French: academic report

- Over the past 20 years the French Ministry
of research has twice asked the Academie
des Sciences to.carry out a critical review of
the. available data regarding the effects of
low doses of.ionizing radiation-on health.

In 2003 the two Academies decided to join
.their effort for an update of two main topics:

, the dose-carcinogenic effect relationship
* the carcinogenic effect of low doses.

- A working party was set up; its report was
accepted after a few modifications .
suggested by the reviewers and it was
released in March 2005.

I



Comparison
The main problem for both medical and non-medical uses of
ionising radiation is the possible carcinogenic risks associated
with small doses of ionising radiation.

These eventual risks are also of great
... importance with regard to natural

irradiation,
- for example it wo0'ld be of great value to

assess the risk of lung cancers caused by
various radon concentrations in the air at

..... ., home or at work,
/. and whether there is a practical threshold

below which the'risks become negligible.

Assessment of carcinogenic risks

* The assessment of carcinogenic risks associated
with doses of ionizing radiation from 0.2 Sv to 5 Sv
is based on numerous epidemiological data.

however
- the doses which are delivered

" during medical X-ray examinations

" or the dose received by nuclear workers
" or in regions of high natural background irradiation

are much lower(from 0.1. mSv to 20 mSv).

Water, Nuclear test
food And industries
6% 1% grounc

Ij~1%rado
34 O,

Cosm-¶UI
exposure

7%

'Medical'
exposure

41%
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INDIVIDUAL DOSE
Average individual dose in mSv

-Reduction of 50% over 10 years
V'Does not exceed 1/10 of the regulatory annual limit

8E Dose moyenne annuelle

5.0

4.5

4.0

3.5

2.01.5 4.E

1.0 2.

0.5 -
0.05-

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003. 2004 2005 2006

Difficulties to detect excess of cancer

.C-C.I,,flCb~
:300

S.
300 -. -

I. ~

500

• Following small doses, no excess of
cancers has been detected;
however, the lack of an increase
does not exclude the possibility of a
small excess of cancers.

- Solid tumours and leukemia have a
spontaneous incidence that is high and
varies according to lifestyle.

-the possible increase in this incidence
following irradiation is relatively low, so the
studies must have sufficient . statistical
power, which requires large cohorts.

- but, in large populations confounding
factors are present and they must be taken
into account by appropriate statistical
methods, because their specific effect can
be much greater than the effect of radiation.

U T
0 .11 .5 4 40 S0. SS .1 05 II7



difficulties with 6pidemiological studies

dose
1000 mSv

100 mSv
10 mSv

cohort
500 people

50.000 people
5.000.000 people

cosmic radiation
* at sea level
" Mexico (2240 m)

0,25 mSv / year
0,80 mSv /year

External exposure due to earth's radiation
* medium 0,9 mSv / year
* Espirito Santo (Brasil) 35 mSv / year
* Limousin (french area) 1,20 mSv / year

internal exposure due to drinking water

- French St Alban water 1,25 mSv / year

(

Epidemiological studies

Hiroshima-Nagasaki
76.000 ; M 200 mSv

ICRC 1995
96.000 Nuclear Workers

ICRC 2005 (BMJ)
600.000 Nuc. W. 19.4mSv

radiologist > 1960
220.000 ; 10 - 50 mSv /an

Cabin crew
47.000 ; 1,5 - 6 mSv / an

leukaemia # 150 mSv
solid cancers NS < 100 mSv

leukaemia NS < 400 mSv
solid. cancer NS

leukaemia and solid cancers
NS < 100 mSv, 1-2% K due to IR

leukaemia NS
solid cancers NS

leukaemia NS
solid cancer NS
(melanoma)

K
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Epidemiological studies

Medical examination

radiotherapy
7.700 breast cancer

Leukaemia NS
Breast cancer> 100 mSv

NS if session < 150 mSv
solid cancer NS

K6rala
100.000 ; ... 70 mSv /an

Yangijang
100.000 ; 2 - 6 mSv /,an

Leukaemia NS
solid cancer NS

Leukaemia NS
solid cancer NS

What is the good
between dose and

rea t ion

Relativ risk
excess

hypothetical
effects - -

Ieffect ? ,,
-i--t

- ". I,

I / !
- '/l

st iII
t I /

/ /
t $/

/
/

/

ecognized effect

Linear No.Threshold

, -quadraitic

hýrorrnesis'

.1*
/'

Dose
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A linear no-threshold relationship (LNT)
. The LNT model was used in 1956 by Russell to evaluate

the radio-induced mutations in the germ-cell line in the
mouse,

. it was introduced between 1960 and 1980 for the
R purposes of regulation in radiation protection with regard

to all mutagenic and carcinogenic effects in humans.
- At that time, LNT was considered a convenient pragmatic

relationship but not a model based on scientific data.

ERF

dose

In the 1960s, the International Commission of
Radioprotection (ICRP) introduced it because it allows
the addition of sequential irradiation delivering low or
high doses of radiation received by an individual
whatever the dose. rate and the fractionation.
- Thus it greatly simplifies accounting in radiation protection.

.However, gradually LNT was interpreted, as meaning that
the carcinogenic risk is proportional to the dose and that
even the smallest dose induces a cancer risk.

0

Contre a dogma
been used for:assessina the effect of low andthe LNT has

very low doses.

This procedure has become a. dogma in many radiation
protection circles, but the validity of the. LNT has been
challenged over the past decade for two main reasons:

i ! .. ................ i !`C .

P. Dupor. Iat J Low, Rad. 2003
* meta-analyse on all data published
S# 60 000 mouses

*hormesis : 40 % expdrimental series

-doses 9 200-250 rnSy

* (a) the meta-analyses of the animal data have
shown the absence of any carcinogenic effect of
doses below 100 mSv;

* (b). scientific progress has revealed the
complexity of carcinogenesis, and the diversity
and effectiveness of the responses of a cell to
irradiation.

