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The projects of radiation protection regulations usu- fects were ignored in radiation protection philosophyally invoke as their scientific basis the documents of and practice.
the United Nations Scienti 'e Committee on the Effects
of Atomic Radiation (UNSCEAR). These projects and
UNSCEAR activity, however, are sometimes out of THE FALLACY OF EXTRAPOLATING TO ZERO
step. For example, in the recent Notice on the Federal
Padiation Protection Guidance for the Exposure of the Since 1959 the International Commission on Radio-
General Public prepared by the U.S. Environmentaj logical Protection (ICRP) based its rules on an assump-

,

'

Protection Agency (EPA,1994), four UNSCEAR docu. tion that the relationship between dose and effect is a
msnts, from 1977,1982,1986, and 1988, are used to straight line, so that even a dose close to zero has some
support a need for revision of the current radiation detrimental effect (ICRP,1959). This assumption is

'

~

standards. The most recent UNSCEAR document from called the " linear hypothesis" which states that there t

14, however, on the adaptive effects oflow doses of is no dose threshold or limit below which the effects
,.ation, is not taken into account in this Notice, in observed at high doses cease to appear. The " effects" in

which a new radiation limit for the public of I mSv per this hypothesis are assumcd to be only the detrimental
|'

y:ar (or 70 mSv in a lifetime) is proposed. Implementa- ones, such as decrease in life duration occurrence of
|tion of such a low radiation standard, which is only cancers, and genetic damage. It also imphes that no

about 3% of the natural radiation background in many new effects occur at low doses. In this paper the evi-2

r:gions of the world, would bring enormous costs for dence showing that such new effects occur and that
,

society, and it would be ethically fair only through a they may lead to the health advantage in populations
lirge reduction ofidentifiable health hazards. The UN- exposed to low doses ofionizing radiation is discussed. |SCEAR 1994 document does not provide scientific evi- Over the years the working assumption ofICRP of '

dance that such a low radiation standard is desirable. 1959 came to be regarded as a scientiftcally docu-
'In. E ar UNSCEAR documents quoted in the EPA unented fact by the mass media, public opuunn, regula-

, ,

Notice as estimating that the risks "of cancer have in- t ry bodies, and even many scientists. The no-threshold'

creised roughly threefold and have become more cer. principle, however, belongs to the realm of admimstra-
tain" were critically enmmed by UNSCEAR during tion and it is not a scientific principle.
the past 3 years, especially the interpretation of the At the time the no-threshold hypothesis became the,

results of epidemiological studies in Hiroshima and Na- backbone of the philosophy and policy of radiation pro-
gistki. In its 1994 desument UNSCEAR concluded tection, the main scientific evidence came from epide-

,

that it recognizes that the limitation of the Japanese miological studses of: atomic bomb survivors in Hiro.
,

, ,

dita is their inability to address directly the effects shima and Nagasaki who were irradiated with doses
of low-dose exposures. UNSCEAR (1993) introduced a up to about 6000 mSv. These studies indicated that the
factor by which cancer risk estimates derived from cancers were induced by single radiation doses hun-
studies at high doses should be reduced to derive esti- dreds and thousands of times higher than the world-
mates for low doses. The committee suggested that the wide average annual dose from natural background ra- |
reduction factor of 2 should be applied for all doses diation, i.e.,2.4 mSv (or 168 mSv over a 70-year life-

,

below 200 mSv. time). Whether any cancers are mduced by background
'"he most important message of the recent UN- radiation or ordinary exposure of the general popula-

AR (19941 document, however, is the recognition ,

, ne existence of stimulating and adaptive effects of
' This aniele is based on the author's paper published m Nukleo-

ionizing radiation. During the past 4 decades these ef- naa. Int. /. Nucl. Res. 41(th 1995.
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tion to man.made radiation. however, was not mdi. member of the L'mted Kingdom dele;ation to C
cated by the Hiroshima and .Lgasaki studies. SCEAR and of ICRP : Mayncord.19641 stated: ~1 hau

