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Nuzlear Radiation Relenses into the Environment and Recent Mortality Rises
in Switzerland.

E. J.Sternglass* and J. M. Gould #

{1} Introduction

& detailed exarnination of fallout episodes and releases from nuclear
power plants for Switzerland indicates a clear correlation between the
rises of fission products in the food chain, and large upward changes in
various causes »f dzath during the last forty vears. The rises and declines
of reactor releases into the food-chain and the subsequent increases in
morta'lity rates due to leukemia, cancer, circulatory and infectious
diseases were found 1o follow the same general pattern as seen after the
arrival of fallout from the large-scale atmo-; " eric testing of nuclear
weapons during the 1950s and 607s, and to the initial effects of the 1986
Chernobyl fallout.

The most recent upward changes in the death rates following the
Chernobyl fallout and the accident at the Muehleberg nuclear reactor later
that same vear showed a new and potentially & #n more serious phenomenon
with far reaching implications for the future of human health. Thiz iz the
fact that for .dividuals born during the period of large-scale atmospheric
bornb tests of the 5073 and 60°3 there was a much greater rise in deaths

from all infectious diseqses combined between 1985 and 1988 when
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the Chernobyl fallout arrived than for those born before or after the period
of heaviest fallout.

Among these infectious disease deaths in 1986, roughly one sixth were
due to the AIDS virus. The sudden rise of all infectious disedse deaths,
especially for those born during atmospheric testing for whom AIDS was the
overwhelming cause of death, is consistent with earlier warnings by
scientists such as Andrei Sakharov a3 long ago as 1958 (1) that the massive
armounts of Strontium-90 and other radicactive fission products releqsed
into the atmosphere by the hydrogen bomb tests would irradiate the
bone-marrow and other ¢iitival organs of the immune system, causing it to
become weakened. Together with an increased m'utation rate of viruses
produced by the fallout, Sakharov warned that damage to the immune
defenses could lead to world-wide epidemics of infectious diseases spread
by rapidly mutating, new viruses resulting from bomt 7 . .ting.

But it i3 now known that the immune system i3 especiully zensitive
during intra-uterine development, early infancy and childhood, Az 2
result, the body’s defenses against cancer, bacteria and viruses become
deficient for the life of the ir7ividual. The sudden manifold increase in all
infectious disease deaths that began in 1986 among young individuals in the
prime of their lives associated with a relatively weak second expasure to
radieactive releases into the environment has very serious implications for
the effart to reduce mortality rates from cancer, AIDS, and other
infectious diseases, and can therefore not be ignored in any decizions
affecting the future operation of nuclear reactors in Switzerlaond or

anywhere else in the world.



(I1) Background

Within recent years, there has been growing evidence that small,
protracted doses of + udiation due to both natural and man-made radioactive
elements in the environment have had much greater effects on human health
than had previously been believed. Based on nearly a century of expes iznhce
with 1iic use of X-rays in medicine and the follow-up of of survivors exposed
to the aformic bomb radiation in Hiroshima and Nagasaki, it « as widely
believed that the small doses produced by distant nuclear detonationz or
normal releases frorm nuclear plants, typically much lowsy than either
natural background doses or those from diagnostic X-rays, would have no
statistically detectable effects,

Thus, the recent findings that leukemia and cancer rates were
abnormally high around a series of nuclear plants in the U. K. and the U. 5.
recently reviewed in a new report by the U.S. Academy of Science (BEIR
¥, 19903)(2) has been difficult to accept for most of the scientific
community, although studies by Stewart, Mancuszo and Kneale { 3} had
previously shnwn that cancer rmortality was higher among workers at the
Hanford nuclear plant than expected, even though the recorded doses were
well below those presently permissible. However, a very careful recent
study of leukemia cases among Morrnons living in the area of Utah near the
Nevada test-side sponsored by the National Cancer Institute for whormn
detailed church records were available (4) has concluded that there
appears to be a ¢e:- 11 relationship between fallout and leukemia for baoth
children and adults. This supports a series of earlier studies that had
found such a relationshi, Lased on less reliable data obiained from
house-to-house interviews for variocus cancers( 5), or vital statistics
records on @ state-by stote basis{5)(6) as well as international data on
cancer mortality rates for a series of cancer types (7).

There have also been studies that have found a relationship betwesn

childhood cancers and low doses of radiation during intra-uterine
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development first discovered by Stewart’s group at Oxford(8), and a more
recond siody showing a direct relationship between background radiation and
childhood cancers by Stewart and ~~-workers for England and Wales (9.

¥ith regard to other effects than cancer or leui....l1, total mortality
increases were first observed for radiclogists exp. 3 to fairly high
occupational doses in the 19205 and 30°s before the advent of the nuclear
age resulted in better recognition of the danger and better safety measures
{10). In the early 1960"s, Morivama suggested the posaibility that both total
and infant mortality rates in the .3, might have been affected by fallout
(11)(12). Subsequently,upward changes of fetal and infant mortality on a
state-by-state and internaticnal basis were found to be correlated with
Strontium-90 and other isotopes in pasteurized milk (13){14 ). Further
indications of unexpectedly severs effects of amall amounts of fission
products were found in counties around a serie== ~f nuclew facilities in the
U.5.when higher levels of infant mortality, leuks:. * and underweight births
were found io be correlated with announced radioactive releases and
proximity to the plants(14 ),

Mare recently, following the arrival of fallout from the accident at
Chernobyl, highly statistically significant rises in the moniiidy wotal and
infant mortality and sharp declines in the number of live births were found
to have taken place across the U, 3., directly correlated with the measured
levels of iodine~131 reported by the EP& for the different regions of the
country (15)(16). This was the first time thot effects of extremely small
amounts of radicactivity on general mortality and specific causes of death
conld be clearly related o a specific fallout episode in a normal population
gince the number of individuals expozed was that of the entire United States,
thera were no nuclear tests that could interfers with the identification af
the source of the exposure, and there were no nationwide warnings not to
consume the milk and vegetables because of the very low concentrations in

the diet,



The most surprising finding was that infectious disease deaths rose most
strongly in a matter of weeks as in an qir-pollution epidemic, and that the
greatest percentage increases in maortality occurred for ingdividegls born
during the height of atmospheric nuclear testing. Thus it appears as if the
radioactivity in the qir an’' "'zt acted as another form of stress,
actuive wiing the d=nths of individuals who were already i1l or had low
imrmune ress ance. This is consgistent with the observation that the initial
rizes in monthly numbers of toial and infant deaths were followed by
abnormal declines. Similarly, the sudden reductions in the number of live
births due to mizcarriages or premature births wer "1llowed by unusual
rises in the nurmber of births the following year,