, Indeed, a cell is
accumulation of
radiation. It
mechanisms.

not passively affected by the
lesions induced by ionising
reacts through -several



Implicit assumptions on which the use of
LNT has been based for assessing

the carcinogenic effect of low doses

1- In the range of the doses and dose rates under consideration, there is
no physical, chemical or biological interaction between the effects caused
by the various tracks of ionising particles in a cell.
2- Any absorbed dose of energy in a cell nucleus leads to a proportional
probability of mutation.
3- The probabilities of successful repair or misrepair (per dose unit) are
always the same, whatever the number of lesions in the same cell.
4- There should be no impact of dose or dose rate. Similarly, the
probability of apoptosis does not vary with dose.
5- Any DNA lesion has the same probability of giving rise to a cancer,
irrespective of the number of other lesions in the same cell and the
neighbouring cells.

Molecular studies

• Using recent molecular approaches radiation
impacts ,.e.g. the induction of DNA lesions in
cells and tissues has been measured down to
very low doses (<1 mGy).
- This allowed to get important new insights in the

effects on cells and tissues in this formerly
inaccessible dose range.

- It is not surprising that some results obtained
changed our understanding of IR-induced effects at
low and very low doses.

7



Target: DNA

radiation
hit cell

nucleus!

Scientific progress

* Oxydative stress
- oxidative stress stimulates enzyme systems that

detoxify. active species of oxygen formed and induce the
K synthesis of enzymes: that destroy them. In parallel,

oxidative stress also activates. numerous signalling
pathways.

• DNA dammage

* cr~ ~

- It is not the initial physico-chemical events that
change, but their outcome.

- The defence mechanisms induced in a cell depend on
the degree and the nature of the cellular damage.

8



Comparison between endogenous and radiation-
induced DNA damage

DNA Spontaneous Radiation-induced
damage lesions/cell/day lesions/Gy

Single-strand breaks 10 000 - 55 000 1000

Base loss 12 600 ?

Base damage 3 200 2000

Double-strand breaks 8 40

DNA/DNA-crosslinks 8 30

DNA-protein crosslinks a few 150

Clustered damage (LMDS) ? a few

(Burkart W etal. CR Acad Sci 111 1999; 322:89-101;
Ward JF Prog Nuc Acdids Res Mol Biol. 1988; 35: 95-125)

Interaction of ionizing radiation (IR)•
with living matter

in recent years some new findings have' alerted radiation
biologists:

1. K-shell activation by low LET IR and the emission of two
energetic Auger electrons (250 and 360 eV) can induce
complex DNA damages like DNA double-strand breaks
(DSBs) (Boissi~re et al. 2004)

2. Also, very low energy electrons (< 10 eV) can give rise to
DSBs (Boudaiffa et al. 2000)

3. High LET- and low.LET ionizing radiation can. give rise
to locally multiply damaged .sites in DNA
(Goodhead1994, Nikjoo et al. 2001)



Definition of clustered lesions and LMDS

*LMDS composed of closely spaced DNA single-strand breaks (SSBs),
oxidative base damage (apurinic and apyrimidinic sites), sugar and base
modifications, DSB, involving opposite DNA strands.

-Predicted from biophysical model calculations (Monte Carlo) (Goodhead D. T. IJRB

1994;65:7-1; Nikjoo H. et al. Radiat Res. 2001; 156: 577-583)

-Thought to be induced at higher yields at high than at low LET radiation.

*May also be formed by bursts of Auger electrons (350 eV) from K-shell activation
of carbon atoms (Gobert FN et al, IJRB 2004;80:135-145) and dissociative
attachment of low energy electrons (Huels MA et al. J.Am.Chem. Soc. 2003;125
(15): 4467-4477))

* In contrast to lesions arising during normal cellular metabolism, clustered
lesions or LMDS are thought to constitute molecular markers or signatures
of IR and to be rather exclusively induced by IR (see BEIR VII report).

Are clustered lesions or LMDS of special interest
in radiation protection?

1. May constitute particular obstacles to cellularrepair (Nikjoo H. et al. Radiat Res.
2001; 156: 577-583).

2. LMDS are thought to be responsible for most genotoxic effects such as lethality,
mutations, chromosome aberrations, cell transformation and cancer!! (BEIR VII).

* Much work has been done in recent years to better define and quantify these
lesions in irradiated cells and to determine their biological consequences.

See publication of Sutherland et al. PNAS 2000; 97: 103-108,;Gulston et al. NAR 2002:
30(15):3464-72; Yang et al. DNA Repair.2006;5(1):1323-34),
Boucher D. et al. 2006, Radiat. Environ. Res.

* However, LMDS are difficult to quantify in human cells and, their number (:if
present), is quite limited. Most of clustered lesions may consist of complex DSBs.

* In most cases, clustered lesions are found refractory to repair, but those lesions
are lethal and non mutagenic.

* They are thus unlikely to contribute significa.ntly mutagenic and carcinogenic risk
of IR for humans.
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DNA repair

*Differences in the efficacy of the protection
system are supported by various experimental or
clinical data,

Repair and dose rate
At equal doses, the mutagenic effect varies markedly
with the dose rate.

