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Summary

An examination of the monthly changes in infant mortality in Pennsylvania
and the nearby areas of Upstate New York as given in the U.S. Monthly Vital
Statistics reports 1ndicafe that the mortalitylrate rose significantly shortly
after the Three Mile Island accident in the directions where the plume of radiocactive
gases was known to have moved. The number of reported infant deaths per month rose
froﬁ a minimum of 141 in March of 1979 just before the accident to a beak of 271 in
July, declining again to 119 by August. This is an unprecedented and highly significant
rise of 92% in the summer months when infant mortality normally reaches its 1°ffft
values. In the four month period following the accident, there were 242 deaths above
the normally expected number in Pennsyivania and a total of about 63d in the entire
Northeastern area of the United States. The hypothesis that this abnormal rise was
associated with the gaseous releases from Three Hi}e Igland is shown to be
strongly supported by the following considérations. First, lérge amounts of
radicactive lodine-13]1 were released from the plant, estimated by the utility's
own radiolﬂgical consultants to have ‘dmounted to 14 curies, together with 10
million curies of other fission gases, most of the activity escaping in the first
two days before the order to evacuate pregnant women and young children was issued.
Secondly, infant mortality peaked ghreg to four months after the initial releases
took place. This corresponds to the period required for infants to be born whose
thyroid glands were most active in taking up the radicactive iodine while producing
growth hormone when the accident occurred, thus explaining the large rise in the
number of immature and underweight infants that died of respiratory distress a;
indicated by an examination of hospital records. Tgirdly, the greatest rises
took place in areas closest to the plént, decreasing with distance away from
Harrisburg and the state of Pennsylvania, untii for éﬁﬁtes well to the west and

i

south, there was a decline in infant mortality rates.. Thusﬂ while Pennsylvania
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“increased from 10.4 per thousand live births in March to 18.5 in July of 1979,

the United States rate as a whole declined from 14.1 to 12,5. The rise moved
Pennsylvania from well below the U.5. average to the highest infant'mortality rate
for any state east of the Mississippi River. Other evidence supporting this
conclusion is discu;sed including the occurrence of abnormal increases of infant
mortalityraiein areas that received heavy fallout from nuclear weapons tests

during the 1950 8 and 66 s when Iodine-131 levels reached comparable levela, as well
as similar effects in areas close to cther nuclear reactors known to have released
comparable ;mounts of radiocactive gases from damaged fuel elements over a pariod of

vears in the course of normal operations. -The implications for further health cffects ¥ -

due to cancer and other diseases are qipcusae§,
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Although the major emphasis in estimates of the health impact produced by

the accident at Three Mile Island has been on the increase in cancer risk and the

(1}

effect of the psychological stress , the greatest immediate concern was connected

with the possible effects on the developing infant in the mother's womb due to

the known tendency of radicactive iodine to concentrate in the fetal and infant | o

thyroid glands(z). | ' L
It was the existence of uncontrolled large releases of fission-produced

radioactive gases including Iodine~131 that ied Governor Thornburg of Pennsflvanil

to order the evacuation of all pregnant women and children below school age from

within a radius of five miles around the plant on the third day of the accident,

Friday, March 30, 1979.
Subsequent studies by various government and privdte organizations have

confirmed that large quantities of radioactive Iodine-131 were in fact released in
i

the course of the accident, the estimates ranging from 1.4 curies in an early study

(3)

prepared by the NRC to as high as 14 curies of Iodine-131 in a later study by
’ f

@)

a private consulting firm for the utility To appreciate the significance of these

amounts, it iIs only necessary to point out that the &nit which is used to measure
concentrations of Iodine-131 in milk is the'gico-curié} which is one millionth of

one millionth of a curie.

These studies further showed that most of the gaseous releases toock place

in the first two days after the accident that began in the early morning
of March 28. Thus, it was calculated that of the 10 million curies of radioactive

gases released in the first five and a half days, 7?hfllionfcuries has been emitted

in the first 36 hours.(&)
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Likewise, most of the external gamma ray dose due to the.passing clouds
of fission gases estimated by all organizations to have been in the range‘of 70 tp
80 millirems to individuals nearest the plant was found to have been received in,
the first few days ﬁf the accident. .

These studies further showed that most of the thyroid dose was received throggh
the inhalation of radioactive iodine {sotopes rather than through the inges;ion of
milk or water(a). - |

For the infant thyroid,‘the maximum dose was calculated to have been of tﬁe
order of 10"mrem by inhalation and 1.} mrem by ingestion of milk(a ). Due to
the smaller volume of air inhaled by infants, the maximum dose was found not to
have been much larger than for adulte désﬁite the ten-fold smallgr size of.th
infant thyroid. | :

No estimates were published for the fetal thyroid, which ie known to hegin
functioning actively in about the f£fth to sixth month of intra?ﬁterine de;élopmentss)(s)
However, earlier measurements carrigdfgut‘for coyparably small exposures during
periods of heavy fallout From nucle;r wéapqns te#é;ng clearly indicate that fgtal

{ ' i i s
thyroid doses can be some 10 to 20 times larger than for infants or }00 times that

of adulfs(7) (8).

