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CHAPTER 11

Positive Heaith Effects of Low Level Radistion
in Human Populations

Myros Prilycove, United States Nuclear Reyulstory Commussion,
W asiungron, DC

Increased longevity and decreased cancer death rates have been observed
in populations exposed (0 hugh natural background radiation and reportad
for several decades. '~ These observations contradict the radistion paradigm
that all radiation, including that of natural background, s harmful in linesr
proportion 1o low level dose. Such observauons have been considered by
recognized radiation scientists (0 be spunous or inconchusive because of
unreliable public heaith data or undetermined confounding factors such as
pollution of air, water and food, smoking, income, education, medical care,
population density, and other socoeconomic variables. Attempts 10 estab-
lish a threshold level below which radiation s oot harmful heve been
negated by the grest difficulty of obtauung accuraie Gats on large human
populations required (o demonsirate the absence of very low risks of low-
level radistion predicted by linear extapolution of high-level radianon
health ef fscis. Duriag the past four years, however, several epudemiologic
sudies have demonsirated that exposure 10 low or intermediate levels of
radistion have apparently resulied (n positive health effects.

Low Lovel Radiation of Mucker Shipyard Workers

A ten-year study by the Johns Hopkins Department of Epdemiology.
School of Public He ' h and Hypene of nuciear shipyard workers was
concluded recently.! The Technical Advisory Panel (TAP), chaired by
Arthur C. Upton, advised on the research and reviewed results. John
Cameron, & member of the TAP, summarized the study and stated, “This
nudyuwouuytmmﬂmtwbvkvﬂofmumm
without health hazard ™

The results contradict the conclusions >f the BEIR V repor. that small
amounts of radiation have nsk —the linear nsk mm! The database

”

L



172 BIOLOMICAL EFFECTS OF LOW LEVEL EXPUSURES

of almost 700,000 shiyyard workers included aimost 108,000 nuclear work-
ers with exposures beginning in the | 9608 until the end of 1981 Three study
groups were selected: 33,352 non-nuciesr workers (NNW), 10,462 nucienr
workers with a working liletime dose equvalent (DE) of less than SmSv
(NW_,), and 28,542 nuciesr workers with 3 DE grester than or equal to
SmSv (NW,,). Fi.: mSv (0.5rem) is approximately equal to the sea-iovel
background radies. o (340 ms/ yr) one would receive in | /2 years. Deaths in
each group were ~assified as due to: all causes, leukemia, lymphatic and
hematoposetic cancers (LHC), mesothelioma, and lung cancer. The only
cancer that showed s significantly increased incidence in the exposed groups
as well as the NWW was the rare malignancy mesothetioma (36 deaths), 2
marker (or asbesios exposure that is also associated with lung cancer. The
data ure summarized in Table 11.1.

The nuclear worker groups had a lower deatl. . ate from all causes. ievke-
mia. and LHC than the non-nuclear workers. These apparently beneficial
effects of low dose irradiation are consistent with the increased o gevity
and 15% lower mortality and cancer death rates seen in the seven wesirn
states with high natural background radialion averaging about ImGy per
year sbove tha: of the other states.'-"’

The non-nuciear workers' death rates exactly masched those of the exter-
nal non-shipyard matched control population. This demonsirates absence
of the external healthy worker effect ascr ew (0 Sdequate income, betier
hnnan.ndmmo(hunnﬂkuwnlnmoh
reliable work schedule. Therce remains the question of an internal healthy
-orhuﬂcmuhiufmtmmwo.dmmw-
uals 10 be puclenr workers. The NW | group with the grester exposure had
anfmanmo!o.umuwmymM).

Vabte 1.1, Voakh ENects of Low Lovel Radiouon & Shipyard Workers
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POSITIVE HEALTH EFFECTS n

16 standard deviations below that of the non-nuclear worker Froup (NNW).
The NW _, with lesser exposure had 0.§1 SMR, about 8SD below the NNW.
While 2 possibwe internal healthy worker effct could contribute to the
lowered SMR ¢ nuclear workers, comparison of the NW | group with the
NW.,mMm-MmMnhmcmmuuu
low«SMlthmmnMw.MWmm
wmnmmm-uofmurm-nvmmm.

