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Until a few ycar§\ago ro direct cviﬂcncc had been available on the
health effects of radiation in man at the low levélg and low dose-rates
encounterad from nuclear weapons fallout or peace-time operation of

. huclear power reacters. The present note presents data indicating

that serious effects on human Realth such @s sharp iacreases in infant
mortality appear to have occurred frem tho radioactive gases released
in the course of the normal cperation of cemmercial nuclear pover
reactors generating electricity.

The evidence consists of an amalysis of the changes in mortvality
rates of infants that cdied bafero reaching tie age of 1 year in the
area surrounding the Dresden nuclear pover station located near liorris,
IMinois, 59 miles south-vost of Chicaga.

Oresden 1 is a bailing valer raactor (L) that has been operatirg
since 1952, with a licensed power of 700 thormal megavatts and an
electrical output of 210 megawatts., It uvses a sing1; coolant lecap in
which the steam generated by tha nuclear fue) is taken directly outside
the containment vescel to driva a steem-turbine. As described in a :
- detailed study published in March 1970 by the Burcau of Radiological
‘Health of the U.S. Department of HEW (ERH/LER 70-1).(])the non-condensible
fission product and activation gases in the coolant are released from
a stack aftqr @ hold-up time of only about 20 minutes. The principal
g;;cs released are Krypton-87 and 88 and Yenon 135 and 138, with half-
lives of 76 minutes, 2.8 hours, 9.1 hours, and 17 minutes respectively.

Since 1961, thé total annual oascous wasto discharges have ranged from

34,800 to £00,000 curies in 129, cempared with a licensed maximum
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rolease of 22,000,000 curics, or very much greater than tne RIRATDN
discharges of 0.001 ;o 0.250 curics frcm she submarine=tync, aroessurized
water re sactor (?.n) at thpaungpor.. Pennsylvanxa. that uses & Stpereld
sccondary codlent logp 1imi4 the escape of fission products inty iad
enviraonmant, ' .

As reported in the HEW publication, during the ycers 1667-68 wanen
tho total annual discharges were 240,630 to 250,000 curics, the rediction-
dose rates c¢irectly undaer «he plume 1-2 ka from the plant rangic from
13 to 40 yR/hr, corresponding-te 114 mr, t0 360 mr per year.: Wnen
averaged over 2 weeks by means of +hermoluminescent dosimesers, the cose

te was found to b2 betwec n 2 and 3 uR/hr above the naturel background
of 9 uR/hr. On an annual basis, this is a dose between 17 &nd 26 ©f
compared with the natural background cose oF €3 wr per ycér

Go wmi P PPt e Graé.

The plume of radioactive gas could ba identified as far awdy &s 13
or 9.4 miles north-east from tha stack, where it resulted in a dose-ra .e
of 22mr/year during 3 typical 10-minute measures ent.

These dose-ra.es may be cowparcﬁ with the maximum value of 85 mr/ycar
measured at the neardy Aroonna National Laboratory by P.E. Gustatson (2)
£rom fission products in the ground during the peak of nuclear weapons
testirg in 1963, and the maximum permissible cese of 170 mr per year
to the average population according to the pfesent Federa) Radiation Guice
1evels accepted by the AEC. These local cose-raies are more tha. 10,000
times higher than the averace dosa-rece from all reactor operations
to'the b.S. public as a who\e.of about 0. 001 ar per year cited by © he
acc ),

In INinuis during the mid-1960"'s infant mortality hac re ached levels

about €0% in excess of expectations based on tha trend prior to largd-

-—
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scale testing (Bulletin of Atomic Scientists, Decomber 1969).( )Snnce
the dose-rates from the gases cmitted by the Dresden reactor are of

‘
comparable magnitude, it appesrs that significant increases in infant '

mortality might be datectable in the areas dourwind from the prevailing

LE

. westerly winds that should not b2 cbserved in the upwind direction.

Furthermore, since about (io-thirds of the population of I1linois, or
some 6.6 million people, live within a radius of 50 miles from the
roactor. the infant mortality‘rntes for I11inois as a whole should
show increases and docraases follewing the rises and declines of the
short-lived annual caseous activity released into the air,

That such a pea} in infant mortality did in fact ocecur following
the pzak in the radicactiva e2323 discharcad may b2 scen frem Figura 1,
where the infani martatity rates for I11insis have been plotted together
with those for a comparabla lare2 northern urban state, namely MNzw York.
Also shoun in this figure is the annua) cmount of radiocactivity discharged
into the afr from the Drescen reactor as reported in another recontly
published IEW study (DRI/DER 70-2)(5).

