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Dr. Ross has recommended that all DSI personnel read the attached

article, which is a very readible discussion of its subject, We"

expect to be giving a division seminar on this subject area sometime
,

in the future, and you may find that the article raises.some questions
'

that you can ask at the seminar.

1

William 'E. Kreger, Assistant Director
for Rddiation Protection

Division of Systems Integration
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THE CANCER RISK FROM LOW-LEVEL
RADIATION .

BERNARD L COHEN
t.'nisersity of Pytsburgh Pittsburgh. PA 15:60

(Recerred 14 December 1979 accepr<d 10 March 1980)

t
Abstract-The sarious lines of esidence that fead to current estimates of the cancer risk from
low -lesel radiation are restewed. It is first shown why it is sery ditTicult to get direct experimen.
tal esidence, so that much reliance is placed on extrapolation of data from high !csel radiation. .
The esidence that a linear estrapolation is consersatise,ie. more likely to oser-estimate than to

^

under-estimate the risk at low lese!s, is estensisely resiewed. The "new esidence' that has been
claimed to indicate that the linear e4trapolation under-estimates efects at low lesels is exam- -
ined. Complications in derising risks based on the linearity assumption are considered, and
final estimates from sarious sources are presented.

.

1. EFF ECTs sT iti7,H LLs t ',s OD THE bone cancer (vs 0.1 expected). About 1700 U.S.
Li%E.sRIT) H)I'c' rile 5ts women emplo}ed during the 1920s in painting

TiiERE HA\1 been many s tuations in which radium on clock and watch diaLnumeralss_to _ _
large numbers of people hase been exposed t make them self. luminous used their toncues to
high lesels of radiation, and through studies of put a fine tip on the brush. getting radium into

'

them (NAS72; UN77) th. health etTects of their bodies; their average bone dose was
high.lesel radiation are rather well known. 17.000 rem and 48 of them died of bone cancer
Some of these data are mmmarized m Table 1. (vs 0.4 expectedk Among 4100 U.S. uranium
Among the survivors of the atomic bomb miners exposed to escess lesels of radon gas
attacks on Japan, there were 24,000 people due to poor mine sentilation. the aserage ex.
who received an aserage exposure of 130 rem, posure to bronchial surfaces was 4700 rem and
and about 120 extra cancers descloped among up to 1972 there were 135 lung cancer deaths
them up to 1972. There were 15,000 British among them vs 16 expected. There base been
patients treated with X. rays for ankylosing

,, several other miner groups which hase experi.
spondgh, tis (arthritis of the spine) with doses enced excess lung cancers, like a coup of 500
averagmg 370 rem. and they had about 115 ~

Canadian Ruorspar miners whose aserage
estra cancers. Oser 900 Germans were treated bronchial exposure was 2500 rem. resultine in
for that same dise and for bone tuberculosis

, 51 fung cancer deaths vs 2.3 expected. T5cre
with injections of Ra gising an asenge dose base been a number of situations in which
to the bone of 4400 rem.* and 45 of them got there hase been high esposures resulting in -

something like 10 extra cancers. . such as
*For loose discussion as in this section. we use women in a Nova Scotia tuberculosis sanitor.

I rad = 10 rem (ICRP59) for z.partic|c radiation of ium esposed to excessise X-rays in the course -

the fung and bone (with radiumt of Suoroscopic esaminations, U.S. women
.
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Tile CAWER RISK FROM LOW-LEVEL RADI ATION90-e .7, '.,;
*

i, .

b T Me | Smrces of mismanon a rd of sancerfrom roltann tN 4S72t
.

I
.

icars after Number Aserne1

Type or Cause of esposure Esposure esposure of dose Cases Cnes C.nes.
.

*

o ncer or X. ray treatments date cons dered suhects lremt obsersed eveeted ' 10* rem }r

A. bombs. 32 pan 1945 5-23 23.9 r9 130 81 19.7 to. -

Leukcmia SponJ>htis 1935-54 0- 25 14.554 372 52 5.5 0.9
'

- .

Menorrhagia -1940-60 0-24 2000 136 6 f.3 1.2
- , *

, ' ' ,
Ra22' intake 1915-35 11-56 775 1720 45 04 0 11. .

'' y
,

Bone ram' treatments 1944-64 4-25 925 4410 45 012 0.84

Spond hus 1935-54 6-27 I4.e54 3': 4 0 63 0lo
3

,,_
A-bombs. Japan 1945 1025 12.000 ' 1 25 26 119 09

~* . ,

Breast Ftuerosecpy i94049 10-30 243 121 (221 14 . $.4

Manuta 10-29 606 200 'll 42 6.0-
_ , ,

,st

> LJrarnum mmes 1920-63 &f0 4f46 4630 135 16 0 53, ,
'

-
'

Fluorspar mmes 1935-63 11-33 300. 2770 51 18 Io

%_-"*-
Lung Metat rmnes t&37 1759 1720 45 16 0 6? ~

u. e,j-> spond>hus 1935-54 6-27 14.554 400 96 !4 12.
,

-N+, A. bombs. 3apan 1945 16-25 19.472 133 71 57 0 00

','*'# * G astro- A bombs. 3apan 1945 25 ' 23.979 130 378 363 0 52

a must. Spond>hus 1935-54 11 14.534 375 53 34 0 88
#* *

* n ~

fy
A. bombs Japan 1945 6-24 4507 112 19 19 16s

-E -

b' ** n> mus X. rays 1926-57 0-35 145I 65 6 10 .to

9 .( *,r. 'C' Tms capitis 1940-49 0-22 2043 30 4 0.9 34i -
.-

'
,

%m: ,.W... s
' $

treated with X rays for inflammation of the sensitise to radiation. As a first approximation
'., ,

'''

_a ~ .. S breasts fo!!owing childbirth, women treated we might use the results of high lesel radiation
-

1

'. '.
* %.; with X-rays for g3necological maladies sarious studies that leukemias are indud at a rate of -

' ' /;- types of pehic X-ray treatments. . children about 1.0 x 10-*/>r per rem of exposure. We.

treated with X-rays for enlargement of the would then expect 10.000 x 10 x 10-* = 01,

thymus gland, infants radiated with X-rays for extra feukemias per 3r among this group. In
v .

.

the absence of radiation. one would expect 0.S3

,
. . ringworm of the scalp. patients in soeral coun. leukemias if we take statistics for the entire

,

tries fed a thorium compound to aid in X-ray
U.S. In the 25 r oser which rao;ation is e:Tec.*

- . , J. .t contrast studies and Ntarshall Island nathes 3'

,
,' exposed to fallout from a nuclear bemb test. As tise in causing feukemias, we then eye:t

a result of numerous studies of these groups. 22 -- 4.7 cases from natural causes vs 2.5 from
there is a great deal ofinformation availabic on the 10 rem radiation exposures. Clearly, the

-

.

i
induction of cancer by high lesels of radiation. statistics here are marginal at best. But the

j
- This is periodically resiewed and updated by problem goes much deeper-the total U.S.

r
! ,

prestigious study. evaluation groups INAS7h population is hardly a suitable control g aup.
. .

*

Cancer is largely caused by emironmental- . .

! - UNSCEAR771
.-

If one seeks to find similar information on factors and hence is subject to wide variations
.

} l '' .'~ fow lesel radiation, one is immediately con- irt incidence rates. Esen for entire states. the
fronted with statistical limitations. For 0.88 cases given abose as the opectation uries

| t. ,'
cumple, suppose one found a group of 10.000 from 1.0 (NtN. DC) to 0.77 OIE. NNil In our'

: ' white males who had reeched an estra 10 rem abose cumpfes. this could vary the number of
- -

| of whole body radiation. The easiest esidence expected cases frem 19 to :5. making it sti!!
- '

'

to find wculd be ocess leukemias becau<< that more di$eult to ascertain that there are 2 or 3
divase dnelops cath st and is ameng the most estra. Ntorcoser. a group of people with 10 remi

1
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- of estra radiation would typically hase more the insched se:entific communit). ahhouch- ,

.

ensironmental factors in common than merely there is considera51e sariation in opinions of.

how macii more likely the oser-estimate is.
<

lising in the same state.-

Any esperimental study of eiTects of low- There is a considerable body of opinion that' , 4'

,

'c lesel radiation would therefore need large the oser-estimate is gross, say by a factor of
' . .,

,

populations. like millions of subjects, and there
2-10, while there is also an important body of

'

'

',a would still be considerable dirficulty in select- opinion that linearity does not gise an oser-'

ing a control group. One way to achieve large estimate. We now turn to a review of the evi-

7 'M ~ numbers of subjects would be to use variations dence behind these positions.
'

_. '
in natural radiation; for esample citizens of:>

Q Q. Colorado. Wyoming and New Mexico are z tuotsct mar int uun is cowtas trisc

' ~ . W '" esposed to about S rem more than the U.S. In this section we resiew the principal en-
M- - aserage oser their lifetimes. Howeser, the leuk- dence bearing on whether the linearity assump--" .

-

- a. O emia rct; - in those states are considerably tion is conservatise as a means of estimating. .n, .-.

.dow the U.S. aserage, 3.11 ss S.Sl x 10-5'>r effects of low-lesel radiation. Th.is eudenc,,
.

,' ; '
-

for w h.ite males and 5.13 vs 5.74 for white comes from various sources, each of which is.. .-

females. The same is true for all cancers; the
-- - .

discussed in a separate section. =

.

