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RIITH M. HAGSTROM? k. &. GLABSER, A. B. BRILL ane R. M. EEYSSEL*
(Recetved for publicstion January 20, 1060)

Hagstrom, R M., [Vonderbilt Unlv. Schaol of Medicine, Nashville, Tenn, 37203},
S. R Glaster, A, B. Beill ond R, M. Hoyasal, Long-term effects of radionctive iren
odminstered doring human pregooncy, Amer. J, Epid, 1969, 90. 10—
The effects of metermal ond prenaieal exposure fo the rudicadiive sotope “Fr have
been unalyzed 18-20 years ofier expoaws. Of 751 pregnant women ohending
tha Vondarhit Univenity Hospital Prenata! Ginic who received the orclly ad-
minblered isotope os part of @ study of iron mstabolim in pregeoncy, (79
(PO} were loctied and their expericnce compurad with 703 (9190} of 7.1
women chosen randomly from the soms ciinic populalion who did not receive
radiciron. Frequency and type of maligeancy cccuning in the fallowup penod

did not differ for the two prapgnom female groups. Etfect of prenatal expowre
to rodiouctive iron way onolyzed i childien bom o these mothers. For 634
exposed children, one cnts of lavkemio ond two cases of sarcoma were dis-
coverad, No mubignancies occurred in the 655 children In tha comparison group,
This represents © small, but stotisticolly significant increase p = ,03), and b
. consirierd with previous radioblologic experience, No differance in the fraquency
or the type of congenital defect was nofed for exposad comparsd 1o non-exposed
children when anatyred by trimester of rudiciron ndministration. For children
bom %o axposad mothers foliowing the shudy pregnoney, no differences in the

froquancy or the type of congenilul defect were noted when compared with
subsequent childean of non-expased mothors. —

hs; lsukemio; neoplasms; prenatal influsnces; radiation effech; radicisotopes
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malignancies in both children apd adulis
(1-7). In the wajurily of stndies coneern-
ing effects of in utero dingnostic x-ray
cxposure, an mmcreased incidence of Jeu-
kemis snd other malignancies has been
noted (8-11). Tirre are reports of only
two medically upsslested populations ire
radiated in utero. Oue involves prognant
women exposed to the atomic bomb explo-

-
physics, Vamlerbilt Untversity School of Medi-
dnn,

*Divisions of WNuclear Modicine and Dio-
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‘ sious in Jupan (12). A serond iR 81 un-

selected group of women given diagnostio
pelvimelry enrly in pregnancy in an b
tempt to nsscss the value of the procedure
i umproving ohstatrical management (13).
No significant relationship between eancer
morlality sl expusure hixa heen abwerved
in either study. :

During ihe years 1945-1049, a gronp nf
modically umseleoted prognant women re-
ceived Lnscer dimen of radionciive Tron-86
to acsese mon aboorption during pregunancy.
These wummen were part of a larger sur-
vey of butrition iu pregusacy condueted at
Vapderbilt Universily Hoxpiitul. In view of
Iater reports, oited obove, suggesting a re-
lalivy Lelween fetsl exposure 1o Jow Javel
oradiation and development of malig-
nancies, a slsdy was jnitinted to deter.
mine morbidity and mortality expericnces
i the children and mathers fed radloactive
iron. Similar data werc obtamwed from chil-
dren and iwothers not receiving the isotope
who attended the ¢linic during; the sams
years. The present report deals with the
occurrance of malignaneica m the mothers,
and ualigoaucies and congenital malfor-
mation m the study  children and their
siblings.

MATERIALS AND METEODS

Atudy population

The study population conaisted of pres-
pant women ailendmp the Vanderblit
University Hoepital Prenatal Clinie during
the years 1945 through 1949, and the chil-
dren rexulting from this and subsequent
pregnancies. Iu onder to investigate iron
sbeorption in pregnoney (14, 16}, an un-
selecied group of women admitted to the
clinje ware fed mngle doses of iron tapped
with the radicaclive iminpe, ¥Fe, on thelr
seeond prenatal ohmie visit,

The orighm} radioiron-fed grvp cone
sisted of ¥2Y pregmant females Of this
group, hozpital records eunid be found far
751 mothers (table 1}. ¥or comparative
purposes, 831 cuntrol prepnancies were

HK11d. ANTF HRYHSEL

gelected st random fram non-radiciron-fed
pregoancies identified in records of the
Vanderbilt Cooperative Study. Of these
control pregoancies, we were able to
identify hespital resords for 771 mothers,
an attrition comparablc to the radiciron-
ferd gromp. The total population of infants
identiticd for followup was 719 bom to
mothers fed radiohm and 734 infants in
the control group, The difference between
tots) populations of mothers and their in-
Ionts results from the Joas of infants
through peonatal deathg, stiil births and
abortions.

