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| CHAPTER 11
l
4

I Poettive Health Effects of Low Level Rediation

| in Human Populations
.

}

} Myree Pa4 cove. United States Nuclear llegulatory Coaunassica,.

j wan.nsion. oc

!
! I

j increased longevity and decreased cancer death rates have been observed

j in ; ;- '-h exposed to high natural background radiauon and reported ;

j for several decades.'" These observauons contradict the radieuon paradigm '

; that all radianoa, including that of natural background, is hanaful in linear
'

proportion to low level dose. Such observances have been consadored by
recognised radiation scientists to be spurious or i=can,anarve because of

*

unrehable public health data or undeternused confoundas factors such as
pollution of air, water and food, smoking, income admemnam, medical care.
;-:; ' *= density, and other eaemaaranoauc vanables. Attempts to enab-

-

lish a thrnehold level below which radianon is not hansful have been
negated by the great difficuky of obtaanang accurate data on large husana
;-:; -'-+== required to demonstrate the absence of very low risks of low-
level radianua predicted by linear extrapoianon of lugh-level radianon
haakh effects. Durtag the poet four years, however, several j ' ' ' -?-

audies have demonstrated that exposure to low or intenaediate levels of
radiation have apparently resulted in positive beakh effects.

Leur Leest Redsnan of Nuclear Shipyard Worteors

A ten-year study by the Johns Hopkins Depenment of Epidennology,
School of Public hem:h and Hygiene, of nuclear stupyard workers was
coactoded recently.' The Techmcal Advisory Paast (TAP), chared by
Arthur C. Upton. advised on the research and revwwed resuks. John
Cameron, a member of the TAP. summanand the study and stated,"This
study is probably the best evidence that low levels of ionizing radiation are
without health hasard."

The results contradict the conclusions )f the BEIR V repor. that small
amounts of radiation have nsk-the linear risk phasis.' The d='aha*
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of almost 700.000 shipyard workers included alsnom 108.000 auclear work-
ers with exposures beginning in the 19 dos until the and of 1981. Three study
groups were selected: 33.352 mon-ouclear workers (NNW),10,462 auclear
workers with a working lifaiane does equivalent (DE) of less than SmSv
(NW,,), and 28,542 auclear workers with a DE greater than or equal to
$mSv (NW,J. E's mSv (0.5res) is appronametely equal to the sea level
background radiaf ra (340 mr/yr) one would receive is i W years. Deaths in
each group worr cassified as due to: all causes, leukemia, lymphatic and
hematopossue cancers (LHC), mesothshoma, and lung cancer. The only
cancer that showed a signifkaatly increened incidence is the exposed groups

as well as the NNW was the rare - "-==y monot =lia=== (36 deaths), at

marker for asbestos exposure that is also associated with tung cancer. The
'

data tre susamartand in Table 11.1.
The nuclear worker groups had a lower desti. cae from all causes, locke-

mia, and LHC than the non-nuclear workers. These apparently beneficial
effects of low does irradiation are consistent with the increased Ic@y
and 15eb lower mortality and cancer death reses geen ja the sessa wegJa
sames with high assural background radian == averaging about imGy per
year above that of the other states."8.'

The non-nuclear workers' death rases exactly musclied those of the exter-
nal non-shipyard anatched control ;-u ' *+ This dennoastrates absence |

of the external bankhy worker effect ascri,ed M adequate income, better |
haakh care, and the presence of haakh sufficient to agow ========at of a
reinable work schedule There remmas the questice of an internal hoekhy
worker effect resuhtag frosi toe possible selecnoa of more active indmd- |

uals to be nuclear workers. The NW., group with the greater exposure had
'

