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Understanding the Health Impacts of
Nuclear Weapons Production in the
Southern Urals: An Important Beginning

Scott Davis, Ph.12*

he carcinopenic effects of jonizing radiation

have been studied more extensively than those
w4 of any other single chemical or physical agent.
Radiation carcinogenesis has been investigaled n
laboratory animals of virtually every species al every
level of biological organization. Numerous large,
well-done, long-term epidemiclogical studies have
documented a bread arrav of carcinogenic effects of
iomizing radiation in different human populations
under varied conditions of exposure. Different types
and sources of radiation exposure have been inves-
tigated, and important potenbal modifving [actors
have been evaluated, 1t is notable, howewver, that
much of our current understanding of radiation
carcinogenesis in humans derives from comprehen-
sive long-term follow up studies of a sclecl few
griwps: swvivors of the atomic bombings of Hiro-
shima and Nagasaki [1]; persons treated for luber-

culosis with x-tays [2.3]; porsens treated for anky-

lowing spondylitis with radiotherapy to the spine [4];
and women treated for cancer of the uterine cervix
with radium implants or external radiotherapy [3]
These sentinel studies, well as many of the
smaller epidemiological studies of fonizing radiation
reported to date, ate limited because the exposures
received generally resulted in relatively high doses,
refatively high dose
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which were accumulated af
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tates  Although these studics bave contributed
greatly to our understanding of the biological aspedts
of tadiation carcinogenesis and have been instru-
mental in early atfempts to formulate gouidelines for
radiation prolection, there is an increasing need to
forus attention now on understanding the human
health effects of much lower doses of ionizing ra-
diation and of protracted low-dose exposures (ie,
bonwr dose rates)

Indeed, it is within this low-dose context that most
people ate concerned about radiation exposures.
(rccupational and population radiation protection
standards have generally been derived from extrap-
olating the experience at high doses to the fow doses
more fvpically encountered today The wisdom of
this approach and the assumptiens inherent in these
extrapolations are being increasingly questioned and
challenged. At presenl. fheve remains consideradle
uncertzinty and debale regarding the carcinogenic
effects in humans of low doses of ionizing radiation
and the appropriatencss of the various extrapolation
models used There is considerable evidence from
animal studies, for example, that the carcinogenic
ctiechveness of low-linear energy transfer (LET)
radiation is reduced at low dose rates Available
evidence in humans is thus far insufficlent 1o con-
firm this notion or adequately to quantify or describe
the nature of a postulated dose rate reduction factor,

In efforts to address this gap in understanding,
considerable effort has been made in recent years to
begin to identfy and assess health effects in groups
and populations exposed to low doses of 1adiabion
5] Radiation exposurcs studied n this context in-
clude occupational sources, disgnostic radiography,
natural background radiation, failout from nuclear



weapons testing, and emissions from oueclear faali-
ties. In particular, comsiderable attention has been
devoted to the latter two sources: studies of popu-
lations exposed to radiation released as a conse-
guence of nuclear weapons production or testing,
and nuclear power produckion.

Such studies are exceedingly difficult to conduct.
In most instances it is not feasible to quantitatively
assess or estimate radiation doses received by indi-
viduals, either because there is insufficient infor-
mation fo allow the reconstuction of doses retro-
spectively, or because access to the necessary imfor-
mation is compromised by the enviromment of
secrecy that has so long characterized the nuclear
industrv worldwide, or both. Futtheymore, it is often
difficult, if nol impossible, to identity accurately, the
appropriate population at risk to study and itis more
difficult still to ascerlain the health skatus of ndivid-
uals in that population. Even when these formidable
problems can be overcome, the ability to detect small
increases in cancer occurrence associated with low-
level radiation exposute is likely 1o be close to o
beyond the limits of most epidemiclogical studies.
Thus, with a very few notable exceplions (e.g.
stizdies of persons exposed to fallout from nuclear
weapons testing in the Marshall I[slands [7]),
maost such investigatioms to date have been limited
to geographical studies that attermpt to relate disease
rates lo surrogate indicators o1 correlates of pre
sumed radiation exposute Whereas results {rom
these studies may provide some general direction in
understanding fow-daose effects, they are incapable
of contributing substantially to our knowledge of
human carcinogencsis at low doses or dose rates