This arises from the faét that the early thyroid glané has -
a very small mass of the order of 6.10 to 0,20 grams, or some one to two hund?ed
times smaller than the 20 gram adult human thyroid.

Thus, it 1s possible to estimate that the thyroid gland‘of‘fétuses in-tbé
more heavily exposed areas within five to ten miles of‘the Threé:Hile Islang plant
are likely to have received radiatian doses of the order of 100 to 1000 mrem§ from
Iodine-131 alone. To this must be #dded the.wﬁblé-body gamma dose from noble gases

and the contributions from the many short-lived fodine isotopes as well as the

whole body doses from the other important isctopes such as Cesium-137, Cesium-134, .
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Tritium, Barium-140, Strontium-89, etc., depending upon the mother's diét_in.the v

P

weeks following the accident. .
Thus, typical thyroid doses 200 to 1100 (in excess of 200) mrems are likely to have

been received by developing infants in their mother's womb for those in their 5th to

9th months of development., Due to the fact:that the radicactive gas;plﬁme frequently

touched the ground within a few miles of the plant, individuals in these areas could

easiiy have received f{ve to ten times higher doses than the average'in the first one

or two days of the accident,.before the evacuation of pregnant women was ordered.
A dose’of the order of 200 to 1100 mrems is comparable with that received by

the fetus in the course of diagnostic x-ray examinations since a single abdominal

film gives a fetal dose of-the order of_200-300 mrem( 9) (10). ' Fe
The fact that diagnostic x-ray exposures during fetal development can lead

to serious biological damage is by now widely recognized in the medical community

(11) (12)

ag a result of the large scale epidemiological studies of Stewart » MacMahon .

Diamond(l3), Btoss(la), Graham(IS) and others,

Not only is there an increased risk of leukemia and cancer as first discovered

(11)

by Stewart but the more recent prospective study of Diamond and his associates

(13)

~at Johns Hopkins University revealed an iﬁcreased risk of death from all causes

for those who received x-rays in utero, primarily within the first year of life. These
included deaths from respiratory system problems, infectious diseases and diseases
of the central nervous system. . Furthermore, both the Johns Hopkins study and the

(11)

study of Stewart revealed that the earlier the exposure takes place, the greater

is the risk of adverse effects.
Thus, Stewart's study showed that whereas the dose needed to double the risk
of leukemia and cancer was of the order of 1,200 mrem jhst before birth when most

x-rays were taken,a mere 80 mrem doubled the riak’wheﬁ‘k—taya were given in the

first three months of ptegnancy(ll), {



iy

Thus, doses of 200 to 1100 mrem to the critical thyroid gland controlling
the growth and development of the fetus beginning in the 5th to 6th month of _
pregnancy could be expected to produce a significant effect on the fetus thrcugh '
~ retardation in growth and maturation, thereby increasing the risk of mortality
within the first year of life. The greatest mortality occurs during the critical
period of transitien from intra-uterine enistenee when the lung of the newbqrn..
must suddenly take over the life- sustaining function of resplration(IG)

A large number of studies have”shown that infants that are born immature,
underdeveloped or underweight have a much higher 1ncidenee of respiratory distress
or hyaline membrane disease(IB). Thus, even a Bmall degree of retardation in
development due to a reduced output of growth hormone by the thyroid gland during
the last three to four months of intra—uter}ne development wouldqbe expected‘to ‘
increase the risk of death due to IESPiﬁatery ineufficiency immeeiately after
birth. Failure of the critical 1ung surfactant to be produced in adequate amounts
can therefore lead to respiratory problems and death as a result of damage eithet
to the thyroid or the pituitary gland which in turn controls the thyroid s output
of growth hormone(l7) ) . ia?F

The fact that radioactive iodine from nuclear weapons tests'can 1ndee§ teduce
human fetal and infant growth has been observed as a result of tne accidentalifallout
exposure of the Marshallese Islanders_fo;lowing-the large hydroéen bomb teet BRAVO
in 1954(18). Not only was there an 1ncreaee in fetal_deaths among the women e#p@ued _
at that time, but there was also a eevere reduction in growth of the children;::
exnosed to fallout, ‘the effect beiné.;reater the young the children were. f
The effect of even small doses of radioactive ifodine on fetal development,ia

further supported by the fact that the birth-weight of babies born in the United

States suddenly began to decline during the 1950‘3. (1% the period when the heavlast
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fallout from weapons testing occurred in the confinental United States. Furthgrmotd.'
since the end of 'large-scale atmospheric bomb-tests by the U.S. and the U.S.S.R.,
there has not only been an end to the trend towards smaller birth-weight but there
was also an unexpected resumption in the decline of infant mortality which had alno“
halted during thelperiod of heavy fallotho) {21).

