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Sumlarv

An exanlnatLon of the monthly changes ln lnfant nortallty ln Pennsylvenla

and the nearby areas of Upstate llew York as glven ln the U.S. ltonthly Vltal

StaElstlcs reports lndicate that the nortallty raEe rose elgntflcantly shortly

after the Three lllle Island accldent ln the dlrectlons uhere the plume of radtodctlva

Sases rta6 knorn to have noved. The number of reported lnfant deaths per nonth ros€

from a rnlnLrnurn of l4l in March of 1979 lust before the accldent to a peek of 271 tn

July' decllnlng agaln to l19 by August. Thls |s an unprecedented and htghly elgnlflcrnt

rlse of 922'ln the surmer montha when lnfant nortallty normally reachea lt! loees!

values. In the four nonth perlod followlng the accldent, there were 242 deaths abova

the norrnal.ly expected nurnber Ln Pennaylvanla and e total of about 43d ln the entlre

Northeastern area of the Unlted States. The hypotheslg that thl6 abnormal rlsc raa

assocl'ated wlth the gaseous releages fton Three Hlle reland rs shonn to bc

strongly supported by the follovlng conslderations. Flrst, large anounts of

radloactlve rodlne-l3l were released from the plant, eatlmated by thc utllltyrr
own radlologlcal consultants to have'd.mounted to l4 curlee, together wlth l0t-
mllllon curles of other flsslon gasee, boat of the actlvlty escaplng ln th€ flrst
tno days before the order to evacuate pregnent wonen and young chlldren was lggued.

Secondly, lnfant rnortallty peaked ttrree to four nontha after the initlal releases

took place. Thls corresponds to the perlod requlred for infants to be born whose

thyrold glands were most actlve ln taking up the radloactlve lodlne vhile produclng

gror'thhormonewhentheaccldentoccurred,thusexpla1n1ngthe1et8erlBe1nth€

number of lnmature and underreight lnfants that dled of resplratory dlstress !t
lndlcated by an exarninatlon of hospltal recorda, Thlrdly, the greatest rl6es
took place Ln areag cloaeat to th€ plant, decreaslng lrlth dlstanc€ away frorn

Harrlsburg and the Btat€ of Penneylvanla, untlr for eiptes.well to the $est and

8outh, lh€re ras a decllne ln lnfant mortallty rstes.. ThuF,, uhlle pennsylvanla



Lncreased from 10,4 per thousand ltve blrths tn ltarch to 18.5 ln July of 1979'

the Unl.ted States rate as a uhole declLned from l4.l to 12.5. The rlse noved

Pennsylvanla from well belon the U.S. average to the hlghest lnfant rnortallty reta

for any state east of the ltlsslsslppl Rlver. Other evldence suPporting thls

concluslon ls dtscussed, lncludl.ng the occurrence of abnorrnal increaaes of lnfant

rnortallty rate ln areas.that recelved heavy fal.lout from nucleai rreapons tegts

durlng the l950ts and 50's when Iodlne-l3l levels reached comparable levelg. es uell

as slnllar effectg ln areas cloae to olher nuclear reactorg known to have roleesed

comparable anounts of radloactlve gases frorn daFgged fuel elemenis over a P9r1gd of

yeara ln the courae of normal operatlona. {he lrnpllcatlong for further hcalth affccta

duc to cancer end other dlseeaea arc dlacussed.
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Although the major ernphasls Ln estlmates of the health lnpact produced by

the accldent at Three Mile Island has been on the Lncrease Ln cancer risk and the

effect of the psychoLoglcal sttess(l), the greateat lnmedlste concern tras connected

nlth the posBlble effeCts on the developlng tnfatrt ln the rnothertg nomb due to

the known tendency of radloactlve todlne to concentrate ln the fetal end lnfant
t2\thyrold g).ands' ' ,

It was the exLstence of uncontrolled large releases of f lsslon-produced

radloactlve gases lncludlng Iodlne-l3l that led Governor Thornburg oi Pennsylvanlr

to order the evacuatlon of a1l pregnent women and chfldren belon school age fton

ulthln a radlus of flve mlles around the plant on the thLrd day of the eccldentt

Irlday, March 30, 1979.

Subsequent studies by varloua government end prlvete organizatlona have

conf!.nned that large quantltles of redloactlve lodlne-l3l were ln fact released ln
I

the course of lhe accldent, the eatltnates ranglng from 1.4 curlee Ln an early atudy

prepared by ttre lnc(3) to es hlgh aa l4 curles of lodine-l3l ln a later 6tudy by

a prlvate consultlng flrrn for the utlllty(4). To appreclate the slgnlflcance of thear

anounts, lt is only necessary to polnt out that the Jnlt which ie used to tneasure

concentratlong of lodlne-l3l ln nilk la the p.lco-curtdl rhlch lg one nllllonth of

one rnilllonth of a curle.

These gtudles further ehowed that most of

1n the flrst tlro days after the accldent that

of March 28. Thus, lt wag caLculated that of

the Laseoua releases took Plac!

began in the early mornlng

the l0 ntlllon curles of radloactlve

gases released ln the flret flve and e half daye. 7.rn{l,lloni curlea haa been lrhitted

lL
tl

,l
,",i
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ln the flrst 36 hour".(4)
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Llkeslse, mosc of the external gsmna rey dose due to the.pass{ng cloud!

of flsslon gases estlmated by all organlzatlong to have been 1n the range of 70 to

80 mllllrems to Lndlvlduals nearest the plant was found to have been recelved ln

the flrst feu day8 of the accldent.

These atudlea further showed that most of the thyrold dose wag recetved thfough

th€ lnhalatlon of r€dloactlve lodlne laotopes rether than through th€ lngesli,on of

nllk or ua ter 
( 4)

For the lnfant thyrold, the rnaxlrnum doee vras calculated to have been of thc

order of lO- nrerr by lnhatatlon anrl l.l nrern by lngestlon of rnflt(4 ), Due to

the small'er volume of alr lnhaled by lnf ant_s, the maxlmun doee was found not to
have been Ruch larger than for adulte deeplte the cen-fold gnaller alze of che

No estltnatea were pubJ.lahed for the f.tal thyrold, whlch le .knom to bagln

functloning actlvely ln ebout the flfth to sfi(th Donth of intra-utert.ne d"rr"rop."r,t!5) (6)

Howsvga, earller measurernents carrled'aut for cor,lpsrably sma1l expoaures durlng

perlods of 
,heav)r 

fallout from nuclelr seapona tes.tlng clearly lndlcate that fetal
thyrold doses can be gone l0 to Z0 tlrnee larger than for infante or 100 tlures thst
of sdults(7) (8). 