a death rate frei all causes of 0.76 the sta wierdised amortalky rate (S84R), i

Tette 11.1. tesessi Blesse of Las Lausi Asemaan be Shepped tumaam

commeen
Onom W ,s W es E

AS Causes 2.797 1.15 4.45
3 54 0.75 0.81 1 00

3346 CJ.) 10.73. OM # 38. 0.806 WW.1031

La msees 21 4 a-

35% 0 91 0.es OM
(ggeb C.L) (0.58.1JBI S.11. 1.07) # 85.1JBl

ueC8 30 13 M
est OM 0.S3 1.1

(90st C.I.) (0.01.1 08l (0JB.091) 92.1J7)
nousseisseme is 8 10

samt s de 8.14 2 34

fessb CJ.) (3.03. 8 0s) (2.48. 11.316 01a. 4 431 |

Lang Cancer 237 et 308
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16 mandard devianons below that of the non-nuclear worker group (NNW).
The NW., with lesser exposure had 0.81 SMR. about SSD below the NNW.
While a possibie internal healthy worker effm could comenbute to the
lowered SMR o! nuclear workers, compenson of the NW , group with the
NW., group desnoastrates that the group wnh the greata dose had the
lower SMR with even grenser nati=ical power. This provides very strong
evidence that low levels of ionsang radianon are without hankh hasard.

Leukemia anal teortanty of Atomic Bosnb Survivors Emposed to
Low Level noenseem

A recent article by Shimizu et al.* concerning the effects of low level
radiation in atomic bomb survivors concluded that analyms of does
response "in the less-than 0.5Sv region fails to indacate the presence of
hormesas " They did act obserw any significant decrease in the relative risks
(RR) of (a) leukemia, (b) all cancers except leukemia, (c) lung cancer (d)
thyroid cancer, or (e) noncancer mortality. This conclusion is in agreement
with the data shown for the three cancer groups (b.c.d), but appears incon-
sistent with the data presented for the RR of the leukemia and noncancer
mortality groups.

The upper half of Figure 11.1 shows the data for these two groups as
analysed by the authors with a variety of snodels. The descusseos of leuke-
mia states that though the RR is less than I for the three groups with doses
less than 0.lSv, since all had p>0.10 they did not differ =====aly from
unity and thus, were withis the range of random vanauca. la clear contra.
diction to least square fits, the quadratic model for <0.5Sv was coandered

to better fit the data than the linear <luadranc enodel for <0.5Sv that dem-
onstrated a RR of 0.78 at 0.llSv. The lower half of Figure 11.1 shows
analysis of the data with snodels that primde a better fk. The five data
points for leukenua are fitted by an empancal polymoeuel fuscuos. The RR

.

|

for the 0.010 to 0.019,0.030 to 0.04*. and 0.050 to 0.099 Sv does categones
appear -=ly related to one another, not varying randomly. The RR
o(0.4 plotted at 0.075Sv is 1.5SD less than 1(p < 0.15). This study of atomuc
bomb survivors is in agreement with the decreased leukemia monahey seen
la the ancesar slupyard worker study. la both studies the very low incidence
of leuksensa snakes it difficult to obtasa sufficient numbers for high stanati-
cal power.

Desired statistical power is present, however, for mortality rates. la the
upper half of Figure 11.1 the RR data for -a= mortahty after low-
level radiation are ignored and fitted with a threshold model denved from a
pnce study of survivors in the < 4.0$v high-level dose range, assusuas the
threshold done is 1.5. Though the mortality RR of 0.83 in the 0.200 to 0.499
Sv dose category is 3.2 SD below I (p = 0.001) and is the most =====18y
significant data point of the entire rudy, nevertheless, this highly signifi
cant decreased RR is rejected with the statemeng "The RRs for the sub-

. . -
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groups withis the low does group (<0.SSv) when compared with the 0 Sv
group did not differ and were close to unity." If the only mathraatical
models used for ana.gis are those that a priori aciude a U-shaped dose-
response renamhip, k is not surpnsing that such analyer " fails to indicate
the presemos of honassas." The lower half of Figure 11.1 fks a lines' model
down to, but no farther then, the noecancer mortality RR of 0.83. This
decreased mortality risk associated with acute low-level radiation is consis-
test with the highly significant (-1650 and -8SD) decreased standardized
mortality rates observed in proeonged very low level exposures of the
nuclear groups of shipyard workers.8

Effect on Uleepen of Low intermodste Doess
of Atosude Bomb Hediation

The above-mentioned decreased mortality risk reported by the US Japan
Radia*ior. Effects Research Foundation (RERF) nudy of Hiroshima and
Nagasaki is also consaseet with the recent ansele on Nagasaki survivors
from Nagasaki University and the Atomie 8.aergy Research laskute. IGaki.-. .

