
167 DB72 
Projet d'exploitation éventuelle d'une 
mine et d'une usine de niobium à Oka 

Oka 

A sumrnaJ:y o.f t.e·stj:meny ~re~.e.rtited y 

Gerdon Edwar:Js 

~o the Ellio~ Lake E~vi~-,::m~en~~1 ~$~essment BC>çlrd 

àealin9 w:LtJ1
1 

the ~roblem of rad>©n 9as in new bo~es 

1ü:::st 1>.riflct!iag- f,inanseGl by 1:t})e Ulli:s.eg Çh·Uî'ch ef Canada 
;.: i C s ; 

First p;ri.n~,éd in Mateli il 9,8 

Repria~é'd ànd updated in Augost 1985 

~ Cbald:~ fer Ntt:lèf\;t ~lity 
~œue ~palr' 14 ~ cm N~l-&tfft 
GP -!36 ~ ~ Mlnt'l'&il 3X JT4 ,. 

" 

6211-08-002 



l 

Canadian Coalition 
for Nuclear 

Responsibility 

OR, 

Regroupement pour 
la surveillance 
du nucléaire 

"IT•s PERFECTLY SAFE, BUT DON·T BREATHE TOO DEEPLY" 

A summary of testimony presented by 

Gordon Edwards 

to the Elliot Lake Environmental Assessment Board 

dealing with 

the problern of radon gas in new homes 

Research financed by the United Steelworkers of America 

First Printing financed by the United Church of Canada 

First printed in March 1978 

Reprinted and updated in August 1985 

canadian Coalition for Nu:::lear Pespcnsibility 
Pegrouperrent pour la Surveillance du Nu:::lœ.ire 
CP 236 Sœcursale SNO-ITXN M:lntréal H3X 3T4 



- i -

INTRODUCTION (.1905) 

In March, 1978, there were three days of hearings by the 
Elliot Lake Env1ronmental Assessment Board into the question ot 
how much radon gas should be cons1dered acceptable 1n new housing. 

At the invitation of Homer Séguin of the Steelworkers, I 
attended the hearings and testified as a mathematic1an on the 
health r1sks of radon gas. Using the Ontario Government's own 
published mortality figures, I pointed out that continuous 
exposure to the officially proposed level <for the maximum per­
m1ssible dose of radon in new homes> would result in a 30 percent 
increase in lung cancer deaths among the exposed population. 

At present, 54 out of every 1000 males in Ontario eventually 
die of lung cancer. A 30 percent increase in this mortality rate 
means an additional 16 lung cancer deaths per 1000, for a total of 
70 per 1000: a shocking increase in the incidence of an already 
shocking disease. 

At the tiine, I had no way of knowing whether my conclusions 
would stand the test of t1me. I had simply accepted the govern­
ment's figures and used basic arithmetic to est1mate the increase 
in lung cancer mortality. Nevertheless, the evidence I gave 
convinced the Assessment Board that a re-evaluation ot the radon 
standard should be undertaken. A recommendat1on was made to that 
effect. It was 1gnored by both provincial and federal author1t1es. 

In 1980, the British Columbia Medical Association published a 
300-page book ent1tled "The Health Dangers of Uranium Mining and 
Jur1sd1ct1onal Questions", wr1tten by two medical doctors: Eric 
Young and Robert Woollard. The authors, who carefully reviewed al! 
ava1lable evidence from the leading medical author1t1es on the 
subject of radon hazards, fully confirmed my 1978 estimates. ln 
fact, they estimated a 40 to 50 percent 1ncrease 1n lung cancer 
rates resulting from cont1nuous exposure at the so-called 
"acceptable" level of radon exposures 1n homes. 

The Canad1an nuclear establishment, wh1ch had been assur1ng 
people for years that low levels of exposure are perfectly harm­
less, was understandably upset by these unpleasant predict1ons. 
The Atomic Energy Control Board <AECB> refused to credit the BCMA 
r1sk est1mates, and yet made no attempt whatsoever to d1scuss the 
med1cal evidence with the authors of the Report. Atom1c Energy ot 
Canada L1m1ted <AECL> publ1shed an angry retort, and tr1ed, 
without success, to get the BCMA to disassoc1ate itself from the 
Report. Today, the BCMA still stands behind the integr1ty of the 
Young/Woollard Report. 

Meanwh1le, independent American scientif1c organizat1ons -­
notably the National Academy of Sciences (NAS) and the National 
Inst1tute of Occupational Safety and Health <NIOSH) -- were 
arriving at conclusions very s1m1lar to those reached by the ~CMA. 
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The Academy•s 1980 BEIR-111 Report reported r1sk est1mates for 
lung cancer mortal1ty caused by low levels o+ radon exposure wh1ch 
were fully consonant w1th the BC~A f1nd1ngs. That same year, a 
NIOSH Report called for a tightening of the standards governing 
perm1ssible levels of radon exposure, c1t1ng the results of 
nutnerous studies which indicate that low levels of radon exposure 
may be lllllCh more harmful than was previously thought. 

Against this background, the AECB's Adv1sory Comm1ttee on 
Radiolog1cal Protection commissioned a study by Duncan Thomas ot 
McGill University to rev1ew the ex1st1ng med1cal ev1dence on radon 
hazards. Dr. Thomas, a trained ep1dem1ologist, based h1s study on 
the numbers of recorded deaths from lung cancer among workers 
exposed to various levels of radon gas 1n Sweden, Czechoslovak1a, 
Colorado, and Canada. His report, the most careful study of 1ts 
k1nd ever done in Canada, was publ1shed by the AECB 1n l~~L. It 
est1mates that continuous exposure to the maximum perm1ss1ble 
level of radon in homes will likely result 1n a 37 percent 
1ncrease 1n lung cancer deaths. <The report also est1mates that 
cont1nuous exposure of underground miners to the much larger 
maximum permissible level of radon 1n the mines w1ll l1kely cause 
a three or four hundred percent increase 1n lung cancer deaths!> 

Although the AECB publ1shed Dr. Thomas• report, 1t has 
chosen to ignore it. In a sl1m thirteen page document publ1shed 1n 
1982, the same Adv1sory Comm1ttee which conun1ss1oned Dr. Thomas' 
report dismisses 1t w1th scarcely a word of explanat1on. No reason 
1s g1ven, except that it doesn•t "jibe" w1th the f1nd1ngs of 
var1ous pro~nuclear bodies <such as the International Commission 
on Rad1ological Protection> wh1ch the AECB prefers to place 1ts 
trust in. Neither the Advisory Comm1ttee nor the A~C~ has prepared 
any critique of Dr. ThOlllas• work, nor have they ident1fied any 
m1stakes in his methodology. They just don't like h1s f1nd1ngs. 

The reason for their disl1ke became clear when, 1n November 
of 1983, AECB announced plans to completely change the ex1sting 
regulat1ons governing radiation standards. Linder the new proposed 
régime, various vital organsin bath atomic workers and members o+ 
the Canadian public could be exposed to cons1derably larger doses 
of radiation than are currently permitted. In part1cular, the 
maximum permissible exposure ta radon gas would be increased by 
about 20 percent. 

Because of an unprecedented storm of opposition from all of 
the major unions represent1ng Canada's 100,000 atom1c workers ~ 
including uranium miners, reactor operators, and those who handle 
radioisotopes -- AECB has tentporar1ly withdrawn 1ts proposed new 
regulations on radiation standards. As of August 15 1985, no 
further effort has been •ade by AECB ta relax the existing 
radiation standards. But the situation May change at any t1me. 

Radioactive pollution should be a matter of concern for ali 
Canad1ans. Although th1s report deals only w1th lung cancer caused 
by radon gas I hope it is of so,ne use in awakening other Canad1ans 
to the dangers we all face 1n an increasingly radioactive worid. 

lt~~~ .. ~ 
µ .1- 15 1Cf85" 
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INTRODUCTION (1978) 

In the Spring of 1978, Ontario Hydro siqned contracts 
with Denison Mines and Preston Mines to supplv uranium for 
those nuclear reactors already operatinq, under construc­
tion, or firmly committed in the Province of Ontario. The 
value of these contracts may exceed $7 billion. 

As a result the town of Elliot Lake is undergoing 
phenomenal expansion. Uranium production is expected to 
increase by a factor of about five over the next few years. 
Whole new subdivisions are springing up to accomodate the 
workers and their families. Unfortunatelv, manv of these 
new homes are showing high levels of radon aa~ in their 
basements -- presumably because of the natural radioactivity 
of the soil. This situation raises important questions of 
public health policy since radon gas is an extremelv patent 
cancer-causing agent. 

Mechanical aids have been incorporated into the archi­
tecture of the Elliot Lake homes in order to alleviate the 
problem. In some cases, pipes have been laid under the 
basement floor, and fans have been installed to hlow most 
of the radon gas outs1de the house. In other cases, the 
basement floors and walls have been coated with a special 
sealant des1gned to prevent radon qas from qettinq into the 
house. However, the 1roblem cannot be eliminated altoqether, 
nor can it be control ed in a maintenance-free manner un­
less the homes are built without basements or in an alto­
gether different location. 

Recognizinq the prohlem, the Province of nntario ha~ 
proposed a standard for an "acceptable level" of radon qac; 
in newly built homes, followinq recommendations laid down 
by the Atomic Energy Control Board. In March of 1978, the 
Elliot Lake Environmental l\ssessment Board (which was es­
tablished by an Order in Council to investiqate the environ­
mental implications of the proposed expansion plans) sche­
duled three days of special hearings in Elliot I~ke to con­
sider the auestion of radon aa~ in homes and the adequacy 
of the proposed qovernment standards. The present paper is 
a summary of the evidence which I presented to the Board 
on March 10 and 13 on behalf of the United Steelworkers of 
America. Using data supplied hy the Ontario Mini~try of 
Housing, I argued that a 31% increase in the male lunq can­
cer rate could result if the presently proposed standard 
for radon gas in homes is adopted. On the basis of this 
testimony, the Board recommended that the Province re­
evaluate the radon gas standard which thev are proposinq. 
However, there is no indication that such a re-evaluation 
is takinq place. The expansion is proceeding at an un­
diminished rate, and new hOJT1es are bein9 built accordino 
to the very standard which is under question. Apparently, 
public health has to take a back seat to economic expediency. 
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I was personally shocked to discover that thP Elliot 
Lake Environmental Assessment Board had no funrl~ to cal] 
independent medical exoerts to testify on thP binmedical 
effects of radon inhalation. Instead, the Board had to 
rely on those experts hrouqht in by the mininn companies 
and hy the United Steelworkers of America a t thP ir m•.' n 
expense. This is net conducive to a balanced pPrspec­
tive on an important public health matter, sincp the 
financial resources are heavilv hiasPd in favour of t~P 
industry.it 

The industrv wi tnesses and the governr1ent v:i tnesses 
all seemed to downplay the hazard to a remarkahlc cxtcnt. 
One witness who presented himself as an expert in cost­
benefit analysis argued that the 156 extra lunq cancer 
deaths which one might expect over the next 30 vears as 
a result of radon exposure in r.lliot LaY.e were of no 
great conseouence, because 

a) those people would have died anvwav, from 
some other cause, if they hadn't died of cancPr; 

b) they would each die only one day sooner than 
they would have otherwise died, on the averaqe (!!), 
and thereforc, 

c) the cost of the lost person-davs, for thesc 
156 cancer deaths, calculated at a rate of 
$30,000 per year, would only be about $12,000. 

The stupiditv of this calculation did net escape the Board. 
llowever, i t is a shame that better testirnony was net 
available. 

This little story, which can be founè in thP transcriot 
of the Elliot Lake Hearings for ~arch 13, provides a gri~ 
illustration of bio~olitics at work. Riooolitics is the 
dubious art of just1fying whatever economic decisions have 
been made by arguinq that the biological effects will be 
negliqible. 

It is mv belief that the public health will onlv be 
protected when society is prepared to err on the side of 
safety rather than on the side of expediency. 

_Â~Zhr~ 
mô-.'j 14,6 

*Note: ln 1978, after th1s Introduction was wr1tten, the E111ot 
Lake Env1ronmental Assessment Board d1d br1ng 1n Ur. Karl 
Morgan and Dr. Victor Archer to test1fy on radon hazaros. 
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SUMMARV 

What is the issue? 

The Ontario Ministry of Housing, in cooperation with the 
Atomic Energy Control Board, is proposinq a standard for an 
"acceptable" level of radon qas in homes and other buildinqs. 
According to data published by the Ministry, this proposa! 
could result in a 30% increase in the incidence of lung cancer 
among the male occupants of such buildings. (Data on female 
risk figures is not available.) 

What is radon and what does it do? 

Radon is a naturally occurring radioactive gas. It 
is produced as an inevitable byproduct of the radioactive 
disintegration of uranium. Since uranium is found in small 
amounts almost everywhere on earth, radon ~as is also found, 
in small amounts, almost everywhere. However, in places 
where uranium or its radioactive daughters are present in 
higher-than-usual concentrations, radon gas also occurs at 
higher concentrations -- for exarnple, wherever there is 
uranium or phosphate ore, or the "tailings" left over from 
mining and processing such ores. 

Radon gas has a half-life of 3.8 days, whereupon it 
produces other radioactive substances (which are solids) 
known as "radon daughters". These latter substances, the 
radon daughters, are mainly responsible for the high 
incidence of fatal lung cancer in uranium and other hard­
rock miners. The radon daughters attach themselves to 
microscopie dust particles, which are then inhaled down 
into the deepest parts of the lung. Radon is much more 
harmful in a confined area such as a mine shaft or hase­
ment, since the radon daughters then have a chance to build 
up to higher concentrations, and thus deliver a higher 
dose of radiation to the lungs when inhaled. 

How does radon get into buildings? 

In 1967, in Grand Junction (Colorado), it was dis­
covered that thousands of homes and other buildings had 
been built on uranium tailings, leading to high radon gas 
levels in homes, schools, and workplaces. In 1975, many 
homes in Port Hope (Ontario) were found to be constructed 
with radioactively contaminated material, creating similar 
problems. In 1976, hundreds of homes in Elliot Lake (Ontario) 
were found to have high radon levels indoors, presumahly 
because of the higher-than-usual amounts of uranium in 
the soil. In 1977, sorne homes in Newfoundland were found 
to have been constructed using radioactive slag from a phos­
phate plant, leading to excess levels of radon gas indoors. 
Moreover, recent surveys have turned up "pockets" of homes 
having excess radon levels in almost every city in Canada. 
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In all these cases, the inhabitants of such buildings 
are being exposed to radon levels which are much hiaher than 
average. The question is: since radon cannot be totallv 
eliminated, what is an "acceptable level" in terms of public 
health policy? 

What are the proposed standards? 

The Ontario Ministry of Housing, following criteria es­
tablished by the Atomic Energy Control Board of Canada, is 
suggesting the following standards: 

Padon Levels Inside Buildings (in workinrr levels, HL) 

Prompt Remedial Action : 
Acceptable: 
Pequiring Investigation: 

over 0.15 t·!I. 
under O. 0 2 t 11L 

over 0.01 WI. 

Gamma Padiation Inside Buildinqs (in millirems per hour) 

Prompt Pemedial Action: over 0.10 mr/hr 
Acceptable: under 0.05 mr/hr 
(rneasured 1 metre above floor, centre of room) 

The proposed acceptable limit for radon gas in buildinqs, 
0.02 working levels, is expect.ed to cause some additional cases 
of lung cancer over and above the natural incidence of this 
usually fatal disease. The present paper deals with the ouestion 
of how much additional lung cancer can be expected if a sizeablP 
population is exposed to such levels of radon in their homes, 
schools, and workplaces. 

What are the expected public health conseoue~ces? 

The Ministry of Housing does not exp~ct that exposure to 
0.02 WL of radon over a lifetime will cause more than a 5% in­
crease in lung cancer among males. This conclusion is hased on 
studies of uranium miners, most of whom suffered much hiqher 
exposures than those to be expected from radon qas in huilrlinns. 

llowe:ver, recent scientific evidence from many countries 
indicates that at lower dose rates, radon is much more effective 
in causing cancer (per unit dose) than at hioher dose rates. Jf 
this is so, then the official estimates of the health effects nf 
living in a radon atmosphere of 0.02 lvL are grossly understater., 
and we have the potential for a major public health tragedy. Sorne 
of this evidence is summarized in the ensuing paper, and the im­
plications for public health are clearly explained. 

Using only the data supplied by the Ontario ~inistry of 
Housing to the Elliot Lake Environmental Assessment Board, it 
is shown that continuous exposure to 0.02 WL for 12 hours per 
day could lead - to a whopping 31% increase in the incidence of 
lung cancerrorrnaTes. It 1.stnerefore concluded that the 
housing standards have to be tightened up considerably. 
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ESTIMATING LUNG CANCERS 

DR, 

"IT'S PERFECTLY SAFE, BUT DON'T BREATHI:::. TUU Dl::.t:.PLY" 

by Gordon F.dwards 

MATHEMATICAL MODELS 

A mathematical model is a description of reality 

using rnathernatical language. Such a description or 

model can be simple (like a graph) or complicated 

(like a computer simulation). It is quite possible 

for such a description to he wrong, in that it does 

not give correct results when applied to reality, 

even though the internal rnathematical logic is im­

peccably correct. 

Avery simple illustration of this principle 

can be provided using a familiar geornetric example. 

It was once thought that the earth was flat -- not 

an unreasonable assumption, since the earth looks 

flat. "Geo-rnetry" literally rneans "earth measurement", 

and in ancient days it was believed that the results 

of elementary geometry accurately indicate what 

happens on the surface of the earth. 

On a flat surface, two perpendiculars drawn from 

the same line will never intersect, no matter how far 

they may be extended (see Figure 1). But of course we 

now know that the earth is round, not flat, and so this 

conclusion about perpendiculars is wrong if it is applied 

to the surface of the earth. In fact, two perpendiculars 

drawn from the equator will intersect at the North Pole: 1 

The fault is not in the mathematics; the fault is 

not in reality; the fault is in the mathematical model 

in other words the mathematical description of realitv 

is not entirely correct. 

. .. /3 
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Geometric Illustration 
Problem of Extrapolation 

On a flat surface, two perpendiculars drawn from the same 
line will never meet ... 
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... but on the surface of the earth, two peroendiculars 
drawn from the equator will meet at the North Pole. 
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THE PROBLEM OF EXTRAPOLATION 

The previous example illustrates a general pro­

blem in mathematical modelling, which is the problem 

of extrapolating from known results to unknown regions. 

The ancients who developed the principles of elementarv 

geometry lived in a limited region of the earth (near 

the Mediterranean), and in that region the geometrical 

principle seemed to be true that two perpendiculars 

drawn from the same line do not intersect. The ancient 

thinkers had no way of knowing that the behaviour of the 

two lines would change thousands of miles away froM where 

they started, and that the two lines would eventually 

intersect (if drawn on the surface of the earth) so~e 

6,000 miles later! 

Another simple example, drawn this tiMe from the 

field of biology, may clarify the prohlem of extrarola­

tion still further. If a new species is introduced into 

an ecosystem, it spreads very rapidly, following an 

"exponential growth law" (see Fiqure 2). Dut this kind 

of rapid, accelerating growth cannot continue forever, 

and eventually, as the population grows, a levelling-off 

takes place as a result of new, previously unimportant 

factors -- competition for food, competition for nest­

ing sites, increase of predators -- causing a marked 

chanqe of behaviour. This change of behaviour would 

not be predicted by extrapolating from the initial ob­

servations made while the new species was still ''young" .1 

( The same does not apply to the growth of a single 

organism. It is true that if we all continued to grow 

as rapidly as children grow, we would be gargantuan in 

size by the time we become middle-aged. However, in 

that case the diminishing growth rate is observed even 

at the earliest stages, unlike the population model used 

here.) 
... /5 
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Biological Illustration -- Problem of Extrapolation 
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When a species is "young", it grows very fast in 
numbers, following an "exponential growth" curve . 
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• but then it levels off to a maximum sustainable 
population which depends on the carryinq capacity of 
the environment. 
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The two examples just given reveal how, if the 

mathematical model is wrong, there can be a very pronounced 

divergence between the expected results (results predicted by 

extrapolating from the model) and observed results (what 

actually happens in reality). 

LIVING SYSTEMS VERSUS NON-LIVING SYSTEMS 

Living systems are more complicated in their be­

haviour than non-living systems, and consequently thev 

are harder to describe. For this reason, mathematical 

models have been much less successful in the biological 

and social sciences than they have been in the physical 

sciences. 

In carefully engineered systems, a great manv pre­

dictive mathematical models have been developed to a 

very high degree of precision and sophistication and 

there is a high degrec of reliability in the accuracy 

of most of those models (even though they are sometimes 

found to be wrong). 

In the biological and social sciences, this is hv no 

means the case. Due to the complexity of living systems, 

the capacity for errer is enormous, and the mathematical 

models which are used are wrono more often than not.~ 

This point was brought home tome very strongly when 

I worked for the Science Council of Canada as the Assistant 

Director of a nationwide study of the role of the Mathematical 

Sciences in Canada. The study examined the uses of mathe­

matical modelling techniques in science, business, governrnent, 

and industry, and concluded when livinq systems are invnlved 

that mathematical methods are very frequently misused, that 

mathematical models are very frequently in errer, and that 

an undue reliance is placed in these models due to a lack 

of understanding of the problem of extrapolation. 

. .. /6 
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Ample evidence to this effect can be founè in a 

volume entitled "MATHEMATICS IN TODAY'S WORLD" (reference 11) 

edited by myself and published by the Science Council of 

Canada, which contains the Proceedings of three one-dav 

seminars held in Ottawa in 1974 dealinq with: 

• Mathematics and Policy Planning (March 4) 

•Mathematics, Statistics, and the Environment (~arch 5) 

•Mathematics, Science, and Technology (March 6) 

Copies of these proceedinqs have been deposited in all 

university libraries in Canada.~ 

The use of mathematical models to describe livina 

systems is still in i ts inf ancy, and there is much to !ie 

learneà. In the meantime, extreme caution ~ust he usen 

in applying such models to real life situations. 

THE LINEAR HYPOTHESIS AND ALPHA RADIATI0N 

There is no doubt that exposure to radon qas and radon 

daughters causes lung cancer, at least for sufficiently 

high exposures. 5 This has been well established bv studv­

ing the incidence of lung cancer in uranium miners and 

other hardrock miners. However, the orecise nature of 

the relationship between lung cancer and radon exposure 

is extremely complicated, due to problems of measurement, 

lack of knowledge of the precise mix of radon daughters, 

the aggravating effect of dust, numerous biological factors 

affecting the latency period, synergistic effects with 

smoking and diesel fumes, and statistical uncertainties due 

to spontaneous fluctuations in the incidence of lung cancer. 

These complications are all well recoqnizeè {see for examrle 

the Ham Commission Report, reference 1). 

In the early days, it was hoped that there was a "c:;afe 

threshold" -- that is, a level of exposure to radon qas 

and its daughters helow which no har~ would be clone and 

no extra lung cancers would be expected. l!owever, exper ience 

has not supported the existence of such a safe threshold 

... /7 
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and no regulatory body in the world assumes that there 

is such a threshold. (Incidentally, this same "no-

threshold" principle seems to apply also to cancer­

causing agents other than radioactivity) .~ 

There has been a qreat deal of good scientific evidence 

brought forward over the years to support the so-called 

"linear hypothesis" as a generally conservative principle 

for estimatinq the number of cancers produced hv a qiven 

dose of radiation; this "linear hypothesis" has been 

adopted by Canadian regulatory bodies as a basis for es­

tirnating such health effects. The linear hypothesis 

states that the number of excess cancers per unit exposure 

is alwavs the same, no matter what the total dose of 

radiation is and no matter whether the dose is delivered 

slowly or quickly. In other words, the number of excess 

cancers is proportional to the sum total of all the doses 

administered to the population.7 

This linear hypothesis is the mathematical model 

which has been used in the MOH Report to estimate the 

number of excess lung cancers that might be expected as 

a result of radon exposure in homes in Elliot Lake. Tt 

is also the model which has been espoused by the Atomic 

Energy Control Board as a (hopefully) •eonservative" 

model -- which means that the model (hopefullv) over­

estimates rather than underestimates the actual numhers 

of lung cancers that would be expected at low doses. 

In the case of X-rays, gamma ravs, and beta ray~, · 

there is a wealth of experirnental evidence published 

in the scientific literature which supports the conten­

tion that the linear hypothesis is conservative when 

extrapolations are made from high doses to low do~es. 

To my knowledge, however, there is no such evidence 

published relating to low doses of alpha radiation, 

... /8 
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especially in the case of alpha radiation to the lungs.~ 

Rather, as we shall see, there is much evidence pointinq 

to the opposite conclusion . 

There are basically only two reasons for assumin9 

that the linear hypothesis is conservative in estimatinq 

lung cancers at low doses of radon exposure: 

1) at high exposures the epideMiological 

evidence from miners exposed to radon 

is reasonably consistent with the 

linear hypothesis~ 

2) for other types of radiation (other 

than alpha radiation) and various 

types of cancer (including lung cancer) 

the linear hypothesis seems to be con­

servative at low exposures. 

But, in extrapolating from high doses to low doses 

of alpha radiation we encounter the classical problerr. 

of extrapolation of mathematical models from r.nown result~ 

into unknown regions . 

MATHF.MATICAL MODF.LS OF RADIATION CAPCINOGENESIS 

On May 4 1976, at a Conqressional Seminar on Low Level 

Ionizing Radiation held in Washinqton, D.C., the Chairman, ., 
Dr. Karl Morgan stated that the number of cancers (R = resonnse) 

resulting from a given exposure to radiation {D = do~e) seem~ 

to follow the mathematical relationship 

(where c and n are constants which 

depend on the type of radiation and 

the organ exposed) 

r.xhibits 1 and 2 on the followinq pages providP some 

additional information about the Congressional Seminar. 

. .. /11 
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EXHIBIT 1 

CONGRESSIONAL SEMINAR 
ON LOW LEVEL IONIZING RADIATION 

May 4, 1976 
EXCERPT FROM PROCEEDINGS (reference 2) 

For defini1ion of 1enn1, IH ;louary on pa;e '\S1 for eapl1n11ion of Il= cDM , 1ee 
Figure 3 on p19e 12; for more i111orrn111on, IH ••suggested Il educuon of P 1m11nible 
E apo1ure to P lulonium 1, Olher T rensur;inium E lements", Amvrican lndus11i1I 
Hy;iene Anoç. Jollfflll, v. Ji, A1111 . 1975, &67•575, by hrl Z, Morgan 

Cllepter IV 

Oose·R esponse R el11ion1llips, L inear or Non-L inear? 

Dr. Morgan1 Let us go on to lhe next question. 

Question 3: Do these effects that v,e are talk i ng about 
increase linearly w1th 1ncreas1ng dose? 

1 believe data suggests 1hat the cancer risk can in a simole 
w11y be expres sed by an equation such as,~. the risks, equal 
1 constant, C, t imes the accumulated dose, O to some power, N 
in olher words: 1 R : coN 

ln the case of low LET radiation, for uample, X, gamma 
and beta radiation, the accumulated dose, D, must be cor• 
rected for repa1r of damage over time, as po1nted out by Or. 
Bond 1n wh1ch 11 does appear in most cases that N is equal 
to or greater than 1, suggest1ng the greater efficiency of 
multiple h1ts . 

ln the case of hi h LET radiation, however, ~uch as alpha 
a fast neutrons, there seems to be l1ttle or ~o repair and besl 
fit curves are obta1ned when FJ 1s le~s than 1, 1nd1cat1n9 the 
damage per rem 1s greater at lower doses, 

Or. Baum (J. Baum, Health Physics Society, Houston, feus. 
19741 and many others have shown that in the case of human 111• 
posure to radrum the bl!St curve fit for cancer induction i1 when 
~ ~ua ito"v.:" Thus. for hlgh LET radiations. such as lhose 

puton1um 239, the linear hypothesis underesumates the 
risk. 

ln a recent paper, 1 gave hve reasons why the linear hyPOthe1i1 
as now 1pplied is nonconser.,ative, 1 m1ght summarize as follows: 

1. Extrapolations are often made to zero of eHects on an imais 
and man, and they are sometimes utrapolated from the h19h dose 
descend inq portion of the parabol ic cur11e where thera would be 
overkill, 

2. E sumates are made lrom exposures to animais of short 
l ift spans, and for a man {as po,nted OUI 1n the BE IR Report), 
out 10 only abow hwenty years. Of course, other <1ata ove, the 
r9ffla1nder of man's l,fe would have to increue the slopes of 
these curves or the risks per rem. 

J. A uni form population is usually assumed tak1r,g little 
occount of the age d1str1bu11on ant1 the d1seaso pattet"ns, •• 
Or, B ross ha s po,nted out. 

4, T here 1s cell sterilizat i on at thP. h19her r1nses and so it 
i1 somewhat risky 10 extrapolate !rom t~esa doses becausa yov 
would underes11ma1a the r1sk 11 low doses. 

5. 1 thinlt Qulle import1nt ,, the fact that the rec:ent data 
tram Ors. C.'1. Mays and H. Sp,ess on rad,um 21C, a bone seeker 
like plutonium and other 1ctin1de elements, 1nd,c.ate that the cancer 
risk increases w1th protr~ct1on of the dose, l hls ls j11st 1ht 
ppposite of what we Mve observed from low LET radiation. 