Another important finding was that the form of the dose-response was
better ﬁtted.by a concave downward ar logarithric form rather than g
linear form, explaining why there were not much larger effects in Europe,
where the concentrations in i diet were rmuch larger, despite 2fforts to
warn e population. Such g form of the dose-response relation iz similar
to that found by Stokke and co-workers (17) for the reduction in bone
marrow cellularity in laboratory atudies of rodents ¢ 2n very small doses
of strontiurm-90 in the millirem rang~ ~amparable to those from fallout, It
iz al2o the same form of dose-response found subsequently by Petkau
(18)(123(20) for the action of frec- v.:'ical oxygen on cell-membranes
produced by low dose-rate, prolonged exposures where the indirect
chemical action of radiation begins to dorminate over the direct-hit
mechanizr *hat produces most of the DNA damage in the case of short, high
dose exposures 1o external x-rays or gamma rays from the flash of o
nuclear detonation (21). spparentiy the efficiency of free-radical induced
diinage becomes hundreds to thousands of times greater at very low
do=se-rates or concentrations of these active molecules than at high doses
and dose-rates, thus explaining a rmuch greater biclogical damage at

extremely low doses from internal emitters such as occur from the



inhalation or ingestion of radieactive fission products,

The resulting ino1 cqse of biological effects at very low doses far above
that expected from a linear extrapolation of high dose, high dose-rate
effects as occurred at Hiroshima and Nagaszaki has not only been =een in
laboratory studies of mutation rates of human genes (22) but has also been
observed i, the dose-response curve for cancer risk among atomic workers
(23) and for the A-bomb survivors (24 ), where the dose-rate as well as
the qbisuiuie dose decreagses with distance from the bomb for a given
duration of the flash. In view of the discovery that transplant patients
develap tumors at a high rate when their immune systems ar- ppressed
(24), combined with the laboratory evidence that rodents given small
amounts of radicactive -’ ontiurn show a suppression of the normal (NK)
killer—-cell function of the imrmune systern (25), one can begin to understand
why low-doze exposures to internal hone-seeking isctopes or very small
doses of internal beta & "ers to key organs of the irmmune and hormonal
svatem can have far greater effects than short exiernal exposures of the
same total dose. The crucial role of the immune systern in the protection
against the apread of cancer @, more recently been brought out by the
successful treatment of some carcinormas such as rnalignant melanoma by
gnhancing the body’s own immune defenses (26 ).

To this must now be added the growing recognition that free-radicals
such as ’32- appear to play a much targer role in a large number of
infectious and chronic dizeases than previously recognized (26), including
those of the respiratory, blood-forming w1 ~ardio-vascular systems,
thereby explaining why extremely stmall concentrations of inhaled or
ingested radioactive fizsion products can produce irritation, inflammation
and rupture of cell-ime, Soanes, lowered resistance to infections,
accelerated cancer spread, ' okes and prermature death, sometimes within
a rmatter of days, weeks or months after exposure for those already i1,

Thire ore, however, still ather reasons why internal expozures to



fiszinn-nroducts such as strontium=-90 and iodine-131 appear ta have rmuch
larger biological effects than naturally occurring radioactive elements
such as radiurmn, on the basis of which present permissible body burdens
were established some fourty years ago. It tur:.. out that low-mass
glements such as strontium are taken up much more readily from the
intestinal organs into the blood stream than heavy elements such as radium
or uranium. Furthermore, the powerful beta rays that = “ission products
emit have thousandsz of {imes the range of the dominant alpha particles
ejocted from the heavy elements. Az a result, strontivrm and other
bone-seeking © a-ray emitting elemetits similar to calcium produced in the
fission process are able to irradiate the bone-rmarrow when lodged in the
bone, while most of the alpha particles cannct. Indeed, since human beings
had to evalve in an environment where ur*r:irm.:rn, radiurm ad radaic . 2 qQuite
prevalent, it is not surprising that our species had to evolve an immune
systern relatively protected from the potentially darnaging action of these
natural alpha particie winitterza, or else we would not have survived to this
day.

In hind=ight, we can now begin to understand why 1t was a grave mists -
to base the perrnissible amounts of radicactivity that could be discharged
from nuclear reactors into the air and water on either our knowledge of the
action of radiurm on bone, or the action of brief, high dose-rate medical or
external exposures from costmic and gamma rays in the natural
envirorment, Hurman beings simply did not evolve in the presence of
relatively short-lived fission products that are crn=~mously toxic to the
hormonal and immune systems, something that wuo aot understood when the
exiating radiation standards were formulated and the present nuclear planta
desighed.

Yery recently, vet another unexpeci.. serinus biological effect of
strontium and radico-iocdine has begun to be understood, narmely their action

in producing premature and underweight births, It is now widely recognized
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that underweight births are the single most important factor in the risk of
infant death (27 ), and that below normal weight is al=zo associated with a
greater risk of s~rious brain damage with its consequeni iife-long cognitive
and psychological problems. Recent studies have shown that an improperiy
functioning immune system of a pregnant woman raises the chance that she
will reject the fetus as a foreign body, thus increasing the risk of
miscarriage or premature 1 th (25 ). This can now explain the fact that
there was g large increase in miscarriages, as weil as premature and
underweight births during the 1950°2 (29) when fallout was introduced on a
massive scale into the human diet, peaking in the mid-60"s when the
strontium levels in the milk and bone from the large scale atmospheric
testing by the U.S.,the U.K. and the U.5.5.R.reached its maximum
concentration . It also explaing the existence of two peaks in infant
mortality rates following an atmospheric release {20). The first is dus to
the short-lived iodine and strontium-589, while the second peak occurs three
{o four years later due to the delgved p~-" in bone cuncentration of the
long-lived strontium-90 after the upis.. rom the diet begins, as is
iMustrated particularly well by the long-term Swiss data that will be
dizcussed in Section 111,

Furthermore, the link to fallout in the diet explains why popul .’ ..ns
whose diet is low in dairy pr..' .cts and high in the ratio of calciurm to
strontium=-20 such as the Japwwese diet of rice, ocean fish and
sea-vegetables, now have 1 lowest infant mortality in the world, In
qddition, such a diet a!-- contains large amounts of natural iodine which
blocks thy w.take of radicactive iodine-131 that damages thyroid function
and thereby alao contributes to a reduced birthweight and impairment of
tearning ability (31)(32).

With this background, it becomes clear why Switzerland is porticularly
vulnerable to the hiealth effects of nuclear fallout and retea:.  ram

nuclear reactors under both normal and accidental situatinns, First, of all,



the existence of very hinh mountain peaks where heavy snow and rainfalls
take place causes the concentrations in drinking water, soil and vegetation
to be very high, since 90% of all fallout comes down with snow or rain.
Secondly, the small size of the land area into which the farmland and the
population centers are confined by the mountains results in a very high
population density, high air concentration of fission products, and
unusually close proximity of the nuclear reactors to both dairy farms and
cities. Thirdly, the high average income s!'-ws a large fraction of the
ponulation to afford local dairy products and especially fresh milk that is
known to be the =ingle most important vector for the maost active
short-lived fission products, Furthermore, unlike the island nation of
Japan, there is no ocean to use for cooling water or the normal discha rges
of fission products, so they must 2ither be released into streams that serve.
for drinking water of animals and humans, or into the air af narrow valleys
that channel the routing releases towards the low-lying farmlands and
population centers. 4s will become apparent below, theze factors do in fact
appear o have produced unusually high concentrations of radicactive
strontium, cesium and iodine in the diet and the body, followed by zharp
rises in mortality rates after the massive atmospheric bomb tests and the
known episodes of large releases from Swiss nuclear reactors as

docurmented in the detailed official records (33).



(111) Radioactivity in the environment

In order to detect possible health effects from fission products in
Swilzet tand, it is necessary to recall the history of the various wavs in
which radioactivity entered the environment, beginning with the start of the
large releases from the plutonium production reactors in Hanford,
Washington in 1943-44 and the detonation of the first atomic bomb an July
16,1945 in Alamogordo, New Mexico.