Thts arlses from the fact that the eErly thyrotd gland hag

a very small nass of the order of O.tO to O,2O grams, or some one to tvo hundred

tlnea smaller than the 20 grarn adult hurnan thyrold.

Thus' lc 1s posslble to €stLnate that the thyrold gland of fetus€s ln the

nore heavlly expoBed arees wlthln fr.ve to ten rrtleg oi the three Hlle r8land plant

rre ltkery to have recel.ved rgdlatlon dosea of the order of 100 to 10oo lDrerls froe

rodlne-l3l alone. To thls nugt be added the whole-body gamna dose fron noble gerea

and the contrlbutlons from the rnany ehort-llved lodlne lsotopes ae uell ae tha

rhole body doses from the oth€r LnrporCant leotopee such ea Cesiunr-I37, Cctlua-t3t,

lnfant thyrold.
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Trltlun, Barlum-I40, Strontlum-89, etc., dependlng upon the motherie dlet tn the

veeks follonlngj the acctdent,

double the rlgk

blrth ehen lnort

glven ln th.

.. :. ;l

t.'

Thu6' cyPlcal thyrold doseg 200 to ll00 (In excese of 200) mretns 8re llkely to hrvr

been recelved by developtng lnfinta 1n thelr mother's somb for thoae ln thelr 5th to
9th months of develbpnent. Due to the fact.that the radloactlve gas plume frequentlt

touched the ground wlthln a few mlles of the plant, lndlvlduals ln these. areas could

easlly have received ffve to ten tlmes hlgher doses than the average tn the flrgt dlra

or two days of the accldent) before the evacuatlon of preg,nan! women uas ordered. , 
'

A dose'of the order of 200 to ll00 rnrerns ts compareble trlth thst rccelved by

the fetus 1n the couree of dlagnostlc x-tag examlnatlong slnce a rlngle abdonl.nal

fLLn gi.ves a fetal dose of the order of 200-300 ,*.r( 9) (tO). ,.:

The fact that dlagnostlc x-ray er(posurea durlng fetel developnent cen lead

to serlous bl.ologlcal darnage ls by nor wldely recognlzed Ln the nedical conmunlty

ag a result of the large scale epldentologlcal studlea of st.r.rart(lt), M""u"horr(12),

Dlamond(t3), Bro*"(14), craham(I5) and othetg.

' Not only ls there an Lncreased rlak of leukemla and cancer as flrst dlscovered

by stewart(11) bua ah" more recent prospectlve study of Dlanrond and hie essocLetea

at Johns Hopklns Unlverslty(l3) revealed an Lncreaeed rlek of death frorn all caugee

for those who recelved x-rays ln ,.rt""o, pth.rlly nlthln the flrst year of llfe. rteri
included deaths fron reaplratory system problema, lnfec'tlous dlgeages and dlaeases

of the central nervous systemr . Furthennore, both the Johne Hopklna study and the

etudy of st.r".t(lI) revealed that the earller the exposure takee place, th€ greeter

ls the rlsk of adverse effecte.

Thus, Sterrartra etudy shoeed thet whereas the doae needed to

of leukenla and cancer was of the order of lr200 nren J'uet before

r-raya eere takenra nere 80 rnren doubled the rllk 
"h"n ir-a.y" ,...

f lrtt three mntha of pr"grr"n"y ( I l) . I

"l ',t I.jl'

I
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Thus, doses of 2oo ro Ll00 rnrera to the crLtlcal thyrold giand controlllng
the grot th and developrnent of the fetus beg{nnlng Ln the 5th to 6th month of

pregnancy could be expected to produce a elgnlficant effect on the fetus through

retardatton ln growth and maturatlon, thereby increaslng the rlsk of nortallty
ulthln the flrst year of llfe. The greateet rlortallty occurs during the.cflltctl
perlod of translElon from lntra-uEerlne exl.stenie l'hen the lung of the neEborn

muat suddenLy take over the llfe-sustalning functlon of resp iratton ( 16) 
.

A large number of studles have. ghom that lnfants that ere born lmratur€,

underdeveloped or underwelght have a rnuch hlgher lncldence of reaplratory dlstrere

or hyallne membrane dt""o"u06), Thua, even a arnill degree of retardatlon in

development due to a reduced output of 'growth hormone by the thyrold gland dur{n!

the last three to four nonths of lntra-irtirfne development would,be expected tg

lncrease the rlsk of death due to resplratory Inaufftclency lnmedlately after

blrth. Fal,lure of the crltlcal lung aurfacttnt, to be produced ln adequate enount.
i

can therefore lead to resplratoty problerns end dLath aa a reeult of damag,e elthet

to the thyfold or the pitultary gland whlch ln turn controlg the thyroldie output

of growth ho*on. ( l7) 
.

The fact that radloactive lodine from nuclear rreapons testgr can lndeed reduce

human fetal and lnfant growth has been observed as a result of the accldental fallout

exposure of the Harshallese lslanders followlng the large hydrogen bomb test BRAVO

ln 1954(I8). Not only was there an Lncrease ln fetal deaths among the nomen erhored

at that tine, but there \ras also a severe reductlon ln grorth of the chlldren.
i

exposcd to falJ.out,rthe effect belng greater the yoyng the chlldren $ere.

The effect of even srnall doses of radloactlve lodlne on fetal developnent lg

further aupporied by the fact rhat the blrth-welght of babiee born in the Unlted

3'", (19) the perlod vhen the. h.rvkl3Strt.r ruddenly begsn to decllne durlng the t9J( : 
.;,



-)-

fallout fron ueapons testlnS occurred ln the contlnental Untted Steteg. Furthennorar

sincc the end of'large-scale atmospherlc bomb-teBt6 by the U.S. and the U.S.S.R.,

there has not only been an end to the trend towards smaller blrth-rre{ght but Ghcrc

tras also an unexpected resumption ln the decllne of lnfant rnortallty whlch had alao

hal.ted durlng the perlod of heavy fallout00) (21).