,~

* >- high natural rad.iation states have annual rates
.

,

of 140 x 10-5 for white males and !!4 x 10-5 (A) Repair processes' j. f
e .- far white females while the U.S. average is 174 There is a great deal of ev.dence that nar ire

.
.

i

and 130 respectisely. The fact that states with prosides mechanisms for repair of radiatien
.

hich natural radiation hase considerably lower .

> - . .
damage to biological molecules. There have

. .

- .
.- .

- . ;t ,.W. . .
cancer rates than average .is generally dismissed been m' any esperiments in which it was showni

as i dicating only that rd.e aon is sery far that single doses in the 1000 rem range cause
. .

ng from being the principal w..,e of cancer, and fatal ratiiation sickness in mice and othe ani-,
'

- -j this point is loeically correct. However, this mais whereas fractionating these doses oser
,

-
-

.,; author is hichh skeptical oser whether that seseral days or more does nmt (Fo77). Perhaps
...

.
. .- . - -

.

attitude would be accepted if states with hich the best demonstration of repair mechanisms-
,_

- . natural radiation happened to have somewhet with regard to cancer is the dose rate effect,
.

_7 highcr than aserage cancer rates. ,,x,,p;,s of which are shown in Figs. I and 2., g
Since there is little direct eudence on e!Tects

,,

, z., . .,

V % C.,- of low.lesel radiation, the simplest option is to
* use our abunibnt daa .r effects 'af high.!esel ,

'

f.
y

*

radiation to ceriw estimates of etTece of low
,_

<i

.:A lesels by assuming a linear dose.etTect relation- .s-
- p

.( ship. i.e. if some high lesel dose D causes a !4c - ."

/- cancer risk R. we assume that a dose 0.lD will { . *? e*
cau<e a risk 0.lR. that a dose 0.01D will cause .5 zo p,./, , 1 pW1' w-

.

. . " a risk 0.01R. ete down to estremely low doses.
M. 'f',,e

,

-
,

h pothesis' was recom-This "linearity''
3' . " '

el
?J mended by the National Academy of Sciencesd 'o aco aco sco

Committee on Biological EtTeets of Ionizing*
C" f"8)

,,

>

- . .i. Rad ; ion (BEIR) in 1972 (NAS72) with a
<

statement tb it it is a 'conservatise' approach. Fic. t. N!)ctoid rius thymie ' cuke-ria m ma!e RF
.

- 3;- c" more likely to oser-estimate than to under- m;c, espos,a to 5 or .; rays (Up70k P!ot shaws per-
1- . ...

. 4

e.; estimace the etreets of law tesels. This state. cent meidence vs total dose for a high dose rate

., ' ment sems to represent the general thinking in iso rad mini ana a low dose rate to cc4-006 rad mint
-

.

*
,
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m TIIE COCER RISK FROM LOmt EVEL RADIATION-

h;pothesis oto-estimates e:Teets of low.tesel
so s

radiation. On the other hand, it is arcued that- +
~

I targe dows may kill cells. which prescn:s them[ p 'O -

[, .- from becoming cancerous; this could cause
.

--

3a .

linearity to under-estimate etTects of smallE y
" ' q zo -

7
- doses. Howeser, the*e is ;oed evidence that

,o _ - cell killing is not en important efec: below.- .i
about 100 rem (Starr78: E!67L so if data in the- y ; ; ,;
100 rem range is utilized. it would be didiculto 'oozz aoss o ss i33

' to use cell killing as a reason for linearity
- ..

,

cose -nae, t ,co imin i
under-estimating :Tects of low-Iesel radiation.

' ';']\-
-

etc. 2. Leukemia in CBA and C5'BI mb after a. . , ,
.

^ ~2 y-ray dose of tC00 rad (MoS9L Plot shos.. percent W mchanisinfor rah.on moWon oksncu
'1 . incidence aficr 15 months ss dose rate.

- @%. One of the strongest reasons for beliesingc;

that the linear hypothesis is conscrsatise de-, y;
rises from our understanding of the precesses' ' ' '

/ D4 We see there that a gisen dose of radiation is b? which radiation induces cancer (Ke72k

:- -- Q'N generally much less carci o.;enic when spread Radiation af"ects matter largely by knocking

f,M"t. out in time than when gisen rapidly; this im. electrons out of molecules and thereby disturb-

'#
.

plies that damage from earlier doses was ing molecular structure. In the process, the''
< ..

.i repaired before the later doses were adminis- radiation gises up energy, transferring it to the
M'' tered. The dos < ite e:Tect is well established in material. The number of electrons knocked out"-"

" ' I .1 many animal studies with X-rays and y-rays of position is proportional to this energy de-

.- ( (Gr72; Sh66; L'p70; MoS) although there is posited. and the latter is the basis for defining.

...f; O ' some contrary esidence with a particle radi- radiation do<c. If the biological :Tects of radi-
.

-5 ation (Spe73; May7Sa) which witi be explained ation were simply due to single electrons being...
' * m. ..O later. It has been pointed out (Brow!6) that knocked out of position-this is called a

(_ , ' . , efTects from the high dose rates receised by the " single hit" precess-the cancer risk would be
.

'

~4
' Japanese A bomb survivors were no larger proportional to the total number of single hits.;<

.97- than from low dose rate medical exposures, but which is proportional to the energy deposited.- -* *

this could have other explanations. Increased regardless of the t)pe of radia: ion. Iloweser.
.

*

', , ,-5/' efTects of high dose rates are well establi>hed in this is weit known not to be the case (ICRPf91;-

' studies of genetic e:Tects, a mutagenic process for a sisen energy deposited. : parucles and
- " ' ' ' somewhat linked to cancer induction |Rus72). neutrons (known as high LET-pnear energy.

*
' y- In addition to this indirect eddence from transfer-radiation) are an order of magnitude

dose rate efTeets, there is direct esidence for more e:T ctise in doing biological damage than
.

-

repair proecs<es in that broken chromosomes y-rays or electrons (low LETk This is strong
hase been obsersed to re. unite into a single esidence that biologi,:al e.Tects of radiation are

;

',; , |0.,, strand (Le$$; Wo61). There is also a sast not caused by single hits. but rather by
,

,
~ amount of esidence for DNA repair in bacteria multiple hits.-

.

(Fo73; E177; L35CEAR72: Mc66; To73k The basic difference between high and |ow
-

'. In siew of the well e>tablished esistence of LET radiation is that the former concentrates
- repair mechanisms, there is a general feeling its damage within a much sma|ler so!ume of.\- '.

4 - that eTects of low doses should be largely tissue. S;nce high LET is more efectise, we
. - .j repaired, whereas repair of the much more may presume that c6ects are caused by mut.

J estensise damage from high doses would be far tiple hits sery c!ose together, within some small

less complete. This imphes that the linearity sensitise volume.8
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Confirmatory esidence for a multi-hit pro- if it is 1 in diameter as sorgested oy some
cess dernes from the dose rate dependence dis- experiments (Ke72; Sc73; Ke75 A the dose for

- cuswd abose. If cancer induction were a s ngle an aserage of one hit within it is S rad for a.

'

' '
hit process. it could not matter whether these I AfeV y-ray and 300 rad for a 5-AfeV neutron-

, - hits were close together or far apart in time; whereas if the sensitise volume is S p in diam-
| cach hit would have a certain probability of eter, the size of an entire cell nucleus the
! .

, resulting in a cancer. Howeser, as noted pre- required dose is 0.3 rad for a ! 51eV 7-ra) and
|

- J', siously in connection with Figs 1 and 2. etTects 12 rad for a 5-NieV neutron. We don't really
| - are much larger at high dose rate. With a know what the sensitise solume is, but these
j -

multi-hit model, this is readily esplainable by examples gise the general impression that the.

repair processes. If 'he two hits are well separ- transition from a line. r to a quadratic depen.
-

ated in time, damage from the first may be dence occurs at re!atisely low lesels for $'s and,

repaired before the second hit occurs. y's. and at relatisely high lesels for a's and neu.
,-

Granted that radiation in/u ed cancer is a 'ms as shown in Fig. 3. This means that oser
multi hit process (we assums a two-nit pro- the range of principal interest, the dm e:Tect
cessk the multiple hits may be by 9e same curses should be linear for the latter and con-.

particle of radiation or by separate particles. If case upward (quadratic) for the tormer, which
!. they are by the same particle, etTects are leads to the conclusion that application of th:,

' 93 i. linearly proportional to dose, with the proper- linear hypothesis based on data at high doscss.

''[,_[ tionality constant much larger for high LET will over-estimate effects of low doses for -,,

~Nq than for low LET radiation because the former and y-ray exposure.
;;, has a much better chance of making two hits

~
close together., . . . ' ' ,

. On the other hand, if the two hits are bv
s parate particles of ra'diation. effects are pro'- ''#. . , . - . , .

; portional to the square of the number of sing'e ,e !
.

f.. hit.* and therefore proporticnal to the square.

