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ON MARSHALLESE CHILDREN 

\\.\T:\Hl \\. Sl TO\\• and HOflLnT :\. CO'.\.-'IHD> 
• Dep:irtment of Pediatrics. The L"mvers1ty of Texas :'II. Ll. Anderson llosp1tal 
Jnri fu mor Institute, Houston. Texas, :ind t :'lled1c:il Hesearch Center, Brookhaven 
\;.it10nal Laboratory, L" pton, Long Island, :\ew York 

ABSTRACT 

In .\L,z·cn 19j4, c2 peopil' ,if JlongeJ.1p Isl ... nr1 1r. the ~Lu-sh.ill Js .. inn" 11·t·rt: 
.tc.~1dent.tlly exposcct to sul.Jieth;;J doses of fallout L.iOlc.!lon dt.:rtng the cttom1c 
homli testing pro~r.im. Uf these people 64 recc1n~r1 :.illOUt Jlj r;.icb of wnoll-­
tio.w g.1mn~.1-r.iy e.:q•·.>SUrt' ... nr: l~ rece1vea ,,:>0ut 6S racb .. idd1twn:.:t r;1d1:it1on 
ex:1osun· occurreri from r:.idt0Jct1ve maten.d deposited on the skin and hair and 
1r,1m ingested rad1onuclldes. This report summarizes t:ie medical findinrcs in 

the exposed children over J 1:)-year period as compared \11th frndrnc;s in the 
a,1ults. 

On :>Iar. 1. 1954. native inhabitants of several atolls in the :\larshall 
Islands were exposed acc1dentallv to fallout radiation followrng the 
experimental detonat10n of a large thermonuclear device at Bikrni 
Island. The heaviest faliout occurred on Rorn;elap Island. downwind 
and about 100 miles east oi B1k1m. Since that time the exposed people 
nave undergone regular and intensive medical examinat10ns. the re­
sults of wJuch have been documented in a number of publications. 1

-
4 

This report summarizes the findings on the exposed Rongelap people 
who were children at the time of exposure. In particular, these findings 
are compared to those noted in the exposed adult population. 

FALLOUT AND RADIATION DOSES 

At the time of the atomic bomb test, the fireball touched the sur­
faces of the earth and ocean. Tremendous amounts of incinerated 
particulate matter were sucked up into the cloud. Because of an un-
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662 SUTOW AND CONARD 

predicted shift in wind direction, radioactively contaminated fallout 
was deposited on Rongelap, Ailingnae, and Utlrik atolls. 

On Rongelap. the fallout, which coated the ground and vegetation 
and formed deposits on the hair and skrn of the people, was descnbec 
as "snow-like ... Less dense "mist-like" fallout was noted on Ail1m;nae. 
Ailingnae, some 40 m!les south of Rongelap, was actually closer to 
Bikim. but it was situated more out of the line of the cloud passage. 
!\o visible evidence of fallout was observed on Utirik. 250 miles from 
Bikini. 

Fallout commenceci on Rongelap and Ailrngnae 4 to 6 hr after the 
detonation of the bomb. The radioactive cloud rPaC'hed Ut1nk about 
22 hr :-ifter tl1c cxpl0s1011. The ('011t:-in11n:ttPc! islands WPrf' evacuatC'd 
approxin::1tPlv '1H hr :iftf'r thP co111111e1H·•·1110nt of fall<>tlt.::. 

Expusurc tu rarli:1t1011 involved wliulP-boct:.· g;rn1111;1 doses from 
environllll'ntal!v dppus1tcd raclio,te·t1ve f1ss1<J1• Jll'l><lucts. supt'rf1r::il 
doses frolll bet::i. ;ind soft g;1m1lla r:tc!1at1on. and duses from rntrrnal 
absorption (through rnllalat1on and mgestwn) of radionuC'!icles. 