The ICRP assumption on lineanty was not very real- always felt that the argument that because at higher |

istic. It was generally accepted. however, because it values of dose an observed effect is proportional to dose. l

simplified regulatory work by allowing extrapolation at very low doses there is necessanly some effect' or
from the high-dose region-about which we had reli- dose, however small, is nonsense -
able epidemiological data-to the unknown, small-
dose region. The ongmal purpose was to regulate the THE CHERNOBYL CASE
exposure to radiaticn of a relatively small group of oc-
cupationally exposed persons and it did not involve ex- The absurdity of the no-threshold principle was
ceedingly high costs to society. brought to light after the Chernobyl catastrophe in

In the 1970s, however, ICRP extended the no-thresh- 1986. A giant global monitoring network for radioactive
old principle to exposure of the general population to contamination gathered a vast amount of data on radi-
man made radiation, and in the 1980s it extended the ation doses from Chernobyl fallout to the population of |
principle to limiting the exposure to natural sources of the Northern Hemisphere. For example it was found i
radiation. The dose limit for the public was set at 50 that people living in the United States would receive
mSv over a lifetime (ICRP,1984). This value is less a dose of"Chernobyl radiation" over the next 50 years

|than one-third of the global average lifetime dose from approaching 0.0046 mSv, or 0.004% of their natural '

background radiation (168 mSv for 70 years) and many background dose (120 mSv). The population of the rest
tens or hundreds of times lower than the lifetime dose of the Northern Hemisphere would receive 0.3%, and
in many regions.q[the world. in the European part of the former Soviet Union the

Limiting exposure below the levels of natural radia- population would receive 5.0%.
tion at which millions of people have lived since time These minute doses were then used to calculate the
immemorial is a logical consequence of the adutinistra- number of cancer deaths predicted by the linear no-
tive assumption from 1959: if each dose is detrimental, threshold hypothesis over the next 50 years. For exam-
then one should also attempt to decmase the risk of ple,it was calculated that 30 more cancer deaths would-
background radiation from Mother Nature or the risk occur in the United States,28,000 more in the Norther
of man-made radiation even at such trivial levels as 1 Hemisphere, and 25,400 more in formerly Soviet Et.
mSv per year. rope (Goldman et al.,1987).

Yet such reasoning was less than palatable to many These numbers were derived by simply multiplying
scientists associated with radiation protection. This the Chernobyl doses by the number of people living
was not only because of the epistemological problem of in each region and by a cancer risk factor based on
trespassing beyond the limits of knowledge, as pointed epidemiological studies of 75,000 atomic bomb survi-
out by Weinberg (1972) and by Walinder (1987), or vors in Hiroshima and Nagasaki. The bomb survivors,
more recently by Seiler and Alvarez (1994), but also however, were irradiated in a fraction of a second with
because of the absurd practical consequences and the doses more than 50,000 times higher than the total
moral aspects. cumulative dose that the U.S. inhabitants will receive

As demonstrated by Walinder, on the complementar- from the Chernobyl fallout over 50 years. No epidemio-
ity principle, the stochastic phenomenon of radiation logical data exist to indicate that a linear dose-effect
carcinogenesis cannot be predicted for an open system, relationship holds in this situation.
such as a human being or a population. It can only be Only in a few of the estimates of the Chernobyl radia.
done if the radiation dose is much more powerful than tion mortality were readers informed that there is a
the natural dose, combined with other carcinogenic fac- probability of a zero effect, and such statements were
tors, which we meet in our daily lives. A conception never cited by the media, which reported tens of thou-
that mathematical models adapted for high-dose effects sands of future Chernobyl-radiation-caused deaths as
can be limitlessly extrapolated to Icw doses and still fact, not hypothetical extrapolations.
represent a biological reality is epistemologically unac. The media also ignore epidemiological studies from
ceptable (Walinder,1987). The absurd practical conse- difTerent parts of tha world where the background radi-
quences we re exposed by the Chernobyl accident. ation is 100 to 10009 more than tb- %al average-