In the last six years, however, we have hegun to
witness the emergence of a new generation of stud-
ies that hold the promisc of being capable of ad-
vancing our understanding in this area. These in-
vestigations have been cnabled largely as a result of
newfound freedoms of nformabonal exchange
worldwide In the United States, vigorous expansion
of earlier studies of persons exposcd to radiation
fallout from atmospheric testing of nucleay weapons
in Nevada, with the addition of rigorous reconstruc-
tion of individual doses, has resulted in provocative
findings of increased risks of leukemia [8] and thy-
roid cancer [9] associated with relatively low radia-
tion doses. Revelations in 1986 of substantial at-
mospheric releases of radicactive materials (largely
radivactive iodine) from the Hanford Nuclear Site
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in eastern Washington State in the late 19405 and
1950 have led to the funding of a comprehensive
dime reconstruction project designed to produce in-
dividual dose estinates and a parallel epidemioclog-
teal cohort study of thyroid disease in persons ex-
pused [10] Similar dese reconstruction projects are
new underway at a number of other US Depart-
ment of Energy nuclear facilities, and additicnal
epidemniclogical studies are being contemplated In
the Linited Kingdom, access to monitored radiation
doses of workers at the Sellafield Nuclear Plant
enabled an epidemiological analysis that suggests
that extremely low preconception radiation doses to
fathers are associated with an increased risk of len-
kemia in their offspring [11]. Several attempts are
curtently underway to expand on and confirm these
[indings.

Unparallcled, however, in this new generation of
rescarch are recont activities in the tormer Soviet
Union Since the explesion at the Chernobyt Noclear
Power Station on April 26, 1986, a new chapter in
the investizgation of population cxposures to lonizing
radiation has been opened. What began initially as
attempts largely by investigators oulside the former
Sowiet Union to assess the polenlial health impacts
of fallout {irom the accident in western Europe and
subsequently North Ametica and other parts of the
world have evolved into numerous collaborative
international efforls to investigate health impacts
amung populations exposed within the boundaries
of the former Soviet Union itselt. This has been a
formidable task, given decades of control and se-
crecy and the increasing scarcity of 1esources. Al-
though considerable effort has been made by for-
merly Soviet investigators to assecss and estimate
racdiatiom doses and to establish surveillance systerns
for long-term follow-up and diagnosis of persons
cxposed, precious little has come of these efforts
thus far in terms of completed or published studies
describing ecithen the radiation dosimetry or cancer
risk, The potential for scientific advances remains
greal, and it is the fervent hope of many that the
ohslacles of a historically closed and secret bureau-
cracy, scatce resources, and the inevitable challenges
of international collaboralion can be overcome to
produce meaningful results,

Kossenko and colleagues [12] report in this issue
of The PSR Quarterly results regarding the risk of
teukermnia associated with low-dose-rate population
exposures (o jonizing radiation in the Chelvabinsk
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tegion of the southern Urals in castern Russia Inoan
accompanying commentary, Amundson |13} de-
scribes the overwhelming magnifude and extent of
the radiation contamination that took place over
mare than a decade in the late 19405 and 19505 and
the suffocating effects on scientists and the populace
at large of more than £0 yvears of secrecy surrounding
these events. Undoubtedly, the widespread concern
for human health around Chernobyl and the in-
creasing opermness that has evolved from the re-
search and humanitarian activities that have been
initiated in that region, in combination with a rathet
fortuitous timing of evenls that have led to the
restructuring of the former Soviet Lnien, resulted in
the recent revelations of what took place near Che-
lvabinsk