The cxtenul wJ10le-bociy gamma dose ll:is been l'Omputed to be 

175 racls on l1011gcla1,.. GG r:-tds on A1l111;.;;nae. anci 14 rads on Ctinh 
(Table 1 ). Based on r ::i.lculations from rad10cl1en11cal ur1ne analvses. 
it h:-ts been estimated that the tl!vroH! gland accumulated about l l.2 ;iCi 
of 131 !. In addit10n. the shorter livecl isotopes. 13 ~!. 133!. and 1351. actclect 

considcr:-tbl\' to the close. The most probable dose to the thyroict ~Lrnci 
of Ilongelap Island children less than 4 vears of age 5• 6 h:-ts been c:i.l­
cul:i.ted to be rn the range of 700 to 1400 rads. Except for the thvroir. 
gland, the dose from absorbed rad10active matenal appc::i.rs to h:-tve 
been minimal with no discernible biological effects. 7 

Subsequent to the return of Ron~elap people to their home island. 
the body burdens of 137Cs, ""zn, and :• 0sr rose to low levels. but these 

Tahle I 

ESTIMATED J!ADIATION DO.SF: !:'1 '-IARSllALLESE 
POPt.:1.1\TIONS 

Gamma dose, Thyroid dose, 
Population rads (!), rad:.; 

Rongelap 
Age <IO years • 175 700 to 1400 
Age >10 years - 175 160 

Aillngnae 
Age <10 years 69 275 to 550 
Age >10 years 69 55 

Utlrlk 
Age <11'1 years 14 55 to 110 
~e >tn yenra 14 1$ 
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MARSHALLESE CHILDREN 663 

reached equilibrium with environmental sources by 1961. No effects 
8 9 

from these isotopes have been detected. ' 

POPULATIONS UNDER STUDY 

A tot.ll of 64 men. women. and children were present on Ron:,o;el:.i.p 
Island. Tlle 18 who were exposed to fallout on Ailm~nae were Rongclap 
inhaiJltJnts wno had gone to tile adp.cent atoll for fislung. On Utink 
Island. 157 !1.1.irshallese people received fallout radiation. In :.i.dd1t1on, 
28 Amenc;in servicemen on Rongenk Island and 23 Japanese fisnermen 
on the boJ.t "Lucky Dragon,.. were subjected to sublethal doses of 
rad1at1on from the fallout (Table 2). 

Tahk 2 

:\1AHSHALL ISLAND POPCLATIO~S 

Age in lU5-l 

Cnder 10 years 10 to 15 years 16• years 

Hr>n·.:eb;J e'pused 1 !) 11 3-l 
Hunc:cl:ip <'XpnsPrl (in utero) 4 n u 
.\iiin_rn:ic l'\.!k) sed 6 0 12 
l' llriK exposed 54 9 9-l 
Ron"el:l;J unexposed 4~ s l '.';) 

In the Rongelap group, 12 of the 64 were under 5 years of age, 18 
were between 5 and 16 years. and 34 were over 16 years of :ige. Among 
these children, 19 were under tile J.[;e of 10 years. Four fetuses were 
exposed rn utero on Rongelap. In the Ailingnae group, 6 of the 18 were 
cillldrcn .. ill under tile ase of 10 years. On Utink. 63 of the 157 were 
cluldren 15 ye..:rs of age and younger. Of the 63, 54 were ui:der HJ 
ye:irs of age. 

Rongelap was conl'idered to iJe habitable in 1957. At that time the 
people were transferred back to their home island. When repatriation 
took place, a group of about 200 unexposed people also moved to 
Rongelap. This nonexposed group, mostly relatives and former inhab­
itants of the island, has served as the comparison populatwn for the 
continuing studies of the exposed people. Among the nonexposed group, 
48 were under 10 years of age in March 1954 and 8 were between 10 
and 15 years of age. 10 

EXAMINATIONS 

Following the initial intensive medical studies, follow-up examina­
tions of the Rongelap and Ailingnae people have been conducted at 6 

-
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664 8UTOW A~D CONARD 

months and then at annual intervals in March. Systematic and com­
parable examrnat1011s of the nongeLtp ui1exposed population were 
started in 1958 and have been conducted at least biennially. People on 
t.:t1r:k have been seen at less frequent rnterv:tls. The pech:ltnc survevs 
h:tv(' :tlso mciucled exan11n.1t10n of :tll ct11lclrf'11 l>orn after M:trcll 1!)54 

to P'trc•nt or p.trr;11t::, expos(•cf to the f:lllout .1ml to p.in:nts i11 tl1e um·x­

po:-,1_•tl cont1·r1l t·.rnup. Till' cllildren of exputied p:1rl'11t1> 11uw number 88 
and cl11lure11 of nonexposed parents 11u111t>er 121. 