-

i :
T' of the dose, regardless of whether the radiation ,'

f~ . -Q , , is high LET or low LET. Rese considerations ,'
g ,|. J. fead to dose etTect curses like those shown in ;'

i ,

-? Fig. 3: at very low doses the linear term must ? ,' ,' (_.
'

l be predominant, and at very high doses the .s ,7 ,'
term proportional to dose squared (quadratic 5

,
e 2cmmM ,

,terms) must predominate. De transition 8 ,' zmm/e"
between the two should occur at a dose where N' '

it is not unreasonable to espect two hits by / /
-

,

~ '

se; arate particles of radiation within the sensi- ,' - a :m a.,3
tne solume. This uould occur somnhere near ~~,d.'.'~~*"

the dose where there is an aserage of one hit
'

g _.,*
8 per sensitive volume. The latter dose. of course.,

| depends on the sensitive sclume: for example, Fic.1 Cancer incidenens ese in s 2. hit medel The
1

:t005EP term is due to the two hits coming from
- di"erent par icles of radiation. whde the 2 DOSE* *

'Fer nample 4 here e ere 100 tarpts. the ch.snee terms are from both hits ceming frem the same par-t.
*

of hit'u g a p en pa.r in D sSets is about tic'e: the latter is rauch targer fer 2.partiefes and neu-
63 = &3 = 001. shereas in 20 shots it is about trons (z.n) than for fs and is (J.7). The total caneer-

. , ' . '

% = t% = 0 04. Note : hat it increases as the square incidence is the sum of the two terms, as shown by the
- of the number of shots. solid I:r:es for f y and for 2.n. '
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} 4./ mg 'mec'es (- zo toe '' Cal*
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.p-

' J Fic.1 Otteogenic sarcomas produced in CFI female t

{- mice by mirasenous injection of * Sr and ''Ca at age I
io - . . . . . . ,

. y y 70 pays (Fi6!h. Plot shows tumors per rnouse vs
4 radioaetr . injected. Controls haJ 003 tumers perk.

t- -.-; / --

g
,' - ; n ^use. %r esperirx .ts used !!0 mice and 150 con- j, , , , , , , , *

-

F = M ---- ; trois; results for 1.3. 4.5 and 20 pCi'ag. not shown on#

.

3 plot. showed no excess our controls.
..,f.' .g-

o a zo so ao so
cose troal"* ;*

. .
- s

* * r . . . g . . ., Fic. 4. Incidence of sarious neoplasms in pray irra- by internally absorbed radionuclides. Note that
.

} C, .j diated mice tt.|176) as a function of dose. Error bars these curves are concase upward. In some
- , . are '' 1 S.D. In all cases. mcidence is much increased cases results are close to linear (St75), and there

,

JrM'
'

at does abose 50 rad. is one well known situation in which the
' *% ;, observed dose-effect curse is concave down-

., , *
*

. v

- - [. S. m'.S
wird (Sh69). the latter case insolses mammary' ''

4 ' : .' ' It mav be noted that the abose outlined dis. cancers in Sprague. Dawley rats, a special breed
.

"

- aM'i. cussion "assiens most 2 particle radiation effects in which all females are sittually certain to die
of that disease esen in the absence of radiationP . .. as due to m'ultiple hits by the same a-particle at'~

' y[' " the same time. This implies that there would be exposure;it is widely recognized that this is an
exceptional situation in many ways (Ke721.

"
'

no dose rate effect for a. particles. in agreement
' N ' N.; ,f, '.. with esperimental esidence (Spe74 In fact' The animal data for a. particle radiation-

;.. . there is some esidence that etTects of a-particles usually show something close to a linear
.

.

are iricreased at lower dese rates (51ay7Sak
,

ico:.

. . * .- % . 5so
_ .

* . .

.,..':.. (C) Data on cancer induction by reliation'

g
<

*' 4 9 ;_ One basis for judging the validity of the ;
,

linearity hypothesis is to obserse how well it ; *0[ ,,..
~~,,..*

''
.

behases in esplaining data down to the lowest J 20-b . * ~ ', , ,, .. ' ~ ~i
-

a'W doses at which e& cts are statistically meaning. o
.,
'

4 c ee izco, ' * ' ' ' ~ ful. There is a rather large body of animal data * * "" ' 5 ' ' * * U " "*83
-. extending down to the 10 rem region with

- reasonable. statistical significance. These data Fic. 6. Bone cancers indue:d in mice by injection of

for X. 7- and rays preponderantiv indicate 3 'Ra. Plot is percent incidence of bone sarcomas ss,' """ ., '

- o h -. that linearity orcr-estimates e& cts at low !csels dose to bone in, rad. P'ot shown is work reported in
'

'

IFi69), adapted m (May 73b). Nete that dose equhal.
-/ (llp61; Fi6S; Bu68; Nta!69; 51a370: Stay 72P ent in rem is an order of magnitude larger than dose. , , , , ,

examples are shown m Fig. 4 for external radt- in rad shown on the p;ot. D.:shed fine is espen.
-

ation and in Fig. 5 for exposure to irradiation menter's straight line si to data.' ''

, e - .
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i,..M..

*

- : t .? ~ that these factors do not sar.s s.ystematicall.s-
..

.<-.j /. G'. .* .;.....,.........s......,
. with dose. It is esident that these data are: .. - ,.........s~.n...a

..
.-

*j ' St* i 3nL._...........-...... much better fit to a straignt line than are the
,

-

|
.

,

.[.; .D'

. < 2 mortality data for the extended life span". ..o.........-......., ,,

- w - @lf,2.Q"1, $ zo . f [h,N I *
study. Howeser. esen the tumor registry data- -

J gise no esidence that linearity an&r-estimates.

2

- - @:ee -7.-fM.E I A
c:Tects of low lesel radiation..

'

Data on bone cancer among the radium dial
-

. ,I.. ~'... ~

painters (Ro78) are plotted in Fig. S. and we'! i.g6 r j 'o - "

I

.g,-kyj?p
e- . Ja.

c#'A...i
~

see there that the data points for low doses lie
= . .

. consistently belo.v the prediction of the linear--
1 . - -

. . . . - .;; a|t.-V ico 200 300 doo 500 ity h pothesis. While the statistical significance3, ' ,f , , .' g.g - oose troon of this conclusion is not sery great, there isk. h Fio. 7 ' .ukemia among Japanese A. bomb survisors certainly good esidence here that the linearity' ' , .-| ...

i 'N ! 'I% tD 77,. 30 lid circles are mortality data from feakemia h;.pothesis is, if anything. conservative. Note
;'j*g.y | among the "estended hfe span study" group chosen that these data are for a-particle exposure.

| '

'-
.. . r 1 . * for careful analysis and fo!!ow-up, and solid line is a

. nQ, 4y;. <Jh straicht line between those data for high dose and.c. .~ P < - .

;, zero Jose (natural occurrence fesell Other points are tD) Information from natural environmental ex-*< .-

f . . ~ 'G ' ;/'D.p?t ' from the Iliroshima and Na;asaki leukemia registries foNe.e..- . . .

..v analywd as desenbed in test. Dashed line represents a ~ Die clearest evidence that linearity orer..

a : < n . gj %*( straight fine through data from Nagasaki leukemia estimates ef'ects of low doses, if the basic.*
.

rd regiury, assumptions of the study are accepted comes. ,, ..g' ::p !
. , ,

. . ' , , , . . ' 7. 7. from a comparison of radon-induced lunS. , , - . c
f. - M %. dependence (May!9a);,an example (Fi69) is cancer between miners exposed to high doses',[,d. [,j$.Y(.c *

,. .

. shown in Fig. 6. It should be noted that here, and the non cigarette smoking members of theI
' ; > t' | ' ' [. fir- d,, g as in all other cases, there are no significant,

,?.y. ;.f.".- OQi ' y. 44~| y.-L.y p.IProbably the best human data is that for

!., '/ 5
.

data below about 100 rem (- 10 rad for t'sk do .

|5

.,g>p.%7;iTPk..F
.

T.c. 't
.s . leukemia among the Japanese A bomb sur- ,/s. jc. v

* *;-|c s:r. .< '. ; P, .
m.

.W.F sivors (Be77% shown in Fig 7 L' f t. n or unately |
*.

ia .: s
. . r.. . . .p d. m .:, * ..

. o 'c
.

. A- th. has a controsersial aspect. The morf ah.ty ;
. ,isg.a g.y ,

g
, ,i. .

;1,,3'.,.@--. Jara for subjects in the group chosen for .are- L. /. . " ' -
''

i' '

, fut fo!!aw uP-the so-called "estended life-span ,2 I ,'
' WX d,-pu

_ .. .:j study"-are shewn by the solid circles with ; zo|w / -
,4j'

,
?fQ,]J[. | error bars. and they seem to indicate thatS Ti I /. I

' '' i.

1- - , Y Vg, finearity grossly oser estimates effects at low f f |7 |
2-

.,. c. i ? , dues. Howeser, there are leukemia registries in ) , ' ' ,'. / j
i

'

,

,w .. C.- [?('9 ? -
, 5 5;. ( , both Hiroshima and Nagasaki which keep jio - ii ,/ j -

I

. f.- track of the number of eases of leukemia.- v - ' ',? 'I,; | i

. < :mong people !ising at various distances from L, ... . A W 4

d' t ; '_-
- d r- G . he bomb esplosion and compare them with p@- '' "

NY he total population lising at these distances (in *ooo zoco
-

h- v -;M < Mf0); the number of cases disided by the gc ce As
'

.