Kossenko's work is unprecedenled and shoald be
evaluated in the broader contex! reviewed briefly in
the paragraphs above. Her slaled purpose was to
study low to moderate radiation doses delivered at
low dose rates in a relatively large and stable pop-
ulation. She restricted the investigation to a consid-
eration of exposures resulting from radiation 1e
leased inte the Techa River from 1949 to 1956
Kassenko had access to (and was largely responsible
for developing) a unique set of resources and infor-
mation: the source term was relatively well charac
terized (i e, what types of materials were released,
where, vy much, and when); environmental mon
itewing data existed and appear to be reasonably
comprehensive; coherts were identified largely on a
geographical basis to correspond with whal was
known about the pattern and dispersion of the
contarminativn; medical and fellow-up evalualons
were conducted in these populations from early on,
beginning in 1951, and have continued on a tegulat
basis; sewrces of and access to medical care have
been relatively uniform and stable in the region
during the pervied of follow-up; and the population
has been reasonably stable as well, with minimal in-
and-out migration. An additional, but somewhal
perverse, advantage of the local situation was that
the population at large was essentially uninformed
about the radiation contamination and their own
expusures, thus eliminating the possibility that wide-
spread interventions or behavioral changes would
have malcrally affected the opportunity for expao-
s1TE

Kossenko and her colleagues attempted o osli-
mate radiativn exposme [rom both external and

28 e PSR Quartorly, December 1992, Yol 2, Mo, 2

internal sources. 'T'o characlerize external exposures,
they used three sources of data They had informa-
tiom on the veleases into the tiver by {ime and major
component. They also had information on gamma
dase rates by distance from the river for individual
vears from 1951 to 1854 in a number of specific
areas alomg the river (e o, specified areas of villages
and inside homes). Combining this information,
they estimated average exposure levels by area along
(e viver for 1951 tv 1954 They also had survey
information about lifestyles in the villages along the
river in ditferent age sroups (e g, time spent indoors
vorsus olddoots, time spent in vatious aclivilics)
They used these data, in conjunction with the ex-
pasure levels, to estimate annual average doses by
village by age group 1t s not clear how the vears
befote 1251 {the first reactor begen operation in
June 1948) or alter 1954 are accounted for, although
it appears thal exposures omly through 1956 were
considered

Internal exposurcs were estimated by using two
sources of infoxmation Beginning in 196, surface
seta activity in tooth enamel was measured, and,
since 1974, 12,000 people who were exposed in the
early 19505 and who remained in the area had
whole-body count determinations of *Sr and '*'Cs
depositions. From these data, age-dependent models
were developed to estimate strontivm retention in
ome Through the use of addilional intermation on
Sy comtent in bones from people in “other regions”
as well as data fram *Sr injeclion cxperiments. red
bome marrow and bone surface doses were rocon
structed o additicn, by using data from the looth
measements, rates of ingestion of strontium as’
woll as other radionoclides were estimated  Al-
though & nimber of technical questions remain un-
answered at this juncture sbout how this work was
done (o g, which and how many people provided
teelth, how sensitive and reproducible the measure-
ments are, and how the measurement and exposure
time petiods conrespond), laborious efforts were
made to utilize extensive human measurements in
estimating internal doses For Hnal epidemiological
analvsis, the external and ntevnal estimates were
combined to estimate mean red bone marrow dose
by village and aveage comulative organ doses (for
four addilional organ groupings) in {four selected
viflages

Resulls regarding lorkemia sk ate presented for
incidence and mortality outcomes separately. Inci-
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dence {indings suggest an approximate twofald in-
criepse in risk in Ahe “exposed” popudation compared
with lwo separale condrol graups The firsl control
group represents what miphtl be consideied a 1e-
gional control as it encompasses all pural dislric(s in
the Chelvabinsk region except the four irradiated
dislricts (which presumably canstitule the “exposed”
group, although this is not completely clear) Per-
sons in this group were boin before 1953 and num
ber 343,000 Leukemia was ascertained between
1972 and 1982,

The second control group consisled of 52,000
people in two rural districts along the Techa River
thal were "unexposed.” This sroup is presumed (o
be a closer match to the exposed districls regarding
the gquality of medical care, the geography, and
ethruc composition  Leukemuia was ascertained in
this group from 1932 to 19538, Although details of
case ascertainment and the characterication of ex-
pusutes in the ditferent areas are not well described
and tollow-up periods are different, the incidence
risk cstimates appear to be reasonably internally
consisfent

The montality results are more difficult to under-
stand and interpret Mortality from leukemia, on the
basis of death cerlificale entries, is compared among
a number of different exposed and wmexposed
groups These groups are not well detined, and it
appears that doses decrease with increasing duration
of residence. Results in Table 5 of Kossenko et al
[12] indicate that death rates from leukemia are
substantially highet {lwo- o fourfold) in the exposed
relative to the control areas