Thlg 1s ahown graphlcally 1n Flgure I taken from the most recent gummary of

infant nortallty trend6 publlshed by the U.S, Depart$ent of Health, Educatlon end

l{elfare'a Natlonal Center of Health statfstt""(22 ). As showrr by the arrors added

to lndlcate'perlods of heavy nuclear testlng ln the atmosphere, the declLne of lnfent

nortallty rates ln the Unlted Stateo ceme to ! sudden helt betl'een 1945 and lgSl] vhcn

the testlng of nucleer reapona at Alemogordo, New Mexlco, ln the llarehall lrlandtl rnd

1n Slberla began.

Eetw€en the y€ars of heavlest rleaponB testlng ln the louet etftoaphete nanely

1955 to 1958, there was actually s reveEaal of the prevlous dor.'nward trend of lnfant

nortaltty, ulrich cnded only when nuclear teBtlng sas tenporarlly hslted durlng the

yeats 1959 to 196l' after whlch there wag a brlef renewal of bornb testlng thet dld
I

not end untll the 1963 test-ban treaty nae concluded.

Although France and Chlna contlnued to te8t nucleer neapons ln the atrnospher€t

the end of large atnospherlc a."a" O, the U.S., U.S.S.R. and U.K, led to a gradual

reductlon ln lnfant tnortallty rates, untll ln the last fev yeare, both rhlte and

non-nhlte populatlons ehoeed a resumptlon of the pr€-teotlng rate of decllne th.t had ao

drarnatlcally halted durlng the t950lt for reaeonc that uere not underatood rt the

ttr" Q3 ) .

I .l'
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A connecti.on betseen fallout and tnfant nortallty changes was flret suggested

fn 1969( 2d. Hoveverl at that tlne the evldence that che fetus ln tha early phase3

of development nay be ftfteen tines more senslElve to radlatlon than the full tero

lnfant had not yet been publlshed by Stewart and Kneale(ll ) so that lt rras dlfflcult

to explain the largb nagnitude of the effecto4). Also, the study of Dlarnond and hla

coworkerg had not yet been publlshed ahowlng thdt all cauees of death and not ner.tlt

leukemta and cancer weie lncreased by small fntra-uterlne exposureB,so that !

generallzed effect on all forms of mortallty was unaubg tant lated.

As a ri:sult lt waa argued by sone authors that the halt ln the declLBe of

Lnfant nortallty rnlght be due to the fact tlhat et1 posslble effects of lrnproved

nredlcal care, dlet and drugs had been exhsusted, and that therefore i.nfant mortallty

had gone down as far as lt would ever,6L abl; td decll.ne ln-the Unlted St.f""(24).

Holrever, aa Fl8ure I clearly shows thls dld not turn out to be the caset

lnfant nortallty start€d to decllne once agatn after heavy fallout ended end ln thc

most recent years has actually accelergted lts rate of decllne, rapldly approachlng

the projected rate that would have exlated lf there had been no hblt durlnS, the
I

tlne of massive nucLear $eapons t""taf2l)'.

The effect of small arnounts of ehort-lr.ved flsslon produ"t"';su"h as l-l3l
as dlstlnct fron the long-term trend that ls'correlated uith the bulld-up of ..

stroncl.um-go ln the bone of young romdn prlor to preghancy(2l) t" 
"horn 

pertlculirlt '

strlklngly ln Flgure 2.

Here, the lnfant mortallty rate for

of the Nevada test 81te has been plotted

the offlcially announced ylelde of anall

Nevada between l95l and lg6ZQ5' ,

Neu Hanpshire sone 2r50Q miles to the eaat

for the years .1946 to 1974r toSether vlth

tactlcal nuclear reepons detonated ln 
.

I
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Inspectlon of thls plot sholrs that B{nuLtaneously wlth the onset of Nevedr

tests in 1951, there tJas a sudden halt ln tha long-terr$ decllne of thlant

nortallty followed by brlef perlode of amall reversals ln the downward trend

whlch occurred in the same years as the nuclear geapons testa ln Nevada. I'lhenevcr

there vas a test ln Nevada, there l'as a sharp rlee ln lnfant nortellty ln Net

Hampshlre, Fhere the fallout cane down rlth the heavy reln afld snol, fallc ln

the t{h l te Uountal.na.

Not unttl the Nevada testB ended dld these hlghly sbnornal splkes 1n lnfan!

$ortallty disappear, and only after the end of all large ecale nuclear rreapong

tests dld the lnfant death rate decllne onc.e more, f1nally reachlng the lon veluGr

that uould have been reachedhed the pre-boftb tegtlng rale of decU,ne contLnued.

The slgnLflcance of thege resultg for the case of the Three Ulle Islend

accldent ls that the external genmd rey doaeg from bornb fallout ln the eastcrn

Unlted Statea ln any glven year rrere generally smaller than external gaima do8er

of 70 to 80 mrem rneasured ln e few days et Three M1le teland.

Thus, the long-terrn garuna dose neesurementa carrled out at the Brookhaven
I

Natlonal Laborarorles 6lnce the late 1940'g(26) 
"hon 

that only tn 196l dtd the

annual ganrna ray dose reach 76 Dren,the sane dose erperienced at Three ltlle lelend

Ln a matter of days.

Yet, both Flgure I and 2 clearly shou slgnificant peaks ln lnfant mortsllty

assoclated ulth veapons tesCs ln Nevada, the Paclflc anil Stberla. Itls tndlcatet

that the actual lnEernal doses to crttlcal organs fron lnhaled and ln8,ested fleelon

Producta far outwei.gh ln thelr blological lmportance the external ganrna dose recordad by

badges and survey neters vhcnever flselon producte are.relcased lnto the .a.o"ph"a"(27).