This is shown graphically in Figure 1 taken from the most recent summary of
infant mortality trends published by the U.S. Department of Health, Education and
Welfare’s National Center of Health Statistica(zz). As shown by the arrows added
to indicate periods of heavy nuclear testing in the atmosphere, thé déﬁiine of {Efant
mortality rates in the United States came to a sudden halt between 1945 and 1951, when
the testing of nuclear weapons at Alamogordo, New Mexico, in the Marshall islands. and
in Siberia began.

Between the years of heaviest weapons testing in the iower atmosphere namely
1956 to 1958, there was actually a reversal of the previous downward trend of infant
mortality, which ended only when nuclear testing was temporarily halted during the |
years 1959 fo 1961, after which there was a brief renewal of bomb testing that did
not end until the 1963 test-ban treaty was concluded.

Although France and China continued to test nuclear weapons in the atmosphere,
the end of larpge atmospheric tests sy the U.S., U.5.5.R. and U.K. led to a gradual
- reduction in infant mortality rates, until in the last few years, both white and
non-white populatians showed a resumption of the pre~testing rate of decline that had eo
rdramatically halted during the l950‘s‘for reasons that were not understood at the

time(23).
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A connection between fallout and infant mortality changes was first suggested
in 1969(2(°. However, at that time the evidence that the fetus in the early phases

of development may be fifteen times more sensitive to radiation than the full term

infant had not yet been published by Stewart and Kneale(ll)

(24)

so that it was difficult
to explain the large magnitude of the effect .” Also, the study of Diamond qu his
coworkers had not yét been published showing Fhét all causes of death and not perely
leukemia and cancer were increased by ;héll intra-uterine exposures,sé that a
generalized effect on all fofﬁs of mortality was unsubstantiated,

As a résult it was argued by some authors that the halt in the decliﬁe‘of
infant mortélity might be due to the fact that all possible effgcts of iﬁpr@ved
medical care, diet and drugs had been exhausted, and that the?ef;re inféntimortality
héd gone down as fay as it would ever;ﬁé aplélté decliﬁe in-the United Sta;és(zal

However, as Figure:.1 clearly spowQ:th;s did not turn out to be the caset
infant mortality started to declineJon;e agﬁin ;fter h;;vy fallout ended and in the
most recent years has actually accelergted its rate of decliné, rapidlyidpﬁroaching
the project?d rate that would have éxi;;ed 1f the?e had been no halt duringf§he
time of massive nuclear weapous tesqagzl}, : o K

The effect of small amounts of short-liveq fission products”puch as';-iél
as distinct from the long-term trena thgt 18 correlated with the build-up Of;'

Strontium-90 in the bone of young w&ﬁén prior to pregnancy(ZI)

is shown particularly '

strikingly in Figure 2. ’ : 4%
Here, the infant mortality rate for New Hampshire some 2,500 miles to the east

of the Nevada test site has been plotted for the years 1946 to 1976, together y;;h

the officially announced yields of small tactical nuclear weapons detonated in'.: -{'

oL

Nevada between 1951 and 1962(25);
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Inspection of this plot shows that simultaneously with the onset of Nevada ¢
tests in 1951, there was a sudden halt in the long-term decline of ihfant
mortality followed by brief periods of small reversals in the downward trend
which occurred in the same years as the nuclear weapons tests in Nevada. Whenevgr
there was a test in Nevada, there was a sharp rise in infant mortality in New
Hampshire, where the fallout came down with the heavy rain and snow falls in
the White Mountains.
Not until the Nevada te;ts ended did these highly abnormal spikes in infant
mortality disappear, and only after the end of all large scale nuclear weapons
tests did the i{nfant death rate decline once more, finélly reaching the low values
that would have been reached had the pre-bomb testing rate of decline contiﬁued.
The significance of these results for the case of the Three Mile Island
accident is that the external gamma ray doses from bomb fallout in the eastern
United States in any given year were generally smaller than external gamma doses
of 70 to B0 mrem measured in a few days at Three Mile Island.
Thus, fhe long—-term gamma dose measurements carried out at the Brookhaven
National Laboratories since the late 1960‘3(26) show that only in 1963 did the
~ annual gamma ray dose reach 76 mrem,the same dose experienced at Three Mile Island
in a matter of.days. .
Yet, both Figure | and 2 clearly show significant peaks in infant mortality
assoclated with weapons tests in Nevada, the'Phcific and Siberia. This indicates
that the actual internal doses to critical organs from inhaled and ingested fission
products far outweigh in their blological importance the external gamma dose recorded by
badges and survey meters whenever fission products are . released intﬁ the atmosphere 2”5
This is supported by a more recent study ;hat found a correlation of changes in
infant mortality in diffetént sections of Hiscon;in wifh measured changes in S$r-90

levels in the milk following bomb-tests and the start-up of nuclear power plants(za).
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Clearly, whatever the still not fully understood biological mechanisms are
that cause prematurity and eerly necnatal death assoclated with respiratory distreel,
external éamma doses from fission products containing I-131 of the order of 10 to
50 millirems were associated with yearly 1nfant mortality changes of the order of
5 to 252 in the eastern U.S. during the late 1950 8, that is changea of about 0. SZI-r