Followina the twa wartime detonations in August of 1945, two mors
atomic bombs were detonated on the Pacific istand of Bikini in 1946 and three
more in Aptrii 1948 on the island of Eniwetok (34). In dugust 1949, the first
Soviet A-test was held, followed by two more tests in 1951, and the first
hydrogen bomb in 1953 at the test-site some 200 miles south-west of the
city of Sernipalatinsk in Khazunoian,

Beginning in 1951, the U.S.started a series of A-bomb tests in the
Nevada desert some 100 miles north of La2 ¥Yegas, which continued with
increasing frequency every vear except 1954 and 1956 until 1958 when a
ternporary moratorium began. The first fusion-type test was carried by the
U.5.in October 1952 on the island of Eniwetok, with an estimated yield of 10
menntnnz, or 1000 times the yield of the early atomic bombs. The first true
hydrogen bomb with 2 massive mantle of Wi and a yield of about 15
Moguwend code~-named "Bravo” was detonated’in February 1954 on Bikini
Istand, and led to the first public awareness of the existence of widespread
tallout as a result of the accidental exposure of Japanese fishermen, and
Marshallese people on the island of Rongelap. This one "dirty” bormb
produced as much strontium-90 and other radicactive elements as 1500
Hirashima bombs, spreading arocund the northern hemispheres in a matter of
a few weeks,

The tesanorary moratorium that took effect in 1959 did not apply to

France, which detonated its first atomic weapon ir 1980 and whose fallout
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was clearly detected in the peaks of cesiurn-137 and strantium-90 in the
rainwater at Locarna, Switzerland, as shown in Figure 3{a) of the Swiss
review article {33). Figure 3(b) of the same article also discloses a rize of
tritium in rainwater in 1959 when no bomb tests took place. Thi. was
presumably due to releases from the new French plutonium production
reactors and separation plant G- i {(Marcoule ) near Bagnols-sur Ceze less
than 200 kilometers (120 miles ) upwind to the south-west from the Swiss
border at Geneva.

The test moratorium was broken by the UL 5.5.R, in 1960 with the
detonation of the largest single bomb ever detonated, with a yield of S0
Megatons equivalent to 5000 Hiroshima bormbsa. The U.S. countered with the
largest bomb-test series of any vear, so that in 1962, a total of 200
Mznatons were detonated, as a result of which total betq activity in the air
Gt Locarno rose to some one-thousand times the lowest values ever
measured there. As a result,by 1963 strontium-20 levels in the milk at
Murren and Davos high in the mountains soared to between 80 and 20
picaCuries per liter {(pCi/1) or about 3 Bq/1 as shown in Figure 10(a) of
Ref.33. Az listed in the United Nation’s reporta (UNSCEAR) (35),
Switeerland recorded the highest average concenu ations in all of Europe,
as shown in Fig. 1, with S5pCi/1, compared with 19 in the U.S., 15 in Japan,
and only & in India.

The resulting radiation dose o the whole body produced by the 50 Mt
Soviet bornb was estimated to have been about 250 millirads (362, the
equivalent of an abdominal x-ray to every woman and developing fetus in the
northern hermisphere. Today such a dose is known 1o be about twice that
needed ta double the risk of childhood cancer and Teukemia during early
pregnancy, according *~ both the 1970 study of Stewart (8) and the most
recent resull. Carrelating background radiation with childhood
matignancies {9), As indicated in the Swiss summary report (33), the total

megatons detonated in the atmospherse by all the nuclear powers when all
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atmasheric testing ended willi .2 last Chinese test in 1980 was between 500
and 600 Megatons. As reported by Segi (37) and plotted in a recent review
article on the likely effects of Chernobyl by one of the present authors
(338), the cancer and leukemia mortality rate for 5-9 venr old children in
Japan rose 6007 between 1949 and 1966, in rough agreement with
expectations based on theoretirn! dose caicuwiations and Stewart’s most
recent findings.

With the signing of the atmospheric test-ban treaty by the U. 5., the
1.5.5.R. and the U,K, in 1963, the sirontiurm-50 levels in the milk began to
drop =5 ply everywhere as shown for the U. 3, and Switzerland in Figures 2
and 3. Paralleling the decline in milk levels, there was a decline of
strontium-90 in the bores of newborn babies as indicated by the
corso - odrations in mitkteeth plotted in Figl.u*eﬁz(a} of Ref. 33, with a 4 vear
delayed decline in the average human bone as measured in Lausanne {33 ).

Although the U. 5., UK, and U.5.5.R. atmospheric tests stopped in 1963,
peaceful *r-{s with numerous detonations near the surface releasing large
quantities of fiszion products continued in the U.S, and U, 3. 5.R. Deeper
underground tests also released radioactivity into the atmozphere, either
as a result of accidents or in the course of drilling into the cavities and
re-enl. ;Lo the test test-tunnels.

In 1964, the first Chinese atmospheric tests began, with the first
H-bornbs being detonated in 1966-68 , resulting in a peak rate of 3 megatons
per year until 1270, and declinig in frequency until they ended in 1980.
French alimuspheric tests were shifted to Muruora in the South Pacific and
continued there until the mid-1970"s. Since then, only underground tests
have been taking place, but with continuing accid- . 's and planned releases
when test-tunnels had to be vented in order to examineg the results of
various experiments.

In 1968, a new source of fission product releases into the environment

of Switzerland was added with the start of the first small power reactor at
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Lucens in the Canton Yaud, located in the southwest of the cauntry 27
kilometers (17 miles ) north of Lausanne. The reactor had an electrical
poserr output of 8.5 Megawatts, and was of a graphiic nuderated type with a
series of individual tubes holding the uranium fuel elements, somewhat
similar to the U. 5. Hanford N-1 reactor and the Soviet reactor at
Cherncbyl.

The Swiss reactor had been in operation ... nly a vear when on January
21, 1287 it experienced q serious accident that produced nv--heating of o
fuel element,q fire, and the desiruction of a portion of the reactor core so
that the reactor had to be dismantled {33 )(34). Although the reactor had
been located inside a mountain and the main entrance was immediately
sealed-off, radicactive fission products from 40 kilograms of uranium fuel
escaped into the cavern and a portion of the fission gases escaped through aQ
ventilation stack from an adjacent charnber that had been accidentally left
connected to the reactor cavity (34).

Although filters in the stack retgined most of the so-called
"particulates” such as Cesium, lodine, Strontium, Barium and Plutonium, the
radicactive rare gasses such as Krypton and xenon escaped, some of which
subsequently decaved to far more toxic materials such as rdicactive
Strontium-89. Likewise, sorme 100 curies of tritium escaped into the air, a
very large amount since this represents 100 trillic. | ‘cocuries, believed to
have resulted in a dose of about 5 millirems to people living nearby. The
agocident was not believed to have resulted in significant exposures 1o the
public at the time, but some emissions continued during a long period of
ventilation, clean-up, and diemantling of the reactor.

That sarme vear, the first large commercial power reactor began to
nparate at Beznau, some 25 kilometiers northwest of Zurich near the town of
Wurenlingen where the Swiss Federal Institute for Reactor Research was
located and two smaller research reactors had been in oeration beginning in
1957 (33 ). It was a Westinghouse Pressurized Water Reactor {PWR ) rated
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at 350 Megawatt electrical output capacity, similar in type but larger than
the first U.S. regctor at Shippingport near Pittsburgh, Pennh=y" ania.

In 1972, a second reactor of the same type and size was added at
Beznau, and the fallowing year a General Electric Boiling Water type
reactor (BWR) went into operation at Muhleberg, some 15 kil eters east
of Bern, with a capacity of 306 Megawatts electrical output, similar to the
reactors at Oresden near Chicago, Millstone I near New London,
Connecticut and Pilarim near Boston.

A murh larger Fressurized Water Reactor of 920 Megawull copacity was
ploced in service in 1979, 15 kilometers east of Aarau near Goesgen and
Oaniken, located about half-way betwesn Zurich and Basel on the Aare
river. The last targe power reactor built in Switzeiia. 3 with a capacity of
942 Megawatts began operation in 1884 near Leibstadt, about 10 kilometers
north from the Beznau reactor on the fare river, close to the German
border. Thus, a total of 2868 Megawatts of nuclear electrical capacity cams
into operation in a period of 15 yvears, all located within 20 miles of the
largest cities and their adjacent sources of drinking water, farm and dairy
products.