Rix hundred seventy-nine of the radio-
iron-fod mothers (90.4 per cent) and 705 of
the eontro! mnthers (91.4 per vent) subse-
quently rcopanded to questionnaires, Comr-
parble figures for offspring weve 882 and
8.9 per cent. The oharactenstics of study
snd enntrnl groups in terms of mother's
age ot dclivery, years of followup of
motherz and children, and median caiendar
year of entry imto the study are given in
1able 2. There are no essentinl differences
cxcept in terms of year of entry into the
study and this ig refiected in yoears of
followup, The differcnce derives from the
protoenl of the original Vaaderbilt Co-
operative Study in which the percentage of
pregnant women fed radioiron was highest
in the early phases of the study, Char-
acterigties far mothers lost 1o follow-up are

TARLY. 1
Study population
Jmbes grvny | Cootel poap

Mythens

Taval population 764 m

No. Jocated % 705

%, followup 90.4 1.4
Children

Nn. of hregnancies 761 m

Feta) and neonstal koss 32 ”

Totul hive children for 710 784

fallowup®
No. loosted 634 056
%% fellowup 88.2 8.2

* Twina, tripiets. elc. were deleled & » group.
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Tamx 2
Chararisristics of WFe fod and sonirel populotion

Compleiad fulhrway
Jres Pod | Cantond
No. of children 684 [
No. of motbers L (] 0
Motbare’ age at dclivery
Moan 24811 MW
£D 0.2 6.5
Yearr followny
Childreu
Mean 18.44 ) V7.0
8D 2.89 2.8
Mmhers
Mean 19.13 ) 17.82
.{3) 2.40 3.04
Mydian solondar year st ontry | 1946 | 1948
Jast ta iobiwwrn
fran ted | Cantesd
No. of mwtlemn T2 (73
Age al delivery
Mean 2600 | .50
EBD 6. { &9
Pregnaney onteoma
Ktiligrths /] 0
Neonstal deaths 8 H
Unkgown outcome 12 11
Modian onlcndar year ot euiry | 1046 | 1947

gingilar to these fimod regarding calendar

year st entry, mean age al delivery, snd
per cent, fed radivactive iron (table 2).

" Foliownp procedure

Radioiron-fed wothcrn and  control
mothers were iraced through s mailed
tmestioumaire or by interview if the yues-
tonnaire waur mnt Teturoed. Sigmificant
‘medical information was verified by snb-
sequeni review of physician and hoepital
reeords. Attempts were made Lo uhiain 8
completed gnestionnaire for eash mother
apd ehild in the study. Al nu point unti]
fina) auulysis of date wai s study -
dividual identificd as belonging 1o iron-fed
or eontrol yroup.

The miormotion recorded fur mothers
was couss of desth, henign or malignant

.
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tumore, and merbidity vesuliug from &
variely of diseases. For the indok ehild and
subsequent sibling, the wawme informatisn
ylus the presence of songemitsl maliorma-
tions, behovior or learning disurders and
pumber of school grades completed wes
recorded. Reported occurrvuves of deaths
or tumors were confirmed by etudy of
desth oortifientcs, physician i hospital
records and review of psthology materisl
where possible. Followup was instituted in
1964 und tarminated in 1967,