mumuAmmmwu
Low Leve! Radistion

A recent article by Shimizu, et al." concerning the effects of low level
radiation in atomic bomb survivors concluded that analysis of dose
response “in the less-thanC. 5Sv region fails 10 indicate the presence of
hormesis.” They did not observe any significant decrease in the relative risks
(RR) of (a) keukemia, (b) all cancers except leukemia. (¢) lung cancer, (d)
xhyrodunw.u(c)mmmmmhy.mw“ummm
with the data shown for the three cancer groups (b.c.d), but appesrs 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
analyzed by the authors with a variety of modeis. The discussion of leuke-
Mua siates that though the RR 1s less than | for the three groups with doses
less than 0.1Sv, since all had p>0.10 they did nox differ statistically from
unity and thus, were withun the range of random variation. |n clear contrs-
diction (o least square fits, the quadraiic model for < 0.5Sv was conmdered
1o better fit the data than the linear-quadratic model for <0.5Sv that dem-
onstrated a RR of 0.78 &t 0.11Sv. The lower half of Figure 11.1 shows
analysis of the Aata with models thar provide & better fit. The five data
pounts for leukemua are fitied by an c npincal polynomial function. The RR
for the 0.010 t0 0.019, 0.020 10 0.04, and 0.050 to 0.099 Sv dose categonies
appear consistently related 10 one another, not varying randomly. The RR
of 0.6 plocted at 0.075Sv is 1.5SD less than 1(p < 0.1%). This study of stomic
Bommb survivory 15 in agreement with the decressed leukemia moruality seen
in the nuciewr shipyard worker study [n both studies the wery low incidence
of leukemus makes 1t dif ficult (0 obtain sufficient numbers for high statisti-
cal power.

Desired statistical power is present, however, for mortality rates. In the
upper half of Figure 11.1 the RR data for noncancer mortality afier low-
level radiation are ignored and fitted with a threshold model derived from 2
price study of survivors in the <4 0Sv high-level dose range, assuming the
threshold dose 1s 1.5, Though the mortality RR of 0.83 in the 0.200 to 0.499
Sv dose category 15 3.2 SD below | (p = 0.001) and is the most statistically
sigrificant data point of the entire 5'udy, nevertheless, this highly signifi
cant decreased RR is rejected with the statemems, “The RRs for the sub-

%3
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7 BIOLOGUCAL EFFECTS OF |~ LEVEL EXPOSURES

groups within the low dose group ( <0.5Sv) when compared with the 0 Sv
group did not differ and were ciose to unity.” If the only mathaatical
models used for ana.;.is are thuse that a priori exclude a U-shaped dose-
response relationship, it is not surprising that such analysi* “fails 1o indicate
the presence of hormesis.” The lower half of Figure 11.1 fits a linear mocc!
down (0, but no farther than, the noncancer morality RR of 0.8, Ths
decreased mortality risk associated with acute low-level radiation is consis-
tent with the highly significant (-16SD and -8SD) decreased standarcized
mortality rates observed in prowonged very low level exposures of the
nuciesr groups of shipyard workers.*

Effect on Lifespen of Low-intermediste Doses
of Atomic Bomd Radigtion

The above-mentioned decreased mortality risk reporied by the US-Japan
Radia‘ion Effects Research Foundstion (RERF) siudy of Hiroshima and
Nagasski is also consistent wirth the recent article on Nagasaki survivors
from Nagasaki University and the Atomic *nergy Research lastitute, Kinin
University, Japan. Mine et al. report upon the “spparently beneficial effect
of low 10 intermediate doses of A-bomb radistion on human lifespan. ™"
The decreased RR of noncancer male deaths 10 0.65 (p<0.05) in the
0.50-0.99Gy dose range was (0 a large extent offset by the RR increase t0
1.56 in cancer deaths (Table 11.2B). The male RR for total denths . this
dose range was 0.88 (Tabie 11.2A), with low statistical power (p = 0.34).
Fitting of a U-shaped dose-response reiaionship coufirmed the sigmfi-
cantly lower male RR for n ncancerous diseases with maximum reduction
10 0.76 (p<0.02) in the 1.00 to 1.49, average | .08,Gy dose range (Table
11 2C). Female survi--ors, on the ~her hand, showed no significant change
in RR of desth from all causes vntil the 2.00 to 5.99Gy dose range was
reached, in which there was a nse )1 e RR of both cancer desihs (p <0.01)
and total deaths.