As described in detqil in the annual reporis oi the Swiss Federal
Radioactivity Sur> “lance Comimission {329) and the surnmary article of
Yolkele published in 1969 (33), the Beznau and Muhleberg reactors had a
zeries of fusl and filter problems that resulted in large releases into the
ervironment, just as thes Ymerican counterports examined in (14) and
{40). For the period 1975 to 1986, Table 4 of the Yolkele article {33) shows
that large doses were calculated from the emissions of iodine-131 o the
thyraids of individuals consuming the milk and inhaling the air near the
Muhlenberg and the Beznaou reactors as plotied &+ 70,4 of the present
paprr, It is seen that peak doses of 220 micro Sievert per vear (22 mriyr)
oocurred for the case of Beznauw in 1982 and 130 micro Sievert per vear (19

mrdyr ) for the Muhleberg plant, exceeding even the large maximum dose
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permitted for Muhleberg of 250 micro Sievert ( 25 mr/yr) , or 475 times
the lowest value reported in 1384,

Since the local milk is shipped within a matter of g day or two to the
nearby cities and towns, these doses reflect also the thyroid doses of close
to half of the population of Switzerland, heavily concentrated around Bern,
Basel and Zurich. Since the fetnl thyroid is much amaller than the child
thyroid for which the . calculations were carried out, the doses to the
developing fetus are some 10 times larger, or some hundred tirnes greater
than for the adult (41 ), These fetal thyroid doses of the arder of 200rmr/yr
greatly exceed the average doses from cosmic rays of 40mr/yr or
terrestrial garmma rays of 55 mr/yr in Switzerland (33), and are
comparable to the yearly fallou: Zoses received during the period of large
atmospheric bomb tests,

Indeed, the plot of the iodine-131 milk concentration in a farm 1ocated
near the Muhleberg reactor for a typical summer (Fig. 15 of Ref. 33) shows
a rize to gbout 1300 mBa/l (35 pCi/1} within a few dayz after a release began
from the plart. Thiz is comparable to the peak milk concentrotion measured
in New Jersey following the Chernobyl accident in 1225, when the maonthly
info=* and total mortality increased across the U, S, in direct relation to the
measured iodine-131 in pasteurized milk {(15){16).

The detailed breakdown of radioactivity ernitted in both qaseous and
liguid form for the case of the Muhleberg reactor given in the Annual
Reports of the Surveillance Commission show that significant amounts of the
binlogically important strontium=-90, strontium-83, barium-140, cabalt-50
and cesium-137 were also discharged when fuel failures and filter failures
gccurred. Thus, in the case of Muhleberg in 1376 when the peak of
Indine-131 occurred with a total of 0.75 Curies or 0.75 Trillion pCi into the
air, Tahlr 3 of Report No. 20 Jists a total of 0.38 Curies (0.38 Trillion pCi)
Strontium-90 discharged into the Aare river,

That large quantities of Strontium~-90 escaped inta the enviroiwat from
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the Muhleberq reactor is further indicated by the high concentrations in
rives . diment shown in Fig. 9 of the summary paper (33), where the 1976
data show 90 B~ /g near Muhleberg compared with 23 in the Aare river
near the Goco,.n-Daniken reactor then not yet in operation, and only 3.2 at
Goesgen by 1985, Likewise, Strontiurm-90 in grass samples rose near
Muhlenberg from a low of 8 Bq/1 in 1972 to a new high of 15 after showing n
rapid decline following the end of the largest H-tesis & the 1960%s.

But mozt disturbing is the fact that after the large releases by both the
Muhleberg and Beznau reactors for 1975 and 1978, Sirontiurn-90 in the milk
not anly halted 12 years of decline, but actually started to climb again.
This is evident frorm an inspection of Fig. 12{a) of the Yoelkele paper
{33),which also shows that the previous decline of Strontium=-90 in bone
ended after 1976 ag shown in Fig. 5 taken from the Yoelkele article (33).
The miln auta have been extended to 1986 based on the average values
reported for the vicinity of the four nuclear plants in the Annual Reports
{29) and are shown in Fig. 5, indicating a continuing rize that can only be
due to releases from nuclear reactors gince all atrmospheric bomb tests
anywhere in the warld ended in 1380,

The Chernobyl accident added further largs amounts of radioactive
fallout to the diet in Switzeriand together with a serinuz accident at the
Muhleberg reactor in the fall of 1936 when stack filters failed and large
amounts of particulates escaped, as indicated in the detailed 29th Annual
Report of the Swizss Surveillance Commission (39). Hardest hit by the
Chernobyl fallout was the sci**ernmost part of Switzerland near Locarno in
the Canton of Tessin, There, Strontium-90 levels reached 5.2 Eq/kg in
Magadino, corresponding to 140 pCi per liter in the milk, 2.5 times as large
as the highest level reached f-Nowing the massive atmospheric nuclear
tests of 1962-63. For the northern and central parts of the country, the
levels were fortunately 10 times lower, or about 11 pCi per kilogram or

Hter of milk. Since the bone dose and therefore the dose to the
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borie-marrow where the cells af the irmmune system originate will not reach
ite peak vailue until four vears after 19386, same of the gregtest effects on
human health must also be expected 1o be delayved, as will be discussed

below.
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(1¥) Methodology

In order to make a retroactive comparizon possible over the entire
period of the atomic age without interference from the changes in
classifications and terminology, we used the tables for yearly causes of
death prepared by the Swiss Statiz!: 11 Office based on the 1901
nhomenclature, as discussed on poge 81 of the 1950 edition of the Statistical
Yearbook of Switzerland, covering the period 1943 to 1985 on an annhual
basis {42). Rates w--~ calculated using the yearly population estimates for
perrui...at residents prepared by the Swiss StatisticalOffice updated in July
1989 (43).

For the period 1980 to 1989, we wei € able to obtain tables of yearly
deaths by age, sex and cause of death pre,.ared by the Swiss Federal Office
of Statistics (44 ), Because of the great stability of the Swiss population of
permanent residents, and the very slow, steady increase in population as
well as the gradual noture of the ageing of the population, the detection of
sudden changes in mortality rates as well as changes in the long-term
trends is possible without adjustment for changes in age distribulion.
Furthermore, becauseymor‘e tharn half the population lives within somes o0
kilometers of the first three large nuclear reactors with the largest
documented releases that went into operation within the short span of only 4
vears between 1969 and 1973, it is passilidl- ‘0 uge the data for the entire
popuiution in an initial search for heglth effect= sull, as the present one.In
thiz way, changes in the place of residence within Switzerland have no
effect, and no arbitrary division into exposed and unexpozed groups is
necessary, which is in any case impossible because of the widespread
diztribeion of food and dairy products that are known to be the maost
impartant vectors for fission products.

Since we are interested in comparing the effects of nuclear weapons
related fallout with the effects of similar fission products in the diet

released from nuclear plants,and wace dietary concentrations as well as
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concentrations in the human body are only available for an average of the
whaole population, use of the total population of the country is desirable for
our purpose.This is due to the fact that the majority of the total Swisse
population of some six rmiill.on people live in the Swiss Plateau near the
large cities and was also exposed 1o bomb test fallout in the diet at about
the same level everywhere. Finally, use of the total population data is not
only necessary but also provides the greatest possible statistical
sensitivity in the detection of small, brief responzes to known events.