Eztimate of radiation duse in mother
and fetue

Hahp (1963 personal communicslion)
extimated Lhe radiation dose to the fctus
8s 5 to 15 rads. In the origivsl publies-
tion, “Irun Metabalism in Human Preg-
naney Studied with the Nadioisotope Fe”
(16). po wdimates of fetal absorbed dooe
were gven, although cstimales of 0.2 Toent-
gens o Llvod and 002 roentgen to total body
tigsues wero given for the mateiusl orgs-
nism. Thew aalculations are based on meas-
urements puggesting & body burden of *Fe
of 2 W 4 uc. There ig, unfortunately, preat
unsertainty m these original exiumules of
Bahn's aud in any refinement wc can
pake &t this time, Assuming Lhst the effi-
ciency uf oounting of »Fe s 25 per ocnt a8
deseribed by Hshn, it is possible from bis
origipal dalsw to veeopstrust the actaal
pumber of microcuries fed each mother.
Deocause of the method used §or determin-
ing “irop abeorption,” it is mot prwible t6
determiue the microsuries abeorbed by the
mother nor o make ather than an esti.
mai uf how much of the absorbed dose
passed from the mother to the fetus. The
method wed was 10 feed & single isotope
of iron (*F¢), wail two to four weeks,
secure un Rliquot of maternsl bloed and
determine the sounte per minute of #Fe in
the blood xuruple. The maternnl blood vol-
ume wag cstimated and the wiul amonnt of
®Te iy bLloud calentated. Thie value was
then divided by the counts fed o give per
cent absorplaun. The method aseumes that
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all, or at the very least, a reasonably
congtant and large proportion of absorbed
radioiron i8 incorporated into maternal
hemoglobin, In pormel subjects, thix as-
suxaplion can be shown to be true, and at
lonst relative absorption (for ingtance, the
effect ou absorplion vf differeni dossge
Yevals of elamental iron] can be determined
wxing & siwgle imolopw of jrn xud blood
sexuples (17).

Tn pregnaney, hawsver, plasma imn Ia
directed nof only to the maternal bone
marrow for new hame synthedie, but also
braverms e plavents to the felus. Effec-
fively then, the volucs for absorplion of
iron given by Habhn and coworkers under-
estimate the amount absorbed since he
meagured only the proportion of iron which
reappesred in malerpal hemoglobis Loy
which weat directly to tbe fctus would not
he messured As “ahenrbad” Tn the firat
trimester, less than 1 per cent of n **Fe
tracer dose injectod intravenously into
well nousished wolliens Is picked up by the
human fetus (38). On o weight basi, bow-
gver, this is approximately s 100-fold
greater upbske by the fetus than ex-
pested on the basis of the msternal ac-
cumulation. In the ral, by Lbe Whind G-
meeter of pregnanoy, fully 50 per cent of
plasma radiotron ia detined for the multl-
ple fetuses (19).

Hzbn and his colleagues recognized and
commented on the welivdoluigc problems
in determining iron abeorption in preg
nxney (18). Nevertheless, iIn the lghbt of
present day lmowlcdge the number of
microcuries sotuslly 4absorbed by the
mother and the proporllon which was
dirested to the fetus remain uncertam.
Thus, o necessity, romparisans I our
study bave been made for high and low
dose feedings by trimester based on coumts
per minute fed. At preseul we are unable
1o obtain valid estimstes of sabsorbed rodi-
stion duwe, fur mnnlyvis of dose-response
relafionzhipa,
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ResuLrs

No differences were found jor per cent
live birtha between the radioiron and
contro] pregnancies, nor were any signifi-
obnt differaneee found for the two groups
in frequeucy of sbortioms, stillbirths, er
neonatal deatbs (table 1). In the 679 iron
ful pregnancies oo which thcre was com-
plets followup, there were 12 neonatsl
dentls, vine stillbirtha and 11 abortions;
gnd for 705 non-fed pregnancies, 14 meo-
natal deaths, nine atillbirths and 34 abor-
tions, Previous findings in the original
Vauderbilt Cooperative Study arc similat,
with frequeney for stillbirth and peonatal
death of 1.5 and 2.0 per 100 total births. _

Non-ascidental deaxths smong the ehil-
dreu vevwrring after the neonatal peried
through age 15 years totalled 17 for the
iron-59 group compared to 12 for sontrols.
Desth Tste based on parson years of
vlrservation tbrough age 15 yeam for the
uraciated and non-irradiated group i
162 and 125 per 1000 persom Yyeéars,
recpectively, Twenty-cne non-sceidental
deally vovusred amoug yadioiron fed and
14 among contro! mothers, yielding desth
rates of 1.7 and 1.1 per 1,000 person years,
regpestively,

Four wsliguauvics vvvurred amopg the
children reesiving prenatsl radistion expo-
sure, and pome were found amoug the
nou-exposed ohildren. Une of the ma-
lignancies was a primary carciooma of the
liver in o mole age 11 yeoxo ot death. This
tumor iz probably unrelated to radiation
since fatal primary liver carcinoma also
oceurred in two of his older male siblings.
This familial cocurrence has been repusted
slsewhere (20).