EARLY EFFECTS 

The ;icute early effects of fallout radiation involved primarilv 
the skin, the hair. the gastrointestinal system .. ind the hematopo1et1c 
tissues. Dunne: the first 2-d:iy period followmc>: exposure ;u1d l>eforr 
ev.lCU .. tlOll !1·0111 tl1c isLmd, itClll11!.'; :mcf IHll'lllll~ rlf th1· skill Wt'!'(' ll\l(l'C!. 

.\11orr·".Lr .•11d 11:1usea with SOllll' vo1111:111·'. ;1ls<1 occu1·1·c·li. Tll<'s1· S\'lllJI· 

tr.in1:-. .~.u!Js1r_l<-rl pn'lll]il l\' w1tl1111 ;1 jcW tl.ly'S Wltll llU l'CClll'l'L'llCe. ,\ 

t.tlJuLttwn of inc1d1·11ce vf t11cse symptoms (Table 31 suggests tlut the 
g-:1st romtestrn:tl lll.l!11festat1011s were more frequent and more severe 
among yoll!1ger c!nlJren th:.in among older clnldren and ::idults. ;: 

Rad1at10n burns resultrng from deposits of fallout material on the 
skin developed about 2 weeks after the exposure. Hyperpigmentat1on. 
desquamation, dep1~mentation, and, 111 severe cases. ulceration fol­
lowed. Spont:rneous heallllg and rep1gment:1t10n >Jccurred durin~ tlle 
next few wee}:s. T!ie skrn lesions were more ~xtens1ve lll tile :.·oun~er 
clllldren. Sonie v:tn.1t1on rn the an:1tom1c:tl d1stnbut10n of the burns 
w:1s recorded amon~ several age groupings.::. i· 

Ep1lat1on. generally spotty in nature, beg:rn 2 to 3 weeks after 
exposure. Regrowtli of hair started at about 3 months and was com­
plete by the sixth month. The new hair seemed norm;il rn color, texture. 
and abw1dance. Both the frequency and the severity of ep1lat10n were 
more marked among children than among adults (Table 4). Thus 100•; 
of the children under 5 years of age showed some degree of epilation, 
90~1 of them moderate to severe in degree. Only 27'~ of those over 16 { 
years of age manifested epilation. 12

• 24 

In respect to hematologic findings and particularly as they rel;ite 
to age (Table 5), the following observations have been made: 13 • 14 

I. At maximum depression of lymphocytes (third day), the values 
were lower in those under 5 years of age (25"( of normal) than in those 
over 5 years of age (55'.:~ of normal). Recovery was more rapid in the 
younger age grou11, ~nd .ige differences became less marked after the 
fourth week. 

2. Platelet values (as perceut or control values) during the first 
12 months were consistently lower among those under 10 years or age 

1 , 

' ' ' ; 
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Tahlc 3 

l\Al.'SEA AKD VOM!Tl:'\C IN HON<;!· L.\I' <;J{<>l:P 

lncidl'llCl'. '. 

Ag:c at exposure Number Nausea Vomiting 

::, years 
and younger 

Over Ii years 

Tahle 4 

,G ,) 

44 

F:PlLAT!ON II\ HO'.'.'GELAI' GH!H"P 

Incidl'ncc, 

Ag:e, A~c. 

" 

At;e, 
() to ~. years (i to I~, years lG+ years 

St'verttv uf epilation 

Sli:.:;ht i I ~i 
:'-l•~lcratc 12•1 
Scvc re l:l+) 

Total 

(l:I) 

7.li 

:11'.<l 
:i.1 .. q 

100,0 

Tahlc 5 

(J'.1) 

l"i .'1 
:10. 7 
2.1. n 

:1 :2. l 

:-TC.\'." BLOOD C'O{':'\'T~ :\T PEAK DF?HESS!O\ 
r:-.: no:-.:cr:L.\fl r.ruJi'l' 

Percent of control 

(:lo) 

1 :J. ~ 
:),;) 

,q,.1 

27 .G 

Age under 5 years Age O\'cr 5 years 

'\eutrophils 
Lymphocytes 
Platelets 

5(i 
25 
2.3 

64 
55 
.14 

665 

as compared to those over 10 years of age. Maximum depression 
occurred by 30 days. 