It follows that the releases of fission products containing l-131 in the .
Three Mile Island accident should also be followed by detectable peaks in 1nfaet‘
mortality assoclated with immaturity and respiratory dlstrees wlthin a few menths
after the accident, when the 1nfants whose thyroids had begun to function when the
iodine was released were born. Furthermore, since fetuses of less than 5-6 montﬁa
gestational age do not have fully developed thyrpid gland able to concentrate
I-131 to the same extent as those that are present in the last 3 months of gestation. (3)
there should be a rapiddecline in newborn deaths beginning in the third and feerth'

§

month after the end of the gaseous releases. | . . - b

That this {s indeed the pattern of infant mortality changea that has taken b
place following the Three Mile Island accident is apparent from the following
conslderations. |

Turning first to the data on the month-by-month infant mortality in Pennaylvania
as reported in the Monthly Vital Statistica reports published by the National Center
for Health Statistics (29 )plotted in Figure 3, one sees thet a large peak in thef%nfqnt
mortality rate occurred in the summer of 1979, some three to four months after the:
releases took place. Grouped in 3 moqths periods, the rise was 32X (Table 1). —

Compared with the normal pattern of infant mortality throughout the year, whiehfﬁ

generally declines in the summer monthe when the risk of'pneumonla and 1nf1qenza %

is small, the 78% rise from a rate of lO.A;ﬁe; thousand live births in'March to a
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peak of 18.5 in July, followed by a decline to the normall& expected low.of B.?
in August, is totally anomalous. However, it is completely consistént with‘the?x
expected action of radioactive Iodine-~131 on the fetal thyroid.

The rise from 141 to 271 infant deaths is statistically highly significant
representing an increase by more than 5 standard deviations for which the probability
of a purely statistical fluctuation is much less than 1 in 1000 (P{¢ 0.001).

Such a large_rise'did not occur for the ﬁnifed States as a whole as shown in

(29)

the plot of Fig. 4 Furthérmore, it 48 seen that there was no such large

rise in mid-summer in previous years as illustrated for 1977 and 1978 in Figure &,
In fact, the July infant moreality rate of 18.5 per 1000 live births in g
Pennsylvania was the highest for any state in the entire United States east of
the Mississippi, moving Pennsylvania above such rural states as Mississippi.anq
Alabama, where the large non-white population with its poorer socip-economic status,
medical care and diet had traditionally been associated with a much larger infant
mortality(ao); (Table II1).
Whereﬁs prior to the Three Mile Island accident, Pennsylvania had an infant
mortality rate well below the U.S. average, by July it had moved well above the
- U.S. average, returning to its normal position below the U.S. mean in August, 4 to
5 months after the accident. (See'Figure 5). Thié waé the time when infants were
being born that did not have a fully devéloped éc;iﬁe thyroid gland at the time
of exposure.
Since for the first few days uheh.the initial release occurred, the winds

(3)

were mainly towards the West, North-West and North , one would expect significant

increase in infant mortality in the summer months in upstate New York and Western
Pennsylvania, but not in New York City directly to the East, (Sece maps of Figure 6
and 7). At the same time, the Harrisburg area should show the greatest increase in

the newborn mortality rate.
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This expectation 1s born out by the changes in infant mortality for three
month periods before and after the Three Mile Island releases ended,{Fig. 8 end
Table III). In this table, the data from the U.S5, Monthly Vital Statisticé i;
listed together with data obtainedifor a major hpspital in eac? of HarrisbutgAand |
PittsburghEBLince the county-by—count} data 1in Pepnsylvania yereeot yet availabiﬂg

As can be seen from Table IV and Figuresnﬂ.eed 9, therezuaafa 7 fold riee or

P

a 630% increase in the ‘number of neébotn deaths associated with immatcrity{ana_

‘respiratory diseases in the Harrisbu;g'hospital for the three month period of

May-June-July 1979 relative to both the same period in 1978 and the immediately
preceding three month period of February-Mach-April.

A similar pattern is seen to have occurred in the Pittsburgh area as reflected

in the data for a major hospital thatﬂgccounts for nearly half of all deliyeriee‘(ftb;e ]

and Fig. 10) though with a smaller percent change. Again, there is an unuseel'sdﬁmer
peak in 1979 that did not occur in the previous year. Inp fect, examining the case '
for the peak month of July in Figure IL it ia seen that both the total number of
deaths and the rate per thousand births was declining before 1978,tieing egain

from 8 deatts in July cf 1978 to 24 in Jely ef 1979. | _

This unusual peak. of infant deatﬁs in July was also observed in Northern New
England but not in Southern New Enéland, as expected from the known northwerd .;}
direction of thc'winds.in tﬁe first few days;of the accident., (See TableVI)9

Although the increases in the number cf deaths among newborns in;the ﬁarr#ﬁbufs
Hospital are small in absolute numbers, they are nevertheless highly significant
statistically. The average number of newborn deaths per month during 1978 was /
0.42 per month with 'a standard deviation of #0.2, while the everage for the _
summer months was only 0.33 per month. Thus four such deaths 1n June of 1979,

exsctly three months aftex the accideh@;*representa a 10 to 12 fold increase abpﬁe

3}
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normal expectationa, whose occurrence by mere chance iq muﬁh less than 1 in
TS '
100. : ' e

Combined with the geographical pattern of infant mort&l;ty changes from
Ohio to New England, and the absence of any similarly large suhmer peak of infant
mortality in the previous years, it seems 1nescapable to eonciude that the accident
at Three Mile Island did in fact lead to a significant increase in’ infant mortality
similar to those encoudtered from earlier comoa;able episodes 1hvoiving fission
‘products from nuclear weapons testing and releases from nuclear plants.