mmanmmmmwmumm
acate doses of radistion paraliets (he observations of Lorenz et al."" and
M"wmoltuwwvdd-hdf-&m
exposed 10 0.001 | Gy detivered in 8 bours daily from sge 2 months (0 desch.
mmummw«mmmua
of irradiated controls (783 days vs 683 days). However, the longevity of
female mice did not increase significantly above thew coatrol level of 805
anxmmmmuwmwmmofmm
male my. . HMWMW“!&MV“
m«nmm-onmm.nummmmmwm
ofmdmuymum:aphwwbummmﬂn.mnvdy
unenhanced in the female, that enables male longevity 10 approxiumate that
of the female.
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I BIOLOGICAL EFFECTS OF LOW IVEL EXPOSURES
Corvetaion of Lung Cancer Risk with Radon in Homes

The BEIR [V report ** based upon a linear-no threshold extrapolation of
the incidence of lung cancer in uranium mine workers exposed (0 high
radon concentrziions, predicts that the lifetime mortality nsk of lung cancer
13 increased linearly by 10.8% per pCil-'. One pCil. ' spproximates the
world average'’ and is equivalent 10 0 2 working-level-month (WLM)."* The
Amenican Cancer Society projects for the United States 170.000 new cases
of lung cancer in 1993."" Accordingly, pnor contic d home exposure of the
population to one additional pCiL ' of radon woulks have produced 18,000
additional new cases of lung cancer in 1993, Five-year survival of treated
lung cancer is only slightly more than 10%."" Relying upon the BEIR IV
theoretical prediction, the Environmental Protection Agency (EPA) con-
siders radon in the home to be the nation's leading health hazard.

However, there is no epidemiologic evidence to support the risks pre-
dicted by BEIR IV. To the contrary, epidemologic studies in the United
States,'*® Sweden,’ Finland.* and Ching.¥ with increased radon concen-
trazions up to 12 pCil ', as well as [n those drgus Delow the gverage radon
concentraton of 1pCil ', *® have all demonstrated & negative correiation
of lung cancer with radon concentration. For & vanety of ressons, these
studies which contradict the linear-no threshold theory have been consid-
ered invalid by the National Academy of Sciences Commutiee on Biological
Effects of lonining Radiation, National Council on Radiation Protectuon
and Messurements, and the (nternanonal Commission on Radiologic Pro-
tection. Criticisms have included poor statistical power, insdeguate con-
trols, and inadeguate determinanon of the degroe 1o which data have been
altered by smoking and confounding factors such a5 numerous SOSIOECO-
nomic vanables, geography, altitude, and climate. An exiensive University
of Pittsburgh N_..onal Survey of radon in homes was compieted in 1997
that addresses these criticisms with excellen: siatistical power.

The University of Pittsburgh nationwide study based upoa 272,000 mea-
suremams in the homes of 1217 counties was completed in |992. This study
and mine individual state studies were normalized 1o the EPA National
Residential Radon Survey The combined data set compiled from Pitts-
burgh, states, and EPA studies includes 1729 counties containing nearty
90% of the U.S. populstion. After deleting Arizoos, California, and Flor-
data. 160! counties remain included .-’ Vigure 11.2 shows plots of mean age-
adjusied lung cancer mortality rates (m) for white males (Figure 11.22) and
females (Figure 11.2¢) vs mesn radon levels (r) in homes of all counties
within various ranges of r, along with the standard deviation of the mean.
ﬁmudth‘rdqmib.md&hebuhu.rﬂthb“lumuﬂ
m.n-ldl»bn.ﬁucmhrym.mmmdlotmw
use of Bureau of Census Population Surveys of smoking prevalence and
BEIR IV risk esumates for smokers and nonsmokers, and are shown
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80 BIOLOGICAL EFFECTS OF LOW Lk L EXPOSURES

rogether with the best linear fit, Mem/m, = A + Br in Figures 11.2/b) and
11.2d). BEIR IV theory lines are normalized lines with siope B increasing
mortality a& a rate of 7.3%/pCiL'. ARer correcuon for variations in smok-
ing frequency, there is a very strong tendency for lung cancer mortality to
decresse with increasing mean radon level in homes, in shasp contrst (10 the
incressed mortality expected from the linear-no threshold theory. The dis-
crepancy between theoretical and measured slopes is by 20 standard devia-
tions. An earlier study based upon data for 965 counties furnished addi-
tional details of methodology and somewhat less steep negative siopes of
m/m, vs 1, with the discrepancy between theoretical and measured siopes by
7 standard deviations. ™