Examination of Figure 1 chows that in 158, just prior to the start-
up of the Dresden Reactor, the states of ITlinois and New Yor: had
closely similar infant mortality rates of 24.9 and 24.5 per 1000 live
births respectively. It is of'1ntcrost that I1linois actually showed
a lower death rate than Few York in 1962 when localized fallout from the
large Pussian M-tests in 1961-62 cccurrcd in the New York area. Hewever,
in 1964..3 year after the rapid rise in emission from Oresden, the
mortality rate for I1linois began a sharp climb while that in Mew York

began to declina, giving rise to a period vhen the INlinois infant
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death-rates exceeded those for MNew York by 2.7 per 1000 births in 1968,
with an absolute peak of 25.6 per 1000 births in 1965. This was a rate
higher than encountered in I11inois in ;hc eleven qrccecding years,
despite hewvy Mevada testing during this mevind,

This rise of infant mortality in I1linois after the test-ban had come
into effect in 1963 nust be contrasted with the decline in New York and all
other urban areas of the lorth, a situation that has now led I1linois
to become the state of highost infant mort&]ity among all the states
in the entire Hofth-East and Morth-Ceniral regions of the U.S. 1t should
be noted that although a nuclear reactor began operating in New York
State 20 niles north of Maw fork City in 1062, it was a pressurized
water type (PHR) with annual gacecus eaissiens typically 10,000 times
less than those for the Dresden reactor. (5) If this rise for INNinois
as a whole relative to Mew York and all other states of the north is
causally related to tha gaseous cmission frem the Dresden 84R reactor,
then the difference in mortality rates should be di;ectly related to the

annual amounts of short-lived radicactive gases discharged. That this

does indecd appear to be the case is shown in Figure 2 where the difference'

in infant mortality rates batween New York and I1linois has been plotted
~against the amount of radicactivity discharged. Least-square fits for
the two periods 1963-67 and 1¢53-1968 Kave been calculated, showing a
clear positive associaticn betwoen radiation dose and effect on infant
ﬁ&rtality. |

A similar direct correlation was found to exist for death-rates
due to écspirdtory discascs other than pneumonia and influenza 7or all age

groups in I1linois relative to 1959 and the amount of radioactive gas
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discharged, While during the docade from 1949 to 1959 these discases, which
include emphysema and bronchitis, incrcased less than 10% in Minois,
they rose 757% betwveen 1959 and 1966 in d;rcct propoqtion to the amount of
radicactive gas ¢ischarged. Furthermora, while I1linois respiratory death-
rateﬂ rose 75%, they incroascd by only 407 and 47% in heavily polluted
Ponnsy-vania and RNew York., In Figure 3, the difference in the relative .
increase of respiratory discase deaths othnr than pneumonia and influenza
has Leen plotted togeiher with the annual gascous releases frem Dresden. o
It is evident that the death-rate increased at about the same rate as
the gaseous enission, with a time-delay of one to two years,
A more stringent test may be obtained by examining the relative
changes in infunt mortality for tha counties irmediately adjacent to the
one in which the reactor is located, and to compare the changes in the
counties located dewnuind with those upiind as well as with similar
counties more than 40 miles away to the north and west as controls,
Figure 4 shous a map of the counties in norther; IMinois together with

their total populations in 1964, the year prior to the peak emissions from
the Dresden reactor located in Grundy county. The figures fo} infant ;
‘mortality as well as the numbers of live births and infant mortality rates

for the years 1964 and 1966 taken from the U.S. Vital Statistics are

listed in Table I for Grundy and the five adjacent counties, as well as

for six control counties lecared to the west and north-west that do not
border on the I11inois river into which liquid effluent is discharged,

The year 1964 is the year follewing a minimum in the gascous activity
released, just prior to tho sharp rise in 1964-65. The bar-graph of

of Figure 5 indicates tha parrcent changes in infant mortality by 1966

relative to 1934 Tor ths six adjacant and the six control countics.
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Inspection reveals that among the sik ncarest counties, Grundy, the
county in which the reactor is located, shows the greatest increaze of
infant mortality rates, namely 1414 in éxccss of tﬁe 1966 rate., MNext
in increased rate is Livingston, to the south with a rise of 140%,
folloved by Kuankakee to the south-cast with a rise of 43%. Will to the
north-east showved only a 5% rise, while LaSalle to the west actually
showed a small decline of 7% and Kendal to the north registered a
decline of 21%.

This tendency for vpuind counties to show declines such .as tosk
plaze nearly everywhere else in the U.S. and all over the world since
1964 is confirmed by the bar-graph for the six upwind control counties
mar2 than £0 miles a;ay, nim2ly Lea, Knox, Stephens, Benry, Vinnebago
and Ogle, vhera only the las®: pamad shoved an increase,

The probability of obtaining this result by chance along may be
shown to be less than 1 in 200 by applying a simple statistical ranking
test, and using the expectation that the downwind coLnties adjacent to
Grundy should show increases rather than decreases in mortality rates by
1966, A similar test applied to tha yearly excess mortality rates for
IMinois relative to Mew York for the two 5 year periods before and
after the sharp rise in emission vhich began in 1964 gives a probability
of less than 1 in 250 that the observed ten year pattern of excess
mortality rates in I1linois relative to Rew York would arise by pure
chince alone. Inasnuch as these two tests are independent, the likelihood
that both of these rasults are the result of mere chance fluctuation must
‘be regarded as much lower than for either of these tests alone.

The likelihood that a cauca) relationship exists is further increased

by the fact that data published in June 1970 by Dr. Alice Stewart of

’
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Oxford University in the Dritish medical journal “Lancet® (G)indiCdtcS
that the man cmbryo in the first three, imonths of its development
appears to be some 500 times as sensitive for the induction of leukemia

and other cancers as the mature adult, and that cancer incidence was

«directly pronortional to the X=ray dose received,

Dr. Stewart's study invelvad some 19.5 million children born ;n
Ergland and Wales bLeticen 1943 and 1965, of which some 13,407 develoned
cancer before age 10; Dr. Stewart concluded that a dose of oaly 1 rad or
1,000 mr, given to a millicn infants just priors to birth in the course of
pelvimetry, resuited in 300 to £00 additional leukemia and other cancer
cases over a period of 10 years, compared with a spontaneous rate of
a50ut 700 per million births., |Mhen the X=rays had been given in the
first three months of pregnancy, as happencd in about 3% of the cases, the
risk increased 15 fold, corresponding to a dose of only €0 mr needed to
doubie thez normal cancer mortality rate among the children.