- When the dose rate increases, the mutation frequency
after having passed through a minimum increases
strongly

Dose-rate effects of gamma. irradiation on

the induction of DSB in mammalian cells. (CHO-K1)

FAR : Fraction
of activity
(DNA fragments)
released

60. a HDR +DFO

40
U-

20

80

0 10 20 30 40

Dose (Gy)

Gamma irradiation.
LDR: Low dose rrate (0. 05 Gy/nf
HDR: high dose rate (3.5 Gy/mii

Induction of DSBs is reduced after exposure at low dose-rate (FD) (0.05 Gy/min)

as compared to exposure at.high dose-rate (HD) (3,5 Gy/min)

(D. Boucher et al. Can. J Phys. Pharmacol. 2004; 82(2): 125-132)



Induction of DSB in a repair-deficient Chinese hamster ovary
cell line (xrs6) by low and high dose-rate gamma irradiation

Involvement of non homologous end-joining

60- FD= 0.05 Gy/min
50 HD= 3.5 Gy/min

FAR: Fraction

4 - 02 of activity

30 R 209914 * FD + DFO (DNA fragments)aA HD + DFO released

" 20 - R'=0,9478

10

0
0 10 20 30 40

Dose (Gy)

Abec of a doe-at efeto h nucino u

Absence of ATM activation and DNA damage signaling
at very low dose rate

(Collislet al. JBC 2004; 279:49624-49632)

M O *, LORDR5(t.4ychr)h,

lHDA LDR(9.4 Gyhr) 2

2- A*
. ......

411 2 4 6

Dose (Gy) Dose (Gy)
Taking the activation (phosphorylation by ATM),of the histone H2AX as indicator
for radiation-induced DSBs,
Collis et al. (2004) have shown that at a very low dose-rate (94 mGy/h),
DSBs are recognized by detector proteins (MRE1 1-RAD50-NBS1) but not repaired
because of an absence of activation of ATM, i.e. an absence of DNA damage
signaling. Signaling of DNA damage (DSB) depends on dose-rate.

....-> At higher dose-rates DNA damage signaling is taking place.
There appears to be a threshold for ATM dependent signaling and DNA repair.

12



The effect of radiation dose-rate

- Dose-rate changes affect genes of radiation-induced apoptosis (APO-1,
TRAIL, TRID etc..) but not genes of cell proliferation (MDM2,BTG2, ELK4, SNK,
etc.,)

(Amundson et al. Mol Cancer Res. 2003,1; 445-452.).

--- > Thus, exposure at very low doses levels of chronic radiation
may cause more cell killing than that estimated from
extrapolation at higher doses.

Low-dose hyper-radiosensitivity
" For some cell types, mortality is very high (per dose unit) at the onset

of irradiation (during the first 200 mGy) (Joiner 6t al. 2001, Marples et
al. 2004); then falls to a very low level before increasing again.

" This low-dose hypersensitivity is observed in many cell types leading
to a high mortality rate, per dose unit, for doses of less than a few
hundred mGy of low LET irradiation.

" It involves poly(ADP-phosphoribosyl) transferase activity (PARP 1),
ineffective cell cycle arrest in G2-phase cells and DNA repair.

" An induced radioresistance is observed at doses of over 0.5 Gy;
and the mortality rate per dose unit then becomes very low before
increasing again.

the cellular defence mechanisms against lethality, which initially
show little efficacy, become more effective during irradiation
This initial hypersensitivity eliminates damaged cells with
mutagenic potential after low doses of radiation.



Variations in DNA repair efficiency
* depend on the genetic background

==> individual hypersensitivity
due to mutations or polymorphisms of DNA repair genes
in the general population (OGG1, XRCC1 etc.)

==> defaults in damage signaling and repair are often
associated with cancer predisposition:

ATM==> lymphoma, breast cancer
BRCA1/BRCA2 ==> breast and ovarian cancer
LiglV---> immune deficiency

• depend on the differentiation status of cells and tissues.
- depend on age

14



Low doses of gamma irradiation (10 mGy) elicit different
gene sets than high doses (2 Gy) in normal human skin cells

(Franco N. et al. Radiat. Res. 2005; 163: 623-635)

-Specific molecular responses are triggered in cultured primary keratinocytes
from adult skin at low doses (10 mGy) or at high doses (2 Gy) of gamma rays.

a -Using DNA microarrays (10500 gene probes), it is shown that among
853 modulated probes, the expression of 214 are specifically
modulated by low dose (10 mGy) and 370 genes are specifically
modulated by high dose (2Gy) exposure.

-Low dose specific genes (140 known genes) include mostly genes of
homeostasis, cell communication, signaling, membrane, cytoskeleton, RNA and
protein synthesis, chromatin, energy metabolism, stress, cell death and transport
but rarely DNA repair genes.

Conclusion. ==> The radiation response at low dose is rather specific and quite
different from that obtained at high dose.

Experience on yeast
at very low dose

(Mercier et al. 2004 Nucleic Acids Res. 2004 Jan 13;32(1)0e12.).

Studies carried out with the DNA micro-array technique in
yeast show that. continuous irradiation, at a dose rate of
20 mGy/h, (i.e. lower than the level of irradiation that causes a
detectable (lethal, mutational) biological effect), is enough

- to change intracellular signalingwithout modifying the genome
-to activate or inhibit numerous genes involved in the general

metabolism and in defenses against ionizing radiation.

Such mechanisms bring into play defenses at doses of the
same order as those due to natural irradiation, which
makes it possible to reduce or prevent its potentially harmful
effects.



Repair of DSBs in human fibroblasts depends on IR
dose and the answer is not linear with the dose

A 0.8

S0.6

04

0.2

0

20 mGy 0.25

0.2

0.15
0.

0.05

0

0.1

' 0.05
0 0.

0.05 025 2 24
Incubation time. (h)

0.05 0.25 2 24
hIcubation tbme (h)

0,05 0,25 2 24
I rwutzhntion timn (h)

--- > Absence of repair at 1,2 mGy

(Rothkarnm and L6brich PNAS 2003;1 00:5057-5062)

Different phosphoproteomic profiles in human fibroblasts
after low- and high-dose X-irradiation

(Yang F et a. J Proteome Res. 2006,5:1252-1260)

Low dose radiation (2 mGy) ---> increased
phosphorylation of proteins involved in more
general biological processes and not specific
genotoxicity-related responses.