Correction for the effects of smoking was made using the separate nsk
estimates for smokers and nonsmokers given by BEIR [V theory and esti-
mauons of the fraction(s) of the adult ;opulations that smob -igarettes in
each county derived from Bureau of Census Surveys, with 2 correction
factor for the fraction of the county population that lives in an urban area.
The resultant siopes (B) in units of % per pCil - are -7.320.6 SD males
and -8.120.8 females, discrepant by 0 SD with the slope expected from
BEIR IV theory, B= + 7.3. Many other factors in addition (0 smoking are
carefully analyzed (o see whether any can explain this discrepancy. Pitts-
birgh radon messurements are consistent with EPA and siate measure-
ments. Potential problems concerning outl*srs and sampling issues are dem-
onstrated 10 be absent. L _.certainties in lung cancer mortality rates (m) and
smoking prevalence(S) are given elaborate consaderaiion and shown (o be
unimportant causes of the discrepancy berween theoretical and measured
siopes.

A careful investigation was made of the possibility that one or more
socioeconomuc confounding factors other than smoking could correiate
strongly ane with opposite signs with both m and r. Those would introduce
a strong negative correlation betwee: n and r which would ot be due 10 2
direct causal relationship. The 54 socioeconomic variables (SEV) which are
analyzed singly and in combination are listed in Table 11.3. The 54 viues of
B free of confounding by each SEV vary for males from -5.6 10 -7.7, mean
6.920.5, and for females from -5.4 10 -9.1, mean -7.720.8, and are quite
close 10 values for the entire dats set -7.3 and -8.3, respectively. Extensive
satistical analysis of the pos. ibility that some combinston of SEY may act
mwaﬂm'mmmmmmm
effect of confounding by combunanons of SEV is 10 reduce the discrepancy
between slopes by no more than |0% . Confounding by geography was also
analyzed by considering the 34 states with at least 20 counties having known
radon levels. The average of B-values is -6.1 for males and -7.2 for femaies.
reductions in the discrepancy by 8.2% and 7.1%, respectuvely.

In addition to the 54 SEV and geography. also considered are the possible
confounding physics! features of altitude, average winter and summer Lem-
peratures, inches of precipitation. numbver of days per year with more than

9o
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festwres concluded that none s an imporiant confoundisg factor. The
srong decresse in lung cancer mortality rates corrected for smoking re-
eusscy with incressing radon exposure i8 found in o'y the low aliiude
mates o oaly the high altitude states; in only the warmaest or omly the
coldest; in only the wettest or only the dnest; eic. It is also found in only the
states selected where the physical features are close to average. The BEIR IV
theoretical predicuion of lung cancer mortality from radon exposure cor-
rected for smoking, M=m/m_ = A + Br, does not take 0 account two
recognized r-S correlations: (1) urban houses have 25% lower radon levels
than rural houses and urban people smnke more frequently, and (2) houses
of smokers have 10% iower radon levels than houses of nonsmokers. An
extensive statistical study of the effects of these r-S correiations leads 10 the

'4
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" “IOLOGICAL EPFECTS OF LOW LEVE  EXPCSURES

conclusion that the BEIR |V prediction of B is reduced from + 7.3t0 + 6.9,
which contributes very little to decreasing the discrepancy with the large
negative values of B, -7.3 and -8.3 obtaned from the actual measured and
reporied data.

Linear-no threshold theories ocher than BEIR |V are considered which
invoive different treatments of smoking. Also considered is the “intensity of
smoking.” Analytic statistical study of these considerations lead 10 the con-
ciusion that other theoretical predictions of B could reduce the discrepancy
between J% and 8% . The possibility that an unrecognized coafounding
factor could explain the discrepuncy s recognized. However, the following
properties are required of an unrecognized confounder thai could resolve
the discrepancy: (1) It must have a very strong correlation wich lung cancer,
comparable 10 that of cigaretie smoking, but still be uarecognized: (2) It
must have a very strong correlation of opodsite sign with radon levels; (3) It
must nor be strongly correlated with any of the 54 socioeconomuc variables
(SEV): (4) It must be applicable in a wide vanety of geographic areas and
independent of altitude and climaie. The first property alone requires of the
unrecognized confounder that it must have increased by orders of magni-
tude since the beginning of this century, and have been much more impor-
(ant 1n males in the first half of the century, with effects on females rapadly
cuchu.upmm.lynn.mmmmm
requirements that are aiso most difficult to meet suingiy, while to satisfy the
four simultaneously becomes incredible. These multiple rastrictions upon
an unknown confounder make it exiremely improbable that one exists that
would resolve the discrepancy.