3. Granulocyte values dropped during the second week and showed 
a second drop during the fifth week. By 12 weeks the levels had re­
turned nearly to the control range. Although the patterns of change 
were the same, the values for children under 5 years of age were 
below those of the older age groups throughout most of the first year 
of observation, 

4. Complete recovery to normal levels of peripheral blood ele­
ments was slow. Mean levels for platelets, granulocytes, and lympho­
cytes remained slightly, but consistently, below the control levels 

501Z ~ib 
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666 StJTOW AND CONARD 

durmg the follow-up surveys until the eleventh year ( 1965). These 
differences were statistically significant at various examinations. In 
1965 the mean counts for all blood elements reached control values. 
lnspect10n3 of the me:.in values calculated for children aged 15 years 
or younger at the time of eact1 exammat10n showed essentially the 
same p:.ittern of variat10n from the control values, reaching control 
values in 1965. 

LATE EFFECTS 

The s1gmficant late effects of the fallout radiation h:.i ve been the 
retardation of growth and the development of thyroid abnormalities 
among the nongelap cluldren exposed at young: ages. 

Longitudinal anthropometric daL1. includrng skeletal :ige assess­
ments. have been accumulated on these children. Analyses of these 
measurements showed, in the exposed boys only, a slight but consistent 
retardat10n in body size (expressed :is stature) during growth fro:i1 
the fourth ttirou~h the sixteenth year as comp~1red to the stat'Jr.1'. 
growth curve of the unexposed boys. This d1fference, however, w;.is i:ct 

stat1stic .. dly s1gmflcant. Xo difference in the growth curves was noted 
among girls. :s Further ex:imination of the data suggested that the re­
tard:it 10n noted in the boys w:is most m:irked :imong those who were 
5 years of age or younger at the time of the fallout. : 5 (For growth J.nd 
development studies. bec:iuse of the relatively sm:ill numbers of 

children rn the various age groups. the A1lrngnae :ind Rong-ebp pop­
ul:ltions have been combined.) 

When this youngest :ig-e group was considered separately (Fig. 1). 

a sigmficant retardation in st:itural growth was shown among the boys. 
These children were smaller than both the control boys and those ex­
posed ;1t ulde1· :i~·.t·s. Girl:; exposed at similar youni.; a~~es had normal 
statural ~·.rowtll curves. No signifie;tnt difll•rence i11 WPll'.hl nu·vt•s w;1s 

found hdWP1·11 eX[HISl'd and crn1t1·11l childn•n for holh l>oys aud girls. 
i\lll11n11•.h lh1~1·t• W<11·t• l11divldt1al cast•s In whkh lht• skl'!1·Lll 111;1tur;1-

t1011 L'l'.!'.t·d 111arkt>(fly J1ehi111l 1•xp1•cl1•d 11111·111s (p:1r!ll'\ll;11'l~· 111 !ht• 
hy11oth:-.•roid sub3eets), the ove1·all curves for exposed and control 
children showed no statistic;11ly sig-nificant differences. 

In 19G3 a nodule was palpated in the thyroid gland of a 13-year-old 
girl who was exposed to fallout on Rongelap at the age of 3' years and 
4 months. A total thyroidectomy was done. The surgical specimen 
showed multiple nodules with cystic ;md hemonha~ic ch;u1~es. The 
histolo~ical dia:'.11osis was ;u.Jcnom;.itold ~oiler. 1.>t11·h1~ the next 5 yc:1rit, 
thyroid 11ud11!1::; havo dcvclupt.'<l tu au ;1ddltlon:1l l.f or Uw I!> Uo111tt•l•11> 
chihlnm who Wt•t-c u1tdcr 10 yc:ar~ or otgc :1t timu of <1x110:>\U"I} t" Ibo 
fallout (T:1hlc G). Two othcl". children In this . age·· grou1> n~aia~fesfed 
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Fig_ 1-E(fecls of fallout ,·ad:a!ion on growth in Rongclap children. 