For the 3 month period Hay‘through July 1979, the total number of excess
deaths was 352 compared with that normally: expeeted in the statds of Pennsylvania,

Ohio and New York, using the rate of decline for the United States as a whole(f).

¢ Comparable percent increases are likely to occur for childhood ‘cancer ‘and f_

(32) (33)

leukemia in the next ten to fifteen yeats » 88 well as somewhat 1ower

percent increases in all causes of death in the much larger general population
aﬂcording to the studies of Lave and his associates for the case of 50 metropol;tan |

areas in the United States during the heavy fallout period of the early 1960's (3&) :

It would therefore appear that the Three Mile Islahd accident will turn out to have |
‘produced the largest death-toll ever reaulting from an indu:hiial accident with _
: , o

total deaths from all cauSes likely to reach many thousands; tvef the next 10 to - }

i3
20 years. . : ; il“ 'ﬁ . -',‘-,.:I
. " 4 1! f 2
‘Since for every infant that dies ds a result of relardpﬁ érowth and development. .

1u

there are many more individuals (Derhaps ten tides as many) that are minimally damaged

| (16) (35Y'%

in their physical and mental abilities : the eﬂfect on society will be much 1arger

than premature death alone. In the light of these finﬂinge, it must be of great eoncurn
that the releases of radicactive gases and iodine from' routine operationa of_nuelear

reactors such as the Millstone Pient in Connecticut have been compareble in.maghitudo wiih
i i

1 ” '- : """- A . -
T 1f one adds the excess deaths in Aptil there were 49 in Pennéyivania and 35 in

'« Upstate New York for a total of 427, _ai

R TR
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the releases from Three Mile Island, namely 3 million curies of mixed fission gases

and 10 curfes of I-131 in 1975 nlone(sﬁ).

The full magnitude of the danger to the biolagical survival of nations that.
choose to pursue the development of nuclear reactors near their large populétion
centers is therefore only now beginning to become apparent. |

This is especially brought out by the fact that the greatest.number of K
deaths actually occur in areas ten. to one-hund;g@imiles distant grom the reac;or
site 80 that even a:decision to locate nuclear reactors only in less populaéeh
areas would not appreciably change the'ﬁorEality figures either for the effeét ef
normal releases or major accidents., Nor would an evacuation plaﬁ'for the population
within 5 or 10 miles of the reactor Bignificantly affect the ove?all'numbet of
deaths resulting from a repetition of the'Thrgg,ﬁile Accident, since most of the
deaths occur in the more distant aréasfdue to ﬁhé\larger total populations they

contain(37)

, though the greatest individual risk exists nearby.

This is illustrated by the observed infant mortality changes in the State of
Rhode Island located between 20 and 50 miles downwind to the east of the Millstone
Reactor ne;r New London, Connecticut as shown in Figure 12. N

In this plot, the infant mortality rate for Rhode Island has been P1°tt3é for

the years 1965 to 1976, together with:the releases of radiocactive fission gases
’ o (36)

L

as published by the Nuclear Regulator§'éommiééibnu(NRC) since the start of .

operations in 1970.
For comparison, the infant mortality rate for the State of New Hampshire -
more than 150 miles’to the northeast is also shown in this plot. |
Inspection of Figure 12shows that .in the years priox to thé'start

of the Millstone Plant in 1970 and thq Conhecéicué Yankee plant &; Haddam Necﬁ in

1968, both states showed the same 1nfént mortality rate,

J—

AL Y
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However, beginning in 1970, the rate of'd%cline of the Rhode Island infant
mortality slowed ‘down, while that of New Hampsh;re kapt declining rapidly,
leading to the development of a large gap iﬁ the mortality rates between
the two states by early 1976. In the first quarter of that year, Rhode Island
had a rate of 18.6 practically equal to its 1967 level of 19.3,while New Hampshire
declined to an infant mortality only half as great, or9,3 per 1000 live births.

The fact that the emissions from the Millstone plant are likely to be
-responsible for this dramatic gap is illustrated by Figure 13which is a plot of
the percent’ excess infant mortality in Rhode Island relative to New. Hampshire
versus tﬁe announced gaseous releases from the Millstone plant. A two-year
moving average of the emissions is'usedlin this plot to take account‘of'bofh
the short-lived I-131 and the longer-lived Cs-137 and Sr-90 in the releases that
build up in the environment.

