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LEGAL NOTICE 

, Thia report was prepared •• an a '~count 
of ~.aYerament apon.:>red wort. Neither the 
Ua•tecl State•, nor the Commi••ion, nor any 

' perllOll acting on behalf of the Commlaaion: 

A. Makes any warranty or repreaenta­
tion, express or implied, with respect to the 
accuracy, completeness, or usefulness of the 
information contained in this report, or that 

I 
.. _ the use of any information, apparatus, meth­

od, or process disclosed in this report may 
not infringe privately owned rights; or 

B. Assumes any liabilities with respect 
to the use of, or for damages resulting from 
the use of any information, apparatus, meth­
od, or process disclosed in this report. 

As used in the above, "per son acting on 
!i behalf of the Commission" includes any em­
ii ployee or contractor of the Commission to 
~ i• the extent that such employee or contractor 
j prepares, handles or distributes, or provides 
II access to, any information pursuant to his 
. I employment or contract with the Commis-
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O• K.ur9 1. UNM. an f'Spttillll'ntal tJwrmo-
nuc ... rcff.Y~ wu.aploded at th. r. s. Atomic 
1-: ... ro Commimon·s Eniwetok ProYi"-
Orounda in the Mal"llhall Islanda. rollowin« 
the detoraation, unespect.ed chanai- in the wind 
lltructun depoeited radioactive m•terials on 
inhabited atolls and on shipe of Jdnt Tuk 
Foree #7, which wu conducting the test& 
Radiation su"eys of the areu revealed injuri­
ous radiation lf'Yels; the~fon, evacuation wu 
ordered, and ,..u Married out u quickly &11 pos­
sible with the faciJitifJ8 available to the Task 
Force. 

Although the calculated accumulated doeee to 
the f'Jtpoeeci human bein~ were beJiend to be 
well below levels that would produce serious 
injury or any mortality, the Commander of the 
Task Foree ttquested the Department of De­
ff'nse and the r. S .. \tomic Energy Commis­
sion to o~nir.e a medical team to providf' thf' 
btast possible care of the e'.'l:pt»'!t'd persons and to 
make a medical study of the exposures. 

Rf'sponsibility for oriz:anization of the medi­
Cll) team was shared by the .\rmed Fore~ Spe­
l'ial "·eapons Project, Oepartmf'nt of Defense, 
and the Division of Bioloiz:y and Medicine, P. S. 
.\ton:ic F.neriz:y ( 'ommission. F.zperienced 
proff's.-;ional and tf'Chnical personnel were im-
111t-tl i1ttt>l,y 1t\'ailRblt> from thf' Sanl Medical JU.. 
'*'lll"d1 Institute arul tht> l". S. Xaval Radiolo.,;i· 
c•l })pfen!'e Laboratory. Since ~1)ff(I WRS PS· 

senti•I in the orll!tni&ation 1&nd transport of the 
rue<li<'al team to the mid- Pat·itic area. t hf' as­
sist1&ncf' of the ~lt>diclll Department of the Sa,·y 
was ttquested. •nd wa.~ promptly l'f"('f'i \'t>tl from 
the ~urgeon f'rf'neral. 

.\ te1u11 WRs orJt'Rniu-tl frou. 1•n;.11111.-I •1f th .. 
two '.\°ll\'Y lllhorlltoriesand repre~nt.atin•sof th .. 
. \EC l>i,·!sion of Hiolo~· and ~fe<licin .. awl the 
. \rmetl Forn•s ~pecial W t>ll[IOll!! Projt>e·t. Thf' 
ff'lllll wits air liftf>d. to the ~far.i!hall J,1•11111~. 

arrn·i11Ji? on thf' Pi.,;hth tlity 11fter thf' t-Xplo~1011. 

Int.rim care and lltudy had t.a t"apably 
handled hy th. Mn•ll RW'dical ~t of tt. 
r. =-'· Saval ~ation. Kwajal•in, Mal"llhall l•­
landa The commander of the rranl ..tation had 
arran~ livin.i fuilitif'tl for the expo91!d Mar· 
shalJef'e, and installed laboratory and clinical 
facilitifl8 u ...quested immediat.ly upon arrinl 
of the medical team. 

Full cooperation and 11upport from all •n­
ries in the field enabled the medical team to 
operate at maximum f'flicien<"y, so that th• d. 
pee of radiation injury rould be &JI!! ied 
quickly, and appropriat. care and study of the 
injured rould be in11titutf'C:f without delay. All 
of the <>Xix-cl individuals have niieovere<I from 
the immediate effJCts without serious !!ft1uelae. 
NevertheleM it is planned to enluate the 
medical and ~n•tir status of the iroup at. ap­
proprilltf' int•rnls with " ,·i•w to lt1amin« 
what if any of thf' known lat.e pfl'ects of radia· 
t ion expoMtU"@ mlly hf. obt.rved. Ohviomdy and 
indf'f'd fortunatt>ly the number of (lflnw>n11 l?­

('f'ivin.,; 7!l rOf'ntJlt>n!! expotiure and ~tf'r i!! 
too smRll to mllke it poMihlt1 to df'tf'mtine with 
any de.,;l't"t' of arrurary the eft'f'('t on life 11pan. 

In •ddition to providin.,; medical cart! for 
these person!'l. thf' tf'am 1trrumullltt>d a lar~ 
body of !'!l 0 ientitic ob~r\·11tions on radiation in­
jury in human llf'inizs. The initial rlata have 
llf't>11 !!Upplt>mented hy tif'l<i n-~\1rveys 6, !lnd ~ 
months itftt>r the oriiz:inlli invE>Htiiz:ation. 

Tiii' ft'!-illlr~ of thi!oi work 1tn> summui7A"fl in 
the pn-~nt rnlumt>. Thf' data which wen- ob­
taint>d subMtitntially i1wrt-1t..w the fundamt>ntal 
knowlf'tiJlt' of radiation injury and tht> mt'(lirlll 
<·11pllbility of 1·arinp: for 1•r..011s t-xpoMt>d to 
larll" d~ of rll<li11tio11 . 

('ttAICl.F.14 L. Jh SHAM. ~f. I>.. l>irf'r·for • 

l>i\'lsion of Biolo"y 1rnd ~ft>Cli<"illl', 

l ·. S .. \tomic EnPl"JCY ( 'omni1!'11-iion. 

Ill 



THs t'J11111ta'TAKIJH1 of thf. raft and !Ctucly of the 
human t.i.._,. attid.ntaUy ex1JOM!d to fallout 
radiation foUowi"- the March I, 19M, nucltiar 
ts detcmation in the J>af'iti<' rep...wnted the 
tint inlltann! in whit"h Mtudy of a l&l'JI" group 
of irradiated human beiri~ was pomible 800n 
after expoeure. AlthoUl{h the phyl!lical eati­
matell of tl<Me received by the individuals es­
p«W!d to fallout radiation wen! thoUl{ht to be 
imblethal. p~ise knowled~ of the relative 
iensitivity of human bei11JE9 to penetratin1r ion­
iaintr radiRtion was lackinl(. Accordin,rly, in 
addition to the initial medical tf'am, provisions 
wt1re made for a Reeond echelon of specialized 
l•l'90nnel in c·aae they wena needed. A pre­
ventativt1 medicine unit of tl1P Commander-in­
( 'hief, Pacific fleet, 1u.1' alt-rted for p<MSible bac­
teriolotrical studies: blood bank penionnel, and 
additional <"lini<'ians and nul"Ml8 were notified 
in <'&se conditions justified their ~rvices in the 
K wajalein area. Hear Admiral Bartholomew 
Ho,ran, MC, t ·sN. Paci tic· Fleet Medical Ofti­
... r. • promi1wd full support of 1111 the medical 
fRcilities of the Pacific Jo'leet were they deemed 
ne<~ry. With the pre<·Pedin,r planninfl it 
was ft>lt tlult any mt><li<"al prohlt>m, l'f'fl&rdless 
of thP ~v.-rity, could be promptly and ade­
•1uately handlf'd in the lit>ld. 

Tlit> l1t"r.;c111nel for t ht" tt"am were obt1'ineJ 
within the rnntint"ntal limits of the t•nited 
Stat~ from the Si&nl ~(edical R.Mearch In­
~titutt> 1u11l the l'nitf'<I Statt'l' Sarni R1uliol0Jri­
c-al l>t>ft>n!4t' Laboratory. From the former, four 
mt><lw1tl offict>~, ft:. P. Cronkite, R. A. Conard, 
S. H. Shulman, and H. S. Jo'arr were obtained. 
Two ~ft'\linll St>rvic-e Corps ofticf'~, \\'. II. 
( 'hapman 1rnd Hobt>rt !"iharp, "'""' al1SO ob­
taim>cl from thP ~amt' in!'!t1tution. In additi·,m, 
~ix t>tili~tt>cl mt>n, ('. R Si1M>, ll~H'. t·ss: P. 
K. ~·hork. 10{( ', ( "!"iS: ( · J> .• \. :-o\trome, II~((', 
t "!"iS: W. ( '. ( 'luttt>r, ll~l. l. (': H. K llan~ll. 

JUI 1. (': •nd .J. S. Hamby, H~. :l, C wen 
proYidtd. From the t"nited Statti8 Saval Ra­
diolotri<"al l>eff'nae Laboratory, one civilian 
phywician, Doctor V. P. Uond: one medical 
~nie'e rorpe ~r, Lt. Com. L J. Smith; and 
four enlisted men, W. H. Gibbe, HMC, USN; 
.J. <'. Hendrie, HM, 1/C; W. S. Argonza, HM, 
4!1 <': and J. fo'lannapn, HM. wen! supplied. 
The Divisiora of BiolOffY and M«licine, Atomic 
Jo:nergy Commil!Bion, sent two civilian physi­
ciarni, l>r. ('. I. Dunham then Chief of the 
Medical Hran'-·h and Dr. G. V. I...eRoy, O>n­
!'!ultant 1md S~ial Rep"8entative of the Di­
l"f'('tor of the Division. The Armed Foree& Spe­
eial Weapons Project supplied one Anny medi­
cal oftit-er, IA. Col. I. K Rrownillfl, MC, USA. 
All personnf'I were experienced in the study 
of radiation injury. 

Tht> preliminary 11tudies perfonnfd by the 
~fedical I>epartment of the Saval Station at 
Kwajalt>in "'""' under the dil"t"<'tion of Com­
mander W. S. Hnll, Mf', rss, the station 
lllf'<lical oftil't!r Rnt.l his small staff who are to 
11t> 1·ommt>nded for an t''.U'ellent job. 

t"pon arrival of the mediCftl team, it became 
quitt> t>viclt>nt thl\t, be<>ause of t>he IRrge numbers 
of rl\diation ca~u1tlties and the huge amount of 
work involved in l'oll«ting data, that primary 
n"!'ponsibilities for \"arious phases of the study 
would have to be delesrated in order to obtain 
thf' nPC.·PAAary infom1ation for biological assay 
of the dt>~ree of injury. In the initial phase, 
h.-matoloJ,?it·lll !mr\·ey!I and establishment of 
di111l'a: n"<"ord~ on each indi\·idual were empha­
sized. Dr. V. P. Rond organized and ana­
lyzf'<i the rt>sult!I of t•he daily blood studies. Lt. 
~. R. ShulmKn, .MC, n"'N, with the capable 
lls.o;istanee of Mr .• John Tobin, anthropologist of 
thf' Trust Tt>rritory, and Kathleen Emil, Mar­
!'!hllll~ nu~. a!I interpl'f'tf'~. undertook the 
establishment of medical historiet1 and initial 
phy!o1i1·1'l e:uminations. .\s the clini1·al picture 
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•nfolcW. daily wic-11 r-all •nd MU? of lhf. radi•­
tiaa ....._ w.n MlnWd fMll by n. .. tor 1'4hul­
in•n .;. ... iilM'fl cift-i4iti.i in ..,Mnl c"flf\f"""'"" 

of tlw "'""' irroe•P- Wlwn P{l•l•lion •nd "''"" 
~...,. •IJf.,.""l. ( 'or•n1a1H .. r R. .\. ( ''"'""'· 
!\ff". .-~s .... " ••i.-. .... 1 primary ""'fJOn"'ihility 
fOf' cl«ullM'lltatioft of tl'lf' on,... itlC'idf.t""'• ancl 
<Wtait..1..,..ription of thf. !'!kin leticJn' llurinar 
thf. ti.Id phHP, IA. Rob.rt ~h.rp. M~c • .-~s. 
wu ,.;h·eu the r.9ponsibility for df't'Olltamina­
tion 1md rol~<."tion of data from 1tl1 MOUn.?.4 on 
the ndiation i11tf'nsitif'8 of tl'lf' <"nntaminatf"(I 
•tolls and tht> <"Alculation of probable d~ of 
radiation received. Paul K. ~hork. HMC. 
n~s. 11"11!1 in <'harge of the Hl"matol~ lAbon­
tory. Tile ~r,·i<."efl of Doctor ~. H. ( 'ohn were 
n!qUested, and made available by l"~SROI. to 

undt'rtake a field !!tlady of the de~ of intf'nia 1 
rontamin•tion. in 1tddition to the studif"§ tbat 
"·ere to be performed on urine sampl~ tttnr11e1i 
to the Los Alamos Scientiti" l.Rhoratory. St>w 
York Operntions Offire of the .\tomic Jo:ner~ 
Commission, and the USSRDl.. 

Tht> aut hor.4 wish to npress their ,:r1t.t it ntlf' 
nncl ind•btf'<ine:-:-1 in particular to Doctor ,John 
( '. Bui.rher. then l>iff"(·tor of the Division of 
Hiolo~ 1md ~lt>elicine •. \tomic Jo:ner,i:y ('om-
111 is."lio11, who 1·1u11e to t hf' forward area and was 
1ilw1tys 1tvailable for <'OUll!lf'l. In addition Cap­
t1tin Yan Tipton, ~I(', t ·s:s. l>il"f'('tor of .\tomil· 
I >t-fen~ J>i,·isio11 of thf' Hun>1rn of !\ledicine 
nncl SurJlt>ry. l~pnrt111e11t of the :S1n·y: ('om-
111111uler Harry Etter. !\I<·. { "S:S: Ca ptn in W. Jo:. 
Kellum. ~I<'. t ·s:s: 111111< 0 llpt1tin T. I.. Wil1111011. 
( '011111111111! i 11~ 1t 1111 Exen1ti \'t> ( )ftke1-s rl"4pt•t.·­
t ively of the '.\a ml !\ledieal Hf'!lf'llrt:h Insti­
tute: Cnpt11i11 R. .\. Hi1111t>rs, lJS:S, llirt><'tor 
l"S'.\HDI •• ancl ('11ptai11 .\. H. lwl111ke. !\I<'. 
1·s:s .. \s~•M'i11te l>irl'(·tor :SHI>L: j!ll\'t> 1111lim· 
itt>fl "'"fll'Ol't and t"t'd111·~i 11d111i11istr11tin• pro-
1·ed11r~ to a hare 111i11 i11111111. thus uuiki llj! it p<)to;­
,..i hie for the 1111it to 1..- 11s~mbled 1111d 1111derwn\ 
in 11 11111tter of hoi1r.-. · 

l"pon 11rrirnl 11t Kw11j1tlt•in, Rear .\dmiral 
H. S. ( 'lnrke. USS. ( 'om11111111li111l C >ftker t "11itt>1I 
:-it11te" '.\arnl :-it11t11111, Kw11j1tlei11, ?'11pportl'1l tht> 
proj1 .. ·t with •II of tht> f1u·ilitif>fl al his di~posal. 
.\,.. 11 •~ult. " l•bt1ratory 1t11d dinu· WK!'\ .. ,..tll~-

v 

1t.J ... 1 .nd nptt11tt11• within :.!• '"'""' aft"' ar· 
riul of th. ~I .... 

111 •cldifiot1. •• •-1iJ1 to ac·kno• .... fhP out­
!lfanclintr n111t ribut 1CM1,. nf C'ol. ( •_ ~. llaup1n. 
)I(·. I ·s.\. Fif.lcl f • ............... \rnwd .,..,,,...,. :i4fll'-
1·ial Wnpc"'" lln•j~1: ( ·aptain H. II. Haipt. 
)I(·. t ·~s. I hviMion nf Military .\ pt>lintinn. 
.\tomit- 1':1M'l"JfY ( 'onnniN1ion: l>r. Oordon l>nn­
nin.r. 1 li'liMinn of Hiol09rY and Mf'ftit'ilM' •• \tnmit' 
1-:1M'rary ( 'omnaiMMion: aml Dr. H. ~ville of 
.\rmflCI Fo"°" S1lf't·ial WeaponM Proj.ct who in 
addition to their primary dutif'!', l'Olltieted es­
tt>nsivf' data in the field on the radiation intenai­
tiP!ol of the lltolll'I ""'' kindly fur11iMh.d thi11 ma­
tPri"l tot hf' projf't't pe~nnel. Im. T.1 ... Ship-
1111m, TimmRs \\•hitf': and Payne Harri11 of the 
[.;0t0 .\lamOR St·ientifi<' J.abontory kindly fur· 
11ishf"(l very \'1tluahle dat1t on urinary esc...tion 
of nulionul'litlf'!I. Thf' early :oitndin of the (AJA 

.\ lamOR jfl"OUJ> in parti<'ular contributf'd Mil(-
11itica11t ly to the infom1atinn on the dt'lf'M and 
n11t11rt' of internal df'flOMition of short li\·ed 
nuI:onuclideto1. l>r. H. V. l.1Roy, A!l!OCiatf' 
I~an. Sc-hool of Bioloi.riul Scie111·~ t · nive~ity 
of ( 'hil'llJlO. parti .. ipllted in the early ph&He of 
the stucl~· 11s 1t 1·011 ... ultant to thf' Meiclinl Hroup. 

The authors of Chaptl"r I Rtt parti<'ularly in-
1lt>btf"(l to Dr. ( '.~-Cook atul the S uclf'Rr Radia­
tion Rranch at thf' Savy Racliolotriral llf'ft>nHf' 
Labol'1ltory for infom11ttion on enerizy 1listri­
\111tio11 of thf' arn1111111t r1uliatio11. l>atll on r1ttlio-
1·ht>mi<"1tl 1rnd nulioa1·ti,·e d{l('a~· r1ttf'l'I Wt>rt" sup­
plif'<i by I>r. ( ·. F. ~lillt>r 1tnd thf' ( 'hemi,·111 
Tt>d111olo,i:~· l>ivision of l"~'.\Hl>L a111l Or. R. 
\\'.~!"'""'*'of I.Al!'.\ la mos ~i•nt in<· 1Mbol'1ltory. 

In 1'11111' •in~ d11t11. on thf' "'kin l~ionr1, thf' 
help of Billiet l-:cl11111111l, ~f!U"l'lh1tll~ *-'hool 
te11d1er for the HonizPl1tp Jeroup in intf'rpret1t­
tio11 wu1 invaluahle. ~Ii~ Patricia Rc>ftn of 
lJSSHJ>L pt"t'puecl tht> hi11t11lojli•· prPpar1t­
tio11s of the "kin hiopsiPM :uul !\Ir. Willinm ~for· 
1'll,l 1rncl (rt>Or,i:e s ..... 111111 of t'SSIU>I. KIIii 

( '. P. A. Stnnne. II~((·, 1 ·~s. S11val MPCli<·al 
Ht"l*'1t1·1·h l11?-itit11tf' Jit>rforme1l tht> t>Xl't>llf'nt 
1·olor photo"raph,\'. 

Ill prPparation of tlu• n11ttni11l a11cl wr1ti11" of 
( 'hMpler \',I ht- 1t11thon; 1trt- 111clebtf'll to \li1'!8 C. 

• [)io. .... llPd. 

"§ 
-----------------------·~- __ ,, -



i 
l 

.._ nl l'MWRIJI. .._ ......_,... tlw ·---­
clit ........ nf tb.t"-. I~ ad•htifln. f>r. W. P. 
Scwrill nf .\,._,.. Sat;fJRal l.abontnry maciP 
aut...-1tha of ....-itic- ti,....._ l>r. Rat"hffl 
&...I of l"~SRltl .. perfOl"llW'd tM mi""*"°pic-
1_,hoinlri,,.f 91111la of th. tiMllWf' from th. ani-
1nala in whom radioiHOtOfJe'I ..... d•pnMitf'd in­
t...,,ally. IA. Col. R .• J. v .. nstra, \T, t". S. 
Anny, wu in .. ha~ of th• l"a ... of all th. .:s­
p.rimental llnimals coli«-t@d in th• ti.Id and ,._ 
turned t" th• rnit.d Statt11 SuaJ RaJioJ~ul 
J)t.f•n• Laboratory. l>r. Jo:. R. Thompkins 
made th. faC"ilitiew of th• t·h•mil"lll tf'l"lmol~y 
divi11ion of the t'SSRDr~ anilablt- and pro­
vid.d tflt'hnit"al advic. on th• radi()('hemical 
UfWC'fll of th• projf'l"t. 

TM rontinuous h•lp Rncl ('ooperation of thf' 
Trwit TPrritory rti!p~ntativt"S in partirular. 
Mr. Maynarrl ::f'a88, l>i!!trict .\dmini!ltrator of 
Majuro .\toll and thPir llicl in obt!linin~ thf' 
neceRKary l'ontrol dKtR on ~IRr.ClRllP!ll' inhabi­
tants •us indi!IJ>f'fl!qtblP to the !lllf'CPS.."! of thiM 
11tudy. Parti"u)ar hPlp w1ts obtRined from Mr. 
• Johr1 Tobin, thP rlistrit·t 1rnthrc1polc-.rist, whOM" 
knowlf'41..- of tht- ~fRrsJ1111lf'!'f' l1tnJ.'1•K~ and 
hallits. in 1uiclition to ~n·ic·P!'I 11!1 Rn intPrprett-r, 
"'·pre invaluablt>. 

The initial hlf'asunamf'nts on Mkin Rnd rloth­
inar t•ontamination wpna nuuiP hy l...t .• J. :-\. 
Tho1111)lolf111, M<'. n·~S. of\". P. :.m :-\quadron. 
w .. RrP inclPLtt>tl to him for fun1ishin~ hi!! f'e('­

nrd11 on the contami111tt~I i11cli,·icl111tl~ and the 
initi1tl <lpe·ontHmin11t inn tli11t w11s 1wrfor111t-cl by 
his p:roup. 

ThP c·11n- 111111 thP st1uly of thP!'IP human lM>in~ 
wo11 Id not h1t \'P llf't'n SIU'('t'M.'lfu I un lt's'4 t ht> 
M1tr!!h11JIP!*' h1tcl 11cTt1ptPd the i1111K•rtRlll't' uf 
tlu•ir lwin~ mulPr t'arPfu I mPtl ica l ohi.ruti1m 
1t111i of ~RthPrin~ mP<lintl cllltK. .\t Mil timf'S 
th..,. pt>oplP WPl'P 111c)lolf plt'K!qlllt, 1·001M>rati\'P 
1111cl :&l'ti\'t>ly p1trticipatP<l in tht> projpe·t. In 
pllrtin1l1tr thP projt't.·t oftiCPr wish~ to t>lll'~" 
th1tnks to thP ~l1t~istnt..,. of thP jlTOllpM., to tht> 
Mal"l'4hall~ hPalth Ricls. sd1ool tt1ad1t>f!I, and 
I 1 ll l'l'4f'S. 

It ii. '!uit• im~•-ilM to ac·lrnowlr.lcP th«' 
11Je1itita1M .. of th. llllftM'F\Mat llKll\'Uht11lla in ,-.r1· 

ouM apnc·~ •ho aMilll"f in c·oll«1 '"' nf •lata 
and .,.litin,; of ttw varHHlt' c·haf!tPrK. Tlw Pro­
jf't'f ( )ffi1,.r tril'llWR to mtnnM'nd all of 1 ht' pro­
ff'llMlonal aJNi tf'<'hnica) RM'ftlhPl'M of ti .. pollp 

for th.ir H("t'JJ•nt motivation. initiath·•, and 

rnluntary loni: houni of ntra work that """"' 
f"811Pntial for the a1·romp)ishm@nt of the clinical 
ancl lftf'llrd1 objf'<'th·es and th• rapid roJJection 
of the t>reliminary data in the tield. It i!! 
quiff' ..vidt-nt that the entire study of the Plt-
1M1llf'<l indh·idual!4 "'·as a coop.rative endeuor 
invo)vinp: numf'rous activities, and that it would 
lu"·" IK.'en im(>Of!Hible t>lt~pt for the splendicl 
Mpirit of unselfish 1·001>f'ration by all 1·onct>med. 
Tht> 1ir1t' team work of the ~roup itself madt> 
it JtOMHible for realiMtic 1laily rPports on RJJ of 
the 11bove phatlf'!ol to ht> forwarded daily to re­
sponsihlP llJ."l'IH'if'!ol and thus lret>p authoritit'!ol 
infom1f'4I of the 1·0111'8@ nnd ~verity of t>\'t>nts 
follow in~ this 1111to1'·nrd 1tn<l unR \'oirlahlt- 1u·c·i­
cleut . 

t ·pon 1·omplPtion of the initiRI phaSP of tht> 
stmly, primary responsibility for writin~ re­
port!'! on tht' rnriou!lt" phn~ wns delf'J[llte<l as 
follow"': ( '. .\. :-Oo11clha11!!, closimeotr;y: ~. R. 
Shulm1111, dinil'al , ""~ 1t111I <"llrP: R .• \. Co11· 
11rcl. skin lesions: \' ; ,_ Bone I, ht-11111tol11j[y: S. 
JI. ( ·ohn, intPrnRl drp11sitio11. 

ThP tinal p11blic·1tti1111 of this 11111nojll'nph 011 
hunurn r1uli1ttio11 injury n-prt"l'IP11ts ·tht' 4'omp1P­
tion of thP tinest in c·ou1lt'rntio11 1t111I ft'lllll work 
of a cli\'t'NP i?nHlp who willin~ly s11c·ritil't>d 
pt·r~1111tl nmbitio11!' 1rncf df'!'irt>s for thP ~oocl 

of thP projPC.·t 11t lllt"j...'t". It was" 1listi1wt pri,·i­
lt>~ to he dic)!o;t'll to clirt>d tht' 111edim) tP11m, 
" rt'lll plPllSllJ't' to ~lit 1111d intf'~ratP thP St>pR­

rntt' n-ports 1t11d titrnlly n-alizt> thPtr fr11itio11 
RS a ho1110,,,.,.11t'ClllS lllllllO~ntph. 