Acute lymphatic leakemia peenrred
one fcmale whoas mother reccived **Fe
the 23rd waek gestation. The ¢hild died at
age Sve years and 11 months, baving de-
veloped symptoms sttributed mutislly to
rheumastoid arthritis four wentls telure
death.

A third study shild, a female, died at
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Conpentio!l defecia tn *Fe fed and rantrol children

e ————

oFe tad Canvead
Type delect Frocaemey Tyre drject Frequemgy
First irincsicr . Congenital heart dimsase ]
Conpenital heart discase 1 Congenital hoart dissase with 1
Hydroeephalux 1 osngenital abocoee of radis
Mongolism 1 Aberrpat blood vesnel 1
Raetopie kdney 1 Hydroccphalus 2
Cleft palate 1 Epwe bifida otculie spine 1
Filonidal eynt 1 Oretinigu 1
Sacond trimorior Muagvliem 1
Congenita! heart dicense 2 Absenee of falx asrehri and 1
Congenitnl bydrocephalus, tulijne 1 mieropyTis
varus, syudns lylism Redundant aretsr 1
Ty powpadias Congsrutal urinary troet dicorder 1
Polyeystic kidney, pnimonary Kxatrophy of kisddor and epiopadiso 1
azalectasis Digloonted hip 1

Talipes varus, valgus 3 Talipss 8
Hemangoma B Tibial toiain 1
Hupsraumerary tot 1 Deusngiows 1
Pilonidal eyat or sinus H Cicft palate 2
Surabisrans, esophoria 2 Spade hand, suparnumerary thumb 2
Acocssory arygws Julx 1 Bifid uvula 1
Atelevimsi 1 Filnnidsl eyst or sinus 3
Thyroossal duct evst 1 Strabismus 3
Defects of cranial bones | Bronehial cleft vyst 1
Third trimaster Muscular dystrophy 1
Coogenital haart disesse t Amayrotio familial idiocy 1
Comgenital hydrocophsaias ) YVisamin D resistant rickets 1
Mierocophaly 1 Familial periodic paralynis L
Generalicsd corticnl atrophy 1 Multiple (Cicli palace, hypospadiag, 1
Urotheral obstruction 1 pilonidal xinur, tallpes varns)
Talipes varus, valzos 14 Total defrms &
Hemangows 3 Total pregnancies 706
Hand Jdeformity 1 Dietocts por 100 pregnansion 8.7
Pilonidal gyst nr alnu 1
Btrabixmm 1
Bitiary atresia 1

"(‘ot’\ defects H

Total prognansies (.7, ]

Defosts per 100 pragnancies 6.0

nge 11 years of gynovial sareoms of the
right thigh metastalic Ww the luogs. Symp-
toms Trom the tumor had besn noted from
age ten and ope-half years, Tie ®Fe wan
fed In the thirteenth wesk of gestation.

The fourth child, s male, died ul age 11
years of lymphosarcoms of the eocum
wetastatic to the omentum, aiter an Dluess
of two months. The mother had reseived
radioiron in the 20th week of geslalivu

There were 23 mabgnanciey w mouthers
who recetved radioiron and 24 in the con-
trol proup. Relative frequency of the
various types was roughly eomparable in
the two groups, and no particular type of
tumor aeamad reiated to the higher doses
as mengurcd by cousts per minute fed.

Caongenita) defects are tebulsted in table
3. In this study copgenital defect refen Ww
both gross structura]l defectn present at
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birth and miercseopi¢ malformationg or
physiological disturbawces present though
not pecessarily secognized at birth. Defects
which bave been excluded from analyais
are hydrocela, hernis, and pe¢ planus.
There were 6.5 defevls per 100 pregnancies
for mothers receiving radiation and 6.9 per
100 for controla. Feta) sensilivity 1o in-
duction of econgenital malformation is
highest 1w e St liwester, For this rea«
son congenital defects were grouped by
trimester of iron adminisiration. Iron was
administored in the first {rimester far 106
pregunucies, w e weooud for 944, and in
the third trimester for 21Y. For tn preg-
nancies trimester of feeding was unknown,
No diffierences were noted in frequenty of
total maliormations or structural aberra-

HAGSTEOM, GLARRER,

BEILL AND WARYSKEL

tions of the ON® when analyszed by tri-
mester of iron administration.