ID summan,. 1 would stete that it i s my opinion that the ·1 
line~r hypothesis 1s always no,,çonservaJrye for tugh LE l r1d11· 
tions, usually 11 ,s nonconserva11ve for ,n utero exposure of 
children to low or h1gh LET rad11t1ons, but in some eues of 
adult expo1ure. it is probably con11rv1tive for low l ET radiation, 

1 am sure I have provoked a lot. of discussion. 

Or. Morgen1 Or. Sternglass. 

Or, Stemglus1 1 would like to say that at the recent hear ings 
br the E PA on r1d1111on standards for the nuclear fuel cycles 
r presented evidence obtained by ffllny people 1n the hlerature 
1h11t at the very low dose rates that we ~re talk1ng about, we are 
dealing predominantly w1th a d,Herent b•olog,cal mechln1sm 
than we are de1l1ng with at lhe high dose rates. 

The recent data by pr.f!'tltau show that as the dose rate 
decreases, it takes les, and less dose to b.'eak a c~II membrane. 
This evidence wu not 1v1ilable II the ume of 1he BE IA R epon. 

\Ilhat it me1ns is simply lhis, ttiat for somal ie, not gene-
tic 1ituatlons, we 1re now taced .,,,h a wholc neir, problen-,, namely 
u,e fact that when cell memlnnes are 1n1ured 1s 11,esult of 
indirect cherT11c1I elfects the data of Or. P etkau both for free 
membranes and hi, new dall on micro-organ1sm1 and m,ce, show 
clearly that the lower the dose rate ii, the less 1t t1kes to 
break a membrane. 

As I result, one 1s led to I non-l inear effect at low dos,sr 
•h1cn is opoosite to wh.:>t we had e~pected ,n the past. ln fact, 
the eurve of response v~rsus dC'se gou up much more rap,dly at 
the crigin 10 the degree that ttus leads to 1n under-est1mate of 
biological etfects of very lo,11r doses using I linear extrapolation 
of ,omething like a few llunâ:ed, poss1bly es much u a thousano­
fold. 

Now recent studtes have ahown that membrant's 1re ,nvolve!l 1n 
the funct1on1ng of the ,m~ sysiem of th1 body. One of the 
most impon.:int things ,bout the Immune system is 1hat il not only 
defends the body 19111ns1 viruses and bacterl1, but ""' now know 
trom recent ev1dence p0bli111ed 1n the lasl few years, 11111 the 
immune system aise detects and controls cancer cells. 

Thus, we are now,, faced •ith the e11idence that cell membrane ) 
damage is poH1bly the corboll1ng one 1n cancer _induction 11 low '* 
dose rates, w.h i le II lugh do~e ,.,es, thl' conlfoll,ng proceu 
aeems to be dnect damage lo the ONA, 

This mean, that we now have I mechanism lhat we d1d not htve 
before that tin npln,n not °"')' the very large ,ncreases in 1n· 
tant monal i ty, but 1110 the ch111ges i n hean d,,ruc and cancer 
111 over the we>rld follow1ng the per,od of nuclear tes11ng. 
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EXIHBIT 2 

Congressional Seminar on Low Level Ionizing Radiation - ~av 4 1976 

List of Participants 

Karl z. Morqan, Professer of Health Physics, r.eorqia Institute of 
Technology, CHAIRPERSON. 

:rohn T. Edsall, Prof essor Emeri tus of RiocheT11istrv, Harvard Uni ver si tv. 

Irwin Bross, Director of Biostatistics, Roswell Park ~emorial Tnstitute 
for Cancer Research, Buffalo. 

Rosalie Rertell, Research Associate, Roswell Park Memorial Institute 
for Cancer Research, Buffalo. 

Victor Archer, Medical Director of U.S. Public Health Services, 
National Institute for Occupational Safetv and P.ealth, ~alt LaY.e 

City, Utah . 

Seymour Jablon, Associa te Director, ~1edical Follow-up l\gencv of the 
· National Research Council; Staff Officer, Jèdiation Effects Pesearch 

Foundation; formerly Chief of EpideMiology, l\tomic Dowb Casualtv 
Commission. 

Edward ~artell, National Centre for Atrnospheric Research, Boulder, 
Colorado; formerly Advisor on Hioh Altitude Fallout, ~trateqic 

Air Command. 

Victor Bond, Associate Director in Life Sciences, Brookhaven National 
Laboratory; formerly on the National AcadeT11y of Sciences Advisorv 

Comrnittee on the Biolgical Effects of Ionizino Radiation. 

Lrnest ~ternglass, Professer of Radioloqy, University of Pittsrurar.. 

Charles Fichmond, Associate Director, Biornedical and FnvironTl'lental 
Sciences, Oak Ridge National Laboratorv. 

WilliaTTl Ellett, Criteria and Standards Division, Envirorunental Pro­
tection Agencv, Office of Radiation Proorams. 

Bernard Shleien, Office of Medical Affairs of the Bureau of Radio­
logical Health, Food and Drug Administration. 

Mark Barnett, Associate Director, Division of Training and vedical 
Applications, Bureau of Radiological Health. 

Poger ~attson, Director, Division of Siting, Health, and Safeauards 
Standards, Nuclear Regulatory Commission. 

Helen Caldicott, Researcher in Cystic Fibrosis, Boston Clinic; for-ie,ly 
Director of Cystic Fibrosis P.esearch, Adelüide Children's Hosnital, 

Adelaide, A~stralia. 

In addition, there were several representatives from the trade union 
movement; among the invited participants who could not attend were 
John Gofman, Professer Emeritus of Medical 'Phvsics, tJ:,iver!',ity (")f 
California at Berkeley; and Bernard Cohen, Director, Nuclear Phvsics 
I.aboratory, University of Pittsburgh . 

The conference met at 9:35 a.m. on ~ay 4 1976 in room 1202, Dirysen 
Senate Office Building, with Scnator Gary Hart presidin0. 
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I have studied the literature quite extensively and can 

testify that most mathemat1cal models proposed to 

explain the carcinogenic nature of radiation at low 

doses do fall into the category described above 

except those theories which assume a "safe threshold", 

and which are auite unfashionable at the present time 

{as stated by Dr. Howard NewcoMbe, an eminent radiation 

biologist employed by AECL, during cross-examination at 

the Porter Commission on Electric Power Planning on 
10 

January 19, 1978). 

n 
THREE SITUATIONS DESCRIBED BY THE EQUATION R ~ CD 
--------------------------------

<aee FiQure 3> 

lf n equals 1, the above equat1on produces a stra1ght-l1ne graph 
wh1ch corresponds te the l1near hypothes1s. 

If n is greater than 1, the correspond1ng graph "scoops upward". 
ln th1s case the l1near hypothes1s 1s conservat1ve 
~ it overest1aates the actual harm at low doses. 

lf n is saaller than 1 the gr;aph "scoops dDW1w;ard" and the linear 
hypothesis is non-conservat1ve: 1t tends to under­
est1aate the actual number of cancer deaths wh1ch 
w1ll result froa Je.; cumul;at1ve doses of rad1at1on. 

For the sake of completeness, I should point out 

that some of the mathematical Models oroposed to ex­

plain radiation carcinogenesis are composites of two 

of these three cases. For example, some have suggested 

that for external irradiation, n = 2 might be appropriate 

for low doses and n = 1 rnight be appropriate for high 

doses, yielding a parabolic upward-bending curve with 

a "linear tai l" ( see Figure 4) . On the other hand, if 

n = ~ were appropriate for low doses and n = 1 for hiqh 

doses, you would have a downward-bending parabola with 

a linear tail {see Figure 4). The first composite would 

make the linear hypothesis conservative, while the second 

composite would make the linear hypothesis non-conserva­

tive at low doses. 

. .. /14 
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FIGURE 3: Models of Radiation Carcinogenesis at Low Doses 

The General Formulais R = con, where R = number of tumors, 
c = constant of proportionality, D = accwnulated dose of 
radiation, and n = constant exponent. (Proceedings, page 20). 
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FIGURE 4: Composite Models of Radiation Carcinogenesis 

Co."'- c. ~"' s. 

v\. =- 1 AT \-\- \ c. "1 C:> o s. t '5 
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Linear hypothesis agrees with observed risk at high 
doses, but overestimates rtsk at low doses. 
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Linear hypothesis agrees with ob5erved ri5k at hiqh 
doses, but underestimates risk at low doses. 
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ALPHA RADIATION AT LOW DOSES: EXPERP1ENTAL RESULTS 

In order to test the linear hypothesis at low 

doses of alpha radiation, additional datais needed 

to see if extrapolation from high doses is arprooriate 

or not. It has long been recognized that ~ha radia­

tion poses a different kind of radiation hazard than 

X-rays, gamma rays, or beta rays. 

a) For one thing, alpha radiation has verv 

little penetrating power (it cannot pene­

trate a sheet of paper) and soit ~not 

a hazard unless alpha-emitting substances 

are ingested or inhaled into the bodv, and 

then the exact distribution of such sub­

stances within the bodv is not completely 
11 

known. 

b) Moreover, low doses of alpha radiation are 

usually delivered slowly over a period of 

time. This fact Makes it very difficult to 

measure the exact accumulated dose of alpha 

radiation that is delivered to livinq tissues, 

especially when the dose is small.
1

Â 

c) It is also well known that alpha radiation 

is extraordinarilv effective in causinq cancer 

so much so that a qiven amount of aloha radiation 

is about 20 times as effective as the same 

amount of X-radiation, gamma radiation, or 

beta radiation in causing cancer. That is 

why Dr. Muller uses a "quality factor" of 

20 for alpha radiation (p. 5, line l, Appendix 

MOH Report) and a "quality factor" of l for 

gamma radiation (p.6, bottom line, Appendix 
1 '3 

MOH Report) . 

. .. /15 
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Until recent years, there has been almost no 

data published in the scientific journals dealinq 

explicitly with the cancer-causing ability of alpha 

radiation at low doses. (As indicated on p.5 of the 

~OH Report, with an erroneous conclusion that this 

lack of evidence establishes conservatism)1? In the 

last five years, however, numerous papers have 

appeared which indicate that at low doses, the linear 

hypothesis may seriously underestimate the cancer risk 

from alpha radiation.1~These results are discussed in 

the Proceedings of a Congressional Serninar on Low Level 

Ionizinq Radiation (reference 2; for a sample of the 

text, see exhibit 1 on page 9). As already noted, the 

Seminar was held on May 4, 1976 under the chairmanship 

of Dr. Karl ~organ, a very prominent and well respected 

figure in the field of Health Physics. The other par­

ticipants in the serninar are listed in exhihit 2, p. 10. 

(For background information on Dr. Morgan, Dr. Archer, 

Dr. Gofman, and other scientists referred to in this 

paper, see the Biographical Notes on page 38.) 

According to the Introduction to the Proceedings: 

"The meeting was aimed at informing Con­
gressional members and their staff of 
recent evidence indicating qreater than 
expected health effects from low dose 
rates of ionizing radiation .... Cen­
tral to the discussion was the conten­
tion that the established method of cal­
culating dose effects from ionizing radia­
tion is non-conservative. 11 15 

The evidence presented on low level alpha radiation 

is summarized graphically in Figure 5. It clearly sugqests 

that at low doses, the linear hypothesis is non-conserva­

tive for alpha radiation. 

. .. /17 
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FIGURE 5: Evidence on Alpha-Induced Tumors at Low Doses 

The evidence given here indicates that alpha radiation is 
_more effective in producing cancer (per unit dose) at low 
doses than it is at high doses -- unlike X-rays, gamma rays, 
and beta rays. 

C. 'l \'\ C C '(" 
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Dr. B•um (J. Baum, Health Phys,cs Society, Houston, Texas, 
19741 and many others have shown that 1n the c.ise of human e•­
posure to radium the best curve f,t for cancer induction ,s when 
N is ~uattii"K:- Thus, for high LET radiations, such as ttiose 
from puton1um 239, the linear hypott,esis uncJerest1mates the 
risk. 
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There may be published evidence in the scientific 

literature dealing with low level alpha radiation which 

would suggest a different conclusion. I am unaware of 

any such evidence, however, although I have heen 

searching for such evidence for the last six rnonths. 

For example, on January 19, 1978 I cross-examined 

Dr. Howard Newcombe on this subject at the Royal CoM­

mission on Electric Power Planning in Toronto, and he was 

unable to cite any evidence of a contrary nature.,b Dr. 

Newcombe is one of the most esteemed radiation bioloqists 

in Canada. He is currently a member of the International 

Commission on Radiological Protection and has served 

on the Advisory Committee on the Biological Effects of 

Ionizing Radiation for the U.S. National Academy of Sciences. 

RADON CXPOSURE AT LOW DOSES: EPIDEMIOLOGICAL RESULTS 

All epidemiological evidence dealing with luno 

cancers resulting from radon exposure points~ from 

the existence of a "safe threshold", and towards the 

conclusion that the linear hypothesis is non-conser­

vative at low doses. Regarding the concept of a safe 

threshold, the Ham Commission concluded: 

"Since the Commission's Study of data based 

on the Ontario Uranium Nominal Roll provides 

no evidence supporting the hypothesis of a 

threshold of exposure below which there is not 

significant excess risk, the concept of a 

maximum safe exposure is not tenable on the 

basis of these data." (p.95, reference l) 

Dr. Victor Archer, M.D., Medical Directorat the 

u.s. National Institute for Occupational Safetv and 

Health, has recently reviewed the epidemiological 

... /20 
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EXHIBIT 3 

ABSTRACT 

Archer, V.E., Radford, E.P., and Axelson, o. Radon 

Daughter Cancer in Man: 

Relationships. Radiat. 

Factors in Exp~sure-response 

Res. 

Lung cancer among fifteen different minino groups 

exposed to radiation from radon daughters was analyzed t o 

determine what factors influence incidence and induction­

latent period. As the exposure rate decreases, cancer~ 

per unit of radiation increases. The induction-latent 

period is shortened by increased age start of mining, by 
cigaret smoking, and by high exposure rates. Fnr follo~~r 

periods of 20-25 years, the incidence increases with age 

at start of mining, with magnitude of exposure, and with 

amount of ciqaret smoking. For very long followup oeriods, 

the incidence among nonsmokers somPtimes exceeds that 

among smoker s . Both lung cancers/yr/WLM and relative ris ~ 

were found to vary greatly with exposure rate, aqe of cohnrt 

at start of mi ning and with lenqth of followur period. 

Lifetime risk/WLM, adjusted for exposure rate, wa s pro­

posed as the best statistic for use in preèicting lung 

cancers among other groups exposed to radon · daughters. These 

findings are consistent with the theorv of radiation car ­

cinogenesis which postulates that cancer is causer. b y a 

series of changes in chromosomal proteins (so~e of which 

occur with increasinq age) followed hy a promo tin~ fact or. 

Key words: Radiation, radon dauqhters, miners, lunn 

cancer, carcinogenesis. 
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FIGUPE 6: Graphical 5ummary of Gofman's Calculations (reference 4) 

For Uranium Miners on the Colorado Plateau, the natural 
incidence of lunq cancers is doubled with fewer accumulated 
WLM at low exposures than at higher exposures to radon. 
F.xposure categories are: 

F: total population of 1981 miners with 49 lung cancers 
E: miners exposed to less than 3719 WLM ( 3 7 cancers) 
D: miners exposed to less than 1799 WLM (27 cancers) 
C: miners exposed to less than 839 WLM (16 cancers) 
B: miners exposed to less than 359 WLM (11 cancers) 
A: rniners exposed to less than 120 WLM (4 cancers) 

Category Ais of dubious significance because of so few cancers. 
Category B was corrected for possible additional radon exposure 

due to previous hardrock mining experience. 
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evidence for fifteen different qroups of uranium miners, 

and has concluded that the linear hypothesis seriouslv 

underestimates the risk of cancer at low doses in every 

single case. In other words, the existino epidemiological 

evidence on uranium miners fully supports the evidence 

mentioned earlier about alpha-induced cancer at low doses. 

Dr. Archer has only reached this conclusion in the last 

two or three years, althouqh he has twentv years experience 

in the field of lung cancer epidemiology for uranium 

miners.1 7 (Archer et al,ref 3; see exhibit 3, paqe 18) 

In fact the epidemiological evidence has alwavs heen 

there, but until recently it was ignored hecause it did 

not conform to the linear hypothesis. In 1970, for example, 

Gofman & Tamolin published a paper reviewina the evidence 

of lung cancer incidence amena uranium and hardrock minPrs 

who began working on the Colorado Plateau hefore 1955. 

nr. Gofman's arithmetic, usinq data provided bv the u.s. 
Federal Padiation Council, clearly demonstrated the in­

creasing effectiveness of radon exposure at low doses in 

causing lung cancer. His calculations are granhically prc­

sented in Fi9ure 6 on page 19 (based on reference 4) .18 

MINISTRY OF HOUSING DATA 

Let us now turn to the data supplied by Dr. Muller in 

reference 5. An examination of Dr. ~uller's first four 

tables -- reproduced on the following pages -- confirms nr. 

Archer's observations: in each case, the greatest risk 

occurs at the lowest exposures. In each table, the first 

and last columns are the important ones to look at; the first 

column gives the deqree of exoosure to radiation and the 

last column gives the numher of radiation-caused cancers 

expected per unit dose at that exoosure level. Jn Tahle 2 

(exhibit 5 on page 22), dealinq with the Colorado Plateau 

data, a marked increase in excess cancPrs per \·.'LM is ob­

served at exposures below 359 \·!L:'1 (Gofrnan' s cateaories A 

and B) . 
• .. /2 S 



-

- 21 -

EXHIBIT 4 

This table is based on data from the Colorado Plateau - c.f. figure 6, page 1q. 
MOH TABLE l 

ABSOLUTE RISK FACTORS PIVE AND MORE YEARS AFTER START OF URANIUM MINING 

-------------- - -
Exposure 1 Mean Exposure Pulnion .. ry 

Group of Croup Cancer 

(WLM) (Will) o• E• 

< 120 60 5 l. 84 3. 16 

120- 359 240 9 1. 99 7 .o 1 

360- 839 600 13 2.52 10.48 

840-1799 1,320 11 2.26 8.74 

---------------1----- -·-- -
Pe r s l.ln-yea rs 
at Risk(PYR) 

55 30. 11 

6225.32 

7006.03 

5 730 .88 

-4 
5. 7lxl0 

-3 
l .13xlU 

-3 l. 50xl0 

-3 
l.5Jxl0 

-3 

WLM . xPYR 
1. 

----

3.32xl0 
5 

l.49xl0 
6 

4.20xl0 
6 

7. 56xl0 
6 

6 

-------------
Abso 1 ute Risk Factor 
(Excess cases per 
WLM per mi 11 ion men 
per year). 

----

9.5 

4.7 

2.5 

l. 2 o.V~V-ô.iL 

l. .1 S 
1800-3719 2,760 20 l. 27 18.; 3 3131. 09 5.98xl0 8.64x10 2.2 

-2 6 
>3720 4,000 10 0.41 9.J~ 90 l. 38 l.06xl0 3.6lxl0 2.7 

- - - - - ---------- ·- ----- ---
-3 7 

Total 900 68 10.29 5 7. 71 28524.81 2.02xl0 2.58xl0 2.2 

-------------------·---- ----- ·--- ------ - - - ~---------------

Notes 

1) The datais taken from Radon Dau hter Ex osure and Res iratorv Cancer, Quantitative and 
Tem~oral Aspects, Joint Monograp No. , Nat Inst1tute for Occupat1ona Sa ety & 
Heath and Nat 1 1 Institute of Environmental llealth ~ciences. 

•2) In the table, 0 = observed cancers and E = expecten cancers; because of the small number 
of cancers observed in the lowest cateqorv (below 120 WLM), the r i sk factor is more dubious 
than other entries in the table. With longer followup, however, i t can nnly get worse, not 
better. 

3) The lbsolute Risk Madel, used here, compares the excess cancers with the entire population 
exposed, on the assumption that radiation causes proporti o nal increase~ in the ahsolute 
cancer rate. 

1 (/ 41 

The first colurnn and the last column are the iriportant o ne s to studv; noticP that the over­
all average of 2.2 excess cancers per \·H..M ~er mi l lion men tends to ignore the low-exposure 

data. 
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EXHIBIT 5 

MOH TABLE 2 

RELATIVE RISK FACTORS FIVE AND MORE YEARS AFTER 

THE START OF URANIUM MINING 

Exposure 
Croup (WLM) 

1 

Mean 
Exposure (WLM) 

Pulmonary 
Cancer 

0• i E Il 

1 

1 

: i Relative Risk factor! 
Mean Exposure 10-E • 1 (Excess lung cancer : 

-- 1 ' 
x E E 1deaths pc, r WL~ pe r 

1 1 1 

\ 11,000 lung can,E-r · 
1 de a th s e x,k c te d • ) · 

1 ' .- 120 

1 120 - 359 

! 360 - 839 

1 

60 

240 

6~0 

1320 

2760 

4000 

5 

I
' 9 

13 

11 

1 20 

1 

l. 84 

l. 99 

2.52 

l. 1 xl0
2 

4.8 xl0
2 

1.5 xl0 3 

3.0 xl0
3 

3.5 xl0
3 

l. 6 xl0
3 

: 1. 72 1 

1 1 3.52 
1 

1 
i 
1 4 .16 

1 

29 

15 

7.., 

! 840 -1 799 
1 

2.26 1 ::: . 87 

li 4. 7) 1 !IBoO -3 719 

/ 10 

1. 2 7 1 

1 

1 
1 

i ::- 3720 1 0. 4 1 
: 1 
!2 3. 39 i 
' 1 

Total 

1 

1 

990 68 / 10.29 1.0 xlO 

Notes 

4 

1 1 

! 1 

1 5. 61 t 
1 

5.7 

1) The raw data for this tahle is exactly the same as the 
data for table 1, dealing with the Colorado Plateau miners. 

•2) See note 2 from table l; the same observation applies here. 

3) The Relative Pisk ~odel used here compares the excess can­
cers with the "normal" (or expected) incidence of cancer, 
on the assumption that radiation causes proportional increases 
in the relative cancer rate. The excess, 0-E, is cornpared 
with the expected, E, rather than the total population PYR, 
as in tahle 1. The Relative Risk Madel is more often used 
than the Absolute Risk Madel -- see tables 3 and 4 on paoes 
23 and 24, for example. 

4) The first colurnn and the last column are the important ones 
to study; note that the overall average of 5,7 excess can­
cers per WLM per 1000 cancers expected tends to iqnore the 
low-exposure data. 



EXHIBIT 6 

1 
WLM 

1 
Category 

! 
1 

1 < sa 
1 

1 

50 - 99 

- 23 -

MOH TABLE 3 

RELATIVE RISK FACTORS DERIVED FROM 
URANIUM MINES IN CZECHOSLOVAKIA 

1 
1 

WLM per 1 Frequency of Lung Cancer 0-E 
Miner 1 1,000 miners. E 1 per 

1 
E 

1 

0 

39 16.6 33.2 1.0 

80 13.2 21. 2 0.6 

Relative Risk (excess 
cases pe r 1,000 
expected lung cancer 
cases per WLM). 

26 

... 
8 

tlOO - 149 124 1 13.8 34.0 1. 5 12 
1 1 

1 

1 

1 

150 - 199 1 74 15.2 69.8 3.5 21 
1 

200 - ?99 242 15. 7 
1 

76. 3 3.9 16 z:w~vo...'ô e.... 

1 
1 ~3.~ 

300 - 399 343 l 7. 4 1 102. 3 4.9 14 
1 

1 
1 

' i 1 
1400 - 599 1 488 16.5 

1 

117.9 6.2 13 
1 
1 

i 
1 
1 

1 

l ' 

1 
1 

138.9 7. 1 10 · bO () 716 17.2 1 
1 l 

' 1 1 

1 

1 

1 1 
1 1 

Total 
1 

309 15. l 1 65.6 1 3. 3 11 
1 1 1 i 

Notes 

l) The data for this table is taken frorn "Lung Cancer in 
Uranium Miners and Long-Terrn Exposure to Radon Daughter 
Products" by J. Seve and E. Kunz, Health Physics v. 30, 
433-437, 1976. 

2) Notice that these rniners received much less of an accumu­
lated dose than the Colorado Plateau rniners: most of the 
entries in this table fit into the first three categories 
in tables 1 and 2. 

3) In this table, the overall average of 11 excess cancers 
per WLM per 1000 cancers expected is almost twice the 
overall average risk factor from table 2, reflectinq the 
higher risk per WLM among lower exposure groups. 

4) However, the average risk factor of 11 given here does not 
reflect the low-exposure data given in the table (below~-
50 WLM). 

5) In the last column, the factor of 2 difference between the 
first entry and the average of the other entries in the 
same column should be compared with the factor of 2 differ­
ence between the first two entries in table 2. 
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EXHIBIT 7 

Mear. Dose 
Fqui valent (Q) 
per persan 

( rem. ) 

61.3 

190 .2 

J,13 . 0 

1213 . 1 

215 , 6 

Notes 

- 24 -

MOH TABLE 4 

RELATIVE RISK FACTORS DERIVED FROM 
PERSONS EXPOSED IN HIROSHIMA 

Relative Risk Factor 
(Excess lung cancer 
deaths per rem ler 1000 

0 E Q x E lung cancer dea hs 
expected) 

49 34.4 2108.72 o.v~='à' { 7 

13 9.0 1712.70 L\.S" 2 

} 10 5.e 2395.40 dV1.-:;~t 
O."\lL-r~ 

1..7 
8 4.4 5337 . 64 

80 53 .6 115 54.46 2,3 

1) The data for this table is taken from Sources and Effects 
of Ionizing Radiation, United Nations Scientific Committee 
on the Effects of Ionizinq Radiation, 1977 Report to the 
U.N. General Assembly, with Annexes. 

2) Using l WLM = 4 rem (a very conservative conversion factor), 
we see that the first four categories here correspond to 
15 WLM, 48 WLM, 103 WLM, and 303 WLM. 

Using 1 WLM = 5 rem (the factor suggested by the u.s. 
National Academy of Sciences), we see that the first four 
categories here correspond to 12 WLM, 38 ~'LM, 83 WLM, and 
243 WLM. These are certainlv low exposures, in the con­
text of uranium mininq. 

3) There is a tripling between the last two risk factors and 
the first (wo risk factors, and there is a nuadrupling 
between the last three risk factors and the first one. 
It seems that the extra risk per WLM becomes ever more 
pronounced as the exposure gets progressively lower. 

4) To convert the risk factors in the last column to risk 
factors per WLM, multiply each entry by the appropriate 
conversion factor (e.g. if l WLM = 4 rem, then multiplv 
by 4~ if l WLM = 5 rem, multiply by 5). The Ham Com­
mission Report states that typical conversion factors 
are l WLM = 5-6 rems (reference 1, page 116). 
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The last column of Table 2 tells the story: the average 

of the last four entries in this column is 5.25 excess can­

cers per WLM, but the second entry shows that the nwnber of 

excess cancers per WLM is alrnost three times larger for 

exposures between 120 and 359 WLM, and the first entry shows 

that the cancer risk is almost six times larger for exposures 

between O and 120 WLM~ The overall average risk of 5.7 excess 

lung cancers per WLM (given at the bottom of Table 2) gret\tly 

underestimates the risk for those exposed to less than 120 WLM. 

Similar observations can be made about Table 3 (exhihit 6 

on page 23) dealing with Czechoslovakian data. Notice first 

of all that the exposures in this table are in the range from 

O to 600 WLM for the most part, corresnondinq to only the first 

two or three entries in Tahle 2. In other words, the Czecho­

slovakian miners received considerably less exposure to radia­

tion than the American miners. And, sure enough, the average 

risk of 11 excess lung cancers per WLM in Table 3 is twice 

the averaqe of 5.7 from Table 2, thus confirmino once more that 

lower exposures correspond to larger risks per unit dose. 

Moreover, within Table 3 itself, the number of excess 

cancers for exposures below 50 WLM is twice the averaqe num­

ber of excess cancers from 50 WLM to 600 WI..M, in full agree­

ment with the doubling indicated between the first two entries 

of Table 2. Once again, in Table 3, the overall averaae of 11 

excess cancers per WLM seriously underestimates the risk for 

those with low exposures (in this case, those with less than 50 

WLM). 

The same relationships hold in Table 4 (exhibit 7 on page 

24) which is based on data from Hiroshima. Using the corres­

pondence 1 WLM = 4 rem to the lungs (slightly more conservative 

than Dr. Muller's 4.42 rem given on page 5 of Appendix 1, MOH 

Report), we see that the first two entries in Table 4 fall in 

the "below 50 rem" range, while the second two entries lie bet­

ween 50 and 300 WLM equivalent exposure. In this table, the 

average of the first two entries (4.5 excess cancers/rem) is 

triple the average of the last two entries (1.5 excess lunq 

cancers/rem). Moreover, the first entry (7 excess cancers/rem) 

is four times as large as the average of the other three entries 

(1.7 excess cancers/rem). 
. .. /26 
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Thus, the Ministry of Housing data, assembled by Dr. 

Muller, is entirely consistent with the evidence cited 

earlier which suqqests that the linear hypothesis seriouslv 

underestimates the risk of lunq cancer at low exposures 

to radon. In fact, the relative risk seems to get con­

sistentlv worse as the exposures qet progressively smaller. 