E. P. ( 'aosun .. ~I. I> .. 
~f P<lic·al f )pputment. 
Bronkl111 \'t'll ~Kt ional Lahorator.v, 
f'pton, 't'W York. 
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1.1 NMllft nl rhc Event aad ~al lhr Es..- it Grump 

F11u.1•Wt!ll~ nu: l~t!un••!ll of • n11ra..r 11P­
wW.., ta. lwitir P.rwi~ ..,.,.._. in ,._ ~:-'":' 

of l!tM .... 11'1,n. .. nt an1u•mti- of n•h•tll411Yf' n•• 
tf'f'lal f•ll nn ... ._t1hitr1~ f•tfMJlat .. t atoll ... 
TI... \la,...t1all•,.. inhabitant" of Hitt...-l•tt atoll 
• 1l-11rua1 ... 1 it,. ( inttap I 1 .... -..in .. t It .. hi11t....c 
... k·ulat .. I ..... of ratliafl•tt•. ~ ..... of lhP 
R......-lap flf'ltf>W ••l'f' lc•-at .. t lf'f11porarily on 
• \ilin;riu .. atoll front rt .. tinll' uf thf. fallu111t 
untit thf.y ......... .-.c·uat•d («iroup II). ·n ... ir 
rak·ulatf'd clcJMP •nM NnallPr than that of th• 
ott..r lllf'llthPni of th• pal'f'nt ,rrittap. Th• 
.\m•rinn ~nitt nlf'n t Hmup 111) """"' lo­
c•att"Cf on RonJE"rik atoll. Th• la~ ~up of 
)far..h11lt.,. t Ciroup I\") """"' loratf'd on l'tirik 
atoll 11nd ......... in•rl ,, ... ~11111114"!4 tic... n ... )lar-
~hallrw ....... livintr muif.r l'f'lati,·•I~· primitin• 
t•onclition~ in liarfltly 1·011Mtn1t·tt'll 1•lm hou!P.-
1 Fitr. 1.1). 

Thr .\nwri1·11n milita~· JM'r.tnnllf'I had thf' 
~·01111 hil[hf'Mt •Zpotllll'f'. Tllf'y •·•l'f' mol'f' 
a•·a"' of thr l'li,ruilk-ant"f' of th• fallout than 
.... .,. thr -'l.t!4hallf'M', 11ntl ttr•umptly put on acl­
tlition11I l'lnthintr to protr.-t th•ir !Jrin. ..\!'! far 

.,. 1lut._ would JJ"Wllf. thP1 ,....., .... ti .... of 
···!~~~·~~ l~~··!:~..-. !:-: .·~.::::-.;..;.;: ..... ..: •• : i: .. 
\larot1all•- rPnWn...t out uf •t.•.r- .anti th1• 
.-...... lnftft' h•aYlf~· t"tlftlaDUftlll .. I b.- thP ln8 

l•r1al falh ... on thP atulk ~...... nf 1tw 

~•Nair.... ht••""· ""1t "•••nu ... •tur1ns 
rt .. fallnut and many uf th. t·h1ld""' " ..... , 1n 
""'••tl'r. th• .... h ..... , ...... lnal.a. ........ . 
of tlllf' n .. t•rial fron1 thPir •in . 

Tl.. ...,,....1 1•nwin ... 1 ••"' Pn•·•t""I tn 
l\w11jal•in hy air and !llllrf..,. tranl"pnrtati•.n. 
~inc"f' a l"Ur\·•y of all incliYiclual" !o!httw .. I that 
tllf'r"f' •·11~ l"iarnitirant c'ftntan1ination of ,.in. hair 
111111 dochf'M. pntmpt clton>ntan1inalion •u in­
l'lf if 111 ... 1. ( 'lotl1f'!i """"' "'""w""I ancl launtlfon.tl 
111141 f"f'pP•t"'I "·aMhil"«" of th. !Win and hair 
•·ith frf'sh •·at•r and !tl•P Wf'f"f' l'IH'IW•I out. In 
many of tllf' )larshal..,., it wu tli•ult tn wuh 
,, .. nulin111·t ivr mat•rial froaa ,._. uir bf'ra1N' 

of tllf' hf'll\'Y c'f•-onut-oil hair d,.._in,r. 
Tl .. u1w1t1uf"f' lf"Hll• •ith indi,·iclualM in­

\'oh ... I. tllf' r11k·11latftl c'°""" of radiation. rtw 
proltllhl• I inlP-'4 of l:Jf,rinnin« of tt.. fa1t.M1t an•I 
r h• f'\"llt'Uation t inll'K .... trlYl'll in TahlP I. I. 

Table 1.1-Es.,._t. wl Coacrol Unn.,.-d Groups 

Gro11p I - Rouc .. lap 

(;roup II - _,ilmcm ... 

C ;roup 111 - Ronflrnk 

Group I\" - l 'urik 

'.\I ar,.hallrtor, Control 
c;roup A 

Amrri~11. l 'ont ml l\•·a-
jalrin· :\mrril'an 

ToUL ........ 
h Cl-ll 

"" 
IR 

• 
I Si 

11; 

105 

............ ft 
Tt•& ,,. f"n•· .......... "' ... 

r•u..11·7 

II . .. '" fi 
h ..... 

H + 4 to 8 
hl'll. 

H + fi.R h"' 

H .. 22 h,,. 

II .. .'iO h,,. '" i-•pl .. 1 

H .-.. hi" '"'" i-•ploo• 
H . .">8 h,,.. 

H + 2R .'\ hl'll 1 N lllt"RI 

ti + 3.f bn. I 20 lllt"n 1 

l"tan...t at ti .. .').'\ .. ,,. 
Complrt...t al H • 7R h"' 

.. .,. .............. .. 
1·-0 I" I~ l"AU"• . 

LA"'••• 

3iS mr ""', H + i 
day• 

IOO mr bl'll . H + !f 

•lay• 
2MO mr hl'll .. H .. !f 

day• 
·10 mr hn. II . " 