Owverall, the findings indicate that there is an
increase in leukermia in populations living along Lhe
lecha River that would have been exposed to the
radiation releases from Mayak As piesented, the
excess of lenkeria arose between five and 20 veats
after initial exposine, and there is some indication
of a dose response (i, increase in risk with increas-
ing dose) Thoe vesults also suggest a lower than
cxpected rate of leukemia, given the doses estimated.
Whether this constitutes evidenee of a dose-rate
reduction is of great inteest, although it is unre-
solved by the present report

This is the first published account of wark to
emanate from the truly unique tesource established
in Chelvabinsk and is the first assessment of cancer
risk related to the widespread radiation contamina-
tion in the rwegion. Tt is a remarkable prece of work,
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especially given the obstacles the investigators have
faced thiough decades of secrecy and the noreasing
shostage of resources. TTowever, like all epidemin-
logical studies, it is not without its shortoomings and
limitations. Probably chief among them is that this
studv is not truly an individual follow-up study
based on analyses of individual outcome determi-
nation and radiation dose estimates. 1t @5 somewhat
a hybrid of a geegraphical and cohort study com-
bined The principal mechanisms of case finding
appear to be population based and related to a
relatively well-delined and stable population (vo-
hort?y Dose estimates are based in part on biological
measurements of a large number of individuals from
this same population. Nonetheless, the assigmmnent
af expastire or dose calegory and the comparison of
outcomes are largely ecologically based. Thus, there
5 still much that can likely be learned from this
basic data resource regarding the risk of leukemia in
the Chelyabinsk region. Future work should strive
trward achieving the goal of obtaining individual-
based sk estimates that will allow for a better
chavacterization of the dise response at low to mod-
erate doses.

Thus, it seems that the most appropriate interpre-
tation of this work at present is to consider it a very
mmportant beginning. Judging trom what we have
learned in the recent few months about what took
place in the region, this report is but one small piece
of what lies ahead to be investigated. The Techa
River 1eleases constitute only a portion of the radia-
Hon exposures that have likely ocomred to large
nombers of people. The storage tank explosion in
1957, the atmospheric dispersion from Lake Kara-
chay, the subscquent river exposures after 1956, and
the open question of continued exposures from od-
going operations of the Mayak facility need {o be
investizated.

The data reporled lhus far are mited to a few
long-lived radionuclides (principally *'Sr and ""Cs)
What might be leamned about exposures fram other
sowrces that could have substantial health impacts,
such as radioactive iodine? Might it be possible o
reconstruct thyroid doses from available records?
The present report is also limited to one specific
autcome: lenkemia. Clearly, with such widespread
exposure to such large numbers of people, the op-
portunity exists to investigate a broad spectrum of
radiabon-induced disease, including other tvpes of
CANCeT, bq*nign fumors, 1'ep1'uducth-'e outcomes, and
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acute effects. With the resources developed thus far,
it should be possible to include in such shedies the
collection and storage of biological material for mo-
lecular and genetic studies of radiation-induced
damage,

This waork is also just the beginning in terms of
the potential to include other study populations and
exposures. The resource developed thus far at Che-
lvabinsk is focused principally on the regional pop-
ulation There alse exists a work force that has been
in place for over 40 years and that may have been
guite substantial in number Occupational exposures
to radiation clearly occurred and may be reasonably
well documented and recorded. In addition, the
region around Chelvabinsk is heavily industrialized.
It might be possible to begin (o investigate the
relationship between other imporlant occupational
exposures and ionizing radiation in relation to cancer
inducton,

Kossenko and her colleagues are to be congratu-
lated on providing a very provocative and timely set
of results They have probably raised more questions
than they have answered. It is hoped that this will
seTve to iniflate an active scientific exchange of new
ideay, criticism, and collaboration to exploit fully the
unique resources so painstakingly developed over
several decades. Whereas the human toll of the
events near Chelyabinsk may turn out to be unprec-
edented, so too may be our gains in understanding
the biclogical effects of ionixing radiation e )
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