All of this evidence points~ from a safe threshold and 

away from the linear hypothesis, contrary to what is stated 

on page 5 of the MOI! Report.19 

INTERPRETATION OF M.O.H. ESTIMATES 

The Ministry of Housino is recommendino a stanciard of 

0.02 WL of radon in huildinqs. If one were to spend one's 

lifetime in such a building, what would be the risk of qet­

ting lung cancer as a result of this radon exposure? Tahle 6 

from the ~mil Report, reproduced on the next page, summari zes 

the nntario aovernment's risk estimates for a lifetime 

exposure at 0.02 WL of radon at the rate of one hour's 

exposure per day. These are based on the average cancer 

risk values Presented in Tables 1, 2, 3, and 4, with some 

additional assuMptions. As the ~OH Report explains, "in­

creasing or decreasing the hours of exposure per dav will 

increase or decrease the risk [as given in Table 6] bv 

the same factor." (Appendix, paqe 6) 

We will limit ourselves to the male ris~ figures in 

Table 6, since almost all of the epidemiological evidence 

is based on male populations, and it is not clear how the 

female figures are arrived at.20 As the MOH Report refers 

to "the fact that people spend no more than half their 

time outdoors during the course of a year" (accompanying the 

Summary of Clean-up Criteria in the Appendix), let us assume 

a minimum of 12 hours per day exposure indoors. We then 

arrive at the followinq risk fiqures for males (Making use 

of Table 6 and the natural incidence of luno cancer in 

Ontario males of 54 per 1000, qiven in Table 8 of the MOI! 

Report as reproduced on page 27 of this text.) 

... /28 
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EXHIBIT 8 

Studv 
Popu l .1t i , ,n. 

MOH TABLE 6 

FFFECTS OF EXPOSURE TO o.n2 WL FOR ONE HOUR 

PER DAY OVEP. A LIFETIMF 

Model :-;umhe r of Radiation Mean Loss 
Used Induced Cancer s per 100.000 at birth 

person s . 

-----, 
of Life Expectanc:, 

per person (Days) 

IL. 
Male Fe male Male fern;i le· 

--- - - -
Absolute 

risk mode 1 12 15 !. 4 2.0 
.o lt1 rlir1, , - -
' 1 ' 1 t <' 1 \ 1 

r .n , um :-'.1 nL' rs Re lat i VL· 
risk modr.:l 28 7 !. 3 0.45 

-- - - -

l . r,: r: i ~1n. '-' .ne r!-> kelative 
l r. risk modt' 1 53 13 2.4 0. 85 

( ;_:L' ( Ï ! ( :·, 1 f '\' ,] k i a , 
Re la ti ve 

1 
risk model 

i-1 i r u sh i r.u 50 12 2.3 0. 80 

--

I ( Ki' 25 31 3. 1 4. 1 

- - - - ·- t---

ICRP assumes that 1 rem to the lungs will cause 2 radiation 
induced cancers in 100,000 persans over their lifetimes. 

Asswning all lung cancers appear within a 20 year period, 

1 
' 
1 

1 
1 
1 
1 

1 

1 

1 

the risk from l rem to lungs is l case per million persans per vear. 

Note 

The female figures in tahle 6 are calcu1ated in an obscure wav: 
they certainly seem low, even in comparison with ICRP figures, 
and they do not seem entirelv compatible with the male fiqures, 
despite the fact that they are supposedly calculated from the 
same data oiven in tables 1,2,3,4. Also, the qoverrur,ent's loss­
of-life figures are inexplicablv lower than the ICRP estimates. 

MOH TABLE 8 

mr?ARIO POPlE . .ATim: DATA 

Protability at birth of dying of lur.g cancer 
over the t : tal life spar. 

Prooatility at cirt~ of dJ~~g Jf : ance~ over 
the t otal life spB.Y'. 

lift:: PXpe ctancy at birtr. C1ears) 

Male Fe~ale 

5.4% 1.2% 

18'% L'..~ 

/:,9. 55 -t. 71 
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ESTIMATES 0F Ml\LF. CANCER RISK F'ROM LJF'ETIMF' EXP0SUPF. 'T'O 0.02 WL 

1 hour/day 12_!:rnursfd-a_y_ 
Source of Extra Cancers Extra Cancers !ncrease in 

Information per 100,000 per 1,000 rancer Rate 
-·--P.1sk 12xl2 M 1 n 1 JT'Urn 12 1. 4 7.6% from Table 6 roo = 

- --
~uller's F.stimate 20 20xl2 2. 4 4.4% (Appendix, n.9) Hi!'.i = 

I .C.R.P. 25 25xl2 3.0 5.6% 
from 'J'ab le 6 roo = 

--
Overall Averaqe 33.6 33.6xl2 4. 0 7.41 

from Table 6 Hio = 

Relative Ri sk 47 47xl2 
5. E 10.4% 

(Avera<Jed) 100 = 
Data 

-
Maximum Risk 53 

53xl2 
fi. 4 11.8% 

100 = 
from Table 6 

- _J 

A glance at the ri~ht hand column shows that therc is 

a very wide spread in the risk estimates that onP~ight makr· 

on the basis of the MO!! data, and that Dr. Mullcr's PstiMatP 

is toward the low end of this snectrum. If radon exoosur~ 

is more effective in producing cancer at lower doses, as the 

evidence indicates, then one would be teMnted to relv morr 

heavilv on the low-exposure populations of CzechoslovaJ.:ia anè 

Hiroshima -- thcrebv arriving at a risk estimate two-and-a­

half times larqer than Dr. Muller's esti~ate. 

But even this does not fullv reflect the risk at low 

exposures, because table 6 is based on averaqe risk valurs 

and does not usP the low-exposure data froM tahles 1,2,3, 

and 4. t·?hat happens if we take this low-exposure data into 

account? 

r0PRECTIONS TO Tlff t1. 0. H. ESTIMATES 

I3y definition, 1 WLM is the accumulatPd exposure of 

and average male individual spendinq 170 hours in a radon 

environment of 1 WL. Exposure to 0.02 WL for one hour per 

dav over a lifetime of 70 years leads to an accumulate~ 

exposure of 0.02 x 365 x 70 = 3 WLM; over a lifeti~e of 
170 



absolute { 

relative 
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50 years, the nccurnulated exposure would be only 2 WLM. 

5o, for 12 hours per day exposure, the accunulated dose 

would be 36 \·7LM for a 70-year lifespan and 24 WLM for a 

50-year lifespan. The only purpose of this little calcu­

lation is to demonstrate that the persans at risk in homes 

with a 0.02 WL radon environment will be in the lowest 

exposure, highest risk categories previously identified 1n 

the text. 

The risk estimates in table 6 are based on the 

average risk figures from tables 1,2,3, and 4; but those 

averages systematicallv underestimate the actual risk to 

the low exposure groups in each case. If we make the 

appropriate adjustment to account for the low-dose risk 

data in the tables, we arrive at the followinq corrected 

estima tes: 

l\DJCSTMENT 1 hr/day exposure 
Extra Cancer/100,000 

rwerage I.ow Dose Correcti()n '!'ab le 6 Corrected 
Sources 

Pirrures Piqures Factor Estimate Estimate 

'Parle 1 2.2 9. 5 9.5/2.2 12 52 

Table 2 5. 7 29 2g 5.7 28 142 

'ï a h le 3 11 26 26/11 53 125 

'T'able 4 2.3 7 7/2.3 50 152 

Notice that this adjustment brings the three relative risk 

figures into much closer agreement. (The first entry, hased 

on a different rnodel known as the "absolute risk model", is 

not really comparable with the relative risY. figures since it 

is calculated in a different fashion -- see note 1 for hoth 

tables 1 and 2.) 

The average number of excess lung cancers per 100,000 

given by the relative risk model is therefore 140 -- exactly 

seven times larqer than the risk fioure cited bv Dr. Muller. 

But this is for only one hour per dav exposure; multiplying hv 

12 and dividing by 100, we get 16.8 excess luno cancer cases 

per thousand for 12 heurs per day exposure. This represents a 

31% increase over the normal lung cancer rate for Ontario males 

as given in table 8 of the MOH Report (see page 27). 

. .. /30 
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COMMENTS ON THr. CALCULATIONS 

The risk figures calculated on page 28 fro~ tahle 6 

(and subsequently reflected in my corrected esti~ates on 

page 29) may be wrong for a number of reasons. The ~ethod 

of calculation has hoth conservative and non-conservative 

factors built into it. A brief summary of these is niven 

below. 

a) Non-Conservative Factors 

1. The numher of excess cancers per h'L."'l mav be 

even 9reater than indicated here at the low 

doses and low dose rates which are actuallv 

involved. This possibility is suggested bv 

both experimental and epidemiological evidence 

on alpha-emitters. If we had used the appro­

priate table fro~ reference 3 as the hasis 

for our calculation (see exhibit 9, page 31), 

we would have arrived at somethina like a 

45% increase in lunq cancer as a result of 

0.02 WL at 12 heurs oer day, assuminq only 

a 50-year lifetirie. Jt l"lay be that the Mnll 

datais just too coarse to reveal the true 

hazard at verv low dose rates. 

2. Dr. Muller assumes that all lunci cancers will 

appear within a 20 vear period followina a 

single exposure (see his comment, reproduced 

under table 6 on page 27). There is no epide~­

iological evidence presented to support this 

assumption. In fact, no less than 11 of the 

Colorado Plateau miners studies in reference 4 

developed cancer more than 20 vears after 

initial exposure -- and this number, 11, is 

almost double the expected number of lunq 

cancers for the entire population of 1981 miners 

(using u.~. data on lunci cancer incidence in 

those age 9roups.) ~s reference 3 points out, 

"It is not clear how lona after start of ex-

... /3 2 
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F.XHII3IT 9 

ESTIMATION OF LUNG CANCER RISKS FROM RADON DAUGHTEP~ 

AT DIFFERENT EXPOSURE Rl\TF.S (TARLE ITI froM reference 3) 

Me an Expo sJre Rate lin Wo rking Le v e l s) 

Up to 0.01 0.01-0.36 0.36-1.09 1.09 - 2.5 2. 6 or mor e 

Cumulative 
exposure Up to 3.0 3.1-100 101-300 301-700 701 or more 
in WLM 

Attributable 
lung cancers 39 34 26 14 4. 5 mi 11 ion per 
per year/WLM 

Attributable 
cancer for a 1170 1020 l:ifctime per 780 420 l 3 5 

mil]jon / WLM 

Average WLMM 
reguired to 855 980 1280 2380 7410 produce one 
lung cancer 

Re lative risk 
per million 3. 1 2.8 2.2 1. 2 0.4 
per WLM 

1) At 12 hrs/day exposure, 0.01 WL yields a lifetime 
dose (over 50 years) of about 12 ~LM. F.xcess can­
cers (using this table) would then be 12 x 1170 = 
14,040 cases per million, or 14 extra cases per 
thousand - - a 26% increase in the Ontario male 
lung cancer rate. 

2) At 12 hrs/day exposure, 0.02 WL yields a lifetime 
dose (over 50 years) of about 24 WLM. Excess can­
cers (using this table} would then be at least 
24 x 1020 = 24,480 cases per million, or 24.5 
extra cases per thousand -- repr~senting a 45% 
increase in the Ontario Male lung cancer rate. 
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posure the incidence of lunq cancer continues 

to increase; certainly no one has yet ohserved 

a decrease with increasinq time, as has been 

observed for radiation-inctuced leukemia" (paqe 5). 

The gradual build-up of long-lived radon 

daughters in the lung, such as leact-210 with 

its 21-vear half-life, makes it hiqhlv unlikelv 

that extra cancers would stop appearin~ after 

20 years.~ Lead-210 gives rise to poloniwn-210 

as a daughter product. The carcinoaenic pro­

perties of polonium-210 are well docwnented 

(see page 16 for examples). In addition, epiden­

iological evidence reveals that non-sMokers 

who start mining at an earlv age only hesin to 

show dramatic increases in lung cancer some 

40 or 50 years after initial exposure (refer­

ence 3, page 21). 

3. Childrcn are known to be more radiosensitive than 

adults. In the late 1960's, Dr. AlicP Stewart show-

ed that a single diaonostic x-ray to the ahdomen of 

a preqnant woman in the first six weeks of prPgn~ncy 

leads to a 50% increase in childhood cancer anè 

leur:emia aMonq the offspring
11

-- a risk fact(')r ,-•hich 

is in turn hi~her than the relative risk for 

children up to nine vears of age, which is in turn 

greater than the relative risk for adults (see 

reference 6, especially table 1 therein). ~his extra 

sensitivitv of children to radiation-inèuced cancers 

rnay be compoundcd hy heavy juvenile exposures to 

radon, as a result of (1) children crawlina or plav­

inq on the floor or close to the walls, where the 

radon concentrations are often hiqher than elsewhere 

in the house; (2) children spendinq More than 12 

heurs per dav inside the house and/or spending more 

time in the basement; ( 3) chi ldren playinq outs ide 

close to the outer walls of the house, where the 

radon gas rises from under the house. 

. .. /3 3 
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4. Mothers and invalids may spend much more time 

indoors than able-bodied men and older children, 

thus givinq rise to proportionately greater doses. 

5. Mechanical problems or structural deterioration 

rnay incapacitate protective systems (such as fans 

or sealants) within the buildings, resultinq in 

indoor radon levels above 0.02 WL~1 

6. Atrnospheric radon gas from uranium tailinqs in 

the F.lliot Lake area will contribute an outdoor 

cornponent of radon exposure which is by no means 

insignificant and which should also be evaluated 

(see reference 7, which is based on data from the 

S . 1 . ) l.'+ U .. Environmenta Protection Agencv • 

b) Conservative Factors 

1. Not all buildings will aproach the 0.02 WL li~it. 

Nevertheless, I have been infonned that 50 out of 

58 new homes recentlv tested in Elliot Lake showed 

levels in cxcess of 0.02 WL before fans were in­

stalled to provide extra ventilation. Of a total 

of 1900 older homes tested in Elliot Lake since 

1976, about 325 were found to he over the 0.02 

limit. This fraction (1/6) is not very reassuring 

-- if 1/6 of the planned population of 30,000 were 

exposed to 0.02 WL, we could have over 80 radon­

induced lunq cancer deaths just from hreathing radon 

qas at home. 

2. For uranium rniners, the additional radon exposure 

in the home will be a relativelv small augmentation 

to the exposure which thev receive in the mines. 

However, the risk is additive, and the ICRP recomrnends 

that all unnecessary exposure to radon be avoided. 

3. Most people will not spend their entire lives in 

Elliot Lake; there will be a considerable population 

turnover. Such a turnover of population will not 

reduce the total number of expected cancers however 
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(even accordinq to the linear hypothesis -- see 

pages 103-105 in reference 1). The cancers will just 

be diluted in a larqer population -- the human 

traqedy will bP. unniminished, but the statistical 

percentage will look smaller. According to the 

non-linear hypothesis described in this oaper, a 

turnover in population may actually increase the 

number of cancers by decreasinq the individual 

exposures without diminishina the total dose to 

the entire population -- thereby bringina about 

an increased risk per WLM because of the lo'l-•er in­

di vidual exposures. 

VIOLATION OF CONTROL B07\RD GUIDELUlF.S? 

The l\tomic Energy Control Board has laid down annual 

dose liMitations for whole-hody exposure, and for various 

organs of the body. 

For whole-body exnosurc to penetratina radiation, 

AECB liMits are 5 rems per year for atoMic wor~ers an~ 5no 

millirems per vear for memhers of the aeneral nuhlic; how­

ever, ~Ecn policy is to aim for no more than lt of the Maxi­

num Permissible Dose of 500 mr/vear as an official auideline 

-- in other words, members of the public should not be ex­

posed to more than 5 rnr/vear. 

For the lungs, A~CB exposure li~its are set at 15 rc~c; 

for atomic workers and 1. 5 rems for rnel"1bers of the gener;:11 

public. 

Let us deal with the lunqs first. Usinq Dr. Muller's 

equivalence of 1 WLM = 4.42 rems (pane 5, 7\ppendix, MOH Report), 

it is easily seen that one year's accurnulat~d dose at 0.02 WL 

for 12 hrs/day is almost 2.28 rems, \·•hich is far in excess of 

the 1.5 rem limit set by the .l\ECB. F.ven if we use l WLM = 4 rems, 

the annual accumulated exposure at 0.02 HL for 12 hrs/day is 

just nver 2 rems, which is 33% higher than the ~aximum per­

~issible exposure for members of the public. (As the Ham Com­

JT1ission Report notes, typical convcr~ion factors are l WI/-1 = 

... /3 5 
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5-6 rems, which makes the situation even worse: see refer ­

ence 1, paqe 116). 

1'1hole-bodv exposurc resu l ts pr imar i 1 y frol"" garuna 

radiation. The MOH Peport advocates a standard of 0.05 

mr/hr {gamma) at a heiqht of one metre above the centre .of 

the floor {where vour gonads l""iqht be when you stand up). 

t-Jith 12 hr/day exposure, this v•ill produce an accurnulated 

annual dose of 219 mr, which is more than 4n tiMcs larger 

than the AF.CE Guideline of 5 nr/vr. Pecent standards lain 

down by the U.S. Fnvironmental Protection ~gencv li~it the 

exposure of any member of the qeneral public from any U.S. 

nuclear facilitv to an absolute maximuM of 25 Mr/yr. ~hus, 

on a 12 hr/day basis, the proposed housing standard of 0.05 

mr/hr will lead to an annual accumulated dose which is 8.76 

times higher than the MaximuM Pennissihle Dose from a nuclear 

facility in the United States. 

ESTIMATING THE RI SY. PP.nM G.7\.MMA RADIJ\TJOn 

The health risk fron exposure to low level gamma radia­

tion includes not only cancers and qenetic defects, but also 

possible increases in such disenses as diahetes millctus, 

cardiovascular disease, mental retardation, stroke, hvper­

tension, and a qreat many infectious diseases. These SOM­

atic risks are discussed in sorne detail in the Proceedings 

(refercnce 2, rhapter III); they should definitelv be in­

cluded in any risk asscssment associatcd with setting hnus­

inq standards for gamma radiation. 

There are many well-qualified and well-respected people 

in the field of health physics or radiation biology who be­

lieve that current risk estimates are understated hv about ,.s 
a factor of ten. As Dr. Morgan says on page 84 of the 

Proceedings, "the sornatic risks and in particular the rj!';k of 

radiation-induced cancer of almost every tvpe are more 
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to an order of maqnitude [i.e. ten times areater] -- than 

we considered them to be some time back." A more detailed 

discussion of the controversy is given in reference 9. 

There is also some evid~nce which seems to indicate that 

low dose rates may be more harmful than high dose rates in 

producing cancer, even in the case of qamma radiation; but 

the evidence is quite confused on this subject and I am not 

able to form a professional judqment as to v:hat the correct 

risk factor might he (see refprence 2, Chapter IV). When 

it is a matter of life and death, however, I helievr that 

the standards must be madp as strincrent as possible. Tt i s 

far better to overestimate the risY.s than to underestimate 

them -- standards can alwavs he relaxed later on, but dead 

people cannot be resurrected so easily. Moreover, if the 

housing standards are tightened un at some future oate, it 

will be verv difficult and costly to do the remedial work 

needed to bring older buildinqs into conformity with the 

new standard. 

CONCLUSION AND RECOMMEllDATIONS 

Radon is a very patent carcinogP.n, rrainly hecause nf 

the radon dauqhters which inevitahlv accnmnany it. EvPn 

if ~e use the linear hypothesis, it has heen estimatPd 

that about 8~ of all spontaneous luncr cancers in the United 

States are due to naturally-occurrinq radon cas, anè that is 

at an averaqe level of exnosure (0.001 WL) which 1s only S\ 

of the proposed housing standard:~ Allowinn a twcnty-folè 

increase in public expnsure to such a potent carcinngcn 

seems a very questionable policy. The U.S. Environmental 

Protection ~ency has calculated that outdoor exp0surr to 

radon qas emitted by a tvpical tailings pond, 

even with five metres of earth coverinq it, would cause frnrr 

60 to 200 extra deaths in the surroundina population per 

century, due to radon-caused lung cancer (see referP.nce 7 

for details.) 

... /37 
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In this paper, I have argued that (l) there is qood 

scientific evidence that alpha radiation is more effective 

in causing cancer at low dose rates than at high dose rates; 

(2) using data provided by the ~inistry of Housing, one can 

reasonably estimate a 31% increase in the incidence of lung 

cancer arnong people who spend a lifetime in buildinqs having 

a 0.02 WL radon environment. 

Two recommendations suggest themselves. The first 

is that people should be told that there is a very real 

risk of excess lung cancer from radon exposure in homes, 

and that the proposed housing standard could, under the 

worst conditions, lead to a substantial increase in lung 

cancer rates. This may not be a pleasant thing to do, 

but it must be done. People deserve to know the worst, 

since they are the ones who will be taking the risks -­

they certainly deserve more than soothing reassurances 

which make the problem seem to be non-existent. The 

second recoMmendation which I would like to make is that 

cvery effort should be made to prevent excess radon in 

Elliot Lake huildings, if necessarv by huildinq them above 

ground without basements, elevated by means of cinder 

blocks or other props under the foundations. Jf all else 

fails, serious consideration should be given to having 

workers live away from Elliot Lake and commute to work. 

When there is conflicting testiMony on the nature of 

a public health hazard with a high degree of credibilitv on 

both sides, it seems tome that the standards should be 

set on the assumption that the more pessimistic estimate 

may in fact be the true one. Certainly my training as a 

mathematician tells me that when this kind of conflicting 

evidence exists, it can be dangerously misleading to 

rely on one simplistic mathematical model which incorpor­

ates only one narrow view or version of the truth. As 

Fred Knelman has said, when human life is at stake, the 

''magic nuMbers" provided by a calculational model can 

turn out to be "tragic numbers" for the people involved. 

Finis. 
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BIOGRAPHICAL NOTES 

Victor Archer 
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Now Medical Directorat the U.S. National Institute 
for Occupational Safety and Health, Dr. Archer (MD) has been 
engaged in studying luno cancer among uranium miners for 
over twenty years. He worked verv closely with J. K. Waggoner 
(author of the faJ'llous Waqgoner Report on Uranium t,'iners in 
the United States, 1967, which leJ to a drastic reduction in 
the maximum per~issible radon exposure for U.S. miners in 
1971 -- from 12 WL'1 to 4 WLM annually. The Canadian standard 
of 4 WLM was not adopted until four years later.) 

Dr. Archer has played a major role in the fielè of 
radon carcinogenesis epideriiology. The Ham Commission P.P.nort 
(reference 1) cites six papers co-authored by Dr. Archer nut 
of a total of ahout twenty napers on the subject. 

John Gofman and Arthur Tar,plin 

In 1963, the U.S. Atomic Energy Co~~ission annointed 
Dr. Gofman as Assistant Director of the Lawrence Radiation 
Laboratory in LiverJT1ore, California. His J'Tlission wac; te, head 
up a tean of experts to investigate the biological effects of 
radiation on man. After seven years nf intensive studv of 
all existing experimental and epidemiological evidence on the 
subject, Dr. Gofman and his colleaque Dr. Tamplin puhlished 
results which claiJ'Tled that the health effects of radiation 
were very much hiqher than official estimates indicateè. The 
research Drogram of Drs. Gofman and Tamplin was terminated 
not long afterwards, to the mutual dissatisfaction of all 
parties. 

Dr. Gofman is an M.D. and a Ph.D. in nuclear physical 
chemistry. He is co-discoverer of U-232, U-233, Pa-23?, and 
Pa-233. He is Professer Emeritus in ~edical Physics at the 
Berkeley Camrus of the Universitv of California, and Lecturer 
in Medicine at the San Francisco CaJ'Tlpus of the same univer­
sity. l!is IT1edical researches are \,,ell known; for example, in 
1972 he won the Stouffer Prize (one of the most prestigious 
awards in thP field of heart research, carrying a $50,000 
cash award) for his work on the role of lipoproteins in 
arteriosclerosis. 

Dr. Tamplin is a Ph.D. in biophysics; he served as a 
group leader under Dr. GofIT1an in the Biomedical Division of 
the Lawrence Radiation Lahoratory fro~ lq63 to 1969, when 
funds for the nro;ect were terJ'Tlinated. He is currently a 
staff scientist at the Natural Resources Defence Council, 
917 15th Street NW, Washington DC, 20005. 
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Karl Z. Morgan 

A world-renowned pioneer in the field of Health 
Physics, Dr. Morgan was Director of the Division of Health 
Physics at the Oak Ridge National Laboratorv for over 30 
years. He was one of the original memhers of the Inter­
national Commission on Radiological Protection, and was 
editor of the professional journal Health Physics until 
quite recently. 

In 1971, Dr. Morgan was prevented by his superiors 
at Oak Ridge from delivering a paper on the health hazards 
of plutonium (an alpha-emitting transuranic element -- see 
reference 10). That was only one of several instances of 
suppression of scientific results at Oak Ridge (referred to 
by Dr. Morgan in reference 8 reprinted on the next two pages). 
Dr. Morgan left Oak Ridge in 1972 and is now Professer of 
Health Physics in the School of Nuclear Engineering at the 
Georgia Institute of Technology. 

Acronyms and abbreviations appearing in Dr. Morgan's 
letter are explained below: 

Pu= plutonium 
u = 

Th= 
uranium 
thorium 

NO = 
sox = 
COX= 

X 

nitroaen oxides 
sulphur oxides 
carbon oxides 

ORNL = Oak "idge National Lahoratory 
ORAU = Oak Ridqc Associated University 
OSHA = Occupational Safety and Health Agency 
ERDA = Enerqy Research and Development AdJ11.inistration 
LMFBR = Liauid Metal Fast Breeder Reactor 

Alice Stewart 

In the 19~0's, Dr. Stewart (MD) did an epidemiological 
study of childhood cancers and leukemias caused hy obstetric 
x-rays in Cngland. Her work showed that a single x-ray to 
the abdo~en of a pregnant woman durinq the first six weeks of 
pregnancy would result in a 50% increase in childhood cancer 
and leukemia among the offsoring. She also verified the linear 
hypothesis for x-rays down to very low doses in the range from 
0 to 1.5 rads (low doses, but high dose rates). 

When her results were greeted with scepticism, she and 
her statistician colleague George Kneale undertook a far more 
ambitious study which took in the entire Britjsh Isles. The 
results of this second study, the largest ever done in the 
field of radiation carcinogenesis epidemjology up to that 
time, were printed in Lancet (the Rritish Medical Journal) 
in 1970. They fully confirmed her earlier findings. A simi­
lar study was done hy Dr. Brian Mc~ahon of Harvard University 
using U.S. data, and it gave additional confirmation to Dr. 
Stewart's results. 

Dr. Morgan now works as an independent consultant on the health 
effects of radiation; ~ost of his clients are radiation victi~s. 
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Letter from ~arl Morgan to JaMes Schlesinoer 

A1lJ:ita, Gë-:>r!;ia 30:332 (~04) 894-3720 

May 25, 1977 

ORNl.. • Oak R1d9e Nuclear Laborator1es 
Ll'IFBR • L1qu1d l'llltal Fast Br"eeder Reactcr 
Pu • Pluton1ua 

Mr. James Schlesinger 
Executive Office of The Preside~t 
Energy Policy a~d Planning 
~ashington, D.C. 20500 

Dear Mr. Schlesinger: 

U • Uran1ua 
Th • Thor1u.a 
AEC • Atoauc Energy C:0..1ss1on 
EROA • Ener9y Research lt Dttvelop--,t Agency 
CRAU • Oak R1dge Assoc1•t...S Uruvers1ty 
OSHA • Occupat1onal Safety a. 1-11!,alth Agency 
NRC • Nuclear ReQulatory Coaa1ss1on 
NOx • N1trog1t11 Ox1des 
SOx • Sulfur Ox1des 
COx • c.rbon Ox 1 a .. 

As è follo\lt.Jp of my lettcrs of ~~rch 30, 1977 2~d X2y 23, Î977, and 
folloving a leccure I ;2ve reccntly 2t the University of Ten~essee, 
Knoxville, Tennessee, sever2l persans ~t OFJIL hav~ contaéted me sug­
Eesti~g tha.: perhaps I uould be willing to lend my support to a current 
ORNL proposa! that .:~e IMFBR-CRB~ program be continued by replacing 
the Pu fuel ~ith 223u and the 236u ~ith 232Th. I inèicated te the.ni 
thac \.lere I to .:pprove suc:i a program, it \.lould be only 1,:i~h a .1urober 
of qualific2.tions a!1d w:..::i assurance ~f many p~og~am ch2.nges. \.Je 
ccr::.:iinly need i~form.;.tion o;-i the Th- .'. ~3u cycle, but I'm net sure 
this is the che~pest and best ~cy te get the infon:t2tion ~eedcd. c~e 
of the grcat~st c2.uses of my trepid.:ition relates te the ORNL :c2nage­
mcnt and its p2.st :::-eco:::-d of blind support of the UŒBR ir! spite of 
kcci\.Jledge of its ·,,-,2ry se:-ious sr.ortc:::d:"1gs. ORNL m3n2gement should 
h2ve bee~ objective and shoulci h3ve insiste~ 0:1 fo!lo~ing the besc 
co~rsc ~ no: the folitic.:illy expe~ient one. Instead, it only did 
t~ose things th.:it .:ould please the :\EC: (~nd la:er the ERDfl.). It èid 
no = displ.:iy any vision or desire to be successful ~ r.:ther, it ~anted 
to prcsc~e s.:a.tus quo, to kee? th~ mo:iey rolling, a~d everyone on 
the p2.yroll. Any ideas in Oak Ridge contrary ta the Washington 
app:::-0·1ed cocrse (prie~ to my leavi:ig ORNL in 197"2) ~;ere su?pressed. 
Even studies rel2.tin; to such important questions as brittle fractu:::-e 
of the reactcr ce>nt2.irunent vessel, common mode f.:iilure 2.nd emerge:1cy 
co~c cool!n~ were su?~essed, the findin;s depreci~ted a~d not published. 