Since for mature adults, a cose of 1 rad leads to only about 2 cases !

per year of leukemia per million indivicuals irradiated (7)or to 20 cases 4

over period of 10 years corresponding to a “doubling dose" of 50 to 100

rads (500,000 to 100,000 mr), it appears that the early embryo is much more
ﬁeverely affected by radiation than the adult, in agrecment with observations
on laboratory animals. Yet it was in tﬁe basis of the low sensitivity
o(_the adult that the present radiation standards were developed in the 1950's
defore Dr, §tewaf:'s carly data (8) had been confirmed in 1062 by the
work of Dr, Brian Mactahon at the Harvard School of Public lealth (0).

The measured radiation dose rates in the range of 10 to 300 mr per year
downwind from the Dresden reactor could vell have resulted in three-months

doses of 2 to 75 mr to the carly cmbryo during its most critical phase of

K e
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development.  Since in any five week péried the present ALC requlatisns
allow a maximum dose cﬁua1 to the full arnual amount of 500 mr to any
individual in the general population, thgy imply that a six-fold increase
in childhcod cancer and leukemia is an acreptable Fisk to the population

in return for the benefit of nuclear electric power generation. The

measured doses do not take into account the various biolegical concentration

mechanisms in the organs of the mother and the daveloping infent in
utero fTor the radioactive cesiunm, stron:iu&,and yiirium daughter products
among the rare gases emitted Trom the reactor.

It appears reasonable to expect that effccts on the chremosomes of
the embryonic cells which 1cad te undardeveispment and reduced ability to
fight off respiratory and childiiced infections are produced at about
the same doses as chromoscmal changes that lead to cancer development.

On this basis, the radiation levels brciuced by localiced weapons fallout
or reactor operations measurcd for the case of Dresden and other reactors
that emit large amounts of gascous activity are of 2 magnitude sufficient
to explain the observed rises in infar: moriality.

The excess infant mortality ir I1linois over that in New York leads
to an estimated number of about 2,500 infants that died above norma)

~expectations in I1linois over a ten year period between 1959 and 1068.

In view of the 1ikelihood that this represents a causal effect, it
would appear to be necessary to discontinua operation of the Dresden
féactor, alllother reactors of similar types such as those located in
Humboldt, California and Charlevoix, Michigan, as well as the nuclear
fuel processing facilities near Cuffalo, New York, and to install devices
to trap the radioactive gases ncw relcased into the air. Furthersore,

all construction of larga nuclear power reactors and fuel reprocessing
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facilities should be halted pending full Studies of the evidence on health
“effects in the neighborhood of all existing nuclear facilities discharging
large quahtitics of radioactive materialg into the environment recded
'for a meahingfuI reexaminaticn of present radiation standards.
: Such epidemiological studies involving exposure of the general
“population to fission product r2lecases have so far not been carricd
‘.out cither by the AEC or HEW, despite repeated requests by Cengress
and scientific advisory organizations and despite the grave implications
th;t the mounting evidence for low-level radiation effects on the human

embryo and infant has for the future of our children.
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TABLE I

Infant Mortality Changes 1964-1966
in I1lincis Countics near Dresden*

1964 Percent Change
ehe Rate 1966 Rate in Ratas
Deaths BIrths yo0olpeaths Births 1000 | 1074-5

_Grundy (Reactor) 7 442 15.8) 13 474 365,07 +iéi.

Livingston (S) 6 728 8.2} 12 608 19.7 ] +140%

Kinkakee (SE) 41 1976 20.7| 54 1830  29.5 +427%

K11 (NE) 109 2920 22,2 1CO0 4294  23.3: 457

LaSalle (W) 49 2176 22.5| 39 £58 . 21.0 -7%

Kendall (M) 1 460  23.9) 7 422 6.6 =215

: : AV, 5%

“Ogle (w) |16 854 1870 20 eoa 243 | e33:

Winnebago (1! 122 5002  24.4f 122 4788  25.5 +5%

Henry (i) 17 930  18.3| 15 862  18.6 +2;,

Stephans (Nu) 25 978 25.6{ 20 803  24.8 -2

Knox (S) 22 1130 19.5 17 - 946  i8.0 -85

Lea (M) 17 658  25.8] 9 594 15,2 =41 "

NI, he iy
| t
* Source: U.S. Vital Statistics
/



F{qure Cantions

Infant mortality rates ner 1000 dive births (0-) ycar)'for
I1linois and Mew York cemparcd with radioactive gas emission frem

“the Dresden MNuclear Reactor (1950-1968). The excess of I1linois

over Hew York mortality rates is indicated by shading.

Difference in infant mortality rates between I1linois and Mew
York plotted against annual gacecus releases from Oresden
Reactor for the period of full power operation (1962-1963).
Least square fitted lines for years 1063-1967 (N=5) and 196
1968 (N=6). Correlation coefficients are 0.9233, t = 4.12¢
for N=5 and 0.4295, t = 0.9515 for N=6.