Universi y, Japan. Mine et al. report upon the - . ;: 1 beneficial offact- 7
of low to intermediate doses of /ebosab radietson on human lifespan.""
The decreased AR of noecancer male deaths to 0.65 (p<0.05) in the
0.50-0.99Gy dose range was to a large extent offset by the RR increase to
1.56 in cancer deaths (Table 11.28). The male RR for total deaths is. this
does range was 0.88 (Table ll.2A), with low statasucal power (p=0.34).
Fitting of a U shaped do6e response rela la== hip confinned the signifi-
castly lower male RR for nuncancerous diseases with mazunum reducuon
to 0.76 (p<0.02) in the 1.00 to 1.49, average 1.08.Gy does range (Table
11.20. Female survi ors, on the mher hand, showed no assficant change
in RR of death froen all causes on'il the 2.00 to 5.99Gy dose range was
reached, in which there was a rise .>t' tae RR of both cancer deaths (p < 0.01)

and total deaths.
This significant difference in gender response to low and interer.iiate

acute deses of radiance parauses the observernoes of Lorear a al.a and
Congdea regarding =nparison of the survival of male and female micsu
seposed to 0.00llGy dativered is 8 hours daily from age 2 months to doeth.
The longevey of irradiased male mice was agenAciady increased to 115%
of irredated controls (783 days vs 683 days). However, the longeway of
fesmale mice did not increase significantly above their control level of 803
days that was nearty matched by the === dad lifespaa of the irradiated
male mie. Human g; :% also hente that fasante longevity is
greater than that of the male. These resuks suggest that low level irrashanon
of inen and mice may stimulate a physiologic process in the male, reistively
unenhanced in the female, that enables male longevity to appronunate that

of the female.
''
.
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j Cervelmilen of Lung Concer funk with Redon in Homes
!
i The BEIR IV report a beesd upon a linear me threshold extrapolation of
. the inadence of lung cancer in uranium mine workers exposed to high
i rados concastrations, predscas that the lifetune mortality risk of lues cancer
) is increased hasarly by 10.8% per pCiL '. One pCiL ' approsumates the

1

'

"

world average" and is equivalent to 0.2 working-level-snoeth (WLM)." The j
Amencan Cancer Society projects for the United States 170.000 new cases 4

of lung cancer in 1993." Accordingly, prior contac . el home exposure of the |~
,

: populasson to one additional pCiL ' of radon woulo have produced 18,000 I
'

=Mie'a==1 new cases of lung cancer in 1993. Five year survival of treated
luas cancer is only shshtly reore than 10%." Relying upon the BEIR IV '

theormical prediction, the Enviroamantal Protection Agency (EPA) con-
siders rados in the home to be the r.arion's leading health hazard.

However, there is no =F-- ' '-$ evidence to support the risks pre-
dicted by BEIR IV. To the contrary, epedemsologic studies in the United 1

States.* " Sweden,8' Finland u and Cluas,as with increased rados concen-
tranons up to 12 pCiL ', as won as la taear areas below the average rados
concentration of IpciL-',2'3e have all demonestated a negative correlation
of luas cancer with rados -trapon. For a venery of reasons, these
studies which contradact the linear-no threshold theory have basa consed-
eralinvaind by the Nauonal Academy of Sasacos a-mesa.on Biologicalr
Effects of lontang Radiation, Nanomal Coused on a=Aah Protectica
and Measurements, and the laternational C- on m.manarie Pro-
tecuom. Critic ==a have included poor statistical power, inadequate con-
trois, and inadequate deteraunance of the degree to which data have been
altered by smoking and confounding factors such as numerous secesco-
nomac vanables, geography, altitude, and climate. An extensive University i

of Pittsburgh Ndonal Survey of radoe in honnes was -pimad la 1997 |
that addresses these enuctsms with excelleau mannseiral power.