Pc:::-h.:ips manage.ment at the various Oak Rid 6c ope:::-atio~s c~n cr.2:.ge this 
poor rccorè, b;;t I'~ noc sure it c.:i.n or t~at reccnt cve:1.ts in Oak Riè~e 
\.:ould justify ol!:- er.cou:-2ge~ent. Fe:- e..:-:ë.:n~le, ·~·h~n tr-.~ Mancuso P:::-og:-aru 
(to ~::1ic!i I .:.ll1 ~ con:::ulcaat) inèic.'.!te:-d the::-e 1,1as an inc:-c:!sc o:: sta::.::..s­
tic2.l siznific.'.!ncc in fou:- t)7es of C.'.!ncer (myeloid neopl2s~, b:-~2~t 
ca:-.ccr, pa:.creatic tumors and lung c.::lncer), M.ancuso w2S i:1:onned sh ortly 
afte::--....,ard::; tr.~t his pro;r.'.lln 1,;culd no longer b2 funded by E:R.2::>A, .:i.nd \; e 
Jearne<l th;:;.t Jim LivE:nuan plz~s to reir.c2:-n.:.te this pr-o ~:- ,,.m in O.:i;: ?. ièr,e 
(probably cr:1er the super-vision o: OP,AU) to be coné!uctc~ b:1 rrs. C.C. 
1.u::;h!J.i;;t:h and Edith îcmpkins. îr.is chanee 1.1ould 'be at .::l vcry ~.:-eat co s ::. 
ané ,,oulc.! represer.t a serious discon::in.L!ity o: scientific effort. One 
can cnly siipposc th2t the ne1-1 0.-:ik R:.d,!;e te2!D must E,et the :-ight ~n ~uè!r 
(i.e:. prove there is· NO radi,1.:ion risk to Hanfo:::-::! ~nd Üé'\Y. P.i c!ge \.IOrkt.rs-) 
iî it c2res to have 2 ccntinuation of ft:nding. I belie•:€ Dr. Lu z hba11~h 
\:C·~~.:l ::ry to be objective. bu.: I have good re:i~on to que~ë:.ion i é th:s 
~oul<l be truc of Dr. Tcmpkins, 



Hr. J~~es Schlesinger 
P.ay 25 1 1977 
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Perh~?S at this stage there is so=ething you can èo ta prevent this 
tr.:;nsition, Hy suggestion .,.·ould be ta ask OSHA to take over the 
surport nf this M.zncuso program and, hopefully, it ~ould see the 
1:i~~om of asking Dr. Mancuso to continue his studics and continue 
the services of the t~o British scientists, Ors. Alice Ste~art and 
Geo~~e K.ïeale, that hav2 contri~ut:à so ~uch to the success, scien~i~ic 
~t~:ure, and ir.de?endent, unbiased evaluation of these d.zta f~om 
Hanfcrd and Oak Rid~e. 

Actu ~lly, the cancer risk ~t Hanford, as reporte~ by Hancuso, Stewa~t, 
a~d Kneale, in ccm?arison ~ith other occupatio~al risks is rather srnall. 
The only pro~lem is chat many of the early ORNL, Hanford, and AEC E:.lll­

ployces hav~ been saying repeatedly in public (and contrary to my 
cJutionary warnin~) that there are NO radiation risks from vork ac 
thecse facilities. The s:ord NO is s~h a small r.umber th.:!t true scicn­
tj : ts ref:-ain from usin; it. Surely, it is a conflict of i::itcrest 
fr,~- this pr-.:i:;:-.:::.ro to be cor:ducted in Oak Ridge und.--::- contract ·..:ith eithcr 
EF.Di\ n:- }lF.C. 

I ;:-:i .1 st:-ong s·Jppcrter of nuclear ener;;y, but not at .::.ny cost. M.:i:iy 
p.__r,1,]·::: .::.grce \Jit!-1 r..e t;,ac the .-1.EC, NP,C, E?JJ . .\, ORNL, etc. arP. o:tc:1 
~::·~ii:- 1.:0:-st e:1e=1ies ar.d get i.1 the vay of those of us :who beli eve \Je 
c,, ,1 tuilè 2nd O?erate a nucle2.r enQ:-gy i::iduscry th.:!t is accQpt.::ily 
r.afc anJ prcsents o=c~?atior:al and enviro:unent~l risY.s that are far 
le::;!_; than those of a well co.:duc::cd fossil fuel po·,;er program. A.fter 
a)~, the risks fro~ NO , SO , CO , hydrocarbons and particul2tes in 

. 1 . X • X , X. h . . d h te:rm.:; O[ ung carci:10ma, cr.renie or::rnc 1tis an em? yscm.-:i arc very 
rc.:il and so~e of us arc vcry conccrned about the effects of COz on the 
c]im.:itc. I i!.D all for Ji;moy Carter's emphasis on conservation, solar 
and fossil fuel energy for our power, but I,believe ~ith your he!p our 
couctry can take the lead in placin6 nu=lear power in its proper place. 

In closin:;, and i;1 cor.tr.::.st vith the f.aulc:; ac ORW~ and Oak. Ridge ·-·hich 
I mer.t:.or,e~ ~be, ·.;€'., I 1;ould like to clo:;c .. .-ith the rcroir.èer t:,1t scm~ of 
c,u~· countri.c:; best scier:tists h.:!ve 1..;or::cd Lit ORNL and a few of thcm are 
:::.Lill there. 

Best pecsonal reg~rès. 

cc J0~:1 F. Anc~rne 

- -
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EXHIBIT 12 
Verbatim Excerpts frorn the BCMA Report BRITISH. COLUMBIA 

MEDICAL 
ASSOCIATION 

THE HEALTH DANGERS OF URANIUM MINING 

AND JURISDICTIONAL QUESTIONS 

A SUMMARY OF MATERIAL BEFORE THE 

BRITISH COLUMBIA ROYAL COMMISSION OF INQUIRY 

HEALTH AND ENVIRONMENTAL PROTECTION - URANIUM MINING 

PRESENTED: AUGUST 1980 

E.R. YouNG, BSc, MD 
R.F. WooLLARD, MD 

ENVIRONMENTAL HEALTH COMMITTEE 
BRITISH COLUMBIA MEDICAL ASSOÇIATION 

ACADEMY OF MEDICINE BUILDING 1807 West 10th Avenue. V•ncoul't'r. B C \l()J 2A9 1elepho~ (604) 136-555 f 
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LUN6 CANCER Al'10N6 UNDER6R0UND MINERS 

Dr. Wagener well described the discovery of the relationsh1p between 
lung cancer and radon daughters: 

The real nature of this pulmonary disorder among miners of 
the Schneeberg <Germany> area was not identified until 1879 
when Harting and Hesse first diagnosed it. 

In 1913, Ainstein reported that of bbS Schneeberg miners 
dying during 187S-1912, 40 percent <or 27b) died of lun9 
cancer. Pircham and Sikl, in 1932, reported that of 17 
deaths observed during 1929-1930 among miners of uranium­
bearing ores in Joachimsthal <Czechoslovakia>, 53 percent 
Cor 9) were due to cancer of the lung. 

These saine investigators ••• concluded that the most 
probable cause of these tumors was radiation in the air of 
the mines. These investigators also 111ade note "the miners 
themselves state that discovery of a rich uranium vein is 
always followed some years later by a strongly increased 
111ortal1ty among them". 

Hollywood, in his article on "The Epidemiology of Lung Cancer Among 
Workers Exposed to Radon and Radon Daughters" 1n May, 1979, noted: 

By 1940, then, excess deaths from lung cancer among two 
groups of European miners had been assoc1ated w1th 
relatively h1gh concentrations of radon in the mine 
atmosphere. In that same year ••• conclusions were drawn 
that prolonged breathing of air containing a high 
concentration of radon, may have caused what was est1mated 
at that time to be a 30-fold increase in the incidence of 
lung cancer. 

The percentage of miners developing carc1noma of the lungs 
in Schneeberg was 63 percent, in Joachimsthal 42 percent, 
and in St. Lawrence [Newfoundland) 3b percent. 

studies 1 n the U.S. were undertaken in the 1~5U's on uranium miners in 
the Colorado plateau area. These results began ta appear in the early 
60's, and thev showed an increase in lung cancer with an increase in 
exposure ta radon daughters. Dr. Wagener noted that these stud!es had 
to be extended and ref1ned ta rule out anv possible other aoent: 

First there was a basic denial that there was such a 
problem. Then there was a position that it had ta be due 
to smoking. Then it was on the basis -- well, it had to be 
due to hard rock mining. There were sequential analyses 
undertaken to address all of these, what in statist1cal 
terms I would call confounding factors, but in public 
health terms I would call delaying [factors). 

In 1967, Lundin demonstrated that during the period 1950 
through June 19b5, white underground uranium miners expe­
rienced 37 deaths due ta lung cancer whereas only 7.3 would 
have been expected Candl through September 1967, 62 deaths 
due ta lung cancer as contrasted t9 only 10.02 expected. 

-



Cl 

1 
1 

L 

1 ...... 

r 

L... 

r 

w 

r 
w 

L 
r 

- 44 - EXHIBIT 12 

LUNG CANCER AMONG UNDERGROUND MINERS (cont1nued> 

[As noted by Dr. Wagener, referring to the Colorado data), observed 
versus expected carcinoma of the lung cases 1n 1978 was 20S versus 40, 
with an attributable risk of lb4 men 

who have died due to lung cancer over and above what 1 
NOuld expect in that population if they had not been 
subjected to those exposures. I NOuld cons1der that as 
epidemic. 

With the long latent period of carcinoma induction by low level 
radiation, these numbers will increase further over the next 20 years. 

The submission of Dr. Wigle relating to the St. Lawrence (Newfoundland> 
fluorspar miners who were exposed to elevated levels of radon daughters 
demonstrated an observed incidence of lung cancer of bS versus an 
expected 6.41, with an average ratio of observed to expected of 10.1 • 
Dr. Radford noted that the ongoing studies, such as the one of the 
Newfoundland fluorspar miners, 

clearly ind1cate the seriousness of this problem, st1ll 
with us fifty years after the risk was originally 
ident1fied in the Bohemian miners of central Europe. 

The collection of the Canad1an [uranium miningJ data began in 1974. 
The Royal Commission on Health and Safety 1n Mines 1n Ontario (the Ham 
Commission] commissioned an epidem1ological study of the uranium 
miners in the Elliot Lake area; this was conducted from 1975 to 197b. 
Or. Muller noted that 

The Ontario uranium mining population 1s characterized by 
relatively low exposures and relatively short per1ods of 
exposure. There is, therefore, less extrapolation 1nvolved 
from high to low doses and dose rates, ••• relat1vely short 
periods of exposure in most men, ••. and nearly 20 years of 
observation time. 

The Ham Commission analyzed the data [81 observed lung cancer deaths 
versus 4S.08 expectedl in order to determine whether radon daughters 
were the agent: 

The lung cancer cases tended to accumulate more 1n the 
higher exposure groups, which indicates that lung cancer 
risk was greater in the h1gher exposure groups than 1n the 
lower ones. 

In his analysis of the Ontario data, Ellett stated: 

From the occupational health point of v1ew, it 1s certain 
that exposure to radon daughters leads to an increased risk 
of lung cancer for the work1ng force as a whole, and that 
this risk extends to levels of exposure that are below 
current occupational guidel1nes. 

Accord1ng to the United Steelworkers of America, the number of lung 
cancer cases should now read well in excess of 100 at Elliot Lake and 
are "cl1mbing steadily". 
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MORE EVIDENCE ON LUNG CANCER AND RADON GAS 

Dr. Axelson, in his subm1ss1on on Swed1sh Miner Lung Carc1noma, stated: 

Several stud1es have shown an 1ncreased lung cancer 
mortal1ty among Swedish metal (zinc-lead-1ronJ m1ners as 
probably caused by the exposure to radon and radon 
daughters in the mine atmosphere. In a nation-w1de survey, 
as yet unpubl1shed, the average lung cancer mortal1ty among 
Swed1sh m1ners was found to be about f1vefold the normal. 

These Swed1sh studies deal with a life-time follow-up of 
miners, whereas most other mining populations have been 
stud1ed by mèans of cohorts with a follow-up time of not 
less than about 25-30 years or more. 

Wagener noted that 

ln 1942, Campbell reported the 1nduct1on of lung tumors 1n 
20.3 percent of mice exposed by 1nhaling dust from the 
Joachimsthal mines, whereas only 2.1 percent was found 1n 
the unexposed controls. 

The most detailed and conclusive evidence show1ng the carc1nogen1c 
effect of radon daughters has been done by Dr. Lafuma of the Rad1at1on 
Protection Department of the Atom1c Energy Commission of France: 

Stud1es have been carried out by two teams from the 
Commission of Atom1c Energy 1n France •••• Throughout the 
ten years of research, close to 10,000 rats were used ot 
wh1ch 3,000 were used for radon stud1es. In these 3,000 
rats, more than 000 pulmonary cancers were observed. 

Dr. Lafuma•s research 1nd1cates a h1gher r1sk [per unit of exposureJ 
at lower cumulative work1ng level months (WLM>. 

===========================================================-==-==-== 
It seems that the controversy over low level radiation wh1ch is now 
taking place is following a s1milar pattern to that ot the health 
hazards of cigarettes that began 30 years ago when ep1dem1olog1cal 
studies were met with flat denials that cigarettes could poss1bly 
cause cancer of the lung. 

One of the serious consequences of down-playing the effects of low­
level radiation will be to deny those who have developed various 
carcinomas adequate compensation which may be their due. W1th the 
abundant information on the effects of low-level ioniz1ng radiation, 
the humane course of action would be to give the worker, or in most 
cases the deceased worker•s family, the benefit of the doubt as to 
whether his or her part1cular carcino•a was a product of radiation, 
and compensate accordingly. 

Society and industry •ust be w1lling to shoulder this burden if we 
wish to continue with the production of nuclear power and nuclear 
weapons. 

======-============================================================= 
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- 46 - EXHIBIT 12 

RISI< ESTIPIATES: cortPARISON WITH A SAFE INDUSTRY 

Mr. Bush, Manager of the Radiation Protection Division of the AECB, 
described mining as an industry with h19h risk: 

"one [accidentall death per year for every thousand workers" 

According to Mr. Bush, 

Workers in the safest occupations -- manufactur1ng, for 
example -- are subject to an annual r1sk of acc1dental death 
of about one in ten thousand. 

When asked whether the mining industry in Canada was an 1ndustry w1th 
a high standard of safety, Mr. Bush replied: "No". [ln part1cularl he 
knew of no industry that exceeds the comb1ned r1sk of uranium m1n1ng. 

According to the AECB, 

The risk of lung cancer associated with an exposure of 4 
WLM per year over a normal working life 1s cons1dered to be 
acceptably small, compared to the r1sk of [accidentalJ 
death associated with other ["safe"J industries. 

Mr. Bush re-iterated this in cross-examination: 

The risk of working with the present dose l1mits 1s no 
greater than the occupational risk of the safer 1ndustr1es. 

Of course, what he clearly means is that the r1sk 1s no greater than 
adding the occupational risk of a safer industry on top of the 
occupational risk of an industry which does net have a h1gh standard 
of safety. 

[ln any eventJ, the r1sk of accidental death 1n a "safe 1ndustry" can 
be approximated at 100 deaths per million workers per year. beveral 
authors have produced estimates of lung cancer cases per m1ll1on 
people exposed to one working level month CWLM>. According to Mr. Bush, 

Dr. Gordon Stuart, formerly of Chalk River, rev1ewed the 
Amer1can and Czechoslovak1an data and he concluded that ••• 
you get about 14 to 20 lung cancer cases per m1ll1on people 
exposed to one WLM. 

A year or two ago, the [Europeanl Nuclear Energy Agency 
concluded that a reasanatJle risk est1mate, for purposes ot 
rad1at1on protection, NOUla be about 100 cases o+ 1ung 
cancer per •111100 people per WLJ'I. 

Seve, in h1s calculat1ons of the [Czechoslovak1an) data 1n 1976, found 

0.23 ~ 0.04 lung cancer cases per thousand workers per WLM 
[230 lung cancer cases per million workers per WLMJ as an 
est1mate of average radiation r1sk for the total group • 

As can be seen, even using the Nuclear Energy Agency•s calculat1ons, 
the [cancer] risk to m1ners would be four t1mes as great at present 
radiation standards [4 WLM/y) than the accident r1sk 1n safe 1ndustr1es. 
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RISK ESTIMATES: COMPARISON WITH A SAFE INDUSTRY (cont1nued> 

Using Sevc•s calculat1ons, [the cancer r1skJ would be 9.2 t1mes as 
great -- approximately 10 t1mes as great -- wh1ch would then be 1n a 
category of industries w1th a h1gh deg~ee of r1sk [one acc1dental 
death per thousand workers per yearl. 

Moreover, there is a very important flaw in the AECB's compar1son of 
accidental risks per year w1th lung carcinomas Cper yearJ, wh1ch makes 
direct compar1son mean1ngless: 

• Risk of acc1dental occupat1onal death 1s a relat1vely 1nstan-

- . 

taneous risk, wh1ch ex1sts (by def1n1t1on) only dur1ng the per1od _, 
of employment and ends upon term1nat1on of employment. 

• Risk of lung cancer from radiation, although beg1nn1ng after 
several years of employment, continues many years past term1nat1on 
of employment; thus a gradually flowering crop of cancers grows 
larger each year. 

Clndeedl Archer & Lundin in 19h7 concluded that an exposure of 120 WLM 

appears ta double the lung cancer incidence character1st1c 
of the general [unexposedJ population. 

Summary of doubling dose estimates for lung cancer 1n uranium m1ners: 

Archer < 19b7) 120 WLM 
Hewi tt < 1980) Ontario 40-50 WLM 

Newfoundland 50 WLl'1 
Seve < 1976) "'50 WLl'1 
US EPA < 1980) "'40 WLM 
Ellett (1980) 40 WLM 
BEIR-II < 1972) 34 wu, 
BCMA < 1980) - NIOSH & Seve 19-20 WLM 
BEIR-111 (1980) 12-17 WLl'1 
Axelson (1980) 2 WLM 

The lifetime incidence of lung cancer 1n males can be calculated ta 
equal 52.5 per thousand, equivalent to approx1mately a f1ve percent 
lifetime r1sk for lung cancer development 1n males. lt would appear 
that the doubl1ng dose from exposure to radon daughters would be 40 
WLM or less, in the exposure ranges exper1enced by today•s m1ners. 

Thus, at a l1fet1me dose of 40 WLM, a miner would have approx1mately a 
10 percent rather than a 5 percent risk of develop1ng carc1noma of the 
lung; that is a risk of 1250 lung cancer cases per million workers er 
WLM. The risk per million workersl would be four times as high at 
today•s maximum perm1ssible exposure of 4 WLM per year. Compare th1s 
value with the r1sk of accidenta! death 1n safe 1ndustr1es of 100 
acc1dental deaths per million workers per year! 

Because of the long latent per1od of lung cancer, and 1ts var1ab1l1ty 
w1th age and smoking, Archer has calculated the attr1butable cancer 
for lifetime per million Cworkersl per WLM, wh1ch 1s certa1nly the 
value most signif1cant to the min1ng population. Us1ng the exposure 
rates present 1n today•s mines and m1lls, the attr1butable cancer per 
l1fetime per WLM 1s approx1mately 1000 [per m1ll1on workersJ. 

-, 
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ATOHIC ENERGY CONTROL BOARD: UNFIT TU REGULATE 

The AECB pol1cy regard1ng a l1fet1me exposure l1m1t for uranium m1ners 
CFebruary 1978) is based on one study Cpubl1shed 1n 19b9l, wh1ch 1s 
not only 11 years out of date, but wh1ch has been rev1sed several 
t1mes by the authors. The AECB notes 1n pass1ng that 1n Ontario, 

only 20 of the 81 lung cancer victims who had worked in 
uranium mines had accumulated as muchas 120 WLM <the 
exposures of the other bl v1ctims be1ng O to 99 WLM, or 3~ 
WLM on average>. 

lgnoring th1s and using the 19b9 study <wh1ch seems to be the extent of 
the1r literature rev1ew as no other references are c1ted> AECB states: 

If one had to choose a WLM value that had some spec1al 
signif1canc~, 840 WLM would be a more log1cal cho1ce [than 
120 WLMl because it marks the level above wh1ch lung cancer 
incidence appears to 1ncrease w1th 1ncreas1ng exposure; 
(i.e. although an excess of lung cancer 1s ev1dent 1n each 
of the exposure categories, the excess appears to be 
independent of exposure below 840 WLM.> 

Such a policy statement, based on ant1quated data and 1nadequate 
literature rev1ew, would be 1rrespons1ble com1ng from the nuclear 
industry, let alone the regulatory agency of that 1ndustry. However, 
as will become clear, it 1s d1ff1cult to ascerta1n where one ends and 
the other begins. 

The Manager of the Radiation Protection Div1s1on of the AECB 1s Mr. 
Bush, who has a degree 1n Chem1cal Engineering (1955). He worked tor 
Atom1c Energy of Canada L1m1ted <AECL> in Chalk River from 1957 to 
1909, and subsequently with the AECB from 19b9 ta the present. One notes 
that Mr. Bush 1s respons1ble for develop1ng rad1at1on protection 
gu1del1nes and regulat1ons. 

Mr. Bush adm1tted, 

l'm nota medical doctor. l'm not an ep1dem1olog1st. 

(This 1s evident as well from the Board's paltry data analys1s upon 
wh1ch the1r statements of risk are made.) The AECB 

1s currently consider1ng how the latest recommendat1ons 
[ICRP 1977) m1ght be 1ncorporated 1nto AECB regulat1ons. 
AECB 1s be1ng ass1sted in 1ts rev1ew o+ the lCRP recommen­
dat1ons by 1ts Adv1sory Comm1ttee on Rad1olo91c Protection 
[ACRPJ, wh1ch it establ1shed early in 197~. The Adv1sory 
Comm1ttee was set up to prov1de the Board w1th 1ndependent 
adv1ce ••• no Board staff member is Con 1tl. 

Mr. Bush pointed out the d1ff1culty the U.S. Nuclear ~egulatory 
Commission may have 1n adopt1ng these new ICRP h1gher dose l1m1ts: 

they would be d1ff1cult to 1mplement under the cl1mate of 
nuclear controversy currently ex1st1ng 1n the U.S.A. For 
example, the new ICRP system ot dose l1m1tat1on 1mpl1es 
h1gher dose l1m1ts for 1rrad1at1on of some 1nd1v1dual organs 
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ATOMIC ENERGY CONTROL BOARD: UNFIT TO REGULATE <cont1nued) 

The Cha1rman of the new Advisory Committee, Dr. G. C. Butler, listed 
members of this Committee. 

lt includes himself, who has been an employee of AECL at Chalk Hiver 
from 1957 to 19b5, a member of the ICt<P Committee +rom l'tb3 to 1'0.!. 
and again from 1973 to 1977, and worked trom 1~45 to l'-147 with the 
National kesearch Council (Ottawa> in the Atomic Energy Project; he 
has been with the National Research Council since 19b5. 

lt also includes Dr. Marke of AECL [Director of Health Physics at 
Chalk River] and Dr. Hollywood from Newfoundland, who wrote a section 
in the AECB Elliot Lake Uranium Mine lnspector's Training Course 
Manual. The [197~ Elliot Lake] manual contains the tollowing: 

The AECB has seen no convincing evidence for a limitation 
on cumulative lifetime exposure, provided the average 
exposure received during a working life does not exceed 
4 WLM per year •••• 

Radiation damage is observed only at doses higher than 
about 100 rads; and although effects have generally not 
been observed at lower doses, it is assumed for radiation 
protection purposes that the effect is proportional to the 
dose right down to zero exposure. 

Not only is the last sentence grossly in errer, any trainee inspecter 
who is using the graph [showing "observed" cancers at low closes to be 
less than "expected" cancers obtained by linear extrapolationJ would 
be led to the incorrect conclusion that for all radiation, the l1near 
hypothesis will over-estimate the e+fects. 

Other members [of ACRPJ include Dr. Jan Muller from the Oepartment ot 
Labour, Ontario, [who is of the opinion] that there is no serious risk 
at current standards of 4 WLM per year of radon exposure, despite 
mounting evidence to the contrary. No tollow-up study on the Ontario 
uranium miners has been completed because the information is sti11 being 
processed by Dr. Muller. lt 1s unfortunate, because o+ the crucial 
nature of the Ontario stud1es, that there has been such a long delay 
since 197b. It is hoped that this data will be available to the 
scientif1c commun1ty soon. 

Dr. Butler also noted that his Committee did have Ur. Stuart trom AECL, 
but that he had now ret1red. [ACkP now includes bath Ur. Myers and Ur. 
Newcombe, bath of AECL.J 

Dr. Butler agreed that his Committee had not asked any independent 
bodies, such as the Canadian Medical Association, the Royal Co!lege 
Physicians and Surgeons, or the Royal Society, to place a memoer ot 
own choice on the Committee. 

The "independence" of this Committee must be seriously quest1oned. 
This lack of "independence" 1s character1stic of the AECB. As Or. 
Bates noted about the previous Standing Committee on Satety, 

There appeared to be only one M.D. on it, and he had worked 
at Chalk River for all of his l1fe before that. 

ot 
its 

-
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RADON GAS IN HOMES: AN INDUSTRIALLY-INDUCtD EPlDEMlC? 

The Atomic Energy Control ~oard has announced adoption ot 
radiation criter1a for use in the investigation and clean­
up of communit1es contaminated by 'radiation. 

The Government ot Br1t1sh Columbia has adopted the AECB exposure 
I1m1ts [for public exposure to radon daughtersJ: 

The WLM unit 1s not appropriate for exposures in the home 
or in other non-occupat1onal s1tuat1ons. ln such s1tuat1ons 
the maximum permiss1ble annual average concentration of 
radon daughters <attr1butable to the operat1on of a nuclear 
fac1l1ty> shall be 0.02 WL. 

COutdoorl levels h1gher than 0.02 WL may be produced locally by 
uranium mines. Higher outdoor concentrations would obv1ously produce 
higher indoor concentrations of radon. CAccord1ng to Dr. Wagoner:J 

On the basis of add1t1onal data, the EPA has est1mated that 
110 to 230 extra lung cancer deaths would occur among 100,000 
population with a lifetime residency at amb1ent levels of 
radon daughter exposure <i.e. 0.004 WL>. ln contrast, 2000 
ta 3000 extra lung cancer deaths per 100,000 populatio-n~~ 
were estimated to occur over a lifet1me 1ndoor radon 
daughter exposure to 0.02 WL. 

In light of the present state of knowledge, one could well view the 
allowable exposure to the public from nuclear facil1t1es as tantamount 
to allowing an industrially-induced epidem1c of cancer. 

Dr. Radford 1n h1s submission to the Comm1ss1on stated that 

ep1demiolog1cal and exper1mental ev1dence 1nd1cates that 
alpha radiation 1s more effective <per unit dose> 1n pro­
ducing cancer when exposure 1s at low dose rates over long 
periods of t1me, than when the equivalent dose 1s g1ven at 
a high rate for short periods of t1me. 

Dr. Archer observed that 

Alpha radiation appears to be approx1mately e1ght times as 
efficient at 100 WLM as at 1000 WLM. This data makes 1t 
h1ghly l1kely that radon daughter levels in residences are 
responsible for some lung cancers. 

ln 1971, the joint monograph by NJOSH and NIEHS also noted: 

The risk of respiratory cancer per unit ot exposure ap­
peared to be greater in the lower cumulative radiation 
groups than in the h1gher ones -- i.e. an assumpt1on of 
l1nearity appears not to be conservat1ve (does not over­
estimate the actual r1sksl. 

Nevertheless, the AECB assumes that this (linear hypothes1sl 

is a cautious assumption; 1.e. the number of cancer cases 
w1ll probably be overest1mated. 
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TO WHOM lT MA Y CONCERN: 

As there appears to be some confusion among represent.itives of industry and 
government with respect to the British Columbia Medîcal Association's efforts 
as a major participant in the British Columbia Royal Comr:11ssion of Inquiry, 
l lealth and Envirnnmental Protection - Uranium Mining, we wish to make the 
following comments: 

l) Dr Eric R Young and Dr Robert F Woollard participated as intervenors at 
the lnquiry as representatives of this Association. 

2) Dr Young is presently the chairman of the environmental health comn11ttee 
of the BCMA and Dr Woollard is past-chairman. 

3) Dunng the lnquiry the BCMA was privileged to prr:;ent statemcnts of ev1dcnre 
of internationally-recognized authorities on various aspects of th1s issue. 

4) The report entitleè "The Health Dangers of Uranium Mining and Jurisci1ctionol 
Questions" authorcd by Drs Young and Woollard is the summary argument 
of the BCMA presented in 1980 to the Royal Commission in response to its 
call for final arguments frorn participants in the lnqu1ry. As such it has 
been supported by the BCMA Executive and Board of Directors. 

5) Thil; report has had significant peer review and there has been ample 
opportunity for public comment. 

6) The substc:ince of the report is reflectlve of BCMA 's policies in the .1rea 
of env1ronmental health as established over several years by considerauon 
and debate at the general assembly and Board of Directors and, .:is 
conf1rm.it ion of this, the BCMA holds copyright on both printings of th1s 
BCMA publication. 