3
2

Excess respiratory disezse death-rate for I1linois compared to
New York vs. annual radicactive gcas released from the Nrescen
reactor. Respiratory diceases arz those other than pricumania
and influenza, and the excess rates per 100,000 are measured
relative to the 1959 rate when the reactor began to opcrate.

Map of Iilinois, showing populations in 1954 by courtics.
Reactor is locat2d in Grundy county. Adiacont counties are
{

LT ‘ : :
< - 2K s w » " A o S ane o & I . i
indicated by ¢i~Cina, a3 oo Lo oondra” ecoieting to . ¥

Cook county repiiseats Chicago. Prevailing winds are frecm the
north-west in winter, and frem the south-west in the summer
months, (See Ref, 1)

Changes in the infant mortality rates per 1000 live births
between 1964 and 136 for the counties surrounding the
Dresden Power Staticn lecated in Grundy County, Illinois.
Also shown are the changes in a group of 6 control counties
more than 40 miles to the north-wast and west. The gaseous
emission rate increased frem 71,600 curies in 1963 to 610,000
curies in 1965,
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A Critical Review of "Infact Yortality and
Nuclcar Power Gencratica" by L.J. Sternglass
A. K. Davis and Berud Xahn
In an analysis of epiceniolozic data from Illinois and the couaties sur-
rounding the Dresden nuclear Power reactor at Moriis, Illinois, Dr. Ste nzless
claims that he detects serious effects on hum2a health. (See attached.draf:
. -~

Appendix III). His evidepce consists of a comparison of infant nortality
and certain réspiratory deaths with the peak exission frcm the DUresden
reactor. He calculates.a dose rate of 22 oR/yr at & distzoce of 15 k= from
the plant, cnd implies a significant dose to cetropolitan Chicngg. Infans
mortality in New York State and Iilinois for the period of 1958-1338 :is

compared with the radioactivity emitted fros Dresden. From 1953 to 1965 tre

total infant mortality in Iliinois increased from 23.9 to 5.1/1,000 iive

-~
[}

births and remained at approximately this level during 1%G5 when the dis-
charged radicactivity was at a maximua. A Plot of the difference betizen
Illicois and Wew York State for the period 1963-1958 is interpreted by
Sternglass as showing a causal relation between infant mortality and the
gaseous emissions. A similar typ2 of analysis was parformed for certain
respiratory diseasc deaths in all €8¢ groups in the two states, with a

similar conclusion. ternglass extended the anaiysis of iafant morcalicy

£

to the counties bordering the reactor site by co=paring 1354 ang

«.
e
"N
Oy
Or
-
"
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.-y

peak emission year. The county in which the reactor is located acd 2
"downwird" county, Livingstona, show core than 200 percent imcrcases in

infant mortality. X

: 8008080 ?78’



The review of this paper has been divided into two sections. An
evaluation of exposure is presented in Appendix I, and the analysis of
the epidemiologic data is presented in Appendix II. A summary of these

two sections Zfollows.

|
\
Exposure: |
The original data for the exposure calculations are from a radiological 1
surveillzoce study at Dresden by the Bureau of Racdiological Health, DHEW.
These data have becn examined and it was coocluded that the radiation ex- |
“ |
posure has been zreatly overestimated by the calculations of Sternglass. |

The calculated rediztion exposure in 1968, at & distaoce of 1-2 km from
Dresden, was approximately 1,/50th of the 114 to 340 mR/yr that are given

io the Steroglacs article. Radiation exposure from the gas plume decrezsed
contiyuously with distance between 1 and 18 km. On the basis of radiation

measurerents, the estimated exposure was 0.4 mR/yr at a distance of 18 kn

from the plant. Accordinzly, these measurements suggest that, of the 6.6

millio; people wio live within S0 miles of Dresdan, virtually the total
population are exposed to considerably less than 0.4 mR/yr. This compares |
with a variation ia background radiatioa of 46 to 110 mR/yr, dependinz oca
locationa and housing within the area. Furthemmorc, the radiation dose froz
radionuclides of strontiun-89 and cesium-137 through inhalatioa, ingestion

in milk, leafy vegetables and meat was calculated to be less than 1 aoren/yr
to the relatively few exposed persons. Finally, the classifications of
"upwind" and "downuind" used by Sternglass were not accurate. Meteorological

data indicate that, coatrary to the Steraglass article, Will County is more

frequently downuind froam Dresdean than Liviagston County.




Egidcmioloqy:

Sternglass' cvidence of serious health effects from the emission of

the Dresden rcactor consists of an analysis of ch;nges in infant mortalicy
aod respiratory discase deaths Cxcept pnoumonia eod influenza for all ézges.,
His initial evidence is thac infant mortality in Illinois is greater than
that in New York. Houvever, New York is not an aéequa:e comparison state

for Illinois, as shown by the infant mortality data from 1955-1961. Further-
more, the princinzl population potentially exposed is metropolitan Chicezo--
pot the State of Illinols, an2 when the city of Chicago is compared to

St. Louis, the total infant mortality for both areas follow the same pattern.
Part of the difference between Chicago and New York City is related to feuer
poovhite births in New York.