The University of Putsburgh nationwide study based upos 272,000 men-
surements la the homes of 1217 counces was ca=pamad in 1992. This study

and aims individual state studass were normalised to the EPA Nataosal
Pandaarmi Rados Survey. The combined data set compded from Pitts-
burgh, steens, and EPA studies includes 1729 counties contaaning nearty
90% of the U.S. pap =larian Ahar deleting Ariaona, Califorses, and Flor-
ida, staess with high retiressent marrasson, and comanes with narampame
data,1801 cousues romana includec'.d Figure 11.2 shows plots of mean age-
adjusted luas cancer enortabty rates (m) for white males (Tigure ll.2a) and
females (Figure ll.2c) vs mesa radon levels (r) in homes of au couanes
wahan vanous ranges of r, along with the standard devianos of the mean,
first and third quartiles, and the best linent fk to the data for individual
couanes, m = le(t + br). These esortality rates are corrected for smokaag by
use of Bureau of Census Population Surveys of smokin8 r# = and
BEIR IV risk estimates for smokers and nonsmokers, and are showa

a

*.,
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,

'ogether with the best linear fit M = m/m = A + Br in Figures ll.2(b) and.

1 II.2(d). BEIR IV theory lines are normaksed lines with slope B increasing
'

mortality as a rate of 7.3%/pCiL-8. After correctaca for venances in smok-
i ing frequency, there is a very strong '=adancy for lung cancer mortality to
' decrease with increassag mena rados levelin bosses, in sharp coatnet to the
i increased mortality espected from the linear no threshold theory. The dis-
I crepancy between theorstacal and measured slopes is by 20 standard devia-
1 tions. An earlier study based upon data for 965 counties furmshed addi.

| tional dotads of methodology and somewhat less steep neonave slopes of

( m/m vs r, with the discrepancy between theoretacal and measured slopes by
7 standard deviations.8

: Correction for the effects of smoking was made using the separate risk
l estisantes for smokers and nonsmokers given by BEIR IV theory and esti-
) mations of the fraction (s) of the adult ;opulances that smok -igarettes in
i each county derived from Bureau of Census Surveys, with a correction
j factor for the fraction of the county popalation that lives in an urban area.

j The resultant slopes (B) in units of ai, pe, pCiL" are -7.3 20.6 SD males
j and -8.320.8 females, discrepeat by 20 SD with the slope expected from

BFIR IV theory B = + 7.3. Maay'other factors in addnion to smokaas are i

; carefully analysed to see whether any esa empista this descrepancy. Pitts- !

! burgh radoe measurements are consistent with EPA and state measure-
meats. Potential problems concermag outl% and sampling issues are dem-

i; onstrated to be abeest. U.xertanaties in lung cancer esortality rates (m) and
smoking prevalence (S) are given elaborate consednation and shown to be

|unimportant causes of the discrepancy between theorstami and measured
slopes. |

! A careful investigation was made of the possibdity that one or more
i

| -e confounding factors other than smolues could correlate
' strongly and with opposite signs with both m and r. Those would introduce
; a strong negative correlation between ni and r which would act be due to a

direct caesal relanoaship. De 54 ==ra=a-e vanables (SEV) which are;
j analysed singly and la combination are listed la Table 11.3. The 54 vsiess of

B free of confounding by each SEV very for males from -5.6 to -7.7, mesa
,

-4.920.5, and for fesmales from -5.4 to -9.1, mesa -7.7 20.8, and are quite
close to values for the entire data not -7.3 and -4.3, . , 5,:,. Essessive
statiencal analysis of the pos,ibility that some -h of SEV may act

_
_M :, to confound *.as m-r relationslap coacheded that the actual

effect of confounding by combinances of SEV is to reduce the discrepancy
between slopes by no usore than 10%. Confounding by geography was also,

]
analyzed by considenne the 34 states with at least 20 couanes having known

; rados levels. The average of B. values is -4.1 for samles and -7.2 for females,

i
reductions in the discrepancy by g.2% and 7.1%, respecuvely.