Pupubt inn 

H<>n!!ebp exposed 
.·\il1n..:nae c•xposed 
l 't 1 rik exposed 
llongcbp unexposed 

TH nwrn L rsi1J\'s 

Incidence oi thyroid lesions . ,­;(l 
Ag-e, in yt-:.irs 

(in l'.Jj4' 

89.5 117 ]'.!) 

n 1n !fi ! 
n rn.·4n1 
11 I0/4Al 

Age. l n+ years 
(in l'.1.)41 

~.b L) ;·t J 

l'.:.:.5 ( 1/~J 
J.~ (L/5UJ 
2.3 (:J/l:l3) 

•C:.ilcul:.itcd on hasis of numhcrs of people examined for 
thyroid statu;;. 

667 

frank hypothyroidism, making the total incidence of thyroid abnormal­
ities 90'~ among this group of 19 children. 16

• 1
7 

Up to the conclusion of tile 1969 survey, operative procedures have 
been carried out in 12 children with thyroid nodules. In all instances 
multiple benign adenomatous lesions were found. No malignant changes 
have been noted in any of the specimens. 

The pattern of thyroid-nodule development suggested several 
relations to age and developmental status of the exposed children. 
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668 SUTOW AND CONARD 

Almost all the tumors appeared to develop during the adolescent 
period (Fig. 2). For comparable ages at exposure, the tumors were 
first noted at chronologically earlier ages among girls, consistent 
with the norrr.al earlier occurrence of adolescent changes in girls. 
The "latent period" between radiation exposure and tumor development 
for 13 of the 15 lesions was 10 to 13 years. 
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AGE AT DEVELOPMENT OF NODULES, YEARS 

Fil{. :: - Tl1yroid nodulrs in Uo11;:,·laf> l"/lifdrt·n. 

No thyroid tumors have been palpated in 48 unexposed non~elap 
children in the age rani~e comparable to tlw 19 expmwcl children. No 
nodulcH h;~vc hecn nokcl in the 4 chlldrc•n oxpo:·wll In uhiro ;111ll t11 the 
() chlldrcll cxpo1-wd on Ai!lllf-':lla(•, J\111011f!: tlie orit.dnal 45 su!Jjl'cts ex­
posed to fallout on Ho1w;e!;1p at ages ~·;1·catcr lh~111 JO ypa1·s, three 
abnormalltleH of the thyroid !!;land have been fouud up th1·ou!-';"h the H>G9 
examination. These abnormalities consisted of mixed papillary and 
follicular carcinom:l in one and adcnomatold goiter in two. 

In the Aili11gm1e Krout> of 12 who were older than 10 years of age 
at exposur~, a tumor (11eurofibroma) lateral to the thyroid ~land has 
been fouutJ In one :u..tult, Amon~ the 54 children cxpmwd al Utfrik to 
fallout at :tge!s under JU years, no thyroid ;d.uorni;tlity h:u1 occurred. 
Of the 59 Utlrik people expo::;cd at ages greater than 10 years and IQ 
whom adcqu.-ite palpatory thyroid studies were done; 2 ~'\d nodules. Of 
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133 unexposed no11i..:·cl:lp inhahibnt.s, 3 that were older than 10 years 
of ;u:c in J\·1.trcl! 1954 l!.1ve nodular thyroid d:11nls. 

In till' fall of 1 UC~\ the routine admrn1st1·:1t1011 of thyroid llormone 
to tlH' PXp<ised 1wopll' oil H0111;clap w;1s lll::.'.1111. This rcv;111ien was lll­

tcmil'd to dcen•:1.'ie, if poss1hle, tile ful'tlwr d•·vcloprncnt and pro~:res­
~10:1 111 till' tllvronl nodules. The rn1111c<.llall' L'l'fect of thyroid llor111ouc 
11:1.s bL'Cll tile .sudden marked i;purt in tllc µ;rowtl1 and development of thE:; 
ll:.-poth-;ro1d cllildren, manifested mo.st dramatically in statural i:;am 
·md accelerated skeletal and sexual maturation. 