High dose radiation (4 Gy)---> increased
phosphorylation of proteins involved in cell
signaling pathways and apoptosis
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Cellular reactions and DNA repair depend
on the dose level of IR

(Rothkamm and L~brich, PNAS 2003;100:5057-5062)

* At very low dose (1 mGy), cells are going to die because no DNA

signaling and there is no initiation of DNA repair of DSBs (or

other complex lesions).

n At slightly higher doses (5-20 mGy), DNA repair is initiated

(5 mGy: 1 electron track/cell ---> 5-10 damaged bases,2,5-5 .SSBs and
0.25 DSBs, see BEIR VII report)

w At medium doses (-200 mGy), DNA repair starts to be counteracted
by apoptosis. DNA repair can be error-prone and mutagenic which
may enhance the risk of cancer.

--- > Extrapolations from high dose effects to low dose effects do not

respond to the actual reaction of living cells to IR

Signali

DNA damage

Signalling proteins

Phosphokinases

T Proteins `

isation in the cell
DNA damage or modifications of the
chromatin are detected by signaling
proteins.
- The activity of these proteins. is modulated

by the number of lesions (and therefore by
the dose, the dose rate and LET) and by
messages from neighbouring cells..

These proteins activate phosphokinase
transmitters, in particular the protein
encoded by the ATM gene and the ATR
gene.
In turn, these transmitters modulate the
action of proteins involved either in cell
cycle control (the interruption of which
promotes repair) and DNA 'repair, or in
triggering apoptosis.



DNA damage signaling after ionizing radiation
(IR) (see Nyberg et at. Ann Rev Genet 2002; 36: 617-656)

DNA damage

I
Detector proteins

I
Transmitter proteins

DSB

P izý

Effector proteins /

I
Pr~o~1 HR 1ýNHEJ

•Guardian of qii''"

the genome DNA Repair,

(DSB)

I: Apoppqs'is uvia

Biological effects I I
Cell cycle arrests Cell death

Consequences at the tissue level

-Cells are usually imbedded in tissues.

" At very low IR doses, if a few IR damaged cells do not
survive and are eliminated = tissue functions are not
compromised.

At higher doses, a substantial fraction of cells is damaged.
- Tissue functions cannot be anymore. assured except if most cellular

damage is repaired,
- and cells are allowed to survive (even if mutated) and fulfil some of.

their tissue functions.
- This, however, may also allow genomic instability, malignant

transformation and cancer to occur.



Other radiobiological phenomena which contradict
the LNT hypothesis (1)

Bystander effects: irradiated cells communicate with unirradiated cells
either through intercellular gap junctions or through the release of
mediators into the medium.
This changes radiation target size and gives rise to non linear
responses in cell populations and tissues.

W Little JB Carcinogenesis 2000; 21: 397-404; Mothersill and Seymour Nature
2004; 4: 256-63; Mutat Res. 2006 May 11;597(1-2):5-10; Belyakov OV et al.
Mutat Res. 2006: 597 (1-2) 43-9.

Low dose hypersensitivity: increased lethality is observed at low doses
(a few hundred mGy) followed by radioresistance at doses over
500mGy.

* Chalmers etaL IJROBP, 2004;58:410-419, Marples et al. Rad. Res.
2004; 161:247-55

Radioadaptive responses: a small conditioning dose (20 mGy) gives.
rise to resistanceto a high challenging dose of IR.

* Rigaud and Moustacchi, Mutat.Res. 1996; 435(2):127-34

Adaptive radiation response

Adaptive responses have been shown to reduce DNA damage, mutation induction,
chromosomal aberrations, micronuclei and cell transformation
(Rigaud and Moustacchi, Mutation Res. 1996).

-Priming doses of less than 5 mGy or greater than 200 mGy yield very little
adaptation (Wolff 2002). .

* Adaptive response on micronuclei production in human fibroblasts after a
priming dose of I mGy and a 2 Gy challenging dose has been observed
(Broome et al. 2002) (needs to be confirmed).

* Induction of adaptive responses in human lymphocytes appears to be quite variable
in different individuals. Occupational exposures of 2.5 mGy/year for up to 21 years
resulted in variable adaptive responses in lymphocytes challenged with 2 Gy

(Barquinero et al. 1995).

--->The molecular mechanisms of adaptive responses are not yet well understood,
especially, for both priming and challenging doses of 1-50 mGy.
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Protective processes induced by low doses of low
LET radiation

" Recent work showed that low doses selectively remove transformed
cells in co-culture by stimulating intercellular induction of a protective
pro-apoptotic process mediated by reactive oxygen and nitrogen
species and TGF beta that eliminates cells with genomic instability
(Portess DIet a/. Cancer Res. 2007; 67(3):1246-1253; Bauer G. 2007 Int. J. Radiat.
Biol. 83: 873-888)

* This may be related to positive, effects of low dose IR (radiation
hormesis) showing a reduction in transformation frequency after low
doses (Redpath et al. Radiat. Res Radiat. Res, 2003; 159: 433-436.Ko et al. 2006;
Mutat.Res. 597:11-17;Azzam El et al. Radiat. Res: 1906; 146:369-373).

, The low-dose saturation of radiation-induced apoptosis in
pretransformed cells has potential implications for the effect of low
doses of ionizing radiation on a naturally occurring anticancer defense
mechanism.

--->These effects are not compatible with the linear-no-threshold
model!