In addition to the 54 SEV and geography, also considered are the possible

|j confounding physical features of altitude, average winter and sumuner tem-
peratures, inches of precipitation. nurneer of days per year with more than

i

.
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Tette11.3. Sosteesenesels vertentes usad a see Analysis ter Reden Reeseen Lan-
! hfetmage' a the in see Low Does. Leer Does has Reglen
j Pegesseeno w ':d es neenes
| PT. taalpapidenen El- 3 per esses mesme
! PD- peammerveauste ame EM- menen nousenes me. s
4 PI- % past messene 1g80-48 EJ. % persons asses poverty towel
i PU. % a wenn essee EV- % Ime geeser pseersy loves
j Pw- % unas Eu- % unempasPnme

PS- mener100 tumesas EW- evesnes asley = age>

PE. % ese > ser EP. 8 per esp pemens meente
PO- % age > 74Y Ete- % emmenge tem sestuimet.
PY. % 5-17 yeere old ER- % esmage hem reged trade
PN- % tem m same ES- % emmenge tem earteese
PM- passenantenmenced EG- % eng tem genommam

EP. % esmage nem Israeng
| Vissi and Menigt Statenes EA= ev. esses per larm

EL- % mig. Este > 100 empeye.i VS- bestW1000 m
I VC- % bums to mestere < 20y 8"'8- 88'''
I VD- enester1000 pop. Smas. esmo-emeeng

vi- means sommeriano name Ex- ames. essee-eenig, ete
Ves- mamages/10El pop.

. VS- evereser1000 pop.
4 VP. anymennet100.000 pop GF- tesoraf gest..afeep
! VM. nessasi tessf100.000 pop. GL. least gout.. Shap '' '
j GE. % les govt. eu,aend.-eeue, j
; Sealed GM- % let gewt. susend -noseh '

! SS- semel sec. eenseW1000 esp. O#~ # ** M "8'"8'888"
i SC enmenf100.000 pop. 0"~ ** ''' M ''88"8'"*8
1 SM- % seen senem gros' 0"~ # ''' 8''' ''''"8 -**88

8#~ ''' 8''' '"8'"f'' 888 8'8-i Su- % essess gras
i SE- step er m GV- # '''' ''' '"8 8'"F' '888
1

| ******
1 Mo- % emner assupos
j MA- % ogi >l auguestes

MV- fasten wese (5)r

HM- % < s yeare er

j 0.01 iach prantwm , average wind a, seed, and percent of times with sun-

t shine as conspeeed with the mazzmun. possible. Studies of these physical

| fessores coacheded that none is an important confounding factor. The
i suess decrease in lung cancer mortality rates corrected for smoking fre-
j geeney with increanas rados exposure is found in oeAy she low akitude
i asses or caly the high nititude states; in only the wanment or only the
} coidmet; in only the wetteet or only the driest; etc. It is also found la only the
! stases selected where the playsical features are close to average. The BEIR IV

! theoreucal pr-e a- of luas cancer mortalky from radas exposure cor-
! rected for smoking, M=m/sa,= A+3r does not take isso account two
j recosassed r-S correlations: (1) urban houses have 25% lower rados levels

than rural houses and urban people samke more frequently, and (2) houess

| of smokers have 10% lower radon levels than houses of nonemokers. An
extensive statistical study of the effects of these r S correlations needs to the

'.'
I ~

I

j
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j conclusion that the REIR tv pre &ction of B is reduced from + 7.3 to + 6.9,
which comanbuses very little to decreasing the secrepancy with the large;

negatave values of B. -7.3 and -4.3 obtmaad from the actual measured and4

reported data.
Linear-no threshold theories other than BEIR IV are considered which

| involve different ten of smoking. Also comedered is the "latensity of |

j smoking." Analyuc =m'awat study of these consadorenons need to the con-
clusion that other theorencal predictions of B could reduce the escrepancy

.

between 3% and 8%. The possibility that an unrecogaland confounding
,

factor could expima the descrepancy is recoganaed. However, the followtag
4

j properties are required of an unrecognized confounder that could resolve
the discrepancy: (1) It must have a very strong corr =Aanaa with luas cancer. |;

|
comparable to that of cienrette smoking, but still be unrarataamd: (2) It
must have a very strong correlation of opeasite sign with rados levels:(3)It

;

j must not be strongly correlated with any of the $4 socia =aaaa-- vanables

j (SEV): (4) It must be applicable in a wide variety of geographic areas and

j independent of altitude and climate. The first property alone requires of the
|

i unrecognized confounder that it raust have increased by orders of magai-

| tude since the beginning of this century, and have been much more impor-

|
tant in males in the first half of the f.entury, with effects on females rapidly

| catching up in recent years. The remaining properues inspose additional

|
requirements that are also most difficult to meet singly, while to sansfy the
four simultaneously becoenes incredible. These multiple resenctions upon

,

an unknown confounder make it extremely improbable that one exists thatd

| would resolve the discrepancy.