*~. ?.*4-y ,+, I
'

i ,eputation is'also plotted vs dose (as derisedri . . . .
i

,. . . ; 'y, .y acrn the distance) .in F.ig. 7. There is no con- Fic. 3. Bone sarcomas 2mong radium dial paintersy s

-
(Ro;st Main plot shows higher dese data used to"' O ' '; 4 '~ Ederation as to age distribution, number of obtain straight line fit, and inset compares this

,

,

,,.! 'Wple who left the city, etc. but it is presumed strai;ht Lne with the tow dose data.. ..
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W THE CANCER RISK FROM LOW LEVEL R ADIATION-

general public espowd to natural radon in the um mmer sictims, the fraction of the ewess.
~ cnsironment at low doses tCoS0k it turns out lung cancers that were SCU was 77', for the,-

that 70*, of the escess cancers among the lowest dose group. 6S*,, for the intermediate
miners were of one particular histological type, dose group, and 68', for the highest dose'

-
,

small cell undifferentiated (SCU). and if linear- group ( Ar74).
- ity is applied to this diwase based on the miner The abose outlined evidence would <eem to-

data. the number of SCU lung cancers due to justify the conclusion that a linear dose-e:Tect-

normal ensironmental radon esposure among relationship normalized to the high dose data
non smokers is orce predicted by a factor of 8. on miners oser-estimates the effects of ensiron-

The significance of this conclusion depends mental radon esposure by a factor of S..

on some basic assumptions that require justifi- The reason why this test is so sensitise is
''' Y- cation. The most important assumption is that that aserage ensironmental radon esposures,

~'

radon induced lung cancer has the same risk are quite high well oser I rem'>r to the bron-
factor for smokers and non smokers, i.e. that chial epithelium. The lowest Jose range for'

_-
there is no synergism between smoking and which there is significant esidence on the

- radon esposure. Actually, there were indica- linearity hypothesis is leukemia caused b)
, ,

y, 4 tions in the early U.S. miner data that smoking natural background 7-rays, lesels of about',
f.s ' N 3, accentuated the effects of radon but the most 0.1 rem /yr.

,' recent data do not seem to support that siew- Radiation induced leukemia is much better
ys point. One strong evidence against a smoking- nderstood than other types of radiocarcino-m

f, .;.0 : radon synergism is that tung cancer incidence genesis because it desclops much scener after
} :, vs radon esposure is sery similar between esposure: thus we know the age dependence'

.- ; modern U.S. miners and a group of 19th cen- rather well. It has been rather easily diagnosed
'

'

tury miners in the Erz ' mountains of central since the t$90s, which allows us to go back in- y ,y. . . . ... ,

Europe who suffered their fate before cigarette time to the early ye.rs of this century when it>

smoking began (in early 20th century). There is was a much rarer disease than it is now. It is-
. ,

? - ,'y independent evidence against a smoking-radon therefore possible to establish that a linear
. . .P , - 17, synergi:m from the studies of the Japanese dor: etTect relationship normalized to the high
.e m C A-bomb survisors: the di$rence in lung cancer dose dat: a Japanese A bomb sursisors and

' rates between those with scry low and sery radiatier. incrapy patients requires that essen-'

~ _' ' ' ~

high esposure is the same for smokers and tia!!y all of the leukemia observed among
- ~~ non. smokers although the percentage increase 20-35-yr-old British females in the 1911-20

is only 40*; for smokers vs 200*; for non- time period was due to natural ensironmental
smokers. If there were a sy nergism, the percent- y-ray espc.,ure (CoS0). This is esidence that the": *

age increase should be about the same for the linear hypothesis does not under-estimate-27 . '"

two groups. It may also be noted that the effects of radiation !:sels in the 2-3 rem range.
male female ratio of excess lung cancer from
radiation was about unity, whereas that ratio (E) latent period increases with Jcc casing Jose^; . ,
in tre general popclation was about 3. due to An entirely separate reason for beliesing that:, ," -s

heasier smoking by males. If there were a the linear hypothesis is consersatise derises. , , ,

strong synergism. these ratios should be .he from esidence that the latent period for radio--

same, carcinogenesis. the delay between radiation es-'
<

.
,

; Another basic assumption in the high level posure and deselopment of cancer symptoms.

'

vs low-level radon comparison was that the increases as radiation dose decreases. There is* ''
'

percentage of lung cancers that are SCU eell esidener for this from many animal esperi--
''

type does not decrease with decreasing dose. ments (Up64: Hu67: Bu6S: Do69: Hu69: Sh69: .

The esidence for this is that among the urani- SiTO). An esample is shown in Fig. 9 for injec-

.
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. .

. g, . .. .
.

: i mrw nmrset nmc sinc. u tin.2 : :,,
-2: q I j | mmtutus taoorermitt> tmcrs- .

' . . . '. $.
,E,,

3"..,., ... n s ., The news media hase recently gnen heavyN- ' ' h [....

. ' ' ~
''. . d. . 3 publietty to seseral reports from di:Terent'

+ '."n....,.
sf ., N N .

soura:s purportmg to indicate that the linear.. s s ..

,
, , . " . *

..

g , .?D, 1 hypothesis possi) under estimates health. y P.V ;f'r> .?

.. r.,.r% D,,*- f) . . . . ." ' . , n.o . i l, etTects of low.lesel radiation. We here consider- '

s,,r* .g ; E n e ,, these reports, treating each in a separate:. e . s. - .a .

- r.
. .

, _
section.: W .g,;- - . f ,. . .

..g'.,' c ,.,,' ,( #0' G' 4' #0* iO'
,

*

' Dese i ass (A) Mancuso-Stenart-Kneale (MSK) studies of
7.^ v.%; |42, Ct-T '. ). W . HanforJ uorLers'- :..

pc. 9 Surshal time for beagfe dogs who doeloped p'obably the best known report of the !)pe
* ; . y .* .f '.g

*

r..

bone cancer from injections of sarious : emntmg under di<.cussion is a study of the etTects of. y" ' ,.g , radioactne isotepes (Do69) vs dose to their bone at i .

3 ..

E P* N.[. ' sr before death. Note that 2"Pu and "Th are much 00cupattonal radiation esposure to workers at
*.-

'

-

r.Q.. .G-4 '!%.'." *more er eethe than *Ra because the former concen. the Hanford Laboratory (near Richland. WA)T

** " j,)'p@* g?* Q ' '
trate e g the bone surfaces. These JaTerences are taken by 51ancuso et al. @lan77), uhkh we refer to. . . , mto account in comerting rad to rem. hereafter as 51SK. It is based essentially on the. ' ' ' ,.yz. .,

' %;'m 3500 male deaths from the work force of~

' y. t's 1.c,T/"h. 25.000, searching for correlations between

M.,'.2.}. tions of radioactisity into beagle dogs (Do69); causes of death as obtained from death certifi.
' . - T h,'*S;x . i each point reprewnts the aserage time delay cates and radiation esposures as tecorded by

.

.. * > .,,, .e i., [: f ' ' for a number of dogs, all of whom died of bone film badges. 51SK found that those who died
,

.

i.q:cW'j '5 ' cancer. Dogs not i:ijectsd (controls) had a post of cancer had slightly higher radiation doses

n. L,,p .ir'~ .F M |il injection sursival of II.3 )r. so we may infer than those who died of other causes--2.1 vs
,

-- ._ _d ef.' 2 2 .31. from Fig. 9 that doses sery much below 1.6 tad. and that those who receised more radi.

N 5: $ ". * ;' , ,100 rad to the bone would be totally inefTectise. ation more frequently had cancer as their cause
'

['[' M ,h...;,'y ry There is esidence on this e:Tect from human of death. .}'ote that these statements do not
*

- ; ... eJ clk ".N "i data for the goup of German ankylosing spon. necessarily imply that those who receised more

. . , "1 ;0 - ft.,/ .11.?['s. i dslitis patients injected with 2 'Ra Otav73at radiation had a larger probability of dying of
/., hf.t 7: f$r skin cancer in la anese radiologic:.1 cancer. In fact that is not the case, at least'i ,;. ':

. /./. M .. .. . . !workers (Ki73t and for the U.S. radium dial
-

'

s

painters (EA Data for the last. named youp sep
*

,. * *',

.$. d I are gisen in Fig.10 which shows the time delay ~. 3 '%.**..I ,. ,,
''

-63,,

i n d, , ,. N, -. A ,'-
*

, , ' . " . .'. 3 , [* S ss dose for each ease: since there is no aserag. ; i , g
'

.
..

.. f! T- mg. there are wide fluctuations. but when it is . 4-

* * * *
*

.- recognized that the data are cut olT b.v time
.'p

/
.*.. .. . ,,

! imitations on the stud) at an ordinate value of"'~
. .

-.bN, , g. ,'d4[P . 'ef the data are as shown by the line sloping

,, .. jabout 55 r. it is reasonably clear that the trend j s -
*

3 ,

1' '
.' -*'- ~

- .

''S'' upward to the left. j 2 * * * * 20 'O'

*

.
n., 7 4 ' ' 7 '. .?,| If the latent period increa<cs with decreasing Ocse 'e hae a io' Sem

..
" *

. .e '. W . a c * dose. at a rate esen remotels approaching
~ Fig. to Time between Erst radiation exposure and

.

'. c W' J ,, '" /.' ,r
3J

4 i . .
Fig. 9 and 10. at low doses dew!cpment of tumor for . d. . dual radiumthose . dicated m.' - m ir. m.

4 ,t . . ( .,. .Y; J this latent period will far exceed the norma! fife painters (EA Line shows aserage trend in- data
<

-
- - ,

span so there will be no cancers caused by low cenddaring that the ordinate is ekthely eut c.T at,,. u .'
fesel radiation.