It is seen that the dat# fit a logarithmic or fractional power law of the
form a D" with a = 38% and x = 5. 'Lthis 18 the type of law expected on the basis
of a free~radical type of indirect chemica} action on cell membranes discovered

69

~ high doses and dose-rates. It is also the type of dose-response relation expected

by Petkau y which rises more rapldly at low doses and low dose~rates than at

on the basis of a wide difference in sensitivity of different individuals in the
(40 (41) (42)

population as discussed by Baum , Bross ,or a type of dose-

and Morgan

regponse that leads of a large underestimate of health effects at low doses from data

taken at high doses@3)~

Based on an external gamma dose of 500 mr for the maximum permissible release of

G8)

some 25 million curies per year , the slope of the ddse-response curve increases

from 2%/mr at 1 million curiea per year to sabout 6HX/mr at 0.1 million curies per year.

.
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Based on the external dose freom the gas-cloud alone, one would therefore expect
an increase in infant mortality for the case of the Three Mile Island accident
of 38 x 10 or 120% in an area some 20-30 miles distant. This is in good ‘ .“-
agreement with the three month increase in newborn infant mortality in Harrisburg
of 6007, which reduces to 1507 when eve;aged over the period of a year.

Thus, both qualitatively and quantitatively, the releases ffom normal
operation from the Millstone Plant and the accompanying increases in infant‘}
mortality in Rhode ;sland some 20 to 30 miles downwind correctly Predict thei
infant mortality changes in the Harrisburg area from the comparab;e noble eQS o e
and iodine discharges at Three Mile Island. | 3

1" . —

The importance‘of releases of Cesium-137 and Strontidm-90 in;addition to

Iodine-131 for the more distant large metropolitan areas is illustrated by the

plots of the Cs-137 and Sr-90 spatial distribution around the Millstone plant as

(4)" '

taken from the utility 8 OWn environmental reports to the NRC .shown in

Figures l4 and 15. The 4 to § folqugreater cnnqentration of both of these isotopes

in the milk near the stack of the plant as compared with the more distant areea -

(45)

strongly argues against the interpretation advanced by the utility™ =7, the

RC(46) and the EPA( 7)

that these levels can be explained by fallout from nuclear
weapons tests.

The hypothesis that these highly localized levels are indeeﬁ due to blant

4 miunRe - — ¢

emissions is also strongly supported by the faet that the changes in concentrations
of these isotopes in the milk throughout the yeaf‘are greatest near the plant in the
summer months following spring refueling, endlleest at more distant locations|euch

as Delaware along the Atlantic Coast dsgseen 1n #igure 16 for Cs-137 Partiqularly

re oy —

significant is the fact that both within ld miles of the plant and in Rhode Island,

there was a peak in Cs~137 concentrations in the summer of 1976 Before the heavy:
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Chinese fallout arrived in October. It should be noted that this fallout episode
was also followed by a sharp rise in infant mortality along the north-east coast

3-4 months later.

The fact that the increases in cancer mortality around the Milistone Plant after
it began operating have the same geographical distribution as the measured C$-137
and Strontium-990 concentrations in the milk, and the fact that the increase in
infant mortality in Rhode Island is correlated with‘the releases from the Millstone
Plant indicates that there is likely to be a significant cancer increase from ihe

Three Mile Island accident. -

But perhaps the most significant confirmation of the serious biological effeét
of routine radioactive gas releases from nuclear reactors i3 the plot of infant
mortality rates at different distances from the Millstone Plant for July 1978 shown
in Fig. 18, before the releases from Three Mile Island affected the mortality rates
in New England.

It is seen that while Hew Hamsphire, which has no operating nuclear'reactOt,
declined toﬂa low of only 1.9 infant deaths per thousand births from 21 in 1963,
Rhode Island, directly downwind and close to both the Connecticut Yankee and Millstone
Reactors, showed a ten-fold greatef infant death rate of 19.9, completely nullifying
13 years of advances in public health and medical care.

Vermont, whose only nuclear reactor is located in 1ts most southernly tip
80 that most of the state is not affected by the releases, reached a low of 4.2
per 1090 births. But all the other New England states withkhore nuclear generation
of electricity, showed higher infant mortality rate;;than either New Hampshire or
Vermont. |

For these reasons, it appears doubtful whéther any efforts to improve the
safety of nuclear reactors, changes in their locationé, or evacuation plants can signif--

icantly alter the public health impact of normal teleases and such potentially more serious
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accldents as occurred at Three Mile Island, where only a small fraction of the total
fission products generatéd actually escaped into the environment. Needless to

say, the mortality changes following Three Mile Island wouldrbe enormously multiplied
in the event of a complete melt-down and rupture of the containment, threatening =
areas as large as the entire eastern United States with enormous damage in terms
of- czncer and thyroid damage for all age groups out to distances of hundreds of