Thts ls supported by a morc recent Btudy that founO e correlatlon of changee ln

lnfant rnortallty ln dlfferent B€ctlona of tll8con3ln slttr neasured changes ln Sr-90

levele ln the rnllk folloring bonb-te.ts and tha ltrrt-up of nuerear por". plontr(28).
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Clearly, vhatever the atlll not fully understood blologlcal mechanlsms are

that cause prematurlty and early neonatal death aasoclated wlth respiratory di8tre3a.

ext€rnal gamna doses from flsslon producte contalntng I-l3l of the order of l0 to

50 mlll.l.rerns were assoclated slth year.ly lnfant mortallty changes of the order'of

5 to 257 ln the eaetern U.S, during the late 1950's, that ls chChSes of abou! 0.51/.f

Itfollogslhatthere1easesofflse1onproductaconta1nlngl-l3ltnthe

Three M1le Island acclient should aLso be followed by decectable peaka tn tnfant

mortallty assoclated wlth lnmaturlty and resplraBory dlstr€se tlchln a feU months

after the aicldent, shen che lnfants whose thyroldB had begun !o functlon i.hen the

lodlne was released uere born. Furthermore, slnce fetuies of less than 5-6 mnthr

Sestattonal age do not have fully developetl thyrpld gland able to concentrate

I-l3l co the sarne extent as those that are present Ln the last 3 Donths of B""t.tlon, 
(5)

there should be a rapld decllne ln nenborn derthr beglnnln8 1n ths thlrd rnal folrih,
:r

nonth after the end of the g,aseous releageg. :

That thls ls lndeed the pettern of lnfant tll()rtallty changea thet ha8 t6kl,rr 
]

place followlng the Three Mlle Island accldent le apparent frotn the follot[ng
/''''

conslderat lons . . t. '

Turnlng flrst to the data on the rnonth-by-month lnfant mortellty ln Penneylvenle

aa reported ln the.Monthly Vttal Statl.atlcB reports published by the Natlonal Celter

for Health sratlstlcs (29)ptotted ln Plgure 3, one sees that a large peak ln the lnfrnt

nortallt.y rate occurred ln the sumer of 1979, eone three to four nonths after thd

releases took place. Grouped ln 3 nont.hs perlode, the rise uas f27 (Table l.).

Conpared irlth the norrnal patterri of lnfant rnortallty throu8hout the yesr' uhlch .

generally decllnes ln the Bunlner nontha nhen the rlsk of pneumonla and lnfluenza i

le onall, the 782 rlae fron 6 rate of lO.4.peq thouaand llve blrthg ln'.:l{6rch to.

i,



peak of 18,5 ln July, follored by a decllne to the nornrally expected lor of 8.5

ln August, ls totally anonalous. Horrever, lt lB cornpletely conslstdnt elth the

expected actlon of radioactlve lodlne-131 on the fetal thyrotd.

The rlse frorn l4l to 271 lnfant deaths 1s statlstlcally htghly signlflcant

representlng an lnirease by more than 5 standard devlatlons for whlch the probsbuitt

of a purely Etatlstlcal fluctuatlon Ls muclr lese than t tn 1000 (P(< 0.001).

Such a large. rlse'dld not occur for the Unlted States as a trhole as shosr ln

the plot of rtg. 4(29). Furthermore, lt la aeen that there was no such large

rlse ln mld-eunmer 1n prevtous ye6r6 a6 lllustreted fot L977 and 1978 ln Flgurc lr

In fact, the July lnfant rnortallty rate of 18,5 per lO0O llve blrths ln

Pennsylvanla was the hlghest for any 6tate in the entlre Unlted States east of

the Mlsslsslppl, movlng Pennaylvanla above such tural atatea a6 ltl8sissippl rnd

Alabama, rrhere the large non-uhlte populatlon rlth lts poorer aocl.o-econonic 8t6tut,

nredlcal care and dlet had tradltlonalLy been aasocl.ated t'lth a rnuch larger lnfdnt

rnortallty 
(30) , (Table rr) .

lthereaa prlor to the Three lttle Ialand accldent, Pennsylvanla had an tnfant
I

rnortellty rate nell below the U.S. average, by Jrrly Lt had rnoved hrell above the

U.S. average, returning to lts normal posltlon below the U.S. nean ln August; 4 to

5 months after the accident. (See Flgure 5).

belng born that dld not have a fully developed

of exposure.

at the tlme

Thle raa the tlne when infants resa

ictlve thyrold gland

Slncc for the ftrst few days when the lnitlal release occurred, the vlnds

vere rnalnly towards the llest, North-lfest and North(3), one nould expect slgnlflcant

lncrease ln lnfant mortallty 1n the eummer montha. ln up"tot. New York end lJestern

Pennsylvanla, butnot ln Nel, York Clty dlrectly to the EaBt. (See maps of Flgurc 6

and 7). At the aame tlme, the Harrleburg aree ghould show the greateit LncreagG lh

the newborn nrortallty rate.
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Thls expeccaclon Ls born out by the changea Ln lnfant nortaltty for three

nonth perlorls before and after the Three Mlle Island releases ended'(Flg. 8 and

Table ltl). In thls table' the data from the U.Sr onthly Vltal Statistlcs 13

listed together rrlth data obtalned for a maJor hespital ln each of Harrlsburg and
(31)

Plttsburgh)- ii'lnce the coun ty-by-county data ln Pennsylvanla were4ot yet avallabie...

Ae can be aeen from Table lv anb Flgures I and 9, there.raa,.a 7 fold rlac ot
,i

a 6302 lncrease ln the-number of netborn de4thd assocleted rllh lnmaturlty: and

reeplratory dlseaaeg ln the Harrlsburg hospltal fpr the three moitth Perlod of

I'tay-June-July 1979 relatlve to both the same pe.tld tr, 1978 pnd the lmredlatelt

precedlng three month perlod of Feb ruary-lta-rpfu-Aprt1.

A slnilar pattern ls eeen to have,occurrid ln the Plttsburgh area as reflected

1n the dara for a maJor hospltel that..tccounts for neaily half of al1 dellverles (Tlblr v:
.:: l

and Ft!. 10) though xl.th a snaller percent cha!r8e. Agatn, there ls an unuaual'iulibgr

peak ln 1979 that dlal not occur ln rhe. prevlous year. Io fact, .*..r:rr the ca?c 
.

for the peak month of July l flgure l! lt le:aeen thaL both the total nu$ber of .,1

deaths and the rate per thousand blrthe vas decllnlng before 1978, rlelng agaln

frorn 8 deaths ln July of l97B to 24 ln July of 1979.

. Thls unusual peak of lnfant deathd ln July vas also obsewed ln Nor(hern

England but not ln Southern New England, as etpected from the knoFn northlrard

dlrectlon of tha nlnds ln the tlrst few days:of the accldent. (See TableVI)t

Although the {ncreaees ln the number of deaths among neuborng ln the llarrlebutg

Ner

ctatlstlcalLy.