! These tests of the linear no threshold theoretical prochetion oflues cancer

! mortality induced by rados exposure, with the slope of the line deteressed
: by high does exposures, demonstrate that the theory fails body by groes

overestimation of enortality in low dose, low dose rate range of radietson. A!

! likely a7 ^iaa is that stimulated bio'. gical defense mechamama enore

1
thai camp =aaaw for the radiation " insult" and are protective agasses cancer

,

j in a low dose, low does rate range.
I

! Speast Concer in Wession Exposed to Leer Level Radston
|

1 The Came&an study of fluoroecoped women inslades 31.710 panents
j

admetted to asuomal sanitoriums between 1930 and 1952 and alive on Janu-i

!
ary 1,1990.8 The results relate deaths from breast cancer between 1950 and
19g0 that occurred 10 or more years after first exposure to theoroscopec

j
radiation. Fhaoroscopic examination in Nova Scotia was perfonaed AP

| (anterior-posterior), with the patient facing the theoroscope. This postion
increased the breast does to 50mGy per exposure compared to 2eeGy per
exposure in all the other provinces in which the examinanon was perfonned

| PA (posterior anterio-), with the patient's back against the flucroscope.
; The standardized mortality rates from breast cancer for vanous dose ranges
4

; 5

}
*
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is shown in Table 11.4 with the high dose, high does rate data of Nova
Scotia separated frera the low dose rate data of the other provtaces.

Linear ano unser. quadratic dose-response models were compared with
respect to data fit. Tipt authors concluded "that the most appropnate form
of dose response relance is a simple linear one, with differeu slopes for
Nova Scoua and the other provinces." On the beeis of this linear model.-

Table 11.5 predacts the lifetune excess risk of death frosa breast cancer after
a single exposure to IcGy, an amount approximately three times the average'

annual background radiation.
The spedomsologic data listed in Table 11.4 and the manaa=nart fitted

models were not presented graphically. The ossisted graph is shown in
Figure 11.3, together with an empirical polynondal function fitted to the
data. The linear model for 2mGy exposures dsscards the data at 0.15Gy and i

Tette t1.4. Conseen Study et me sneedense et Groest Concer Posestag
Ptuereessaie sessenemens j

Does ey stunneremos Ames per 18' ponen voors '

peous Seems omer presenese As puestiese

0-0A0 405.4 Ser..a $75.8
(131) (M (301)

0 10-0.19 300.0 421.8
(38) (30

0.30-0.30 4e7.s see.7
(M) (35

0.30-0.3 170s e30.5 sed.S
(11) (IM (186

0.40-o.as saa.1 010.0
(19) (181

O M 90 130s
(13

1.00-2.90 2000 1302
(14) (1M

3.00-5.00 mit 473.1 23B4
(13 (14) (.4)

SAs-te.so 7sse solw
tal (El

attaB 21.810 3D SED

(ta (13
*fles nascer et sessie e sneen ei parereneese. The catewesene smause the asues ter 10
yeme ener sie erst essenwe one have seen seensenesse esserene e age a aret
Giesses (10 to 14.18 to M. E to 34. and a M yeerol one enne seine erst asemews (10 m
14,18 to 34. 5 9 34, one n as yearop a sie esseusen ter the esere senart.