Stedir.;; on these practical grounds alone, several not 0.004 or 0.3 or 5%-yet no W cancer death
speakers at the Seventh World Congress of the Interna- rate has ever been observed. On the wntrary, the can-
tional Radiation Protection Association and Interna- cer death rate is often lower than in less radioactive
tional Conference on Radiation .Meetion in Nuclear wsions.
Energy in Sydney, Australia,in 1988 criticized the no- Dr. Lauriston Taylor, the former president of th
threshold principle (e g., Alexander,1988). And long U.S. Nattbnal Council on Radiological Protection anc
before that Professor W. V. Mayneord, one of the most Measurements, defined applications of the linear. no-
notable persons in radiation protection and a former threshold dose-effect relationship to such calculanons
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TABLE 1 decided not to follow the ICRP guidelines when it ob-
eath from Breast Cancer among 31,710 Canadian served that in the city of Ramsar several generations in

.. omen Exposed to Radiation at Fluoroscopic Exami- one household have been receiving average individualnations
lifetime doses of natural radiation of 17,000 raSv. 2-10
times the current ICRP limit. Yet these individualsStandardued rate

Dn., ' mGn per 10' person 4 ear, show no increased incidence of disease, and some of
'

them have lived to be 110 years of age (Sohrabi,1990).
0-90 578 6 Using the no-threshold principle to calculate precise100-190 421.8

200- numbers ofimaginary victims of Chernobyl fallout is
like counting the number of dead among a small groupgg

400-490 6100 ( f suicidal persons who each consume 50,000 tablets of
700-990 1362 aspirin in one session, and stating that the same num-

1000-2900 1382 ber of deaths will occur in another group,50,000 times3000-5990 2334
greater, whose members each consume a single aspirin8000- 000 8
tablet, divided over the next 50 years into 18,250 dailyt9 99 g
doses (the number of days m 50 years).

Note. Authors concluded th..:"The data were most consistent with - Even before eating all the 50,000 tablets at one ses-
linscr dose response relation" and did not comment on the hormene sion most of the persons in the first group would die,
sEcet evident at 100-190 mGy dose range. Adapted from Miller et
cl.1989. while the members of the more moderate group will

show no detrimental effects and may, in fact, have
health benefits if they increase their consumption to
one tablet per day.

as " deeply immoral uses ofour scientific heritage"(Tay-
lor,1980).

HORMESIS: STIMULATORY AND ADAFTIVE EFFECTSThe no-threshold arithmetic was also applied to the
local population around Chernobyl and led to a decision The aspirin example is used to illustrate the well-'

'he Supreme Sovin (but against the advice of the known fact that it is the dose that makes an agent
.ng Soviet scientists (Ilyin,1993) to evacuate about or a substance harmful, imperceptible, or beneficial.

._s,000 inhabitants of Ukraine and Belarus, causing Beneficial and protective effects oflow doses of radia- |
unspeakable suffering and a loss of many billions of tion were known long ago. In plants, such effects were

|dollars, equivalent to about 1.5% of the GNP of the
whole of the former Swiet Union (ICP,199 ).

The intervention level for evacuation w.a a 70-year i

lifstime radiation dose of 350 mSv, or about twice the ^ ,

world average natural background dose (168 mSv). All
!

"'"

families with pregnant women and children less than
12 yrars of age were relocated from areas with cesium- ,

1

137 contaminatioc greater than 550 kBq/m*. Yet the
c:sium 137 body burden in children still living in these

_ __

arze.s was found to range between 40 and 2250 Bq, ;

which is less than the natural burden of radioactive M'
~~ |potessium-40 (4000 Bq) in adults. Radiocesium body

burdens of several thousand bequerels arc now com- h [, {

-- --------------------
'

mon in Northern Canada and were as high as ?00,000
{Bq during weapons tests in the 1960s (Tracy et al., 7
,

1994).
Given the actual 6gures of natural radiation, one

might ask why governments of various countries do
not relocate pv '.itions living in areas where lifetime - . *

exposure to 2al radiation exceeds 350 mSv? For Y :m,
example, why isn't everyone evacuated from Norway,
wh:re the average lifetime dose is 365 mSv (Henriksen FIG.1. Diagram or eoeral biolosical response to chemical ands
and Saxebel,1988) and in some districts 1500 mSv physical agents. De6 cit of an agent (dose less than D) causes defi.

rli.1995)? Should not the regions of India with C2ency symptoms; small doses (between D and b are vital for good
. than 2000 mSv (Sunta,1990) be depopulated? health i shaded ary; doses higher than T cause toxic or other harm.