G - o o

miles

Since neither coal nor oil nor gas nor solar energy lead to the large-scale
production of short-lived radioactive iodine and other fission products that aeek
out the critical organs of the developing infant, 1t would seem prudent to_apply;
future technological efforts to the more forgiving sourﬁes of energy that dé_n&ti ' J
threaten the most precious of our nation's resources: ‘the phyaiéél and meqtql

- ‘ g !
well-being of our children for generations to come, : S —_— J
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TABLE I

Infant Mortality Changes in Pennsylvania Following the-

Three Mile Island Accident on March 28, 1979

No. of Infant

No. of Live Rate Average X Change
1979 Deaths Births 1000 Rate in Rate

February 147 11,892 12.4 ‘

March 14} 13,589 10.4 - 11.9'

April - 166 12,520 13.3 l

May 198 13,201 15.0 l

~ June 163 12,293 13.3 15.7 4323
July 271 14,680 8.5 |
i
Source: U.S. Monthly Vital Statistics




TABLE II

Infant Mortallty East of the Mississippi in July of 1979.

1979
Infant Live Rate
deaths births per 1000

 Pennsylvania 271 14,680 18.5
New York* 295 22,855 12.9
N.J. ¢ 83 8,041 10.3
Maine 12 1,440 8.3
N. Hampshire 8 1,089 7.3
Vermont 5 513 9.7
Mass. 54 6,690 8.1
Rhode Island 16 1,149 13.9
Conn. 15 3,681 4.1
Ohio 147 - 14,071 10.4
Indiana 101 7,885 2.8
I1linois N.A. N.A. N.A.
Michigan 147 - 12,346 11.9
Wisconsin 48 6,272 7.7
Delaware 10 830 12.0
Md. 66 . 4,179 15.8
D.C.* 22 1,133 19.6%
‘Virginia 91 6,535 13.9
W. Va. 27 2,520 10.7
N. Carolina 104 - 7,660 - 13.6
S. Carolina 59 4,253 13.9
Georgia 89 - 6,700 13.3
Florida 164 ; - 10,362 15.8
Kentucky 50 L 5,616 8.9
Tennessee 81 6,201 . . : 12.9
Alabama 60 4,893 C12.3
Mississippl 59 - 4,253 © 13,9
New York City 150 9,300 16.1
u.s. 3,800 306,000 12.4

+ Includes N.Y. City
¥ Majority of population is non-white and has had much above average
infant mortality for decades. ‘




=25~

Table 111

Comparison of Changes in Infant Mortali{ty Rates Following
the Three Mile Island Accident in Harrisburg and Adjoining Areas

at Increasing Distance East and Weat of Harrisburg

Feb., March, May, June % Change Approximate
April July in Death Distance in
No. Rate No, Rate Rate Miles
Ohio 482 12.0 480 11,7 . 3% 200m West
Pennsylvania 454 11.9 632 15.7 +32% 180m West
Pittsburghf N 1402 52 23.4 +65% 180m West
Harrisburg+ 1 1.9 7 13,9 +630% " 10-20m North-‘
Upstate New York 404 13,0 477 . 14,3 +8% 100m Nortbeast
New York City 429 17,1 438 16.4 .-GZ 200m East
United States 14.0 12,6 -10% 200m
PA and NY State 1769 2027
Change in No. + 258

f For Magee Hospital with 50% of births in the area

+ For Harrisburg Hospital with 35X of births in the area
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TABLE IV

Newborn Mortality Rate Changes in the Harrisburg Hospital
in 3 Months Period Before and After the Three Mile Island
Accident March 28, 1979%, Compared with the Same Perlods

in 1978.
- No. of Infant Né. of Live Rate Average ‘#Change

1978 Deaths Births 1000 Rate in Rate
February - 0 128 0.0
March 1 : 187 5.3 2.2
April 0 137 0.0
June 0 15’4 0.0 2.1 ~-5%
July 0 154 0.0

{

1979 7
February 1 : 186 5.4
March | 0 ‘ ' 172 0.0 1.9
April ‘ 0 167 O.Q
May ' 2 _ o 16_6 12.0 |
June l 154 - 26.0 +13.9 +6303%

July 1 2182 5.5

* This hospital accounts for about one-
area., Newborn Infant mortalic

a short time, most die within
Records).

third of all deliveries in the Harrisburg
¥y is defined as a live-born infant that dies within
a few hours, (Data from monthly Pediatric Conference




Newborn Infant Mortality Rate Changes in the Pittsburgh Area

Table V

From Hospital Records for Three Months Bafore and After the Three Mile
Island Accident March 28, 1979, Compared With the Same Period in 1978

No. of Infant No. of Live Rate Average % Change
Deaths Births . 1000 _Rate ‘in Rate

1978 |
February "y 633 11,0
March 6 750 8.0 16.4 -
April 16 625 25.€
May 1t 719 15.3
June 8 684 11,7 12.5 -13%
July 8 763 10.5
1979
February 10 682 14.7
March 11 786 14,0 14,2 -
April .10 721 | 13.9 ~
May 21 664 31.6
June 7 759 9.2 23.4 +65%
July 24 798 30.1

+ Data are from Magee Womens Hospital, which handles approximately one-half

of all Pittsburgh area deliveries.