These tests of the linear-no threshold theoretical prediction of lung cancer
mortality induced by radon exposure, with the siope of the line determined
by high dose exposures, demonsirate that the theory fails badiy by gross
overestimation of mortality in low dose, low dose rate range of radiation. A
likely explanation 1s that sumuiated bio gxcal defense mechanisms more
tha 1 compensate {or the radiation “insult” and are protective against cancer
in 2 low dose, low dose rate range.

Bresst Cancer in Woman Exposed to Low Level Redietion

mcwmvanmmumn.mm
Mwmmoﬂmuvuulmulﬂzﬂnﬁnulm-
vyl.l”ﬂﬁﬁmﬂunﬂcdmﬁsfm“m“lmw
1980 that occurred 10 or more years after firn exposure 10 Muoroscopx
radiation. Fluoroscopc examination in Nova Scotia was performed AP
(anterior-postenor), with the patien: facing the Nuoroscope. This position
|Mlmmwlom0ywwmlomw
npounnnaﬂthmh«wmmmvmmmubumnfm
PA (postenor-anteno-), with the patient’s back agmunsi the flucroscope.
The standardized mortality rates from breast cancer for vanous dose ranges

.
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1s shown in Tabie 11.4 with the high dose, high dose rate dats of Nova
Scouis separated from the low dase rate data of the other provinces.

Linear ana unear-quadratic dose-response models were compared with
respect (0 data fit. The authors conciuded “that the most appropriate form
of dose response relation is a simple linear one, with differes: slopes for
Nova Scotia and the other provinces.” On the basis of this linear model,
Tabile | 1.5 predicts the lifetume excess risk of desth from breas: cancer after
a single exposure (0 1cCy, an amount approximately three times the average
annual background radiation.

The epidemiciogic data listed in Table 11.4 and the associsted fitted
models were not presented graphically. The omitted graph is shown in
Figure 11.3, together with an empincal polynomial function fitted to the
data. The linear model for 2mGy exposures discards the data at 0.15Gy and

Tate 11.4. Conadion Study of the ncidence of Breast Cancer Fellowing
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CANADIAN TB FLUOROSCOPY STUDY
PTSK VS. DOSE FRACTION
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dose-nisk reation from high dose exposures 10 low dose exposures. The
risks associsted with low dose expos..es cannot be measured, the authors
4ate “because the expected small excess of breast cancers would be
obscured by the rmuch higher background rate of breast cancer.” Conse-
Quently, the unexpected was rejected since the possibility of a8 measurabie
decreased risk associsted with low exposures appeared 1o be inconceivabie.
The highly significant decreased RR of 0.66 a1 0.15Gy and the RR of 0.85 &
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 in Table 11.5 1o predict the lifetitne excess risk »f
death from breas: cancer (0 be approximately 60 per million women after 2
singie exposure to 1cGy at the age of 3. Nine hundred excess desths from
breast cancer are predicied theorets .y from the exposure of one million
women (0 0.15Gy. However, the quintified low dose dats predicts with
better than 9% Lonfidence limits that instead of causing Y00 deaths, a dose
of 043Gy would prevent 10,000 deaths in these million women.
Significant positive healith effects 3 ociated with low level radietion have
been demonstrated in a review of five epidemiclogic studies: decreased
mortality of nuclear shipyard workers, decreased noncancer mortality of
aiomic bomb survivors in both Hiroshima and Nagasaki and Nagasaki
alone, decreased lung cancer mortality associated with increased radon
exposure of the U.S. population, and decressed breas: cancer mortality of
women in Canada after having received multiple Muoroscopic examina-
tions. The tendency (0 neglect or reject data that contradicts the linear-00
threshold theory of radiation carcinogenesis is supported by coafidence that
chromosome aberration and gence mutation can be produced by a single
particle of oninng radistion and so initiste 2 malignancy. The number of
such interactions with celi nuclei is both logically and demonstrably propor-
nonal 10 e doss. Mowever, no consideration is given to biological defense
mechanisme that could be stimulate. Jurther by low level increments of
radistion sbove the background ievel. Such sumulsted defense mechanisms
could also decremse carcinogenesis by coemucal and other sov-ionizing
apomts se well as high level ionunng radistion. Multiple defense mechoisms
o molecular, cellular, organ, and systenuc levels involving enzyma . hor-
monal, immunologic, and stress prowan (NLETACLIOnS are currently being
demonstrated and confirmed by numerous investigators.™® Recently 2
human radistion repair gene has been cloned wnd transfected into a mutant
Chinese hamster with sensitivity 1o both ionizing radiation and certain alky-
lating agents resulting from defective repair of DNA strand bresks. These
transfected mutants demonsrate overexpression of the human DNA repair
minigene with repair capacity increased above that of the wild-type Chinese
hamstery.”’