'

about 55 r by the length of the fo!!cw.up.3'
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668 THE CANCER RISK FROM 1.OW-LEV 8'!. R ADIAT!ON

within the Statistical accuracy of the available wide sariety of sources iOJ7: GJS: N! ark 7S;'

data (GJS): the age-adjusted cancer mortality Brod78: Sa78: Sa7Fa: Ki78: Re78a; Rc75b:,

. ' ' . . . rates per yr per thouund white males aged Pa78; An78: NR76: NR78: Rub 7S: Hu79:
25-70 were 1.7 : 0.4 for 0-2 rem exposure. Ta79: Co78: 51o78: Ge75: Sp09: GJ9:....

-

2.1 :- 0.8 for 2-5 rem, and 1.4 : 0.6 for CoS0a). We attempt here to summa <ize it only
'

>$ rem. as compared to 2.1 for the total U.S. brierly. There has been widespread crit:cism of
- -

,; population ( denotes 95%, confidence limits). the statistical methodology and handling of
v ,, There are some tricky aspects in considering data; to cite one example, for multiple mye.
~ Y./ only those who hase died in that no consider- loma there were 8 cases U ong men with.g ation is gisen to the great majority of those <1 rem oposure and 3 cases with about.

.c w expowd since they are still alise. N1oreover, a 30 rem. and this was treated. using aseraging..

G::'y ~.7 higher proportion dying of cancer can mean as equivalent to 1I cases with S rem each. This
,' ''N-

either a higher probability of cancer death or a prc ydure, plus some non standard disease
'y lower probability of dying from other causes. grouping " bone marrow" cancer, w hich-

'

. ]l .
NISK break their data down in various ways, includes multiple myeloma, is not a standard

-;
. ,

and when this is done they obviously find some classification-led to the estimate in Table 2 of..
,

G . ages, some employment periods, some time 9.7 radiation induced deaths due to bone mar.
' 6.i>9 i,P interval between exposure and death, etc. row cancer whereas the 3 myeloma sictims"' My which give larger results than average. This es. were the only ones with appreciable exposure'

pecially applies to types of cancer: for example, (An73).~., : .

they find large excesses for cancer of the bone There was no consideration given to the
. . ; marrow (22 observed vs 13.4 expected). pan. " healthy worker" effect (GCS)-the fact that.? creas (49 obs. vs 37.3 etp.). and lung (192 obs, the Hanford workers had steady jobs means' )3.'

.

*

vs 144 esp.): they gise no fqrther consideration that they had less chronic disease than aserage,_

6V-.3 '' ; to types where results are in the opposite direc. which would result in their d ing !:ss fre-.

3
- tion. as for lymphatic leukemia (3 obs. vs 9.4 quently from some other causes and henceif , , ,, ' exp.). other RES neoplasms ($ obs. vs 20.3 exp.), relatisely more frequently from cancer. NISK

-7F. '.( and eenito. urinary cancers (15 obs. vs used 1960 national statistics for comparisons.-W y@, 30.9 exp4 although most of tae worker deaths occurred
$.f.s.5: Since the difference in radiation dose clo<.er to 1970: since lung cancer was increasing

M *d'w ' between cancer and non cancer deaths is so rapidly oser that period, this error alone
'i; small and they esplain the entire effect by these esplains their entire lung cancer ef' : (Hu791

small dif'erences they natural!y find sery small NISK paid no attention to the fact that dese
-

" doubling doses". Some of these are listed in correlates with many other factors such as; f.b
-

". Table 2. in which we ine!ude also the results of years of sersice, job t3pe and socioeconomic
'Sp3 their later resision (Kn7S). class, and these in turn correlate with ex.

} The 51SK work has drawn criticism from a posures to other carcinogens and to general
..

#4wg

TaNe 2. Rewits of study of Haford orLers hr sisaso et al. Tame isf*m sRe78b)
- : .,

, .

Lrnber of cases Dm.S!ing dose (radi,' . Canc.:r 13rie Total Due to rad ama77) iKn7S).

-

Bonc marrow id 97 08 36.\, Par cess 31 6.0 7.4 15 6,
'

Lung 1.'O 12.6 6.! 13.7*i-
-

All RES 47 !!.! 15 -

Ut cancer 442 25 8 112 333 -

|

|
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. !

, fr *< relates with radiation dose uch as esposure toi

- ' ~~/ - I chemical caremogens.'

$* y .~ * " One way of decidmg whether radiation is thed<

^

.,f

| causatise agent is to check for eudence of these--J.' h i
' ' { s|-y|-@ re)

,, .'

i diseases among other goups espo<ed to radi.<

N 3. .C i i
| ation. Data on cancer of the pancreas amonce

'~' '

"', * h
r' D2 col*

Japanese A bomb sursisors are shown in Fic.11-

,]
'

I ] .--_' along with the smgle data peint from the l'ian.r

! Q -- [ r{ { ford workers [taken from iGi?S)]. and the pre-
*

-'
,~ ,

* *
{ g diction from the %1SK doubling dose (CoS0a).

'

...
'

? ,' ' It is clear that the A!SK conclusion is grossly'
.

+ , .3 j .co zoo sco eco too
inconsistent with the A-bomb sursisor data.' [* ' . ' 0*"""'

The Japanese A bomb survisor data on mul-.
. . . ,

'.* ' , , Frc. Il Nf erta!ity trom cancer of the pancreas among tiple myeloma (Ni73)are much more sparse---!. ~ " .-

. , .. , Japanese A. bomb sursisers iblack c:rc!es), ameng cases ss 1.9 espected up to 19M-- but doub-.

-- s, ' i [ IIanf0rd workers (Ga73. open squaret and acccrdmg ling dose is of the order of 100 rad which is 30
. Cp 1 to NISK (Jashed linet pomt labe!Ied (>:00) rep..-, ,.

resents the aserage of all data abose 200 rad. From times the NISk, doubim.g dose for bone mar-' '"*

. < iT'N j |.
~'

(CoS0bk row cancers. The rate derised for the A bomb.
.

'

- '; ,~ E' '; '.i"'''. survisors was 3 x 10-* cases man-rem. In
'

studies of patients expoced in thorotrast treat-* '[*N . ments, the rate was only 025 x 10-* cases /
'

.

M. _"^ N mortality from caner; for example. technicians man rem and among the German patients
,q.-, '. y, j

, were expo <ed to much more radiation than treated for ankylosia ; spondylitis with 2"Ra.
. , . . _ , * * otTice workers, and they were also exposed to there were 54 bone cancers but no cases of

"
.

.,

' Q.". far more chemical carcinogens. Several of the multiple myeloma which corresponds to less
a'

'
- . - y ' [. critics cited abose pointed to lack of ir creased than 0.04 x 10-6 cases / man rem -(Niay796)..

, , , - M' J '.',-y . leukemia incidence as a strong point against Castleman searched the . tray exposure history
. , ... : . ' , .4. . *. A the salidity of the study. It was neser made of multiple myeloma patients, and found no

- '

,

.! ;i Af.. '|.-| - scry c! car what N!SK meant by " doubling correlations (Ca79)..

4 0 : g} ,-' . gound radiation. and in fact the derisation of
dose" as regards the role of natural back-~4' '~

l ,'

doubling doses below total background ex-a ' . ,

;,'

posure has a ring of unreality. ?.| .

'

<
. a

At least two mdependent analyses were = ' u s, ;y .s..., , ,

' '' ' [- : #-' ?.
_'

<f? made of the Hanford worker data used by-

-?.. ' . ..

.I i "'f,- NISK (Gi78: !!u79k and the cone:usions of . , ;each were that the only results worthy of con- 2 *
g 4

*

j7
,

sideration were those for cancer of th pan- i

- . , . g d '" creas and multip!e myeloma. For the for mer_

j ,,|j
*

; .'
- there were 5 cases with exposures abose 10rd =

1
s s 1.4 espected, and for the latter there were 3 g,. ,

*-
i

'

f,J ,. .
ea<es ss 0.4 espected (IluT9); for exposures '00 230 2:0 '0 N. 4 -4

abose 15 rem there were 3 cases vs 1.0 espected 005* t'ad)
"; . ,

. -s - for the former and 2 cases ss 0.4 expected for
-.