To evaluate poaible genetic efecls w
mothers fcd radiosstive irom, oongenital
defects for siblings harn after the astudy
pregnancy were asscosed. Tho frequeney
for enngenital defecis in siblings per 100
live births following tho study pregnaney
is similar for stody sud control groups
(tabie 4),

Other deferts resulting frum geuelic
damsage msy have ooourred in ofispring of
study children hut o data were collected
on these, There have been 171 offspring
born to jrom.fedl and 74 to pon-irun-fed
children, (Iren-fed ohbildren 8t end of
tollowup were slighlly nlier lan the com~

parison group.)

Tariw 4
Compenitnl deferts va ymenper xiblings of "Fs fsd ond conirvl children

Whe fud Cangral
Type dsbuct Frqnoncy Type defers Freceency
"Letralogy of fallot 2z Conganizal heart diregar
Patent duotus 1 Congenital heart disease with 1
Right nortio areh 1 Pyiome stancns
Hydroccphaluw 1 Mongolism 1
Ocaniostenosis 2 Hydrooophalus with tolipes varus 1
Mental rstmdation 1 and spina bifida
Mongolisur~lywyplstivc lenkemis 1 Dydroocphalus 1
Congenital hydronephrusiy 1 Dilatecal bydromepbronis 3
Polyeystic kdoey 1 Cougeuitsl powruuuscular i rder 1
Mintal atreais 1 urinary wract
Pilonudsal sinne 1 Talipes varug : 2
‘Talipes varue, valgos 1 Clett. palate 1
Congenital angulation tibis 1 Club food and sanganital wah 1
Congenits] dislosated bip 13 Branchial eleft eyst ]
Hemivertcbra 1 Thyvoglossal duet eyst? 2
Hemanpoma ] Ceongenital atelestasis 1
Supernumcrary finger 2 Mucovincidook b
Pyloris stenosis and strabiomw 1 Muscular dystrophy 1
Strabiamus 1 Tacudobyperirophic muscular 1
Tnzal defects 34 dysteupliy*
“raral live birtha follawing study 709 Awnurvtic Jamilind idivey* 1
pregoancy Congenital paplllomats (skin foce) 1
Defoets per 100 Live births 8.1 and Alapiasasd anrinia
. Total defects ES
‘Lotal Live births following study ¥55
proegnaney
Dcfooto per 100 live birtha 2.7

* Study child had zomo defoot.
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There were caly five maligmancies m
children born  following the study preg-
naney, two in offepring of control women
and three in affepring af woroen recelving
radioiron. Thest tumors were o rhabdomy-
osareama of the neck and 2 Whim's tumor
in subsequent children of the pop-radio-
iron-fed mothers. For the ¢hildren of radio.
iron-fod mothors, s Wil's tumer, a glioma
of the oplic chissms, and seute lymphatic
Jeukemis in & mongolaid child were re-
corded. The mother of the child with a
glioma died of clcar cell carcinoma of the
kidney, }

Drsovesion

Evidcoee is abundant relsting the oc-
enrrence of Jeukemis 1o both prenstal and
postnatal radistion exposure. Puslualal
radiation induced Jeukemsis has been ob-
oerved in  therapeutically  administerw
radistion in ehildren and adulte (1-3), and
following I'-32 administered fur - polycy-
therole (4). The abowve observstions are
paralleled on well individnals expusal Lo
radistion, so incressed imcidenoc of lecu-
kemia having beey noiled in Japanese ex-
posed 1o the atomic bomb blast apd in
radiolopists (5, 21).

In Japanese exposed m childhood, aoute
brmaphatic and cluunic grunuloytic leu.
kemis are most markedly imereased with
maximal imcidence Iates oveurring dnring
1950-1954. Msasurementc of leukemin jn-
cidence coutivee W be unde in gurvivors
of the ntomie bomb (§). The appear-
oanoc time Jor sculm Jemkemin, in the
beavily exposcd group, eppears 1o be re
lated (w0 sge uwl expusure and to dose, with
Intent periods of 86, 0.4, and 13.0 vycars
for those betweeu lin ngrs of 0-14, 1529,
and 30, regpectively, st fimc of exposurc.
From 1M L 1964 the heavily erposed
group continued 10 experiennc an increased
incidence of leukemin conpmred to those
individunle exposed at o groater distance
from the center of bumb (7).

Several studies bhave revealed an in-
ercased incidence of levkeiniu in childhood

1017035

following exposure to diagnostic x-ray ex-
posure in uterc (8-10). Court-Brown et
al. jound no merease u rwk [ullowing
ruch exposure (11}, McMshon reported &
relative risk for children exposed W radia-
tion in utero of 1.4, More recently Grabam
¢l al. bave found x-ray W sll sites as-
sneinted with g relstive risk of Jeukemmia
of 1.69 and x-ray to abdomen slons with »
risk of 3.40 (22).