0.6 2 per ronth

rln€r entha

.ractly three

Hospltal ere snall in absolute nunbera. they are nevertheless hl.Shly stgnlftcant

The averaBe number bf nerrborn deaths per

vlth a standard devlatlon of !0.2, uhlle

ras only 0.33 per nronth. Thus four such

nontha after the eccldentr' rtpreeentB s



normal expectatldnt, uhoae occurrencc by nere

t00.

chance Lr mudh less than I ln',i|l
' 

jr

-l l-

i.

.

Comblned vtth the geographical pattern of lnfant mortqllty. changes from
,'.t

Ohio to Nen England, and the absence of any slmllarly larg,e su'inmer peak of infant

nortallty lo the prevlous years; Lt geems lnescapable to conclude'.that the accidedt

at Three Mlle Ieland dld ln fact lead to a algnlflcant lncreaeel ln'infdnt nortsllty

elmllar to those encouftered from earller cornparable eplsodes J.nvolvlng flgalon

producta from nuclear sreapons testlng ind releegee fron nuclear planta.

For th€ 3 month pertod l!a! through July l9?9, the total number of excesl

deaths rras 352 cornpared wlth that normallgr expected ln the statds of Pennsylvanie,
h"

ohlo and Nerr York, uslng the rate of decllne:fbr tfr6 Unlted States "" " ,hol" (f).

Comparable percent lncreasea are llkely to occur for chlldhooh 'cancer and

leukemld ln.the next ten to flfteer, y""rr(32) (33), as well aB aornewhat loner

percenb lncreases ln all causes of death ln the rh.uch larger genetal pgpulatlon

accordlng to the studles of Lave anrJ lria essoclates for the case of 50 metropolitln

I l96o'e(34). .area6 1n the Unlted States durlng the heavy fallout perlod of the earl)

It rrould therefore appear thqt the three Ulle Islahd accident w111 turn out to hev6
I ;,.

' 
'{! I

produced the lirSe8t debth-toIl 6ver tebultlng from an lndushrlal accldent, vlth.
. J ',lr' )

total deatha fron all cauces llkely 'to reach mant' thousandaibvbi the next lO to.

zo years. : ' li ::

' l' i ,.',S1nceforeverylnfantthatdlesasar€8U1tofrq{ar{B{{rowthanddeve1opment1
. '. li^i

'since for every tnfanr rhat dles as a r€a'ilt or rqi"r{nC [rowth and developmentl
I i.i

there are nany more lndlvlduala (pertraps ten t{nlee as nAny)i th6t are rninlnally darnaged

i.n tt,etr phvslcal and mental alrllttles(16) (35)'1an" .diu"t onlboclety rlilr be rnuch 1rln their physlcal and mental alrllttles(16) (35)' l the .diu"t on lboclety rlill be rnuch lrtget

that the

reactors
I

I

T If one edds the excess
; Upgtate Neu York for s

I'
'', i,l rr

Oo fn Pgqnhfvanla and 35 ln
' {'t'

.1,,1 l,,,,1.

lr
: 'i'

:

I
!

',:!

than premature death alone. In the llgtht of theae fln{lngs, 1E ftuat be of great cotlclrh

releases of radloactlve Basea and lodlne fronlr routLne op"tatlor," of nuclear

such ds the ltlllstone Plant ln Connectlcut have been conpsreble ln. nagnltuda

deathg ln Aprll, there
rotel of 427.
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the releases from Ttrree Mlle Island, narnely 3 rallllon curlea of mlred f1s61on 3trcl
rod l0 curlee of r-lll 1n 1975 "lon.(36).

The full nagnltude of the danger co the blologlcal survival of natlona lhat

choose to pursse the development of. nuclear reactors near thelr large Populetlon

c€nters ls therefote.only now beglnnlng to becone apparent. 
l

Thls ls especlally brought out by the fact that the greatest. nurnber of 
I

deaths actually occur in areas ten. to one-hundred rnlles dlgtant from the reactor

alte so that even a .declslon to locate guclear reactorlr only Ln less populaled

areas would not appr:eclably change the mortallty flgures either for the effect of

normal releases or maJor accldents. Nor uould an evacuatlon plan for the Populatlon

wlthin 5 or l0 nlles of the reactor blgnlficantly affect the ovetall number of

deaths resulttng from a repetitlon of the Three.lille Accldent, aLnce nost of thc

deaths occur ln the nore dlstant arees:due to thg,lerger total populetlons they

"orra"ln(37), though the greatest lndlvldual rLek exleta nearby.

This ls lllustrated by the observed ,.nfant nortallty chanlee In the Stete of

Rhode lsland located between 20 and 50 mllee downrdlnd to the east of the lllllEtone
::l

Reactor near New London, Connectlcut aa ahorrn lqtllgure 12.

In this plot, fhe lnfant nortallty rate for Rhode Island has been plotte{ for

the years 1955 to 1976, togethet ,arn , an" relAieee of radloective flsslon gasea:i
' ,n' (NRC)( 36) 

"1.,". 
the start ofas publlshed by the Nuclear ReSulatory Commiaslc

For comparLson, the lnfant nortallty r6te for the State of Ne\, l{anprhlr.

nore than 150 nlles.to the northeast la 61so shown ln thls Plot.

Inspectlon of Flgure l2shows that ,ln the .yeara prlor to the lttrl

of the Hlllstone Plant ln l97O and the Conirecl{cut lankee plant a! llaalalarn Neci 1n
, .|,

1968, both atated shoned the eanp lnfant nortallty rate.
:'

operatlons 1n 19 70.
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Hoveve!. begtnnlng ln 1970, the rete of decllne of the Rhode laland lnfant

tDortali.ty sloved down, whlle that of Ne$ Hampshlre kqpt decllnlng rdptdly,

leadlng to the developnent of a large gap ln the nortallty rates betlreen

the two states by early 1975. In the flrst quarter of that year, Rhode Island

had a rate of l8.5practlcally equal to tts 1967 leve1 of 19.3,whl1e Ner Hanrpehltc

decllned to en lnfant mortallty only half a6 Breat, or9.3 per 1000 ltve blrthB.