What about the areas of Iran with more than 3000 ful enects. N is probably everage global natural radiation dose. Dot-
ted and solid lines represent linear no-thrnehold and hormetic dose-

|mSv? Perhaps in Iran, for example, the government eneet relationships, respectively. j

/8A '
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T.GLE 2

Frequency of Genetic ENects of Radiation d*<> in Children of Atomic Attack Survivors in Hiroshima andNagasaki (Parents Exposed to Dose of 400-600 mSvl

Effect (*nexposed Ex m.wd References

Death of hveborn children
1946-1958 715 7 08 Yoshimoto et al,1991

{

,

Chromosomal aberrauons 0 31 0 22 Awa et al,1989 '

Aneuploidy 0 30 0 23 Awa et al.1989Mutauons in blood proteins 6.4 e 10-* 4 5 < 10-* Neel et al.1988

observed soon after the discovery of Roentgen radiation require a vast number of people to detect in a popula-
in 1895 (Atkinson,1898). tion in which the normal frequency of cancer death is

In 1943, during the early stages of the Manhattan 20%, an increase in frequency of 0.005% (due to addi-
Project, it was found that the animals exposed to inha- tional exposure of 1 mSv per year, predicted by the no-
lation of uranium dust at levels that were expected to threshold linear extrapolation (EPA,1994)),8 which is
be fatal actually lived longer, appeared healthier, and is of normal frequency. Due to the hormetic effect,
had more offspring than the noncontammated control however, the decrease in cancer death at the dose range
animals. For years these results were treated as an of 1 to 10 mSv may reach perhaps a selatively large
anomaly but later studies prnduced similar results of the normal incidence, as suggested by epidemiologi-
(Brucer,1989). The first UNSCEAR report to the Gen- cal studies in high background areas in China (see be-
eral Assembly of the Unite.1 Nations presented the re- low). This may solve the problem of the prohibitively
suits of experiments showing longer survival times of large populations needed to resolve the threshold di-
mice and guinea pigs exposed to small doses of gamma lemma.
radiation (UNSCEAR,1958). Part of the information on (unexpected) positive ge- -

Since the 1960s, such effects have been ignored in radi- netic effects ofionizing doses of radiation comes from
ation protection practice, while research on stimulating Hiroshima and Nagasaki. The data from these two
and adaptive effects of radiation, the rodsation hormesis, cities show that acute irradiation with moderate doses
has continued over several decades. The moults of more does not produce any major negative effect on the
than 1200 published papers on hormems were recently health of the following generation. Any minor negative
reviewed by Luckey (1990)-many of them in an excel- effects that might be produced are so small that they
lent book by Kondo (1993). The studies on hormesis were are submerged in the background noise of naturally
also presented at four international conferences (Oak- occurring mutational effects; they cannot be demon-
land, CA,1985; Frankfurt, Germany,1987; Kyoto, Japan, strated even by the renned epidemiological methods
1992; and Changchun, China,1993). It is astonishing, that have been used. What can be demonstrated, on
however, that even recently the obvious hormetic effects the other hand, are the positive effects. Among the chil-
appeanng in epidemiological studies were often not no- dren of parents who survived the atomic bombings in
taced, not only by the readers, but by the authors them- Hiroshima and Nagasaki there were about 4% fewer
selves (see for example Table 1). deaths between 1946 and 1958 than among the chil-

Radiation hormesis goes beyond the notion that radi- dren of parents unexposed to radiation from atomic
stion has no deleterious effects at small doses: at small bombs, 23% less aneuploidy,29% fewer chromosomal
doses new stimulatoey effects occur that are not ob- aberrations, and 30% fewer mutations in blood proteins
served at high doses, and these new effects may be (Table 21. Similarly unexpected results were obtained
beneficial to the organisms (Fig.1). in one of the best studies in human genetics carried out