Thi= is not to say that there are no significant differences in the regional
expoaures to fission products in Switzerland that can influence the local
pnttern of health effects, Thus, the detailed data on =adicactivity in rain,
soil, arass and milk discussed abnve clearly show that the rural mountain
areas of Dgh altitudes received much larger concentrations during the
period of nuclear weapons testing than the more densely populated lower
lying areqas near the largs cities. Conversely, the more distant
mountainous regions did not experience as much contamination of their diet
from the nuclear reactor releazes in the 19707= and 80"s. Indeed we have
gy 00 UfTerenoc i e trends for one age Qt‘oup in the two types of

arzas for which we were abls to obtain data, as will be discussed below.



(Y ) Cancer Martality

By far the oldest and most firmly established link between radiation and
human illness is the link to cancer, observed within a few years of the
digcovery of X-rays and radioactivity at the turn of the century. And among
all fuivng of malignancies, leukemia has been most clearly related to
nucle.: allout(4){6){45){(46) and specifically for the case of acute
myveloid Teukemin for both children and udults to Sirontium-20 by Archer
(5).

Fig. 7 shows the mortality rate for all types of malighant growths ather
than ~~~cinoma of epithelial cell type, the 1901 nomenclature 1:~2d in the
historical Swiss data, a category that includes leukemia (42 ). Inspection of
this plot shows a gradual general rise from 1945 to 1979, followed by a
sudden, extremely rapid increase from 1379 to 1283, Whereas in tha firul
period, this type of malignancy rose at a rate of only about 1.4% per year,
during the 4 vears from 1979 to 1233, it rose 60%, or at a rate of 15% per
vear, ten times the previous rate of rize and thus highly statistically
significant.

A detailed examination of the period of rmassive atrnospheric bomb
testing between 1945 and 1973 reveals the same pattern of peaks following a
khown test or test-series found by Archer Tor the United States, He found
that a period of about 5.5 vears elapsed between the start of nuclear testing
in K- ooda, and the first Jeukemia peak. He also reported that a second peak
occurred 5.6 years after the fallout peak of 1957, or in 1962-63. Likewize,
a dip in leukemia rates in 1964-65 in the . 5. occurred 5-6 vears after the
rminimal fallout years of 1959 and 1960, the years of the temparary

test-moratorium. This dip was found 1o be followved by a second peak in
1265-69, some T.% years after the 1962-64 peak in fallout from the large
atmospheric tests by the UL 3.5,R.in &sia and the 1.5, tests of 1962, After

the Tuot toukemia peak, the U.S. rates fell sharply uniil by 1376-77 it was
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below the 1950 death rate (5).

A3 Archer points out, it is well-known that induced leukernia starts
appearing in 2-3 years, peaks he! -y 5§ and 7 years in children and has
nearly disappeareed in 15 years. In adults the latent period i3 longer and
the peak incidence is delayed. Thus Archer concludes that the observed
time intervals between the fallout peaks and declines are fully coiuistent
with those known for radiation induced leukemia.

Detailed examination of Fig. 7 reveals the same type of puiterr far
Switzerland as for the U, S5, during the period 1949-79 studied by Archer,
wher . "hie 30lid arrows indicate the start of major test-series or the onset
of reactor ogperations, while the open arroes indicate known reactor
occidents or particulariy large releases. The first nerok between 1945 and
1950 occurs some 5-7 years after the first large releases from the Hanford
plutonium production facility in1943-44 and the first atomic test in
Alamogordo, Hew Mexico in 1945, followed by two wartime detonations in
Japan in August of 1945,

The second risu Laginning in 1953 and peaking in 1959 follows the
beginning of the Nevada tests in 1951 and the Pacific and Siberian tests of
hydrogen bombs in 1952-54 by same 510 7 v~ars, The next major pzak in the
period 1968-70 follows the large fallout recorded in Switzerland from the
1961-63 tests (3ee Fig.3). Srmaller peaks in 1974 and 1978 are probably
related {u Uic large Chinese H-tests 1908-72.

Thus, the Swiss dat: “~ongly support the conclusion arrived at by
Archer and 7 number of other investigators that amall amounta of
radioactivity {t ... nuclear fizsion are able 1o induce leukemia at externally
measured doses close to normal background levels in the range of only a
few millirems, previously believed to have been undeteciable. Thus it
appears that much if not most of the excess leukemia seen in the U, 5. angd
now in Switzerland is attributable to nuclear fallout in the diet,

Turinng next to the period after 1979, we know from the detailed reports
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of releases from the Swiss nuclear reactors and the measurements of
strontium-90 in the environment discussed in Section III above and
illustrated by Fig. 4 that large releases occured from the Beznau and
Muhleberg reactors in 1975-76. We see that some 5-6 years later, or in
1980-81 a '-tally unprecedented rise in non-epithelial type malignancies
occurred in Switzerland, consistent with the earlier rises ii om similar
increases of fissi - products in the environment from bomb-tests.

435 indivated by the data in Fig.4,a second serie= of large releazes
occurred in these reactors in 1981-82. This releasze was followed by
another rise that can just be seen to begin in 1385 in Fig.7, and much more
clearly in Fig. 8, where the mortality rate for acute myeloid icukemia has
been plotted for the recent period 1988-83.

This temporal pattern of sharp rise in acute myeloid leukemia most
clearly established as being related to radiation exposure, fallout and
strontium-90 in the diet strongly suggests that these unprecedented
increases are likely to be related to the releases from nuclear plants.

No other cause for such a sharp, sudden increase is as likely as rises in
the dietary levels of radioactivity in the diet, espes 31y the milk and dairy
producis »idely consurned in Switzerliand. There has been no sudden
increase in the use of medical X-rays or the dose per film. Indeed, the
growing use of fast filrm and electronic means of fluoroscopic imaging have
areatly reduced the dose per examination during the last decades.
Ulrasound has increasingly replaced X-ray examinations during
pregnancy,and magnetic resonance imaging has become more widely used.
Neillizr of these diagnostic techniques has suddenly increased so as to
gxplain the recent rize, and of course no steadily growing use of any
medical techniques is Likely to explain the rapid rises and declines following
known atmospheric hnmh-tests.

The case for a fission product related couse of the recent rize in

leukemia in Switzerland is further strengthen=sd by the data for all ather
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malignant tumors, that is carcinomas, mainly involving the bronchi and
lung for men, and breast cancer for women, both of which can be induced by
radiation.

Fig.9 shows the data for the same period 1945-85 as for the other types
of malignancies in Fig. 7. It is seen that the mortality rate of carcinomas
was hearly constant between 1943 and 1958, declining somewhat sormewhat
during the period 1958 to 1964 in Switzerland, probably due to the combined
effects of improved early diagnosis, improved therapy, reduction in
smoking armong men, improvements in air-poliution controls and the fact
that the short-lived activity in the low altitude tropospheric fallout clouds
passed over Ireland, England and Horway, so that the rmost intense
short-lived activity did not reach Switzerland until it had decayed while
circling the globe one or more times. Some small peaks can however be
seen in the 1950%s whes, ¢ fallout from atomic and hydrogen bomb
detonations from Siberia and the I fic rained out in the mountains of
SGwitzerland, but the decline from 1358 persisted until 1963,

However, beginning in the latter half of the 60°s, the general downward
trend ended, and a sharply rising trend took over, despite all further
advances in medical care and environmental clean-up. From the low point in
1964 all the way to 1985, there occuri =_ 3 complete reversal of the
previous downward trend. Instead of a decline, there was a completely
unprecedented steady rise of 1. 3% per year, persisting over a period of 21
vears with only minor interruptions, despite great advances in diagnosis,
treatment and reduction in amoking among men.