- the latter (Gi.St These results are clearly not
Fic. l_, N!orta!ity from all cancers escept !eulemia.,

-
, ~

esplainable as statistical iluctuations, although 515K (dashed imet Pomt labe!'ed (> 2001 represents
yamong 373,,ese obomb survisort and ae:ord;ng to'

.
-

they cou!J easily be due to a factor which cor- the aserage of au data cose :norad. From (Co30at
,

e
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Mo Tile COCER RISK FRLm LOW-LEVEL R \DI ATION*

B) sery complicated and yaotionable pro- :!v *:s that if there had been no car!) deaths
cedures. NISK derised a douNing dose for all from injuries and trauma in the original bomb-
cancers as 12.2 rad (Stan77L later resised to ing episodes, the cancer deaths from radiation
U.7 rad (Kn?3k The latter is shown in Fig.12 would base been 5 times higher.
along with the data from the Japanese A. bomb It is interesting to point cut that the Rotblat
sursisors for all cancers escept leukemia etTect should be scry much !arger for the high
(Be77). Cicarly there is an enormous discrep- dcse cases than for the low dose cases, since
ancy here, by about a factor of 20 in doubling the former were c!cse to pound zero .shite the
dose. It should be noted that NISK make no latter were far away and thus much less likely
e: Tort to compare their results with those for to be directly injured by the blast, heat and
the Japanese A-bomb sursisors or with any of other effects of the bomb (Cof9). Thus, if-

the other poups with high radiation exposure. Rotblat is correct the data on the right side of
The reaction to SISK of the prestigious Fig.12 would be mosed up by an order of

' national and internationa: poups charged with magnitude white the low dese data would be

.

esaluating health cifects of radiation has been little a:Tected. This would give a eune scry
cool The minutes of the Stockholm meeting of much concase upward. In any case, the efects

' ICRP states "the Commission has concluded erlow doses would not be rnuch changed.
that the information asailable up to Ntay 1978 The Rotblat thesis has not been accepted by :'

-

8

g- does not call for changes in the risk factor the prestigious evaluation goups, and there
gisen in ICRP Publication 26" De latter was has been little indication of signincant accept-.-

published in January 1977 and SISK was pub- ance by the scientific community.
. _

lished in Nosember 1977. They made no men-
'

tion of NtSK.'
*

The UKNRPB (Re7Sb) report'on SISK con- (C) Najarian Studies of workrs et Pcrtsmouth
, :,

'L
^

cludes: "Despite the claims of the authors, a Nary Yard''

. wide body of esperts age: that there is no Thome Najarian, a physician practicing in

I- - esideace in the Hanford data to support the Boston, got the impression from dis;ussions
su;gestion that ICRP [26] salues do seriously with patients, that there might be an excess of<

- 3.4 underestimate the risk." feukemia among workers at the Portsmouth
'I The National Academy of Sciences BEIR (NH) Naval shipyard where nuc!:ar ships are

Committee 1979 report has not yet appeared, seniced, and suspected that it might be due to
but in e aress ccnference it was stated that it their occupational radiatien exposur- With

,

found "no substanc? in the 51SK work. the help of a team of reporters frem the Boston
Globe, he searched through 90.CCO death cer-

-

(B) MMat comnynts on A homb sartiror data tincates and found 1700 fermer Portsmouth
..

Rotblat has po:nted out that the sunisors of workers. Of these. 22 died of feukemia as com-
the A-bomb attacks on Japan at: 1 select pared with only 5 espected. according to the
poup in that they sunised the injuries and February 1978 story in the Boston Globe;

i ; trauma of he attack (Ro78ak lie points out according to a more sciena5c account pub-
that for some types of cancer. esidence from !ished in Lancer (Na7St there were f.tf0

; medical patients treated with radiation indi- workers identined, and amen; these there were
cates higher risks, and esplains the diference 20 leukemias ss 10.3 espected. The latter' <

as due to the fact that the A bomb sunhors number is subject to censiderable sariatien-
'

'-/ are such a 50!ect poup. He does not seem to depending on the control goup chosen, as-

consider the fact that the medical patients are explained in section ! abose.
also a seiect goup in that they are a: ready A; distributien is also a sensitise parameter
>uiring frem another 5,:rious disease. He con. (L27S1 as the leukemia rare increas.:s rapidly

.
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-(.? with increamg ace -the awrage age of Ports- areas of your study, and the National Cancer:
* .. ' ' ' f /-f , mouth workers is clearly abose the aveage age Institute has repudiated the third"(We79).

,, . .v of all males which ine!ades children. It was not
', C . ';i explained how the expected" number was de. IDI Bross re analysis of Tri-State Study,

fr.c , .'q;|,ri rised. It is also well known that rates for Bross and collabciators (Bros 79) reported a
". 7, ,' _ . [U'. , various cancer types show strong occupational re-analysis of the well known "Tri State Study'

I *N " correlations; in a study in Washington State carried out in NY, Af D and NIN in 19.9-62.
-

[[l (Sli76), poultrymen were found to hase over (Gr66k They emphasize that d(erent people,
a.,

*J ' i" , gr @9 - double the aserage leukemia rate, and such respond to radiation in diderent ways. andu

~ . , !-1 diverse groups as dairymen, bankers and bus attempt to take this into .secount by consider-
'ci " y '' drivers also seemed to suffer far above average ing 5 different categories of people-this mul-'

.,

"[cp' /[. ;.J,[h;7. '
. Ieukemia rates. tipl:es the number of parameters available for' , . M. , * J .- '

.

$ Najarian attempted to separate out radiation adjustment by 5. They then consider the triple..

' ef, U . workers by asking their close relatius whether correlation between number of X rays received.
,,I. . g f rf. ( [ (, they remembered them wearing Elm badges, a cancer and heart disease. They treat the prob-

. J,, ' - P.j/y. somewhat marginal methodology. He thereby tem with what they call a new statistical meth-.

| if'. identified 146 radiation worker deaths among odology, which they explain only cursorily.

M.Y 3Q'@J2,.i
- .

:f@c which there were 6 leukemias vs 1.1 expected. They finally conclude that the linear hypothesis
5'f; 7/0 4W. At this stage, data finally became availabic under-estimates the efects of low-lesel radi-

:- s. M .? h [ P.* M<.a ( N ','

on doses tr.easured with fi'm badges, and it ation by an order ormagnitude.
.#-r...e? . ; turned out that only 3 of the 6 radiation immediately fo!!owing the Bross article in

,,: .4| . T., - worker leukem;a victims had any radiation ex- American Journal of Public Health, there was a

' ''f)2 .. , : ;4; c' j. g 5. - N[, posure, and the aserage exposure for the ;;oup scathing critique of it by Boice and Land'
-

,3.;. was 1.3 rem. This raises it;e question of the role (8o79) of National Cancer Institute. It is ironic

( S. M* I Q'f ]
i''fyQ 'S of natural and medical X-ray radiation, which that the New York Times published a long-

- N .. . M exposed the average worker to about 10 rem by article on the Bross paper (NY79) but made,

- .f '. c .7, e||.1 .;.9,
,

the time of his death. How is it possible that no mention whatsoever of the Boice-Land-

. ..-a /' :. .e s. 10 rem causes at most 1.1 feukemias, whereas critique.

Q.j',g" %
-

.+, gr*r, A . an extra 1.3 rem to make the total ll.3 rem Boice and Land questioned the Bross stat.
N q . w ' f. ..a. 22 causes 6 feukemias? No imaginable dose-efect istical methodology and method of choosingf

. ,. ,;.4 ,'. .
.n

. .fe. d relationship could esplain such a situation, es. parameters (the latter seems to be highly arbi.
-

f. -:6
.

'

. pecially in siew of the variability of natural traryk They note that there are clearly too
* - ,N' radiation with geography snich is not corre. many parameters for the individual salues of

-

.; .| G , ~. , ]p,*.~e .lated with rukemia rates. each to hase statistical significance. They poir.t.

''

f f'-im .' <.y[.M. ,
J." i'.( - ;: It may be no:ed that there are many chemi. out that there is a great deal of indepenJent.,

cal carcinogens in a shipyard ensironment. esidence that radiation does nor cause heart.

'' ' '

including benzene and other organic sobents, disease. for example. among the Japanese
'- ...,!.~d welding debris and asbestos. A-bomb sursivors there is no more heart dis..

's A N' .'5, M.g -| 3. ' ' '
On 19 June 1979. Najarian, appearmg before case among those exposed to >:00 rad than,. 's.

Sen. Edward Kennedy's subcommittee, among those with less than I rad exposure.
~

...j. withdrew most of his claims, and those not They point out many prob! ems in the data
'

.4;'
,.[( withdrawn were heasily criticized in other tes. co!!cction process: X. rays may base been gisen

.
,

.~ r . c . s j .- ~

. . ' :N'{..
. timony. As reported in the Boston Globe for a pre-feukemic disease-half of all X rays

/.i.d. . . . ''NY Iwhich first promoted Najarian's work, a highly were made within the 5 yr presious to deselop.
! "

agitated Sen. Kennedy chided Najarian with "I ment of leukemia; most information was. h:' - ' ; i p' .' don't think we ought to be alarming families cbtained from interviews with relatises, a
.

.

.

'

~3 I unduly. .we hase seen you repudiate two ;enerally unreliable source, with a strong tend-. .),.
- -

:
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Tile CutlR RISK l RONI LOW. LEVEL RADIATION
.

- v:
... '

out (before and after thos datest Where a per-
~

ency to lon for causes; there may well hase son's pre.!eukemia years were partial!) Jurine
been a tendency Icr intersiewers to probe low fallout and partia!!y during high fallout

.
4

harder for radiation information on those
who ., Sey knew to be leukemia sictims than time periods, the responsibility for the leuke-

' on controls;and the dosimetry was scry crude. mis was disided proportionately between the
two. Their results on childhood leukemia mor-They also point out that the Bross analysis

,
. . considers only 206 of the 399 cases in the Tri- tality rates are shown in Table 3(at

Tnere appears to be a large e.scess in the
-

State Study, and gives no explanation for not high fallout areas attributable to the high (211F
considering the others. out time period which is not reflected in the

*
'.

The National Academy of Sciences BEIR data for the low fallout areas or for the total
,

*

:
Committee Report considered ine Bross paper U.S. If the earlier and later time periods are
and reported in a press conference that it found the situa' ion in the

_-_ *

no substance" in the work.
assumed to represent,.