Non-targeted effects of ionizing radiation may have

positive consequences in vivo
(Belyakov OV et al. Mutat Res. 2006: 597 (1-2) 43-9)

m Non-targeted effects of ionizing radiation might be interrelated.

and possibly have a protective role under in vivo conditions by

promoting differentiation.

m These effects might relate to adaptive responses because of

increased non-targeted differentiation in irradiated samples.

m Based on these experimental data the authors proposed as

the main function of non-targeted effects, the decrease of the

risk of carcinogenesis in a multicellular organism exposed.

to oxidative damage (including IR-induced damage)



Bystander effects
Effects of radiation on single cells influence the responses

of adjacent non-irradiated cells

-Often cell-to-cell contacts are required but in some cells bystander effects are
obtained without cellular contacts.
The bystander effect can be beneficial or detrimental depending on the cell type
and the range of doses analysed.

-Low doses (30 -60 mGy) of low LET IR may cause cell killing (apoptosis).
-Low doses of alpha particles may cause increased mutations of the
spontaneous type and very few deletions (intercellular gap junctions were
required). (Little JB Carcinogenesis 2000; 21: 397-404)

*In whole organisms abscopal effects may be observed.

It is possible that bystander effects play a role below 1-5 mGy, where few cells are
actually damaged by irradiation.

---> Are there bystander effects in vivo and in radiation therapy? What about abscopal
radiation effects?

--- > Yes, they may arise, but they need to be clearly defined before assuming that
bystander effects affect radiation-induced carcinogenesis..

A new concept in radiation biology
emerged...

9 Cells. respond even very low radiation impacts.
• The response to IR involves activation of defense

mechanisms, maintenance and death pathways.
* Cells react differently at high and at low

doses or dose rates of IR:
- The IR response involves activation of signalling

pathways and different genefamilies are activated.
- At low doses and dose rates a multitude of parameters

influence the cellular fate, whereas at high doses and
doses rates cellular responses are more directly
channelled towards survival, genomic instability and
malignant transformation or cell death.



Multi-stage Radiocarcinogenesis

Influencd of the microenvironment of
cells; tissues and the or anism

7Th

damage Muaion

DNA repair: ,

Tumory

Gene
induction transduction

* Contribution of multiple interactions between the cell hosting a potentially oncogenic
genetic event and its neighboring cells of the same type, the extracellular matrix

cell, tissue and body defences

against cancerization

1 intracellular System of cell proliferation control,
2 Death of initiated cell which has escaped to a saveguard

mechanism: apoptotic response
3 Control by neighboured cell

- secretion by neighboured cell and stroma of regulation factors,
inhibitor of proliferation,

4 "by-stander " effect: exchange of signalisation and
regulation molecules by intercellular gap junction,

5 Mechanisms of immunosurveillance,
ex. Healthy cells inhibit the development of potentially malignant

clones.
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Conclusion
. While LNT may be useful for the administrative organisation of

radioprotection, its use for assessing carcinogenic risks induced by
low doses, such as those delivered by diagnostic radiology or the
nuclear industry, is not based on valid scientific data.

. All the data show the lower effectiveness of low doses and dose rates.
Moreover, the quantitative discrepancy between the results of the
various epidemiological andanimal experimental studies supports the
view that there are several dose-effect relationships rather than only
one,

. their parameters depend on the type of cancer, the type of ionising.
particle, radiation dose, dose rate, fractionation of irradiation, species,
breeding line within the same species, target tissue, volume
irradiated, age, and individual sensitivity factors.

. Epidemiological and biological data are compatible with the existence
of a threshold but cannot today demonstrate its existence or assess
itsvalue (somewhere between 10 and 60 mSv)

. The concept of collective dose cannot be used for evaluating the
cancer risk in a population.

Joint report no 2 of
the Academie des Sciences (Paris)

and the Academie Nationale de Medecine.

Dose-effect relationship and estimation of the
carcinogenic effects of low doses of ionizing radiation.

M. Tubiana et al.

March 30, 2005, Editions Nucl6on, pp. 1-94

http://www.academie-medecine.fr/
http://www.academie-sciences.fr/
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DOE Low Dose Radiation
Research Program:

What does it tell us about
LNT hypothesis?

Mary Helen Barcellos-Hoff, Ph.D.
Chief Scientist, DOE Low Dose Program

Senior Scientist and Deputy Director
Life Sciences Division

Lawrence Berkeley National Laboratory

Goals of DOE Low Dose Radiation
Research Program

To understand the mechanisms of action for low
doses of radiation

To provide a scientific basis for radiation standards
in the low dose region

To supply up-to-date information on low dose
effects for researchers and the public

http://www.lowdose.energy.gov
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Evolution of Research Funded by
the DOE Low Dose Program

Initially, the focus was on low dose studies using
single cell systems,

which stimulated research on many previously
understudied/under funded phenomena (e.g.
adaptive responses, bystander effects, genomic
instability) and use of new technology.

Low-Dose versus Hkih-Dose analvse- .

Cellular expression protiles are si'rnifcantly.
different in response to low vs high doses

~7jLow Dose

I Transcriptional
profiles change inr
response to even
a few cGy i,

3 Some overlap across
species/cell types etc.,
but transcriptional
programs are
differentially affected in
vitro and in vivo

2 Pathway analysis suggests
that transcriptional programs
are differentially affected

Amundson and Fornace
Coleman and Wyrobek
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Research funded by the program has motivated
challenges to the biophysical paradigm

* Does low dose radiation alter
subsequent response to high dose?

+ Adaptive Response

* Is cell-cell communication affected
by exposure to radiation?
# Bystander

* Does radiation elicit heritable
phenotypic responses?
* Genomic instability
* Epigenetics

* Does multicellularity modulate
radiation response and
consequences?
* Three-dimensional models

Targeted vs Non-Targeted Effects

ProdL

Linea
ene

`/Crit

`/Trai

uction of damage Processinq of c

)r process due to Non-linear process,
ergy deposition signal casca

ical Sensor: DNA VCritical Sensor:
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Proteins
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I

gy

Tony Brooks
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Radiation Phenomena, Effects and
Cancer Risk

* Targeted effects affect the irradiated cell.
Can induce autocrine effects, e.g. apoptosis, or
parcrine, e.g. bystander

• Misrepaired damage generates mutations in progeny

* Non-targeted effects affect the progeny.
* Alter daughter cell behaviors that affect genomic or

phenotypic stability

* Persistent signaling (e.g. ROS, cytokines, lipids) that
affect surveillance, phenotype, cell interactions

* Epigenetic regulation

* Both contribute to cancer risk!