Recognition of the existence of hormesis opens up an in Hungary before and after the Chernobyl accident.
important new field of research. If hormesis did not Several serious congenital anomalies occurred after the
exist,it would not be possible to demonstrate rigorously Chernobyl accident with lower frequency than before
a true threshold. This follows from the purely statisti- the accident (Table 3).
cal difficulty of proving that there is an absolute equal- The epidemiological data from Japanese atomic
ity of an effect in an epidemiological study at zero dose bomb survivers show that persons irradiated with low
and at an elevated dose. If hormesis does cause a de-
crease in cancer incidence or a decrease in other delete-

,

, g , g ,,rious effects in a population exposed to small doses
of radiation or other agent, however, there may be a mencal esunptes of cancer death, which are not expected to be no-

uceable in health statistics. The committee refrains from such esu.
statistically significant difference at an acceptable con- mates of demment in its publications because of their great uncer.
fidence level (Webster,1993). For instance, it would taints

th'
- _ . . -. .
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TABLE 3
Number of Birth Defects and Anornalies sper 10.000i in liungary Following the Chernobyl Accident

3:: f e fe. - 19w-19Ai Stay 1.194- Apnl Jo 1967 L.s 1.19e?- Apnl 30.193a
Nur cer : Me a:nhs 407.939 126.708 125.514Dua r. s a ndsorr.e 8.44 7.27 6.77Reunoblastoma o J2 0.16 0.08Wilms tumor 0 80 0.47 0.56

Ere Aserage Chernobyl radiation dose in vanous parts of Hungary ranged from about 60 to 2500 uSv per capita (Feher.19881
Jel.1989. AAerCze:

doses (but more than 10 times higher than the proposed cussed in UNSCEAR (1994). These studies, started in
EPA annual standard) have 40% lower mortality rate the early 1960s, indicate that protozoa and bacteria
than unexposed persons. The mortality rate was also exposed to artificially lowered levels of natural radia-
slightly lower in persons vho were irradiated with tion demonstrate deficiency symptoms expressed as
do:es of >10 mSv than witn doses of <5 mSv (Table dramatically decreased proliferation (Fig. 3). This indi-
4). As shown in Fig. 2, the relative risk of cancer death cates that ionizing radiation may be essential for life.
in male survivors of the Nagasaki bombing was lower Indeed, this might be expected. Living organisms de.
at the dose range of 10 to 490 mSv than that in nonirra- veloped under constant exposure to ionizing radiation,
diated persons. which was higher in the past than now. The early or-

The UNSCEAR (1994) document reviewed the most ganisms had to protect themselves against the adverse
important publications on the stimulating effects of ra- effects of radiation to survive, and they probably began
diation. These effects were found at biochemical, cellu- to use the radiation to their advantage. Similarly, at
ler, and organic levels, in cell cultures, bacteria, plants, some point, organisms learned to use high-dose ultravi-

4 animals. In mammals radiation hormesis en- olet radiation in the process of photosynthesis, which
,ces defense reactions against neoplastic and infec. became the basis for almost all life.

.. sus diseases, increases longevity, and improves fertil- The 1994 UNSCEAR document concentrates on the
ity. For example, in an experiment with mice the inci- elucidation of mechanism by which radiation hormesis
d:nce ofleukemias, cancers, and sarcomas was lower in acts at the level of cell control systems such as protein
animals irradiated with cesiuraC7 gamma radiation synthesis, gene activation, DNA repair, stress-re-
dous of 2.5 to 20 mSv than it was in nonirradiated sponse protein production, radical detoxification, acti-
controls. The number of all malignant neoplasms in vation of membrane receptors, proliferation of spleno-
animals exposed to a single dose of 10 mSv was more cytes, and stimulation of the immune system.
than 30% lower than in nonirradiated controls (Table Perhaps most interesting, however, are the results of :

5t In several experiments, small initial radiation doses studies on human populations. The UNSCEAR report
have been shown to improve the survival of animals states that among nuclear attack survivors from Hiro-
subsequently irradiated with large, near lethal doses. shima and Nagasaki who received doses of <200 mSv
In other expedments, an increased life span was found
in cnimals irradiated with doses between 250 and

,,
3000 mSv. cac=a

Of special interest is a group of French studies dis- U. . .
N

= cases

}
'

,

TABLE 4 y ,. ........ .............