It iz seen that the upward upward trend began slowly in 1967-£9, some
gix to seven years after the large U.5.5.R. K i3t of 1961, again strangly
suon~~ting a causal link to radicactivity in the diet. A clear peok appeared
in 1973, some to 12 years later, in reasonable agreement with the longer
latency periods for the different solid ratignant turnors compared with the

5-6 vear delay of a peak for lzukemia observed in the case of the Hiroshima
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and Nagasaki survivors (2).

Becausi -~ the longer latency and the combination of many different
s0lid turmors such as breast cancer and lung cancerin this category, there
are no such clearly identifiable peaks during the period when the reactors
had a series of small and 1a: .- releaszes, It is therefore of interest to look
at two types of carcinoma that are known to be radiation related and swhich
are not strongly associated with cigaretie smoking for the period of rapid
rize after 1360,

Tha first is breast cancer in wornen, shown in Fig. 10, It is seen that
there was q asharp rize of 16%4 in only three years from 1380 to 1333, or at
the enormous rate of 5,5% per yvear., Thiz ~3 followed by a slower rise to g
broad peak between 1985 and19E8, some 10-11 years after the very large
1975-76 releases from the Beznau and Muhleberg reactors. The statistical
significance of this rise is extremely great (P 0.001) since the number of
deaths were 1308 in 1980 and had climbed to 1645 in 1957,

The recent 2igns of a possible decline are consistent with improvements
in the waste-treatment and radioactive gas hold-up s, lems instituted by
the i e=actor manufacturers world-wide in the late 197073 after public
hearings caused the U, 5, Muclsar Reguiatersy Trramision 1o lower the
petmissible releases.

Fia, 11 shows the mortality rate for another type of carcinoma, namely
malignant melanorna, a form of akin cancer Lwe has recently been found to
rise extremely rapidly in the U, 5. It is seen that just like breast cancer it
rose sharply between 1950 and 1983, namely by 261 in only 3 years or at a
rate of 3,74 per vear.,

A small peak cccureed in 1383 some &6-7 vears after the large releases
fr-om ke Muehleberg and Beznau reactors in 1975-76, and a second peak
aoppeared in1288, 6-7 years after the large releases of 1981 and 1282,
congiatent with the known relatively short latency period for this tyvpe of

highly rnalignant skin cancer,



Mo other explanation for the very sudden, extremely great increase and
peaking of this type of carcinoma ig as likely a3 radiocactive fission products
in the air and diet. Skin cancers are of course also produced by exposure to
ultra-viclet radiation, which is known to be a promoting factor, just as
repeated exposures to ionizing radiation (2). But a sudden sharp rise
followed by a levelling-off and subsequent decline cannot be salely
atiributed to a steadily arowing exposure to the sun. Neither could a
reducti=r ‘= the ozone in the upper almusphere be the explanation since
studies huve TOWhw Liw 1o woi N LY. radiation on the ground in recent
vears (47).

The evidence that large releases frorm nuclear reactors followed by
upward changes of strontiurn-20 in the diet are associated with myeloid
leukernia peaks similar 1o those seen by Archer during the time of
otrnospheric tests strongly suggests that there exists a causal relationship
between nuclear reactor releases and the incidence of leukemia and
canver. The evidence i3 further ztrengthened by the fact that knz -~
radiosensitive carcinomas such as malignant melanoma and breu. cancer
alza . se sharply after the known targe nuclear tests and the reactor
releases that produced clearly detectable rise~ of radicactivity in the diet

and human bone.
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(Y1) Total Mortality
Since total mortality frue: 211 causes combined has also been linked to

chronic, low-level radiation exposure (10) and extended internal exposure
to fission products (11} (153(163(48), it is of interest to determine
whether the Swiss data also support such an association.,

Fig. 12 shows the total mortality rate for Switzerland between 1940 and
1988 taken frorm the publications of the Swiss Federal Office of Statistics
(42)(43). A= in the caze of the dominant type of malignancies, there is an
overall decline since 1945 which slowed in the mid-1950°s when large
hydrogen bomb tests began, slowed once more 7:1° wing the second large
series of atmospheric tests in the early 607s, and finally began to rise in
the mid-70"s.

Aqgain, there is a clear indication of peaks in maortality in 1847 - hen the
first atuive bomb fallout began to circulate the world, and a second peak
between 1952 and 1957 when the first H-tesis took place and long-lived high
altitude stratospheric fallout began to reach Switzerland. After a brief dip
during the period of minirmal fallout due to the test moratorioum of
1953-61, there was another even sharper rise, divided into two clearly
separated peaks in 1960 and again in 1962-83. The first coincides with the
first Fre.._.h bomb test in the Sahara desert in 1960, while the second
corresponds 10 the sharp rise in fallout after the large U, 3.5, R, and U, S.
tests that ende the moratorium, followed by minor peaks when the Chinese
A-tests began in 1964,

& minimum of the mortality rate in Switzerland was reached in 1975
followed by a small peak in 1976, the year when large relaases and
azzociated whoke-body and thyroid doses were reported were reported for
the Mokl~bern and Beznau reactars (33). The abnormal rise continued until
1983, after which the mortality rate declined stic!."; but remained higher
thar in 1975 for every year until 12838, the last vear in the plot,

Since diseases of the warculatory system that include heart disease and
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strokes are the single most important cause of death, it is of interest to
separate them from malignancies. The results are shawn in Fig. 13,

It is seen that deaths due to all circulatory system diseases cambinng
shuwed a rise from 1943 that continued into the mid-507s, with relatively
large, sharp peaks some one to three years after each major fallout
gpisode. A clear minimum was reached in 1973-75,19% lower than the peak
rate recorded during the period of low-altitude nuclear atmosperic
detonations in the mid-50"s, ~= just about equal tu tiie low rate that existed
in 1943 when the air was filled with smoke and people were not yet watching
thei diet for cholesterol, but when the large-scale releases of radioactive
fission products inta th= 2nvirconment had not vet begun.

Following this minirmurm, there occurred a totally unprecedented rise of
174 in only 4 years, followed by a broad peak in 1979 to 1933, and a dacling
to a value still above the 1373-74 minimum. Again, as during the perind of
large-scale atmospheric tests, the sharp rise in 1976 to 1979 follows by one
to three vears the known large releasesz from the two nuclear plants at
Muhleberq and Beznau, located in the most densely populated dairy farming
region of Switzerland. And on:  1g9ain, the pattern of the rises and declines
is similar to that for leukernins and cancers, but with a rmuch shorter
tirme-laqg.

In contrast to the case of ciculatory system disease martality, the
death-rate for all respiratory diseases shown in Fig. 14, which i= daminated
by pneumonia, shows a rapid drop immediately after the peak in 1243 to
1945, probebly due to the sudden availability of sulfa-drugs and antibiotics
after the end of World-War II. A minirmum was reached during the
moratorium of 1259, with a amall peak in 1360, the vear of the firat Fre;.”
atomic test in Africa, after which o sharp peak occurred when the massive
1961-62 fallout reached Switzerland. Following this per i1, the respiratory
mortality climbed steadily despite all the advances in antibiotics, the

decline in smoking among men, and the reduction in automobile and other

[ ]
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chernical emissions into the atmosphere.

A clear peak occurred in 1579, the year of the Lucens reactor accident
with ite large airborne releases of tritiurn and other radicactive
substances. This was nlso .. year of the start-up of the Beznau reactor,
wvhich suddenly added still more radioactive gases into the atmosphere,
followed by still further anomalous rises and declines after known episodes
of large releases indicated by the hollow arrows.