Radiation elicits complex biology
that may mediate carcinogenic risk.

*Heritable, non-mutational ýeffects of
radiation

+Dynamic signaling directed towards
maintaining homeostasis

*'Selective' apoptosis

*May suppress/eliminate abnormal cells

4



Protection by Selective Deletion of
Aberrant Cells

* Low doses suppress transformation
in vitro (Redpath, 2008)

* Transformed cells are selectively
deleted by signals from normal cells
and low dose irradiation augments
the efficacy of normal cells (Bauer,
1996; Portess et al. 2007)

* Radiation-induced TGFP3 mediates
surveillance of genomically unstable
cells in vitro and in vivo (Maxwell et
al, submitted)

* Low radiation doses suppress
recombination in vivo (Sykes and
colleagues, 2008)

Dose-response curve for neoplastic
transformation of human-hybrid cells

7
6 • .60 kVp X-rays

6

X
S 5 1 J-shaped dose-

response curves
4 - following high dose rate

exposure

E 2 Three mechanism may contribute:2 2 ./- -. Low dose radiosensitivity
t ,Induction of DNA repair

1 oUpregulation of antioxidants

04

0 5 10 15 20 25 30 35 40

Dose (cGy)

Redpath, 3 Continuous exposure to very low dose-rates (a few mGy/day)
2004, results in suppression
2008
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Low (I cGy) Doses Augment Selective
Apoptosis of Transformed Fibroblasts

Transformed - - - %4-%•",C0. e T O••'2! "GF'-P

•N Noi

02 ONO0O
rr

0 V nduction of Apoptosi

G 6 s aPeroxidase
0 O+ 02 +CI l

F-I [ .. HOCl _ ___O
G. Bauer,- 196; Portess Can Res 2007

Radiation elicits complex biology
that mediate carcinogenic risk.

f Altered cell-cell communication displayed
by progeny of irradiated cells

*Disrupted cell interactions

*Corrupted cell signaling networks

*May promote abnormal cell phenotypes and
genomic instability

6



Radiation-Induced Fibroblast
Phenotype: Senescence

50C r Gy h ,1h

A

-

Ib U 4 1.0 I -e - -S -6 - -.. .
......... 0 0 0 04 *0 ' , . . .00 .00

2 Senescent fibroblastsl
produce matrix
metaloproteinases

MMP I

MMP2-3

MMP7-T

MMP-9

MMP-10

MMP-12

GAPDH

1 Radiation induces
senescent phenotype in
fibroblasts

3 Radiation induced
senescent fibroblasts
alter epithelial
rmorphogenesis and
growth

Zhi-Min Huang r
Can Res 2006

Radiation-Induced Epithelial Phenotypes:
Epithelial to Mesenchymal Transition (EMT).

• " . .NUM-4

1 Irradiated epithelial cells undergo aberrant
morphogene.sis when exposed to TGFO

3. tGFp promotes motilitylo
and invasion of irradiated 1
cells 50

Park q3 al PNA-• 2nnQ sham TGF-P IR (2 Gy)IR + TGF-0A n da i'aWe~W5t']a I -'P l • 0(07 I

1 eQ

2 TGFf3 induces
mesenchymal markers
in irradiated cells
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Interaction Between Positive and
Negative Radiation Effects

+Radiation can induce abnormal cell
phenotypes and genomic instability

+Radiation can induce signals that
counteract these events

+Which prevails?

Radiation Induced Genomic Instability in
Non-Malignant Human Epithelial Cells

25 MCF10A 25

- 1 V V

15 20 '
5_____________

0'0 '0m0
Dose (cOy)

'R 25

E Si
20

W40

15 _
o-30

10 2

•1 2 V

in 1000 10 50100 200 500
Dose (cGy) 0 0o 50 100

1 Dose dependent accumulation of 2 Clonal centrosome aberrations and
aberrant centrosomes spontaneous DNA damage instability

>10 cGy
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TGFf3 Selectively Deletes Genomically
Unstable Cells

.. ... ....

TGF• , RTGF11

Sham -TGFB IR IR*TGF~i

1 TGF3 induces
apoptosis

2 TGFP3
induces p53
dependent
apoptosis

1C30

E0 . m

UT TG'-I TV.RI Skil

3 TGFP3 induces
selective apoptosis of
aberrant cells

Maxwell, Fleisch, et al.

Modeling the Biological Basis for Low
Dose-R-adiation-Prot-ec-tion

Spontaneously
Occurring.Genomic Low Dose/Dose Rate

Instability Low-LET Radiation

* Contributes to PROFAC
Indicates Suppressor Function

Bobby Scott
2007 ROS scavenging contributes to protection
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Evolution of Research Funded by
the DOE Low Dose Program

Initially, the focus was on low dose studies using single
,cell systems,

which stimulated research on many previously
understudied/under funded phenomena (adaptive
responses, bystander effects, genomic instability).

The current emphasis is to define the mechanisms
involved in these phenomena,

and to integrate single cell responses to understand
complex multilayer systems, tissues and organisms.