Annual Mortality Rates in Nagasaki (per 100,000) in i

..

h1170-1976 12 s ..

u venneacan
Bomb survivors ,,

Unexposed inhabitanta ,

1Sex of Nagasaks <5 mSv > 10 mSv *

|,,

"*le 45.731 27.551 25.835 8 2, R 3 3 Enie 27.291 18.970 17.957 cose vise
-percentage e

of anexposed 100 63 59 9 FIG. 2. Relative nsk for death from all causes. from all causes
except cancer, and from cancer alone in male survivors of the atomic

Note After Kondo.1993. bombing of Nagasaki. 'P < 0 05. Adapted from Kondo a 1993

/fy



__ . . _ . . .-- .- . .~ - --. -- - - . - - - .. --

|
4

.

ST!MULATING EFFECTS OF loNIZINt, itADIA nm
177

i TABLE 5 +:-
4 Incidence of Neoplasms F<' 3 after a Single Exposure
] of 3. Month.Old Mice to "'Cs Gamma Radiation '

:. -
,

Caremomas and
Dose (mSys Leukemias sarcomas All neoplasms j M-

x
!

0 20 93 16 3 33.19 2t<- '
I2.5 18 18 14 04 28.51 "E I I5.0 15 48 8.79 23.01 i !

1.0 , , , e10 15 04 8 94 21.95 =

20 13.82 14.29 26.27 ee ,

% %% Es Es Ii
"- " ~ ~ ' " ' "

Node. Adapted from UNSCEAR 41994). 0
;, , , ,

O 100 200 300 400

DOSE (mSv)

(<200 times higher than the proposed EPA annual FIG.4. Mortality risk from leukemia in Hiroshima and Nagasaki
limit) there was no increase in the number of total and dose-response curve. AAer UNSCEAR (1994).
cancer deaths. In fact, mortality caused by leukemia
was less in this population at doses <100 mSv than
among the nonirradiated inhabitants of these Japanese Yangjiang county, the inhabitants receive a 70 year l

cities, which is not shtistically significant (Fig. 4). lifetime dose of 385 mSv, which is higher than the in-
Probably the best radioepidemiological study at low tervention level for evacuation adopted for Chernobyl,

doses to date has been carned out in China. Between and 5.5 times higher than the dose limit proposed in
1970 and 1986, 74,000 people.in Yangjiang county, the EPA (1994) Notice.
which has a high level of natural background radiation Should the Chinese government follow the Soviet ex-
(5.5 mSv per year), were compared to 77,000 people ample and evacuate Yangjiang county? The epidemio- '

in two adjacent low-background counties (Enping and logical data show that there is no reason to do so. In an
Taishan, 2.1 mSv per year). In the high-background age group of 10 to 79 years the general (nonleukemia)

cancer mortality was 14.6% lower in the high-back-
ground county than in the low-background counties.

. The leukemia mortality among men was 15% lower, ,,, .

-
and among women 60% lower in Yangjiang (Wei et al.,
1990).

- From among several studies of people occupationally
exposed to low radiation doses discussed in UNSCEAR.

-

(1994), I present here data on mortality of 13,491 em-%
g _ / playees of the Atomic Energy of Canada Limited (Grib-

{ bin et al.,1992). Among these persons,5504 were not
, a* - .e exposed to gamma radiation. The mean radiation dose
, _ "'7*'? ' * , of exposed persons was 49 mSv for men and 5.5 mSv

,'
.- for women. As shown in Table 6 the mortality due to'