DISCUSSION 

.\:,:c difler('llCes in the acute and late manifestations of rnjury 
follow11J!.!, exposure to radiation fallout have been documented 111 the 
non!.!,elap popuL1tion. The severity and frequency of sever:tl abnorm;,i,l 
i111ci11n:s appeared to lie correlated inversely with chronological a~e, 

1.c., lllorc .scvPrc 111 tlic youn!.!,cr subiccts. ThC' data, however, do not 
rnd1c1tc wllctllcr tile d1ffc1·cnccs arc due to incrc:1scd biological sen­
s1t1\·itv of the t1!'sucs of young cllildren or to close cliffcrcnces. 

Observ;ttions durrng the annual surveys indicate that tile ctnldren 
we;u· less clotlnng; and that tlley spend considerably more time in the 
oµe:~. away from houses and overl1ead protect10n, than do adults. Young 
cmldre:1 pl:ty on tile open ground with gre:i.t frequency. Thus, during the 
2 days before evacuation, they would have had greater and more pro­
lon::ed cont:tct with fallout m:i.tenal and would have been closer to the 
:,ur;.1ce deposits than would ;idults. Moreover. the physical s1zes of 
the ctuldren were sucn that they would have received a greater dose 
at midlme than adults receiving the same air dose. These factors no 
doubt contributed to the skin les10ns and greater depression of blood 
elements m cluldren as compared to adults. The g-reater incidence 
oi tlr;ro1d ;1bnorm:ilities in the children was probably related not only 
to me re;1sed r::idiat1on dose to the c llildren · s g:lands but also to the 
f':reater proliferative activity of the grow1112: j:!,land w1tti lack of re­
placement of iniured cells. 

Clinical and laboratory data indicated that total destruction of the 
thyroid gland occurred 111 two youngsters. That partial destruction of 
the glands may have resulted in others is suggested by increased 
thyroid-stimulatmg hormone (TSH) levels, lowered thyroxme values, 
reduced uptake of radioiodine, and the inability of the thyroid glands 
to respond to further TSH stimulation. 3• 17 The timing of the nodule 
development suggests that growth stresses associated with adolescence 
could have been a precipitating factor in nodule formation. However, 
the nodules occurred early in adolescence in the younger exposed 
children and late in adolescence in those who were older at exposure. 
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670 SUTOW AND CONARD 

The finding of thyroid nodules in so many subjects raises the 
question of the existence of goitrogenic factors unrelated to radiation. 
However. the overwhelming concentration of the nodules w1thm a spe­
cif!~ a._i:e -exposure c~tte~ory would seem to elimmate such possibilit1es 
as fan11lial goiter or envirunmcnt.tl f.tctors other than bllvut radut1on. 
The lack of c!evelopment of tliyroicl abnormalities in children of the 
same ages uf less heavily exposed groups (6 Ailingnae and 54 l:tink 
children) as well as m 48 unexposed children all living in the same or 
similar environment substantiates the preceding conclus10n. 

Altl1ough no thyroid cancer has been detected as yet rn the Roi: .. elap 
children, the risk of malignancy should be considered increased. :t is 
now 15 years from the t1me of exposure, well w1tl11n the 3- to 27-year 
latent period for cancer development reported in tlie literature. i--~'' 
The subjects are in the Lite teens and early twe;ities. where the peak 
inc1de!1ce of rad1at1on-reLlted th:--roid c;incers has been noted. H, :~The 

phys 1cal doses of radiation to wliich the thvro1d glands of tile Ronge l.ip 
chlldre11 were sub3ected ~1re !uglier than those doses which have been 
associated with late development of cancer. 1'· :i.~; It 1s possible tl1;u in 
tl1e !l!arshallese children the latent penod mav l.Je prolon~eC:. comµ.tred 
w1tll reported c;ises," srnce exposure was l.1rgely due to r.tdio1odines. 
Under cond1t10ns of the fallout, the dose to tile thyroid ~laud was re­
ceived over a period of hours. 