Tissues Repress Cellular Genomic
Alterations that Promote Cancer

* Carcinogenesis is suppressed by normal tissues

* Carcinogenesis is promoted by remodeling tissues

* Malignant genotypes can be 'reverted' to normal
phenotypes by extracellular signals

* The microenvironment (e.g. inflammation,
neovasculogenesis, immune, stroma) is paramount to
facilitating neoplastic progression

-Pioneered by Mintz, Pierce, Folkman, and Bissell;
-Recent studies by Bauer, Coussens, Pollard, Evans, others
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Radiation affects the pathways by
which tumors develop

I The genomes of high
dose radiation

-induced tumors are
different from those
of "spontaneous"
(p53 null) tumors

Mao et al, Oncogene, 2005;
Mao et al, Nature, 2004

•Ob . . A* r •~

LIOS9

GAN

GNNS

2 The genomes of high dose (4 Gy) radiation-
induced tumors are more unstable
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Stromal-Epithelial Mammary Chimera

Transplant with
unirradiated cells or

tissue at 10 wk

Barcellos-Hoff and Ravani
Cancer Research 60:1254
(2000)

Remove epithelium at 3 wk'A

Host irradiation increases
tumorigenesis by unirradiate(

p53 null mammary

E
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Decreasing TGF3 I reduces
the effect of host radiation on

p53 null tumorigenesis

TgftI Ht Host
1250

E 50 p =0.4452

212

$ 'y
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92100
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Low dose radiation-induced clusterin:
a pro-survival factor that suppresses

TGF3 I signaling
Untreated Irradiated (0.1 Gy)

75

70

65

Note the absence of detectable signal of luciferin reporter in controll

David Boothman
2008
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How does radiation affect cancer
susceptibility?

PHENOTYPE GENOTYPE

Cancer Susceptibillity

I I I
inflammation immune response stromal cells metal

Vascu ise•ase obesity bone densitv

Stem cells angiogenesis Balmain anM

Y

d Mao

A SYSTEMS GENETICS APPROACH
TO RADIATION CARCINOGENESIS SUSCEPTIBILITY

Interspecific backcross

IR Tumor CGH arrays .iI

Allele-spe
Cancer of the

ecific changes Skin
Lung

Prostate
* Lymphoma

7

Host genotypes

1.

Tumor
expression microarrays

Host phenotypes
Inflammation
Cytokine production
Telomere length

Normal tissue.
Expression microarraysI

Network analysis

Susceptibility genes Life Style Contribution

Balmain and Mao
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Phenotype networks associated with
tumor resistance

* Body Length (cm).I 1j Neuls (/)-3

Tcel IsABs
low "

Inflammatioi
low

Balmain and Mao

Describing Complexity Using Systems
Biology

* Genetic basis of
sensitivity is hindered
by looking 'under the
lamp post'

* Systematic. analysis .of
diverse phenotypes in

the context of genetic "
diversity

* Multiple outcomes

* Data integration can
pinpoint mechanistic
contributions
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*Organisms use extracellular endocrine,
paracrine and juxtacrine signals to
orchestrate damage responses of cells.

*Systems, i.e. the tissue, organ, organism,
respond to damage caused by radiation at
the molecular level.

*What is the extent of system control in
the development of cancer?

Systems Biology

What distinguishes a complex system from
a merely complicated one is that some
behaviors emerge as a result of altered

relationships between the elements.

http://www.biologydaily.com/biology/Systems. ithinking',i
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Is cancer an emergent phenomenon?

Prostate Intraepithelial Neoplasia

* Mice in which Tgf.3 ' Tgfbr2°fOlx Tgfbr2t•PKO
type II receptor is
floxed in fibroblasts .

* Loss of TGFP stromal *

signaling results in
epithelial cancer .
within 6 wk of birth

Forestomach squamous cell carcinoma

Bhowmick et al. Science-
303:848, 2004 ,

Integrative Radiation Biology

Cellular events should be placed in a multicellular and
organismal context

Systems are maintained by information in which space
and time are factors

Radiation may give rise to 'emergent phenomena', i.e.
small perturbations in many things that result in big
changes, like cancer

If so, then dose and dose rate may alter cancer risk in a
non-linear manner.

Barcellos-Hoff, M. H., and Costes, S..V. (2005) Mutation Research

Barcellos-Hoff (2007) Env Radiat Phys
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Low Dose Radiation Biology: What
does it tell us about LNT?

*Responses to low dose radiation are different
from high dose, probably have different
sensors and-initiate different biology.

*Non-targeted effects are a mode of radiation
action whose actions may prevail in
carcinogenesis.

* Predicting radiation effects should integrate
biology occurring at different levels of tissue
organization.
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Perspectives of the National Council
* on Radiation Protection and

Measurements on Important Issues
in Understanding the Biological
Effects of Low Radiation Doses

Thomas S. Tenforde
President

- Nuclear Regulatory Commission Working Group
on the Effects of Low Radiation Doses:

Science and Policy
North Bethesda, MD

April 8-9, 2008

Topics of Discussion

• Role of NCRP

. Rationale for low-dose radiation studies

LL * Key research issues to be addressed
* Public policy and regulatory implications

- .._ NCRP activities and path forward

* Summary and concluding remarks
0.
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Role of NCRP

e NCRP cornerstones of national role in
radiation health protection:

1)Provide information and recommendations in
the public interest about:

a) protection against radiation; and
b) radiation measurements, quantities and

units.
2)Develop basic concepts of radiation

protection.
3)Facilitate effective use of combined resources

of organizations concerned with radiation
protection.

4)Cooperate with national and international
governmental and private organizations.