Mounting reproducible evidence of the operation of vanious defense
mechanisms and the r sumulation by 1ov dose idhizing radiauon will pro-
vide further details of how biological defense mechanisms, nonoperative at

9¢
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high doses, are stimulated and enhanced by low level radiation damage 0 as
10 overcorrect and pi edominate. These investigations have clarified why the
negative health effects observed ar high levels of radiation that effectively
overwhelm these defens¢ mechaniems ~3nnot be extrapolaied Lo the low
levels ia which these stmulsted defense mechanisms predominate with
tive health effects.

12.

. Craig, L., and H. Seidman. “Leukemia and Lymphoms Mortality i Relation (0

Cosmic Radiavon,” Blood 17:319 (19€1).

. Frigenio, N.A. and R.S. Stowe. “Carcinogenic and Genstic Hazard from Back-

ground Radiation ™ Biclogice! enc’ Envwonmenial Effects of Low Level Radie-
tion, Vol. 2: 285, International Atomic Energy Agency. Vienna (1976).

. Webster, E.W. “The Effects of Low Mnees of lonizing Radiation.” /. Temn.

Med. Assoc. 76:499 (1943).

. Nambi, K.S.V., and $.D. Soman, “Envircamental Radiation and Cancer in

india.” Mesith Phys. 12:653 (1987).

. Nambi, K.5.V., and S.D. Soman. “Further Obssrvations on Envircamental

Radiation and Cancer in India.” Nealth Phys. 59:329 (1999).

Zahi S. X Lin, T Pan. W He, R. Feng, M. Chen, 5. Li. L.R. Chen, ang H.
Yie. -wamammuﬁ—m-wm-
ground Ares of Guangdong,” /. Rodier. Res. (Japany 22:48 (1982).

Coben, J.J. “Natural Background as an Indicator of Radistion ladwced Can-
cer.” Proc. Sth Imi. Ranat. Protect. Assec, Jerusakem (1980).

 Cameron. J. "The Good News about Low Level Radiation Exposure: Health

Effects of Low Level Radiation in Shipyard Workers,” Health Phys. Soc. News-
lovrer 2009 (1992).

Natioasi Academy of Scence: Comn i ‘ee on the Baotopcal Effects of lomaing
Ragiation (BEIR V), “Heakth Effects of Eaposure 10 Low Levele of lonining
Radistion.” Nationsl Academy Press, Washington, DC (1990).

; MY..H.M.W‘J.S“.‘K.M.‘D.-MW

of Asomsc Bomb Survivors Expossd 1o Low-Level Radianon.” Mesick Fhysicy
Sociery Newstetter 21:1 (1992). RERF Updese 4.):3 (1992).

Ming, M., Y. Okumurs, M. ichimars. T. Nakamurs, snd $. Kondo. “Appar-
-ww:muo«mwmn-«»wnﬁmu
Human Lifespen.” /nr. /. Raciar. Siod. 58:1005 (1998,

Lorenz, E.. J W. Holicroft, E. Miller, C.C. Congdon. and R. Sctrweisthal
'mmmﬂmucwmmw-m.lmu
Tumor Incidence Following Chronic irradiation of 0.11r per Dey,” J. Nail.
Cancer Inst. 15:1409 (1955).
cmc.c.mm-ofc-nmmwmmm;n
Mice and Guinez Pigs.” Health Physics 52:593 (1967).