The fact that the'emlsglong from the Mllletone plant ere ltkely to be

responsl.ble for thls dranatlc gap le lllustrated by Flgure l3whlch le a plot of

the percent'excess infant nortallty ln Rhode Island relative to Nen, Hampshlre

versus the announced gaseous releaseg from the Mllletone plant. A tro-year

movLng average of the emlsslons ls used ln thls plot to take account of both

the ahort-ltved I-131 and the longer-llved Cs-137 and Sr-90 ln the releases thaE :

bulld up ln the envl.ronnent. ,,'

It ls Been that the data ftt a logarlthmlc ot fractlonal porrer lae of the

forn a Dx $lth a - 382 and x - t. Lh18 1s the type of 1au expected on the baslr

of a free-radical type of lndlrect chentcal actlon on cell nembranes discovered

ty retkruOb, whlch. rlses mor€ rapldly at 1ow doses and low dose-rates then at

hlgh doses and dose-rates. It le aleo the type of doee-response relation expected

on the basls of a relde dlfference tn sensl,tlvlty of dlfferent lndlvtduals ln the

populat{on as dl.scussed by Baurn(40, 8.o""(41) 
"nd 

Horg"rr(4?} ,or e iype of doee-

response that laads of a large undereBtlnate of ,health effect8 at low dosea fron dett

tsken at htgh do"o"G3 ).

Based on an external gamrna doee of 500 mr for the imailnurn permlaslble relear6 ol

eome 25 nllllon curlee per y."ro8 ), th. "lop. 
of th. ddse-reeponse curve lncralsee

frorn 27lmr rt I nlllton curlee per ye.r.to ebout. 6t/nr et O.l mllllon curla. p€r yo.t.

'

1
1



Based on the external dose fron the gas-cloud alone, one would therefore expect

an Lncrease ln infant nortallty for the case of the Three Mlle Island accldent

of 38 x l0! or l20Z ln an area aorne 20-30 mlles dl6tant. Thls ls ln good

agreernent rJith the three month lncrease ln newborn lnfant mortalLty in HarrlSbur8

of. 6007., which reduc€s to l50Z when averaged over the perlod of e yeer.

Thus, both qualitatlvely and quantltatlvely, the releases from nornal

operatlon f rorn the Millstone P1ant and the acconpanylng lncreases ln lnfant i

mortallty ln Rhode Islani sonie 20 to 30 rnlles dosnelnd correctly predlct tbe:,

lnfant rnortallty changes Ln the llarrtoburg aree fron the conpareble nobl€ g,aa

and lodlne dlscharSes et Three Hlle l61and,

The lmportance of releaseg of c."fur-iff and Strontltim-g0 1n addltlon to 
I

Iodine-l3l for the rnore dLstant large metropolltan areas ls lllustrated by the

plots of the Cs-137 and Sr-90 spatlal dtstrlbutlon around the Millstone Plant aa
'lrs 

to ttre unc(44)lshot, lntaken from the utllltytB own envlronrnental repor

figure8 t4 and 15. The 4 t:o 5 fold..greater cnnc"ntratlon of both of theee lBotopcl

ln the mllk near lhe stack of the plant as cornpared nlth the more dlstant area6

strongly arg,res ag"lnst the lnterpretatlon advanced by the uttllty(45), ah. 
t,

NRc(46) and the EPA(47) that these levels can be explalned by fallout fron nuclear

ueaPons tests.

The hypothesls that these htghly localtzed levels are lndeed due to Plant

emisslons ls also strongly supported by the fact that the changee ln concentratlona

of these lsotopes 1n the nllk throughout the year are Sreatest near the Plant Ln tha

aumner months followlng spring refuellng, and least at more dlstant locations tuch

as Delaware along the Atlantlc Coast d6,,seen 1d.flgure 16 for Cg-137 Partl-cularll

slgnlflcanc ls the fact that both stthln l0 rnl.leg of the plant aqd ln Rhode Islandr

there uas a peak ln Ca-137 concertratlono 1n the sunmer of 1976 befora the hearry

,

.

l
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chlnese fallout arrtvei ln october. rt should be noted that thls fallou! Gplrodr

sas also followed by a aharp rlse tn lnferrt mortellty along tlre north-eest coaat

3-4 nonths later.

The fact thac the increases Ln cancer nortallty around the Millstone Plant aftrr
It began operating have the same geographlcal dlstributlon as the neaoured CS-137

and Strontlum-g0 concenfratLons Ln the {1k, and the fact thai the lncrease tn

lnfant nortallty ln Rhode Island 1s correleted rlrh lhe release! fron the Hlllston.
Plant lndlcates that there lr llkely to be r elgnlflcent cancer lncresse frorn the

Three MiIe Ieland accldent.

But perhaPs the rnost slgnLflcant conflrnatl.on of the Bertous blological effect

of routlne radloacttve gaa releasee fron nuclear reactoro ls the plot of lnfant

nortallty tates at dlfferent dlstanceB frorrr the !,tlllstone Plant for July l97E shorn

tn ftg. 18, before the rel.easea from Ttrree ltlle Island effected the Dortallty ratea

ln New England. 
.':

It is aeen that whl.le l,len llarnsphlre, whlch haa no operating nuclear reactor,

decllned to a Low of only 1.9 lnfant deaths per thousand births frorn 21 ln 1965,

Rhode Island, dtrcctly downwlnd and close to both the Connectlcut Yankee end Hlllttona

Reactors, shcred a ten-fold grester lnfant death rate of 19.9, cornpletely nulllfyln!

13 yeare of advances ln publlc health and nedlce:l care.

Vermont, nhose only nuclear reactor Ls located {n lte nost eouthernly ttp

so that nost of the state lF not sffected b:, the releaeea, 
. 
reached a low of 4.2
{per 1000 bLrths. 8ut all the oth€r Ner England etotPs ,lth lnorc nuclear g,en€rttlon

of electrlclty, ehowed htgher lnfant nortality rate; then elther Nee Hampehire or

Vermont ,

For thesc reasons, lt appearB doubtful whether any efforts to lhprove the

eafety of nuclear reactors. changes i.n thelr locetlonbr or evacuatlon planti can stSnlf-'

lcantly alter the publl.c health Lrnpact of nonnel rcleaeee end cuch potentlill)r nora a.tlour



accldent6 as occurred at Three lltle
flsslon producta generated actuallv

aay, the nortality changes followtng

ln the event of a complet€ melt-dol'n

areas as large as th€ entlre eastern

of'cancer and thyrold damage for all

-15-

Island, where only a sllall fractlon of the total
escaped lnto the envlronnent. Needles8 to

Three Mlle Ieland nould be enonnously multlpllcd

and rupture of the contalnnent, thr€atenlng

Unlted States nlth enormoue danage ln tern!

age groups out to dlsEances of hundreds of
rtl"" (37).