S

Key Issues in Understanding Low-Dose
Radiation Effects

on
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* Current knowledge is largely based on high-
dose laboratory and human exposure data

* Conclusions from epidemiological data on low-
dose exposures are limited

* Radiation exposure of humans under
occupational conditions is generally low

* Regulations on public and occupational
exposures are based primarily on extrapolation
of high-dose exposure information

* A need exists to close the gap in scientific
knowledge on low-dose versus high-dose effects,
and evaluate the implications for radiation
exposure practices and policies



Perspectives on Key Areas of Research on
Low-Dose Radiation Effects

Molecular, Cellular and Tissue Studies

i o Damage, repair and misrepair mechanisms
and consequences at cellular and integrated

S tissue levels

-- i Influence of nontargeted radiation effects on
cellular and tissue responses

- *• Modifying factors in radiation damage and
(::_ji• repair at molecular, cellular and tissue levels

* Influence of dose and dose rate on exposure
outcomes and differing effects of low- and

- : high-LET radiation

Perspective on Key Research Needs on
Low-Dose Radiation Effects
Laboratory Animal Studies - 1

Analysis of frequency of various types of
... • toxic effects such as cancer induction, and

relationship to tissue radiation sensitivity,
i i genetic factors, and damage mechanisms

studied in vitro

- .. Investigation of biological markers of

OU radiation damage and recovery



Perspective on Key Research Needs on
Low-Dose Radiation Effects
Laboratory Animal Studies- 2 O

U
z

" Analysis of radiation damage pathways
and application of systems biology
approaches to understanding radiation
risk

" Evaluation of radiation injury and
recovery after exposures to radiation at
differing dose and dose rates, and
differing qualities (low- and high-LET)

a.1

U

Perspectives on Key Research Needs on
Low-Dose Radiation Effects

Human Health Studies - 1

• *Extrapolation of radiation exposure outcomes
observed in laboratory animals to projection
of risks in humans at tissue, organ and whole-

* body levels
i Interpretation of adverse health outcomes in

humans based on results from in vitro and in
" vivo laboratory-based studies, includingI biological markers of radiation damage
* * Evaluation of modifying factors influencing

radiation damage, repair and ultimate health
• :outcomes 0

m.



Perspectives on Key Research Needs on
Low-Dose Radiation Effects

Human Health Studies- 2

* Dose-response modeling at tissue, organ
and whole-body levels

• Analysis of effects of dose, dose rate and
radiation quality on health outcomes

I LL

LU

Perspective on Key Research Needs on
Low-Dose Radiation Effects

Public Policy and Re2ulatory Implications - 1

* Predictive risk modeling of health impacts
of exposure to low doses of radiation,
including consideration of radiation
quality, dose and dose rate

" Application of results of laboratory-based
studies and extrapolation of these results to
humans in establishing acceptable levels of
exposure in occupational and public
settings



Perspective on Key Research Needs on
Low-Dose Radiation Effects

Public Policy and Reg2ulatory Implications-2

* Use scientific knowledge to reduce
uncertainties in risk estimates and improve

OW: radiation protection policies and practices

* Resolve the question of whether general
L- conclusions can be drawn and predictive
I models developed for the optimization of

-. health protection in humans chronically
Rexposed to low doses of radiation (at or close

to background levels)

NCRP's Role in Analyzing Effects of Low
Doses of Radiation

Published Reports Since 1990- 1
. *• Report No. 150: Extrapolation of Radiation-

Induced Cancer Risks from Nonhuman
- Experimental Systems to Humans (2005)

Statement No. 10: Recent Applications of the
- NCRP Public Dose Limit Recommendation

for Ionizing Radiation (2004)
-L o Report No. 136: Evaluation of the Linear-

19f W1 Nonthreshold Dose-Response Model for
U Ionizing Radiation (2001)

w - Report No. 126: Uncertainties in Fatal
/17l :Cancer Risk Estimates Used in Radiation
.. Protection (1997)



NCRP's Role in Analyzing Effects of Low
Doses of Radiation

Published Reports Since 1990 - 2

. Report No. 117: Research Needs for
Radiation Protection (1993)

LL Report No. 116: Limitation of Exposure to
-: Ionizing Radiation (1993)

* Report No. 115: Risk Estimates forO- Radiation Protection (1993)

Report No. 104: The Relative Biological
-• Effectiveness of Radiations of Different

Quality (1990)

- [See http://NCRPpublications.org]

NCRP's Role in Analyzing Effects of Low
Doses of Radiation - 2008 Annual Meetin2

* 44th NCRP Annual Meeting on Low Dose and

Low Dose-Rate Radiation Effects and Models
(April 14-15, 2008 at Bethesda North Marriott
Hotel and Conference Center)

. ..Program available at http://NCRPonline.orp
* Sessions include:

-- Molecular, Cellular, Tissue and Animal Radiation
- .Responses of Relevance to Radiation Protection

-- Human Epidemiology Studies

- : -- Low-Dose Radiation Effects, Regulatory Policy
and Impacts on the Public

- -• * Peer-reviewed proceedings of meeting will be
... published in Health Physics



NCRP's Role in Analyzing Effects of Low
Doses of Radiation:
The Path Forward - 1

:M FNCRP plans to prepare a definitive report ona. AM% Biological Effects of Low Radiation Doses and
Implications for Human Health and Radiation
Protection

iI~. * Detailed outline of report and proposal to
-. .. potential funding cosponsors will be preparedU in 2008, with anticipated starting date of a
-.four-year effort in 2010

NCRP's Role in Analyzing Effects of Low
Doses of Radiation:
The Path Forward-2

o NCRP Scientific Committee preparing the low-
dose report will be relatively large and contain
scientists with expertise in all major aspects of
basic radiation research, epidemiology,

- operational and public health radiation
.L protection, and public policy and regulatory

issuesU .Committee discussions will include
collaborative input from international
organizations involved in radiation protection
issues (e.g., ICRP) and report will be placed in

- both national and international contexts



Summary and Concluding Remarks

* Understanding biological and human health
effects of low radiation doses is a major
scientific challenge and frontier that must be
crossed

* As described in the recently issued NCRP
- Strategic Program Plan 2008-2010 (available

at http://NCRPonline.org), the analysis of low-
-m dose radiation effects is a major strategic area

of long-term effort by NCRP
- :NCRP welcomes input on its plans and
A activities from interested scientists and

regulators in the U.S. and worldwide
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