Sterngiass suggests tha: a relacionship exists between reactor efilusznc
and the difference in infant mortality between New York State aud Illi=sis.
This interpretation is questioned because of two factors. First, the racze
of "excess" infant mortality (Illinoois ninus New York) is large (-0.7 to
+3.4/1,000) with the minimunm énd maximun differences occurring at a single
effluent level, Secondly, a year's lag would be expected since infant
mortality resulting from ip utevro irradiation would be reflected the year
following birch. On this basis, a comparison of the curves for emissicn
and iofant mortality shows that the 1951 exission peck is followed by a fall
in infant mortality in Illinois, aod the subsequent rise precedes the peak
emission, whereas a fall occurs at the peak discharge.

stetnglass also analyzes the Illinois counties with the highest po-
tential exposure. Here the nuader of infant deaths are few, and cogsequuntly,

one must consider several years to determine the basic rate for infant
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mortality. Sternglass' use of a single year, 1964, is not representative of
the yearly average. It is zlso not ao uyairradizted centrol since the reactor

-

emissions began in 1960. The "increase" in infant mortality in Livingston
County is an avtifact resultizg Irem aa unusually'lcu 1964 value. In most
reactor locations tiic population is ¢mall, as in Grundy County, with cor-
respon2ingly fow births and therefore few infant deaths. Consequectly, a
high variability is characteristic of the data. Although the rise in infant
mortality is significant in Grundy County, whethar radiation exposure is
the causs of this rise cannot be determined because of many other causes of
infant mortality.
The death rate for all ages due to respiratory discase other than
preumonia and influenza was 10.9/100,000 ia Illinois and 13.0/100,000 in
New York inm 1960, By 1967, both states had risen to the socme rates
(18.6 2ad 18.7/100,000). Two consideratiuns indicate that radiation
. exposure is unlikely to be the sole cause of this change. First, there
are maoy diseascs with varicus causes included in the.catcgcry, and the
rise in death rates from this cause is occurring throughout the United
States. More important, radiation exposure is reduced by diffusion of
the gascous emissicn and the dose to the lungs of the exposed populatice
s considerably less than 0.4 mR/yr. It is highly ualikely that this
dose could contribuze significantly to respiratory deaths in adults.
Ia summary, this aoalysis shows that radiation éxposure has been
grossly overcstimated. In additionm, the changes in infant mortality do

pot correlate with the radioactive emissions from the reactor site.
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Appendix I

Radiation Exvosure:

An article entitled "Infant Mortality and Nuclear Power Genera-

tion" was presented at the Pennsylvania State Senate hearings o

=}

"y

Octoder 21, 197C, in Harrisburg, Penna., by Dr, Ernest J. Sternglass o
the University of Pittsburgh., This arti.le contained radiation
exposure calculations near the Dresden I Nuclear Power Station. The
original data for these calculations are froa the radiological
surveillance study at Dresden by th= Department of Health, Zducation,
and Welfare.(l) There are certain inconsistencies in the use of the
DHEW data by Dr, Sternglass, It is the purpose of this discussion

to point out these inconsistencies and to indicate the proper use

of the data in making exposure estimates.

(1) According to our calculations, the radiation exvosure in

-

. 1968 at a distance of 1-2 km from Dresden was asproximatelw one-

fiftiech of the values of 114 to 350 mr per year that are ziven in

the Sternzlass article, The values in the article were computed

by multiplying hourly exposure rates, measured during half-hour
periods ncar ground level beneath the centerlines of the gas plume
from the Dresden stack, by the number of hours per year, To obtain
values of arnual radiation exposure at specific locations fra= shor:ce

term exposure measuremants at the centerline of the gas pluzme,

however, one must take into account the fact that the wind at Drescen

blows in all directions in the coursas of the year, and that the plant
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does not operate 365 days per year., The radiation exposure om the
ground from the plume decreases rapidly as the distance from the
centerline o7 the pluma increases. We calculated that, a distance
of 1-2 k= fro= the plant, the annual exposure rate at a specific
location was equal %o the short-term exposure rate times the wind
frequency in an 8o sector from the plant toward that location. At
the three measurement locations, the wind-direction frequency for an
8° sector was approximately 3 percent in 1968, and the plant operated
during 64 percent of the year; hence the exposure was approximately
(115 to 350) x 0.03 x 0,64 = 2 to 7 mr per year. The cxposure
measurements were in directions of relatively high wind frequencies;
data for wind frequency in other directions suggest that the annual
;verage radiation exposure in those areas was approximately 30 per-

cent lower, and the maximum value, approximately 30 percent higher,

The 2-week measurements with thermoluminescent dosimeters near
Dresden that are cited on page 2 of the Sternglass article support
these values of annual radiation exposure., The values of 17-26 mr
per year, calculated in this article without considering the above-
mentioned factors, must be multiplied by 0.5, however, as indicated in
1)

the surveillance report, This factor takes into account the ratios

of the annual value to the 2-week value for wind frequency in the

]

direction of measurement (8.0/5.9), and release rate of radionuclides
-(8,000/11,600), Thus, the three highest 2-week measurements indicate
radiation exposures of 9 to 13 mr per year, Seven other m2asurements

show show radiation exposures below 9 mr per year,
1 . - 100 =~



The short-term radiation exposure at a distance of 18 km from
Dresden, given on page 2 of the Sternglass article as 22 mr per year,

sust also be =multislied by the factors that take into account the

"

brevity of the period of radizsion exposure from the gas plume during

"

the year., The multiplication factor used above--0.03 x 0.64--yields
0.4 mr per year as the estimated radiation exposure in 1968 at the

18 km distarnce.