Extensive feedback has confirmed the report's value as an aid in promoting public 
p..irtic1pation in this important area of environmental health and has vindicated 
the rnedical nssociation's expressed lnterest to rnise the level of debate on this 
issue. 

MIERY /Jh 

BRITISH COLUMBIA MEDICAL ASSOCIATION 

G D McPherc;nn, MD 
President 

ACADEM\' OF MEDICINE BUILDING 1807 West 101h Avenue, Va,..couv~r. BC VfiJ ,A~ TP.lcphonp 16041 73n·55S1 
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EX_t!J_]_!~~ 

Verbatim Excerpts froM the BEIR-III Report 

The Eff ects on 
Populations of 
Exposure to 
Low Levels of 
Ionizing 
Radiation: 1980 

COMMITTEE ON THE 8JOLOGICAL 

EFFECTS OF IONIZING RADIATIONS 

Division of Medical Sciences 
Assembly of Life Sciences 
National Research Council 

~ tl!QM) ..Nationa( Acadt"!Y Frrss 
Tht' National Acadcmy Prt'H was crt"att'd by rhc N.itional Aca&my of 
Scirncrs 10 publash 1hr rtporu issut'd by 1hr Ac.idcmy and by 1hr. 
National Acadcmy of Enginerring, the lnstiturr of Medicine, and 1hr 
National Restarch Council, ail Opt"nung undcr thc chancr grantcd to 
the Nalio~I Acadcmy of Scirnce1 by the Congrc11 of the Unucd Statc1. 

NATIONAL ACADEMY PRESS 

Washington, D.C. 1980 
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THE LUNG 

Lung cancer - or more properly, branchial cancer - was the +1rst 
1nternal cancer of wh1ch exposure to 1on1z1ng rad1at1on was 
1mpl1cated as a cause <in Bohem1an m1ners>. As follow-up 
1nvest1gat1ons of rad1at1on-exposed groups have been extended, 
branchial cancer has emerged as one ot the most important 
radiat1on-1nduced cancers. S1nce the 1972 BEIR report, our 
understand1ng of rad1at1on induction of branchial cancer in man 
and lung tumors in animals has advanced cons1derably. 

Czechoslovak1an Uranium M1ners 

The exposure 1n the Czechoslovak1an mines was relatively sl1ght: 
if the underground work exper1ence was 20 years or more ana the 
average cumulative exposure was about 300 WLM, then the 
concentrations of radon daughters were about one work1ng level -
much lower than 1n the US uranium mines before 1900. 

The lung- cancer r1sk estimates were g1ven by the (Czech] authors 
simply as excess cases per 1000 m1ners .••• Prec1se correction o+ 
the publ1shed relat1ve-r1sk est1mates to el1m1nate the latent­
period years 1s net possible; but .•• an approx1mate value 1s 
obta1ned of 1.8 percent excess lung-cancer r1sk per WLM over the 
per1od under study. This value 1nd1cates a doubl1ng dose ot about 
56 WLM (cumulative]. 

A substant1al excess of lung cancer has already begun to occur 1n 
the nonsmokers among these miners ••.• ~ecause the latent per100 
for lung-cancer induction 1n non-smokers 1s longer than that for 
smokers, w1th further follow-up the relative r1sk woulo be 
expected to rise more rap1dlv for nonsmokers than for smokers. 

United States Uranium M1ners 

The US uranium m1ners had exposures ta h1gh concentration~ ot 
radon daughters; at least before 1960, the radon-daughter 
concentrations ranged generally from 10 to 100 or more work1ng 
levels. This explains the fact that the average cumulative 
exposure, 1180 WLM, 1s well above that of most of the other 
m1n1ng populations stud1ed •••• The lower exposure groups have 
r1sk estimates 2 or 3 t1mes those for the h1ghest dose groups. 

If we cons1der only the data for (USJ m1ners exposed to less than 
360 WLM ••• the relative r1sk 1s 0.8 percent per WLM. lhese 
values 1nd1cate a r1sk well below the results for the Czecho­
slovak1an m1ners w1th comparable total cumulative doses. lh1s 
difference cannot be explained by smoking exper1ence, and the 
Amer1can miners have had about the same follow-up as the Czecho­
slovak1an m1ners. A possible explanat1on for the lower r1sk 1n 
the US miners 1s the high dose rate at wh1ch exposure occurred. 
An 1ncreased bene-cancer effect from a reduced dose-rate of 
alpha-rad1at1on exposure from radium-224 has also been observed. 
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Canadian Uranium Miners 

Although exposures were below one working level, except in a +ew 
mines, a s1gnificant excess risk of lung cancer has been 
observed •••• The relative risk of 81/45.1 (85 lung cancer cases 
observed compared with 45.1 expectedJ or 1.8, 1s undoubtedly an 
underestimate, because of incomplete ascertainment of cases and 
because of the inclusion of years at low risk during the latent 
period in calculating the expected deaths. 

A plot of lung-cancer deaths, as an estimated proportion o+ the 
population barn before 1933, versus cumulative exposure in WLM, 
gives a reasonably linear relationship, the slope being such that 
the crude doubling dose is about 12 WLM. This latter figure is 
not an accurate indication of the relative risk, [but] a more 
complete analysis may well show th1s group of m1ners to be at 
high risk. 

The lowest cumulative dose category in this analys1s was 1-30 
WLM, in wh1ch 29 lung cancer deaths were recorded •••• The 
doubling dose for this low-dose group would be 17 WLM, 1n 
reasonable agreement w1th the analysis discussed above. Although 
th1s assessment is tentative, the data suggest an excess risk for 
these m1ners at th1s very low cumulative-dose range. The 
importance of an adequate epidemiologic follow-up of th1s mining 
population is obvious • 

Newfoundland Fluorspar Miners 

Est1mates of radon-daughter concentrations varied +rom 2 ta 8 
work1ng levels, accord1ng ta the type of work, during the period 
up to 1960, when w1th improved ventilation they decreased ta 
below 0.5 working levels. Exposures in these mines were there+ore 
substantially lower than in the US uranium mines, but somewnat 
higher than in the Czechoslovakian or Canad1an uranium mines. -

S1xty-f1ve deaths from lung cancer have occurred among the under­
ground miners Clung cancer was the cause of 27 percent a+ ail 
deaths up to 1971> and six among the sur+ace workers (4 percent 
of all deaths> •.•• For the entire group of underground m1ners 
dur1ng the years under study. the expected number ot LcancerJ 
deaths was 3.76 ...• ln th1s group, the relative r1sk was 8.0 
percent per WLM, which yields a doubling dose ot 12.~ WLM. 

Swed1sh Metal M1ners 

Several reports of lung-cancer excess among Swedish metal miners 
have been publ1shed. A number a+ these reports are prelim1nary 
and include 1ncomplete follow-up or material on only active 
m1ners. Therefore. it 1s not possible ta determ1ne risk est1mates 
from them. 

Axelson and Sundell have recently published data on a group of 
zinc m1ners studied for the period 19~6-1976 •••. Radon 
concentrations have been extensively measured 1n the shatts s1nce 
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1969 and ••• have been found to be equ1valent to 0.3 to 1.0 
work1ng levels ••••• Twenty lung-cancer deaths have been observed. 
compared w1th 2.32 expected •••• lhe mean cumulative exposure 1s 
est1mated at 270 WLM •••• This group of m1ners has had very lonq 
follow-up 1nto retirement •••• These data would 1nd1cate 11ttle 
d1fference 1n rad1at1on r1sk between smokers and non-smokers •••. 

Forty-f1ve lung-cancer deaths have been observed between 1953 and 
1976 1n Swed1sh 1ron mines at Ma1mberget - a larger qroup than 
the zinc m1ners, but also w1th very lonq +ollow-up •••• lhe study 
1s net yet completed, but [the data] 1nd1cate that the excess 
r1sk for smokers may net be markedly greater than that tor 
nonsmokers. The very long follow-up o+ these Swed1sh groups 1s an 
imp ortant factor 1n determ1n1ng r1sk est1mates for nonsmokers, 
because ot the long[erJ latent per1od that mav be ooserveo 1n 
these cases. 

Summary of k1sk tst1mates 

The Newtoundland tluorspar m1ners and Czechos1ovak1an uranium 
m1ners have r1sk est1mates very comparable w1th those +or the 
ent1re population [o+ underground m1nersJ; the bweo1sh zinc 
m1ners have h1gher est1mates ••• apparently oecause they have 
been followed to a greater age. 

The U~ uranium m1ners have r1sk est1mates well below those ot a11 
the other groups. Only two explanat1ons seem reasonao1e to accounL 
for th1s d1fference: e1ther the radon-daughter measurements 1n 
the US mines have overest1mated exposures by as muchas a factor 
o+ three <not l1kely, 1n v1ew of the great et+orts made ta obta1n 
th1s 1n+ormat1on), or the much h1gher dose rate (work1ng 1eve1s 
1n the mines) has led to less r1sk per unit o+ cumulative expo­
sure than the lower work1ng levels 1n the other mines. 

The most l1kely r1sk est1mates, at an exposure o+ about one 
work1ng level and w1th character1st1c smoking exper1ence, are 

about 10 cases per m1111on person-years per WLM 
+or the age group 35-49, 

2U cases per m1111on person-years per WLM 
for the age group 50-65, 

and about ~O cases per m1ll1on person-years per WLM 
for those over 6~. 

---------- ------ ------=====~================================== 
The follow1ng tables, comp1led by Dr. Duncan lhomas o+ Mc61Il 
Un1vers1ty at the request o+ Dr. Gordon Edwaros, ut111ze these 
BEIR r1sk est1mates to calculate the expected 1ung cancer mor­
tal1ty 1n a population o+ men exposed 

(1) at the maximum perm1ss1ble occupat1onal 1eve1 and 
<2J at the maximum perm1ss1ble level +or radon gas 1n home~. 

------------------------====================================== 
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(Retyped frora a computer printout supplied by Dr. Duncan Thoraas) 

TABLE l. LIFETIME RISK OF LUNG CANCER RESULTING FROM 50 YFARS EXPOSURE 

TO RADON AND ITS DAUGHTERS AT TODAY'S OCCUPATIONAL LIMTTS 

Occupational Exposure to 4 WLH per year frorn age 15 to 64. 

Method of Projection: .Absolute Risks per Unit Dose Varying 
with Age (according to estimates in BEIR, page 325) 

Initial Population: 100,000 men 

TOTAL CANCER DEATH RATES OVERALL NUMBER LUNG 
.AGE AADON RISK LUNG OTHER PROB OF ALIVE AT CANCER PERSON-
GROUP DOSE FACTOR CANCER DEATHS DYING START DEATHS YE.ARS 

15-19 10 .00000 .000000 • 00168 0.00835 100,000 0 497,908 
20-24 30 .00000 .000001 .00206 0.01028 99,165 0 493,272 
25-29 50 .00000 .000003 • 00151 0.00755 98 ,î4 5 1 488,876 
30-34 70 .00000 .000007 .00158 0.00791 97,405 3 485,096 
35-39 90 .00001 .000947 .00228 0.01603 96,634 4 54 479,289 
40-44 110 .00001 .001265 .00339 0.02°301 95,085 594 469,936 
45-49 130 .00001 .001671 .00539 0.03469 92,897 763 456,382 
50-54 150 .00002 .003828 .00834 0.05905 89,674 1665 434,999 
55-59 170 .00002 .004722 .01369 0.08795 84,379 1903 403,057 
60-64 190 .00002 .0059~2 . 02084 0.12555 7f.,958 2158 360,094 
65-69 200 .00005 .012751 .03193 0.20021 67,296 3845 301,543 
70-74 200 .00005 .013821 .04814 0.26641 53,823 3198 231,417 
75-79 200 .00005 .013850 • 07 570 0.36094 39,484 2204 159,141 
80-84 200 .00005 .013948 .11794 0.48286 25,233 1289 92,380 
85-99 200 .00005 .012197 .21587 1.00000 13,049 698 57,215 

TOTALS 18,776 5,410,595 

Expected Lung Cancer Deaths (in the General Population) = 5,342. 
Excess Lun9 Cancer Deaths (Due to Occupational Exposure) = 13,434. 

Notes (by Gordon Edwards, after consultation with Dr. Thomas) 

1. At 4 Wl.M per year over 50 years, the incidence of lung cancer is 
almost guadrupled over the "normal" incidence of lung cancer. 

2. To calculate excess lung cancers due to a lower dose rate, divide 
the cxcess lung cancer deaths cited above by the appropriate factor. 
(For example, at 1 WLM per year for 50 years, only one-quarter as 
many excess lung cancer deaths would be observed: 13,434/4 = 3,358 . 
This is probably an underestimate, since lower dose rates seem to 
result in higher risk factors.) 

). The risk factors are taken from BEIR, p.325, and refer to lung cancer. 

4. Death rates are annual death rates; the lung cancer rate includes 
the radon risk factor derived from BEI"R. 

s. Probability of dying refers to the entire five-year interval. It 
is slightly different than five times the total annual death rate, 
because of population changes during the five-year interval. 

6. ourinC1 the first and last five-year interval, only 10 WLM are 
crcdited to the total radon dose; this is because the averÎge 
rarlo" exposure is of rnost significance durj n9 each interv,,i . 
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(Rety~c d fron a conputer printout supplied by Dr. Duncan Thomas) 

TABLE 2. LIFETIME RISK OF LUNG CANCER RESULTING FROM HOUSEHOLD E>:t>(,~L- F-::" 

TO RADON AND ITS DAUGHTERS AT TODAY'S ACCEPTABLE LIMITS 

Household Exposure to .02 WL for 17 Hours per Day from Birth to Death 

Method of Projection: Absolute Risks per Unit Dose Varying with Age 
(according to the risk estimates appearing in BEIR, page-21._5) 

AGE 
GROUP 

00-19 
20-24 
25-29 
30-34 
35-39 
40-44 
4 5-49 
50 - 54 
55-59 
60-64 
65-69 
7 0-74 
7 5-79 
8 0-84 
8 5-99 

TOTALS 

TOTAL 
RADON 
DOSE 

6.387 
8. 212 

10.037 
11. 863 
13.688 
15. 512 
17.337 
19.162 
20.987 
22.813 
24.637 
2G.462 
28.287 
30.112 
31.Cl38 

CANCER 
RISK 
FACTOR 

.00000 

.00000 

.00000 

.00000 

.00001 

.00001 

.00001 

.00002 

.00002 

.00002 

.00005 

.00005 

.00005 

.00005 

.ooons 

DE.ATH RATES 
LUNG OTHER 
CANCER DEATHS 

.000000 .00168 

.000001 .0020E 

.000003 .00151 
• 000007 • 00158 
• 00018 4 . 00228 
.000320 .00339 
• 00054 4 • 00539 
• 001211 • 00834 
.001742 .01369 
.002648 .02084 
• 003983 • 03193 
.005144 .04814 
.0052E4 .07570 
.005454 .11794 
.003794 .21587 

1 

OVERALL 
PROB OF 
DYING 

0.00835 
0.01028 
0.00755 
0.00791 
0.01227 
0.01838 
0.02924 
0.04666 
0.07426 
0.11081 
0.1607 
0.23388 
C.33290 
0.46042 
1.00000 

NUMBFR 
ALIVE A'I' 
START 

100,000 
99,165 
9~,145 
97,405 
96,634 
95,449 
93,694 
90,954 
86,710 
80,272 
71,377 
59,E45 
45,E~S 
30,483 
lf.,4413 

Exrected Lung Canc~r Deaths (in the General Population) 
==>, E>:cess Vina Cancer Deat.hs (Due to Household Exposure) 

LUNG I PFP.~ () ~; ­
CANCER YEJ..P.S 
DEATHS AT RI~:'. 

0 
0 
1 
3 

88 
151 
251 
538 
727 

1003 
1301 
1347 

98 9 
6 2 0 
28 4 

7305 

497.~08 
493,272 
~BP,87( 
4 g:.,, '.) ~ [; 
480,203 
412,sq 
461,SP.7 
4~~,077 
417,249 
378,68€ 
326, f..77 
2&1,BC3 
187,82': 
113 , 742 

7~,87S 

5,584,776 

= 5,342 
= 1,963 

At .02 wr. €Xposur~ to radon, the lifetime risk of lung c.:incer i s in~r, :, c,r.(i 

by almo~t 37 percent, acco~ding to the 6EIR estimates. 

~ --- -------------c:==-==----=--:---------------- ---
REMARt< 

======== 

These calculations are based on the BEST ESTIMATES of r1sk g1ven 
1n the lung cancer section of BEIR-111 (1980>. At occupat1onal 
levels of exposure, the l1fet1me risk <per WLM> 1s about b.7 
extra lung cancer cases per 10,000 people exposed. However, at 
lower rates of exposure - for example, 1n radon-contam1nated 
homes the lifet1me risk per WLM 1s l1kely to be greater: 

"The US uranium m1ners have risk estimates well below those of all 
other groups. Only two explanat1ons seem reasonable to account for 
th1s latter difference: e1ther the radon-daughter measurements 1n 
the US mines have over-estimated exposures by a factor of three 
(not likely, in v1ew of the great efforts made to obta1n th1s 
information> or the much higher dose rate <work1ng levels 1n the 
mines> has led to less risk per unit of cumulative exposure than 
the lower work1ng levels in the other mines ••.• An 1ncreased bene­
cancer effect from a reduced dose rate of alpha-rad1at1on from 
radium-224 has also been observed." <See Figure 7, next page.> 

...... 
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FIGURE 7 
Effect of Dose-Rate on Bane-Cancer Incidence 

==================================---============================== 
ln this experiment, female m1ce div1ded 1nto four populations were 
injected with equal doses of radium-224 (36 m1crocur1es per kg body 
weight>. The only difference between the four populations was the 
rate at which the same total alpha rad1at1on dose was adm1n1stered. 
=========================--------=-----============================ 

A: 
B: 
C: 
D: 

100 

90 

BO 

70 

60 

(ln 

Populations <According to Dose-Rates> 

0.5 microcuries per kg, inJected twice a week, for 36 weeks 
1. 5 microcur1es per kg, inJected tw1ce a week, for l'...::'. weeks 
4.5 m1crocuries per kg, inJected twice a week, for 4 weeks 

36 microcuries per kg, one single injection at the outset 

each case, the mean skeletal dose was about 1000 rads.> 

Per-centage Incidence 
of Osteosarcomas 

as a function 
of T1me 

A: J& weel<:s 
92 ï. cancer 

B: 12 weef·s 
62 :: cancer 

~ 50 

f 

.._J 
1 

.__I 
1 

40 

30 

20 

10 

0 

C: 4 weefs 
22 '.: cancer 

25 

The vertical axis measures the percentage of osteos&·comas 
(bene cancers) observed in each of the four populations. 

The horizontal axis indicates the number of months which 
have elapsed since the beg1nning of the exper1ment. 

D: su,gl e 
8 :,. ca!:cer 

The results are striking: 92 percent of group A developed bone 
cancer, while only 62 percent of group B, 22 percent of group C 
& 8 percent of group D contracted the d1sease - with equal doses~ 

Source: Figure 7 1n "Late Effects After lncorporat1on of the Short­
Lived Alpha Emitters Radium-224 and Thorium-227 1n M1ce," 
by W. A. l'lueller, W. Goessner, O. Hug and A. Luz 1n Health 
Physics, vol. 35, pp. 33-75 (July 1978) • 
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Verbatim Excernt frorn the NIOSH Fenort ------ ---------------- . --

THE RISK OF LUNG CANCER AMDNG UNDERGROUND MINERS 

OF URANIUM-BEARING ORES 

NIOSH STUDY-GROUP REPORT - JUNE 30 1980 

Published by the 

U.S. National Institute of Occupational Safety ~ Health 

SUMMARY AND CONCLUSIONS: 

Cexcerpt.s> 

The earlier redictions of excess cancer among miners of 
uranium-bearing ores 1n e 1n other countr1es 
have been documented and re eatedly confirmed. Recent studies of 
uranium an non-uranium un ergroun m1ners ave raised the con­
cern that an increased risk of lung cancer mortality may persist 
even if miners are exposed only to radiation within the radon 
daughter exposure limit defined by the present standard [4 WLM 
per year: see note). The question addressed 1n th1s report is how 
well the miners are being protected by keeping exposures within 
that limit. 

A critique of the relevant literature has been completed and 
bears directly on the health hazards associated with contemporary 
underground mining of uranium-bearing ores. There is a clear indi­
cation t.hat cumulative exposure t.o radon daughters is associated 
with increased risk of lung cancer for workers in underground 
mines generally and uranium mines specifically. There is also 
strong evidence tha't a substantial risk extends down to and below 
120 WLM of exposure [see note]. 

The exact magnitude of the risk cannot be precisely quantified. 
However, studies of underground miners occupationally exposed to 
radon daughters in several countries lead to the conclusion that 
at these levels of exposure (below 120 WLM> an excess risk · of 
lung cancer mortality is evident (greater than two-fold) and of 
sufficient magnitude ta be of major public health concern. This 
appears to be true for bath high and low exposure rates. 

When the present standard (4 WLM per year) is evaluated in 
terms of the magnitude of the dose delivered and its predicted 
biological effect, a sense of the relative degree of protect~on 
provided by the standard can be made. Estimates of the risk her 
WLM are at least 2 t.o 4 times greater now than the estimates t at 
were made 10 years age. This leads to the conclusion that there 
is no margin of safety associated with the present standard. 

NOTE 

A "working level month" (WLM> is a crude measure of the amount of 
radon and its daughters inhaled into the lungs. Thus the present 
standard of 4 WLM per year is essenti•lly an annual intake limit. 
Over a 30-year working lifetime, a miner exposed et this level 
would •ccumulate 120 WLM. The AECB wants to increase the maKimum 
permissible intake to 4.7 WLM per year -- a 17 percent increase. 

., 
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ABSTRACT 

This report provides risk est1mates for var1ous health effccts of 
alpha cadi.tJon. Human and animal data have been used to 
characterize Lhe shapes of dose-response relat1one and the 
effecte of var1ous ·modJfying factors, but quantitative· r1sk 
est1mates are based sol el on human data: for lunq cancer, on 
m1ners in t c C'cdora o p ateau, Czcchoslovak1a , Sweden, Ontario 
and Newfc,undland; for bone and head c:anccrs, on radium d1al 
paintere and radium-inJccted patients . 

S1ope5 of dose ·- responsc relations for lung cancer show a tendency 
Lo decrrnse with fncreasing dose. Our best est1mate of 
curv1Jinearity 1~ g1ven by raising dose to the power 0 . 92 i 0.07, 
hut the improvement 1n fit beyond simple l1near1ty 18 not 
8ign1!icant. On the other hand , the add1t1on of a cell-k1lllng 
term eignif1cantly 1mproves the fit of the l1near model. In any 
event, linear extrapolation 18 unl1kely to underest1mate the 
exceas r1~k at. low doses by more than a factor of 1.5. However, 
those 1n!erences about curvil1near1ty are h1ghly subJect to error 
Crom the choice of reference populations, dosimetry, and latency . 
Undcr the l1near cell-k1ll1ng model, our best est1mate of excees 
relative r1sk lB 2.28: 0.35 per 100 WLM (a doubl1ng dose of 44 
WLM). Attributnble r1sks ~n these f1ve etudies range trom 3.4 to 
Î7.8 per 10 6 PY-WLM. 

Risks from radon daughters appear to interact w1th age and 
smokinq in a form 1ntermediate between add1t1ve and 
multipÏ1cative, though on balance, closer to multiplicative. We 
therefoce favor the •relative risk modelN for pr0Ject1nq l1fetime 
r1eke, but have carr1ed out life-table projections under a w1de 
v~r 1 ety of assumpt1on5. Our best est 1mate of the ef f ect of a 1 
~0- ear occu at ional ex os ure to 4 W-LM/ r 130 exce5e lung 
cancer deaths er 1000 0.&5 cr 00 erson-WLM w1 a ~ 
rnnqe rom 60 to 25 per 000. S1m1lar calculat1ons for l1fetime 
exposure to an add1t1onal 0.01 WL beyond normal background 
produccs an est1mate of 10 exce6s lung cancers per 1000 pereon5. 

Our ri~k estimate for radium are 2.4 bone sarcomas and 2.0 head 
car,1nomas per 10 5 Py-µC1. The l1fet1me risk from radium 1n 
dr1nk1ng water at the Canadian MAC is about 0.4 per 1000 persona, 
comparod w1th a natural r1ek of 1 . 0 per 1000. 

No maJor health effects of plutonium have yet been demonstrated 
in human populations, probably becauee of the small number of 
pcrsone cxposed to sjqnificant doses, though animal etud1es 
cle~rly ehow ito carcinogen1c potential. Other effects of alpha 
emittere wh1ch h~vc bcen reported 1nclude gastro1ntest1nal, ekin, 
and liver tumors, leukem1a, liver c1rrhooie, and chromosomal 
ebnormaJjt1ee, but these reguire further etudy before their r1eke 
can be adeguat~ly described. 

-~ 10 c.uries. 

py 

...... 



C 
~I 

0 

r 

D; 

D 
L., 1 

'J r 1 

- 62 - :XHIBIT 1 5 

CHAPTER 9.1: CONCLUSIONS 

<excerpts> 

1. The lung is a major radiosensitive site. and for short-l1ved or 
insoluble inhaled alpha emitters [including radon gasJ 1t 1s 
the pr1mary concern. 

2. Our best estimate for the excess relative r1sk [assoc1ated w1th 
radon] is 2.28 ~ 0.35 [times the normal incidence of lung cancer] 
per hundred WLM, wh1ch g1ves a doubl1ng dose of 44 WLM. 

3. 

6. 

7. 

8. 

Considering the differences 1n populations and methods. and 
compar1ng these results with those of other epidem1olog1cal 
studies <such as those on asbestes>, there is a remarkable degree 
of agreement between the various studies [Colorado. Czechosloval 1a, 
Newfoundland, Ontario and SwedenJ. Only the Colorado plat~au data 
stand out as giving very much lower r1sk est1mates than the other 
studies of m1ners. 

There 1s no justification for assuming that linearity would be a 
conservat1ve basis for radialogical protection for high-LET 
effects. [ln other words, it cannot be assumed that the l1near 
hypothesis will over-estimate the biolagical damage fram alpha 
radiation; it may 1n fact under-est1mate the damage.] 

On the basis of a l1near dose-response mode! w1th a constant 
relative r1sk of 2.28 per 100 WLM, the 4 WLM per year standard for 
occupatianal groups could 1ncrease the lung cancer risk of an 
1ndividual warking all his life at the maximum by a factor of from 
2.4 ta b.2 (best estinate 3.8). 

This is of course an estimate of the maximum ris~ obta1ned at 50 
years of constant exposure to the maximum level of 4 WLM per year. 
It should be recognized that average exposures and hence average 
r1sks wauld be very much lower. [If average exposures are only 
one-tenth of the maximum], the 4 WLM per year standard would on 
average over the entire industry produce a 10 to 20 percent 
increase in the risk of lung cancer. 

10. On a similar basis, a 0.02 WL maximum [radon exposureJ for homes 
could increase the lifetime lung cancer r1sk (of people l1v1ng 
the1r lives in such homes] by about 40 percent. However, th1s 1s 
the predicted increase for a lifetime of addit1onal 0.02 WL 
exposure beyond normal background levels <which vary widely but 
•ight reasonably be as muchas one third of 0.02 WL>. 

16. Protraction of dose [that is, delivering the same dose over a 
longer per1od of tiineJ appears to increase r1sks of lung cancer 
Cand other effects>. For th1s reason, ep1dem1ological stud1es of 
~opulations exposed for relatively short periods may underest1mate 
the r1sks of life-long exposure. 

... / 
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CHAPTER 9.2: RECOMMENDATIONS 

1. In v1ew of (analyt1cal uncerta1ntiesJ these conclusions should be 
cons1dered to be highly tentative. However, as the necessary data 
already ex1st for several ~ining populations, many of these l1m1 -
tat1ons could be overcome relatively quickly by reanalyses. We 
therefore recommend that linearity be treated only as a temporary 
ad hoc basis for 1nter1m standards, which should 1ncorporate a 
"safety factor'' to allow for the possibility of convexity [whereby 
actual risks are greater than those antic1pated by the l1near 
hypothesis]; this safety factor need not be more than two-fold. 
The conclusions should be reviewed after better analyses have been 
carried out on existing or improved data. 

2. The Ontario and Newfoundland m1ning populations should continue to 
rece1ve the best possible follow-up; in part1cular, efforts should 
be made to obtain smoking histories, to evaluate the contribution 
of radiation to the reported risks of gastrointest1nal and s~1n 
cancer, and to use the best available statistical methods. 

5. Cons1deration should be given to init1ating a cohort study of 
fam1ly members of Ontario uranium m1ners dur1n9 the 1950-1960 
boom, and a case-controlled study of lung cancer 1n relation to 
radon daughter levels in homes. Of the two, the case-control study 
would probably be the more feasible starting point. We estimate 
that a sample size of about 500 cases and 500 controls would be 
sufficient to demonstrate a significant association with lung 
cancer risk. Should it prove feasible to identify and trace 
fam1ly members of Ontario uranium miners, similar sample size 
calculations could be easily done. 

7. The cr1teria for awarding compensation for lung cancer in 
rad1at1on workers should be re-exam1ned in the light of the 
ev1dence contained herein. We suggest that on the average, 50 
percent of the lung cancers w1th an accumulated exposure of about 
44 WU1 (the "doubling dose") would have been rad1ogenic 1n or1g1n. 
The onus of establ1shing causation should net be placed on the 
individual concerned. 