·la~·· 

.. _ r.-.. .,. ... 
T..,.u 

u •••• 
'~- ... 
Aa tr• 

1;~ 

"'t 

ill 

u 
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TrtR F...-n•~WZ V ALt Sii nf f'st•mai clew ,rinon 
in TablP l.l w.r. ... a.·ulat.d '"""' .,..lil1'9 nf 
~~~:!!:= !'.d;: ,w;-;; ..... ; ... ,1rm1•lll"-; .\ , .• ,.._.,. 

of a 11un1t.r of ck ... ral• fttt"llMilrt"HIPlll'" on ..... h 
1tdand al a ll'IYPn t illW' ••rr u-l. Tb. l"Pllcl­
ille' ...... tak.n in air, a1•pru•in1at•ly th'"' 
fM ah"'-• ~nd~ llf'YH'lll cla,p• aft•r thf' inhab-

120 
j 

« 
~ 
0 
~ .. 
0 

~ 
a .. 
u 

• .. .. 10 

100 

... rr1.-ci rt11t, '"~ ,....,. it" •'flf'f'llllll, l"ctndiunn 
k110•·11 l•t t. •IJ!'lfa.·tor~· umlPr I~ .-n..-,..-nt·,-
1·011dit1cM1 pt"PYathni at thr tm .. nf ,.,.. Fnr 
tfw. .,....,,. ti• lat•r l"ftldi...,.. •••i•·h -
h1arhPr 1han thr ..arl~· ~•n·p~· hy an .,,.,..... of 

;,.1 l•"'Plll •hl'ti ,,'""""'"I to thr !Ollft .. tin..., 
.,.... UllfOli an l'flllll"""ttr tlw ,,,..,. 11111 .. l. TlMa 
11114 MID11Pt1t,. u-l fur thf' latf'I" 11....,.U .......... t9' 
... .,. 1·ahbratf'lll jillf't t•ri•ir to thr !'lllf'Yf'.1"-

100 •000 

~--- SOU.Cl P'CC Tau• 
I ..... ,,~ .... ,. ..... 

·~ 
U1(8GY 11.(YI 

fo'1111·a1: l.:l-D1•1rih•limt of 01llrrr1tt ,.,.,.rptn tJf 11•- ro4inlio" ,,.,,,,. "'~''" 

fU•lflfl prtJlftfl'f•. """ ll.,_lnf1P"ll"' of ,,,.,,,...tf•·ll r1t•.,..r1u·• '""'•rf'd bf ('""'"'"" 
.,.,.,,,.""" "' ,,., ••. , "' i4'1ilt- plllftf• .f ,,.,., ilf ,.,,. .. ,,,. •• , .... ,,.,,.'",,,.,,,.,, .• ,..,,.,, 

ff••lfHI prtHh1·I• ,,,.,,,_ 

it1111t!'i wt"rta t"\';H·11n1tacl. lwfurt> tlii!oi tii1w, 1ult"­
'l'llltt" ..,lll'\'P~"· with Wt"ll •·itlihrattacl i11~tr11t11t>lll .. 
l111tl 1101 1~11 po~"ihlt>, ulthouj!h rt"aclillJ,.~ luul 
llt"t'tt t11k·•11 with 11 .. i11i.rlt" .. urn•\· tut"tt"r at tit .. 
I i111t> of t"\'1w11at11111. lloWt'\'t"~, f'l't"li111inury 
•·althntt1011 uf thi .. 111 .. tr11111t"llt l11ul not IM't"11 

•.\rn" """'·' • ululo.: .\~ f'l •It :1:1 

1.21 Cbancteriscia of the Gamma Radiatioa 

Tiit' fallm1t 11u&tt"ri• I. wht"ll clt>JM..,lft"tl 011 I h•· 
J!rrn1111l. fon11t"tl n l1tr,_,... pl1111•r ... ,,irc·p of nulill· 

I io11. Tht> t"llt'l'J!~· cfo1t rit.111 iou of t ti .. n1cli11t icH1 
n'lll"i I j llj.t llll t"llf M r.ot"tl j 111 I j \-iii ml I \\.II .. j 11tt1 l..,U" ... 1 
h~· 11~ pie""",."' tlir1111&rl1 tht" m1 .. n· .. 11111ar ur. .\ 

knu" 1 ... 1,.,.. of thP t'llt't~~- ~1,..,·1n1111 of th .. ,... 



l%ff& 

t:rn;CTM or IONl&l~(O •ADIATIOM 

cl1•tion _.it .......... fn11n rt.. mat.rial tt~lf 
•.de ,,_..;l1a. an •rt,..,,ainaat• ralt·ulat ton of 
,._ :'!"=:;=:;-:;;;.e, .. : iueai cit .. 11Pll\"P""l Ill P1trh 

of ,.,."'111 f't""'S)" .... ttlf'•. Sm·h • 1·al•·ulat1om. 

'""' .. "f"""'"• ... nr data on tl ... """'"'.,.. 111a1 .. r1al 
of m1s"'I "-""' P"•h1t-t.P. a1:11l t•km,r into ar· 
,,,.. .. , th111l't ... rlf.V 11.,rnulation tt; ( 'omptun .-·at-

'"'""' alma,r thf. 1•th lit air. I I) 1 ... 1 to th• 
clt .. -f'tlf'r~ hi!llf•'t[T'lln• l"l10•·1a in ""i,rt11"1' l.:!. 
Ko1a,rhly •! ....... ""•"' thl'ft' n-ariota1o1. with mait· 
inue •t Jiu, jnu •nd 1r11io Kfo:\·. Th.- tot•I t>Jl· 

IMll'IUno wa:. tlml' tllf' 1?.oinlt1rnt t>lf.,.·t of partial 
cl·~ fN1m t>ad1 f'llf'rJ!)' .-.,riou, 1111tkint: thf' f'll· 
pot111no f'llt>rJ[y rn111litio11 1o11;:11iti1·1t11tl~· 1lilff'rf'llt 
fN1111 thcMO of r1&cl11ttio11 the-ntpy or t>it1wrimf'lll1tl 
ratliohiolciary. 

Th" 1l1tt1t in FiJtul"P l.~ 11r.. 1111~~ 1111 th" ~1Wt·· 
lrmn of~ 1l11y olcl ti:o<. .. ion prochll'ts from 1t fatll­
oul ~mplt>. In tht> 1tl,,....111"t" of otht>r d11tat, this 
w1t1o1 f1tkt•n Its rrpr ....... 11t1atin• of tht> fltllout 011 
nil of tht" i1o1l1uull" lo which tht> i111li,·ichml:-; Wt'l"P 
t"itpc~cl. .\11 f'llt'rfl~· 1·orr1>1·tio11 fltl'tor for the> 
riul i11t ion "''""'"" ri 1111 i lll'if r11111f'll t wn~ n1kuI1t ft'( I 
h~· Wt'tllht ini: t ht' clcl!'it" from t'11c·h t>llt>qcy int t-r­
nil lty 1tn n , ... rn,,_,.. lllt"tt"r r~po11~ f1tl't11r for 
tl111t t't1t"ri:y Ii). .\ j!t'omt>tr~· 1·11rr ... ·tion fart or 
WK~ 1tls111·11lc·11l1ttt'(I. Tht' tot11\ c·ornat·tion rt"l'illlt­
i111l fr11111 thi!-o pruc·t'(llln> wit .. fo11111l to llt" 11ho11t 
I Wt>lll _,. 1wr1·t"nt. 

1·~i11i: thi .. 1·11rrt'l·tion. tht" cit~ nit.-.. on tht> 
i .. 1111111 .. 11t tht" t1111t> of .. 111"\"t'_\' Wt'rt> 1lt>tt'rtllit1t'(l. 
:-;i1wt" r1tdio1tdivt' dt'l·1t.\' of tht' li .... i1111 111·04l11rf!" 
l111cl 111·1·11rrt"CI l ... t Wt>t>ll I ht' .. tat rt of t ht' 1·xpo:.U1't' 
111111 thi~ l1tt1t", it wit .. 11t'f.·t'~~ry to oht1ti11 R ,·ah1t> 
f11r th1l'i 1lf'f·1ty r1ttt' cl11ri11J! tht> c>ltp«ll'illl"t' 1wriod 
in orclt•r to 1·1tlnil1ttt' 1t t11t1il clo~ i11 t"!l.-11 c"lll'lt'. 
.\ l1tr,,_,.. 1111111lwr of r1tclioi"iCltot1t"~ 11n- Jln"*llt in 
\·11ry1t1j.? pru1111rtio11 .. in tht" ti!<!'io11 pn14luc·t 111iit­
t11rt', 1111cl tht" tot1tl r1ttt' of cl11tllJZP of rncli1ttio11 
111tt"'11 .. 1t.v '"'"11lt111Je from lllt'rn 11111~· tl1tft>r ..c1111t'· 
'dml w1tli pl1t1·t' a11cl timt'. Th .. 1 ..... t cl1H11 11\"1til­
ablt> 111 1111~ 1·1t...- 1·11111t' from foll1111t .. 111nplt>!< 
t111ct'11 ..Cl411t 1tftt'r lht' dt'to111tl1011 1tl po111b ..Ctlllt" 
tl1 .. l1tl1C't' fro111 tht' 1·011t11111i111tt.-.I 1tloll"'. I i....·11\· 

mt~ of t h'"'4t" N1t11pl.... "t'r1· t11t'11~111·t'1l 111 t ht" 
lit'ltl 1111d 111 tht> hhor1tt11r.\·. 1111cl 11 fo1rl~· .-1111-
...... 1 .. 111 1111tlt'n1 "11~ ol-rn.,I a111•'lll! '1tno11 .. lo-

r•tionM ancl •n•P'"· In addition. tlwontit·al 
,,11 .. i•wrattfWlll t.-1 ,_ ,._ ~1:~~:-::;i;·.o: .• ...,.. 
1••11 lflh of t hP fallcM1t m1st11,. l1"'1ralfl .. I •• ..... ~. 
,..,..,. to hP t· .. &c·ul•tPll for 1hf•'"1t 1 111 .. naa.:t 1 .. -
1•""" tlM' tm .. of i11111al .. ,l•'"U"' •rad latrr !<Ur­
, ... ~. "'1l•lllllr.' j ;'). ·n.r... ..,..... ... n with .... 
t'llf•r111w11tal clata, .anti .-.. ,. utPCI l•.th in ti .. 
cl«- 1·al1·11lation!'I clurin,r tllf' •SfMll!"lll"P intnval!'4 
111ul in t'Str11polatin,i tlw late-r !4urvry rf'llclintrW 
to t'1lrli .. r tin~. 

1.22 Duncioa of rhe Expo111res 

T11t> t imt> of t>V1tt.·11at ion ii' known at·cuntt-ly 
for 1111 th• il'llauub.: hoWt>\"t>r• th• tim• of itrrival 
of th• nuli111u·ti,·• dmul •·au• clt>tt>rmint>1I pre-
1·i!Of>I~- 11111,\· for Uo11rrik hy 111 .. arns of:& t."flntinu­
ously n•1·11rclinJr 1lcl!'ot' ntt> mouitor loc·atf'll Kt thf' 
\\'t"11tllt'r "tntion on tlu&t 1&toll. .\s th• ratli•tion 
i11tf'n:.i1_v nt!<t' 1tho\· .. tht" h1t•·kJl"mnd. ll m1ttt>ri1tl 
with :1 llll!<ty 1tppt•atr1tltrt> llt>Ji!Mll to frtll. Tht> 
ti111t"'!< of bt>jlin11i11Jl of fltllmat for Konrl1tp •ncl 
.\ili11~i111tt> atoll!< wt-rt' t"l'iti1111ttetl from :-<imil1tr 
\"i!<111t I o~r\·1tt 11111s. Tht'!'it' t>!<I i11111t(l'!o; Wf'rt> con­
.. i .. tt>llt with tht' 1-..l1tti,·.- cli1'lt1t111·~ from th.- !<itt> 
of 1lt"ton1ttion a11cl th.- known wind \"t'lot·itit>!'. 
Fallout WM!' 11ot oll!olf'nt>tl on t "tirik. ht>nt'f' tht> 
~•i1111ttt' of 1trri,·11l timt> WK:. 1111tclt' 1111 the> lmsis 
of wincl \"t>l111·it~· 1t111I d1..;t1tlll"t'. 

Two t'lllrt-mt' l"~"ihiliti .... t'Xil'it 1-..lnti\"t' to tht> 
il11rnlio11 of tl1t> fal\0111 .. : tht' tit"!-ot. th1tt tht> fall­
out 111·1·11rrt'll t•1111r .. ly within 11 ~horf tirnt>; lht> 
..,.., . .,lld. thnt it w11~ i:rnd1111I a11cl t'lttt'lltlt>d o\·t'r ll 
l1111~"r 1tt>r11"I. Tit .. 111011itorini: in~tr11111t>11t 011 
Hollj..rt'rtk Wt'llt otf ,.;c·nlt> al loo mr hr. nnt>-half 
hour aftt>r th .. do:•oit' l'Utt' llt'j,!1111 to ri~ Klwn·t" 
l1111·kJlr111111tl. If tl1il" rate> of ini-rt'a-.t> j.,. t1tkc>11 "" 
1·011..;talll. a111I i~ t'lttl"lq111latt>1I to a point for 
whi1·h ,.nlll'it'fJllt'llt dt>nty wmilcl rt'tl111·1· tht' 1l1N> 
ralt' to tht' v11l11 .... found Kl l1ttt'r ti111~. tht' 11..;­
~11111pl ut11 of II lot1JZ fallout of ah1111t lfi hotil°" 1s 
f111111tl lo llt" llt'l't's. ... 11ry. Tl11"' .. fow rutt' of full 
a111I l11ft' 1111txi11111111 timt' of tlo"'t' r1ttt' wa..; Ollt" 
li111i1injl t'll*; ho\\t'\"t'I" thi"' .. 1t11al11111 \\II~ 11ut 
1·011~11lt-rt'll lilwl."- Ex1 .. t111i: data art' i1wn11t:l11-
.. 1,· ... hut ,., .. rKI 1111lin1l11111 .. f11\·or a .. hurt.-r 
·•t'tft'<·t1\·t' fKll011t tllllt" hy1111tlt .... 1-·· 1111cl :trt' .. 11111 
lllltl"!/.t'<l l ... 111". 

I ___ "'-_____ ..., ___ ..._ _______________________________ -..-,......,,_ ........... ___ _A,... ___ 
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a. Tlw ..cimat..d duratiom of fallout whit·h 
i .... :i irom ti, .. auo\"P .. iurapola1tnn of in111aJ 
fallout rat .. for (iroup I and 111 apprer t••• 
lone to haYr orc-um-.l at t ht• 1hl'tan1·•• of 
th,... p.opif. from thr idlot 11'la1ttl. ~,..-.. th .. 
wind v .. loc-11 ,. m ti. .. an•a "'•" lntrh 1•11011,rh 
to moYP th~ c·loud o\'t'r th .. islanclM in a 
roruNJ .. rabty short .. r timf' ...... little• M on.­
half of thP abO\"t' iruhc·at..d ti111t>. 

b. ThP IU"C"OUnlS of thf' vi&ibilit\" of tht' fallollllt, 
altholll[h ronftirtinl[, do nut iruliratP 1turh 
latP rPMAtion. 

r. DOt'lf'8 rah·ulat..d on a long fallout 1·om•tant 
ralP of im•rf'IUM' h~·poth~i~ art" }oWt'r than 
t.hOSt• tfu,. to a short fallout, sitwP a short 
fallout quwkl~· dPposits a l&'ltf' &IDQUllt of 
M'tivit.\". For both a 16 hour and 8 hour 
fallout &88umplio11. a dOtW valuf' was t't'li­
matc'11. Ttw rantrl'M art' t tw11 as follov.·~: 

Table 1.2 

Hon11:1·lap 1(;ro11p ll 
.\1l1111ti11a .. !(iroup Ill 
Ho1111:1•r1k I ( ;roo1p 1111 
1 · t m k 1 (; roup I\" 1 

l>u .. a IN r 
•·•u.01 r T1•& 

I~ ir H ir 

15!• r 2(~1 r 

72 r •12 r 
;or 11 lfi r 
12 r I.'> r 

On Roniznik (( lro11p 111 \ ll ~•·I .. r film h1ulJZt' 
rt'lulin~ Wf'fl' oh11urwtl \\ hid1 1·1111 ... 1111111• tli1· 
0111.v clin•1·t 1•vidt•111·1• of tollll dost• ~1·\·1·r1tl 

hadg1•" worn hot h 1111 t door!\ a111l 111sid1• li~ht I~· 
1·011io;1 r111·tl'1l h111lcli11~~ .011 t ht• 1sla111l r1'1itl 
ahout .iO to ti.') r. a11cl 0111• haclj.?1• wliid1 rl'­
mairwd 011tdonN on·r t h1· :!.'\ .') hour p1·ri111l 
rt•1ul 9~ r .\11011 ... r l!roup of httdl!""· k1·pt 
111dno~ i11!'11d1· 1t ~lt•l'I r"fril{Prator. r•·Hd :l"\ r 

Tl:i·-.1• do"'' n&l111°'!'I n·pn•s1·11 t ll nuu·I ·' of 
,.011d1111111s. hut. •·1111,..11l1·r1111' 1 Ill' .. 111dd1111! 
and 1ttl1·11111tl11111 f1&1·111r-. llr" 1·011"1 ... 11·111 with 

till' ll"-"""'P''"" th1&1 rt"' .t .... ,. ""'"'"'' d11r1111! 
1111' tir-t ".!~ .'"1 hou!"" 1tft1•r t Ill' l11•j!lllllll11! of 
t It .. f1tl10111 1·11rrt.,.pu111l1·d 111 al1011t 12 lu111r­
of n111,.1 •Ill f1tll1111t 

.. 
' 

d. 1o·or l · .. rw1r ••n". q~::;. :\· .... :, • iuiii"" 
tam .. of ahout I".! houl"' or l.- '" rofllNl't .. nt 
•tth thr latrr 1l1- ratt"" ut..,... ... I. pt11n.trd 
t lu· fallotat utuaJh· lM"J1111 u lat .. • w• 
,.,.t1ma1 ... 1 fmm wnul aratl 1hl'ta1wt' faf'lo"' 

t'. .\ lontr fallout pmhahl~· w011l1I not t... um­
fnnnly lwu·~· thnmtrhout. ttu• ti"'t portion 
twintr th .. moMt "''"""'" ancl tilt' halarwr clf"­
rn-utni[ with timf'. Th .. total ph .. nomt"non 
woultl thUA 1 .. ncl tov.·anl ttw .. fff'rt of a 
Mhort .. r fallout. This is suplJt•rtt>tl b~· mom­
tor clata from oth .. r nuc·l .. ar .. v .. nts. whe•n­
initially hnv_,. falJout i1t rPportf'tl to proelurr 
a pt•ak of air-horne radioac·tivit~· M>OU aft .. r 
arri,·al, with tilt' a1rhor11t' artivit.\· 1 .. , ... 1 th .. n 
tlt'f'f('L'tintt. Tilt' latt .. r pt!rt of thP fallout; 
thoutrh !'ltill 1lt't .. C'lahlf' u 1lu1tt, ma~· thPn 
prtMhtrP onl.'· a ~mall frat'tion of th .. total 
1lotw• from mat1•rial on the• trround. Ht'n<'«' 
t Ill' total clo!4t' ma.'· lw f'f'timatf'CI fairl~· ar­
ruratPI.'· h.'· aMAumintr a 1·ont11tant faUout to 
ha\'t• ht•t•n 1·ompl .. tl' in a mue·h Mhortf'r 
"1•tf1'f'tiv1•" tmw. 

Th .. tlo:-t• nt I 111•-. l!i \"t'll i 11 Ta hit' 1.1, haiwt) nn 
tilna lt:11I~. nll'tt>r nml 1110111tor dllta, iU'~ con­
.. i,..tf'llf with It 1·011,..t1U1t f1tl\m1t l1.'·p11flu•!<i!4 of 
11ho11t I:! ho11" l'tft'('t1'·" tin• ... • 'h1P t'Xl't"ption 
i .. 11111dt': t ht' do .... rn 111~ for ( irc111p I I I 11rP 11t1011t 
j;, pt>fl"l'llt of tlil' I:.: hour fallout v1tl11t', 1t\'1•ra~ 
for :! ...... 111111 :H hour t'lllM~llrt',.. Thi .. W.t .. r .. 1t 
to t'llJ'n""'"' 111o~t :ttTllntlt>I.'· tltt' 1t\·t'r1tKt' 1'11' 1lc­
l't"C't'l\·.-.I h.'· pn:-4111111'1 \\ho .. ,,..111 ro111!hly httlf 
1l11·11· 1it11t' i11 .. 111 .. -..tnwtur .... wlil'l't' th .. dtJHf' raw 
\\a-. 1111 .. r fo1111d to h1· 11•11j!lil.'· l111lf thttt 0111. 
,i .... , ... ( )11 tllt' orh .... , ... 1:11111,.. ... 11..i1 .. hll'ltlinj! ""' 
110! 11 vai l11blt>. 

F11!1ll't' i.:\. ill11 .. 1rnt1• .. tl1t' 1·111111il11t1011 of 
rad111t1011 olo,.... '''a f111wt1011 of tllllt' :aftpr 1IPto-
1111l1011. Tli.. do,.... rHlt' \"lll"lt'ol 1·0111111111111"1.'". 
Tlw 111a)or port 1011 of riul111t 1011 \\ N"' n>t'f"in•d at 
tilt' l11.,d1t'r .i.,,.... mt .. pn•n11l1111: i11 11i .. l':1rl.'· por­
t 1011 of tlw t•Xpo,.llrl' llf'rlotl. B.\· tl1t' tllllt' tlallt 

•1 .. 1111: I:.! t.uur• n•·tunll\· r.....,u!f ... 1u \ul1u ..... "ht• h ur .. 

11 ~l·•·r 1111111 11i ........ f T11t.1 .. I I 1,~ :1 '" 11 r. T111o1 .. 1 I 
I ... 1111..: th•· \al•a .... •uh tahtt• .. l , ... , ..... 1111., .... 1r11m •L•lu 

"'" .. >l\a1lat•lt· I 1w•·1ta1Uf\ 111 all th ... , .. f .. cro11t111u , .. 

ir•··•••·r tt1au r•·1· 1l1fl'•·rt·u• .. '' 111• h I"- ,. ... ,..,. , ... 1 

----~~~~--~~---~~~~ ------------·-------- -
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•t fNIC ... of t ...... Md ..... ~Yfld. tlw 
... nle ..... fallllt IP ... than -t4) pt'l'Uld of 
~:-: :::::.: •·=•· &" ... 1iw .to. nttt aim dtf· 
,.._. ,,,_ 1t. -1 ......,..ant ral• in tlw 
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! 

I 
_, 
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tt. cit.. .. thP t-.ntf>f nf tlw body i" apfJ"t&i­

_..., ~· ....-=t ......... tlwt .... w ..... 
fmm a ... Y"' air Jo. •1th ...,,..,... hNaa ...-­
fltry. Fip"' l.4 illUalrat• rt.. dPplh dow 
.... ,... "'-a an ••fJl"'111Whtal •tualM• •inllf 

~ 50t---------+------..,_ ______ __.~----- .._ _____ ----

It "" 'AU.·OUT ·-·· .. 
Tl•f Al'Tf" M•MQUtt 1 .. ) 

r1u1·u 1.:1----1·.-,. ,.,.,.•m•lelioa of ,..._. <ln•r •• • f•wlioR of 11- •I'"' 
N_.,...,,,.,..,."' of fellmll nt1 Hma,..,., aloU. 

1.23 Geometry of the Expoeun 

In addition to tht- dotee rate a1ul ener,ey <lif­
fel'f'lll'ftl tilt' ~1mt"try of the e1pc1t1ure to fall­
out nuliation il'I 11i~11itk1rntly ditferent fn1m the 
Ul-111"1 Jaborator~· !4011r1·~. Si lll't> flll1011t ndia­
t ion i11 clt-li\'f"~l from a plll11ar !4()11n'f' tht" usual 
narrm•• h ... m jlt'411llt"try 111 not applit·ablf'. In 
11uc·h 1t tlilfu.w ;~1·' tiehl, tht" <ll"l'l'f'll!'le of dOIW 
•·1th 1lttpth in tii.HUf' il" lt"M4 prunollllt'f'\l than 
that tt"'4Ulti1.,r from • hilatf'ral f'XJM*Ure to an 
X-r•y hf.am llf'l·au,_. falloff from ill\ rw *JUare 
i11 111 •lfN·t n•ut ra liU"tl. Jo'or t hf' qm. ,.m•r.r~·, 

~pherically ,r;t.>ntetl ( 'o"0 soufl'eS with • phan­
tom l'l1u-ed "t their t-enter, t·ompa&reti with a 
t·u1went iu111&l bi lateflll depth d~ run·e ~ 
tained "A·it h " ~iuarle l'lource ( -l). In the latter 
ealW, thfl air llow is U.'4ually measuff'li at the 
point !4Uht1equently Ol'c·upit'l(l by the 1·enter of 
the pmximal !4Urfa~ of the patient or animal 
with rettptic•t to the ~Ufl'f'. Jo'or t~ tiel<l ea. .. , 

all i1urfat·es are ··proximal;· in the sen~ that 
the llir dOt!e me&l'U~ •ny•·he~ in the spe.--. 
1ouhtwit1uently <X'l·upied hy the indi,·idual iM the 
l4&11tf'. It iM thia atr de .. wh1c·h il'I n..._.,.u""l 
by a tWIJ mictrun .. ut: 1t d•tPtl nut bear th. ~nw 

~'~---~~~~-----~-------------------------
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Nlllli • ip to thf _..._.. dim ... dliprh .. .... u... ---~~ .. 
..._ ia tt. t"tiair • •t , .. _,. It ..,.w 
•pp11r ....._. dlmm ftftW4111MW ud in ..... 
• .,...iarntal c.oMitiw thM tt. •Mlli• dam. 
...ai.. ,...._ dic9 --nd ia air, wmald t. ti.. 

' __..,.- hNa air «'- tritla < •+- Wr ~ 
?~- "':.; .,.. ......... : 

Rt ..... lap. H"n1p L ____ - - -

.\ih"tll ..... ""°"' • ._ __ -----
~k. o,..,.p Ill ------
l.tirik.O....., IV ___ -------

IOD .... ----·------------------...-----~,....------,....----....,,....-------"t 
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DEPTH 005£ DtSTRllUTION IN CYLINDRICAL PHANTOM, CCJ'OFACIUTY,(NMRI) 

Fleru 1.4--l'Olll,_,.;_ uf d1·ptll dnft' ,..,.,,... i" ••••"'"" , .. ..,_. frw. 
MJatf'f"•I ,.~."' to •• , .. ,,, "°'"' IOtlf"('f', 11 .. d u .... ,, •• ,.,,.,, t'~M•r'f' to 
••IUJJI,. llOtlrN• lf'it• • ,,,,.,,.,,.., di1tnl>11Uoa •roti•4 ,,,,. ,u•tot11. 

heth~r common parameter in tem1s of ..-hid1 to 
predict binlotrical effect. On thi11 usumption, 
thf' 1tir datte ult1e1 stated in Table 1.1 11hould b. 
multipli.J by approJUmatPly l.!'l in order to 
l'ompa" tlwir Ptfl'C:tl'I to thOMf' of a l[iven air 
dow from a "point :.1oun.-e·· ti.am ~M'try de­
li\·.r~J hilat•nlly. If this i11 Jonf', 1U111umin• 
a fallout of l~ houl"K., ttw follo•·ini .. point 

lalTUt-»--2 

The ~w'.ry of radiation from a fallout tield 
is not id"utical either to the ~try of bi­
lateral point ltOUttftl or !oiph.rically distributed 
11ourtW l'linl'e th. pl~11• 110U~ delinl'M the radia­
tion la'lt"'IY at a puitllf anir... llo••ver. the 
total iif'\d 111tuation iit b.tt.r approaimat.ed by 
.,..,)jd than liy pla1.e ~Mlllf'try. ti:aJOMlni ....-­

t"tr)· in a nadic1M'11v• rloud wouki t. ~l'll'al. 



IO 

'.! !upc: 6t:1d Dmn -:JI Jt:adbfina 

Pram - .... Wt Gii·--l..ti-no. 
T•-('"" ,_ nodouht th.t th. etc... of raJia· 
ti4111 tn the •rfac• aud tb. fil'M t.w miUinll'tf'l'lt 
nf tb. tw•iv .. ,. ttublitantiallv hi_.,.r than tt.. 
mid-lilW' ~of pmma radi.:tmn u a rwult of 
flh.Y"nl mtl8idttationt1 of .. mnaa f'MrJr1 and 
d.pth 00.. In addition. th. <·linil'al ob.rn­
tinn11 of th. i.kin 1"ioo11 (8N Char,. 111) forft­
fully demon..tratf'd that th. rl09P to th• llkin 
varied ronsid•rably hffwflf'n individual11 and 
onr the 1mrfa~ of any iiven individual. .\11 
will~ Hident in ttw fol1owin1r dilll'u11t1iom 
of 11urf.,.. cl~, it i11 obviou" that any numbtont 
p~nt.d a~ at befit only Mtimat"' and "'P"'­
MPnt an ap11n,si11aation of MOm• minimal valu•. 
In aN'u wh•na 1Pteionl4 'A'f't .. !lf'\'t"rf" th• clOIP.I 
mllf't hav• t..n 11i~itk·antl~· hiJrl••r than in non­
tlama~ ar.aB. 

To arri,·• at Mm• phyMinl f'fltimat• of th• 
Mkin clflllW', "" 1tth•mpt mul4t \,. matl• to acid up 
tlit" ,·ontrih•ttion11 of th• hi¢t t-n•llfY ~amma. 
th• nrv woft ~mma. and th• hi,r:h•r •n•'lQ' l•ta 
ntdiat1~n from th• llll'JE" planar MUM't' in •hieh 
th• indivi1lu1tlM """"' of llf'C'f'Mf4ity f'Xi1.tin,r:. 
llowt-vf'r, ..,. 1tlhulf'CI to alJon ancl f'mpha~i~I 
in ('h•ptf'r Ill, thf' lu~t c·omJ>nnf'nt of Mkin 
irnuliation ~ultf'tl from thf' ~pott~· local d•· 
pc~itM of fallout matf'rial on t-:ilpcwd Murfac~ 
of tht> botlv. Thf' dcl!'4" from df'JMl!Citf'<l matf'rial 
i~ impoH .... ihle to ~i1111ttt>: ho"'f'V•r. thAt from 
th• l1up planar l'll•lll"t't" ma.v lie roui:lil~· t"!fti· 
llllltt>el Ill' follow14: 

Tht> lwta tlc»W nttf' in air :\ ff!l't ahovf' th.­
l°'Urf 1tt·• of "" i11tinit• planf' t'Ont1tminatf'tl ..-ith 
111i1:f'tl :H hour oltl ti~ion prudu<'fM i11 ~timat•ci 
to lie about th....- tim~ thf' tot1tl air jl1lmma 1lo!W. 

Th .. micf-linf' ll""""" cl•IHP iM approximat•ly f\O 

l""I"\"'"' of th.- air elf...., rPmainm~ after f'Xrlucl. 
inal that purt1011 of thf' cltlHf" hf.low 1'10 K\'. 
ThiM port1011 111 turn 1io l'l4timAtf'CI tn \_. lll p•r­
•?llt of th• ar-111111• •l•- lllf'lll'Ur"d 111 air 11~· ti.., 