Tehte 11.5. Predated Lamente Geesse met of DeeCe tiene Breast Caneer por m
Wassen ener a Ships Espesure to 1 sey

a-= notesse mesAge a
Esposere Yr. mages Medal

10 in 108

3 95 W
SS30 67 ,

40 42 27*
,
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m o.2sGy, de data with the but cefidence liedW. t' amp ut to the con-
trois ressmag 0 to 0.09Gy,0.15 Gy and 0.25 Gy demometrase resetsve risks
(RR) of 0.46 (p<.01) 0.85 (p<.38), . 2 t,. While the RR of 0.85 is
not marimally significant, it is -== with itse significant RR of 0.66
and the aero equmdest point of 0.310y indicated by the fitted y ,z ''
funcuos. For exposures above the zero equivaiset pist, the RR h
poetive after boas negative in the range of 0 to 0.31 Gy. The decreased RR
of breast cancer produced by low done, low does rate radianon were
rejected a pnort by the choice or matheinaucal models that extrapolate the

~.
.
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does. risk relation from high does exposures to low dose exposures. The
risks associated with low does expos..as cannot be measured, the authors
uate "because the expected small acons of breast cancers would be
obscured by the much hasher background rase of breast cancer." Coase-
quently, the n-p.,we was rejected since the possibility of a measurable
decreased risk associated with low exposures appeared to be inconceivable.
The highly significant decreased RR of 0.66 at 0.1$Gy and the RR of 0.85 at
0.25Gy, both with the highest confidence limits of the entire study, are not
shown graphically, not even discussed. Instead, the linear model for
0.002Gy exposures is used la Table 11.5 to predict the lifetime acess risk 9f
death from breast cancer to be approximately 60 per nullice women after a
single exposure to IcGy at tim age of 30. Nine hundred excess deaths frosa
breast cancer are predacted theoretiW.y frose the esposure of one sullion
women to 0.lSGy. However, the qutatified low does data predicts with
better than 99% mfldence limits that instead of causing 900 deaths, a door
of 0.,1,1Gy would prevent 10.000 deaths in these million woonse.

Significant positive haakh effects a . ociated with low level radiadon have
been demonstrated in a review of five epidessiologic studies: decreased
mortality of nuclear shipyard workers, decreased name==r=* mortahty of
atoene bomb survivors is both Hiramma and Nagasaki and Nagasaki
alone, decreased lung cancer mortality assoanted with increased radon
exposure of the U.S. pa==aanan and decreased breast cancer mortality of
women in Canada after having received multiple fhaorescopec exaauna-
tions. The tendency to neglect or reject data that contradicts the linear-so -
threshold theory of radiation caranag====an is supported by confidence that
chrossosome aberration and gone mutation can be produced by a single
particle of ionamas radianan and so issuate a =alismaaey. The number of
such interacnoes with cell nuclei is both logicaEy and demonstrably propor-
tional to die done. However, no cosaderation is given to biological defense
h that consid be stimulata. arther by low level incremsats of
radiados above the background Irvel. Such an==laead defense ==Aa=-
esmid ateo decrease cara=ar===== by Laemucal and other aca-sonsmag
acense as wed as high level iomimas radienoa. Multiple defemme mechamsms
at smolecular, ceGuiar, organ, and systemic levids involves earymatic, bor-
mosai, W, and stress prosas interactaons are currently being
demonstrated and confirmied by ausserous inveensators.368 Recoatly a
human radianon repair gene has been closed and transfacted into a mutant
Chinese hamster with senskivity to both ionsmas radiados and certaan alky-
lating assets resukaas from defective repair of DNA strand breaks. These
transfacted mutants demoestrate overexpreseson of the humaa DNA repair
miangene wah repair capacity increased above that of the wild-type Cluasse
hamsters."

Mounting reproducible evidence of the riperanon of vanous defense
mechaassms and the r stimulation by to.v dose Winng radieuon will pro-
vide further detasis of how biological defense meclianne=<, nonoperative at

9f



.-.- . .. - . . _ . . - - - . . . . - - - . - . - - . . . - - - - - - - . _ . . - - . . - . - - - - .

.

$ .

i

|
4

1

,

i
i

,

1

1,

I
:

188 M NtW'M PeECTS OF LOW LE . .L EXPOGURES

| high doses, are stimulated and enhanced by low level radiation damage so as
to overcorrect and ps adonnante. These investiganoes have clarified why the

j negative heakh effects observed at high levels of rednesw= that effectively
overwhahm these defense mechansens cannot be estrapointed to the low~

| levels la which these stimulated defense mechanseems predosumate with
decreased cancer inductica, decreased mortalay, and other observed posi.
tive health effects.
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