9. In our view, the present 4 WLM per year maximum does not prov1de 
suffic1ent protection te an individual who works at that level for 
an entire lifetime, though for an entire group of uranium workers 
the average risk resulting from the use of this ind1vidual maximum 
Might be considered acceptable. We recommend that regulat1ons 
setting permissible annual exposures be supplemented by add1t1onal 
expl1cit requirements that average exposures to all relevant (1.e. 
potentially exposed) workers in a company be very much lower. 

It is also desirable that few workers ever accumulate total 
lifetime exposures approach1ng the maximum possible under present 
regulations <approximately 200 WLM>. We therefore recommend that 
lower maximum individual doses be encouraged by educat1on of the 
workers themselves, maintenance of low average doses, and non ­
d1scrim1natory policies of Job rotation. 
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Uranium miners facing higher risk 
~ of lung cancer death, study says 

By BARRY KUFF 
of The Gazette 

r : Thf' Alomir Energy Control 
Board (AECB) says there is no 

'-' substant1ation to a study it com-
mbsioned, wh1ch shows uranium 

C miners face a greater risk of 
dymg f rom lung cancer than the 
general pubhc. 

The S l S,000 report commis­
' ioned bv the board says Can­
~ da's c,së,o uranium miners are 

D 
four times more susceptible to 
lung cancer death. 

Jt says the board should con­
sider tougher controls on radio-

0 act"1ve gases. especially radon. 
, emitted during mining whicb is 

an apparent cancer eau.se. 
But the board wants to ease 

controls on radon, said William 
1 

....., Bu!-h. manager of the board's ra-

...... 

r 

w 
( 
.._/ 

diation protection division. studies involv1ng 18,000 miners 
Bush said workers are ade- in Canada, Czecboslo\'akia. Swe­

quately protected. He said inter- dec and the United States. It was 
national studies have sbown il is not original research. 
possible to raise the amount of "If the AECB responds by 
radon gas a miner is exposed to raising the limit. I feel our work 
while decreasing his over-all ex- bas been in vain.'" Thomas said 
posure to radioactive gases. Each year among the general 

.. There is no substantiation in public, Thomas sa1d, f1ve pcr 
the authors' report for the con- cent of all deaths are due to Jung 
clusions they have drawn," Bush cancer. But under today's stand­
said. "I doc't think anything ards for miners. Thomas said. 
would be eained from studying the risk could rcach 20 pcr cent. 
the malter any more." In two studies. involving a 

One of tbe report's e<rautbors, total of 5,500 mincrs in New­
Duncan Thomas, associate pro- foundland and the U.S., Thomas 
(essor of epidemiology at McGill said. researchers expected to 
University, said otber interna- find 35 cases of death .caused by 
Uonal studies show uranium · Jung cancer but found 224. 
miners aren't adequately pro- Bush said various AECB com-
tected against radon gas. mittees are studying Thomas' re-

To reach bis conclusion, port now and a final report is e1-
1bomas compared results o( (ive pected early next year . 
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Page 12, The Citizen, Ottawa, Wednesday, Octobcr 20, 1982 

Canada 
AECB disregards report saying 
radon-gas standards inadequate 
By Mitchell Beer 
For So111>oo"' Ntw1 

The Atomic Energy Control 
Board has chosen to disregard a 
research rerort it recently com­
missioned that concludes cur­
rent standards for exposure lo 
radon gas are inadequate. 

The report found uranium 
miners exposed lo the radioac­
tive gas over a full working life 
could run a 20- to 30-per-cent 
risk of d)1ng of lung cancer, 
compared 10 about rive per cent 
for the general population . 

"The conclusion wc arrive al 
... is that the 5tandard does 
nol provide aciequa te protection 
to an indiridual, and the only 
justification for such a high 
standard can be that the aver­
age exposure to the entire work 
force is very much lower," 5aid 
Duncan Thomas, associatc 
prof essor of epidemiology al 
McGill University and co­
author of 1he rèport. 

The ref)(lrt also found maxi­
mum standards for radon expo-

sure in homes would give re­
sidents a 40-pcr-ccnt higher 
than average lung cancer risk. 

William Bush, manager of 
AECB's radiation protection di­
vision, said a board advisory 
commiltcc has rcvicwcd the 
available literature on radon 
gas, including the rescarch re­
port. .. Their conclusion is that 
therc is no basis for reducing 
the limit." 

Thomas said the average risk 
a group of miners would race 
might appcar low, but .. the 
maximum risk an individual 
can theorctically run with ter 
day's standards ïs not accept­
able or negligible . lt's certainly 
a measurable increase in risk ." 

Based on his findings, Tho­
mas said the incrcased risk or 
lung cancer for miners and 
occupants of radon-cxposed 
homes "are substantial enuugh 
that thcy ought nol be dismis­
sed, and serious consideration 
should be givcn to the posc;ibili­
ty of lowering the sl'andards ·• 
But Bush said AECB is now 

considering a 20-pcr-cenl in­
creasc in allowa bic radon cxpo­
sure, in line with changes in in­
ternational standards . 

Beca use the increasc is part 
of an inlegration of standardc; 
for various types of radiation. 
the net effecl is a tougher over­
all limil. Bu~h said . "ln cffrc1 
you're rcducing it, bccause peo­
ple are never exposcd to radon 
alone." 

But Gordon Edwards. head 
of the Montrcal -based Cana ­
dian Coalition for Nuclear Rc~­
ponsibility. said AECB staff arc 
on record as saying radon cxro­
surc up to 100 limes lhe cur­
rcnl annual limit would be safc . 
Edwards said medical doctors 
have told him they know of no 
othcr carcinogen with such h1gh 
pcrmissiblc exposure Jevcls . 

.. The AECB has for )Car~ 
been reassuring people that the 
standards arc set so stringen11~ 
that there's no significan1 ri~k."· 
hc said, "but accord ing to 1hr 
Thomas- McNeill findings. the 
risk is vcry significant." 

...., 
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EXHIBIT 16 
Atomic Energy Control Board Xiscalculation of the Radon ~isk 
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A report 1ub1111tted to the Atomic Energy Cootrol Board by the Advisor" 
GeœrnlEFSS RD RadJologtcil fERFSFEieo• 

ABSTRACT 

The secondary scope of this report 1s the consideration of the 
applicability of the risk estimates derived froœ miners to the general 
public. 

'Ille risk to members of the p.iblic from radium-226 in drinking water 1s 
also condidered. 

Some research requirements are suggested. 

Pre face 

Since the 1950'• the Atomic Energy Control Board has made use of 
advisory co11111ittee1 of 1ndependeot experts to a1si1t 1t 1n its decision­
aalting proceu. In 1979 the Board reatructured the organization of 
these consultative groupa resulting 1n the creation of two senior level 
acientific . committeea charged with provtdtng the Board with 1ndependent 
advice on principles, 1tandards and gener&l practices related to 
radiation protection and the safety of nuclear facilities. lne two 
comm.ittees are the Adviaory Committee on ll.adiological Protection (ACF.P), 
which held ita firat meeting in H.ay, 1979, and the Advisory Committee on 
Nuclear Safety (ACNS}, vhich vas establiahed a year later. 

The recorda of meetings .are filed 1n the AECB Ubrary, and reports are 
catalogued and published &a part of the Board's public document 
collection. Reporta carry both a COIIIDittee-designed reference number, 
e.g. ACRP-1, or ACNS-1 , .and an AECB reference number in the 
• 1Nro·-aeriu. 

Acltnovledgementa 

The folloving report vas prepared by the St&nding Subco!IIDittee on R.isk 
Eatimates (SCRE) of the Adviaory Co111Dittee on ll.adiological Protection 
(ACRP) and endorud by the ACRP at ita Hay 1982 meeting. 

The members of the Subcommittee on JUslt Eatimatea at the time of 
preparation of this report vere: 

Dr. J. Muller, Chainaan 
-------- Dr. r.w. Anderson 

----$ L.4?.- L.. •. , Dr. C.W. Cibbs 
, \eS~:~'4 (pr. O.K. Hyera_:)} A 

..Ai.4.~'<"> ,-,7 J Dr. H.B. Nêwcombe EC.L-
,~, a ,o,"P. ~ 

~ Dr. V. El•guppill•i, Secret•ry 

-$ ~2...- ( The Subco11111ittee made use of the report on, ·Risk Estimates for the l 
5~ Health Effects of Alpha R.adiation·, prepared by D.C. Thomas and K.G. 

~' 61-b LHcNeill under a contract with the Atomic Energy C".ontrol Board, 

,......., 
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EXECUTIVE SUMMAR Y 

Based on the consideration of practical needs to protect workers and 
the p.iblic from undue exposure to alpha radiation, the Subcoœmittee on 
Jt1sk Estimates decided to give the evaluation of the health effects of 
inhalation of radon-222 and its short lived daughters the highest 
priority. The effect of radon-220 (tfu>ron) and its short lived 
daughters was also considered because pf the presence of these nuclides 
in some Canadian uranium mines. The Subcommittee also considered the 
health effects of ingestion of two naturally-occurring radium isotopes, 
radium 226 and radium 22 8. 

The SubcolllX!ittee reviewed curreot research and considered future 
research requirements in Canada that might help to improve risk 
estimates for exposure to alpha emitters. 

Type of data considered: 

The effects of exposure to alpha radiation can be studied using simple 
biological models, experimental animals, observations on human 
populations, and microdosimetric techniques. 

The Subcom:m.1ttee found that each of the above approaches has its 
advantages and shortcomings. However, for the e,ireose of deriving 
uantitative risks estimates it is most desirable to use human 

observations whenever possi e, an resort to ot er approac es, mostly 
microdosimetry, whenever no useful human data are available. 

Risk estimates for miners derived from epidem.iological data: 

A number of epidemiologica.l studies, including studies of uranium 
miners in the U.S.A., Czechoslovakia and Ontario, fluorspar miners in 
Newfoundland and metal miners in Sweden, were reviewed by the 
Subco11111i t tee. 

The studies on uranium minera in the U.S.A. and Czechoslovakia were 
considered best suited for the purpose of risk evaluation. 

Having examined the available data and their limitations, the 
Subcommittee concluded that the exact shape of the exposure-response 
relationship cannot be established with certainty. However, the best 
estimates of lifetime risk, as based on a linear relationship are not 
substantially different from the corresponding estimates obtained from 
a aupralinear (convex) relationship. Differences between these 
estimates are of no practical significance. 

Tile Subcommittee noted limitations in the various epidemiological 
studies on which risk estimates for minera exposed to radon daughters 
are based. In all cases, assumptions have to be made to extrapolate 

J 
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from observed risks over a limited period of observation to lifetime 
riek.. The use of the relative risk mode! for extrapolation beyond the 
period of observation yielde higher riek estimatee, in teilll& of 
predicted lite time excese cancer cases per unit expoeure, than does 
the absolute risk model. The predicated los& of life expectancy 
calculated by the two approaches is not greatly different. 

In risk estimatee given by various agencies, different weights were 
assigned to various epidemiological atudies. None of the agencies, 
however, had the benefit of the use ot» raw data for analysis. Since 
all agencies considered the same published data, it is not surprising 
that they arrived at similar ranges of riek eetimates; minor 
differences are mainly due to the various weights given to the 
different studies and to the various models usecl to extrapolate to 
lifetime risk. 

A summary 
are given 

Elle e.,s C4:u,.c~rs 

of the various risk estimates for exposure to radon daughters 
in the following table: 

(Life+i-~ °Ri5-k) 
f-o.,.. 10 0 0 ~--A-u_t_h_o_r_s ____________ L_i_f_e_t_i_m_e_r_i_s_k __ e_r_WL_M ____ __,, 

o.'* 'tWLM ~ ~-ll-,1---------------------'------~ 
~o-qo 

1 't 
4-o - 12.0 
"30- 4'I 0 

10 - 2'i0 
'7..0-1~ 

e Subcommitte onsiders that the risk estimates by national and 
international agencies, as given above, are compatible with published 
epidemiological information, and that the lifetime risk of lung cancer ) 
incidence for miners 1s probably in the range of 1 to 6 x 10-4 per ( f o'<' \'-'\, y,.e..<S 
WLM. 

Risk estimates for members of the public 

The risk estimates based on miners' data should not be applied dirctly 
to the general populathion. No

1 
reliable epidemiological data are -~---E;;-. 

available at resent t at wou d allow risk estima tes _to be made 
Jrect y or t e ,$enm_ pc>pu ation. _ Since the absolute risk for the 

Subcommittee reco111DE:nds that, based ·on the present evidence, for ~c,ô- ~('. _} \ 
general population 1s likely to be lower than that for miners, the ljJ 
practical purposes, ~ risk estimate in the region of 1 x 10-4 per l ~· l'\·\eP-,• 
W1.H may be applied to the pnerâI;;;POpulaUon. _J . S 7 

4) 

5) 

based on Czechoslovakian and Swedish data 

erived indirect! from the d BEIR 19 8J _DU)Ort 

obtained from ICRP publication 32 
recommended by the Subcommittee on Risk Estimates of ACRP. 

ee. ,P· " 
''REMA~J< 

$e4~'NWT IA2 • 
(~!') 

tt.71-73 

.. 
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COMMENTS ON AECB/ACRP MISCALCULATION OF RADON HAZAHO~ 

1. As the BC Med1cal Association has observed, "The indepenoence 
of this committee rACRPJ must be ser1ously~est1oned" (p 4Y>. 

2. AECB and ACRP have rejected the findings of the Thomas/McNeill 
Report, with no errors discovered in 1ts methodology or in 1ts 
calculations, and no discussions held w1th its authors (p Sb>. 

3. ACRP misguotes the Thomas/McNeill risk estimates (p bl>: 

4. 

5. 

-4 Thomas/l"lcNe1ll <·best est1aate·> ••••..• b.5 x 10 per WLM 

Thomas/McNeill (range of values) ..••.. 3.0-12.5 x 10-4 1 WLM 

ACRP misquote of Thomas/McNeill ••••••• 0.5 - 12 x 10-4 1 WLM 

ACRP also miscalculates the risk from BEIH-1980 (pp 55-57>: 

BEIR-1980 ("best estimate") ..•••..••..••... b.7 x 10-4 1 WLM 

ACRP miscalculation •••••••••••••••••••••••• 2-6 x 10-4 1 WLM 

The ACRP figure, "derived indirectly from data given 1n Bt::lfe-
1980", 1s apparently based on data from H1rosh1ma & Nagasaki 
having no bear1ng on human exposures ta radon (pp 71-77>. 

Deleting the ant1quated UNSCEAR figures and correct1ng those 
from BEIR and from the Thomas/McNeill Report, we obta1n: 

LIFETIME RISK ESTIMATES PER WLM 

BEIR ("best estimate" > ......... b.7 X 10-4 

T/1'1 C"best estimate"> . . . . . . . . . 6.5 X 10-4 

T/1'1 <range of values> 3.0-12.5 X 10-4 

ICRP ....................... 1.5-4.5 X 10-4 

ACRP ........................... 1-6 X 10-4 

The ACRP upper limit of risk is LOWEF< than the "best est1mate" 
of both BEIR and T/M. Moreover, the ACRP lower l1mi!4 of risk 
is LOWER than any figure in the table! <The 0.7 x 10 UN~CEAk 
figure cited on page 69 is based on ant1quated Colorado data.) 

6. ACRP recommends as a lifet1me risk estimate: 1-b cancers per 
10,000 persans for each WLM of occupat1onal exposure, and 1 
cancer per 10,000 persans for each WLM of household exposure. 

There is no scientific basis for using a lower risk est1mate 
for household exposures, where the dose rate 1s sa l'IIUCh lower. 

In fact BEIR-1980, Thomas/McNeill, the BCMA and NIOSH all 
agree, based on human evidence and confirmed by animal experi­
ments <p 58>, risk per WLM seems greater for lower dose-rate~. 

7. ACRP and ICRP appear to be e1ther 1ncompetent, or guided by 
pr1orities unrelated ta health and safety cons1derat1ons. 
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Testimony of David Myers 
<Atom1c Energy of Canada Limited> 

to NWT Leg15lative A55embly 

<excerpts, 

Cfrom Han5ard, Thursday, February 26, 1981) 

''Hy name is Dave Myers and I 1,iorlc: for Atomic Energy of Canada L1m1ted 
at Chalk River. Unlike most of the other people who w1ll be talk1ng to 
you, I am a research sc1entist who has been worY.1ng on the b1olog1cal 
effects of radiation for about 22 years. 

•in general, one find5 that people who have been worY.ing 1n nuclear 
power reactors for some years are healthier than the average person 1n 
Canada. These stud1es have been carr1ed out in Canada as well as 1n 
the United States and in the United K1ngdom. 

-Radiation 1s a natural life force. It can be used for harmful purposes; 
it can also be used for our own good. What we are concerned w1th 1n 
the health sciences is that people are not exposed to amounts of 
radiation wh1ch would have harmful effect5, e1ther on the1r health or 
upon the health of their children. One might ma~e an analogy w1th 
fire. Fire. as you know, in one form or another is cons1dered essen­
tial to life by most people. lt can also be very destructive 1f 1t 15 
net properly controlled. The situation w1th uranium 1s very s1m1lar. 

-1 might point out, one of the beneficial aspects of natural 
radioact1vity is that it helps to keep our earth warm. This 15 
evidenced in the hot spr1ngs, such as radium hot spr1ngs. 

-All of the food that we eat, all of the water that we drink, all of 
the air that we breathe contains radioactive materials. It has always 
contained them, ever since the world was created. So. what we are 
trying to dois to relate the results of our own activities in the 
nuclear power area to the natural levels of radiation -- which usually 
range between 80 and 120 millirems CO.OB - 0.12 rems per yearJ. 

''I do not wish to comment on the legislat1on that 15 involved. What l 
would like to point out is the purpose of these regulations. wh1ch 15 
to br1ng any increase in radiation exposures down to a small fraction 
of natural background levels -- those natural levels te wh1ch we are 
all exposed, inev1tably, every day of our lives. 

-The question of hazards from radon has been ra1sed. I might point out 
that one of the reason5 that people are now aware of these hazards 15 
because of the nuclear power industry. There are two small villages 1n 
Germany where miners had been digg1ng up gold or1g1nally. Later they 
were after silver, cobalt, various other elements that people wanted 
tous. It has been known since the year 1500 approx1mately, that 15 
somewhat over 400 years age, that these m1ners d1ed of a chest d1s­
ease. In 1951 it was noted. or it was po1nted out, that the cause of 
this chest d1sease was pr1mar1ly radon daughters. 

David Myers is a mernber of the AECB Advisory Committee on RadioloF,ical Prott!ction 

which misquoted and rejected the Thomas/MacN~ill risk estimates for radon expo~urc. 

-
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''In Newfoundland we have another tragic story. There were people m1n1ng 
fluorspar for some year& in the 1930's. Again, many of the people 
developed lung canc•r. This was a cD111b1nation of the radon daughters 
to which they were •xposed and the cigarette smoking. It is known that 
th•re is an excess of lung cancer in certain iron mines, certain 
cobalt mines, various other mine& of this type around the world. If 
the uranium concentrations in the rock nearby happen to be higher than 
normal, you will have higher concentrations [of radon] and you will 
have unfortunate and frequently fatal results. 

~Since the cause of these lung cancers was identified, the exposures in 
all aines in Canada have been carefully monitored ~ kept to extremely 
low levels. In 19S9, the ICRP did aake a recommendation on the maxi­
aum perm1ssible levels of radon daughters in mines [4 WLM per yearJ. 
This •as not iaatediately adopted in the United States, and because it 
cost money to ventilate aines -- I think this is the primary reason, 
that is •Y personal opinion -- it was net adopted in Canada either. 
The level [in Canada] was set at three times the recommendation of the 
ICRP Cthat is, 12 WLM per year. Canada finally adopted the 4 WLM per 
year standard 16 years later, in 197S.l 

~The problem arises when one does not have strict regulations to 
protect people and when these regulations are not enforced. This 1s 
what happened in the very early stages of uranium mining, bath in 
Canada, the United States, and in Europe." 

Cfrom Hansard. Friday, May 22, 1981] 

~Most mlners in Canada are currently exposed to inuch lower levels, in 
the region now of 0.1 (that is, one-tenth> of a working level. This is 
very much lower than the values of 50 to 100 to which miners were 
exposed shortly after World War II, and which tragically resulted 1n a 
number of cases of lung c•ncer in these miners. It is still 
anticipated that a hazard exists, but the hazard from radiation from 
radon daughters is thought to be relatively low, and in the same 
region as the hazards to which persans working in other industries 1n 
Canada are exposed. 

''If a miner is exposed to one-tenth of a working level in the mines for 
12 months of the year, his accumulated exposure over the year is one­
tenth times 12, or approximately one WLM per year. As mentioned by 
Dr. Chambers, SS percent of the uranium miners in Canada accumulate 
less than one WLM per year at present. The other 4S percent are more 
than this. The average for all miners is about one WLM per year. 

''A person who worked in a uranium mine for 50 years, under current 
operating standards, would accumulate a total of 50 WLM over that time. 
This person would have one to two chances in 100 of dying from lung 
cancer at some later date as a result of radon exposures in the mine. 
This number -- that is, one to two chances in 100 after 50 years of 
work -- this number is approximately the same as the risk of a fatal 
accident to persans who work for 50 years in overnment or in the 
ranspor a 10n an communications industries in Canada. These are the 

best numbers available. I leave it to you as a legislative body, and 
to the miners themselves, to decide whether that is an acceptable risk.

11 

David Myers was also the principal liaison with Dr. Duncan Thomas (on behalf of the 

ACRP) when the Thomas/MacNeill Report was being prepared, edited and finalized. 
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Letter frcm David Myers 

to the Speaker of the Legislative Assembly of 
the Northwest Territories· September 21 1981 

<e><cerpt> 

''In my comments to the Legislative Assembly on 1981 May 22, it was 
noted that a persan exposed te 50 working level months (WLM> would 
have a one te two percent risk of dying of ta radiation-inducedJ lung 
cancer, using as• basis the United Nations report of 1977, which 
suggests a lifetime risk of about 2 to 4 fatal lung cancers per 10,000 
miners exposed ta one WLM each. The arithmetic is straightforward: 

50 WLM x <2-4 cases per 10,000) = 100-200 cases per 10,000 
= 1-2 cases per 100 

''A doubl i ng of [the normal rate of l S. 4 l ung cancer deaths per hundred, 
by 120 WLM, corresponds to a lifetime risk of Cat leastl 4.5 fatal 
tradiation-inducedl lung cancers per 10,000 persans 'per WLM. This is 
at the upper limit of the United Nations risk estimate Cit is actually 
beyondl and is a little lower than the upper limit of the lifetime risJ 
estimates derived from the 1980 BEIR Report of the U.S. National 
Academy of Sciences, namely 6.4 per 10,000 persons per WLM (as derived 
from Table V-20 of this report, for persans age 20-bS at time of 
exposure; this latter value is the same one that was quoted in round 
numbers in my statement of May 22>. 

''The NIOSH Study Group Report does not attempt to give a quantitative 
value for the risk of lung cancer after inhalation of radon daughters, 
but suggests (in agreement with the 1980 BEIR Report> that the "doub­
ling dose" is probably below 120 WLM. There is thus no major disagree­
ment between the risk estimate in the 1980 BEIR Report & the more 
indefinite statement on risks in the NIOSH Study Group Report." 

SEE SUBSEQUENT CORRESPONDENCE RE MYERS• USE OF TABLE V-20 FROM BEIR-III 

lgnoring the data in the Lung Cancer section of BEIR-111 Report, 
Myers (and ACRP> uses Table V-20 to estimate the r1sks of radon. 
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Cunce{ F rom 13 E:"t R-1~ \ 
TABLE V-20 Estimated Excess Fatal Cancers Other than Leukem1a 

""""nmf-Q.-~111f1.:er fromîL01.1.-LET Radiation Dose)(D): L-L Model
0 

---
Csr,mui.J J111r rrsJ•mur rrlu1iun1hip & E1e1:" rislr. = J.470D 

[J""'"'"J i11:,· "''"' Jf'X·Jpt'cific r~irenion co,Jfint"ntJjur D 

Al(<"' E1posurc. yr 

Su O,? 10-19 20-3-1 J5-49 SO+ Ali' 

M 1 1Jlll 1.457 4.327 5.291 8.808 5.087 

F 2.57h ~.955 5.807 7.102 1 l .82J 7.25-1 

Lift tubl. ""''"urrJ of r:r;r,JJ nurJ prr mill,un prrsons 

Absolu1e-R1sk Rclat1,r-Rl\k 

Projection Modd Pro1cc1ion M,ldrl 

M F M F 

Sinfllt _.,..,,~,, '" 10 ,uJ1 
170.400 139.400 

NormJI l'ap,.daeto11 PQ.400 139,400 

E1n·,, 1k.ath!i. numher 919 1,473 4.22b 4.851 

.,. or normJ.1 0 54 1.1 B J.5 

Con111u,,iut ,.,,.,,,urt lu I r&Jd yr. 

J,fr111'7w 

Norm.,1 r• pn:tat1on lbS.700 149,200 165,700 149.200 

Eun, ,k.ih, numbrr 5.827 10,400 22.080 29.030 

"l. of normal J.5 7.0 IJ.3 19.5 

Co,rt,tl!H I UJ ,·1r111Jurt tu I r1.11l ~y,. 