111stnmlf"nf. Th11l°' th.- de..- at tllf' l°'Urfllt'f' of a 

ph•11tn111 f''l.J•-.I tu "'"Nl ri"""'"" pn•lui·t 
r11d1at11M1 fn"11 •11 Pl:IPn1•I plan• !'Wlllr•,. 1111~t 

.__,_,_ ....... ,. ...... ~ .... ~ ~~ ...... ···~ 

.... .;Mt .......... if hath ""'tallf'n •• ~ ,... .. 
t lw lf"'Und. ~h a dPpth ..... IDIPUUfttllPlllC 

hu in fan '-"' ..ct. Hflll'l'i....,.,ally at a 1~•· 
'*" tM, .-... a phantnm n•an f'SprM to boch 
tb. initial and '"idaal ndiation I~-. n. 
J"fltlt cto.- fM f'lk'h l'ituation """ 1'hown i.n 
Fi .. 1no 1 • ."•. with all data u P"'"'"' of tlw :\ f'ftl~l­
nllf'tn .1.... With th. diY.r~~ initial nd1a­
tion frotn tt.. point of upkJeion. th. .sit cle19 
•aM ,..n to I» 6.1 pHftnt of th. 3 em. tlow. baa 
with tllf' tlilfwie '"idual Mid of ti•ion producta 
proYidin,r a ~mi·intinit• planar MMan-e. a Mir· 
fan- dOMe some K tim.s pMt•r than thf' 3 rm. and 
d.ept-r claw from th• harder pmma romponenta 
wu ot.."td. This ia Been to bto of the MlllP 

onl..- of ma,rnitude u that Mtimated aboY~. 
.\t h•ights abov. and b.low th. 3 foot l.v•I th1t1 
surfUP dow would become low•r and hi ....... 
l"MpK"tively. but 11inc."e it is du. to BOft radiation 
of Mhort ran.-.. it probably would not .sc.-eed 50 
tin'" tllf' !\ foot air .-mma JG. or 80 timN thP 
micilin• dOMP, enn in rontact with the J?OUnd. 
.\ n f'!'itimat• of !4kin dOll! due to iround t"Olltami­
nation for th• Ron'"'lap cue would "'9Ult, for 
t-umpl•, in a tt,ru"' of about ~.ono "'P at t~ 
l•v•I oft h• donrum of th• foot. 800 ~P At ttl. hip 
t.nl and ;i,oo "'P at th• hntl if t'OfttiJ1t10NA ,. 

JHMU" rrith no lflai,/ding 1H'rt1""d. l'nknown 
variation in dOflf' undoubtf'(fly ~Jtf(f from 
~hi•ldin,r: and monm•nt. It thUM ~~ pmb­
llhl• that tlif' f'stf'mal bf'ta clflf'l" from local direct 
l4kin t·ont1tmination fu nutweiihf'd that from 
thf' 1rround in importllnt't", Mitll't' thf' lattf'r •·u 
not hi~h t-nnuJrh to produt't' th• ob8P"f't! l~ions. 
("lot lain~ probahly r.Juc't'd ti... hPta d°"" from 
the '°"°uncl h.v 10 to :.~11,.n:-.nt. 

1.4 Summary 

R.\IJIATlflN l».1t1r> from ,camma raysori~natinar 
ntt>rnalh· .-·pr"f' 1·alc·ulattd for th• :.'ff7 incli,·itlu­
all'I "·ho· ..... "' at·t·1•lf'ntall~· Pl.J•M-tl to fallout 
fol10•1n,r tlw nudnr 11t"fo11at1011 at tlw l' .. ·anc· 
Pronn~ C ;nmml m th.. :-Oprm~ ,,f 1!•~'"4. 11w 
.1 • .,. ..,.i 1111at Ulf•~ .... ,,. mac& .. U!"llllf m forn1at 1011 
r-11h1111r from raaltok119f11·al ... ff't~· .. 11n·f'\!" , ... 

·- __ ____, _____ ......_ __ ........ _____________________ .;... _____________ ~---~~ 
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tht> 11tullio;, 1u11I !o1~·1ro111t>tri1· 1u11l r1uhod1t'mintl 
1l1tt11. Tht> 1u·t1111I l!untio11 of tht' r1tdio1t1·ti\'t• 
f11ll11111,. WM .. 1iot •mo'fl"ll, •ncl tht' \'Mlllf'!- fur 
lt>11Jrtl1 uf t''fl""'""'" lllt'n> ,.ut,j.,. 11u11111· .. 111u11tu.,. 
111 tlw t111M"!- at 111h1d1 tht' fa!•••Ut!' l.-a,..,,.11 .. \ 
l"lllllft' of IM-11.1" "hult' IMMl.\· ~llllllllM de-.. 
11111!' •·al1·11li.11.-.!, :uul tlw ,-.111..,. n11l!old.-r'\"ll fo I .. 

11111••1 pr•-',.t.1.- .,,. ,,,.......,,, ... 1 l•1lf11• L""'"''"'n 

from tht' ,.,..111i·i11ti111tt' pliuuar "4l1Ur•'t' WIU' l•· 
11 .. ,.,,1 to 11wl't'll:.t' th .. t11olo.,;w•I .-tf.-.·t of tl1t' 

111hul.- lMMI~· 11t- .. :\J••,.,....f """"air 1lc-. 1·11111· 

p•nacl 111 tlw ~•lllt'll.\" of tl1t' ll!oll•I X n~· t'S 

111 ... uno. :-Ouft "1t111111• 1t1ul 1..-fa riul1at 1011 from 
folluuf 1111 rh .. ~ruu111I 10111 .... ,..,.·1all~ 1111 1l..­
,k111 11"4•lf 1..-111! ... f Ill 't "''1 ... 1·h1 1111 1l1- wl11.\1 

I.. 
--·-"''"'· 

.. 

. .... 'iuau· 
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2' 
.. ..,. T .. t: ..... I" p ..,... ti,... ... 81 
K-.;.Ma •""' .... .,._ ""- , ...... _,,"' 
..... ... 1• I of ......... ,....,. hed ,... 
.....,... ... - ._.,. witla cwtainty. II •• 
...... ..... w. ,... i.... .. ...... i .... 
,.._ .. , ... ,..._of 1hP falla.r a• fnma -i-
......... iMiriiil..IR. ...... llipifirut ..... ~.: 
J ,_..nlillS irndiatim lo lhP .. ,i,... bndy 
w-.. .._...w.ludth.lnt.-iw."* .. iaa-t• "' .................. intft'Ml ...... . t• el n4i n ±rtift -...nu. had arrwrnid. n.. 
..,..,. of tlw irndiatU. ..,..;.1 aad ta.. rir-
.--..w. of ...,._.... .......... • paec • 
...Jntiaa of..,_,. c ... iatrudwtMe). t:""' 
if, ... pawiat dn. had ..... ~ it would 
llGll a.w. .... ,_qw. lo pndiirt IM biolosk'al 
...._ ._. th. qmntitalino ,....,....... of man 
is ... ........_ .\C"C't....ti ... ly •a c"Olllpll't• ....tiral 
hitc_,. and phywiral .saaainatiun •• uhlai1wd 
•• ...... indiYid•I ..... HU........ follow-up 
...... i ... 1-.. ..,.. l"llrrild out. In addit"'8. 
muti,.. ,...k-rall W• lwld twit .. 1laily anti in­
"f""1;.. of tt. ~n of all ind1Yidual. •• naaJ. 
al """"""" int.rTahL )l..tiral .:-a"' •u aYail­
.W. at all tialft'. ltu1•pital facilia• • ..,.. uail­
ahW at dw K•ajaa.in Xanl Oi"f•1111ary. a'"I 
"'UPllOl't ~ tlw lllfJft' .st.,_.i.-• 11..Jit·al faciliti.-.. 
nf thr I·. ~- Pat·itir ••i..t had ..,_,. l'"1111i!ll'CI 
if1,...lfld. 

•• ,.... .W.-riptiun• of llM' a111ount of fallout 
aaat..-lal and fma1 raclioc1t-ti\"ity a .... ,,. ... ,. ..... ntoe. 
it •lb appal"l'nt that ( iruup I I H.11 ... lap t had 
,....,.ind thr hi•ti.Mf J. ... of radialmn. tiruu)J 
II I .\ili..,PMP t and ( iroup 111 c .\n..ri ... n,. t 
an intttn..diat• amnunt and C iroup I\" c I "tirik t 
th. IPul. From ph,·11i<-al clo .. iawu1· it •u latn 
Ntia18tNI that Ciroup I had "'"'iyf'd a1tpntsi­
mat•ly 17!) r of p1nma ndiat i1M1: C inMtft 11. 
fl9 r: Cin111p Ill. 7M r: and Cinllllt I\". 1-1 r. 
Tiw DIOllf """1ow. diniral anJ laboratory mani· 
ftlllatltJl\11 of irndiali•.n ap1 ... ""l in """•P I 
and II. n.. '"'11 aboon11alitin that t·ould bP 
altribut.d •ith ••l-tainty to irradiation ••"' 

,_a.,. .. I • .......... .-r-•....,...,.... ~ 
thr•...tw.wi....-... n.. ~ •• ._ ..,. •~ 
~ ............................... ,... .... ..... ,... ,,._ ...._ ................ ...... 
i• ti,...pa I a• 11 .... ~ ...... 1e • .. ... 

... ... mu"..., 111. 111e.-n1 •• ._ ·~ 
,._ and ......._ aad 11!.ir ,,..,__, .,. i.. 
........ ia t1'aplft' :I. l1ptai .. af a..111 I IP 
111.tiwa.,.. p;cznt..a ia t1'apc.r IV. tirue­
lc,ryt ..... ia and t""-iw)'IGp'llia of...-.. 
.......Jn.lnf-din-yi..tiYMt.laof(;,...._ 
I and II and w• of ........ ......-ilJ to ..... 
rant ..n.- ,......,.,.._ of,......, ....... _. 
tt..n.-ei.- • ..,....,.. fnr pnt..aial .,... ._ of 
........... Halar.,...._W.. 

la Yw• of tlw C'Wlllflirti-. etpini._. .._.. , ... 
Yal• nf 1tnJPh1lartir a•l thrna ..... ir _...,... 
..urh u antibic.at. ... and shl.a. W.•l •n•,__ 
in tlw t,...tn .... t of ndi•t• d...._ t 1-:t), ii 
•aa •&.r•I thal tlwrapy ....... t.. i_.it....a 
••ly u indirat..t c·linanlly fnr tcpl'rifir C"llftdi­
tlOftll • tt.y a"... In nrd.r let dtt.._iw , ... 
•fflrt of,..; intPnlal clPp•itit• of nd;....eiYP 
matrrial on th. ""Ir.. of tt. .st.ntallJ ind...t 
raeliatifln injury. it •u IW'ltwry tn •trlnwaiDP 
thf' ,......,.. nf mt•rnal nMlio.rtiYP nmtam-... 
t ion. I llPtai"- of thf' -. .............. , of ina.naal 
•W.•...it1•"' of radit•uc·lic~ •"' ,, .............. in 
( "laallC"' \". 11 iit !'IU6-i.rlt to l'llalr ....... thal thP 
t,tntributi1M1 fr"IH tllP' uatPl'ftally ...,.. .. it..t 
ra1li1"'udiJ- tn th. tnlal ..-utr Jn.. •• 
m"1it1iti•·a11t. 

2.2 Sympcomt and Signs Related ID 

Radiation Injury 

~r.:' r.a.u. ~T .,..., ••• T 11 A.T '"''"•anp..i d11ri ... t I. 
tine l•n 1lay~ ,, .. ,1c1 '• attribu1 .. 1 to radial..._ 
Tb... "Ym1~••1111S ••rP •-.-iat .. I with ttw tillia 
aml tt .. p!OlntinlMinat lrat-t. 

ltc·hina? and huminl( of thr !!kin ••'nlr""I i .. 
~ .,..,...., .. , nf t imup I I H.tnplap t. :!I• pPft'ftll 

·~ 
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If\ lt:Ff'Ert'M or IO!lflZUCG llADIA1'ION 

of (• ff I _.,11.:-..' • . ' f" •"""'!- ... "'1.?tr:-.r.;-.aFL •• j,..,..,. ... " • 1n.u11 

111 1 .\tnPr"'""'· and '" ..... of ctrouv I\" 
1 l'tir1ll). Th'"',.,..,,... in fif'Mlf' I and ntM' 

in Cirueap II c .. ,...ptairwd of it.·hnec and hurnin,r 
of ttw .. ,..... ancl lac·rimatinn. n.,. initial ..kin 
and .. ,. "YmfrltlftHI ••ff' mt... likf.ly dUP to ir­
radiation Mih<'t' all individualM who HJ,..rMonc-.d 
tlw initi1tl "ymptnn11c lat•r cl•,· .. lotJ11Cl "'"l"f'M­
tion .. l radiation indu.'t'd likin leaions (epilation 
Hncl m11j1111<"tiYitiic). ( ~ Chapt•r Ill.) 
Furth•nno"' th• initial '4ymptomatolo,ry in 
thf'fW' fl"OPI" wa" l'limilar to that S?portf'd in in­
ictiml'f'!4 of itcc·ict.ntal laboratory overe:s.posure 
to radiation. d~rihf'd in ('haptcar 111. It is 
JIOHHihl., ho1''f'Vf'r, that <"hf'mil·al irritation by 
th• fallout n11att-ri11l. whic·h "'"!'I p~lomin1tntly 
hi'1hly alkalinf' calt>ium os:ide, may hue ac­
c•ntu1ttf'ti the initial Kymptoms. 

.\hunt two-thirdic of Clroup ( WP"' naul'l4"atPCI 
clurin~ thr tir.it ~ cla.n1 1tncl onr-tt>nth ,·omitt>cl 
1m1J hacl tli1trrhPM. Ont> incli,·ulual in (iroup 
II Wll!'l lllllll4t"lltt'tl. In Ornup!-! llJ ttncl I\. tht>n> 
Wt>n> 110 i:a:ootroint~ti1111I ({II) "~·111ptom!'I. Th.­
i 11 fnm11tt ion 1 ·otwt'rll i111l sy111pt11111l' Will' oht" i llt'tl 
h~· 1p1~tio11i11~ throullh llll i11tt'l'prt-tt>r hy ~v­
t"l"lll ir111ivicl111tl!'I. I •!4pitt> tht' rP!lt"lltt>tl mtt>rro­
jClttio11s 1tnd tilt' i11t-\·it1thlt> ?-<llJ'JZ't"!'ltio11s of tht> 
i llft'rro-'"tor.-, t hP !>!tori~ n-nrn i nt>el 1 ·011sistt>11t . 
. \II <ii !>ly111pto111l' s11h1'i1lt>d lw tht' thircl dtt\" 
without tlll'l'lll•~· lltHI t ht>n> Wl;!oi 1111 rt'C'llrl't'IW;. 

Tht> prt>~rw.-, !-lt'\"t-rit v, 111111 1h1r1ttion of 111t11-
'<t'K. ,·11111iti11~. 11111l 1li11rrht'll Kn> known to ht"llr 
11 din,.:t n-l1tt11111?-<h1p to dl'~r...- of .-xpot-1\lrt' 1uul 
pr11hnhilit~· of tht' rt't·m.-n (I.:!. ti), 1rncl it is 
of nott' tlmt tlw i1wi1l.-111·; of th.-~ s.n11pto111s 
w11s 1·orn>IHtt"fJ with the <lo~ n>t'l'ivt><l Kllll thllt 
th.-1-.. wt-rt> 110 i!llslr11i11tt"l'ti111tl s.n11pto1111'i in 
( in111p I\'. tht> l1tr~t ~ruup. whid1 n>c't'i\'t'l.I 
only Ur. (ii ~~·mptom1ttnl11arv m1tv lul\·t' llt'4'11 
du.- to dift'(·t i11jur.\· :1f tht' (i I ~r1u·t 

0

1\s oh~rwtl 
111 1111i1111tl" 1dtt-r wholt> hod.v irn11l111tio11 1 i. !'I) 

or lllll_\· h1l\·t" l.lt't'll 11011-1'1~·iti1· :l?-< is ol1M>r\"t>tl 
fol low i11Je t ht'rll(lf'Ut w rncl i1tt ion. 

\'1trio11s oth .. r di11i1·1tl 1·0111litio11"· which Wt'rt> 
t-n1·01111tt>rt>d d11ri11~ tht' 1·011rw of olr..1·\'1ttio11 
of ttw t•sp11!4t't( 1:r1111p~ \\t'rt' 11ot tht' rt-suits of 
ruch1tt11111 t>XfMlftllrt'. 'a'h.- 111l'iclt•111· .. 1111cl typ•' of 

•h,......, """"'· •lii•·•...,.I t:.low. •""' !41m1lar in 
1tll .,, ..... .,. ICf'fMlf• •11cl 111 nottrspc ... I inch· 
' 11luall'>. 

2. 3 Clinical Oblc"arion and ThcraP1 
With Respect to Hematological 
findings 

l.3 l Clinical ot.rntioat and~ eou... 
Hrnn:uc TKr. :s='nl and 4:lrd po8t .. spoeure 

clay8, lO pen"t"nt of the i11di\·idnals in Group ( 
had lln abo1olute JfTllnUIO<'yte level of 1000 p-r 
l'llliic.· millimf'tt>r or btalow. The loweMt <"ount ob­
!4f'rvf'd during this ~riod was ion ~nulocytft/ 
mm.' l>ur1n~ this interval the advisability of 
J[l\'IU~ pn.phylactic antibiotic di.rapy to 
,rranulo1:ytopt"nic individuals wu carefully con­
siclf'n'(l. flo""Hf'r, prophylactic antibiotic 
ther&py waM not inMtituted for tlw followin1it 
n>llsons: 

1 t) .\II incli,·iduals were under <"Ontinuous 
mt'tli1·1tl ol>Mernltion so that inf~:tion would bf. 
cli~overPC! in it); t>arli~ stagg.. 

It) l'l"f'mature administration of itntibiotic~ 
mi~ht h1t,·e obN.·ured mE'flica.l indications for 
trt>1ttmca11t. itnd miJ[ht ttl~ han• )pad to the de­
n•lop111.-11t of clru~ ~istant OrJ[llllisrru; in in· 
11ind111tls with " lowPn>cl rt-sistlln<"e to infPC­
tion. 

< ;1) Tht>rP Wll?-< 110 1t1·cur1ttt> knowle<l~e of the 
1111111bt'r 11f ~ra1111lo1:yt~ rt>quin>d by mill\ to prt>· 
w11t i11ft'dion with this type of gnmtlrl(:yto­
pt>11111. 

Tht' oli~nf>fl sit 11at ion Wll!oi not ~tr wt Iv 1.·om­
p1lralilt' to ai.rrn 1111)111·,vt osis with am a·plusti<" 
marrow lls ~II followiuJ? imown lt>thlll clOM"s of 
rncli1tti1111. 111 tht> !1tttt>r inst1uwe. granulocyt~ 
full rnpit!I~· with pral'fic.•1tlly 11one in circula­
t io11 1u11I 1111 t'\' i<le1we of J[l'llnu loc~·tt> re~nera­
t io11 when inft><·tion 01.·1.·111'!'1 It;). 111 the pres­
t'llt ao:roup of i11di\·i1l11als eS(IOHt'ti to radi1ttion, 
111o~t 1·01111t!' n"lll'h("(I llpprox1m1ttt>lv <lllP-fourth 
thca 11orm1tl rnl11t>, but thP fall to tiutt Jevt>I wa..'! 
Jer1ul1111I 1t111I tht> P""1'il"llc't> of im1111tt11no ~riurn­
li1t.·~·ft'!'I in tlit> flt'r1ph.-r1tl blcl(l(l duri11~ tht> pe-

... ____ .._.._ ______________ ____ 
-··-·---~· 
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r..-.d .. r ~ .... ,_., ...... indic .. ,;.,... nf ...... ........ ~, ... ,.. .... 
Wllit. roullb ..... ...,.. ... at ~ to -I tla~ in-

twnla ... all of thP ••p...t indiYidual~ •n•t 
...,,. ,,.... ..... tty np t ....... itlt tt.. ........ l'CNhtll. 

lndiYich .. .,. • ith !'l~·mptoft.,. nr Pita-Yatf'tl tf'fn­

f'"'111U~ ,. . ....,. t'"t"'l only aft•r an •ttPhlpC to 
ftltabln.b a di....,.U .. •u mad.. •nn if • ,,..._ 
rind of obiltn-atioft YOH , ....... ry. Durint£ tla. 
ob!Prvation I~ th. patiftlta .,,...., examined 
at fniqmnt intPrvalA &nll ti.. tt>m(Wnt&u-.. 
d~bll every few houn. 

T•Mty-sM•n indi .. idualit hail total IPnkocyte 
c'Olanhl of -14NIO or below or abeolute tlt'Utrophile 
munts of :.!500 or le. at 90ft1f' tin .. durin,r the 
rwriod of c~rvation. Of tlww 'l!'l, ta de­
vf'loped !4JfttptontM of di!!PtUIP that ~uinrd 
,.valuation for posetihlf' antibiotic tllf'npy. Tl-. 
t:l im1tan1'ftl in whic·h it wal!I •~'t'l!Nry to <'Olt­

!4icler the ui.e of antibioti1· tht-npy in nf'utro­
r•nic indiviclualM AM" :-.Ulllmarized below: 

Ei~ht nf'utropPnic· in<li ,·idualit hatl !4ymtom8 
of 11pper 1'P-'pintory i11ff't"tion ( t"RI) c·har-
1u·tpris.tl hy mal11i!!e. !40ft throat. nasal dis­
c·hitr~. and t•rnpentunos l1Pt•·f't'l11 !l!l a1ul tOl.-1° 
fo'. The tPmpentures returnt>tl to normal 
within :.!4 houni. Sim·p thP l?.lpon!'if" of thi!4 
,l!ruup to 1 ·R1 11pJJll'&...d iclt>ntinl with that of 
otht>r individuals with t•RI without 11~utro­

flt'lli1t. 110 .. ,,...·i11l thPrttpy Willi! jifiVen. 

Two inti i\"iclua I:.; dt>n•lopt"'l symptom!> of 
11111rk .. t1 rualai~. llt'1uliu·he. 1al11lo111inal pain. 
"""*'' 1111cl di1trrllt'a. Hntli •·Prt' c·hildr.n, one 
11,_'t' i, thP othf'r llj..1'> :.!. 111 l1t1th i11,.t11111·PM. the 
!<ymptoms Wt'l"f' out of pn,portim1 to tht' physi­
nal ti111li11~. whil"h Wf'P't" llt>j..'ttti,·p t'Xl't"pt for 
"'·i1l.-1wt> of ht>t•tl 1·01tls und phnr~·n~1tl injt't·­
t ion. Thf' i-,\"f':&I" oltl chi Id had llll oral tPmJ"'"'· 
tun- of 10:.!J;~ F. wht>n tirst ~II and 4 hourR 
littf'r. it w11s 104° F. Th .. two-y?ttr old child 
l1111l 1rn i11iti1tl ax11l1try ft>lll(Wr1tturP of 1111."4" F. 
whid1 r•M" to to:t.:-1° F. in 4 hours. Hoth w.-n­
,l!i\"t'll :~110.000 units of prcK·1tit1P (it>nic·illin intra­
n&ll!-W'Ularly wht>n th ..... hup ri~ in tf'mJM"rature 
•K"l'Url'f'tl, 1rncl hoth wc>rP 1tft>hrile tht> followina,r 
tf ll~·. .\ !'t'("ond i1tjl:'(·t io11 of JM"ll i1·i II in '<\"lls ,ri \"t'll 

1tt thi"' time, 111ul thentp_\· wit" di1"1·1111ti1111P<i. In 
... pitP of the fud th11t tht> llt>Utrnphil.-l' n-111a111t>1I 

... 
• • 

,..,,,..,_.1 in hnlh ... ,.... ....... aft..- fW,..,.... a..I 
t•...d. l•ith 11uh\ id11alti ""'·nvt•T•d and hatl 11" 

furthH 111..... In fo.i.ul"P :.!.l tt.. t.ukor~·tp and 
plat•t.f '""ant,. of ti• :l-ynr old J1'1f .... 1 •Hui tlw 
tinw of rhf' cin:itrrPtM"f' of tlM' ff'br,J,. dh..,_ ar. 
i lluMtl'lltfld. 

.\ on .. -.n•nr-nlcl ho~· h1ul had l'~·niptun11t of 
mild np••r '""piratory inft't·tio11 for !'lf'nral 
•lay" 11tKJ wa,. h""'"ht co tlM" c·linic• •IW'n M 
1ln•l•>t,..I 11 hau·kin,,; 1-t..._ia. Wh.n IM' w-u ..n, 
hiPt itxillary· tf'tnt•l'lltUl'P ••M ltlO.Mu F. If• 
had Mi'"a!'I of t·Hr. th•""' wa21 pharyn..-1 injfiie·­
tic"'· 1uHI 11un .. rtM1it ('t•rMP rhot1d•i w•"' hnre 
thruullhout thf' d1~. .\ dia~HUtlil'I of npt•r 
n-Npiratory inff't'tion with 1"lllOC'i•t•d bronl'l1i­
tiM waM m:ldto 1tnd tllf' d1iltl watt ~YIPn a 1>i11,rle 
i11tramU!oll0 Ul1tr injfll•tion of :.l()U.101 UDtt.4' p~ 

•·au..- l""Hic·illin. 011 th~ follo•ing tlay hi11 t•n1-

l"'""'"na wa11 !IU0 ft· .• no nlt!M or rhonehi w•re 
h .. unt. 1111cl hf' n-c·ovt-nod withoul further 
tn-11t111•nt. 

.\ :.c1-y .. ar-oltl man c·ame to th• 1·1init· com· 
plitininJr of Wf'ftknf'!9, n«TOU81tetM, mild ah-
1lo111i11al pain 1rnd Mhontintc pain in th.. 11p1•r 
1111terior d1f'Mt hilatt>rally of •••nl IHMll'!' 1lura­
t ion. flt" KJ>pt•1ta-.cl muclerately ill. hiM t .. mper-
11tun- Wftl'I !l!Ui 0 I• .• •nJ thf' only pc .. itivP physi-
1·1tl ti111li111l w11 ... mod.-r1&tt.> teonuf'rllf'MM in thl" rijehl 
upper 111111Jm11t of thto Rbdomen. \\'ithin a 
JO-hour 1writ1tl the tf'm1,.r1tturtt rtlHf" to 1Ul.6" 
F .• fnllowinJE whid1 ii feoll J!:riuluall~· to nor-
1111tl. Th .. 11IKl0111i111tl ft>tul .. r11~ c·ontmuP'll for 
:H hour.- and tht>n lll"Htluully thio;11pflf'lll-...I dur­
ini.r rh ..... 11l~111&>11t :.! d11.'·"'· .\ tt>11t11tivt1 cli1t~­

""'i' of ..l1olt>1·y:-.tit j.., "'"" llllltlt>. ~o !o!f14'4'ilic· 
I ht•rnp_v wn"' f,!i\·&>11. 111 Fii:un- ~.:! hi1o1 whit.­
blnotl 1·t>ll 111ul plalt>lt•r 1·1111111 ... in nal1tt1on to the 
11 pp .. 1tra11c·t> ,,f "'.Hu pt om"' art> l'lluun1. 

.\ ft1111alt-, ilJ! .. ;\~. dt>\-t>lopt"tl J:t'llf'1'1tliZC"CI urti· 
n1ria. f.,, Pr. u11tl ht>11dnc·ht>. ~o 1·11u!'IP for thl" 
urt 1ntri1t '' 11s found and t ht> ..;y111ptom:-. 11ubl'lidf"ll 
within~ ltour.i without an)· th.-ritpy. 

.\II iucli,·i1lu11ll' in ( iroup" I 1&11d II th1&t .,._ 
1"t>iH1l 1t11tihiotll"l' ;1rP lil'ftael in Tahlf' :.U. Of 
tht> incli,·i1l111tl,. tn-1ttt'fl with 1t11tiliiotin •• only 
rh .. tir.-t thr .... rt't·t>i\·tael ii 1al 11 t1111• wh.-11 th.-1r 

1w11truph1 IP 1·111111t "'"" low·. Th..,. •·•*"" •"' 
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delrribed in detail abov•. 1o;.,.h appetu..d to 
hav• nidf.1K"e of a bacterial l"Olllpmwnt &.u.-i­
atf'Cl with ('RI and antibioti•~ would lul\"t" ._...., 

indie:ltf'tl had tt...y nnt hffn irndiatf'd. .\11 
other imli,·iduals """"' not 1LPutro1JPnic· at tlw 
timf' of tf"f'ah1LP11t amd ••rP ,riv•n antibiotiMf 
for Mt..._·ifo· indintionM. Th•"' •·aM no inMta1K-. 
in whit·h it Wlbl 1·ont1i'w""l llt"('~"MrY to ,ri,·e 
prophylat·til' antibiotit-s for 11f'utr111ienia pu "'· 

2.32 Oiaical Ob.rvaciom and Plalelec Couaa 

.\II individualM •·ith a plat•l•t l'ount of 
100,ilOO or lf'!4ll WPl'f' PXaminf"ll llaily for l"\'illt>1wt' 
of hemorrha,cP into tt... iclri11. mm·ouM mt"m· 
hnuit111 aaul nat inat". t • ri1M' WL"I f'~aminf'd dail~· 

for rt"tl 1'f'llM and "Ilium in. and •·onlt"n Wf'l'f' 
•1Ut"!4tilM1f'd •·om't'rn in~ PX•"f'Mlii \'f' 11M"11!4t ruat inn. 
TIM'"' •·aM no .. ,·idt"1w• of any h•morrh•tit'f' l"\'f'n 
t '""~" l l indiYitlualM .,..,·IM'll pl•l•lt"t lf'Vf'lM 
l•t •. ,.." a: •. 0011 a11•l ~.1•••. T•·n wonwn nlf'n· 

Mtruat..t •h.n tllf'tr platf'l.t •·ounti; "'""" 1:ot1.1 .. ) 
an•l t:M1.1u1 ...... ,,....," ... I~-- Uuth nlt"n!'Ofruat .. I 

....,.1..,ra •1• ..... ,......,.. ,..., tt. ......._ 
i ...... ..,... , .... .,...1 ... ""' • Wwl tn 

"' .. , ........... . 
J.3' Hl'-~ril "'--

111 ndMltion injary •• a..ua "811 •-,,. 

11....t by thne piw11amarn.: L Partial or~ 
pkite Mlppns•i• of ttylhft1M1U.9: la. llat­
nrl'h-..: r. H...ly-. (9). Tiie ........... flf 
,._ latt.r i11 not uniftl'all7 ~ u • l"Mr· 