The 1979 paper by Bross and co!!aborators absence of faliout, this escess consists of 32"Jr
is the culmination of a series of previous papers cases vs 13.1 espected.. . . . . .

j.. On the other hand, it should b: noted that
' , y .d s , re-analyzing the Tri State Study (Gi6S; Bros 72; the statistical uncertainty is rather high. |

7 ' M'- Bros 77) The esolution of these, as well as a enough so that esen under the assumptions
preliminary scrsion of the 1979 paper, were used there is a few percent chance that the-- e ey
heasily critiqued by Rothman (Ro7Sb) in

.) - which he emphasized that the whole approach entire effect is simply a statistical t!uctuation.
'-

.

Storcoser, the etTect is not so much an escess
;. , ,,. . was highly unscientific. Details of the Bross eser the U.S. aserage during the high fallout

3, .,

, . . . r. 1972 paper were critiqued by Niachlahon-

time period as it is a deficiency relatise to the
MQ Slac72) and by 51 ole (51074), U.S. aserage before and after the high fallout
C.r sr.
j;||[' (E) Lyon paper on excess childhood !cidemia time period.

,

it is. interesting to include data for other
Jou ncindfrbm .WiadaTest Sire- -

-

childhood cancers as gisen in Table 3(b). NoteW, '-

,M T /,. Lyon et al. (Ly79) reported an analysis of . hat there was a sharp drop in the rate during
mortality from childhood (age 0-14) leukemia

,/. . in l'tah, in which they disided the state into the high fal!out time period as compared with
~ r '-

'

the before-after aserage. Land has pointed out. c y.V
areas of high fallout and low fallout from the (La79a) that this drop has about the same stat..'

, ' 6' Nesada Test Site, and also considered time istical significance as the increase for leukemia.
periods of high fallout (1951-fS) and low fall.

. . . .,
;

. ;;.- |-
,

Table 3 tat Clu!Jh.wJ I.ukemua merrainty rares m hyhfa!!aar and !am **1!!aar areas of
Ur k and m the l' S Fy:.rcs are rares per 10' populatu.m. .:nJ : mJwares $ D

194&50 1951-55 t959-75
Area-

e

* ' Rgh faMout 2.1 : 1.56 4.39 : I.58 f.96 123.

l.ow fallout 354 e I.14 42: : 0.70 3 23 = 044

Total t ' i 32 3.5 3.3..
'

.y . - . i
.

T.<ble kht CrutJiwd s.m ces ..ther th.m teuL.-mra gwe s arts at[,e T ble ? tan. r 4 >:. . <
'. . -< . 'p , .

'

i 1944-5o 1951-!8 1939-75

j
- 1 Area'

|
Rg5 fallout 636 : 272 ) 07 1.37 3 0$ : 1 e0 ,

t.o. fa;;out 45: e 125 4 3310 e3 M9 : 062

.
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.

The Lyon paper actually has little direct in ans ase it seems clear that the Smoky
.,

2 bearing on the question of etTects of low lesel Test e- .ence sheds no light on the do c..

radiation since d.ere are no data asailable on efTect ationship for low-lesel radiation. al.
,

doses. Howeser, the Utah situation has often though a liiage has frequently been implied"" '

,

'
,

,- been cited as esidence for increased danger in press reports.,

from low !esel radiation. and the Lyon paper is'

. . . < ..

the only one in the scientinc literature on thu (W ReportcJ excess !<:demia due to mill raifings-
,.

,' subject. There has been widespread publicity in Crand lunction. CO
, , ,

about esidence for increased adult leukemia in The ABC-TV -20-20" program has more
'. , :; ,,, .. . , , ,

Southern Utah (PBS79) due to fallout. but than once presented the viewpoint that low-
. ., ,.

1 , ,;. _ none of it seems to be of a quality worthy of level radiation is much more dangerous than it. '' '|, scienti6c consideration. is generally beliesed to be, with heavy'

[4 Mi emphasis on a report that leukemia rates are
:. / double what is expected in Grand Junction..

~

r_;., ., [ , (F) SmoAy Test CO (Cu78) where uranium cre. processing mill;
' .- ' In 1957,3:00 soldiers participated in a tacti- tailings were used in construction. The

f, , c1 cal warfare esercise in which they occupied an " expected'* rate is the Colorado state average,a,
,

e p. , area in which a nuc! ear bomb had been deto- and the result is based on 41 cas s vs 20.1
, ' .p- nated shortly before. Deir radiation exposure expected in Mesa County (which includes~

,, f as obtained from film badges aseraged about Grand Junction) between 1970 and 1976.: -

[ ' [ '< 1 rem. It is widely beliesed that most leukemias are
$-f A group of these men was recently studied. due to ensironmental factors, since, for

Q *, | ~. | and there were found to hase been 8 leukemias example, the U.S. mortality rate from that dis-*

~ .S , c. . .
'#<

among them. The nunher of cases espected is case has increased by a factor of nse oser the-

l' ' J.3
'

poorly known because this is highly sensitise last half century, and the rates in different
.V.* to their age distribution which cannot be states vary by as much as 30% (with negligible

|,. c g 4 ..'," l ,' reconstructed because records were lost in a statistical uncertainty). It thus seems reason-
,

. Q4. y Sie in St. Louis. If their aserage age was 22, able to conclude that there may be a leukemo-. g. . . .
a y ,;4 only 1.8 cases would hase been expected. by genic agent in the Mesa County emironment.

e j ;;; .[.;.4. , j ' now, but if their aserage age was 35, there nis, of course, does not imply that it is radi.
would be 5 cases expected (Lap 79). ation.

~
,'. ,

If the facts as outlined were correct and there A case. control study was arried out (Cu?S)
-/.~~

were S caws s s roughly 3 expected. one is faced in which it was found that there was no signin-
.

U . 7- Of . y with the idea that natural plus medical ex- cant ditTerence between the leukemia vietims ;

,

posures of 10 rem (plus all other causes of leuk. and the control groups as regards exposure to. ,y ".g. -.

.~ .-o J cmia) caused 3 cases whne I rem additional tailings. This would seem to indicate that ex-:

cat.ed 5 cases. No reasonable person could posure to tailings is not the responsible factor._

'

.
belic,e in such a dosc-eneet relationship, es- Further evidence for this is that the principal

.

~?( pecially in slew of the low leukemia rates in expected radiation effect from mill tailings is,,;-
' "' states with high natural background. If the lung cancer (due to radon emissionsk and there- . - - -

'" ,
' ' estra leukemias were indeed caused by radi. was no evidence for an increased iesel of lung

'
,'

-A' ation, there must have been an error in desi. cancer in Mesa County (Cu781'

t'

V metry. It has been suggested that the soldiers Even after all of these facts became known.'J+

'. ? ; ",T , ,f. ',
intohed may hase inhaled cr ingested radioac- the ABC 'IV "20-20" pregram referred to them',
tisity; this would not afect 61m badge read- as "inconc!usise' and repeated their assessment"

. . . -.

ings, so their doses may h.v.e been much that mill tailings are causing large numbers of ,

'., higher. leukemias in Grand Junction.'
~ '

~

I
>
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THE CANCER RISK FROM LOW-LEVEL RADIAT!ON'p
..

has been accepted by any of the prestigious
.,

* - (11) Etccss lung wccr near Rocky Flats, CO evaluatien cemmittees such as BEIR. ICRP.The ABC-TV "20-20" program also featured

.'
evidence for increased cancer rates in feirson etc. The publicity ghen to them by the news- '

-

media thus seems to be completely unwar-
'

, County, CO in which the Rocky Flats pluto-
tanted.n ,. . -

. nium processing plant is situated, lioweser,
,

. . . - these charges do not seem to be .erified by theL
statistics (La79). De total cancer mortality rate a tsTisiirios or trrtcTs or

LOW-LD EL R sDt 4 Tion'( ('- in JetTerson County is just equal to the Color. We base reviewed a great deal of evidence.O
ado State aserage which is somewhat below indicating that the linear hypothesis gises a

-

/ Cs '
the U.S. aserage. Since the principal expected consersative estimate of the erfects of low-lesel,

".f', effect of plutonium in the ensironment 4 Sing radiation. This leases us with the problem of
,

w ofp' cancer, statistics on that disease are t

estiman.ig risks per unit radiatica dose for useg
interest here: before the Rocky Flats plant was with the linear hypothesis. As ndicated pre-i~

r-

buih, the lung cancer rate in JetTerson County siously. this is done by analysing eriects ofM,'
was slightly greater than the U.S. aserage, but hyh-level radiation situations. From these

, ,y, gg; in recent years it has been significantly below mlyses, one derives the number of fatalitiesy
the U.S. aserage. No information supporting per yr per tem of exposure, liowever, in the

'

,yW
the charges of increased cancer near Rocky process of conserting these numbers to a lik-. Ji u f. . ... Flats has appeared in the scientific literature. time risk. there are sescral complications:, . -

- ;. .

(1) Sununary on 'new ecidence'
. a_? . None of the "new esidence" purporting to (i; Luent period

!

The mortality rates from leukemia and from
linear * h pothesis under- all other cancers among the Japanese A-bomb

..
indicate that the 3.' r@ estimates effects oflow-lesel radiation seems to survivors are shown vs time in Fig.13. We see

;--. ,
< i ;.;,,,, stand up under scientific scrutiny. None of it that for the solid tumors the rate was relatisely

I
' |,_

c,.' #,;.~~

T after the esposure, andlow until 1960, 15 3;1~-,; , N'' d ' then suddenly jumped to a much higher fesel.io .

vv.c."%n
aCy; 'W.; Th. .is imph.es that there is a long latent period.'..;,m.