01('1 :'() ~ ,, 

Normal c,pcdJtton 171.t,OO 152.800 171.bOO 152.800 

EICt\\ 1k~1h, numbrr 4,324 7,745 8.91b 14.100 

"lo of ""rmal 2.5 5.1 5.2 9.2 

(oru1n&1,w1, •1•uJ&1rt tu / riJJ 1yr. 

agrs)5 0~ 
NurmJI c1.11t:1.Ulmn 175. 700 153,300 175. 700 153,300 

Ea.·r" ,kalh, numher 2.-110 4.b03 2.905 5.bl\5 

"l. of normal 1.4 J.O 1. 7 J ,7 

Contu1uuu1 ,.,,,,,,u, .. 10 / ruJ yr. 

a1n 5n "' 
Norm.11 «1~cta1ion 178.000 147,JOO 178,000 147,300 

Eact\\ ,1, Jlhs . numh<"r 1.0-lb 2.15} 1,069 2.2b5 

% of normal O.S9 1.5 0.bO 1.5 

EXHIRIT l(; 

~ ~O'r~ 

E=°~Cl-U b ~S 

~~~~~ 
(al'\d i'herefore v-adoV\) 

""' - ,, 1 ~ 
B an t ""' ,maand!'l.i asak1D.sda1a.1955-l'l"-I 1-'0e...~ 1\1 ÔI ~~ 

er milto,,n ~nons ~r yrar . 

- • I'- - _._ 
'Wc111l,1, ,1 ••<"rae<" for U.S. lof<-1~hk populauon. 1%9-1971. · ± \ 

~ y l.A..){"' O-v"\.. \ . L.i..... )'\.\_ "Y\"\.\\'\..~ ·c . 0..0.-: o... 
~ . =---

But Table V-20 is based on Hiroshima and Nagasaki data. It has 
nothing to do with radon or any other kind of alpha radiation. 
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d e on Radon Exposure Standards Correspon enc _ 

Dr. Duncan Thomas 
Assistant Professer 
Department of Epidemiology 
McGill University 

Oear Dr. Thomas: 

Gordon Edwards 
1300 Raimtault 
St Laurent Que 
F4L 4R9 Canada 
?lovember 8 1981 

Following our recent telephone conversation, I would appreciate 

VP.ry mucha response to the following questions: 

1. What is the basis of your knowledge about lung cancer risY.s 

associated with radon ex!'osure in hwnan heings? 

In your opinion, is it reasonable from a scientific point 

of view to use Table V-20 in the BEIR-III Report to calcu­

late lung cancer risks resulting fr~rn radon exposure? 

What is the best basis for esti~ati~g lung ca~cer risks 

resulting from radon exposure, in your opinion, if one 

wishes to use the BEIR-III Report fo= this purpose? 

4. If the method outlined ir. answer to question #3 is applieè 

to a worker who accuï.1ula tes 50 ,,:orki~g lev el months (WLM) 

at the rate of 1 WIJ~ per year over a period of 5~ ye3rs, 

whùt would his excess risk of lung cancer be (and how does 

that compare with the lung cancer risk for the general 

population)? 

5. Based on the results of the BEIR-III Report, does the current 

standard for permissible radon exposure in homes (. 02 \·:1..) 

preclude the possibility of a significant increase in lung 

cancer fatalities among peo?le inhabiti~g such ho~es? 

As I told you on the telephor.e, I am trying to provide infornation 

to the legislative assembly of the North~est Territories on the sub­

ject of radon-related health risks, and I would like perr:iission to 

send a copy of your letter to the clerk of the assembly for distri­

bution. Many thanks for your assistance. 

Yours very truly, 

hdY~~ 
Gordon Fdwards. 
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McGill 
University 
Ü• ·i•, "'" '"' c,· Ep,dem,oloyy anc! Health 

11 November 1981 

Dr Gordon Edwards 
1300 Rainbault 
St Laurent PQ 
H4L 4R9 

Oear Dr Edwards, 

- 7b - EXHIBIT 17 

Thank you for your interest in my work on the health effects of alpha 
radiation. Though trained as a statistician, I have been working in 
epidemiology for about ten years. I have generally been involved in 
the dcvelopment of methods of risk analysis for epidemiologic studies, and 
am particularly interested in environrnental health and cancer epide~ioiogy. 
Sin,~ September 1980, I have been working in collaboration with Dr Kenneth 
M<"N~ i 11 of the Department of Physics, University o: Toronto, to prepaa a 
com1•rehensive review and synthesis of available data on the health e[f êcts 
of ~lpha radiation for the Atomic Energy Control Board. Our draft re2~rt 
was submi tted in May 1981, but we are not yet free to release our find:n.es 
unt il the: final report is accepted, probably around January 1982. 
Nevt'rtheless, I hope you will find the following persona! opinions hel?iul. 

With regard to Table V-20 of the BEIR III report, I ~ould like to emph~5ize 
tliar this table clearl refers to low-LET radiation and thus may well not 
bl' :1pplica e to the e fects of alpha emitters like radon daughters for 
s1·vcral reasons. First,.there is good reason to believe that the sha~L of 
th•· Oose-response relation would differ between lo~- and high-LET radiation. w~.\l ""'~~ 

u._se. c SE.>cond, for radon daughters, the main tar et or an is the !un whereas for 
~ "\1"-2.D low-1.ET penetrating) radiations, many organs might be affected; Table V-20 -r. provldes risk estimates for all cancers except leu.~eaia and bone cancer. 

J ~E; \~ Thirù, these estirnates are expressed in units of rads, which would re~uire 
i.... ~~convcrsion to WLX.s for radon daughters, and thrre is considerable cont:oversy 

$e.e. t~ ,•·f;- __ _ abc,ut the appropriate conversion factor to use. Finally, the estimate!3 in 
~~-- TablP V-20 are based selely •n data from the Hiroshima and ~agasaki 

!.urvivors, about which doubts have recently beo?n raised concerning the 
validity of the dosimetry, and they u:ake no use of the several sets of data 
011 miners exposed to radon daughters. 

/ 2 

1-' .. , 1.,1 rldtl•~H 3775 Un,veri,ty Street . Montrear . PO . Canada HJA 294 
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Dr Gordon Edwards 11 November 1981 

~Sl~ estimat1n the risks of e osure __ .to.. .t.a<ion .si.2u hters. Dr McNeill s and 
àD<- 11'.~J:Z..\ my synthesis of t ese data are centained in our draft report, but though 
~ :!t' ~~hey cannot yet be released, I feel it is safe to say we are in general 
~~~\ce..~'_ agreement with the summary provided on p 390 of the typescript edition of 