These exposures are approximate, because the measurements on
w. ich they are based were intendsd only to demonstrate surveillance
te.:hniques and indicate the magnitude oi the exposure, and are too
few to provide definitive annuzl exposure da.c He-xce, th2 calcula-
tions presented in chis discussion have been kept simole and within
the framework of values cited in the Sternglass articlz2, OQOur measure-
.ments and calculations indicate, however, that the external radiatien
exposure in 1968 at locations 1-2 km from Dresden, under the conditions
defined in our surveillance report and the reported annual discharges
was definitely not several hundred mr per year, but instead, approxi-
mately 10 mr per year at the location of maximum exposure, with the

average exposure at this distance being approximately 5 mr per year.

The natural radiation backzround near Dresden ranged from 46
1
‘to 110 or per year, with an average of 80 mr per year.( ) The
external radiation exposure 1-2 km from Dresden due to gases discharged

at Dresden was, therefore, a small fraction of the background, aad

o

smiller than differences in the background at various locations,

g
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(2) Radiation exzcsure from the g2s pluce decreased continuously

1)
with distance betwzen 1 and 12 km from Dresden, Further decreises

at greater distances are exnected because of horizontal and vertical

: . o=+ . ol
digsarsia= 9% ==z rzs. 2=74 radisagtive dacav of the short-lived

m

radionuclidas, Our radiacio; measuresents indicated an exposure of
0.4 or per year 18 k= from the plént in 1968, Accordingly, these
measuremants sugzest that, of the 6.6 million people who live within-
S0 miles of Dresden, 99.5 percent are >xposed to considerz,ly less

than 0.4 mr per year,

It is estirated that several hundred persons live within.

approximately 2 km of Dresden and therefore may be exposed to approx-
fcately 10 mr per year or less due to gases discharged at Dresden,
An additional 50,009 persons are estimated to live within an 18-km
radius and to receive radiation exposures between 0.4 and 10 mr per
year from Drescden; most of these persons live at di;tances of 10 to
18 km, where the radiation exposure would be approximately 1 mr per
year, Thus, few persons among those living in Illinois are exposed
to measurable increments of radiation from the gases discharged

at Dresden, ;

In view of the cited death rates due to respiratory diseases,
we also considered the magnitude of the concentration of radioactive
gases discharged 2t Dresden to which the respiratory system would be

‘exposed, At the 1968 discharze rate of 12,400 :Ci/sec during 64

percent of the tirme, the average radionuclide concentraticn in
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ground-level air 1-2 km from Dresden at the short-term measurezent

locations was computed to be 1,400 pCi/n3, based on the observed

3(1)

-5 i
dispersion factor of 6 x 10 sec/= and the wind-direction

frequency of 3 percent to an 8° sector. The annual average concen-

“

tration would be approximately 1/50 of this concentration i.e.,

30 pCi/o3 -- at a distance of 18 ka due to dispersion and radicactive
decay, 4nd even lower at greater distances, The concentration of
gases from Dresden at a distance of 18 km and more from the plant is

lower than that of naturally occurring radioactive 222 3as, for

3
vhich 100 to 400 pCi/nn are typical values in this area.(z)

(3) The statemant that "the ra2zsured r2diation doses do not take

into account the various bininzical concentration mechanieme in the

organs of the rother aad the developinz infant in utero for radio-

active cesium, strontium, and vttrium dauchter products" should not

cw=.

89
Radiation dose rates from Sr and 137Cs--including both ceasured

concentrations at discharge and computed concentrations from the decay
of the radioactive gases-through inhalation and through ingestion in
milk, leafy vegetables, and meat, were calculated to be considerably
less than 1 mrem per year to the relatively few exposed persons

» : : (3) Ceu
in the immediate environs, Doses from other measured particulate

131 3

radionuclides and gaseous I and “H were equally low If other

radionuclides or patiis appear to be significant, it would be desirable

to identify thew so that they could be evaluated.
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(4) The concents "uswind" and “drunwind” vere 2svarentlv reversed

in the article. in that Will Countv is more frecuently downwind from

Dresden than Livinaston county, 1In 1968, the wind at the stack height

blew over Dresden from the SW, WSW, and W toward Will county during 24

. YaZ, a=nd NE toward Livingston County

percent of the year

during only 11 percent of the year.ca)
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Appendix II., Epidemiclogic Comsideraticns

The purpose of thic section is to cxamine in detail the epidemiologic
data which Sternglass subnits as evidencc for a causal relationship between

radioactive cmissions from the Dresden rcactor and an incrcase in infant

LAl

oortslity and respiratory deéaths for all ages. The basic facts needed to

establish associesica ave: (1) A Xzown exposure to ionizing radiation,
aod (2) charnzes io inlant mortality must be shown to be related to this
exposure. Ip addition, the effect of other facto;s which are known to
influcace infant mortality rust be evaluated. It should be noted also

that cause and effect are got provea by a positive association, nor does

lack of association necessarily imply that no effect was produced.

The Dresden reactor is located in the northeast section of fhc State
and the preovailing wind at the site is from the southwest. On the basis
of radiation measurem2nts, the estimated evposure was 0.4 mR/yr at a
distance of 18 km froﬁ the plant. The average exposure at Chicago, a
distance of 30 ka from the plant, would be considerably less than
0.4 mR/yr. Biologically, this is considered a very small dose, as the
measures of biolczical effects require at least 1,000 times this amouat
to be detectable.