Since nelther coal nor oll nor gas nor solar energy lead to the large-scrle
productlon of short-llved radloactlve lodlne and other flsalon producta thet seeh

out the crltical organs of the developlng *nfant, lt would aeem prudent to apply

future technologlcal efforts to the hore forgrvlng 
'ources 

of energy that do not

threaten the rnost grecloua of our netl,onto resourcea: the phya(cal and rnentel

rrell-belng of our children for generatlon. to cone.
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Committee on rhe Eff€ct of lonlzlng, RpdLat!.on, l{6shlngton,. DC, July lg, 1977.

'rl



' -23-
TABTE 1

'lftfant Mortall,ty Changes ln Pennsylvanla Follow{ng thr

Three lllle laland Accldent on Harch 20, 1979

1979

February

Harch

Apr tl

No. of lnfant
Dea thg

t17

t41

t66

No, of Live
Btrths

I t ,892

13,589

12'52O

Average
Rate

I Chengc
ln Retr

Ra te
1000

12.t

10.4

t3.3

I
t 1.9

I

ltay

June

July

l3 , 201

12,293

l4 r 680

15.0

r3.3

r8.5

I
15.7

I

+321

198

163

27t

Source: U. S. Uonthly Vltal Stetlstlct
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TABLE IT

Infant Mortallty East of the Mlsslsslppi in Julry of 1979.

,

+
I

IncLudes N. Y, Clty
MqJ orlty of populatlon ls non-wtrlte ard has had much above aver€e
bfant nprtallty for decades.

t

r979

Infanb
deaths

'Llve
blrths

Rate
per 1000

Penrsylvania 27t 1ll ,580 18. 5

New York+
N.J.

295
83

22,855
8,041

L2.9
10. 3

Malne
N. Hanpshtre
Verrnonb
Ihss.
Rhode Island
Conn.

T2
B

5
5t1
16
L5

L,440
1, o8g

513
6,690
1,1q9
3,681

8.3
7,3
9.?
8.1

13. 9
4.1

Otrlo
Indlana
Illlnols
Mlchlgan
Wlsconsln

T\7
101
N.A.
147

4B

14,071
7,995
N.A.

12,3t16
6,272

10.4
'i.2 B

N,4,
l-r, 9
7.7

Delawar"e
Md.
D.C.*
Vlrglnla
W. Va.
N. Carollna
S. Carollna
Georgla
Florlda

10
66.
22
91
27

104
59
B9

16ll

830
qr17g
1,133
6,535
2'52o
7,660'
\,253
6,700

10,362'

12 .0
15. B
19.6*
13.9
10.7
13. 6
13.9
13.3
15.8

Kentucky
Tennessee
Alabajrla .
Mlsslsslppl

50
81
60
59

5,6t6
5,28L.
4,893
4,253

8.9
12. 9
12.3
13 ,9

New York Clty
u.s.

150
3,Boo

9,300
306,ooo

15. I
12. 4
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, Table III

Conparleon of Changes ln Infant Hortallty Rates Follonin8,
the Tbree lllle Island Accldent 1n Harrlsburg and AdJolnlng Areas

.,t Increaslng Dtstancc East and lrest of llarrlsburg

Ohlo

Pennsylvanla

Pit rsburghi!

Harrleburg*

Upstate Neu York

New York Ci ty

Unlted S ta teg

F€b., Harch,
Aprll

No, Rate

t 82 l2.0

454 ll.9
3l t4,2

I 1.9

404 t3,0

4?9 r7.l

14 .0

llay, June
July

No. 
.Rate

480 I1.7

672 t5.7

32 23,t

7 .. 13.9

477 . t6.3

438 16.4

LZ.6

7 Change
ln Death

Ra te

-37.

+322

+552

+630;

+82

-47

-r0u

ApproxlDtata
Dlstance ln

ll1les

200m l{e5 t

l80rn l{er t

l80m l{eat.

' lO-2On llorth

l00m NorthGr.t

200n Ea.t

2Oon

PA and l{Y

Change ln

Stste

No.

z'J27

+ 258

1769

f For

+ For

Uagee llospltal ulth

Herrl8burg HoBpltal

507 of, blrtha 1n the rree

vtth 35t of blrthe Ln the aree

"1,

.r



1978

February .

Ilarch

Aprl1

-26-

TABI.E W

llewborn Mortallty Rate Chat)ges 1n the tlarrlsburg Hospltat
ln 3 Monbhs Period Before and Afber the Ttree Mlle Island
Accldenb March 28, l!/!*, Compareal wlth the Same Perlods

h 1978.

- No. of Infant No. bf Llve
Deaths Blrths

Rate
1000

Average
Rate

lCtrange
ln Rate

0

1

0

128

187

737

0,0

5.3 2.2

0.0

MaJ

Jwre

July

t
0

175

154

r54

5.7

0.0

0.0

2.r

r979

FebnLary

March

fu111

t86

t72

t67

5.q

0,0

lhv

June

July

I

4

L66

15ll

rB2

12.0

?6,o

5.5

'13.9

* Thls hospltal accounts for about one-thrrd of alr dellverres ln the Harrreburgarea'| Newborn lnfant mortallty ls defined ai a lfi.e-born Lnfant thaf dlec y1th1na short ttme, mosr dle wlthln. a few hours. (Data from rnonthly p"ji"irr" confercnceRecords).



Table V

Nevborn Infant Mortallty Rate Changes ln the Plttsburgh Area
Froh Hospital Records for Three Monthg Before and After the Ttlree lllle
Island Accldent ltarch 28. 1979, Cornpared l{lth the Same Perlod tn 1978

No. of Infent
DeathB

No. of LlvG
Blrths

Average
. R6te

14.4

I Change
Ln Rate

na te
. 1000

l9 78

February

l{arch

Aprll '

7

6

l6

633

750

62s

ll.0
s.d

25,6

Hay

June

July

ll

I

8

719

684

76)

15,3

11.7

t0. 5

12.5 -l3I
.l

19.7 9

Februar)t

March

Aprtl

682

786

72t

lo

ll

l0

14. 7

14.0

13.9

t4.2
I

I

llay

June

July

21.4 +651

+ Data are from ltagee llornens llospltal, whlch handlea approxlmately one-half
of all Plttsburgh area dellverles. Newborn lnfant tleath la deflned se a
llve-born Lnfant that dlea rlthln one nonthi noat dle wlthln hours aftes
blrth. (Date supplled by Depertnent of patholo8y.)