" " -. . . ': during which cancers deselop without present-
;

;+l ;' ing symptoms.This must be taken into account
8 -

, . . . .
;(-( '

; ;
in any anal) sis. In many of the high radiation

a -
j incidents, as with miners exposed to radon oru.....*

.7. :+ radium dial painters exposed to internally de-, " '

' * _ra g p e-
posited radioactivity, the exposure takes place'

' 5*- 7
: over a sery long time period, which g eatly

] | complic tes the analysis.;
2 - (. 7.7). . _ . . (2) Duration of risk

, ,
. .

y Once the latent peried is past and the risk- *

| } ' .65 approaches its full salue, one must estimateo 75
.

55
'. . 145

how long this risk will persist. 3.ere is reason.' . ' m,
;~ able esidene: for leukemia in Fig.13 that the'

Fic.13. Variation of death rates from feukemia and,M from all ether cancers with time for hpar.ese A-bemb risk falls otT with time and becomes much 1:ss..

sietims Es;osure was in 1945. and data bepn m after about 25 3T. For other cancers. howeser,
-

1950. Ordinate is mortality rate;t0* rad. and error there is little direct esidence on :his question..

bars indicate 90*. confidence hmits. From There is a general impression that it lasts about
tUNSCEAR M
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Cam of all < em e s hur !.:demua .w,renns b,tw< < n Iwn and IVn n na~~ ST.*y. T%4 r
_

'M ' ).mn. se 44mh surrnors of ea wus aars at tems* of espusure. Data u s from |N AS*:)
.

.
s --Q. . ,.

'
. .. . r r

..

*

* ' ' , - . . .,.,,w'., Approun. ater

~
.5 Age en namber of Aserage Cases Cases % = bert.''r
'

. .3
! .' '- ;>. .) 3. h%

- 4 1945 sub;cets dow f arm) obwrsed espected 10*. rem-yr

, . .->

)
'

;.e... .,,.9., 0-9 5000 1ti 6 il 0.75
. , , g: y2 10-19 5500 157 25 16.9 0 72. * g' .-r * ,

- - .* * ' S*yo pc," 20-34 5500 134 85 63.9 3.1

. | f ;, c , 35-49 5300 t22 286 251 5.4
*

u n.

'. 7 M 7p 3' c 50 + 2500 106 :21 210 5.3*

** .. ~ -... .

. . c .M.;.i'. ; sJ.?.

'' . .; u.'.w; ', ; .%
' :

''''; ', ; 30)T. and this is often used in calculations. In a reasonab!e de; ee of consistency among the.-

]''j:f-6Qlj? most cases, results would not be very much three estimates. ICRP gises less detail than the_- -

D. f %,' -
difTerent if the risk persists throughout the other two. so more types of cancer are includedj,W; ,L.

, . : d.",. -!, remainder oflife. in the "other" category..',

It may be noted that the " totals'', which rep-<..

r u.f${Q) 'Wi. .,y.. ' There is evidence in Table I that young chil- are not equal to the sum of :he risks to the
(3) Age dependence resent the effect of radiation to the whole body.<. . i

"M; - f. :
.

f.g.g,y dren deselop !eukemia at about double the various organs. Part of the reason for this is>-

"' N.M.'2.n ' adult rate for a gisen esposure. For other that the totals represent a male-female aserage.P

, .{.? DY.i cancers, the situations seems to be reversed as whereu the breast cancer entry applies to'S

. ' " ' .'
UU .T, '. ". indicated by data for the Japanese A-bomb femaies only. When this is corrected for there

. . . I L 4'''b,. ' sunisors in Table 4 where we see that those is still a considerable discrepancy for the ICRP

h< ."bd%h nposed as children esperienced a lower rate and UNSCEAR estimates, but they offer no
g" .j ., T.9.N.,LTi ' by nearly an order of magnitude. On the other explanation fer it. Actu lly they seem to derne.

. . [ 1 K3~Wf hand,it must be recognized that those exposed the totalindependemly from summing the riskse >

h i ef 3;.-i % ',
.

,

..

YA-.
as children nase not yet reached the age range to each organ, and the uncertainties are larges-, ;.>

.

. . . . g. f. g Q. .. . where cancer is an important risk. whereas enough to cover the discrepancies. In any case.
..

:
.. . ' ','y . ,.fQ,e '.q , those exposed as adults are well into that age Table 5 gises the best information ayailable for

W. M 't M .y;a f .L- '
j

unce. Because of this, the ratio of obsened to estimating elTects of low level radiation.- . .-.4 ** 1' -

npected numbers of cancers is actually higher An average radiation-induced cancery

3 W(p j arnong those exposed as children. It is an open shortens the victim's life by about 20yr. so if7.

.' ~
j. ; i m.. pestion as to whether this high ratio or the we adopt the BEIR estimate. I rem reduces hfe

- - '<:. f..7,(,'.f law absolute incidence will persist when those expectancy by ISO x 10-* x 20)r = 1.3 days.-

~ ^ DO.q'~ ,:;5 V nposed as children reach the ace of high nor-
-f 7

. . . . .
'

. m3| cangg7 gigy* we 5. Esnmates ofununuk per 10' nm H 6< dd.nnt~
- -

"3 (* . eratuation coups tNAS*1 ICRP77 UNSCEAR776 Arsks''' *

';,- In treating the problems of latent periods. ,,, m,y,g, , , j g, ,,,,f, 27, m.m.,.,y,j
.

,.

. . 0 7. 7. furation of risk, and age dependence, one can*
-

,,

j. V.3.. . , r 3r adopt models (NAS72) or use piece-meal esti- T3Pe orcancer BEIR IL RP UNSCEAR'

?,' ' ; .'( . u ,. i
. : ,

.

3:3"q mates (USSCEAR77). In either ca<c it would t,3,,.n, ,5 :0 15-:5
.

,
. . ,

.; I . g ;.-c. [dqre- 'e unrealistic to espect any high degree of ac- Lung 39 .20 25-50
1

. ig-t' curacy. .Wreoser. data from di:Terent. high B"m Amatel 90 25 *'"
,5

. in . . 'r . . . Bo 6 5 .-

.

. ;;,:;g g c.j 4 :adiaten dose situations are often mcenststent.
g,,ne., y, 3a _ :3

7 .., , - ? . " ;% 3,. . - s may be seen from Table 1. rh>reid - 5 5-15

. J-1 * \.' M,'-M'2,i ' Newrthe!ess. DEIR. ICRP and UNSCEAR ot.ser 30 30 - 25*

~
,y hase all gisen estimates of age aseraged risks. 7 0,33 iso ico 1:0- - , .

.

,.s
. These are listed in Table 5. We see that there is

*
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THE CWCER RISK FROM LOW LEVEL RADIATION
.

or6
;,,,. .

Tame 6 Deaths trans sarneus causes amort 4 n.rtnors of A bomb attacks on Japan ss ruliano t errusure. Lus:or.as rc was
1950-74 [urrcr kne) and ratso of these to the number <<recicJ m the ahunce .4 rJJat:vn L:ame lutr) 7hc *,na:Js asks e ><rted emcted r.anafor the :s ovcolumn us the churned enrectcJ ratto for the there hyhest Jose groups lusled by_;

.; esposure ,cour. Data are frcen !8ci78
*

. *
Itadiation dose receued tradi

D sease 0 1-9 10-49 50-99 100-199 20rM99 100-399 400+ .% + 0..

" *M Leclerma 31 23 20 7 16 15 12 20 175

0.50 062 0.76 0.96 2.8 5.9 10 3 P3

. l." . Oiher cancers 1556 381 704 202 159 30 :S 38* m
g ^p*

O.97 0.97 1 02 1.03 1.14 1.39 1 05 1.58

'?'
~~; *Ef A!! non cancer 6367 3652 2654 747 513 '02 91 149 09s

74 1.01 1.01 0 99 C.97 0.97 0 95 0 92 1.11

* ...U Cerebrouscular 1891 1080 500 228 159 57 27 35 0 9 *'

1.01 1.01 0.99 0.99 1 03 0 92 0.54 a39

GrcWator) system 1:64 704 534 l*9 98 39 23 24-
og

''

1.01 0.98 0.98 1.17 096 0.97 1 23 0 93
.*

. ', B!ood and t*lood. 40 23 23 7 9 6 3 6 '3,

'

% '. c,t ,. forrning organs a77 0.81 1.05 1.12 2.04 J.19 JJ9 5 44

' 4': T., , Digestise .v. tem 700 353 293 79 $8 27 5 21 1 06
- .

l.02 a97 1.00 0.95 1 01 1.16 d47 1.40

- '. , ' . J. . Other natural 2059 !!58 798 204 140 57 24 49 09'*

1045 1 021 0.94 0.85 0 88 a39 0 Si i 20*

P '.' r causes
" J' Acedents. pmsons. 546 324 195 63 46 12 6 18 0 33

-
..-:,-.'$- uolence 1.03 1.03 0 90 1.04 0.97 0 57 0.64 1.37

Scade 183 1 22 50 22 15 1 0 2 g37
7 1.09 1.18 0.71 1.09 0 91 0 13 0 0 44

d

.c. . .. , 7,. .

.

..is . . '' s
,.

9'.'| [' . . . . ' ' f.
One mrem then reduces life e. pectancy by evidence on leukemia and other cancers. We

..

. .p . ,w
s

,
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