Sternglass chose to compare statistics from New York State and Illipois,
since two-thircs of the Illimois population resides in metropolitan Chicazo.
The following analysis will also more closely examine the pctentially ex-
posed population of metropolitan Chicago. Iafant mortality in the rural

P areas of Illincis and New York are similar over a seven year period (Figure 1)

gor do the charges correlate with the discharge from the Dresden reactor.



The infant mortality in the citics of New Yorl, Chicnze and St. Louis,
as well as the stzndard statistical arcas designated as the metropolitan
areas were also analyzed. For brevity, ouoly the data for the cities are

presented, although similar conclusions caan be drawa from the metropolitz:

i)
o
O
or
"
e
-
&)

populazions. Waen fzas mortality is considerad, the marked dif-
fereuce betveen the white apd nonwhite mortality rates (Figure 2) reguires
that co-parison arcas have nearly eguivaleat white/nonvhite vatios. Fro=
1960-1558, the perccntaze of nonwhite live births to total live Sirths cec=x-
sistently rises from all three cities (Figure 3). The values for St. Louis
exceed, but more closely approximate Chicago than does New York. As New Yok
has a larger percentage of white births (vith a concomittaat lower rate)

the total infans mortality tends to be less than Chicage {Figu 3) TEs

\EiZe
ratio of white/noavhite births in ucexposed St. Louis more closely ap-
cpuletion and St. Louis closely follows the trenis
for Chicagzo (Figure 3). However, the ratio of white to oonvhite live diri®s
is not the only factor involved, as shown by a2 comparison of rates of inl:i:

mortality in the vhite and nonwhite populations of the three cities (Flgoze 2

An increase in total infaot mortality frcm 1964-1966 for both St, Louis z-:
Chicazo is also related to an increzsed infant mortality, particularly i=n
the ooowhite population. It is unlikely that the increase cao be relatel =2
radioactive enissions from the Dresden reactors, since unexposcd St. Louls
shows a similar pattern to Chicago.

There are three reasons to question whether the differences ia inlzc:
mortality batween New York State and Illisois vary froam the pattern of
1955-1964. TFirst, the magnigude of the change is similar to the rasse oI

23.4 to 24.7/1,000 live births charucteristic of the pericd. (Tigure &)
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Secondly, the rural portions of the state are not diffcrent. Finally, the
ditference in the ratio of white to nonwhite birth in the two states is
becoming larjer by 1964. As Sternglass indicates, the reduction in infant

mortality apgears to be more rapid in New York City than in Chicago, but
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reactor began operation in 1950, zppears to be related to prematurity
although attempts to define the cause more precisely have not been

fruitful. 1If the radiztion effects postulated by Sternglass occur in utaro,
P ¥ g

the effects would appear after birth and, hence, be recorded 2 year later
than exposure. Thus, the first year of reactor operation, 1960-}961,
should elicit 2 major portion of the increzse in infaot mortality in 1832.
(Sternglass, Appendix III, Figure 1). No such chanze is observed. The

300,000 curies releasgc in 1962 again produced no effect on 1963 infant
mortality. In 1963, the release fell to 80,000 curies, but was followed
by an increase in infant mortality (1964). Thus, the incrcase in infant
mortality preceded muximum releases of radioactivity inm 1904, 1965, and
1966. During two years when 500,000 and 600,000 curies were released,
the difference in infant rmortality between New York State aod Illinois
peaked. Hovever, a reduction in infant mortality in 1966 occurred during
8 period when gaseous release was at a maximum of 700,000 curies per year:.
Thus, the timc couvse of changes in infant mortility iu Illinois is mot
correlated with the changes observed in gas discharge. If the ip utero

- perio¢ is the tize of significant irradiaticn, the rise in infant mortality

prececes the peak emission and a fall occurs during nmaximal discharge.

Sternglass also plots the difference in infazt sortaiity between

'
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New York State and Illincis against the radiocactive zaission frem the Dresdon
reactor. (Appendix III, Figurce 2). Some fundanental objections to the
plot are: (1) Two years of cperatica are omitted, 1961 and 1962. (2) As

discussed in thc preceding pavagraph, the lag time of one year for infanot

rr

sias

i

-

(4%

LR ERTS * 3 - b ] -
coztalizy should de plotte

the astivity levels. (3) The plot

“r

assuzes that Naw Yor!l

atrol for Illinois which has

Cw
-

o~
o

te {5 2o adequate

(3]
O

beca questioned im 2 previous discussion. Nevertheless, the ranzge of the
observetiozs is large (-0.7 to +3.4/1,000 live births) with the maximum
and mininus both occurring arscond 300,020 curies per year, and the dis-

tribution of all the data points makes any relatioaship between exposure

rn

and effect doubtful.

A plot of the 1960-1567 izfant cortality data from the counties around
the reactor is presented in Figures &4 and 5. As the reactors are purpose-
fully placed in sparsely popuiated areas, the population in the county in
which a reactor is located is usually smzll and a high variance in infant
mortality results from the smz21l number of births and deaths beipg recordel.
Such yearly fluctuations are evident from even a casuzl imspectioa of
Figures 5 and 6. 3Because of the variance, it requires several ycars to
establish a valid estimate of tase line values. Sternglass' use of a
single year, 1964, as a base misrepresents thc treand., Im Livingston County,
the 1964 value is significantly lower than the praceding and following years.
Coasequently, the 234 perceat increase for Livingstoa in 1956 can be also
presented &s a reduction of 68 percect of the 1963 value. The iefant
mortality im Crundy is oumerically small, but the 18 deaths in 1966 is a
high for the 1530-1967 peried, and it is gignificantly different from the

mean 2nd from the 1904 value. Uere these deaths caused by radiation expas.ve’?