at1ftitilic- part of ndiatiolt injlll'J. ~ ..._.. 
nn"haarit- pt ......... Wfte not ob.ned ..... 
anemia would ha .. Ian espeded •IJ if 
"'Ythropomi• W.l"P 1A1ppr ! d ..... .., ,_ • 
ao.._ time. With .,_plete wppa io= Gii 
ff)'lhrupoiNilt and •n Unt"ha .... lit. .... .t 
the nd ~u one woUI esw-t • cleirit of OJ1a 
1•'1't'nt (JPr Jay sinr. tt.. hU'lan red Wood Nit 
hu a life "PlD of approsi1Ratel7 lj0 da,.. 

Sillf'tl'ftl indiYiduat. in fiNUt- I and JI ... 
h" ... tonit!' between 31 and » petftftt. Ni-. 
of ti .. Ut ••n' rhildftll. a,..t l to 5 yean ...t 
would be Hpt'l'f.d to ha•e • low.r hnnatorrit 
than normal aubtlts: four w.re o•er 10 .,..,.. of 
-.. in which ap ~I> a •.......t hematorrit 
is fnqUt"nt ly pftWftt without olwious naUllP. 
Two of the 19 had had menorrha,ria prior to thP 
tffot•rmination. two W.l'f' :\ to -l months P"'tf· 
nant and haJ not rf'C't!ivf'd MUppW.O.ntary iron. 
aml two ••ft' ymm,r •onW'n. 11M'8f' hftnat&­
c•rits l'ould be iu.·riht"ct to 1,hyi.iol~it·al varia· 
timu1 ntht>r than to th• f'tff't·ts of irradiation 
on hf'fnatopoif'!4iM. Supplt"ll\f'lltary iron was the 
cml~· tllt'ntpy u,.U for tht" mild allftniu ob­
~n·t"(I. Thu" no df'tinitf' nidt"nc.-. of pn,lon..,.t 
Prythropoif'lil· suppf'f"!ol....,ion "·u ubt.n·td •'·•n in 
indi,·idnMl!!i "·ho h1ul l'f't't"ivt<d li:l r wholt" body 
ra1li1uion. 

2.4 An Epidemic of Upper Rcspin­
toey Infcctioo Occurring During the 
4th and 5th Post-Expoaurc Wccb 

l\m·u!li THs :!ith a111l th.- -l:lrtti pollll-H· 

pc.-iurP da_\'M a11 •1>i•'"11ic· of up1•r ,...,.irator~ 
di!'lf'tlllf' t (·RI 1 ,.,.11"""1. Tl1f' r-.111ratcll'y in· 
t .. ·t ICMI 1'411lMl!4f'd of mc•if'nt• ma 1 ...... pharyn· 

' l 
' • 
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... .... ,...w..t ,,.....,... follii-- ,...... 
el ._100- I'. -. i• tM ftnt day. and a pe1ru­
s..t ...a .- tnd 111 dilfhar.- for abuat 10 
c1a,.. It •• of in..._. to determine whither 
the..,..... ... of lTJll could• t"Oft'elaUd with 
ti. do. of ndiatioa l'fftinid or with eh...­
in the...._,.. t.'Wllt. 

Fifty ..... t .-ant of the indi.-iduala in 
a...,. I and M p11nnt of the indi.-iduale in 
Gr.p II de...aop..t UBI. ~wnty J*ftftt of 
the a•..-t indiridaai. cle.-eloped eymptOllUI 
bet1"llft &he 27th and ~ pmt-espoaure days. 
and the othen de.-eloped aymptoms in the 1ub­
-r-nt 2 ..a. Fifty-eenn perNnt of the 
a•ected indi•idul9 were ot.rved to ban an 
upward trend in their leukocyte t"Odnta, the in­
e1999 bein« due primarily to pnulocytn. 
Sinee an incr.. in the mean arranuloeyte 
t"OQDt of the entire population occurred about 
the 29th poatesposur. day, it !!ftnwd pertinent 
to determine whetlher in individual instanCflll 
the incftUe waa related to the pr.N>ne. of 
""f>iralory infection. 

Tite relationship bHwe.n the 00..."ed leuko­
cyte incl'fta and the prMene. or abRnee of 
upptt rMpiratory symptoms in Groups I and 
I I is shown in Table 2.:l. S.ven of the 27 indi­
viduals that developt!'(l both l'RI and a 1euko­
ryte incrn~ dHeloped the leukOl'yte in<'reaBP 
3 or more days b.fore symptom!'\ of l'RI ap-
1~ared. It i~ also of interest that the medical 
Jlf'M!Onnel invol\'ed in ttae c•al'f' 1md study of the 
radiated individuals had an equal incidence and 

T .... U--Vlll ... n ••• Gca I ,_ .. 

a...1 ... u 
Nl'•­
cwl-

'------~----~---;!-~~~ 
URI; rilleiapu.._,__. __ ·---·. t1 
URl;norilleln .,_...,___________ a 
NoURl;rillehl~------··-1 1• 
lilo URI; no ri11e ha.,........,.._ ___ -- I 1• 

Mtftrity of nepirat:ory infertiom. n.. inci­
dence and eewrity of n.pintory infection in 
Group IY. which h.d niNiYed only aljpt ndia­
tion, wu the ame u that in Group I and IL 
The ap~ "' URI, therefore, did not ap­
pear to be related to the de. of ndiation or 
to cha~ in leukoeyt.e leYel. 

2.S C.0...parDoa oi DiK llCI SCm ill 
Group1 I and II Wida Thole ia Group 
IV 

THE DtML\•DI THAT w~,. tteen darin~ the pe-­
riod of obeerntion of Group I and II, which 
Wei'!' esrMltW'U to the hi~ .. J~ of ndiation. 
""'listed in Table ~.:t Sone of the di-~ 
pearetl to be related to the eff«'t~ of irradiation, 
either dil'ft"tly or as a rettult of h•mato~~ie Ji..­
turhaneee. For romparilM>n. the di-.... that 
were 8ff1l duri~ the (W'riod of obaervation of 
Group I\". winch ~iv@d the lowest J011e of 

Tmle 2.3-Dilewa Thac Were ot.ned in Gtoupt I dd II 

FurunclP 
(;um AblaftM 
C'holtoey11tit•. 
TilW'a 
MittPl9rhmrr• 
(~iaf'Ci urtieana 

uy•IM-ma muhdor~ 
~icraa-~· 

S1·•11sa 
c .. bDI- I 
VIDl'ALil .I 

o ...... 

----- ----------------
Bronc hit ill 
Aphthoua ulet'f' of ton•IW. 
SpondylolillthN111 
lmprti~ 
Tooth ,._. rart iou 
C :•tror111rnt .. 
l 'ppoor '"'P•r•tc>f'y anfHt .., .. 
Follwu&ar t0'11•1llit • 

s .... .. °' .. .... 
I .,..~ .... 

l 
6 
2 

10 
47 

~----------------------------------------
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ral"1•;.. ... 1-.... ia T.W. j.4. The laiP 
ilKMtu re of II 1 mr l•itim in bnth li'"*fM •• 
P" .. Wy-. to ... '-Pi• of perilftable fooda 
~ fw .... pewioda by the Kar­
... .._ and ._ not ..,.. after thia pndit.-e 
wu lltopped. It would aprear that a hilher 
t-1'"9lt-. of the indi•iduala in OroupB l and 
11 denloped upper rmpiratory infaotiona com­
,_,.. to Group IV. Howeftr, all of the indi­
•iduala in Groa .. I and 11 ..,.. qUlltioned 

· l"OIK'el"ni ... eYen Jllilcl symptom• of r'RI. whe,.. 
u oaly the.. of Grootp IV with '"8ft aymp­
&-. of t~RI cu. to the ct: ,ic. 

2.6 Owlps in Weight as an Indica­
tioa ol Dilcurbaace in the Gen­
eral Mecabnlipn 

Tna Hooy W'r.tolft of indiYiduals in Groups I 
and II wu followed routinely. ~illC'e they had 
an unrestrit"ted diet and all ate well, their 
c·han,re in w•iarht mi,;ht be c·ontiidel"f)(l an indiea­
lton of 1my di!4turbanc"f' in ttM>ir ovf'r-all metab­
ofoma. 1"h• wri.iht .. han~ 1t1~ ~ummarized in 

TaW. ~u. It woald t. esf*ied that within a 
,,..rind of "'" ....Ira. nMJllt indiYidmle b.low II 
Y""' and JJerti<'•1larly th.- t.low K yean would 
Jrain ~ wei.rht. Th. fad that lnOM of them 
IOMt Wf'i_.,t may indil"ate that they l"f('eiYed a 
cloMP of 1'1Miiation su•iftlt to interfere with nor­
"'"; n..taboli.... In 11pite of their relatinl1 in­
active life and hearty appetit• 01&11y of thP 
adulta al801ollt weapt which may indicate IOIDe' 

in....-ferellC'e' with their oonnal metabolU.. 
TJwre waa little di•erence in ot.ned •eicht 
.. taanpe bet..-.n Graap l and Groap II. It ap­
peared that t1 • di~ in ~ nceiftd by 
the two poup:. did not di6nntially a•eet their 
body weipt.. Whether the olmnM kw in 
weiaftt were nlated to radiation or to cbanpa 
in enYi!Ulment i1 rd cleer. U'nfort11ftat.ely, 
no utisfactory rontrol nilted to aid in in­
terpntin,,; the lam of weipt in Groupe I and II. 

2. 7 The Yeas oa Pregnancy 

Foe·• Wo10111 1111 Group I wei. precn•mt when 
brou1rht to Kwajalein. Two were in the fint 
hiuaester, one in the lk"Ond trimester, and one in 

Tmle 2.4-0..-a-. ...t ia Group IV 

I St·H• :1
1 

! ow<'-' 
------- ----·------------i-----:,------
0..t-rthritill . _ _ _ _ __________ ... I 4 ! C'horiominitill, unknown etiolocy -_ . __ _ 
1-.:pltheliorua ol anlde, with necrotic de- i I Thrombophlebitia, ant.eeubital vein _______ _ 

i ..,aeration_ . _ _ - __ I 

Chronic bronchit.ia . __ . __ . 
Furu11cle 
( 'hronic bronchitia and broncbiect.uia ___ . 
A~ of 110le ol foot 
Carb1mde 
Tooth Htraction _ _ _ _ .. __ 
Fun•Ull inff't'tion of •ulllll and pala&e 
( 'ont 11aio11. traumatic 
( ;.,.tro..11ter1tU. 
t '11prr l'f'llptratory i11ff't'tio1111 

·'""''•-IHulH' i-rt iii,..-. ~•mpen­
tt&t.-d 

Py.-klfM'pbnt"' 
h...-1 ht&#. •nth •nark..-1 ~ral t'dPma 

l 
2 

30 
l:; 

;! lmpetico _ - - - - - - - . - - - - - - - - - - -
'I Dy111menonhea _____ . ______ _ 

Esfoliative 1\ .. rmatophytOllia 
IJ El'tropion, fi«ht eye ___ . ____ . ____ . _ 
[, A11t.hma -------···--· 

Benicn hypertenaion with headache. 
·I Fun•WI infection, auditory canal. _ 
I Trirl1omonu t-y11t.it.ia _ 

Tin.a. 
~implf- hf'Mi~tw-

At-111.- hronchitill 
POMiblf- rupt uf'f'd inl.f'rvtttebral di.le 
Jo'.-vtt of tmll.11ow11 orte1n 
\lonsulian 1di<wv 

3 

I 
:; 

.-....-----------~-------···---' 
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T ... z.~w-...o r G,...,.1w10 

·- -··------------1 
! lao•71'- __ .. ,_ ._. .. ,.._ 

-------------------~------ ---~~1----- -~-·~ 

OllOUP I 
Numberoblel•ed----- -­
Number tile& ...... weitlbt.- - - -
.\Vft'llP .. (lb.) ___ - . - . - - - . 
~ol- (lb.) _____ -- - -- --

Number tlllli& Im& ...._..._ - - _ - - - -
A~ .._ (lb.) - - - - - - - - - - - - - - - - - - - - - - - - - - - -
l9proeeli al .... (lb.) - - - - - - - - - - - - - - . - - - - - - - . - - - - - . 
Pftoeent o1...,.. tlilM lmt ..... , _______ - - -- -

G•v• ll 

17 
4 

I & 
__ I 0.6-10.I 

11 
2 

0. 6-6. I 
7T 

M 

• a 
Cl 6-10. 0 

•• 
2 

0. 6-6.. 

• 

• 14 
I. I 

1-ll. I 
21 

4 
0. ... 

• 
Nlllaber ob9et ved. _ - - ___ - __ - - ___ - _ - - - - - - - - _ - - - - - - - - - - - - - - . 7 

D 

I 

I
I - - - • - • - -

• I Number tbe& piwd ~- _ _ _ - - - - - - - - - - - . - - - - - - - - - . - - -
Avenip pin (lb.).___ _ _ _ _ _ _ _ . _____________________________ . 

.--~:,:~::::::::::i 
I. 7 

8pr...t ol pin (Jb.) _ - - - - - - - . - - - . - - - - - - .. - - .. - - - - . - - - - - - - - - - - - . .... 
Nu..,_ tbat Im& wetpt __________ . _ . _ _ _ _ _ _ _ _ _ 
Av .... "" lam (lb.) ___ • ____________ . 

8pre9d vf ... (lb.) - - - - - - - - - - -
Pneent ol poup that &oat w~ht ____ _ 

thf' third trimester. :Sone of theee women had 
abnom1al symptoms referable to pregnancy, 
and as far as could be· detemained, pregnancy 
l'Ontinued in a normal fashion. In r.;u.a;- 11. 
one woman was in the second trimester. No ab­
normality was detected. Fetal movements wen 
unaffected in the individual in the third tri­
mMt>r. The hematologic chang91 of the p~­
n11 nt women a~ listed in Table :,!.6. Two indi­
viduals in thf' first trimt>Stf'r had a marked tle­
p~sion of platelt"ts hut 11.t no time wa.~ there 
1rny \'a~iual bleedin~. .SO far, the exposure to 
radiation has not hatl a deleterious t-tft'<'t on 
prt>J!nancy. .\t tht" l~ month r~samination all 
of the abo\·e womf'n had deliven!'<l. One baby 
Will\ hon1 •lf'acl: th4' othf'rs Wt"'°" numaal. In tht­
··•·-* of tlw ont- still born. irnuliiat ion ()(" ·urn-cl 
tu tht> mothf'r f'ither lll'fore c·'lnl'1'ption or euly 
111 t ht> tiM4t t rinlf'Stt>r. 

2.8 Special Examination of Eyes 
.\T :\ ASP •• \111NTH .. llil ophthahuolotri~ .... 
"'""""''th•.-_\...,. of all f''.\111-l 111cl1nclual,. 11111. 

. ms-- ,. s m 

2 ---- --------1 
0.5-1 ------------1 . --·-··- -

----------- I 
-: -: - - -: : : : _:I 

I .. - -- - ----- -1 
I 

T.W. 2.6. Blood Cowaoa Pres 
ieGn.pel-.IU 

Gaot·p 

Fi"'t 
First 
~nd. 

Third 

( ; ... , .• ll 

35,000 
.'i0.000 

l.'iO. 000 
12tl, 000 

... 500 
5.000 
4, 000 

IO, 000 

• 2 
a.~o 

67 

3.000 
2,500 
3,000 
;.ooo 

~nd 170, 000 7. 000 3. 200 

~o lf'flion~ a•·nbable to ionisinJ radiation were 
""'""· .\t l~ monthM '41it lamp .-saminationa and 
f1hoto1rraph1e· .,..-ordin"" of t 1 .. t'flnM'& and .... 
.. ,.,. m•cif' on ll•t11 .. •1•1Ml'd. ancl 011 tlw IL11'1'1PlaP 
I'""'''''- Tlw lllC"ICWIH .. hf c11·ular ...... lllA WU not 
1 It tf•nont Ill I lw I• o ~'II!• I I I _I 

r m - tr 



2.9 Su wnwy aad Coad..._ 

T1m ( 'u•H AL F1WD111a. in a population atti­
dftltally irndiatf'd by faJlout matttial from a 
nuc.-.._r drYit."e hu been prMPnted. The more 
aeriously irradiated individuals had initial 
"ymptome of anorni~ Yomitin" and diarrhea 
whirh subsided without trutment within ~ 

day11. The Mme indiYiduala slowly denlOJ*l 
,rranulocytopenia and thron1bocyt~ia unaa­
!40Ciated with MCOndary roruplieationa.. The 
only other manifestationl'I of radiation HpoBUre 

obBPrnd we"' !Jcin 1.sions and epilation, de­
Sl'rihed in detail in Chapt•r 111. The incid: 'lee 
of infectiou!I and noninf~·tious di~ in the 
mot? ..-v~ly u~ ~Ullf' wal' no ~ter 
than that in th. least upotPd ~P· If. after 
irntliation, the platf'lf't" and l•uk0t·ytf'M fall in 
a manllf'r ancl to " de~ similar to that ob­
iterYf'd l11~re. it c·an ~ prf'dictf'd that no hemor­
rh~ or inr~ su~ptihility to Ji~~ 
Mimi lar to t 00.. obHervf'tl in this study wi 11 occur 
1rnd that no llpPCial prophylaetric measul'fl! will 
1,.. indicatf'd. Thf' use of prophylactic meas­
ures. howe,·•r. should be f'Valuated in terms of 
existin,r ronditionR. With the df'~ of hemo­
poietic suppret1t1ion obstarvf'd then- is a pot1t1i­
bility of inrn>a~l su!'K'f'ptibility to more ,·iru­
lent pat h<>tr"n~ t hlln Wf'rt" pretll"nt in this 
incident. 

..... -
I. 0..ha•. c·. L, l"n•lt•. E. I" .• .........,. 0. V .. 

aBll Wa~. M. Att-lc- Honllt lllJ9rJ, J. A. II . . 4. 
I 61. » ~. 1961. 

2. t 'n•nlllt•. E. P. 1'1M> lllanr..aa. ~a. alMI 
T""'tlBPftt of Radlatloa laJ•'l' 1"1'tid....S bJ 
Atomh- Rom"-. 1"'fflf>lon U, 811~. 1961. 

:i. Donel. \". I' .. Mlh"f't'tDaD, )I. "·· allcl (~It•. E. P. 
l .. t ........... • and PatbolOQ at Pml·lrndlatl119 
lnfP< tlna. Rutl .• R, ..... ,.,.,. r: ~ 111&1. 

4. Allft. J. 0 .• )fonhh>r, P. \ .• allCI •:..no.. [), II.. 
J . . t. II . . t. l.,S. iU4-i11, llftl. 

:t. l'ut11t•r. Ill. I' .. and Mlllf'r. a. W. Tnat._t with 
Moc't-..IVf' Antlhlotlre OD ()Op IC:sp-4 to Total 
Bn•tr X -I rncltatloa. t'nlYPnitJ at l&odl9Mn 
A. K t '. p1 ojPC"t !?PUrt l' U-2'78, UIM. 

fl I 'ronlllt•. E. P .. and (h·•••llPr, ti. Protl'f'tln ~ 
nf HnnulurytN ID Ra1llatlon laJarJ. A-. N. 1". 
trctl. af Hri . .5ft. MlrHClll, UIM. 

i. Harrow. J .. and Tulll11. J. L 'ni. IWq_.. tJf 
I '•llnlar It-pi•- to Injury ta Jilk'P E:1pu99d CO 
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Chapter III 

Skin Lesions and Epilation 
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3.1 I~ 

FA1.1.0t1T OP .l.dlclAC'rmt ........... ~ 
a.,..,.i .. tely M hoan after cletonatioa of 
the tha www•IMr mit-e. On the malt ..... ily 
l'Ofttuainated. ieland. ~lap, the falloat ·­
dwcriW u a powdery material, .. mowlib. .. 
•hit-la Ml onr a period of 11eftnl boun and 
whitenoed ti~ hair and adhered to the akin. 
I.- 1triki111r fallout deacribed ....... ia-Ji .. " 
w• oh•ned oe ..\ihn,r;nae and Roaprik. 
FallCMlt wu not vialibl. on t9tirik. wbi<'h wu 
cont .. ainated to only a mild ~ nae ~ 
vmty of the !!kin manihMationa .... roughly 
1>roportional to the amount of fallout obee"ed. 
TIMI popalation of the four island .,-oupe and 
ilM'identt of the skin !@!lions were u followR: 

0900·p C:n•..-. 

J.l Sipl ... s,..,.. •• 
l>n1u14i Tua •·1.w U....-114 i..n after n,...,., 
abo9t ~ pen-ent of the Kanbal ... in the two 
hiptt upo.un l"'OOP8 esperiwh.-ed itdaintr and 
a b.aminc ....cion of ti. skin. A fww a• 
complained of burn ins of the.,.. witla 1-hry­
mation. n- 11Ympt.o819 wete ptwnt to a 
.__, e.stent in the Americam Oii ~ 

.\toll •ho were aware of the danpr, took lhel­
ter in aluminum iNildiap, but.I and chanpd 
dothft. n.- pl'ft'Autione ,,_t1y red...t 
the au~t denlopment of lllrin '-iolw iD 
thiM ~p. 'The peop• on rtirik. the farth­
fflt from the detonation, had no •rly •in symp-

ll:llWfDW ....... l.w &­
&-..-

t------------,-------- ------- -----· ~-------.------ -------
Ron.-.,. - -- - - -1 14 Manbal!ne __ 

IS~,•--------
23 W bHe AIDl"rieaas __ 

HNvy (11nowliu1 __ _ Es1.rlW'tV't!. 
1-.-sW!IMve. 
Slicht. 

Aillacinw -- - , . - _ -
Ro._..;t ____ _ 

Moderaw (milltJikP! __ 
- 1 Modf'ra~ (miatlikrl _. 

l"tirtli - - - -
5 S.,...-A.mrriean.i. 
157 Man+ Hep_ - - - - - Sonr 

.. 
etl espcl!M!'d per~.mnel to Kwaja­

-iical facilities ••Pre available, 
iehed one to two rlt11ys after the 
tami ..... of the din wu <'Oltl· 

men«..-d aboud llhip, and eompleted aftM ar­
mal at K wajalein. 

!"\kin naminations were <"arried out almost 
daily duri"- tbr first 11 •~ks and then apin at 
ff month.. l ud ~ yean after the aceident. E• 
unmatiipA of unexposed AIW'i •and native 
~- were "lllO C'Sl'Tied out fof romJ>llntive 
..._. Cokw photo,?raphti anJ biop8if'lll of 
....... ~ ·.urs of Jevelopm~nt wne 
taken. 

f > • • • ... • 

___________ . _, So ttkin ~ OI' .platioa. 

I 

tom~. .\II !!kin -.ymptom~ "ut.ided •ithin 1 
to ~ days. On arrival of the n*1ical tnm on 
I ht> 11 rn t h pcllll-expom"' day, the es ptJllll'd ptt­
l!On nel appnn"ll to be rn ~ haltb. ~ 
skin appear.d nomlaL However, eviden<"e of 
cutaneou11 radiation injury appeared about ~ 
w~ks after exposure when Ppilation and Ilk.in 
lelions romnllmttd. Jo:rythema of the llkin •u 
not obl'lt!rved either duri"- the Nriy uan1ina­
tioM when a primary erythema mi,rht be es­
pected, or later when a H('JC()ndary erythema 
mipt be exf*'ted . 

.\ft.er 11ub8itleo.:e of the initial !lkin 911DP· 
tonut.. further ~ymptrnm1 refernble to the ttkin 

'l1 

. 
t 

--~--



• 
..,. .... ••ii tt. n.ible ......... 1upec1. 
D.ri111r the •rlJ -... of .-.ekpwnt of die 
lmin 1, itl°hi"tl • .,.,,.intr ud ela,rht pain....,. 
•q»ee ill Nd with tt. ...... •perfiri•l --. 
Witll .... a.iw ptia wu .-. '"""" TM 
..... foot i.w- ...... tt. IDOlll pain'1al aarl 
Nmlll - of tbe ........ to walk • their 
._... ,_ ......,.a da111 darint1 the .nte It.,_ 
~ of the lllOft • ._.. i.ioM of the nerk 
ud uilla wen paint.I ,..._ tamint the heed 
• raiaintr tM ....._ The ~ did not 
pradlll"P any romtitutional symptcmm. 

n.. time of •ppMraMe and the 9"erity of 
the laiom nried with the ~ of skin l"Oft· 

tamination in the ditf•r-.nt ~pL The Ron,._ 
lap Jl'OUP• which lhow.d rrateet rad"-rtive 
oontamination of the uin ( attardin,r to ilUltru­
ment .-..di11«9) w.n the firllt to develop leeiom 
and epilation at about 12 to 14 Jays after the 
attidPnt. ~y alao had the· '!ft l'leTt'ft laion& 
Sirin laiOM in the leMer npo-.d .\ili~nae 
and Ro~rik J"OOP8 dP~lopPd approsimat•ly 
one w-..-k after fhoee in the Ron~lap ~p, and 
were leM seven and estensive. 1ne l'tirik 
~up did not ~velop any lesions which could 
bP 1ttr1butM to irradiation of the skin. nw 
irJ('iden~ of uk~nti~ leiions in the diffeftnt 
izmu~ rt'fl.ctf'd the l"f'latiTe wnrity of the Akin 
injury. TwPnty J1"1'l'1'nt of tht' Rongelap people 
<it'veJoped ui<'erativP lt'fiion" while only fin J»r-
1-ent of ttw. .\ilin~nu 1rnd noM of the Ronprik 
J"M"Ople de\·plopt"Ci ul('t"nlt ive lt"!!ions. ~in.ty 
IJot>rrPnt of tlw> Ron~lap and .\ilinginae "1'0UP"' 
1IPVt>lo1,.J ~ions. rompart'd to only forty Pf!r· 
('Pllt of thto Ron~rik ~up. Then wen moN 

lr.iiom~ 1,..r indi,·idual in the Ron~1ap ~P 
than in the .\ili04linae or Rongerik group&. .\ 

eomparison of the inciden<'t! and time of appear­
a1u.-e of epilation and neick IPSions in the t1'·o 
~ups is il1ustratM irnphically in Fil[U~ 3.1. 

• nw dfo9rriptloa of 1.-100• ""'•"to th. 3ilal"llballf'W 
uni- ot!M-nriw lodl('att>d . 

.... _~-~-- .... ·-.-·-·· 

!If arty an of tJ.e -.. wen .,..,. ud ._ 
......... oa npcl9J pel't9 of die badJ DOC <'Vt'· 

Med by dochi• ciari• the fal._.. n. -­
jority of indi•id•• .. ftutied ..tt;,- ...... 
<pertnlarty • Ron...., ~>. - of 
whit-II ....... ,_..t ,,_.,....a e•aww 
of....,.) daJ9 in die Jat..t ,.- t.fwe dt­
""+•1at of 1-ic.-• nriam •U. uw. n. 
order- of appearante ._ roaP]J • fellon: 
1ralp (with t'pilatioa), ~ asiO.ry ...-. 
anterubital t.-. 1M&.. • ...., 1ep, ud tnnlL 
I r ·om oa the lesar •l'f..,. in ......-1 pn­
Nded thme on the atemor ..,,___ T.W. 
S.landU.,_i~...d--to ... ud 
time of appetal"UK'e of -.. in the Tariom 
~ 

111 the -.rf1..,_all1miGM _.,.. ~­
m.d by hyperpip.nt.ed _...., papai... or 
rai.t p&.qw. (Plate 1.) n- freq•lllly 
wen mia11. 1-~ mm. anu at ftnl, bat tended to 