No caact dose calvulations are svailuble
for the progeny in the several studies of
I utere expasure to diagnaslic radiniion
but this bas bean estimsted ot approxi-
mately & rada.

Speculstion bas arisen ag to whother
some factor which dictales the nwed for
disgnostic radistion in the pregrant
mother predisposes ju  sume unknown
fashion to the oocwrrance of the diseasc it-
pelf in progeny irradiated while in wiero
(23). Az noted prewiously, in reporte on
two unsclected feis! pupuluidons exposed In
utern, excess mortality from leukemis has
not been observed (12, 13).

Other types of malipnancics are kmown
to occur following wxposure to radiatinn,
Rench and Dolphin bave summariscd three
peparate studiea of children irradinted in
infaney or childhood for thymus cnlarge-
ment or other wiscellsneons eonditiang
who subsequently developed thyroid ma-
lignancies (24). A receut repori has ap-
peared of increased ineidenec of cancers
ol & variety of lypes in spondylitis pa-
tients reserving X-ray therapy (26}, and an
increazed incidence «f thyrold eancers,
especially in females, hng been observed
in the alowic bumb exposet group (26,
27). Patients irrsdiated for tcoia capita
prescoted a larger nunher of exncers of &
vnriecy of ty;)ea than non-irmdiatcd pa-
tients willh ibe same dirense (28). A
higher mortality from eancer, cardigvascu-
lar muunl diseane, kod all other causes com-
bined has been moted in mewbers of the
Radinlogica! Society as ocompared with
members of the Amerun College of
Physicians (21). The failure to find an in-

;\_J
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creased incidence of neoplasms in mothers
receiving radioiron compared to non-radio-
iron-fed controls may well be due to the
small size of the study group and also to
the small maternal absorbed dose.

The discovery of three cases of ma-
lignaney (excluding the case of familial
liver cancer), in the present study in the
radiation exposed group as opposed to
none in the non-exposed group suggests &
cause and effect relationship. However,
based ou 1950 and 1960 death rates for
malignancies in the white population of
Tennessee for all ages through 14 years,
approximately 0.65 cases would be ex-
pected in the study population for the
8,660 person-years of observation through
14 years. The probability of observing
three or more cases when less than one
case is expected is .03,

Conflicting reports exist about the influ-
ence of gestation time of exposure on the
effects of radiation. Stewart (8) found &
higher case-to-control ratio for mothers x-
rayed in the first half of pregnaney than
for those x-rayed in the latter half for
cases of leukemia and malignancy. Gra-
ham et al. have found that differencez by
trimester were small, but the estimated
risk for leukemis in the Iatter trimester
was somewhat larger than in the first (22).
Too few cages are available in the present
study to provide meaningful information
on this point,

For the case and control groups in the
present study no significant differences
were noted in the frequency of congenital
defects. The extensive literature related to
congenital defects has been reviewed re-
cently by Brill et al. (29) and a time
table for human prenatal radiation effects
has been presented by Dekabon (30).

Many congenits! malformations, al-
though cbviousty present at birth, are not
discovered until several years later, In a
fetal life study of 5,964 pregnancies, only
432 per cent of the malformation reported
presented signs or symptoms observable at
birth (31). In the Vanderbilt iron-fed and
non-fed study group, 11 snd eight infants,

respectively, were found to have congenita]
defects in the neonatal period, and by the
end of jollowup, 44 and 49 were recorded
for the two groups. This frequeney of
6.7 per cent, (83 defectz for 1,384 preg-
nancies) is similar to the figure of 7.5 per
cent for products of conception weighing
over 500 gms reported by McIntosh (31).

The many studies of the Hiroshima and
Nagasaki population which have at-
terupted {0 measure the genetic effects of
radiation have failed to demonstrate any
increase in congenital malformations in
children conceived following radiation e
posure of their parents (32). Neal has
sumomarized the various indicators of
genetic damage employed in the Japanese
studies; only one, the sex ratio, appears to
be of possible significance (33). No evi-
dence was found in the present study sug-
gesting that radiation caused an increase
in the frequency of congenital defects in
exposed fetuses or in offspring of mothers
born subsequent to the exposure and fed
BFe,
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