2l

7

24

664

759

798

31.6

9,2

30. I

I.l

I



lab le VI

fnfant ltortall.ty Changes In Northe:r ard
July 1979 After Three lli.le Island Accldent

t_

:JULY 19 7 8

llo. of No . of
Deaths Llve Births

Soirthern New England ln
Conpared Uith July i9 78

Northern New

Ilgland S ta tes.

Ngw Hanpshire

Veroont

Malne

i2

3

l0

Rate
per 1000

t.9

4.2

7.7

4.9

8.s

19.9

7.9

9.4

No. of
Deaths

J1JLY 19 79
No. of

Llve Blrths

1089 !

513

1440

i Change
Ln Rate

+2842

+l3l z

+82

-527

-307

+32

-2rz

Race

7.3

9.7

8.3

NorlheEn New England. 3053

Southern Nert
EnEIand S tbtes

Conpec t 1cu i

Rhode Ieland

Messachusetts t-l

So'urce: U,S. lionihly :rlta:. Stat:stlcs

i5

1036

7ll

1306

3t79.

1054

5556

8

5

l2

l5

l6

54

3681

I149

6690

I152

a.2

7.4

6.1

13.9

8.1

I
.!
t

Southern Ne.,r Englarrd

27

2t

&4

92
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Ftgure 2. Infant Drtallty rlte ln lw Ea4shLre betneen 1945 and 1974 together
r.Lth announced itelas of rmsphertc nuclear veaPons testa ln Nevada' 
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Plgute 3. llonthly lnfant mortallty retes ln Pgnnsylvanla before and after the
Three Hile Island accldent of !{:rch 28, 1979. (e) 1977. (b) l97E and
(c) 1979. In (b) the July 1978 lnfant nortality rates have been Plott.d
for the Nw Engleod ltat€a. llott that Rhodr lslrnd dorrnut nd fron tha
Htll.tonc Relctor had tha hlghert Frttllty rttc, rnd dtstlnt Xar
B.rglhtr. thc lm.t.
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Pl,gure 7. llap of the north-eastern Unlred States shoul.ng location of Earrlsburg,
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i - : t9'/8
::HARRISBURG

(o)

FEB.-APRIL fr,lAY-tlULYr97s t978

'

Flgur€ 8, Newborn lnfanc deaths 1n the. Harrl,sJu i,g Hospltal for three nonth pcr:ioda
before and after the accldent at Three. Mlle Islarrdr,Harch 28, 1979.

' Figsres tn brackets r€present the change ln the nun$er of deatha. llota
the absence of any lncreace 1n Uay/Jgne/July of 197E.
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FEA.APRIL IIAY.JULY
r9?9 l9?9 '

(2e ) 127')

F€8-APRIL I'AY-JULY
l9?8 t978

1979
PITTSBURGH

(r2t)

t978
PITTSEURGH

(-2)

ttrlrc 9. Nevborn tnfant deaths ln Pltteburgh (Magee dbspltal) for
before and after the Three Ulle Island Accldent,of llerch
thc .btenc€ of any rls€ ln May/June/July of 1978'

3 nonth pltlod.
26. 1979. llot!
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HARRISBURO
r600%

-3%

rt

Flgure 1O. Geographical pattern of newborn Infant nortallty changes at varloug
dlstances from the Three Mlle Island plant loceted l0 rnlles south of
Harrlsburg. Flgures represent percent changea betueCn lebruary/March/
Aprll and May/June/July 1979. Note that greatest rl8eb occurred clcsest
to the plant.
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JULY .IULY

763 798
lO.5 '30.1

OF HOSPITAL WITH APPROXIMATELY
oELTVERTES i oEATHS UN0E4 I MONTH )

Flgure ll. Trend ln the July lnfant nort€ll.ty ratclr ln the Ptttsburgh area beforl
and a(tcr thd Threc l{lle talend accldent tfi Mnich 19,79, Nunberr Ln
brackets refer to the number of newborn lniint deaths at llagee

' Hospltsl for the rnonth of July 1976. 1977t 1978 and 1979. Notc that
the desrh-rate trlpled betueen Juli 1978 and July 1979.
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Flgure 12. Infant rnortallty rate trends ln.Rhode Island 20-40 m{les dounwlnd
from the Millstone Reactor ln Cofinectlcut between 1965 ard 1975
compared ntth the rate for New Halnpshlre more than lO0 nlles to the
north. Also shovn are the annual releases of gaseous radloactlvlty
ln nl.lllons of curleg. Note the irldenlng gap betrreen the tno atetcc
lndicated by the ehaded itria follosing the .tart of nuclear readtor
operatlons.
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FLgure 16. Charrges ln nonthly valueg of Caslum-137 concenttailons ln milk ln
1976 for three dlfferen!.locati-ons a!'dlfferent rilstances frorn the

' Millstone Nuclear Reactor ln l{aterford, ConnectLcut. Note that the
largest value occuned closest to the plant ln Lugust 1976, the nelc
largest ln Provldence, Rhode I$land, and tbe lowest ln lllltnington,
Delaware far to the south. .Furthernore, lt occurred before the nuclear
test by Chlna ln September. Also note that the peak associated wlth the
errlval of the heawy fallout fron the September 1975 Chlnese atmospherl,c
bomb test has a lorrer nagnli.ude th6n the July/August naxlnum measured
near the plant, further lndLcating that th€ hlgh Cs-137 levels near lhe
plant cannot be attrlbuted to fallout from Chlnese bomb testa,
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Flgure 18. Geographical pattern of lnfant rnortallty changes it dtfferent dlstnnces
from the Mlllstone Nuclear Power Statlon located near the border bel.eeen
ConnectLcut and Rhode lgland. itote the hlgh rate domslnrl frorn the plrnt
ln Rhode Ia land.
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