Newborn infant death is defined as a

live-born infant that dies within one month; most die within hours after

birth.

(Data supplied by Department of Pathology.)

H
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Table VT

¥

Infant Mortality Changes In Northe-a and Southern New England in

July 1979 After Three Mile Island Accident Compared with July 1978
t

‘JULY 1978 ' JULY 1679

Northern New Mo. of No. of Rate No. of No. of « Change

England States Deaths Live Births per 1000 Deaths Live Births Race in Rate

New Hampshire . 2 1036 : 1.8 ‘ 8 1089 \ 7.3 +2847%

Vermont 3 711 4,2 5 513 9.7 +131%

Maine 10 1306 7.7 12 1440 8.3 +8%

Northern New England 15 3053 - 4.8 25 3042 8.2  +67%

. 1

~
»
]

Southern New

England States

Conpecticui 22 3179 8.5 s 3681 6.1 -522

Rhode Island 21 1054 19.9 ' 16 1149 13.9 -30%2

Massachusetts =~ ' ! &4 i *  --S556 7.9 54 6690- 8.1 +32

Southern New England 92 9789 9.4 8: 1152 7.4 =212

Source: U.S, Monchly Vital Statistics
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Monthly infant mortality rates in Pennsylvania before and after the
Three Mile Island accident of March 28, 1979. (a) 1977, (b) 1978 and
(c) 1979. 1In (b) the July 1978 infant mortality rates have been plotted
for the New England states. Note that Rhode lsland downwind from the

Hillatone Reactor had the highest mortality rate, and distant New
Hampshire the lowest.
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Figure 4. Monthly U.S. infant wortality rate for 1977, 1978 and 1979 (to July).
Note normal pattern of low infan:'mortality rates in the summer months,
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Figure 7.
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Map of the north-eastern United States showing location of HRarrisburg,
Pittsburgh and neighboring states together with the principal directions
in which the radioactive gases drifted in the first two days of the
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Figure 8. Newborn infant deaths in the-Harrisburg Hospital for three month peciods -
before and after the accident at Three.Mile‘Island,tHarch 28, 1979.:
Figures in brackets represent the change 1in the number of deaths.
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Figure 9. Newborn infant deaths in Pittsburgh (Magee Hospital) for 3 month periods
before and after the Three Mile Island Accident: of March 28, 1979. Note
the absence of any rise in May/June/July of 1978,
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Figure 10. Geographical pattern of newborn infant mortality changes at various
distances from the Three Mile Island plant located 10 miles south of
Harrisburg. Figures represent percent changes betweén February/March/
April and May/June/July 1979. Note that greatest rises occurred clcsest
to the plant.
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indicated by the shaded aréa following the start of nuclear reactor

operaticns.
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Figure 13.

AR-PERCENT EXCESS INFANT MORTALITY-R.I.vs N.H.
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Percent change in the excess infant wortality in Rhode Island relative
to the more distant state of New Hampshire as a function of the total
gaseous radiocactivity releases from the Millstone plant near the Rhode
Island border taken from Figure 12. (Two year woving averages). Note
that the data points are best fitted by & curve that rises wore rapidly
at low doses than at high doses.
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Figure 14. Geographical pattern of Strontium-90 in milk at different distances -

from the Millstone Nuclear plant near Waterford, Connecticut for - .
July 1976. 3o0lic noin:is rsoresent the samples collected by the utility,
open points represent EPA mezsurements. Note thiat the conzentrations

..measured nearest the plant are close to those measured during heavy

nuclear weapons testing in the early 1960's.
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Figure 15. Geographical pattern of Cesium-137 concentrations in the milk at
different distances from the Millstone Nuclear plant in August of
1976. Solid points represent data collected by the utility, open
points EPA data. Note that highest levels near the plant are three
times greater than for the control form (Location 23A), and as much
a8 19 times greater than for the upw‘nd locations, in New Jersey and
Wew York City.
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Figure 16.
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Chauges in:honthly values of Cesiuﬁ;137 concentraii;hs in miik in

- 1976 for three differeni.locations at'different riistances from the
Millstone Nuclear Reactor in Waterford, Connecticut.
largest value occurred closest to the plant in August 1976,

-Note that the
the next

largest in Providence, Rhode Island, and the lowest in Wilmington,

Delaware far to the south.
test by China in September,

".Furthermore, it occurred before the nuclear
r. Also note that the peak associated with the
arrival of the heavy fallout from the September 1976 Chinese atmospheriec

bomb test has a lower magnitude than the July/August maximum measured
near the plant, further indicating that the high Cs-137 ilevels near the
plant cannot be  attributed to fallout from Chinese bomb tests.
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Figure 1B. Geographical pattern of infant mortality changes at different distances
from the Millstone Nuclear Power Station located near the border Lelween
Counecticut and Rhode' Island. HNote the high rate downwind from the plant
in Rhode Island.
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