- I}
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Are they the result of infection, discase, or accident? To answer these
questions more detailed knowledge of the causes of death are required than
are available to the author.

Nazme of thicse c2za caz be interpreted to mean that the large quantities

sed iato the atmosphere have no effect on the inmfaz:t

e

of raciosgtivity e

e

“©

-

mortality. The nuxber o

"h

birchs and dezchs in a county of 20,000 is so
small, and the possible etiolegy so varied, that the analysis could only
detect very large changes caused by a single agent.

Sternglass' proposed telafionship between respiratory diseasecs and
radiation exposure is based oo 2 difference in the rate of increafe between
I1linois and New York. 3oth States had similar rates in 1967 (18.6 aad
18.7/100,000), but in 1959, Iliisois and New York had rates of 10.9 and

13.0/100,000, respectively. The rige i

2]
>

oth states is not unigue, but
{s obsecrved in the United States as 2 whgle and is probably related to
many festors common to urban life. To resolve this problem would require
-’dd'analysis of the specific disease categories in several states. 1Maoy
of the etiological factors are unidentified and it appcars extremely
unlikely that the radiation is the single causative ageat in Illinois.
Perhaps the strongest evidence to substantiate this position is that the
estimated exposure is considerably less than 0.4 o/yr. This cano be
compared to the variation in backgrouad level of 40-110 mR/yr measured
at difierent locations within the area of Dresden.

Although Dr. Sterngzlass has preseuted no data for the potentially ex-
poéed population, he discusses the possibility that the incidence of all

loulcaias aizht be increased in the irradiated
~

rn

malignint tumors and ©

population. Such malignancics may have a long latent period at low dosec

R -



rates £o it is not surprising that data for St. Llouis, Chicago and liew York

City show no definitive trends over the 1960-1957 period. (Table 1) A

cowparison of death rates from all neoplasms shows that metropolitan St. Louis

and New York are consisteatly higher than Chicago. It is evident that the
rates Zor Chiszagzo arc =a: related to the gaseous discharge from Dresden over
the 1961-15537 pericd. Oz the seme besis the death rates from leuke=mia for
metropalitan lNaw York, St. Louis aad Chicezo are zot significantly different

over the 19560-1967 period. WNeither the death rate from leukemia nor from

all neoplasos are correlated with the gascous discharge from Dresden.

o

[}

This ana2lysis of the epideaiclogic data presented by Sternglass does
not support his cortection that an association exists between exposure to
the ragdicactive emicsicns €rcxz Drosden 2ad infant mortality. Ia coatrast,

the data c2n not be interpreted to mean that no effects were produced Dby
the radiation exposure. Howcver, if radiation from the Dresdem reastor
contributes to infant martality or respiratory deaths ism Illinois or

Chicago, it has not been demonstrated by this study.
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* Population estimated from 1960 and 1970 Census figufes.

- . TALLE 1
Deaths and Duati: Nuses fres All Neoplasss and Leukesia
Cites of Cihicago, Muw York, St. Louis
1960 - 1957
Rate/100,029
All Neop.
SRECPE Leuiesia Al Saoy, ! All Neep.
Yoor halote dagdy 3422208 ' Poawl. .t | pws Lot Locio=fe AL Mgs
Chicasga
1950 6,857 230 7,167 3,550,404 194 8 202
1961 6,701 325 7,026 3,527,890 190 9 153
1962 6,621 259 6,850 3,505,375 185 7 %5
1963 6,503 278 7,087 3,482,862 196 8 203
1964 6,634 236 6,920 3,460,348 | 193 7 . 209
1955 6,793 266 7,061 [ 3,437,834 193 8 203
1966 6,764 260 7,026 | 3,415,319 198 8 203
1567 6,788 252 7,040 3,372,805, 200 7 207
Por: You ! 2
9% - 15,833 632 16,537 ' 7,731,0:4) 203 2 213
1551 6,137 643 15,752 7,730,038 207 § 216
1962 16,241 583 16,824 | 7,779,933 209 7 215
1663 16,04} 625 16,655 | 7,775,5C¢3;  205 8 s
1624 15,453 523 17,002 70778050 v g oo
1965 16,340 530 16,920 7,776,357 210 i 513
1966 16,697 660 17,353 i 7,775,3320 215 3 223
1967 16,594 614 17,208 | 7,774,655 213 8 221
|
St. Louie !
15, 1,585 50 1,236 | 750,826, 225 7 21
1961 1,619 63 1,572 WL 113 5 :
1932 1,57: 64 1,635 721,54 . 218 9 2%
1963 1,580 58 1,638 | 707,334 223 g 232
1964 1,514 63 1,577 | 693l103' 218 9 223
1965 1,498 63 1,561 | 678,872 221 9 23C
1966 1,676 55 1,731 | 664,641! 252 8 260
1967 1,564 62 1,626 | 650,410 240 10 250