TlP.-ro1d cancer has developed in one adult. Although this Slll£;"le 
occurrence is not definitive evidence. the possible 1'elat10n of c;tr­
c111oge11cs1s to fallout r:1clLtt10n must l.Je scr10u::d\· cv:tlu.tted. The 
effect 01 L'XO~"enuusly acl1111111stcrecl thyroid llormu11e on tlie nsk of 
cancer of tl1e t11vro1d gla11cl in tile 1rradi.tted human 1s unknown. How­

ever, the suppress10n of nodule form;,ition in the irradiated thyroid 
gland of the rat has been reported. 23 

The early clinical and endocrinologic evalu;i.t ions had not delineated 
clearly the mechanism for growth failure in some of the Rongelap 
children. 15 Later studies have demonstrated abnormalities that indicate. 
with increasing probability, that the growth retardation has been the 
result of hypofunction of the thyroid gland in these children. 1"· 17 The 
significant growth spurt in the most retarded children following admin­
istration of thyroid hormone can be considen'd strong corroborative 
evidence. 
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OPEN DISCUSSION 

ROSE'.\THAL: Have any children been born to these people? 
SUTOW: Yes, we have followed approximately 60 children who 

were b0rn subsequent to ~1ar. 1, 195~. and compared them to t~e 
children born OV<'r the same period of time to unexposed parents. There 
are no nodules among them and no d1fferenres between the children in 

each group. 
!'0SE.'.'\THAL: How about the four who were irradiated in utero? 
:::.~·TOW: They looked normal clrn1call~·. anct we h.we not found anv 

abnormalities. Two of tllem were expos<?d at the pomt between the first 
and second trimesters. and the other two were about nndwav between 
the second and tlurd trimesters. 

SCHJEIDE: How does the rate of hair growth in very young chil­
dren compare to that in adults? Are the hair follicles much more active 
in the children? 

SUTOW: I do not know whether the hair grows differently in the 
adults and the children in this population. As far as regrowth after 
epilation was concerned, a review of the records indicates recovery 
was about the same in the children and adults, and about six months or 
so later they were all back to normal. 

SCIIJEIDE: Tlwre was a strikin~ diff0ren('e, I thou:.,:-ht. 
SUTOW: In the epilation, yes. In that respect, thP younger <'hilclren 

roll about in. the dirt a lot and they possibly got more of the fallout 
material directly on the hair. 

SC!IJEIDE: The children might not have washed it off, and the 
adults did. 

SUTOW: That's possible, yes. 
CONAHD: The skin of the scalp of the child is a Uttle thinner th:in 

the adult, and the hair follicles are closer to the surface. Sluce the 
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hcta r:1rl1.1t1n11 tn whirl1 tl1cv were exposed w;1!-> !->Upcrflc1al, the hair fol­
l1Cl<'~ pn1balJlv ~ot a laq.;er closC' m tlw dulci. 

Y ,\:\IA ZAKI: I think the external dose was 17 5 H at 3 ft, and the 
thvrn1.I .1f Ill!' I- year-old cluld is probablv n111ch rloser to tt11s level. 

CO:\,\HD: Yes, and one has to maK:e all tnese ad3ustments. 
Y ,\J\L\ /.AK I: I would like to know l f thev are multinodula r or are 

sm:.;-1" noctules'.' 
SUTOW: Tilev are usually multrnodule, althoug-n many times we 

se" nnl\' .1 Slllf:;le nod11le cltrncally. 
ALPE:\ The cicptn of the hair follicles with respect to tht: beta 

r:.ct1at1011 that Dr. Conard mentioned is propabiy most 1mport::rn:. 
YA1\1A ZAKI: It n11i;ht be to have some measure of the dose rate 

.is tile var10us speakers come up. To remind ourselves, the baci-:ground 
dose is approximately 12 5 to 150 m rads !year and the adCJed body 
burden from fallout is S',ti of this dose. 
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Paul Van Hoyedenck 

Samples of Paul Van Hoyedenck's "cybs," the sculp· 
tured hand, legs and torso consisting of wheels, rods, 
nuts, bolts, and bits of electronic equipment, simulate 
the form and function of their natural counterparts. 
Whether conceived by the artist as components of a 
cyuernetic man (p 1752) or as independently function· 
ing entities, these metal and plastic creations project 
a disturbing iRMge of a future surfeited with uncon· 
trolled dcvic?S. Plannld control of medical, mechanical, 
and electronic devices is discussed on page 1745. 
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