. -

,' all leukemias in the exposed group was only 32% of< S-

,

that in the general Canadian population. The observed,' 'o - a
~

' E mortality among employees of AECL from all cancers,

- . , ' and from all noncancer diseases was also less than ex-
,

pected. |
-

*1 ; ;;;;;;;| f, The most recent data showing hormetic effects in ;

humans come from the former Soviet Union. In Sep-o.*

FIG.3. EEect of shielding on proliferation of Paramecsum terra. tember 1957, inhabitants of 22 villages in the Eastern
urelia cultured in identical chambers which were shielded wnh ei. Urals were irradiated with high radiation doses of up
th2r 5 or 10 cm oflead. The nonshielded control animals were exposed to 1500 mSv, the result of a radioactivity release from a
to the normal natural gamma radiatior rate of 1.75 mGy per year thal explosion in a Soviet military nuclear facility.
cnd animals shielded by 10 cm oflead were exposed to 0.3 mGy per About 10.000 people were evacuated and their cancer
yar. On the eighth day. the proliferation of paramecia in the cham. 1

bers shielded with 5 and 10 cm oflead was 60 and 40% respectively. mortality was studied during the next 30 years.
'

of proliferation of the nonshielded control animals. After Planel,, From this group,7852 of the persons studied were
al.,1987, divided into three exposure groups: those who received

/V
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TABLE 6
Standardized Mortality Ration (SMR) for Leukemias in 9997 Wie Employees of Atomic Energy '

,

of Canada, Limited
i

Nonexposed
Exposed

ICause of death SMR iObserved espected SMR Ob.erved expected
Lymphoenic leukemias 2 25 2/o 85 - 0/2.40Myeloid leukemias 1.47 2/1.36 0 37 2/3.50Other leukemias 0.72 1/1.40 0 23 1/3.59All leukemias 1.37 5/3.64 0 32 3/9 50

Xore After Gnbbm et al.,1992. ,

,

1

i
: average doses of 496,120, and 40 mSv. Tumor-related

mortality in the 496-mSv group was 28% lower than Environmental Protection Agency has recommended
'

in the nonirradiated control population from the same remedial action when indoor radon concentrations
reach 150 Bq/m'. The EPA considers that remedial ac-

ragion; in the 120 mSv group it was 39% lower, and in tion at any level down to 70 Bq/m* would be cost efTec-
'

the 40-mSv group it was 27% lower. In the first two tive, even for the cost of reducing the level from 150 to
groups, the difTerence from the controls was statisti- 70 Bq/m' at approximately $2 million per life hypothet.
cally significant (Kostyuchenko and Krestinina,1994). ically saved (Schiager,1992). Each human life hypo-I

!

Most of the epidemiological studies of a relationship
bstween the radon levels in homes and lung cancer thetically saved by implementing the U.S. Nuclear

Regulatory Commission's regulations costs about $2.5
elso seem to be in disagreement with the no threshold billion (Cohen,1992). Such spending is morally ques.
principle, and some may suggest a hormetic effect. Of tionable. Studies of radiaticn hormesis suggest that
19 studies reviewed in UNSCEAR (1994),8 indicated such expenditures may be futile and actually have an

increase in lung cancer mortality or incidence in adverse effect on the health of the population.
dations exposed to higher than average radon lev. The recognition by UNSCEAR, the most distin-

. , and .11 studies indicated lower mortality or inci. guished international scientific body on the matters of
droca or no association oflung cancer and radon levels. ionizing radiation, of the possibility that low doses of

In the United States, a study that covered 89% of radiation may result in changes in cells and organisms
the population found that the people living in houses which reflect an ability to adapt to the effects of radia-
with radon air concentrations that were higher than tion, may inspire the authorities to begm a more realis-
thn average level had a lower mortality from lung can. tic approach to problems of estimating and mana-ingczr (Cohen,1993).

In China, a meticulous study measured the radon the risks ofionizing radiation. The past 4 decades wit-
nessed regulatory activity, stemming from the linearity

laval for 1 year in the houses of several hundred women principle, steadily decreasing radiation standards to an
with lung cancers and in homes of a similar number of
h2althy women. The results demonstrated at a 95% absurd subnatural level of 1 mSv per year. The time is
confidInce level that women who lived in high-level ripe for renunciation oflinearity principle in radiation
redon houses (more than 350 Bq/m') had a 30% lower protection of the public and for considering a practical
lung cancer risk than those living in low level radon threshold dose as a basis for radiation standards.
housss (4 to 70 Bq/m'),
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