l"Oat.ce in a few daya into la,... •<ll'W. wttla 
a dry. J.thery tatan. 

'The pi~nt~ stap of the •perfkial 1"iolw 
within •vt-ral da19 wu follow8i by dry, .raly 
dftquamation w-hit-h pt'Ut'el!ded from th. ~­
ter put of tlw le9i0ft outwanf. leaTintr a pink 
to whit• thinned t"pithelium. As the deilquama­
tion p~ outwarcl a charvt.rilltic ap­
JlHr&nce of a C'ftltnl dt'piptented al'ft frinpd 
with an i~lar hyperp~nted 90ae ,... 

aeen ( P1at. :.! and :\). RepiJ1Dentatioo bepn in 
the ._..ntra1 ara and ~prad outward o"er the 
next few- w.,..b leavinjl skin of r.latinly nor­
mal appnran(~. Plates :\. -l, 11, and lt !how 
1mperticial l~ions as they •ppMrcd initially and 
sis montha later. The mildeM manifaltatioa of 
skin injury was the deTelopm.nt of a b\otdly 
incr?Ued pijltJlefitation of the skin with barely 
pert't'ptible deequamation. Such leaiona Wtft 

momt often not~ oo tht' face and trunk. 
Jt:pilation was usually accompanied by ..Jp 

~iona ( P1ates 13, 17 and 19). Some indi­
viduals denlo~ new scalp le9iona ~ a 
pPriod of about a month. Seek~ maally 
hail a -neckla(~ .. di~ribution. ~nninc aatm­
orly and spreadinc poateriorly. TM- w"'9 

m<>ft ~v.-r-. in women in • hom thiclr hair 

_________ .,,,.,_,,_,~~-:-~ .~ ..... - ........... ,,.. 
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T.W. ).J.--1 rrl rw ill I U I z a...., 

I ~-~•A•O...•a-lnlun.1.- j.,_.. Tall 

I ·- M I ..... MA ,~ ...... ()991,... .. ~ ~·'::"-: 
----- i 

----1· (II ....... ' CU........, Cll ,._.., 191 hlfta) 11' 

• ,. 'l•rt 
I ,..._ - - - -- - -- - - - - - 7.. • 4 11. I 17. t I 17 
I .... _ - . - - . - - - - - - - - • • • 7 I .. • 17. t 17 
I ,.__ .. ____ . ___ .. _ . U. I U 0 a. I ti. 8 16 

Taul_ _ _ _ _ _ _ _ _ _ _ 100. o ti. l 27 6 • t 16 ... ....._ 
..u ..... __________ 3& 4 0. 0 
hip ________ -- -- -- 100. 0 100. 0 
Neell - . - - . - . - - - - - - - - 18.2 7a.9 
~-------------- 11.. 

I 
7. 6 

A••wMWJw ___ 30. 7 i 3& 4 
H..._wrw. _________ 30. 7 I uo 
fee(_ - - - - -- - -- -- -- - 23. 0 U. I 
Ann9. - -·---------· II. 3 II. 3 
Lep ____ -- -------. --1 7 .• uo 
Trunk . _ _ _ ______ . __ . I I&. 3 23. 0 

Nail pismen~Uoa- -1 81. 5 100. 0 

•Post-espo.uN daya. 

0.0 
37.0 
M.O 
Ii. 7 
34. 2 
ta. 4 
63. 0 
10. 3 

4.. I 
4.. 3 

I 
96.0 

I 

I 

7. I .... 
79. I 
23.4 
:w. 4 
21.1 
46. 3 
12.. 
7.1 
.. 4 

ao 
I 

17 
11 
21 
21 

• :D 

• 31 
:D 
31 

..,._,. OMM!'P {A-.U.I 
AIUJIGftU& 0_.., (\8 ....... ) I <• P90ft.S) 

' ! 
TT,.17'1- ·---- i : 

: °lo °' Tnt.u. !1111&• Ttlla : '\ .. TMU Wrft : Miiam Tiiie 
'Wrft L-•• 

: °' ........ I l.&motla °' ........ I .. .,.. i .._. 
-- I :---1 

EpilaUon 16. i 27 i 3. 5•• 42 
·--- _i 

Ldio.- ol: i I 
I 

Se&Jp and faee 38. 9 i ~ 10. - 32 - - - - - -- - - -i i 
I 

S~k and ahotddna ! no 27 14. 3 
i 

30 . -- -- - -
I 

Baek_·- - - -- - - - - - - - - - -- - I 0. 0 7 I i 28 
Asilla - - - 22. 2 24 I J. 6 

I 
n 

Ant.ttubit.al fmue II. I 28 I 25. 0 l9 
Hand, wn.t 6. 6 38 I 3. 6 i 47 
F~ 16. 1 33 I 3. 6 ' 43 - - - - - . - -
Lep. - - - - -- !. 6 44 I 0. 0 I - -----

' Nail di.eok>ration _ 77. 7 31 
I 

17. ~ 40 - - - . - - - - - - I I 
I 

I <All s.-1 ! I 

: I \ 

•[)aya po9\-eSpOIUl'I'. 

•-<:m. e.. claimed llishl epilation. 
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-.-.. the...- of ti.. net'k. Yd aiona are 
1JNltnted in Mate l-f. Asillary IMions (Plate 
l l) -11y ~ of t"Oaindn« pepul-. 
Ant8c.hital I.- -... ,....,. characten.d by '°' •tian of thic...._. pmqaee. ~•enl 
..._ ud .,.. •• .. deftloped i.iOft8 in tlw 
anal ,...- whim, thautrh not deep, ••re paia­
fwl ct.e to ucoriation of the epidermiL TI.­
heeled rapidly. 
l~ · •er. ..non the ecalp, neck, 

~~ . .: ,._.on the Nr. Th•y ••~ f'har-
"" by t ... "wpidermal necl"0919 with wet 
· ,·aamauon ~vin« .._ping, cnu1tina ukera­
t.i~ Ve11ieulation wu .nat 00."ed •sc:ept 
with foot lesions which denlopMI bullae. fre­
qwntly .... en.I c-·. · mt•en in dianvter. beMath 
thicllt!Md pijrmfti. plM(U& Tbae foot 
l.sions ~ul'ftd on the donum of tb. fl'ft and 
between the to-. I Onlv one <"Ue llhow.d del­
quamation on the Ml~ of the t..t.) .A ftu 
MPV•ral days tlw bullae ruptur.d and deBqua­
rnat.d lt>uinp: raw ul~rs. Sorn. of theee 
lt"!4ions. particularly of the fl'ft. bi.came ~d­
arily inff'C"tf'd ~uiri~ antibiotics. Hown•r, 
mo1¢ of th. lf'Sions healed rapidly and new 
f'(>ithf.lium ronnod the ult~rated arHS within 
• •·..it to 10 day"- Foot lesions an> iHuFtra~ 
in Platf'tl ~IO. Ont> f'ar lesion (Plat~ 1:\-16) 
took ~\'t>ral months to lwal. 

Thf' napi~nt>ntation of )l()f1le d~per lesiollll 
r~nt~ abnormalitif'fl. Sf't'k lf'llions often 
dt>Vf'loped a dusky. ~yi~h brown pi~lt"ntation 
lll8.le1ated wit~ a thit·kened ••onmtrt' l'"'I" ap­
Jlf'•i-.nt~. H1~tolo.c11·al appt"arant"t'! of t>pi-
1it"rmal ~1ty "·as all'IO notf'C.i in th~ lesions 
{~ ~tion on histopathol()jly). In addition. 
t ht> dttf>f'r lf'l'ion!\ .of t ht> f Pet fai lffl to r?pi~­
m•nt. namammJ[ pmk or whitt". .\t esamina­
tion 6 montM and I year after tht" expo@u"', the 
skm 11ppNN'<I nom1al with no ~idual changee 
m tht" v~ majority of ca~. Howevt"r, !-tomt> of 
thf' tlfllf'fJf'r lf'Sions t'Ontinued to show t>vidence of 
~idual dam•trt'· Fo,..most amon,r thesp wu 
tht" t"ar lesion which had hHled with con&idt>r-. 
able acarrin1r. atrophy, scaling of the •pidermis 
a.ud ~rofltl tt'l~ng1('('tL"lis. fly 6 months the hy­
perp•ll"tlentat1on and thickeninJ[ of the skin of 
ti~ ii«k lt"t!ions had greatly subeidt"d and by I 

a1 
,_, piJW'""ation .. tta,.... w.n •ild. Foot 
leeioM had not repiplent..t at Aita of -,.. 
intolftl!llPftt and - atropky of die ma in 
dleaiP ...... WU •ppa~. 

J.32 Mia : ... Afpnr9M11 

Riopeia wen tabn of 98\'• neck. a..t -
asillary aion in the Ronplap ~p chari .. 
the third to fourth wwk aft« ..,._.... .\t 
th. time of biop8y the. laiola. wen in the hy­
~rpil"*lted stap with little or no ........... 
hon. Moat of the b&opeia Weft tabn fmm ia­
di•iduala with i..iona of avenp •Yerity. A 
MCOOd aeriea of biopllies ( repeiMa in th.- in-
1li•iduab1) were tak.n from dii. .-ruep, .f at 
the ~•enth w~ and 5 at the eishth .- pollt­
Hpo8Utt. Th,_ we,. taken from the Mdl ud 
antecubital fatme. .\II of t.._ '-ioM bed 
detiquamated and th. .Wp~ted akin had re­
pi~nted to a. duaky. ~1 t"Olor with 90lne 

thickeni•t« of the •in t .. onnp-peel" appear­
ance), plata :l.~ and :!1. Hiopeiea wen no& 
taken from ulct"rative 1-iona or from the feet 
becaWllP of the dianJEft of infliction. A third 
!'!Prit"S of 11 biop8is wer. takm from th. Ron,re­
lap trroup at f\ moot h8 a Ion~ with wnral l"Oft· 

trol biotJMi~ from Ullf'llpcw'd natin!L Material 
W'll8 obtaiMd in many c ... ad)anmt to 11it• of 
pM"vious biopllit& 

.\II hiot1t1Y •·ouncL! hnlf'd napiJly within a 
~-Pell to lO tlay~ with no !'lf'ConJary romplin­
t10n~. 

Tht> 1111l·rottropi1· tindin~ a.-. KUDUnanzed u 
followtt: 

Fir•t ,,,.me-.Jrd to .;tA JNt'lc. Epitk,.,,W,. 
Tran!>!Ppidennal tlam&«P WH noferl with a few 
interwnintr an-a~ showing 1- dama,re 
I Platftl i l and :.!'~). The t>pidermi• in the nlOll& 
Htt>nsi\·ely involved an-118 !dtowt"d t'OfUl~nblP 
atrophy with ftattening of the me 1-"'P and in 
pla<'e!O the •pidumis wu ~uc.-.d to a thidmem 
of i to :l l-.llM ~ PlatM ~I, ta. and if). The t .. Ji. 
of the malpi«bian layer Khowed pleomorphie 
nud~i. pykllQlis and cytoplumif" haloa. «i ... 
c.lls and in a few inlltanC"a multinoclft~ eel& 
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I 
I 

• U'f'ICl'9 - ...... ......,..,. 

..,._ of ~ ol rt.. ..._, a.,_. .... cam­
_., -. r .. 1 4imrpniutioft of tlw 
_.,...._ wl ._I 1a,_, wu ueually .,.._.. 

..i in t• more estenaiYely damaced arcadel 
(l'tate i3). Cells laden with pi~t wen 
'"'tuently pl"lll!llt thl'OUfhoat the epidermi9 
and intwt"ell•lar p..,_.t was noted in .,._ 
~;.... The l!Jtratm.. pnuloeam wu a.1UaUy 
atrophk or 9"'11 at.ht. lmpttfect bntiniaa­
tion with paralrentmi. wu Yisible in all aee­
tiona. T1w lltratum oomeum was ioo-ly ftbri 1-
lated and hyperbratotie. 

Tiie attada of minimal damap were mually 
found in al"flU wheft sweat dQ('ts approached 
the epidermis (Plate 2"..!). Th.re was an ap­
parent ill<'1"Nse in the number of CPUs and mi­
totic tt,'urftl alon,r the na-k of the duct. and 
the adjoining arMa where ""IZ"fl•t••lion wu 
underway. In thee al'HJI the stratum l[ranU­
lmum appnred almmt normal in 1"'idth. In 
rontrut to the more ~verely damap:I area 
where pi~nt ""IU! inrrM...d, theHe arMS of 
minimal damalZ" !'!bowed an 1u.·tual df'('~, 
hf.in~ almmt free of p~ent. 

/),.rm~. Chan~ in the dermiK were ron­
tinf'd larJZ'"IY to the pars pa pi lluis and !4U~r­
ticial pars r"fti('ulari11 ( Platf"'! :H-:!t ). :Mild 
f'titoma in !tOITle l"a!W'S •·ere noted. Capillary 
loops ""f'l'f' often indiKti1wt and whf'n di!o!Cem­
iblto thf'y frequf'ntly wt-re assoc·iated with an 
i ncrt-1uted 11umbf'r of peri<·ytf'tll. The t'ndo­
thelial <."ells ,;howt><l !'iWPllini 1rnd wPre poly~ 
nal in !!hape. Tl"lan~if'(·tatlc cli1111Jt~ were 
notf'd in tht"14t" 1lrt>1ts wh._.~ the overlyin" t'pi­
Jt>rmis ~howt>d ~l'l'atf'tit dama,re wh.ich "·ere 
a!'l. .. >rtatf'<i with :wriva!oll·ular lymphocytic in­
tiltr-.tion. ( 'hrom1dopho~. tillf'd with tnf'la­
nin we"" prominent in thl' !illpel'ticial df'rmis. 
TIM" tine elutic tibrils runninJ into the pus pap­
illitri!-1 111·._.~ oftt'n aht>N-<I or llh!-!ent. 

l..ittle if any dama&l" was ~n btalow the 
sUJlt!rtkial pars rt'tieuluis. The. hair follicleR 
we~ narrow o.nd in most instanceft devoid of 
shafb in this "'¢on. Thf're was ~me telangi­
f'<'tu1s of tht> ~apillaries 1111d !4lq .. -rht mononu­
c-lnr <'t'll intiltration. ~me of the l1tr~ l"las­
tic tibel"ll in thi!! n>,Von showed sltil(ht !'!Wt'lling 

ia - nmN. So dS1M19 fo .,.,yta or enl-
1..,... fth.n ·- noted. 

SHOJtitl .,,.W.-7tl& tnttl 8tl& ttt~i• r-t~­
JIO"'ll"· E ,,.,_., •w. In ..-nl, repentin 
proc t 1 11 of theepidenni. ha· 1 p. uc~ nrwpt 
for a few peni9tent .,... of atropfty witla ..,._ 
rowintr of tlw epidermi9 and ft...-lilre clowa­
trTOwtha of the l!ltratum malP'«bii ( P!ate jf ). 
n.-cha~ OCC11rred in anu of the ........ 
narrowi~ of the stratum lf'SJIUac..._ In .-la 
al'N8 the t.al eella often showed ine.-.d pis­
ment. 'nler. wwe many outward epiderwi al 
esc ~ COTered by thickened l!Jtratum ear­
... u~ .till loo.Ay laminated ( P!at.e ii). wlUcta 
probably IK"COanted for the "oranp-peel,. ap­
pearanee of the akin noted gromly. In almiamt 
all inltancee the bual layer wu intad with la. 
t le or no diaoTpniation. Then were a fww 
1eattered areu in whkh occuional epithelial 
cells with pyknotic nuclei and perinudear cyt• 
plumic halOll CX'Curnd in the malpi~ian layers 
( Plate ~). Then wen occasional arcade. in 
which the t'pidennia and particularly the 
~tntum ~anuloeum appeand t.o be widened. 
These OCt·urrf'd primarily in ~lation to eon­
t i~us 11wPat iland ducts whe~ the latter pei. 
tnttPd the t>pidt'rmis. .\ narrow zone of paN-­
kf'ratosiM and amorphous debris was still preBent 
between the-stratum ~anul011um and the IOORly 
laminated stratum eon1eum. The !Cratum 
lucidum WR.'! not apparent. 

/Jt>rn1i•. Th._. capillary loopB in the dermal 
papiillle "·ere not unifonnly distinct. Peri­
cyt~ remamP<i in incre1uW"<i number but fewer 
lymphocytt'S were pn-sent. (~nerally, theft 
v.-1\s a sli¢1t telan,Vectasis of the capillaries in 
thf' pars pap11laris and the superficial pars re­
ticularis (Plate :li). Tht're was some edema 
of the pars papillaris t Plate ~). ~attend 
piJDtent-laden chromatopho1?4 were irngularly 
distributed in the papillary layer t Platt' ~). 
In ~ne ca!tell hair 11hafts in the superfieial pen 
reticularis we~ narrow or ab8ent: in othen the 
hair !!hafts appeared normal. Small hair fol­
licles (Plate:.!!>) 1md s•·t'at ducts in 80IDf' rues 
sho1'·ed mild atrophy. 
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PLATE 1.-F.arly liv'f'l'rpigmnilt>d mar11/opapt1/ar nrck 
le~10n11 ai /.j day«. Ca•r J!.J, agr /.'i, F. 

,,, ! 

, . .," prq­

( ''"'" Ii 1 

1'1 •. ,TJ: 2.-.\',rk lt>•um• at !ll da11•. A"rl dn••••"''-· 
ll"li1/t> roior I• m/aminr /allm1. lllM ~8. a~ .17, F. 

]'I.\ T t: L ,...;,,,,,,.. 
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1'1.,n; .~. -lf·1P'rp11111101t'" rnurd pJaq11r• anti 11111/ar 011 

1/t1r•""' 11/ ,r,,., '''"' ,,.,._ .. 1111/J da11•. (Jn~'"'"'" nn /,fl 
/""' ,/t.,1r.• ,/,.,.,,,, rnrofrrmr,,t. f'ul irrrr pa1,,f11I at 

tltu ''"''· 

PL\T~: 7 -f~~ '4t01/'4 h .f,1•1c f,1/,r rth1trl'lfllJ r,,p1._, 1"'1lfll10" 

r'f1' pt (.,r 'i 11i11<! ,.,.,,,. 1111 1J11r.-.11111 n/ trfl _fo. 11' ,Hit' of 

,,,, pt:d ,, "''"'· 

PL.\TF. 6.-/ .. n1o•t1 /() 1la11• /atrr. BullM ltarr brolcrn, 

•lr.u1•11im<1/11111 r• ,._.,.,,11<1//11 romplrk, and lraion• lta« 
Mfllrd. I "" /011yrr pain/111. 

J'L\rlO: tii( -,._;1Pllt'' :_,. 1).'C UI r!1J.lt' _:;, U.I mon/J:~ ifJltr. 

f',M1l /, "''"'"' hit•,. ,,,,,,,.,, ,,.If;. rrpt1jrrlt'nf111t 1u1, fI<"f"' 

1/1-puJ"'' idt•i 'P'J" µrr-,.ud Jn .1''"'" tJreu.t rcltrrt' ,J,,ptr 
lr.'( j IHI .• U't' re. 
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PL~Tr. ~1.-F't>Ol lnMru at !!I ria11w ~!towing dup'r in-
1•nJ1'f'11vnl ~twun l sl and .!nd t~~. r1gltl ft>Ol. Ccu~ 

iii, aye 1.3, .\I. 

1'1.~n: 10.-Sam,, ra~,. tU in l'fntr :1, uz '"°"'4' afkr 
rJpo.•11rr. .\·,,,,, per•ut1ng rirp1gmenJl'd ar~IU "'"'rr 
wor.,i 1.

1

t'.'f1on.1 r•·,.re. 

c 



1'1,\Tt; t.l.-/),._.,,,..,111,1/1011 of l .. 1cl· of uolp at .!~ dt1y•. 
,.:p1l1UHH« f)t"C1tr"''' ~11rl1rr '" 1/t·,111,(J111.ated arefl. .\.1Jle 

,,/ariuwn 11/ lr/t ear. 

1' 

1'1.\Tt: 11.-.'ittme rrz_.,_ Hp1itlt10" hnrlc 11/ lvt1d at -~11 

,fo,1•. .\'.11t µu ..... 1011 11/araJion of left ~ar. ( 't.1u 7:J, 

ag~ .. I, .\I. 

' . I ' . \ i ~ l • , ),<!II lj 
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PL.,n: I -:-.-l-.'p1/r1'1011 rri ;- '~'· old yir/ al !8 rl11y1. 
Cau ~.?. 

'!I •/,' '1'1 

111.\T•; P(-·"°'''"" r''·"' n.• ifl /'lnlr I:'. "'r ,,,,.,,,h., 1J(lrr 

,.IP"·"'''" .... it,,wir.11 rn,rrplrt' '' rjru,,.th 11/ ,,,,r,,,q/ ,,,,,, 

1'1., rt. ,?11 

1, 'I ~ (It ,~ ,.... 'I,, J ... 
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l'L\Tt: 21.-( '\ltlO, /l,tF:l f:p1d,r,,111: F:rtnu11·· trrln• 

rp1.tum11/ il11mlltJI' (1r1tla •l1qla//11 lru 1n1•11't•r1t ;onf'• "'' 

,101rr . .,,,,), /,oo•r fllm1n<1t111n I .<lr11t•1111 n1r"'"'"• 

alut,"r" ,,, .dr<1l1on 11ra1. 
1
11•utra. P11rakt'rrJlin1:atlort. 

will& 1·rf11l11u111n of P'll"""' rnn/a11ung rrl/.... /1111nr-
1111n1 ;11t1111t of lltr 11111/ p1ql1111n ifl •1rr. l>rr,,11•: ,\11/d 

r1lrrt1fl n( pt1r• P'l/Hllori., 1nlh 1n•l1•t111d rriµ1/111n1 /twp•. 
/',rttV1.1r 1•'''' r,.1f,,/11r 111fil/rt1J,. (/vmplt1H 'Jlt,. nrid .,.,,,.., 

•111rlri1r µlt11qor11tn), 1n ·"'P"'fir111/ 1·11r111111 11•1/h t•l<11t-
<11ut11 .. 111. <"a•,. .!fl. 

PLATt: 22. -( \" 100, /l,tP.l f:pidf'rmi•: .trrad'" nf m1nl-

1"<1l .t11m1111f' 1Kr11r 1n rrltl/1m• lo r.urrtory il11rl• nf •wrlll 

gl111td11. .~lrt1l11 m gmn "'"''"'" of vood ir1dtl& rinrl •Ito•• 
1rrinl 11/lrr11/11Jn. ('nilrrl111nq •lrtll11m malp1qlt11 •Ila_.• 
drrrr1111r 1n p1ymrnl. In tl&r 1luprr pnrlwn 11/ tltr ~r-

11111111, lno•r/11 /11,,.in11/,,/ •lr11/11m r'""""" "'"''"al~ 
tHno·1nt11 nf P't.f""""'· hotl'rr,r. art' pr'!t""l. u,.,. 1111rrntl" 

1Jrr11dr rtf ,,.,,,,. :o•r·rrr lrtlnJtl'ptdrrrr1tal ./ttmflt}f' 11/ tit~ ,,,, 
11_( th. µltoillmrrrrH/rr&pla •ll111r• 11/lrr11/1t1n nf tl&f' .tral11"' 

1/rtlll•1(,,,,,um wrtlt '"''rrrll••illr ,..iJ,m,1. p11kn11•l•, ~sr1H/,,. 

n14r/•1, ''"'' fJ"/rnrril •r11Urr"' llt.r111"}itoul. riv- /IJllrr 
,. npn111ll ·1 ina . ., , 11 lh,. rn1tl1q1w1u p11r11/crr11tal1r 

"'"'"'"''· f>,..,,,. . I ,,,,M/,r!Jlr a//11/ar 1nfaltr1JJ,, 
1·ls11·.fl·1 P"" ,i:..,1·1,/rtr, '" mnAI prnn1'1u.rtr,.~t '" tit, tr•prr­
Ji."rr1/ ptir.• ,,.,,,.,./ari.• wlt1rr tl&rrr 1• a m1/1t 1,./,111q1ert11Au. 

CtJM !Ii. 
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PLATK 2:1 -1 \"400, Jl,tp:) Trnn•,p1rlrrmt1I 1fom11~ 

ll'il.\ d1•org11111:riJinn of ti" ,,111/p1qli1t1n lnyrr. .°{lrrU111f1 

grt1P11«lo•11lfl llh•'"'· .\ft1/p19li1t111 1111•' ooaa/ ln11rr ""'" 
lroo In tlirf'f' rf'll.• tlairk tl'1tla rrf11/laJrnn of p11;mrnl 011t-

VH1rd lo11111r•I pt1rt1kf'rt1l 1 "' ud ZIJ1'f' tliljtJrf"tl to •I raJ""' 

l'MIU'llm. .'{,,,,., P"I"""' lllllf'1' rliromtll"p.\nrf'• a"" 

1&111i1or11lt• "' par• p<1p1ilt1ri• of ror1111n. Lrlllrr •• 

''''"'"'"''• t11'd 11tjill rrilrd h11 modrrtllr rt 11 rnhrr• of 
l11rnp.\1H".l/lu, nrid mmtn1111rlrt1r plit1gor11lf'•. <'11p1//arJ 

loop• i1'riut111rt. Gut !H. !! d11.11• IJO•l~.rpo•"'' 

ll!Jf\ 11/ •l"'l(•111t ,·un1r'''" 1r1th r1•ilir1trrl Jl'J{Jtff,t:"J µr11J~f 

liun~ 1111.i ,.,.,,,llrinl :--.,,,,;,.,.· rtpJNrtrrinrt . ...:1n1/11m 

qrfJT1'4/o<.1 rr1 •>/ •/•"~f '/'//lit. ft•,.t1/ lln•I 11111/ ;u•/it1f1n 

,...;; 11/ftl 1 fr'1UI uj 
rnn,1rri trllh '1t1i'1f f,·f•t•1:/11•r·t11•t.1C rir11t •f1·1ht u11·r1 1t1u Hl 

Pf'rn•r&•1··1111r I p11µft.1w· ,!1 '( t1f11/ P'rlrr,fr.JC. S·mtJU .,,,,,,. 

1ri11/ •tlr 11µh11· lt111r f,1/ 11 1 1 tJ·fJrirrnl fn At ,,,1r1·111ut qi1J1i!/ 

''' 1n1•i µr&r,. r1l11· 1r11r4., 

1
-- ·~·- ..... ~. "l,...;I. • • ,... ~~ • . 
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PLATE 24.-iX!flO, llitP.I TraJ1up1dn·fMll "-•-.. 
11trtla 111 ""'fJIJ'" :aJ1nJ1 nf 1111 "'41 p191l111J1 ltJJ*'r. .'U1,AI 

-,aralurtlloa1•. .\11grtJiwJ1 or rrfoi1al10J1 ot1t-rd ft/ 
prgrrwrd. IAn•r /t11f1111Gl10J1 of 8'rfllwlfl t'°"''""'· 1'1.­
"'"'' lllllr11 rlirnm.tJinplanrr• """ ll1•lrt1t'"'r• IJI .,. ~rY,nl 
pt1r• pap11/<1ru nf rnr''""· .\larkrd rf'/li./ar '"~Jtrn­
llnn a11d rdi-rntJ nf pnr• pnp11/nr1•. .'il111lll lrln1t1J1rrtn••• 

of •·•~rfarral par• rrhrul•1r1•. (',..,. li.1. 

1'1,,n: 2ti -.'(;1111. 11.tF. ,('n•, I~.;, ,-i1Jm' ru .!.'>. 

()n·t&•uHHll P"'lfl11rt',,1r 1·•1lupu1•mtr lt11/011 in "'''' 

.. trr1l·1m 1J'''"''i'tlf•.,n f.1Jo1tt-l•1 frJm111t1/,,J ~r ·1l•1m rnr­

nr•1m. 'f'i'J1'1f'nl i'r11/t>n ,-Jier1Hrtralopif,,,,,. 111 '"j'P''>ru1l 

rori ,, 111 1Jl11r11; •rith ,.,·rr1 .. 111n1il I ·1m µitot 'I''" ra111i "''''•n­
n•<rinu µlt•1v1"11lr1.1 

0 
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po"l-,Iprut11rr. 

l'l.\TF. 27.-( ~/(}I), 11,tEl (Ca11r l.1~1l .Varro• ntflOM 
rp1drrrr11• w1tll pa111llar11 utrn1rnn• dOV1nVoard 11/ 
11tmt" m ma/ p1glt.11. Lalla arr llraE"rl 11 ladne Voalli 
mrl11nol1r p1gmrnt. .~l11Jlil trlfln(/1Ula•I• 11/ para 
p<1p1/lflr111 "'"' ,,ar• rrilrP1iflri11 11/ rlrrm11. Urra•101uJi 

J>&IJ'"'"' IG1k-ra rliromaloplaoru "' '"' pnµ11al lkrfftu. 

p11 ~t-'I µ11.'( ·i r,- \f,•fnrilr f11r11/ alropilr1 of 11/rfll•<1ft 

.,/r1Jli1m 11r11111,/11.•11m 111·/"u,,1µ11,111•( i,,, 1111'"r1>t1' 1i1114·1411·11r1J 

pr,•iott<J1lf1011.oe of lhf' }11/>f1J/ µ11plll1u ,f, .. f,-r!J(t" ,frA-

1 4r!w1111·,. of 4·rr11!1,1t.:,Jftori 11111i 11104/rralt' {, /,Jnljlf'Clfl.'411' 

11rt 11/ . .,,. ·"'f'n. 

··11rr1;>·1 'fl l'11r1i'1u1·ir'11r lt11ffli ()rf prf<ef'~l ttnd rJrrfJ4 of 

.J,..pt:j"ll 11l1Uion r:rP µr1•m1n,nl. /,, tit,"'''"'~ tJ mt>tl­

,,,.,JI,. 11ri1forml11 1 i1.<efr1h1~lf'1I lr/fJnq1,.rt11~111 IA ''""· 

Tltr•r ,. •1/.<t1 •I P'""'1J11r,.i<Jr •lulr1h,,1rnn of ul/,./ar 
1 nfiit mlf. 
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~ af thlW ~·.d ""'•on. 1"'ft' 

, .... ~ :l of tlw W'lllt• .\llll'f'H-. ... of tlw 
Kon,.•nk ~*fl· C >nl~· l of :' ..h.,.-... 1 *''·ict.nc-. 
of <ta..,.. •· hwh WP "11,rht and ronhn .. t to I hr 

"fHcWnnis. 

Tltirtl _.,.; --'itlt ,,,,,..,,. ,-1~1"°"""· ~·· 
tioni1 of skin at thi,. tillW' ... Ynho.f ~'""' t·ha~ 