Nationsl Acadery of Sciences Committee on the Biologcal Effects of lomazing
Radiation (BEIR 1V), “Health Risks of Kadon and Other |ernally Deposited
Alpha Emitiers.” National Academy Pnu,'wmu. DC (1988).

¢



POSITIVE HEALTH EFFECTS 87

15. Unned Nations Scientific Commission on Effects of Atomu Radiation, “loniz-
ing Radiation, Sources and Biological Effects.” United Nations, New York
(19%2).

16. NCRP#4 National Council on Radiati~n Protection and Measurersents. “Evai-
wmolmmhnmtmwwﬂm
Daughters in the United Scates.” NCRP Report No. 78, NCRP, Bethexta, MD
{1984).

17. Amencan Cancer Socwety, Boring, C.C.. T.S. Squires, and T, Tong. “Cancer
Statistics, 1993." CA Cancer J. Clin. 437 (1993).

I8. Cohen, B.L. “Tests of the Linear. No- Threshold Duse-Response Retaticaship
for High-Let Radiation.” Heaith Phys. 52:629 (1987).

19. Cohen. B.L. “A Natioaal Survey of Radon in Homes and Correlating Factors,”
Health Phys. 51:2 (1986).

20. Cohen, B.L. “Expected indoor =Rn Levels in Counties with Very High and
Very Low Lung Cancer Rates.” Meait/: Phys. 57:097 (1989).

21. Swedjemark, G.A. and L. Mjones. “Radon and Radon Daughter Concentration
in Swedish Homes.” Rod. Provection Dosimetry 7:341 (1984).

22. Castren, O, K. Winguist, | Makalemnen. and A, Voutilanen. “Radon Mea-
surements in Finnish Houses.” Rad. Provecrion Dosimerry 7:333 (1984).

). Hofman, W R Kauz. and Z. Chunuiang. “Lung Cancer Risk at Low Dose of
Alpha Particies,” Heaith Phys. 51457 (1986).

24 George. A.C. and A.J. Bresiin. “The Distribution of Ambient Radon and
Radon Daughters in Rendential Building in the New Jersey-New York Ares.”
n: The Natural Radiation Environment 111, T.F. Gesell, and W M. Lowder,
Eds.. US. Depe. of Energy, Washingion, DC (1980).

5. Nero, A.V., M.L. Boegei, C.D. Hollowell, J.G. Ingersoll, and W.W. Nazarof!.

“Radon Concentrations and Infiliraton Raies Measured in Convenuonal and

Energy-Efficien: Houses.” Hesith Phys 45:40| (1983).

Wrizon, A, L. Brown, K.D. Cliff, C.m.H. Driscoll, B.M.R. Green. and

J C.H. Miies. “Indoor Radiation Survey in UK." Rad. Presection Dogumetry

7:321 (1984).

Cohen, *.L. “Test of ihe Linear-No Thrashokd Theory of Radiation Carcio-  Feb,

genesis i the Low Dose, Low Dose Rat« Region.” Hamith Phys W-'ﬂ(

- Cohen, B.L. and G.A. Colditz. “Tests of the Linear-No Threshold Theory for
Lusg Cancer Induced by Exposure 10 Radon.” Esvirommentel Rez.. 64:65
(19%4),

. Miller. A.B., G.R. Howe, G.J. Sherman, J P. Lindsay, M.J. Yaffe, P.J. Din-
oe7, H.A. Risch. and D L. Preston. “Mortality from Breast Cancer after [rradi-
sion dunng Fluoroscopsc Exarmunanons is Patents Beng Treawed for Tubsroy-
losts,” New England Journal of Med. 321:1285 (1999).

30. Calabrese, E J., Ed. Biologwcal Effects of Low Level Exposures to Chemicels

and Radiaiion, Lews Publishers, Cheltsea, M1 (1992).

3. Luckey, T.D. Redisrion Hormes:s, CRC Press, Boca Raton, FL (1991).

32. Sugahara, T, L.A. Segan, and T Acyama, Eds. Low Doae /rradietion and
Buwiogical  Defense Mechanams. Elsevier Soence Publishers, Amsterdam
(199).

33, Caldecott, K W, J.D. Tucker, and L H. Thompson. “Overcorrection of the
CHO EM9 DNA Repaur Mutant by Over *xpression of 3 Human XRCC1 Mim-
gene.” Nucl. Acd Res. 20:4575 (1992) .

BAN