Thuz, all the evidence points to invisible radionctive gases and
particulate relowsed from both atmospheric and the continuing underground
tests with their leaks as well as nuclear reactor and reprocessing plants
into the into the atrmosphere as an important ~~d previously neglected
contributary factor to respiratory disease. The action of radioactive
chernicals is undoubtedly enhanced by cigarette smoke, dust and smoke
from coal and oil-burning plants, and the large automobile emissions, but
the ubserved pattern of close connection to known rad’  clive relenzes
makes it impossible to blame the recent rise in respiratory deaths solely
on faseil fuels, cigarettes, or outomobile emissions,

Since infectious diseqases dominate the respiratory mori- 7y rate, it is
of interest to examine in deaths due to infections separately, and this is
shown in Fig. 15 for the case of ane specific disease, narsl, meningitis.

Just as w1 be expected, there is indeed a large decline imrmediately
ailer 1945 associated with the immprovements of medical treatment after the
end of World-War II. & sharp minimurn occurred during the time of the 1953
moratorium, but immediately thereafter,beginning with the onset of
releases fraom the French plutonium production plant at Marcoule, there was
a sharp rise, followed by an enarmous §-fold greater peak in 177°2-84 when
the massive fallout from the 50 Megater “~viet test and the subsequent U, 5,
tests reached Switzerland. This was followed by an almost equaliv larae
peak 1969-70 after the Lucens accident and the start-up of the Beznau

ractor, which were also years when large Chinese H-tests occurrad in
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Sinkiang province whose stratospheric fallout rained out in the mountains.

The peaks are seen to occur either within the same or the following year
of these known events, faster than the peaks of circulatory diseases or
leukemias and cancers, in agreement with recent findings of large
increases in deaths due to infections in the United States during the summer
of 1986, within a malici- .f weeks or months after the arrival of the
Chernoby! fallout (15)(16).

Apparently, the immune system is rapidly damaged by the internal
irradiation of such key organs as the bone-marrow, the thyroid and the
nearby thymus of infants (49), as well as other organs of the
hormranal, reproductive and immune systermns that tend to concentrate
certain af the many different short and long-lived radiocactive chemica]g
produced in the fission process.

Such reductions in the immune system capability in the form of
white-cell decline were first reported in large human populations following
the arrival of distant fallout in Europe by Mehring (50 ). However, these
findings wera ignored at the time, even though depression of the immune
sysicm is @ well-known effect of radiation. It would seem that the laci. -7 q
biviogical mechanism to explain the very low dose effects inve'ed
prevented the scier.lilic and medical community from believing such a
serious gffect at the small doses of distant fallout, especially when nuclear
weapons prodoction and testing was seen as absolutely vital to national
security by all the nuclear nations,

Now, howev-=, with the discovery of a much more efficient mechanism
due to free-radical production at extremely low doses and doge-raics (18 )
(19 (20 }, this objection can be answered and the mounting epidemiological
restdis g onnded eaneciallein view of recent independent confirmation of a
sharp decline of white-cell counts in Germany in May of 1986 after 51the
arrival of fallout from Chernobyl discussed by Jensen (51).

But perhaps the strongest indication that fallout can seversly impair the
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function of the ii...une system comes from an examination of the changes in
infectious disease mortality rates for thosze born during the height of
nuclear 1esting as compared with those born before and after, when the

immune system was once again attacked by the intense fallout from

Chernobyl i i e spring of1 986,

The results are shown in Table 1 and Figure 15 forthe period 1980-89,
before and after the Chernobyl fallout arrived for the ns: ' o of deaths due
to all infectious dizeases combined. 4= can be zeen in Table I, the
age-group U-14 born after 1965 showed no increase in annual deaths
between 1985 and 1988, while thoze in the age-group 25-34 born in the
perind of the most intensive atmospheric testing beiween 1946 and 1964
showed a Z60% rise from & to 29 deaths in a single year, followed by a rise
to 148 or by 1750% by 12893, while those born after 1964 actually showed a
small decline.

By contrast, deaths in the age-group 45-54, none of whorn were born
aftcr 711 -=d who were thus only exposed in childhood or later years, rose
by only 8% from 19 to 30 betwesn 1985 and 1936, nnd rose o0y 1o 55, an
increase of 189%. At the same time, those in the age-group 35-44 showed an
intermediate rise by 19689 of 78584,

For all ages cnmhined ,not shown in Table I, the deaths due to infectious
diseases rose from 472 1o 693, an increase of 46, 3%, 0Of these, AIDS was
listeu a5 a cause of death for 272 in 1989, leaving the number of non-410%
deaths due to infections at 414 that year, when the declining trend from19380
to 1985 would have led to an expectation between 250 and 300. Thus,
although AIDS accounted for 40% of all infectious disease deaths by 1984,
this was by no means the only form of infectious diseaze mortality to rise
after the the Chernobyl falivui arrived in Switzeriand, But it accounied for
the overwhelming majority of all deaths in the age aroup 29 to 44 years, all
of whorn were heavily exposed to Strontium-90, 3trontium-389 and Barium-

140 00 waning wwir bone marrow during early development o« ildhood.
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This sudden and abnormally large increase in infectious disease deaths
of all types was also seen in the U, 5. after the much weaker activity fru.
the Chernobyl accident a»~ived, again with a much greater effect on those
born during the height of atmospheric testing, and again much greater for
Albs aeqins than for other infections (15 )(16).

These highly statistically significant results are perhnrs the most
serious of ¢, since they indicate that nuclear fallout both from weapons
detonation and reactor accidents can lead to epidemics of new or previously
less virulent infectious diseases, just as Sakharov (1) was so desply
concerned about a3 early a2 1958, and 3ince some of these gpidemics can
ocour for viruses that rutate rapidly like the AIDS virus against which we
he as yet no vaccines or cure, and since it is it furthermore at least
conceivable that the means of transmission may not be as restricted as in
the case of Alud, it means that the very existence of the human species
could be threatened by nuclear war or further large accidents of nuclear
reqctors or waste-processing facilities.,

Since the very small dozes produced by the Chernobyl faalout in the
U.S. that led to a highly significant increasze of some 30,000 excess deaths
mainly due to infections during the surmrner of 1986 were cormparable to
thase from the normal reesases of large nuclear plants, it alsn means that
the continuation of releases from nuclear reactors decreases the length of
life of all those whose immune 3vstem is ali cuwuy deficient such as the
carriers of the &I10S virus, as well as thosze not yet infected. This includes
not only those born during the preuk uf atmospheric testing but aizo older
people whose natural immune defenses decline as a resuli ¢l the aging
process, further increq:zic total mortality as nuclear reactors continue to

opernt~ and release radioactivity into the environment,
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(VII) Iniwat Mortality

Part of the total mortality rate is of course due to that of the newborn
infant 0-1 vear old. Since earlier studies have reported upward changes in
the normally declining infant and neonatal mortality rates following nuclear
tests in the U.5. {12)(30) and other nations (6) correlated with the levels
of S v =90 in the milk, as well as similar upward changes after the
Chernobyl accident in *=~ 1L, S, {15) (16}, the German Federal Republic
{52}),and Finland (53),it is of interest to examine the data for Switzerland
zince bomb-tests began.

Fig. 17?7 shows the infant rmortality rate for Switzerland from 1932 to 1959
for both Switzerland and the U.S. It is seen that although it started much
higtier in the U. S, during the yvears of the deprssion, it had declined to the
Swiss level by 1943, despite the existence of large poor Elack, Indian and
other minority aroups in the U.S. In fact, the U, 5. infant mortality
continued to decline more rapidly than that of Switzerland from 1932 to 1946
and remained lower until 1954, the vear of the massive"Bravo” test in the
Pacific, when it began to slow down drastically, so that it once ug::0: became
higher than the Swiis rate.