1•n1iteinar in th. •pittf.m1il! and to a 1.,...r n­
tf'nt in th. tkam1il! (Platt'!! ~" and :.19). 

l:.'pitlrn11i1<. 111e followin,r t·han~ •"""' 
found to varying df1[""'8: fonl 11trophy of th• 
l4tratun1 ~nrnulo•mm: sli,rht focal pitrm•1ttary 
disturban~ in Cf'll!! of the basal lay•r: 11li1lht to 
modf'nt• hyperkf'ratinization: and sli,r:ht dis­
turb.n{"P.I in polarity of f'pithelial c•lls in th. 
'4till pt'M4istent basal papillary proje<·t ioni;. 

l>ntnu. In the dermis. telan,:if'<'tai;is iiuper­
tkially peni14M fnm1 11 sli,r:ht to moclerate de­
ll~ in m0t4t of the 8"<"t ion~. lllld <'Ofltribut.d th• 
nn ly abuonna lit~· notf'ti. 

3. 3 3 Epilatioo and Nail Pigmentation 

f..'11'latim1. Thf' im·idf'ne? and time of app .. r­
llnc't' of f'pil11.tion in thf' variom~ jlrt>Uf1!' is illus­
tnlf~l in T1tblt>S :u an<l :l.~. and Jo'i~l"f' :u. 
Epil11tio11 was tlNt obiwrvl'd of the fourt.,.nth 
l"~l·t>.tpos11re dity 111 the RonJl'f'lap Jlt'OUp, and 
somt>w hilt l!lter 111 the other JlroUps. It was of 
:l spotty nllture :tncl WllS co11n11e~t alm0Mt entil"f'ly 
to t ht> hNtl n>JllOll. Epilat ion "·11s di ,·1dt>cl 
1trbitritrily into :~ deJll"'t"t'l< of !olt'Vl'r1t~· ... l + •• 

i11cliclltf'cl lclR"' of l11ur without ob,·iou!'I thinnini: 
·'-2 + ·· indic·att><l lc>MS of h1tir sufficil'nt to ('allHf' 

thin ""Poti.: itncl ":\ + ·· indit·at~t an f'Xtt'nMi\"f' 
epil11t1on with bald "pots. Table l illu"tratPS 
1h1tt thel"f' wits ll j.!f'l'lltt>r <lt>JrN"t' of t'pil11tio11 in 
the children I ti to lfl yt>a.r.-). with over !HI per­
t•ent devt'lopinJl t>pilat1011 to some dt>jZTI'e aM 

eompared to onl~· :.!l'I pt>rl't'nt in lhf' olclt'r RJll' 
j[roup. The P"'l""Hit>rlllH'I' of !'l«"alp lf'Sion~ in 
the itreas of ep1 lat ion llldic·ate<l I hat rad i11.t ion 
fron1 the fa.Hout 111att>ri11l on the !'!kin wal" pri­
marily responsiblt' for tht> t'pil!ltion. ( >nly thrt't' 
«'ll!4t"S of mi Id ep1 lat ion de,·elope<l 111 the 
.\dinjZ:illllt' c1Iiltlre11, and quf'St 1011able epi lat ion 

1.-.·ur?'Pff 111 °'""of th. .\mrric·•""- rhar•r1Pf't .. I 
t~ h•- iaa1r "IJi"' ,,,. .. ;,.,._ ~ .. ;: -;:;-;~~:~ ~~ 

of alt'f1"'·1a. 
JC...,, ... ,h of hair 111 all 1nel1ncl11al,. ,, ... , 

n .. 1..-..I ~"'•,,...,charm• tlw third nMt11fh ahtt 
f''.'ll•••Hrf'. .\t th. t\ 111ond11• •um1tu1fHllt ,,,..,. 
pl.t• nirn••th of hair. IH•nual 1n ,,.1oi.,. tf''.'lfll,,.. 
aiHI abu1Hlanc-. hail taluon pla.-.. Platf'I' I:'- I:•, 
17, 1~. and tu Mhow t'pilation a1Mf nirn••·th of 
hair. 

.\"ail Pigm,,•lflfimt. .\n 11m11mal ·-n·ation 

was th. ap1>Hrat1ee of a bluiMh-bnnrn I · ~' .. "'" · 
tion of th• &n~naailM whit·h Wal'! tili4C "·"II 1lctt·11-
nlf'ntf'd on th• :.!3nl pmt-f'XIM..U"' d11y. Tlw cliM· 
t•oloration hf'aran in th. ,...nillunar .,,.. of th.­
fi11Jl't'mail11 I to a lftlW'r f'Xtf'nt in tlw t11f'11aill4). 
and !4prf'llcl outward !IOllM'fin ... in !4trf'llb. .b 
th• diMl-.tlo""I am JC"'• cti!Ctally thf' ~ailunar 
a"'a uimally bt't-am• c·l .. r. Plat• ~1 i1ho•·M flllf· 
ment.d band11 in thf' nail!4 at i7 clayM. .\t "1' 
111011t luoi. pi,cfllf'ntat ion had llf'OWR out with 
the nai 111., ancl "·u no lon-"'r .. ,·itlf'nt f'1t't'f'4 i 11 

th""' l'll!W!I whid1 l4till 11hm.-..d piJlln•nt 11t tlw 
clil4tal erul of the nail. Thf' piJl111f'nt "·aM on 
t I~ untlf'r 11i<le of t hf' nai I platf'. l>i!ll·olorat icm 
of thf' nail11 " ... ,. ~n in a 1-rllfl pn•1•1rt1n11 of 
t ht' t ""(' l11Jrht'r npoMUl't' jrroups ( Tablf'M :u and 
:t:.!). Thf' pht>nom•non llftflt'al'f'(I to be a radia· 
t ion r"l'!'JM>lll't' 1~·11liar"1 I hf' clark-'4kinnf'tl r-At"f'!4 
"inc? it WllM ~II in 11:1 of !ht> l':llM1!41Pil .\111t"r1t·1111 
:Sf1(n~ 1uul 110111' of the whill' .\mt>ric-ans .. up· 
tKJHf'(ily rt>C't'i\"ill~ 11i .. ~lilt' t"Xf'111Mlln'. Thi .. 
lt' .. 1011 \\ tt!' 1111t c.l-n·t'il in tht> I "tirilt Jlf'oplt> nr 
in llllt'Xl"~i ~laf"h1tll-. :-iinc-f' the nail pi~­
llll'lltattinn IM't'UT'n'tl i11 i111fi,·icl111tls w11ho11t "kin 
lt"!41om1, it lll'Jlf'lll'f'(l to 1 .. tht> l't'l"Ult of a morf' 
pt'llt>tnttinJC ~amma eomJM>lll'lll of radiation. 

3.4 Therapy 

Tur. THt:.\TXt::'liT ( >r tht> "kin IPJ1io1111 ""M 

lara."t'I~· no11·s1M"4·inc·. :\tc11Mt of t llf' !4Ul>flrtlcial 
lf>l'imns WPM' tM'lltt'(I with ralaminf' lotton with 
011t' 1M'r1't'nl pht"nol. 'A" hid1 Ill mcJMt 1'aMel4 "'­
lit-\'t'il the itd1inJC and burnmJe. .\ fe•· of tb. 
lay1'4'rp1a.•mt-11t~t \f'!'io11!4 not n-linf'CI by (·ala­
r11111t- ~it Ii pht-nol 11\"P"' t reatt>d with )M>lltc•·aine 



, 

Olllfftlfttf, •lfh &f'f .. '"1f "llC't'- \\'llf'1, tllf' 

"f"' twh•m "u 1W,..euan1al 111t1. "II 1.., 1ut1 .. "'""' 
t"'at .. i 1,_,. •l1ul~ •1u1h111,r •1th ~ .. fl aml •·Ht..r 
fulkt•·.,.• l1~· ttw "l'f'IH"af1ou of 11 •11f1•r ,..,luhl .. 
\'llnt,.hlllf; ty1..- ornt111 .. 11t 11·l11d1 kt"pl t ht' 111 
ju .... t 11kin ,.,ft 111.111 ph11blf'. l<a •· 1tn-all, 11·hwh 
t.. .. n... ~·onJaril.v in ff'l·tf'CI, "'""' dP11n~I 
•·ith "'•P anti llUl?omy<·in oi111nwnt Wlls 1tp­
pli.,.I. BullcMu4 lf'tlion~ of thf' f...,.t Wf'l"t' IPft in­
ta<·t lll4 lonJ[ IU4 no !!J01fllo111!'I "°""' pr~nt. If 
jtllinful, thf' ffuid Wilt! llllflirMtt'1l •·ith stt'rilP 
tf'ChniqUf' and a pn~KUna cli?.-.,.i11J[ 1tpplit'cl. .\ 
,.ju~lf' allpintt ion Wall 1ulrquntt' !'Ii lll'l' t hl' b11 ll1tt> 
Jid not r?till. In one in11tarwt>, an t>Slt>1111in-. 
ra•·. wttpin~ ult't'r c!evt>lopt>d for •·hid1 JW'lli­
c·illin •·aM ,ri\'t'O for two cla.vll. l>uriflji thit1 
tim.- th.- l~ion clt>\'t>lopPd hnlth~· jll"anulation 
tillllllt". Sctu1t" of tht> lt>!4io11ll of tht> l'lkin of th.­
fc•1t l"f'mained t hil·kt>nt>d anti 1- pl is hie dtt>r 
d"'4ltll1tmatic111. Thi!'! "'"!'! n-lil'\'f>ci hy the t1l4P 

of ,.,._,...lin.- or 1·0•001\ bnttt>r to l'!Ctftl'n the tis­
!'lllt>M. Tht> ont- fll"l"'istt•nt Pllr 11""11111 did 11ot 

hf'KI 11 ftpr t1-1111111111tio11. This wits trt'ut~I 

cl11il~· .-ith w1u111 hori1· 1lc11I 1·0111prt"!'..~ 111111 
\\ll ... hi11,: with ... 11r~ic·1tl "4tllfl to n-1110\'l' the 
t'sd111r. :-;lowly, n>~lll'rittlll~ t>pitht>lium j..rt't'W 
i 11 f. ·11111 t ht> Pi li.c ..... of t hP 11 kt>r. 1 · pon n>P:.:a Ill· 

i1111ticm, tl months 1tftt>r '"'lllt:"lll"t", hP!lllllji! wits 
1·0111plt>tt> With ll dt>pij!llH'lltt>il :-.«'Ill" l't'lllltllllll~ 

"" p\·idP111..- of I ht> prP\'llllls ulc-orat 1011. 

3. 5 Factors Influencing Severity of 
che Lesions 

3. ~ 1 Chancier of the Fallout Material 

Tli1s 1111ttPn11l Wit" 1·11111111~1! 11111i11ly of 1•1tl-
1·i11m o:\ldt' from tlil' 1111·1tlt'rllft>1I l'l>ntl, with 
1tdht>rt>11! jj, .... 011 pro1l11d~ Fifty to t'lj.!hty l"'r· 
t't'llt of tilt' ltt-t1t ruys t>1111111at111~ from tl11s lllK· 

t t'rt 11 I d 11 rt n .. I ht> "' po!-oll rp Jll"rlocl 11111 I "n "\'Pr­
,,~ l'llt'fjl~' of 1il1011t too kt>\'. :-'illl'l" 80 mi­
tTllll ... of t1s.""" prodllcl'l'i ;,11 flt'l't'l'llt 11ttt>1111ar11111 
of s11 .. h r11di1tt 1011 I I). 11 ,llrP11tl'r port IOll of 
t'llt'l"JC.Y WM!'! dis.. .. ip11t1'1I Ill tht' t>p11lt>r1111s wh11'11 
iM rouJrhl~· -ltJ to iO mll'runs 111 thickn~s. Tiil' 
rt>fllllllllllJC :!Oto ;,11 )lt'r1·p11t of tht> bt>ta ra~·.., had 
a11 1t\·era,_,,. t'lll"l"J!~· of 1tpprn,11111ttt>ly 1\00 kt>\'. 

Th.- l11rtPr "oulti ,...,.f'f ntlt' .... 11 into 1tw 1wm11~ 
... ,.., ... 1t takr. .... , 111wru11" of t1-w to prnd111• 
.-,., 1•n,.11t 111f PllU•t 1011 uf t 111 .. f'twriy ratliat ion 
t l..:.!l. 111 atl1lit11M1. • "·ult- "'1..-.·frmn of 
~·11111111 t>tlf'rJClf'!ol irr111li11tt"tl thf' l'lkin. Tlw 
JC .. Ulll• 1·011t rtbut ion to th~ "'kin W"•!4 !ll11all 
1·111t1p111"t"tl to th.- ht"t11 '"""' lllHI i!4 cli*'11!'4Mf'd in 
( '1111 ptf'I' I. 

3. n Olm to the Skin 

Tht> !'!kin lt>!4ionM obiwnt>J resulted primarily 
from ht>tll r1t11iation from fallout material de­
pc.,itt>d on tht> !!kin. Tht> pmma d<Me to dw 
... kin waM "'"'"II c·ompa~ to the beta d08e, and 
thu!'! relativt>ly unimportant in produci"- the 
lf'loiions. Th• summation of pmma 1rnd beta 
1·011trihutionl'! to th• !4kin is c·onsid•M in Sec­
tion l.:t In ~neral it is evid.-nt that skin in­
jury •·a!'! \11r~l~· prodnN'd by material in con­
t11c·t with tht> skin. TI1t> tot1tl ~mrfal~ cl<lfM! can-
11ot lw •·itlt·ulstt>(i with "''curacy but minimal 
1rnd mu:imal rnlu~ •t variouM clt>pths in the 
skin c·1t11 lw ~timatf>cl hiol~wally. lbir fol­
Ii..!~ i11 tht' 11rt'11s i11 whi1·h Ppil11tio11 otT\lrttU 

lllll!4t hit,.P n-t'f'i,·..O " <lOMe 111 t>Xl"t"SM of the 
known 111111imsl t>pil1tti11~ d•ll'!e of about 400 r 
for :..>oo k'·I' X-ra~·. :-;in1.·t> rejll"o.-th of hair CX"­

•·urnaci, t ht> 11pftt"r limit ,,f UOSt" at the dt>pth of 
t ht> hit it foll idP 11111!'!t not h1t \'l' ..x1.·ttdt"<l th• per-
1111t11t>nt t>pilatin~ d•)!o;f> of aroun<l i<lU r of 'tell) 

:.-.p X-ruy 1:\). From this 11 rou~h ides 
of surfal't> JcN- may hf' 11111dt>. .\ 01)!>'4" to the 
hair folliclPS 1·0111psrahll' to ~O-it10 r of X­
r:icli11tw11 111ust ha\'t" llt't"n due 1tlmoest t-nt1rely 
to tht> mono lll"llt>trat111~ ht-ta c·o1111>0nent ( a••r­
KJ!l' Pllt>r.zy. 1;01k .. ,.1. Tl1Prefort>, thl' minimal 
,,11rf1tc·t' do~ 111 nap from th1M eompont>nt alont' 
w11 ... prolinbly four to ti\'t> t1m~ tht> dfl!o;f' at tht> 
h111r foll1l'IP. I. .... fOllJChly 1.6411)-~\.500 rep. 
The l'l4ift 1·0111pont"nt ( an•raJlt" t"nt'r~y. 100 kpv) 
nmtributt>d ll 1·011s1dt-ritbl~· lar~r !-!hsre to the 
s11rf a1·p do!'ol' hut with only sli~ht pent>t 1·ation. 

3.H Procectaff Facton 

Tlw followinJ! f11•·tors proviilec.l ~me prottt­
t ion : 
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SltlN LEHIONA AND EPILATION 3S 

a . .... ,.,,,,r, Th09P indiTidualt4 who remairwd 
inJt•~ or urni•r thf' tl"N8 durin« ttl. fallout 
flf'f'ioci d•v.lof ..d 1.-M !W'Tere )f'8ion8. 

h. 8111/t.i,.q. Small l·hildnm who wttnt watl­
ini; in tlw tk'Hn df'nlopt'd fpwf'r foot Jt.Mion•. 
~oMt of thf' .\nwricans. who ""er• mor. awar. 
of the dan .. r of tllf' fallout. took Mheltf'r in 
1tl11minum huildin~ hathf.d a11tf t·han_.,d 
..loth~ and t'OnlW'(\Uf'ntly de\"ttlopt'tl only \"f'ry 
mild hf'ta lf'8ions. 

'" f '/otlii11y . . \ ~in~lf' layer of cotton mat•rial 
111f .. ft'(l almcJMt l'Ol1tplf'te protl't·tion, as W&M 

d .. 111011!'4tratf'tl t.y th• fact that lf'8ion11 clevf'loped 
:1 h1111st t>llt11"f'ly on the es:posf'd parh of thf' body. 

t 54 facmn fHoriDg the llnelopmeat ol 
Letiom 

"· . I l'l"m1 uf flWrt' pruf""'' ~rttpiratwn. 
I it>sions WPM> mono 1111111t>rom1 in llreas wht>re 
1,.·r,.;p1ratio11 ts 11h1111cl1t111 suf'h as the folds of the 
,., .. k. asill11t>, 1t11d 1t11t~·uhital fcl!oaoiat>. 

Ir. /11./11!/ in dn·o11flfmitwfi1m. Tht>rt> •·IL.; a 
t .. lay of I or ~ cl11ys bPfor .. sit I 1..;flll"for~· clet·on­

L1111111at 11111 wa-. po~ihlt>. Th .. prolo11~l 1·011-
t11d uf rnd111111·t1n· 111att>rinl-. 1111 th .. !'4ki111luri11J[ 
tli1,. jH'l"llHI trtt'f'l'K.....,I tin• d1- to tht> skin. 
lfo\\t'\'t'(, tl1t' d1~ !'alt' rt-11 otf rnpidly itnd 1le­
··011ta111111al 11111 would ha ,.l' h11d to be prompt in 
nrdt>r '" 11.11" lot'i'll 11111~t t'tf~·ti\'t'. 

'" />iflir1tf1;,' ;II ,f,' u11/11111i11ofi11n. Tht> thwk 
hair. 1t11oi11tt'1I "11 Ii :1 IH"a\·.\· 1·r .. ·01111t -oil d~­
illtll', r~ultt-<I 111 ht>1l\",\' 1·011tami1rn1 io11. I ~·1111· 
t1t111111at1011 of tlit> ht>11tl wits ~lowpr than fur the 
other p11rts of tlw bod~· and 1111ty havf' enh1U1ct>d 
thP de\·elopment of epilation 1tnd !'4<'1tlp lf'!!ionJll. 

3.6 Lack of Correlation With Hema­
tological Findings 

.\ rr.:ir PT!' ''" Y.Rt: ~l.wr. to correlate the severity 
and e.s:ten!'li\'Pflt>~., of skin l~io11s •·1th hemato­
lt>jCit· ti11di11p for 11111i,·iduals in the Ronll{!la&p 
i.:-roup. So fKJ!'iti\"t> correlation wax fountl with 
1{Pp~ion of 1rny element. Thus. the contami­
nation of the -.kin appart>ntly did not siaz:-
111tinu1tly eo11tribute to the total-body dose of 
radiation. 

3. 7 Dilcullion 

Tt1F.1tE HA111 Br.u1 littt. p,..Yio,111 np•riPnt"P 
with radiation d.rmatiti11 ""ultini; frnm f'S­
pcMU,.. to fallout matf'ri11l from nurl..r 1ff'tnn•­
t ion .. and th. _....ra I l"OWlelvn-. u nt i I f h itt t> Yftl t. 
h&11 t..n that ttw haza,.I front fall•Mlf mat•rial 
waM ne1rlil[lbl•. li~mm th. p,...,.nt np•·1 if.1..-. 
it iMevid.nt that follo"·i11,rtlftonation of a lar.,. 
Mrat. <I.vice c·lc_. to th.. ~mntl. *'riow. f'S­
po11nl't" of llf'nK>lm•I with 1'1'MultinJ[ natliatioH 
lt"!"ionM of the !Cin may 01'\'ur fnMn fallout 
matf'rial, f'Vf'n at t.·onsitl.rabl• di11t .. wP.'l from 
the site of detonation. ThiM incitl.nt i11 ttl. ftM't 
PUmple of Jar_., numhf'r.i of radiation burllM of 
human bein~ pro1lm't"tl by f'XlklMUl't" to fall­
out material. With thf' llinlllhima and Sap­
i.aki 1letonations fallout wu not a prohlf'fll "'i"' .. 
thP bombM wel"f' detonatf'tl hi,P. in tht> air. Th. 
flaMh bumH of the .Japanf'MP ""f'rf' duf' to ttwr­
mal radiation only. 

Follo•·111J thf' .\lamogonlo atomit· 1lf'tona­
tio11, a 1111111bf'r of 1·attlf' ,cnzin,c IM'llr rhf' point 
of cJeto1111t10n elf' VP lntlf'tl lt>MionM on t hf'lr l:.1·u 
duf' to tht' dt>p1Jt;it of f11llout matPrial f 41 .• \lso, 
followin,c" df'tonation itl th.- St>ucla T~t ~it•. 
.;1Xll"t"11 ho~ 11t>11r th .. T~t ~it4" df'vt>lo1M"<l 
lt"!o11nns ~11lti11~ from fall1u1t clt>po•of 011 ttw1r 
li111·ks ( :1). 

Knn•·lton t'f al. (f)) df'!oll·rib..d hums of thP 
lia11tll'I of four i1ulivid11uls "'·ho ,. ... ,,. ha11cll111ac 
fis..,.11111 pnMlill't 111att>r111I follrn1n11ac clPtor11tt ron 
.,( a 1111df'11r dt>\'it"t". Th..,. b11r11s W"f'I? 1lut> 
laq,.'t'ly to llt't ll racl i1tt 1011. Tht> jCTllN'I )..,.1111111 
of tht> hand!'4 1M·1·urrecl from an expc11mr. of 
about l hour. M"!'lult inac in d111P.1 hf'twf't'n :l.11011 

ancl !ti,IMMI rPp of beta r11tliation f 111:.simum ,., •. 
Pri.:-y about l ~If'\') with a !'4ll1a II w-mma 1·om­
po1tt>lll eonsiclt>nad to lw 1 m1i~11fi4:anl. TIM" 
lt>sions wPre d-·rib.J 21K dt>\'Plopin~ i11 four 
pha."lf'S: f I) .\n initial phallf' whid1 her.can al­
n11l!'t llllfllPili11tPI)' ttftt>r t'SIM!!'llrt" 111111 l"OllSlloltf'tl 
of 1111 t>rytht>1111t with t111Jli11,c lllul liur11i11,c of 
rh .. hands, nauehin"" j1t>1tk in 41'1 houni and ,..ub­
sidin1r rapidly ~I lhRt by :l lo :1 1l11yK tllf'~ "·u 
11 n-lat n·e 111.IHl"IH'l' of siacui; and symptomM; ( t) 
.\ Sf'(.'ond phL-ie •·l11d1 oi-curred from about the 

- -------------



~ nw 1mn1um 1Lt111Anolf 

third to the 11isth or .._..,h daJ. •'"' .. l'I 1·h8r 
acteri8ed by a mono *"'"""' u yt hf.ma : c :i, Tt.. 
third phallP at '4 to ht eta,,._ W\6IL 1·huac-tet"i-.I 
by ve11i<-le and buliH fonnat1on. Th. f'f'.~ttw.a 
Mpniad to MW ....... d11r1q ( h. follo•· 1119( -! 

weeb, and th. artiff 1"'""'9l !llltMicW.t by :!-& to 
!\2 cfaya. nw bull•• ....... .. alMi 1"""1• .... -
tion and l"pitheliaation t••C plec-. 1n .._ 
lllP\"•rely da01._..t art"ll•: CH 11.. fourth pa.. 
nr chronic ~a.,e .-u 1·han11.n .... i hy further 
breakdown of skin with IM"l'n111iM in al"ftll whi<"h 
••re dama~ 1mflici•ntly to rompntn1i11P ttw 
blood 1mpply. .\trophy of the •pi1t.m1ia and 
)ma of f'pith•lial structul't'!4 took pla~. which 
net'ft!Mitated 11kin ~·ftin~ in some caam. 

Robt,m11 f'f al. ( 7) report~I l'lix raaes acc:d•nt­
ally upotBJ o\·er mu1·h of their bodies to hl..'at­
tel'f'd cathode ray~ from a 1:4tltl kv primary 
heam with UJlOMUrf! ti~ of about ~ minutes 
and a mu~h f'fftim11tion of d<Me to the l'lkin of 
hf'tWl"f'n 1000 and :,!1)()0 t"'Pp. The \eMions de­
!4!0rib.ci wPre l'limilu to thotlf' reportt'd by 
K11owlto11 ,., al. with tt primary f'rythema de­
vt>lopin" with in :'6 houni: !'l("("oucluy eryt hf'nu& 
with \"~i1·ul1&tion and hullllf' fornuation 1tp­
flt'lllri11" Rhout I:.! to U day~ llltf'r: a111I, in thf' 
mona iwvPrely ll tf ectf'tl, " tert 11ary phu4e char­
al'terizeil hy further brt-itkdown of thf' skin. 
111 1·0111par1son with ~\"erp ro••nt~n nty l"'PllC­

tions tl1t>~ i11\·t-still11foN stres.wd the unique 
ll4'rio(lic1ty of 1·1tthoc.lt- ra.r burns, n>latin ah­
~111·1:' of dt't'p cl1tt11Hj!f' lo thf' ;;kin, !PSS pain, 
llM'lltPr rllp1dit .\· of ht'u I i"ll· an<l 1thS4'nre of 
pij!llll:'lltut1011. Th- poi11ts would apply to 
tht- .\l11rsl11all~ 1~11111;; t':tl't'pt for tht> m111ti­
phas11· l't'ltt"f 1011s 1t11d al>SP111·e of pii.cmf'ntation. 
( 'nawford (!''I) rt'JHirts a l'l\!!t' of 1·1ttho(lf' ray 
l111r11;; of the hitnd:-; whid1 wt>rf' :-;imil•r to th~ 
dt>••a1i1Pd liy Hoblii11s t'! 111. 

Expt•r1111t'11l11I l>t-t11 rndiatio11 IH1rns in hu-
1111111 l1P111w- lut\·I:' 1-11 r1•portt'd b~· I...ow-1\t>t>r 
\~I) 1111d \\"irth 1llld H1t1lt'r (Wt. Hoth i11\"~­

tijlato1~ t1!!t'd 1" 2 dis.·s ttppliPfl to thf' tit-I.or 
~11rf11ct' of lhP 1tr111s, fort'ttrlllS, or thij.?hs for 
rnl".\'111~ IPni.cths of t1111e. Low-1\t>t>r reporteil 
"nu 1111111h11sil'" !'ik i 11 rt'H<'t ions. If t' found that a 
l'ltk11latl'1i de~ of 1-t:\ rt'p to tllP tirst milli­
lllf'tt'r of !'iklll, illnon11i.c st>lf-11ll!il0rption, pro-

rl ....... t • th~ f't"~lwma. l>rJ ..... ty. -­
qu81naliott wa11 prnduc ... t by i~•• rep 1n ttw 
lirtllf lftill1RM'ff'f' •net bul11M-. •.t 1 .... uan1ation 
•u t•nnh1t-..t h,l 17,1u1 "1• tn thf' til"!lf n111Ji­
n~..r. 1-:rytlw.mt 1tf.\".-lot ... i in :l to f day"' 
iollmo-6 lal ... by 1•ipwt1tat:on a1Ht ct.Mquama­
t it Mt .. it h hiartwr ,......,._ H....,.wy ..... ... 
.. rn•cl "·1tla ,...,.... of l1,1u1 "'f>· T)M. t.Miota11 
l•t .. r ...aw ...... t •ff'pi~m""'I ,,. .. , .. "" .. ith hypH· 

11tilf'1M'htf'd Pti""9f I a !110 ~n 1 n t lw f>""'P'll 
, .. ,,.,. .. 

Wirth and Ka1,.r ( 10) produc-..t primary 
f'rytlM'ma "·ithin 6 hount aft•r f'IfMJKUr. to a 
d08e of tel.'> to 1 IHO r.p of P"" r11diation. Mi­
nute \•esicles with dry, spotty desquamation 
wf're noted with 1180 rep at 1&bout thf' tifth to 
11ixth weeb post·uposure. 

TwPnty-three .Japaneses fishermen were es­
pottf'd to the same fallout material which in­
volvt'd the Mar.1haJI~ and .\mericans. Thel"fJ 
Wf're many similaricies in appnrance of skin 
)~ions that de\·f'loped. Pi~entation was also 
('onnnon in tht> .Japanest> and some degfte of 
nythema w1ts reportf'(i ( l 1) which was not seen 
in tl1t- Marshall~. Distribution of lesions was 
not the samf' cl11P to ditff'rent parts of the body 
llf'in" protf'("ft>d hy dothini.c. For Pnmple, in 
the .J a pa nest> ""-'it Ip )~ions 1wd Ppi lat ion wpre 
more common 011 thf' l'rown of the head smee 
l111111lkPr('hif'fs WPl"t' 11su1tlly worn arou11d tne 
hPad lt>llVlllll t hf' l'roWll t'I~l. ~hOf'S pro­
tf'l'tt'1l thc> ff't"t of thP .Jap1t11i>~. but lesions of 
tht- lurnds bt>twt>t'll thumb a11d indn tlnj!Pr were 
t'ot11111011, :1ppare11tly tlut- lo handlinjZ' l'Ontami-
11at1·d h~lunjZ' lint>S. !~ions with bPlt line dis­
trihution <k't'Url"'l'11 in tht- .Japitnt>Se tishf'rmen 
l.iut not t ht- .\fttr-ohitllt'St'. ~imi lttr mi Id lesions 
wt-n> o~rYed 011 st-Vf'ra I .\ mPrican sailors who 
werp 011 ships of tht' litsk for<'P exp<~l to fall-
011t. From a\"ttilable i11fornrntio11. tht- !'it'\"t>rity 
H 11cl t·ou Nt' of t ht- lesio11s in t hf' ,Japanese fisher­
men appenred to tit' s11111lar to thOSP ~n 111 the 
Ron~lap .\litNhall~ ~up. 

Thf' lt':-;io11:-; in tl11s rPport did not follow 
prt't·i,l'ly the Slllllt' 1·011NP as thosP lwttt rn1liKtw11 
lt-s1011s dt-s1:rillt'il hy Knowlton, Rohhi11s, and 
othf'N I ~Ill) a11d tht>y pre"t'ntt-<l t·ertttin uniquf' 
ft>1tt11rt>s whit·h mt-rit further disc.·ussion. 
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T1w .....ty .. ,,...._. of itl"hi"- and humintr 
ol th. Jtkin and~..,. fl"'l-bly du. mainly I• 
4:i11 1rnd1a11on ......, tlw fal'-t ....wial. 