... ~17"- 1 BtlR III, namely 10 lung cancer cases per 106 PY-WLM betweeo ages 35-49, 
~~~ 20 per 106PY-WLM between 50 and 64, and 50 per 106 PY-WLM over age 65. 

\ ~· 
fi ... ...A G(), Life table methods, similar to those used in const-ructing table V-20 of 
~ BEIR III. can then be used to predict the lifeti~e risk of lung cancer 

' 

for various exposure scenarios and assumptions about h•w risks will continue 
ta accumulate in the future. For purposes of illustration, I enclose one 
page of a computer printout which is being incorporated into our own report 
on risk estimates. This table indicates that 4 W'LM per year of exposure to 
radon dau hters from e 5 to 64 would lead to an e ected increase o( 

3,434 lun cancers er 100 00 osed at that level. The effect 
o 1 \.TLM per ear over the same about 3.4 add i::-f on2l 
lung cancers per 100 persans. However, I must emphasize t at t 1s est1~atë 
is but one of a large number we have considered and turns out to be on e of 
the larger. Nevertheless, if we were to base our conclusions solely on 
the BEIR III report, I would consider this to be the best estimate. 

I wou ce.t_ta.i.n.l ..no.t .sav that the . 02 WL standard for household ex os ures 
pre~ u es a significant risk of lung cancer. You can see this for yoursel : 
by scaling do1.'TI the occupational risk estimate aoove proportionally. 
However, the uncertainties in this calculation are substantially greater 
than those in the occupational risk calculation, and I would rather not 
commit myself to a particular figure until our report (with all its quali ­
fications) is released. 

I hopc your find all this helpful. You certainly have my permission to 
send this letter to the Legislative Assembly of the Northwest Territories. 

,, 

I will send you a copy of our complete report as soon as it becornes availa:le. 

Si nccre ly 

Duncan C Thomas Ph D 
As!,lstant professer 

DCT/md 
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Regroupement pour 
la surveillance 
du nucleaire 

2010 MacKay 
Montréal, Québec 
H3G 2Jl 

EXHIBIT 17 

August 8, 1980 

Maurice Foster, MP 
House of Commons 
Ottawa, Ontario 

Dear Mr. Foster: 

It was a pleasure to meet with you again in Roy MacLaren's office 
recently. 

As I pointed out during our discussion, there is a very real danger 
of a lung cancer epidemic some twenty or thirty years hence among 
the residents of radioactively contaminated homes in Elliot Lake. 
The fact that the contamination is "natural" does not lessen the 
problem. 

We know that radon aas is a killer. We know from the Ham Commission 
Report of 1976 that there 1s no evidence to support the concept of 
a "safe dose".l In Appendix C, the Ham Report points out that 
significant increases in lung cancer occurred among uranium miners 
even at the lowest recorded exposure levels. "To be at all plausible 
in relation to the Ontario experience, a postulated threshold [safe 
dose] would have tu be lower than 10 WLM." (p.323) 

The standard adopted by the AECB (and hence by the Ontario 
Government) for radon gas in homes is 0.02 WL. At this level of 
exposure, residents of such homes will rather quickly accumulate 
a dangerous dose: 

ACCUMULATED RADIATION DOSE AT 0.02 WL 

5 years 10 years 1 r; _ years 20 years 

12 hours/day: 2.6 WLM 5.2 WLM 7.7 WL!-1 10.3 WLM 

17 hours/day: 3.65 WLM 7.3 WLM 
i 

10.95 WLM 14.6 WLM 

..• /2 
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Since children and mothers are generally indoors (home, school, 
friends) more than 17 hours a day on the average, these 
calculated exposures tend to underestimate the exposures that 
will be received. 

How much extra lung cancers might one expect among people who 
pass their lives inside such contaminated buildings? Accordinq 
to calculations performed by Dr. Jan Muller of the Ontario Ministry 
of Labour, assuming 12 hours/day exposure, there could be as much 
as an 11.8% increase in the lun~ cancer rate.2 This means that, 
1n addition to the 54 "expected lunq cancers per thousand 
population which presently occur in Ontario, there would be an 
extra 6 lung cancer deaths per thousand. 

As you know, the projected population of Elliot Lake after the boom 
is between 30,000 and 40,000 people. Even if only half the 
buildings are contaminated, we are facing the prospect of up to 
120 extra lung cancer deaths in Elliot Lake due to excess radon 
gas in homes and schools. 

Of course, all this would be merely acadernic if most of the new 
buildings in Elliot Lake are well below the 0.02 WL standard. 
Such is not the case. In neiqhbourhood 3C, for example, only 
half a dozen homes out of aboÙt three hundred were found to be 
habitable according to the 0.02 WL criterion. The other homes 
will have electric fans installed under the floorboards to blow the 
toxic gas out of the house or to dilute it with fresh air drawn in 
frorn outside. However, past experience has shown that one fan is 
often not enough to meet the 0.02 WL standard, and that some people 
are turning off these fans in order to obtain some relief from the 
constant noise. (Consequently, they greatly increase their 
exposure to the deadly radon daughters.) 

I must add that Dr. Muller's analysis has been criticized as 
being biased and unscientific in that it seriously underestimates 
the health hazard associated with low levels of radon exposure. 
Dr. Muller's own data shows that, ~these low levels, the cancer­
causing effect of radon is very much higher than one would expect 
from the high exposure data. 

By using Dr. Muller's own low-exposure data and duplicating his 
calculations, I found that 12 hours/day exposure at 0.02 WL would 
likely cause an extra 17 lung cancer deaths per thousand population -
almost thr~e times larger than Dr. Muller's highest estimate. 
This evidence was presented to the Elliot Lake Environmental 
Assessment Board in 1978, who subsequently recommended that the 
Province of Ontario undertake. a aeassessment of the 0.02 WL 
standard for radon gas in homes. As you know, no such reassessment 
has occurred. 

. .. /3 
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Later, in 1979, my revised estimate of 17 extra lung cancers per 
thousand was given added impetus by Dr. Victor Archer (M.D.), 
Medical Director of the U.S. National Institute for Occupational 
Safety and Health in Salt Lake City, Utah, and one of the world's 
outstanding experts in the field of lung cancer caused by radon 
gas.5 Using his own independent data, Dr. Archer calculated 
between 18 and 42 extra lung cancer deaths per thousand

6
population, 

assuming 17 hours/day occupancy and a 0.02 WL standard. 

Whcther you accept Dr. Muller's tables, or my reanalysis of nr. 
Mullcr's data, or Dr. Archer's independent analysis, it is obvious 
tome that we are flirtinq with the possibility of a public health 
disaster and a major political scandal if the present situation 
is not corrected. 

I would be happy to consider any countervailinq evidence which 
you may have to show that my apprehensions are unfounded. It 
would be, indeed, a qreat relief. 

At the very least, I believe that a careful epidemiological study 
should be begun, starting now, to monitor the subsequent history 
of lung cancer among the people who will be living in these 
contaminated homes. In view of the evidence, anything less 
would be totally irresponsible in my opinion. Ideally, however, 
I would faveur correcting the situation now so we don't have to 
count corpses later. 7 

May I hear from you before long on this matter? 

Yours very truly, 

Gordon Edwards 

P.S. I am enclosing a speech by Dr. David Bates (M.D.) which 
points out the rather alarming number of recent epidemiological 
studies which indicate that the rnedical effects of low level 
radiation exposure may be far worse than we thought just five 
years ago.8 As you know, Dr. Bates was the chairrnan of the 
B.C. Royal Commission of Inquiry into Uranium Mining, and 
author of the Science Council of Canada's study on Poisons 
and Policies. Toward the end of his speech, Dr. Bates warns 
against placing too much trust in the soothing reassurances 
of the nuclear advocates: 

"lt is rather as if one was a parent of a six-year-old 
boy whom one knew, on past occasions, had not told the 
truth, and considering entrusting him with a box of 
matches. One might do this; but one should recognize 
that there is a great deal of difference between givinq 

••• / 4 
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NOTES 

him a box of matches, and giving him a stick of dynamite 
or a loaded revolver. It is this aspect of the public 
debate that many people have most difficulty understanding. 

The proponents of nuclear energy are paying a heavy price 
for the secrecy in which their profession was initially 
ahrouded, and for the tradition of lack of openneaa which 
they inherited. It seems tome that we have to say to 
them that until we can aee that thia tradition and these 
policies have been completely changed, no sensible member 
of the public can give full support to the maximal possible 
development of the nuclear industry." 

~-
1. Re ort of the Ro al Commission on the Health and Safet of Workers in 
~. ,overnment o Ontario, 1 James Ham, th~ author o the re-
port, is now President of the University of Toronto. 

2. Elliot Lake Protection from Radiation in New Housing, Report to the 
Environmental Assessment Board by the Ontario Ministry of Housing, with 
an Appendix by Jan Muller (M.D.) and R. Kusiak of the Ministry of Labour, 
February 1978, For the 11.81. figure, see page 28 of reference 3. Dr. 
Muller expressed his preference for a 4.47. figure, but it is clear from 
his own table 6 that the calculated increase in lung cancer, using his 
assumptions and methodol~gy, could range from a low of 2.67. to a high 
of 11. 81.. 

3. Estimating Lung Cancers, CCNR-78-3, Hay 1978. See pp. 20-29. 

4. Interim Report, April n 1978, and Final Report, May 9 1978, Criteria and 
Approval Procedures - Naturally Occurring Radiation in New Construction, 
Elliot Lake Environmental As sessment Board (reproduced as Appendices 8 
and 9 in The Expansion of the Uranium Mines in the Elliot Lake Area, 
Final Report of the E.A,B., May 1979). 

S. The 11am Commission Report (reference 1) cites 11 papers co-authored bv 
Dr. Archer out of a total of about 20 papers on the subject - no other 
researcher is cited more often. In the B.C. Medical Association's Anno­
tated Bibliography, entitled Health Dangers of the Nuclear Fuel Chain, 
Dr. Archer'a work is cited 15 times - and again, no other researcher iR 
cited more often. 

6. See letters from Dr. Archer to Dr. Gordon Edwards (May 30 1979) and to 
Mr. Frank Palmay (February 2 1979), copy to follow. 

7. In addition to the suggestions contained in reference 3, see point #7 
in my letter to Don McDonald of Blind River (July 21 1980), copy to follow. 

8. "Occupational and Environmental Health Considerations", address to the 
Nuclear Policy Conference, Carleton University (Nov 9 lg78), copy to follow. 

cc. Roy MacLaren, Marc Lalonde, David Bates, James Ham. 
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(letterhead) 

DEPARTMENT OF HEALTH EDUCATION AND WELFARE 

P U B L I C H E A L T H S E R V I C E 

EXHIBIT 17 

Health Services & Mental Health Administration 

cp National Institute for Occupationa: 
Safety and Health 

Room 133 u.s.P.o. and Courthouse 
350 South Main Salt Lake City Utah 

84101 

February 2, 1979 
Mr. Frank Palmay, 
Lang, Michener, Cranston, 
Farquarson, and Wright, 
P.O. Box 10, First Canadian Place, 
Toronto, Canada, M5X 1A2 

Dear Mr. Palmay: 

You will recall that in rny recent testirnony before the Environmenta~ 
Assessment Board, I gave some risk estimates, comparing my risk es­
timaté for persans exposed in homes at a level of .02 WL with that 
gi~en by Dr. Mueller. Those calculations were made rather hurricd ly 
the night before the testirnony. I regret that there were errors in 
those calculations. 

I have now reviewed those calculations and obtain the following: 

Dr. Mueller's calculations: 

He states (page 9 of his risk estimate calculations) that .02 WL for 
1 heur per day from birth to death will cause about 20 cases of l~n 0 
cancer per 100,000 persans over their lifetime. If one assumes ù~ . 

exposure of 17 hours/day, then his figure yields 340 cases/100,00C, 
or 3.4/1000 deaths. 

Dr. Archer's calculations are as follows: 

0.02 WL x 17 x 7 7 40 x 12 x 50 x 1000 = 35,700 WL~~1/1000 persans 
living their lifetimes at .02 WL. 

Dividing 37,500 by 855 or by 2000 gives a range of 18 to 42 lung cancer 
deaths/1000. 

17 represents heurs per day of exposure; 7 is days per week of exposure. 

40 is heurs per week of exposure by uranium miners; 12 is months per yc2r. 

50 is the years of effective exposure per lifetime. 

WLMM is Working-Level-Man-Months, that is, the cumulative exposure per 
person rnultiplied by the number of exposed persans. 

2000 is about the average population exposure in WLMM requireè to !)ro::·Jcc 
1 lung cancer among uranium miners (from Exhibit 399). 

855 WLMM is the extrapolated value for WLMM required to produce 1 lung 
cancer arnong a population exposed at very low levels of exposure (fro!~ 
Exhibit 399). 



EXHIBIT 17 - 83 -

Letter to Frank Palmay from Victor Archer, February 2 1979 

we therefore have the following estimated nurnber of deaths for 
lifetirne exposure of populations at 0.02 WL in their homes: 

Mueller - 3.4/1000 persans 

Archer 18/1000 persons as low estimate 

42/1000 persons as high estimate 

These numbers may be compared to the approximate number of lung cancer 
deaths among nonsmokers (which might be due to background levels of 
radon daughters): 10/1000 persons. 

The level of radon daughters in the average home is between .004 anè 
.008 WL. Since .02 is 3 or 4 times the average level, then one mi g~t 
predict that living at a level of .02 WL would increase the lung can ê0:· 
risk arnong nonsrnokers by a factor of 3 or 4 (to 30 or 40/1000), and 
that a comparable increase would occur among smokers (assuming no 
synergism) • 

It is apparent from these numbers that my calculations are notas c~osc 
to Mueller's as I had thought, and that my risk estimates are more 
compatible with a postulated effect from background radiation tha~ Ll~n 

Dr. Mueller's. 

I would suggest that you present this letter to the Environmental 
Assessment Board so as to set the record straight. 

Yours truly, 

Victor E. Archer, M.D., 
Medical Director 

Bath Dr. Archer and Dr. Mueller are now retired. Dr. Archer's papcr 
on "Factors in Exposure-Response Relationships of Radon DaughLer :~­
jury'' appears in the Proceedings of a Conference/Workshop on Lung 
Cancer Epidemiology and Industrial Applications of Sputum Cytology, 
held November 14-16 1978 at the Colorado School of Mines, Golde~, 
Colorado -- printed January 1979 by Colorado School of Mines Press. 
On the basis of Dr. Archer's work, based on epidemio!ogical stuè. ~es 
in Canaàa, Sweden, Czechoslovakia, and the United States, the ~;a~ic­
nal Institute for Occupational Safety and Health has issued a report 
asking the U.S. Department of Labour ta reduce significantly the 
permitted exposure limit for uranium miners. The report states t~G~ 
the full effects·of radon exposure may have been underestimateè a~G 
that "there appears to be no margin of safety associated with the 
present standard" (4 Working Level Months - WLM - per year). It is 
suggested that the limit be reduced from 4 WLM to 0.7 HLM per ycar. 

(Source: Nature, vol. 286, 28 August, 1980) 
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Wniteb ~teeltnorkers of ~merica 
Dave Patterson 

O,Rfc:Tl~ ;:,,STRICT 6 

November 2, 1981 

Dr. Gordon Edwards 
1300 Raimbault 

ML-CIO 

20 ALBERTA ROAù 

ELLIOT LAKE. ONTARIO, P5A 126 
PHONE (705) 848-2773 

848-2226 

Ville St. Laurent, Quebec 
H4L 4R9 

Dear Gordon: 

As requested, I have now had an opportunity to review the Company 
supplied radon daughter exposures for the year 1980. At the outset, 
I would bring a couple of important factors to your attention. rhe 
Atomic Energy Control Board has informed us that they are currently 
attempting to achieve 50% accuracy within 95% confidence on the 
measurement of radon daughters in uranium operations. This lack of 
efficiency has all kinds of error potential. In' addition, we have 
reason to further suspect the accuracy of the figures provided by 
the Company for various reasons. The current procedure .of estimating 
radon daughter exposures is usually based on two samples in each 
work place per month and the exposure given the ernployee is the 
average of these readings. It goes without saying that if you have 
high l~vels for most of the rnonth and then engineer additional 
ventilation to a specific work place, the average of the two figures 
will be considerably on the low side. 

Secondly, the Company is allowed to reduce employee exposures by a 
factor of 50% by designating certain work areas as mandatory 
respirator areas. In other words, they assume the employee wears 
the respirator for eight hours each day and reduce his exposure by 
50%. Our members continually complain that it is impossible in 
mining to wear the airstream respirators for prolonged periods of 
time and, therefore, do not do so. In spite of this, credits are 
taken in rnandatory respirator areas. In reviewing the Company 
supplied (Denison Mines) yearly statistics, I note that there are 
some ernployees recorded as receiving exposures just under 4 W.L.M. 
and if we were to add the respirator credit (which has been 
subtracted from their actual exposures), they in fact would have 
exceeded the 4 W.L.M. yearly dose. In addition, the Company 
practices a system of rotating workers frorn high to lower exposure 
areas, thereby attempting to prevent 4 W.L.M. readings. In other 
words, if the worker were to remain in his assigned work place, he 
would exceed the radiation levels. I would also caution you that 
both the Company and the regulatory agencies like to use average 

... /2 
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figures and this is deceiving. For exarnple, there is a high 
turnover of employees and, therefore, the master yearly list may 
indicate nurnerous employees with low exposure levels, however, a 
check reveals rnany ernployees or former employees with very short 
ernployrnent time. Hires late in the year are also·part of this 
master list and obviously show low exposure levels. In spite of 
the foregoing, the average of the mine frequently used as so-called 
sound statistics, utilizes these short term type workers and, in 
my opinion, falsifies the true potential for year round employrnent 
exposure. The figures I have been reviewing were taken for the 
year 1980 in the underground operations of Denison Mines Limited. 
A quick review of the figures (with the above concerns kept in 
rnind) indicate that almost 300 workers received exposure to radon 
daughters in excess of 1.5 W.L. with some very close to 4 W.L.M. 
and about 120 of these received exposures between the range of 
2 W.L.M. and 3 W.L.M. The above figures are those after subtracting 
the respirator credits referred to above and if the subtraction 
did not take place, the W.L.M. readings and the numbers would be 
higher. 

It should also be understood that we have now proven (acknowledged 
by the regulatory agencies) that thoron daughters, total uranium 
uptake, and gamma radiation are present in our uranium rnines/rnills 
as additional radioactive hazards and, if integrated with radon, 
considerable numbers of workers would have received a total 
integrated dose well in excess of the 4 W.L.M. criteria. A 
governrnent study indicates that underground uranium workers may 
be receiving gamma doses as high as 3 rems per year in addition 
to the· other radioactive hazards. It should also be understood 
that Denison Mines Limited through the urgings of the Union has 
substantially increased its ventilation to a point where it provides 
more air for ventilation purposes underground than any other mine 
in Canada. Despite this, we continue te encounter radiation levels 
which, we believe, are unacceptable. 

I am enclosing a copy of a brief the writer prepared and presented 
under oath to the Royal Commission on U~aniurn Development in British 
Columbia. I rnight add that it withsioodall cross-exarnination. The 
brief is put together basically frorn government reports and, in 
some areas, with Union information accumulated over the years. 

We will be obtaining the year end W.L.M. figures for 1981 in January, 
however, I believe, they are comparable to the 1980 figures. 

If I can be of further assistance, feel free to contact me. 

Kindest personal regards. 

Sincerely yours, 

UNITED STEELWORKERS OF AMERICA 

C -]_L - /J 
/Y~-_-:_~~-·,_ 

Homer Seguin 
Staff Reoresentative /t--; 
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February 9. 1984 

Re: Consultative Document C-78 

Gentlemen: 

I recently received excerpts of your Proposed Regulatory Guide from colleagues at 
McG111. As one of the rinci al consultants to the Subcommittee for Risk 
Est imates, was d1 sappornte never to ave een sent e1 ther the report of the 
Advisory Commfttee on Radiological Protection (document ACRP-1 (1981} INF0-0090) 
or these proposed regulations. both of whfch appear to be based in part on our 
work (IN~0-0081). 

My comments will be restricted to section 4.4 on intal:e limits for radon and 
thoron daughters. l am disturbed that the AECB has chosen to give less weight to 
the epidemiological evidence than to dosime.tric calculations. We reviewed the 
attempts to establish an "effective dose equfvalent" for radon and thoron 
daughters fn considerable depth in Appendix E of our report and concluded that 

"Due to the complexity of the interactions. any figure derived in this way 
can only be a gross approximation; a reasonable range of values that have 
been proposed is l-20 rem/WLM" (p. 16}. 

These uncertainties are far greater than those from the epidemiologica1 data, 
despite the apparent variation in the latter as quoted in4your Table l (page 20). 
For example. the range of 0.5 to 12 lung cancers per 10 person-WLH quoted from 
our report is apparently derived from the single smallest and single largest 
"crude" risk estimate from our Table 8.2 and ignores our suggested reasonable 
range of adjusted risk estimates quoted in our Table 8.3 and in our abstract of 
3 .2 to 12 .3. Recent data from the Ontario uranium miners {Muller et al. Ontario 
Minfstry of Labor}. as well as a new cohort of Swedish metal mfners (Radford, 
Banbury Report 1981; 9:151-163} both lead to point estimates close to the upper 
limits we quoted. 

••• I 
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The consultative docu11ent dismisses these e idemiolo ical data as probably 
conservative 1.e., overest11nates pr11nari y on t e grounds that miners would 

have been exposed to gamma radiation, radon. and other carcinogens in addition to 
radon daughters ancl that actual doses of the luny cancer cases may have been 
underestimated. These and other potential biases were discussed in consideratJle 
depth in our report. notab ly sections 4 .2. l .1 , 7 .4, and 8. l and are common to 
epidemiologic studies of many other agents, for which epidemiologic evidence is 
used as the basis for standards. 

The fact that coal and other minin rou s do not show excesses of lun cancer 
argues that the presence of other carcinogens 1n m1n1ng operations is un ike y to 
be the ex 1 anat ion for the excess as amon miners ex osed to radon dau hters. 
T ese ot er actors ave een we ana yzed nt e new Swedish study Radford and 
Axel son, submitted to New England Journal of Medicine) and the authors have 
conclud~d that they are unlikely to have made a significant contribution. 

Underestimation of doses for lung cancer cases would tend to cause risk 
coefficients to be underestimated unless doses were equally underestimated for 
the cohort at risk. While this may have been the case for the Ontario cohort (cf 
Muller's attempts to reevaluate the doses), the reverse appears to be true for 
the US miners. Furthermore, nonsystematic error, which is certainly present in 
all studies, will cause risk coefficients to be underestimated. 

amma radiation in toda 's well-ventilated ~ines 

In our view, as expressed in recommendatfon 9 of our report. the 4 WLM/yr 
standard does not provide adequate protection for individuals. If the Board 
feels that it is more important to maintain an acceptable average risk, then we 
rec01M1ended that it should do so by explicit limitations on average levels rather 
than expecting the limitation on maximum levels to accomplish the purpose. 1 am 
ske~t i cal that the relationshfp between average and maximum doses used by thë" 
ICR for the non-mrnin nuclear industr would a J to minin where workers 
wou d tend to spen most of the t1me w ere te ore i.e •• where levels are the 
highest. 

... / 
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Whether average ri sks are "acceptable" or not. we strongly recorr.mended that 
maximum risks to individuals be reduced. The only way to accomplish this, short 
of much tighter annual l1m1ts, is to impose additional limits on the total dose. 
So far, Sweden a ears to be the onl countr to have done this: their limit on 
lifetime exposure s M. Obviously, the imp ementat1on of such a policy in a 
non-discrim1natory fashion coul_d be quite difficult. 

of the present standard, I fi nd it very 
annual 1 imit to the 

the ICRP. 

If you wish to clarity my views on this matter, please do not hesitate to contact 
me. My new office phone is (213) 224-7434. 

DCT:bw 
cc: Or. Ken McNeill 

Mr. Mark Goldberg 

Sincerely, 

Duncan C. Thomas, Ph.D. 
Associate Professer 

-



FIGURE 8 - 89 -

HDW RADON GAS IS CREATED 

When a rad1oact1ve substance decavs, 1t g1ves of+ alpha, Oeta. or 
gamma rad1at1on and changes 1nto another substance. ln manv cases 
that new substance 1s also rad1oact1ve and so a th1rd substance 
1s created when it decays. ln th1s way, naturally-occurr1ng U-238 
g1ves r1se ta a whole fam1ly of rad1oact1ve substances called tne 
"uranium daughters". Even after the uranium has been removed from 
the ore for use as a nuclear fuel or as a nuclear explosive, most 
of the uranium daughters rema1n beh1nd 1n the wastes. These waste 
mater1als <"ta1l1ngs") continue ta produce radon gas lradon-222> 
at an und1min1shed rate for many thousands of years. 
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FIGURE 9 

THE DALIGHTERS OF RADON 

Radon 1s an 1nert gas wh1ch does not form chem1cal compounds. It 1s 
inhaled eas1ly 1nto the lungs, but 1t 1s exhaled jUst as eas1ly. 

The daughters of radon are sol1ds at normal temperatures. Created 
by the decay of radon atoms, they attach themselves to m1croscopic 
dust part1cles. When these are 1nhaled, the radon daughters tend to 
lodge 1n the lungs, where they can deliver large doses of alpha(and 
beta)rad1at1on to the sens1t1ve l1v1ng tissue lin1ng the lungs. 

If radon gas 1s conf1ned 1n an enclosed space, the concentration of 
radon daughters increases with t1me. Under such c1rcumstances - 1n 
mines or 1n radon-contam1nated homes, for example - fully e1ghty­
f1ve percent of the dose to the lungs 1s due to radon daughters. 

MeV= MILLION ELECTRON-VOLTS 
===================--==----------
This 1s a measure of the ENERGY 
of the alpha rad1at1on; the more 
energet1c the more damag1ng it 1s. 

<27 min> 

POLONIUM-218 
(3 min> 

POLONlUM-214 

i POLONIUM-210 } 

snort-11ved 
radon c:Jaughters 

long-J.ivec:J 
radon daughter-s 

LEAD-206 
<stable> 

DIAGONAL ARROWS: alpha decay 

HORIZONTAL ARROwS: beta c:Jecay ~ 

82 83 84 85 86 

The vertical axis measures the "mass number" - the number of protons 
and neutr-ons conta1ned in the nucleus of each atom. The horizontal 
axis measures the "atom1c number'' the number of protons 1n the 
nucleus - which determ1nes the chem1cal nature of the substance. the 
mass number 1s not affected by beta radiation, but bath numbers are 
altered when alpha rad1at1on occurs. 
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GLOSSARY 

Although it is not necessary to understand all of the technical 
jargon in order to understand the problem of radon qas in 
buildings, here is a set of explanations which you can refer 
to if you wish. Dont use it unless you feel you have to. 

RadioactivitÎ is the property of certain atoms (which are 
not stable to spontaneously disintegrate by emittinq 
either energetic particles or rays of pure energy (or 
both) frorn the nucleus or centre of the atom. 

The half-life of a radioactive substance is the time re­
quired for half of its atoms to disintegrate. 

The daughters of a radioactive substance are the other sub­
stances which are created as byproducts in the process of 
radioactive disintegration: in many cases, the daughters 
of a radioactive substance are also radioactive. 

Ionizing Radiation is the terrn used to describe the various 
energy forrns which can be ernitted by the disintegration of 
radioactive atorns: these include 

energetic particles -- alpha, beta, and neutrons 
rays of pure energy -- gamma rays and x-ravs 

Exposure to even low levels of ionizing radiation can cause 
cancer and/or genetically defective children in the exposed 
population. These effects are caused by submicroscopic dam­
age to the cells of the body which causes some of them to 
reproduce in an abnormal fashion. 

Gamma Radiation (i) is the rnost penetrating of all forms of 
ionizing radiation, capable of penetrating thick layers of 
rnetal: it is given off by the radioactive disinteqration of 
such substances as radium-226, and is si~ilar in nature to 
x-rays. (Radium-226 is prirnarily an alpha-ernitter, however.) 

Beta Radiation (~) is the next most penetrating form of ioniz­
ing rad1at1on after x-rays and ga.J'1'\ffla rays: it actually con­
sists of high velocity particles called beta particles or 
electrons. 

Alpha Radiation (~) is the least penetratinq form of ionizinq 
radiation, unable to penetrate through a sheet of paper: it 
consists of high velocity particles (called alpha particles) 
which are more than 7000 tirnes heavier than electrons. 

Linear Energy Transfer (LET) measures the relative amount of 
damage done by a particular type of radiation per unit dis­
tance travelled. It is inversely related to the penetratino 
power, but not in a simple way. The most penetrating types 
of radiation (gamma, x, beta) are referred to as "low LET 
radiation", while the least penetrating types (alpha, neutrons) 
are called "high LET radiation". High LET radiation is far 
more damaging per unit dose than low LET radiation. 

..... 
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GLOSSARY (continued) 

A curie (Ci) is a measure of radioactivity in disinteqrations 
per second; one curie corresponds to the radioactivity in a 
gram of pure radium 

A picocurie (pCi) is a trillionth (i.e. a millionth of a 
millionth) of a curie. 

Radon is an alpha-emitting radioactive gas with a half-life of 
3.8 days. It is a daughter of radium-226, and it gives rise 
to other radioactive substances known as radon daughters, most 
of which are also alpha-emitting substances. 

One workinq level (WL) designates a concentration of 100 pico­
curies of radon daughters per litre of air (abbreviated as 
100 pCi/1) 

A working level month (WLM) is a measure of human exposure to 
radon daughters. One WLM is equal to the concentration of 
radon daughters, measured in working levels, times the number 
of heurs of exposure, divided by 170. Thus a man exposed to 
l WL for 170 hours (approximately one month's exposure at 
40 hours per week) will accumulate an exposure of 1 WLM. 

Prad ("radiation absorbed dose") is a measure of how much 
eriergy is absorbed by tissue when exposed to a certain 
source of ionizing radiation. Technically, 1 rad corres­
ponds to 100 ergs of energy being absorbed in each gram of 
tissue exposed to ionizing radiation. 

A rem ("radiation equivalent man")is a measure of the ability 
~a given dose of radiation to do harm to living cells 
(thereby causing a predictable increase in cancer, or in 
genetic defects to the children of people whose gonads have 
been exposed to ionizing radiation). For low LET radiation, 
1 rem corresponds almost exactly with l rad of exposure; 
but for high LET radiation, each rad of exposure corresponds 
to 10 or 20 rems, because of the much greater relative damage 
which is done to living cells by hiqh LET radiation. 

A millirem (mr) is a thousandth of a rem. The natural backqround 
radiation to which we are all exposed as a result of cosmic 
radiation from outer space and naturally occurring radioactive 
substances is about 100 mr/year, or about 0.01 mr/hr. 

The quality factor associated with a given type of radiation 
is the factor which must be used to convert a radiation dose 
measured in rads to the equivalent number of rems. For gamma 
radiation, the quality factor is 1 (1 rad= l rem), hut for 
alpha radiation, the quality factor is about 20 (1 rad= 20 rems). 

The linear hypothesis states that the extra cancers and genetic 
defects that will occur in a given population as a result of 
exposure to ionizing radiation is directly proportional to 
the sum total of all of the individual doses received bv each 
member of the population. 
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NOTES 

1. The shortest distance between two points on a sphere is not 
a straight line, but a "great circle" -- that is, a circle 
which has the same radius as the sphere itself. However, 
if a "line" is defined as the shortest distance between two 
points, then these great circles are in fact "lines" on the 
surface of the sphere, since they do represent the shortest 
possible paths joining points on a sphere. The technical 
term for such a curved "line" is "geodesic". By definition, 
a geodesic is any path on a curved surface which provides 
the shortest distance between any two neighbouring points 
a long the pa th. 

2. Other chanqes of behaviour are, of course, possible. A 
culture of bacteria will often grow exponentially until it 
exhausts its food supply, whereupon it will suffer a sudden 
catastrophic collapse. In other cases, where there are pre­
dator-prey relationships at work, a cyclic rise and fall of 
animal populations is frequently observed. However, when 
a species of bird or marnmal is free from serious competition 
or predation, the logistical growth model seems to offer a 
good description of what happens in a natural setting. 

3. Consider the following words by Dr. Donald Miller, Head of 
Biomathematics at the Canadian National Research Council, 
addressing a senior seminar of applied mathematicians in 
Ottawa on Mar ch 5 197 4: (Reference 11, pages 160-16 2) 

"Are ... people satisfied with the results of 
mathematical modellinq? ... I think generallv 
that thev are not satisfied when the roblems 
involve ver~ camp icate svstems -- as they 
invariablyo in ecological studies, in regional 
planning, and in studies of pollution or energy 
supply. I recently heard the former director 
of the Marion Lake Project, one of Canada's con­
tributions to the International Biological Pro­
gramme, make the comment that he was not con­
vinced that mathematical modelling was anv help 
at all in the study of ecological svstems .... 

"In ~any such orojects, not enough care is de­
voted to the formulation and testin of the 
mat emat1ca escript1on. In 1ts most .un amen­
tal terms, this means that we, the mathematical 
communitv, might have forgotten somethinq that 
we should have learned many years aga, under 
the headina of the scientific method. We all 
know how that goes; one looks at a system and 
inductively frames a hypothesis, derluctivelv 
works out the consequences of this hypothesis 
in a forrn that can be tested, experimentallv 
tries to verify or disprove the hypot~esis, 
and returns to frame a new one on an improved 
basis. This seems simple enough, and most 
people in this audience, I'm sure, are feeling 
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a bit insulted. But the fact is that we do 
not seem to be doinq it. We are not follow-
inq the basic philosophy of science." (Emphasi~ added) 

4. These Proceedinqs are 360 (plus xxv) pages long. The 
bulk of the text is actuallv an anthologv of ahout forty 
short papers which were specially prepared by the par­
ticipants. Each of these papers deals in considerable 
detail with specific anplications of mathematical methods 
to real-life oroblems arising in Federal Government Depart­
ments in Ottawa, using an absolute minimum of technical 
jargon and no intimidatina mathematical symbolism. The 
Proceedings have also been translated into German and 
distributed by the West German Goverrunent. 

5. There is an i~pressive list of references provided hv the 
Ham Commission Report Cour reference l), but they are linited 
to the study of uranium miners. It is perhaps worth notinq, 
in another context, that the two most patent carcinogens in 
tobacco smoke are now known to be benzopvrene (a cancer­
causing aromatic hydrocarbon which is also present in auto­
mobile exhaust) and polonium-210 (one of the more persistent 
radon daughters). 

As already remarked in the sumrnary (page iii), phosphate ore 
is relatively rich in uranium. As a result, radon qas is 
slowly released from the phosohate feritlizer which is used 
on most tobacco crops. Being heavy, the gas accumulates 
somewhat before dissipating, and the short-lived radon 
daughters (which carry an electrical charge) promptlu attach 
themselves to microscopie dust particles. These dust par­
ticles, in turn, adhere to the sticky, resinous hairs which 
grow on the underside of the tobacco leaves. These short­
lived daughters will all disintegrate within a few hours 
after being formed, leaving a deposit of the radioactive 
substance lead-210 (with a half-life of 21 years) in the 
tobacco leaves. 

When the tobacco leaves are harvested, cured, shredded, 
rolled into ciqarettes, and sold in the stores, thP.v still 
carry a burden of lead-210 with them. Polonium-210 is ~ 
radioactive daughter of lead-210, and, like its parent, 
it is a solid at normal temperatures. However, when a 
smoker draws on his or her cigarette, the intense localized 
heat at the burning tip of the cigarette is enough to 
volatilize both substances. Thus the chronic smoker end~ 
up with a deposit of lead-210 and polonium-210 in his or 
her lungs .. 

For evidence on the carcinogenicity of polonium-210, see 
the reference cited in Fiqure 5 on page 16. For more in­
formation on this topic, and for further references, see 
"Tobacco Radioactivity and Cancer in Smokers" by Edward 'A. 
Martell, in American Scientist, volume 63, July-August 1975, 
pp. 404-412. Dr. Martell has been a staff member at the 
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National Centre for Atmospheric Research in Boulder, 
Colorado for many years, and has written widely on the 
subject of radioecology. 

6. As far as medical science can tell, carcinogens act dir­
ectly on the nucleus of the cell, causing random damage 
to the chromosomes and DNA molecules contained therein. 
Most of the cells so damaged are either killed or sterilized. 
However, in a very few cases, one of these damaged cells 
may survive the injury and still be capable of reproducinq. 
Such a cell may become a cancerous cell, if it begins to 
proliferate in an undifferentiated or "cancerous" manner. 
On the other hand, if a reproductive cell is damaged in 
this way, it can lead to aenetic deficiencies in the off­
spring -- and if an embryonic cell is so affected, the nor­
mal development of the fetus can be disrupted. For this 
reason, it is recognized that substances having a carcino­
genic effect will also have a genetic and a teratogenic 
effect. It is also widely believed that since these effects 
take place in a random manner at the cellular level, there 
is no such thing as a "harmless" dose. Any dose, however 
small, will produce gross malignancies and deformities if 
it is administered to a sufficiently large population. 

Consider the following quotations from the Proceedings of 
a Public Forum on Policies and Poisons held in Toronto, on 
November 15 1977, under the auspices of the Science Council 
of Canada and the Canadian Public Health Association: 

" ... there is good circumstantial evidence that 
80 percent of human cancers are environrnental in 
origin .... " (page 11) 

"There are occasions when it is known that there 
are severe risks attendant upon exposure to cer­
tain substances and yet no action to control the~ 
is undertaken. This appears to be a sort of 
'paralysis bv analvsis'. For example, the risks 
associated with both asbestes and radiation were 
well-known to the medical profession in the 1930's, 
and vet no reventive or re ulator action a ears 
to have been taken." (page 15 

"The National Institute of Occupational Safetv and 
Health's position ... is that 'excessive cancer 
risks have been demonstrated in all fiber concen­
tration studies to date. Evaluation of all avail­
able human data provides no evidence for a threshold 
or for a safe level of asbestes exoosure'." (nage 21) 

"It is necessary that we should strive for as near 
zero risk in the workplace as is technologically 
possible to achieve. For known carcinogens the 
level of exposure should be zero. For non-carcino­
genic agents the level of permissible exposure 
should be revised downwards from that point at 
which there are gross effects on societv." (pages 17-lq) 
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7. The sum total of all the doses administered to the poou­
lation is also called the "integrated dose". According 
to the linear hypothesis, this "inteqrated dose" is pro­
portional to the total number of damaged cells, of which 
a certain fraction will become cancerous. Thus the numher 
of cancers can be predicted once the integrated dose is 
known. 

8. This straight-line relationship between integrated dose 
and cancers is called a linear relation5hip; hence the 
name for the linear hypothesis. (see note 16 please!) 

9. Dr. Morgan is an esteemed member of the Health Physics 
community. He is one of the founding members of the 
International Commission on Radioloqical Protection, and 
is today the only emeritus member of that Commission: see 
also the biographical sketch on paqe 39 • 

10. 

11. 

Dr. Morgan has written an excellent article entitled 
"Cancer and Low Level Ionizinq Radiation" in the Septem­
ber 1978 issue of the Bulletin of the Atornic Scientists 
(pp. 30-41). In this article, Dr. Morgan rev1ews recent 
medical evidence which shows not only that the threshold 
theory is probably wrong, but also that "the cancer risk 
from exposure to ionizing radiation is much greater than 
was thought to be the case some years a*o." He then gives six 
docurnented arguments to show why even te linear hvpothesis 
may consistentlv underestimate the carcinogenic powers of 
radiation at low levels. Immediatelv followinq the Morgan 
article is another entitled "The Risks for Radiation Wo~kers", 
written by Joseph Rotblat. It is also well worth reading, 
and much to the same effect. 

Plutonium-239 is one of the most well-known examples of an 
alpha emitter. Since the radia~ion frorn plutonium has little 
penetrating power, plutonium can be stolen and trans1orted 
with relative ease. However, when inhaled into the ungs, 
it is extraordinarily toxic. A speck of plutonium weighing 
only one thousandth of a gram can, if inhaled into the lunqs, 
cause death within hours by massive fibrosis of the lungs. 
A speck of plutonium only one thousandth of one thousandth 
of a gram (in other words, a microgram), if inhaled into the 
lungs, may cause a fatal lung cancer to develop manv years 
or even many decades after exposure, but with almost 100 
percent certainty. See the article by Dr. John Edsall, Pro­
fessor Dneritus of Biochemistry at Harvard University, en­
titled "Toxicity of Plutonium and Sorne Other Actinides" 
Bulletin of the Atomic Scientists, September, 1976. 

12. once alpha emitters are inside the body, they cannot be 
detected by any external i~struments. The de~ree of in~ernal 
contamination can only be 1nferred by such th1ngs as urine 
analysis and sputum analysis, which give only crude results. 
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13. ~eutron radiation, like alpha radiation, is also more 
effective in causing cancer than either heta or gamma 
radiation. Al though the !';ame amount of enerqv 1,.•i 11 be 
delivered to the tissues f'" a qiven dose of radiation, no 
matter whether it is made up of neutrons, alpha particles, 
beta particles, or: qamma ravs, it is known that a hinher 
density of ionization is caused hv alpha particles and 
neutrons than by the other tvpes of ionizing radiation. 
Higher ionization means that more chemical bonds can be 
broken, and therefore greater hioloaical damage can be 
done, per gram of tissue exposed. See "linear enerqv 
transfer", "rad", "rem", and "oualitv factor" in the 
glossary (pages 43-44). ~ 

14. Several hypotheses have heen advanced to explain why this 
should be so, but none of them has been thoroughlv tested. 
According to one theory, there is overY.ill at hiah doses 
(cells which would have developed into cancer cells are 
instead killed bv the high dosage) and therefore, at low 
doses, more cancer is observed per unit dose. Another 
theory is that the cell membrane is more effectively dam­
aged at low dose rates than at high dose rates, thereby 
allowing other carcinogens (such as chemical carcinoqens) 
easier access to the nucleus. (If this theory is correct, 
then not only alpha radiation hut all fo?ï":s of ionizino 
radiation should be more effective in causing cancer at 
low dose rates.) Still other theories deal with the dis­
tribution of alpha emitters insidc the hod"; if a "warm 
particle" or a "hot particle" is lodged in the lung, it 
is believed bv some that such a particle mav be more 
effective in causins cancer than if the sarne total dose 
were evenly distributed throughout the lung. ~ut all of 
these theories are conjectural, and so we will limit 
ourselves to discussina the experimental and epidemioloai­
cal evidence which indicated that more cancer is ohserved 
oer unit dose at low dose rates of alpha exposure, what­
ever the reason for that might be. 

15. See reference 2, as well as exhihits 1 and 2 on nages 9 
and 10. 

16. Since this was written, I have received a list of 12 
references from Bob Wilson, Director of the Health and 
Safety Division of Ontario Hydro, which are supposed to 
provide evidence indicating that the lincar hvpothesis 
is conservative for low level alpha radiation. Although 
I have not vet had time to do a thorouqh review of all of 
these papers, it is clear that some of them do net suq­
gest a different conclusion from that stated in the text. 

For example, the very first reference given by Mr. Wilson 
is the famous paper bv ~evc, Kunz, and Pla~ek, which 
appeared in Health Physics in June of 1976, entitled 
"Lung Cancer in Uranium Miners and Lon'] Term Exposure 
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to Radon Dauqhter Products". In the concluding paraqraph 
of that paper, the authors state that "the estirnate of 
risk of low doses, obtainedJ'.?.Y __ i:neans of l~near extrapol~­
tion of the relationship between higher doses and effect 
in a heteroqeneous population, need not under all condi­
tions represent the maximum possible risk." In other 
words, the linear hypothesis may not be conservative at 
low doses. ~~ 

Mr. Wilson also cites "Sources and Effects of Ionizing 
Radiation", the 1977 report of the United Nations Scien­
tific Committee on the Effects of Atomic Radiation (Utl~CEAR). 
Annex G of _ the UNSCEAR Report_entitled "Radiation Carcino­
genes1s 1n Han" lists three studies which are supposed to 
confirm the conservatism of the linear hvpothesis for low 
level alpha radiation. The first studv is the paper bv 
~evc, Kunz, and Pla~ek just referred to. The second is 
co-authored by Dr. Victor Archer, who has since chanqed 
his mind about the linear hypothesis as a result of more 
detailed analusis of all the existing evidence. The third 
study is my reference 1, the Ham Commission Report, which· 
states: "This analysis is most emphatically not offered 
as the basis for anv estimate of risk per unit dose ... 
[which would be a trivial task if the linear hypothesis 
were true]. It should also be possible ... to accomodate 
the idea of a response more than proportional to cumulative 
dose." (from Appendix C, "Radiogenic Lung Cancer in Uranium 
Miners 1955-74"). Thus none of the three UNSCEAR refer­
ences indicates an unqualified confirmation of the linear 
hypothesis, and indeed at least two of them explicitly 
include the possibility of non-linearitv at low doses. 

17. For more information about Dr. Archer, see the biographical 
notes on page 38. 

18. For more information about Dr. Gofman, see the hiograohical 
notes on page 38. The data on which Dr. Gofrnan bases his 
calculations are the same as those used in the Ontario 
Ministry of Housing's Table 1 and Table 2, reprinted on 
pages 21 and 22. 

19. "It is qenerally assumed that the risk of radiation induceè 
cancer is proportional to the exposure and that there is no 
absolutelv safe threshold below which the risk is zero. It 
should be,borne in rr.ind, however, that no direct proof of 
carcinogenic effect, at extremely low doses, exists at thic:; 
time so the assumption of "no threshold" is conservative." 
(M.O.H. Report, reference 5, page 5) 

It is indeed strange that the Ministrv of llousinc, should 
consider that no evidence provides a proof of conservatisrn! -,----.------
Especially since, in Appendix C of the Ham Comm1ss1on 
Report (reference 1) the threshold hvnothesis is tested and 
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'' easi ly discredi ted" on sol id s tati s ti cal orounds. The report 
then goes on to say: "The possibility of~ 'safe' threshold 
dose cannot be excluded by these, or any other finite amount 
of data. However, further analyses, to be reported in full 
elsewhere, have shown that, to he at all plausible in re­
lation to the Ontario experience, a postulated threshold would 
have to be lower than 10 WI.M ." This i s not very encourag ing 
to those who still believe in a safe threshold! 

20. According to Dr. Muller's analvsis (in reference 5), the 
volume of air inhaled daily by men and women was obtained 
from ICRP Publication 26, as was pertinent data on the mass 
of the male and female lungs at different aqes. It was also 
assurned that the retained fraction of radon . dauahters in the 
lungs was 70%, that there is no bioloqical effect durinri the 
first five years of exposure to radiation, and that all radia­
tion-induced deaths occur within 25 vears of initial exnosure. 
Nevertheless, the details of his calculation are very iuzzy, 
and his resul ts are extraordinari ly low. For exarnple, the 
female mortality fi9ures calculated by Dr. ~uller are less 
than half as large as the ICRP estimates, and the loss""o~ 
life expectancy for fenales is also far lower (less than 
a quarter, in most cases) than the ICRP est1mates, as can 
be seen from M.O.H. Table 6, reproduced on page 27. Why 
should there be such a wide discrepancy? 

21. See note 5 regarding lead-210 and poloniurri-210 in tobacco 
smoke. 

22. For more information on Dr. Stewart, see the hio9raphical 
notes on page 39. Her completed work was pur,lished as 
" Radiation Dose Effects in Relation to Obstetric X-Pays 
and Childhood Cancer" in Lancet 1185 (June 5, 1970). The 
findings of her very amhitious epidemiological studies have 
been confirmed by other studies done by Dr. Brian Mc~ahon of 
Harvard University ("X-Ray Exposure and Malignancy'', ~ournal 
of the American Medical ~ssociation, v. 183, 1963) and Dr. 
Irwin Bross of the Roswell Park Memorial Institute for Cancer 
Research in Buffalo ("Leukemia from Low-Level Padiation", 
New England Journal of Medicine, v. 287, 1972). Dr. Bross' 
results corne from a studv of 13 million human beings in three 
states; an updated account of his findinqs can bP. found in 
reference 2. 

More recently, Dr. Stewart and her statistician collea9ue 
George Kneale have assisted Dr. Thomas Mancuso in studying 
the cancer incidence a~onq workers at the ~anford Plutonium 
Works in \vashington State ·. The resul ts oftn1s study have 
appeared as "Radiation Exposures of Hanford Workers Dyino 
from Cancer and Other Causes" in Health Phvsics, 33, 1977. 
Usin9 statistics on over 24,000 ex-employees at the llanford 
nuclear facilitv, the authors (Mancuso, Stewart, and Kneale) 
have shown that as small a dose as 12.2 rads accumulated 
radiation exposure could lead to a douhlinq of the normal 
incidence of most cancers. According to the study, for can­
cers of the pancreas or lung, the "doublino dose" may he 
as low as 6.1 rads, and for cancers of bone marrow, the 
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"doubling dose" is less than 2.5 rads. These latter 
cancers, it is worth noting, are often induced by alpha 
emitters such as plutonium, or radon daughters, or radium. 

It is a sad commentary that hoth Dr. Bross' funding 
and Dr. Mancuso's fundinq have been terminated, so that 
these men are unable to co~plete the investigations which 
they have begun. In a similar way, the around-breaking work 
of Gofman and TaJ'Tlplin was terrninated back in the late 
1960's with much acrimony. r have included as an exhibit 
a revealing letter, written bv Dr. Karl Morqan to James 
Schlesinger on May 25 1977, concerning the ;'biopoli tics" 
which seems to be at work in suppressing scientific 
researches which do not conform to the officiaI·dogma 
that radiation is relatively harmless at low doses~ 
Dr. Morgan's letter appears as Exhibit 11 on page 40. 

Testimony given at the r.lliot Lake rnvironrnental Assessment 
Hearinqs indicated that anv gouqes in the sealant (caused 
perhaps by children playing roughly, or by Men sliding r.eavv 
furniture over the floor) would allow almost as wuch radon 
qas into the base~ent as if there were no sealant whatsoev~r. 
The situation is made even worse bv the fact that radiation 
is not perceptible to any of our senses, and most horneowners 
cannot make measurement~ of the radon aas levels in their 
own homes. Thus there could be serious deterioration of 
the protective systems, which could go undetected for a verv 
long time. 

In 1973, the U.S. Environmental Protection Agency purlished 
a substantial report entitled "Environmental Analysis of the 
Uranium Fuel Cycle", EPA-520/~-73-003-B. According to the 
Report, about 200 extra lun cancer deaths er centur could 
be expected to occur amonq memhers of the qenera ponu ation 
as a result of the radon qas e~issions from a typica! 

uranium tailing pile (assuming that only 5% of 
the radon gas produced actually escapes into the atrnosphere, 
and assuming that population does not grow at all). Dr. Pohl's 
article sirnply takes the E.P.A. figures and converts them 
into a figure which represents the number of extra deaths 
that one could expect in the long run per 1000 megawatt-years 
of nuclear electricity produced. The number he co~es up with 
is 396 extra deaths per gigawatt year of nuclear electricitv, 
which is far in excess of the number of deaths usually attri­
buted to an equivalent coal-burning plant. It is worth notina 
that both the F..P.A. figures and Dr. Pohl's figures are hasect 
on the linear hypothesis. If the linear hypothesis under­
estimates the actual risk by a factor of ten or thereabouts, 
as arqued in this paper, then the actual health effects of 
uranitun tailings may be far worse than anyone has yet reckoned. 

25. See the articles by Morgan and Rothlat mentioned in note 10. 
See also the Proceedings of a ConorPssional Seminar on Low 
Level Ionizing Radiation, reference 1. 

26. Reference 7, page 350. 



•• ND SAFE DOSE OF RADIATION•• 

NUCLEAR AUTHCJRITIES < 19B2> 

In November 1981, two atoaic workers at Chalk River, Ontario, were granted full 
pensions because of cancers Nhich they had contracted as a result of rao1at1on 
exposure on the jOb. "We acknowledge that it was probable that the1r cancers were 
caused by "'orking here," said a statement 1ssued by Chalk River Nuclear Laboratories, 
desp1te the fact that neither of the men had ever been over-exposed to rad1at1on. 

Tho111as Arnold 
Compensation Board 
Arnold credits AECL 
lymph cancer during 

was awarded a pension of $1335 a 1100th by the Ontario Workaan's 
<WCB>, on the advice of Atom1c Energy of Canada Limited <AECL>. 
with doing all the work to get him the pension. He developed 

his 28 years of work as a reactor maintenance 11an at Chalk River. 

The other case involves a 31-year veteran of Chalk River who died of leukem1a 
shortly before the WCB granted him compensation. His widow was awarded $490 a aonth 
for life, the maximum permitted under WCB rules. A spokesman for the WCB sa1d there 
is a third claim pending from Chalk River over a case of sk1n cancer. Meanwh1le, a 
50-year old Pembroke man has also filed a claim with the WCB. Raymond Papl1nsk1e1 who has lost an eye and most of the skin on one side of his face, says that he go~ 
cancer of the sinuses from doing nuclear cleanup work follow1ng a 1958 reactor 
accident at Chalk River. 

AECL spokesman Hal Tracy explained that the nucleat industry in Canada accepts 
the theory that there is no safe threshold limit for radiation exposure; hence, 1t 
must also be accepted that any dose at all has the potential for harm and that 
eventuall y there wi 11 be some evi dence of thi s harm. "Possi bl y there wd 1 be more 
cancers a111ong our workers," said Mr. Tracy. "These first cases weren' t a total 
surprise. Deaths due to rad1at1on exposure had been pred1cted. We've always Del1eved 
there was an 1ncreased risk." 

Robert Potvin, a spokesman for the Atom1c Energy Control Board CAtCB>, Nh1ch 
regulates the Canad1an nuclear industry, said that the two cases of C0111pensat1on have 
"no implications" from the safety standpoint. They "simply confirm the long-standing 
expectation" that nuclear workers run a higher-than-usual risk of cancer due to years 
of exposure ta low-level radiation, he said. "Our l111its ad111it that any dose can 
1ncrease the risk and, on that prem1se, cancer deaths are not unexpected." He added 
that "studies say the average risk under these liaits is c011parable to the risk 1n an 
industry with a high safety standard -- for example, manufacturing shoes." 

A spokesman for Ontario Hydre, Richard Furness, sa1d 1n an interview w1th the 
Toronto Star that "no one has ever died or suffered lost-time 1njur1es aue ta 
rad1at1on at a Hydre nuclear plant -- or any other Canad1an nuclear fac1l1ty." When 
told about the AECL acknowledgement of two cases at Chalk River, Furness reearkea: 
"Oh. Well, there goes that record." 

Ontario Hydro's Health and Safety Director Bob Wilson said 1t was t1me the 
public recogn1zed the facts. For every hundred million hours of work aone unoer 
radiation exposure <at no more than the permissible limits) about 2 to 4 otherw1se 
unexpected cancer cases will develop, Wilson said. "We have never sa1d a rad1at1on 
worker 1s without risk," he ins1sted, but added that radiation workers are 10 to 100 
times less likely ta die from work than such people as fishermen, forestry workers, 
miners or even Hydre linemen. 

But a well-informed AECL worker told the Toronto Star that •th1s 1s go1ng to 
open an intense debate about safety. What can we expect fro• all the other live or 
dead cancer v1ctims who have long-term low-level radiation exposure at AECL or 
Ontario Hydra? lt could mean that the Nhole systetn of predict1ons that five rems of 
radiation was an acceptable dose for workers is dead wrong." 

Critics of the nuclear industry have argued that the industry's pred1ct1ons 
could prove fatally wrong for many •ore workers than ant1c1pated. It can take 20 
years or more for cancers to develop from low-level long-ter• rad1at1on exposure, and 
at least 250 Hydra workers and about the same number at AECL are co1111ng up for the 
20-year turn1ng point. 

ln fact, a spec1al report on the med1cal effects ot alpha radiation publ1shed by 
the AECB in September 1982 ind1cates that the present pera1ss1ble exposure l1a1ts 
could result in a quadrupling of the risk of lung cancer deaths a11011g uran1ua miners, 
whether they smoke or not. This conclusion is based on actual 110rtal1ty figures 
among uranium m1ners from Colorado, Sweden, Czechoslovak1a 1 Canada, and elsewhere. 
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