After 1954, the U.S. rate failed to decline further and actually rose
slightly in 1957, the yvear of the heaviest fallout Trom the Pacific and Nevada
tests as documentesd by Archer {5 ), Duiuyg the late 80%s, while the U. S,
rate refused to come down further, the Swiss infant mortality declined
rapidly since the short-lived activily from Nevada largely missed
Switzerland, haltina enly briefly in 1961-62 when the massive fallout of the
laat U.S.-U.5.5.R, tests arrived, Once again, this pattern iz consistent with
the foui that the eeudu Tuiioul moved acrass the northern Atlantic to
Ireland, England and Norway on its first pass around the world, thereby
allowing the most intense short-lived activity to decay betore it finaglly

spread to Switzerland and other central European countries such as France
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{6) and Germany .

The U.S. rate began to decline slowly ance againafter the peak of
strontium-90 occurred in 1964-65, but a more rapid decline took place only
after 1970, when near-surface underground and peaceful "Plowshare”
explosions were halted following the "Baneberry” accident in Nevada (6).
However, the gap betwuuii the higher U.S. rate and the lower Swiss rate did
not ¢lose after the end of the Plowshare test. Instead it remained nearly
constant until the end of the 70°s, when the 3wiss infant mortality was 30 %

below that of the U.S.

In 1980, the Swiss infant mortality showed a sharp and unprecedented
rise of 7% instead of declining at close to the 10% per year in sotme of the
previous vears, This peak occurred some 4 years after the large releqses
froin Lic Beznau reactor near Zurich and the Muhlebarg reactor near Eern,
exactly the kind of 4 year delay that was found for the peak of Strontium-30
in bone after the arrival of fallout and the peak activity in milk and
milk-teeth discussed above. Aficr another sharp decline of 18% between
1930 and 1981, another increase occcurred in 1982, when record-high
Icdine-131 releases and large infant and fetal thyroid doses occurred from
the Beznau plant located near the major population centers of Zurich and
Basel.

By 1980 Uu, 4 years after these record releases, infant mortality in
Switzerland failed to decline any further, just as was the case for the
U.S.during the massive releases of short-lived radioz-*rity into the
U, S.milk, food and drinking water of the cities downwind fram Nevada,

By 1989, with a rise of 174 to 7.6 per thouzand live births relative to
1988, The Swiss infant death-r1te showed the baginning of ancther peak
expected to occur in 1990-91, 4 vears after the Chernobyl fallout arrived
and the stack it~ faiture accident occurred at the Muhleberg plant q few

months later{39),.
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Thus, both the U.S. and Switzerland are now showing the same
unexpected failure of infant rmortality to decline, as both countries are
gxperiencing an increasing humber of accidents and releases from nuclear
plants (16), designed and built before the true magnitude of the very low
dintarralvineze e et wmitty e Jdresr cerane radlininge e sl ian!
damage had been recognized. And this similarity i3 occurring despite the
fact that prenatal and medical care iz far mure widely and uniformily
available in Switzerland than in the urban ghettos of U. 5, cities,

Cleariy, prenatal care or the supplementation of the diet of the poor by
dairy products cannot by themselvs hope to reduce infant mortality o rther
as long as the diet is contaminated by radiocactive fissiu:: . .-oducts that
result in premature L "5 and a high percentage of infants born below
normal birth weight{S;16).

This conclusion is in accordance with the rec o' finding by the
. Z.National Center for Health Statistics that very poor Mexican-American
women how have very low infant moriality rates, almaost half of those of the
less impoverished Black population, and actually below that for the average
white population in the United ©*ates (54). The conclusion by Dr. Joel C.
Kleiman of the Center for Health Statistics that there may be a dietary
factor that has so far not been recognized is consistent with all the above
resultsl now that above-ground nuclear testing in Nevada has ended and only
occasional leaks take place from deep underground tests, the
Mexican-4&merican population concentrated largely in the dry Southwest has
a lower witake of strontium-30 than the Black population in the cities of the
Hortheast, most of whose milk comes from areas near large nuclear plants
{16).

In order to see whether an analogous phenomencn iz taking place in
Switzerland Tor the rural population in the remote mountain regions as

compared with the papulation living in the cities near the reactors, we

(@8]
A



compared the decline of infant mortalily {u: five Cantons in the areas of
Zurich, Basel and Bern with that for five Cantons in the central, rural '
mountainous region before and after the start of reactor emissions. The
results are shown in Figure 18. They indicate that before 1974, when
fallout from bormb testing was dorminant and greatest at high altitud- 3, the
mountain regions had a 30% higher infant mortality than the urban region.
But in the late 1980%s after the reactors had been releasing radioactive
materials into the '~cal environment for some 10-15 vears and
Strontium-90 levels were once more rising in the surrounding areq, the
mauntain regions had declined to a lower infant mortatily ute than the
urban areas to the north. Moreover, during the 1n~t 5 vears, some rural
areq. oulias the Canton of Obwald achieved infant mortality rates as low
as 4.2 per thousand live births, or one-half the lowest rates ever achieved
in the urban areas near the reactors, just as remote rurel mountain staics
in the U.S. like Wyoming are now reporting rates as low as 2-6 compared
with a U. 5. average of about 9. 8.

These finding therefore add still further support to the hypothesis that
radioactivity in the diet is the principal factor affecting low ‘birthweight and
premature births today, both in the U.S5. and Switzerland., They strongly
suggest that no matter what efforts are made to improve medical care of
the newborn, and prenatal care of the mother, they cannot by themselves
reduce infant mortality and the tragic problem of the associated increased
risk of brain damage, and cognitive impairment for the surviving infants,

even in areas with the best medical facilities and sociul services, until all

forms of release of fission products into the environment are ended.
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Strontium 90 in Milk for Six Countries 1954-1970
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uSv per year

Swiss Muhleberg Reactor
Yearly 1-131 Doses Since Start of Reported Dose Calculations
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uSv per year
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SU (One SU = 1pCi/gCa)

Strontium 90 In Human Bone
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Rate per 1000

Swiss Mortality Rate: Other Tumors
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1980-1989 Swiss Mortality Rate for Acute Myeloid Leukemia
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Rate per 1000

Swiss Mortality Rate: Carcinoma: Epithelial Type
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Rate per 100,000 Females

1980-1989 Swiss Mortality Rate for Breast Cancer per 100,000 Females
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Rate per 100,000 Population

1980-1989 Swiss Mortality Rate for Malignant Melanoma
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Rate per Thousand

Figure 21

Swiss Mortality Rate Per Thousand
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Rate per 1000

Swiss Mortality Rate: Circulatory Disease
1943-1985
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Swiss Mortality Rate: Total Respiratory

1943-1988
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Rate per 1000

Swiss Mortality Rate: Meningitis
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Number of Deaths

Swiss Mortality 1981-1989
Infections and Parasitic Diseases: Age 15-24 and Age 25-34
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Rate per 1000 Live Births

16
14
124
104
8-
N\
4
2 _‘ 5 L .
o
1965

70,72-74 1983-88

Swiss Infant Mortality for Five Nuclear and Five
Non-nuclear Cantons: Comparison of Two Periods

Prior to 1974 the rural cantons of Uri, Obwalden, Nidwalden, Glarus,
and Zug had for a select five year period an average infant mortality
rate of 16.7 deaths per 1000 live births--30 percent higher than the
average infant mortality rate of 12.8 for the five cantons of Zuerich,
Basel, Bern, Aargau and Solothurn. The latter, unlike the five rural
cantons, were close to the Swiss nuclear reactors, which began
operation in the 1970s, and which for the period 1983-1988 had an
average infant mortality rate somewhat greater than that of the rural
cantons who had been spared the brunt of reactor releases. The
different trends are statistically significant.

5 Nuclear Cantons

5 Non-nuc Cantons