How"""· rl .. rh."'inl natuJ'I' uf th~ matflrial 
iuav laan• rontr1h.lt.O to tlw irritatioea. It haa 
~ 11111...t 1 I:!> ti.t irritllti"C c•tw.ninale ap-
1.I .... dvi• • ~ly afttt irndiatioa •­
..._.,._..._,..of ntdiat-. 

11 ....... c;f ..-.. -...~ ....... of an ttryttwma •• 
1181.W.. partit .. larly in Yittw uf tt .. ~nnty of 
,.... of ttw a...icJfH4 that dPT•lc»fM"d. WiltW'lmy 
4 J:t) lit .... that .ryttwma ORiy OlTU"' wtwf1 tfw 
etc.. rNthin,r ttw papillary layt'r neftda a e.r­
tain l.ftl. Pf'rhape due to the low eneriry of 
the beta radiation the dollP to the dermis wu in­
!4Ulit-ient to evoke the responae. On the other 
hand. the darknt!91 of the skin and the devt'lop­
ment of hyperpigmentation may havt' masked 
11n Prythema. Micro8COpically, a !'Uperficial 
hypenomia 1'"&8 not prominent. 

Wirth and Ritpt>r ( ltl) point out that th•y 
w•rt" imp~ in their !!tu<lif'8 011 P '12 ntdiittion 
of the human Nkin with the <lifficulty of di!4tin­
~uishin~ betwPt'n true erythttma and t1rnnin-.r. 
partieularly in the !4kin of bnmf'tt• in<liviclu11ls. 
It w1u1 un fortun1tte that eolor lihl'N "·l'n- 11ot 
1tntil1tbl• to aid in cfo~tin,cuiNhin~ "" t>rythttn11• 
11s sUJOlf'SfM Ly H uri!I d al. ( Ii). 

Ju j,?f'neritl, thtt ltt11jlth of the l1ttent period 
llf'fon> Of'\"f'lopmttnt of lt>Sions of tht> skin iN c·on­
s1dnl:'(i to ht- rouJehly i11n•niely proportio11al 
to the <le...- of radi1ttio11 ( l."1, It)). In tht> p1~­
t'llt ~ri~ of ca~ tht> rttlatin•l)' lo11j.! l11lt'11t flt'· 
noel is ~llJ!~t 1 n• of a lo"'· d,,.;e of ntd iat ion. 
l>ut> to I he w 1dtt s1wc.·t rum of bet11 Pllttq:i~ 1111cl 
partwulatt> d1~tr1but1on of radiottc·tive malt>ri11I, 
striet comp1trll'l(lll~ eitnnot bt- ni11clt> with prt>­
no11s t>Xpt>rienet'. Howt>\"f'r. t ht> later dt>vttlop­
lllt>llt of)~-; !'!t'\·ena lt>sions in the .\ili11j.!ill1tt' 111ul 
Ho11i:t>rik ~OU\>S as c·ontntstt>d with t>arlit>r dt>­
n•lopmt>nt of morp ~r1011s lt>sions in thtt Hollj.."t'­
l1tp Jrroup iN i11 kt'4'(>11lll with 11. lowt>r skin d(l!olt' 

in lht> formttr, and 11. l11jZ'ht>r skill doH1.• ill lht> 
litllt>r. It is of iulert>St. howHPr, lhitt tht> latA>nt 
flt'riocl wits deJlt'lldt>nt to some t'Xtent 011 
a111tto111w11l lc11·11t io11. Thtt f,11,t lttt'ions, wh ii-h 
wttn> jl"llttr111ly t ht> most ~\"t'N' )~ion!-! l'll-
1·ountttrtt<l, h1td 1l lollj.."t'r l11.lt>11t l"'riod t him did 

37 

tlw t.t. ., . ..,,. ~ lll"l'tUTt"C • .,..,twr. Oft 

th. bod~. It 1,. ltCJnll tn ... , .. that th. '"" 
""'ivfld • hpr , .... of ,...ietintt ._..,.,.,.. of 
pnuu•uty to ttw ~Mind •nd thit1 ••_,. n1•l•m 
rt .. •wrlf.'· of,..._, ""9iena. n.. l·~r latf'tt 
tJl'l'iod ( dNtpt• ht ...... .t. .. of ""'haflnh t 111•~ 
... ""9t .. l to thic-S- of tht- .,.....,.,..., 1hf· 
f~ m 1.n.rh nf n1itoti4- ,.,...._ or ,,,._.. 

'" ......... ' 1·hanc-t•r11cic"" nf Milin lh , .......... 

•rt"U of tlll' hudy. 
TI .. h1Mtopatholcicinl 1·han""' not.ct. llUl"h .,. 

11f.Mtrurtiv• anJ atn»phir rhallll""' nf tlw "Pi· 
11"rmiK. 1li11turhant'8t in k.ntiniutioa. end 
•trophy of h•ir folliC"a... wlwn tabn totr"'flwr 
are ronsistent .-ith radiation injury to th. Mi:in 
(D. I~ 17. IK, ID, and :lt••· ~"""" injury to 
th• Jermi• and blood v~l• waM not ctht!ttr'·"I. 
The minimal dt'm1al injury with M'Vf'rt" ttpi­
dermal injury is in keepin.,; with the lar~ l'Om­
ponent of low Pnt'r,ey' bt't" matttrial p~nt • .,.. 
!411ltin~ in abeorption of the JETHtttr portion of 
the Pn•rl[y in tht> ttpidf'mlil'I. 

I l~·1M'rpiji!'Jl1t'nt1tl 1on of injun'd •"'811 .-lll4 a 
1·ont1i11tent tindin.,; in the ManhallftWl and th. 
. \ nlt'ril'All ~ l'~ro@'M. Pi~nt,..f lf't!ion'4 """"' 
111~ ol~rvl"ll lo a lf'!4Hf'r t>:ttf'llt in th• whittt 
A111ttric1t11H. ~m·h pru11111111Ct"1.i piji!'Jl1Pnt1ttion j,. 

not chara<·ter111t ll" of t ht> mmal l~i1111s it!-! il•­
!o!C.'ribeJ follo...,·in~ P.llfM1t111n- to bt-h or 1..-11•­
lr1ttinll radiation, hut lllllJ ht- mona 1.\·piul of 
the ~fMUJ:-.t• to ultrit soft rot•lltjlt'll or "<irt'rtZ 

r1ty!o!·· (ii). 

Thn't' 1,. 110 satisfitl'fory l':tpl1&n1ttio11 for lhf' 
d1trkn duHk~·-i:ray 1·olor lhitt 11p1w11M"li ill ~11111' 

of the skin IP!41011s a,. ht>1di11i: proi.r~- \'as­
rnlar durn~ or piji!'Jl1t'nt abe-rnttionK mii.rht 
ha\·p l.lf't'n l't'Hf.Mm!41blt>. Thtt l"'f'turn to nttar nor­
m1tl ill this p1jl111e11t11.ti1111 by tl monthi; showl'tl 
tht> tr1111l'lit>11t nlltlll'f' of th1!-! d111n~. Thf' 1·011-
ti11ut'tl 1th.w111·p of J>IJC!llf'nt1ttio11 at the 11itP of 
the dt't'pttr fool ft>,.loll!-1 at tl 111011ll1P1 and I yttar 
l1ttt'r SllJ.rj..~fs that tht> l'lfltrlf'lll-proclucinJC t>ltt­
lllt'llt:-1 rn t It~ 11.rtt11s Wl'l"'t' flf'rm1111tt11t ly 1l11m­
!ljl't'(i. 

Thtt u11i11utt fp11f11rt'!ol of lht> lt'MlollM s111'11 11s 
I he mitrkl'41 pii:mtt11l 1tt ion, th• allHt'nc't' of obv1-
0Ul'I multiphit. .. ie r1>:o1po11~. thtt 1011~ l1tttt11t 1lt'r1od. 

--------------



• 
.... , ... ....,.., •""Y .,,.ct.n .. I inj.ry •ith 
•i.u..J -...1 iajary .,. tMlfable. Tlw par· 
I~ n.1"'9 alld u ... Y"' di.tr .. tion of tt.. 
hllu.t -.Mriai •• ....,. ..... il>llr t. tt.. llfdtY 
, .. , .. ,. of tt. liNion11 a1~ tt.. t.'ll" """"°""'~ 
ul -'t _.._, ..... r..ti.lioft •• ,...,,.,... .. 
iw 1i. ...,.,.,. .,. .. ....,...; 1nj•ry. lfW' ,.,. ..... 
......,. ..t p1_.111ary t·hanpa 111 1.n..,.hly ,..._ 
la .... t• ,......_• It 111 lf"nPrally C"Ofk ....... 1 that 
blnrM..,. with lil(ht pip .. nt .,. ""N? MPAlllitin 
to radiation than bnnlt'tt.,. I i7). l..aiely it iM 
quit• .vuhont that ~n .. itiYity and rt'!4f1on• 
uri..J with •natomit• lcx·ation. 

In Taha. :l.:l .,. listed th• approximate 1ur· 
,...._.. Mkin de*'" requind to produ4'e ret·oenizable 
•pid•nnal injury from hf.ta radiation1 in ani-

in "11npannc ani .. al a...inlw f1"0ll'I known ....... 
with -........ in it.. •sp...il mdiYidaltt in thill 
,.. .. , in ,,,.... to l'llfiunat• rt.. llkin ...... :oil ..... 

,.._.;.. 1tift.""'"" in ................ , nillt. a ... 
c"Pt"tain ndiatiun fac'fc...,. •"' not ••II 4"Mfab-
1..-.a. .... 1a ...... ...-. 11r ........... ef 1t. t.t. 
"'f_.,,,_ ni tiw iaiiuut n..,.r1ai a..U 1it ... r ·•p. 

C.1t11t•""'Mt with hu...,. cAala IMI~ f,. .. , •NIP 
cMr.,......... in .-..liar ion Pftft'~ and dr ... n-
rortfld and lllf'thc111K of clf't..rmini,.. .... "'P ...... 

Tl .. low inc.·i•l•nt .. of inf..-tion of ttw radia­
tion bum" i1t probably du. to tt•ir icu1,.rtM-ial 
natun-. t'lc't"ration and partial ht-ali11« pn­
~f'd the timt- of mimmal '"'nulo(·yte rounti.. 
It iic t'Oflceivabl•, howev•r, that with hi~r 

Table 3.3.-SurfllCll DI.. Required llO Produce llecopm.ble Epidermal lajwy 

l'ilillv••l'ln.&Tua A1u•&L 

-----

Hf"nahaw, Pt al c22l R&ta_ 
Ra~r and Harn..,. (23) Rau 
lta~r and Harn..,. l231 \tiet-
:-4nidf.or and Rap.-r 12.fl \I iet" 
R&JWr and Barn..,. c 23) Rabbti.. 
f.11,.hbauirh (251 :-4ht't'p 
\lorira and H1·nriq·1•.,. (28) t•iira 
\toriu and H .. uriqJ..,. (28) Plira 
\lorit.a and Hf'11nq111'll (28) Pi.-
\lonta and Hf'nriqu..,. (28\ PiCJO 
\torita and H .. 11riq11..,.128l l'io 
\lont11u1111ft•nriq111.,. (26) l'il(ll 

mill!!. Jt iM app1trt>11t from the t1tble thllt beta 
ray f'llPr"y iM of 1·011Midt'r1thle importaru.'t' in dt'­
tnminin~ tht" df'Jln>t> of injury. .\1·rnrdi1;" to 
Moritz 1t11d HP11riqu~. tht> dilfPnam·p in 1~ be­
twf'lt"n that rtoquiM'd to prodm't' th~hold Mkin 
d1tm•i:t> and that for pt"rm1t11Pnt damit~e in pi~ 
•~ .~1 to IOOO !"Pf> (~tl). Ont' i~ 11ot justitlt"f.i 

• llfo1••rtN dlnic'al "'Pl'rif'm ... with radli&tlon akin 
lf'tllou I• hallf'd pr"dowlnantly 011 1tw M'Clponw of 
whl!f'-i&klnlM'd pt•oJ•lf'. Whfol't'a11 !ht> lf'lllorui d-·rlbcod 

lllie"'ID """"' ol-n"1 prlmarll7 In !hf' .lilanihall.-... 
a hhrhly phr111,.11!t"t\ 1""•1'11'. 

.\TU.MJ& 
1.,,._ ll:W&anT tllraracs ~curl 

(M&TI 

-·--- - --- ---- --

.... 0. 5 1.~.000 .... 0. ,') ... uoo .... U. 5 2. 500 ... 0. 5 2. 500 .... 0. 5 5, 000 
s .... 0. 3 2 .. ~5.000 
HI& 0. 05 20.~30.000 

Col9 0. 01 ... (J00-5. 000 
( ·,.111 0 2 2.~3.UOO 
s .... u 3 I. r,oo... 2. 000 
Y" 0. 5 I . 500-2. 000 
Y• u 7 I, 500-2. 000 

de~ of whole-body nuiiation, thf' defen~ 
lljlllinst inff'('tion mi"ht lune bet-n sufficiently 
impairt>cl to ha,·e n-sultt>1l 111 ~riouM eomplica­
tionM from skin l~ion!'i of the ~\·Prity Pncoun­
tt>rt>eL 

St-,·prf' radiation injury is known to predis­
pc1Mt> to <"am·er. Th .. probability of the d•••elop­
lllt'llt of n111 lii.crnu11·i~ llt I hf' site of ht'aled IP­
Mio11M is unknown. Certain f1u·tors llppe1tr to 
df'I·. ·1lse thP pn>l1llhility: ( ") Th .. majority of 

t ht' l~iumi "'"Prt> supt>rtl1·illl. t b) Visible signs 

of rhnmit· radiitt ion dPrmat it is art> al~nt in 
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,.. ... -i-it1 of~ ~ rhan,... ha.-. 
a... .-nU, t 11 •M prier to tlw ct..-'ap­
..- of rMiarim~. (<"t 'n.lriofan.r 
•• ta J laimt~l wrap I wthat aft• n-
._.. i•ph ...... ..,. .... (d) ~ftC"P Inc~ 
....., ........... l-IUetly ..... -i~ll ,_ di. 
~- "-:-•~,. ~- ....... ~ 
~ ..... ~ 1.1• ............. •Ss--d to ..,_ 

...... X-ray fw ~I eundit"­

... ....,... epid91 lllOid Ntti- ;\ to • ,..n 
sftw t...rlhHll (~). (•) FurthMmon .,Ji. 
t.bMiomata raftly dfo,·elop after a si~ 00.. 
of radiation to th. skin ( l:l). ( f) Ludy the 
incidenc.-e of skin t"a~r in Se~ is one-,.isth 
to one-ninth tb. incidence in Cau<'Uians (4!8) 
in th. t'nit~ State&. 

Other fal"tOl'I" make the outlook leee faYOl'­
able: i a) Ileta~r lesions of the fMt and net'k 
rontinued to show pi~nt aberrations and 
sli~t atrophy at 1 year, and one 81!Vf'I? ear 
leMioo sho"·ed markNi atrophy and !l<.'arring 
1tf this ti me. ( b) It is not known w htithf'r or 
not radiation of the epidermis/>""" c1tn predis-
1""' to maliW'ant <"hall,ll'f'. Sin<'t" the epidermis 
w-ai;i hHvily irradiat.d in th~ <'IU!@S, l'Ompand 
to tllt" demais. this bf!ronies an important ron­
sidPration. (c) Sintt many children and 
youn~ adults wet? involvNi, the life expeetancy 
of a lu~ number of the individuals "·ill exc.Md 
flit> Ion" induction 1wriod for the df'\·elopment 
of radiatiou l'alll't"r oh~rvf'd in r1uiiolo~isb. 
( d) EXf)08Uf't" to tropil'al !'!Unli.rht, pot .. ntial1y 
1·1trrin~ni<" in itSPlf, m11y inc~ the proba­
bility of neopla!'!tic d1an~. (e) The inftuenee 
of the sutilethal whole-bod~· uposun- ~ived 
h.v tht'St' JM"Ople on induction of skin cancer is 
not known. 

The occuM"enee of epilation t to 3 ..-~ks aftf'r 
n:posure <'orre8pondio! roughlv to tht> time of 
11ppt•ar1UH't" of t>pilation in the :Japan~ ezposed 
to acamma.radiation .t Hiroshima anJ Saguaki 
(:om, :\Cl). Sin•? thf' ~ater amount of t>pila­
t ion <)(·cul"l"f'd ovt>r a period of a """'k to 10 days 
thf'rtt was appaM'!ntly no ph1u1ic re8po11*' de­
pt•ndP11t on the Jr?'O"·th •·,•·le of thP follidl'S (in­
ad ivf', or tf'l~n and active, or an~n folliclea) 
•H has bf.n reported ( :H, 3~) . 

• 
n.. ,.,.,u•th of hair, .,.,_ • ._ .._. t 

.._ after np•11• i• thP ~na.. •• 
at.-- tlw w ti ........... in t.M Japu 1 

..... ,. .... f 11 t. ud liipcly ..... than tt.. t;.. 
al nwtowth (I to M •....._> arMd i• tt. J.,. . 
.... ....... tCUltisa. la .......... .. .... 
...... ~ ....... •• ..... ia tM 
irndi ..... .kilt of ................ , ..... ..... 
110 pi--' .-......-. in ,._ .... hair, •laielt 
•..--..·~to bP of normal testun ud ..,__ 
dah<'f' at I ntontha. lntrr _. payinc hM bNa 
~ in animals C 3.1-.11) bat hu not '-" 
Meen in human bein.-. Seither wu tlwre any 
appnnnt." of dark hair in a.-1 indiYidaai. 
who already had ~y hair u hu been reported 
in human h.in.- (32. 31. and M). In the Japa­
neee bomb <'Uualtiee ( 30) and the J apanMe 
fishermen ( 11) tb. new hair waa aim normal in 
color, texture, and abundance. 

The nature of th. blui1h-brown tran1nrw 
bands of pi«i1Mntatio11 that denloped berl•th 
the nail.- i1 not known. Sinee it occurnd in 
the majority of the mol"fl ha•ily esfX*d Mar­
llhallf'Hf! lr'"OUJ>M and in all 5 of the ArMrican 
Sf'~roeK, but nonf' of the white .\mericans, it 
1tppt'art'tl to be 11 r....ponw peculiar to dark­
io!k i nnf'fl ra"'"8. The phenomenon wu appar­
f'nt 1.v produf'f'oel hy J[llmma radiation with a dos­
"~ u lmr as 1!» r 11i~ this wu tb. estimat.d 
1f(MI' that thf' .\meri<'an s~ ~ivfld in the 
ailt!f'n<'t" of !lifltlitlcant <"ontamination of the 
harul1'1. ~utton ( :l9) has r?portfld a cue of simi­
lar tiniC"rn1til pifltl1f'11tation ""hich dneloped in 
11 '"'~""~· followi11~ I~ r of !40ft X-irradiation 
to tht' hand& 

3.8 Summary 

J•11L1.ll'a"lll!OTHF. f)r.rONATWJl of & thermonude.r 
dt>vi<"P l'4ili[nitkant amounts of vi!!ihle radioactive 
111atPrial Wf'l'e df'f>OHitNJ on inhabited atolls pro­
<fu•·in"° !'!kin lf'8ioos, wholt>-body radiation in­
jury 11n<i Mome intf'rnal deposition of radionu­
dideto1. The !Win lfl!ions in the more heavily 
cor1t11minatt'il ~>Ups Y•er.. eharM"tt>riaed by 
itd1i11Jl and bumin~ of the 11kin for~~ .. hourw. 
Epi lat wn and !!&in lt'tliom1 wer. ot.ned, be-

j 
j 
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lin IS '0 i , t_.- ... I .... •"- .. 
• ..... .,...uu1m·a1t1•_,.W­
-. •. t .. aaap:"p II ..... t ........ -

..aill ....... Na.-...... !l(o ,,. ,., 

- W I • r:t WJC .... •• ... •M .... "'9-
. ' 't) ... lall& .. i.Ml ..... d .. .. 

;_.----: ~..i.t~ ~;,:... r ..... u: ~~ ....................................... 
.... L ,,_ J. j- .............. ...,. - t ... 

.... • ,..,.. ef , ..... , - .......... .., 
rlatt.a..r. and ntt9l'ftd -uy in tM fullowil!IS 
order: ...... t with epilation). necll, asillM. 
ant..-ubital f-. fflet, limb.. and truk. Epi­
lation and '8iOM of the 9Calp. nerk. and foot 
(dorm I IMlrf~) ••re the IDOK COllUllQll. The 
majority nf INiana •"11 mperficial without 
nieit-.. formation. and aft.er simple dry d.qua­
mation heeled and rPpi~ented. .\pprosi­
naately ~o P"ftl't of ttw people in th. h~ 
.xpoeure l(l'O'Ip df'vPlop.ti de.per IMions. wru­
ally ~urrinc on tl-. feet or n.c.-k and <'hanc­
tfll'iSPd by wet dfi8q"amation .-ith ulttntion. 
Mild bumina. ikhin,r. and pain at'COO"lpanied 
th. 1"iona. ThP majority hnled rapidly with 
llOIH4J>f'C.'ifie thf.rapy. Rf'llidual pigment aber­
ratin1u1 consistin~ of hy~rpiJmK>ntation and 
llldl of M'piJr11wntation 1rnd mild atrophlt-
1·han-" ......... notPtt in~ J..~ llnled lesions 
"' Mis month!4 and onp y•ar. JW,rrowth of hair. 
nonnal in color and tntuno. hf'Jran about 9 w~ 
p«Jto1t -upcll'lun> and wu ~ompl..t• at 6 months. 
Biopsif'M of typil0 1&l lt>l'lionM at;\ to 6 wfleb showed 
1·l"nlr" l'Onsistent with radiation dama~ with 
marked t'pid•rmal dllM&l?'" and mud1 It>~~ !'lf'veno 
1lf'm1al dama~. Rio1'91h at 6 months showed 
only a fn,· ~idual chan~. Tht> nail di8C01ora· 
tion haci ••Jrl"Own out- l'Olllplet•ly at 6 months in 
"11 hut " ff' ... inrlivi<Jual~ 
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,.t&LOWnre TH•°'"'°" "no111 of a nudiear d.Tite 
ltt tlw Pac-ific Prmi~ O"*rwf m thP SJll'1~ of 
llM. - .~ and dt Kanhall.MP .-.... 
•llf:•-A tn fllllnM: .rMi.tioM. ~xty-four of 
thl> Kal"5haU•• on ~·f> atoll 1 t iroup I, 
"'"''"td an Mi ... tf'd l ir. r. of pauna radial ton 
a mn~uft'd in air; 11'4 Kanihal,... on .\ili~­
i-. atoll tCiroup II) l"f'ttl\"fld 6U r.: tM .\mtti­
<'tllltl on Ron'2'ttik atoll ( <Yroup 111) ...... -.ivf'd iK 
r.:_ and l~_i ~•nihallf'Mf' on l"tirik atoll 1Hroup 
I\ ) f'f'{'t'l\"fld !4 r. l>t-tail..d hiMton of thP 
Pnnt. as well as dinical 1uul inte>rnftl co~tamina­
tion ttndin~ are reported ~pectivt>ly in (nap­
ters I. II and \·. This f'hapter prt"!'!ents the 
hematol0Jlic11J tindin~ in the expoHed indi,·id­
uals durinjl the tirst 11 wttks. at 6 months, and 
llt l:! months aftf'r "~l)()fltlre. 

~in<.~ it is J..rt>llt>rRll,y llJZret"d that thf' deJ[l"ff 
of <'h&nJ[t> in the> for111f'd f'lf'mf'nts of the blood 
is the mmct ust>ful "linicRI index of thf' ~'eritv 
of radiR~ion damRJZ'f', periphPral hlt)(wl ehan~ 
wpre reht>d upon RS " major Rid in PVRluatiniz: 
~ht> _d~l.!rt"t' of rRdiation injury in f'l\f'h upose-il 
md1vul11al. In addition, <'hanJ?t"S in the mean 
hlood <'Ollnts of the exp<~ JlTOUJl8 wena fol­
lowed cl~ly to aid in f'\·aluatinjl the chirnjliniz: 
status and proh1thle pro~1~is of the expo@f'<l 
j.!roup,., .. Tl1t>n-ion>, emphasis was pla('t'(_i on 
standnrdize<i syo-tt>11111tie serial determinations 
in order thRt i11di,·id1111\ a11d L>Toup trf'nd!< <'ould 
be t>\'l\l111ttt'<l adeq111ttel~" Since it was llt"<'f'!'­
!"l\r~· ro o~rve : ht> larJ..rt> numbf'r of t>X~I 
mtl1ntl111lls at frt"l"JUPnt intervals. the numbf'r 
of ditfeN'nt pmc~i11rt>S that couJJ be done \\"llS 

n~"ari\~· limitPti. I>ett>rminations t>mployt><l 
were eho~n 011 lht> bn!'i~ of known cliniclll ,·alut>, 
ancl t>llst> and ntpidity with which the't could be 
done rf'liaiily under tlt>\d laboratory ,:ondition!-1. 
.\c1'flrd in~ly COllj.!11 liLI ion llnd -biod1em ica I 
~tudies wne omitted. 

.\n t>Xtensin• literaturp exist~ on tht> hema­
toloj!ic etf Pt·ts nf radi1tt1on. Th~ dl\ta. and the 

.tilit·ultlf'll att.-Ml.ht on l11Rl,_ri,._ ttwm w1dl 
t lw '"""""'' ,...,..,1, ... """ di .... ·•....d latn in thi9 
l"PfJOl"t. 

flF'9.\T1tl.alOIC"\I. fo:x.\Kl!ll \TIU! ... ),.<"l,l-.., total 
lf'ukor~·tp, llf'tttrophil•. l~·mphoryt• and plattt­
lf't c""CMlllt". 1uul hf'matoc·rit df'ff't'tninationa.. 
\\'hf'llf'\"Pr t•-ihlf', l\n PUtil"\" f'S},..._lre ~p 
Willi st mla.-tl in a ""'tr!• da v with :l ti• vs oc­
l'll!o!iona lly requin-il t'l ro~tpt.te the iarger 
Jtl'Oll(lM. 

('a pi Jiu,· blood, t1M11alh· obtained from tlw 
tinJZ'f'r anti .ntnal~· from th•. hH>l or f'tlr "·as u!!Pd. 
Two pipPltf'lol """"'" tillec.I for both the lf'ukorvt• 
and platelt>t m1111ts. Jo"rom Pilch piP"te. a 
sinp;le hemc)(·~·tnnlf'ff'r c·b1ml,..r wa!'I tilled. All 
piflf'ttt"!'I wert> rot.ted for 10 minntPS, and tht! 
1·elJ,.. Wt>n> ., llowffi to sett It> for 10 mi nut~ in the 
het1HK'yto111t'ler ehamber bt>fona ('0Ulltin~. A a 
1wn·e11t 1t<"t>t i<' a.-icl 1li luti nae ftuid "''ll!I u!'f'<I for 
tot11l IP11ko.-yte c·mmt!'I. The blood Wlls <tilnt.-.1 
with l t1t>rn·11t ammonium ou ltttf' for platf'lf't 
1·011nt!I 111111 '·01111tt><l in 11at bottom h•mocytom 
ete~ 11!-lin~ " dark ph1tse <'ontra!!t rnicr()!ol('Opt" 
( 1). Two h\o.,d ,.,lllt'l\l"'l Wl'N' m1uie U!!inJ[ a 
bf'n•lPtl t>11d ~la~"' slidt> for -.pre1ulinj.!. ( )nt> 
hl<wNI o-111ear wa-. ti,.-.1 in lllt>lhvl llkohol. The 
11ther wus o-t1t111t'1I hy ""riiz:ht:!! mf'thocl, from 
11 h1 .. 1i a 1111 1 •·t>ll ditfert>11t11tl <'Ol:Ut wits made. 
Jlem11ton1t-. W>'l"P (Wrformt'd HSllljl hf'pitrllliZf'Ci 
1·1tpillary 1111~. ( )11p "'"'of the 1·1lpil11tn· tube 
""""' h""' !'t-H 11'11 a 11d I ht> t Hilt' WRS t•t>ntri fu~I in 

11 "ap1ll11ry ,·e11tr1 ful!t> 1H l~,.'"1UI rpm for !"l 

IJPlllllt'~. 

E,·pry t>tfort wits llll\1le to 1111lintain uniform 

pnw·.-.h11~ Ill t'\'f'~- ph"...., of thf' lahor1ttorv 
work. Tlw 1111111IM>r of )M'r,..01111t>I d11t11iz:~ for .a 

~ivt>11 proct-tlllrt' Wlt!ol held to 1& 111i11im11m: pt"r­
.;c1n1wl drawi11!.! l1l1wwl from a ,..in~lt> pun1·t11n-

.i.r; 



• 
-.... .... i.ttt ia "....._. to allow all ••,._ 
te t. t ..... it1,....... ,,.., ::lei.-.. alld tiw iRC.1'· 

nla .... rii1ri4ly ~,..,,...._ 

-4.2 Mnt u • al 1 cMiaa 0... 
Cwaal c...,. 

Pm· .. :it....-·• ~ ... ''"""'" Wl't"P not aYa.ilaW. 
... rt.. l'~ Yal'MhalW.. nr .\111Pt"i1·a•: 
!:~'."!'" ~~ •~·!!~~~'" ·~!~ - ._ •1-l •• th.ir 

"'"' '""''"'*'· In,.,,...,. tn~IHUllf' ctw .,.""''.'" 
of thP lwauttolt._.,. ,..... .. ,.,,.. If •.• ,. ,,.....,...r~ to 
Mahhtih 1•notrof ~P" a111 1·om1 .. nl.W .,.. t'""· 
•iba. •·ith """flll""t to •..-. nu'f', ,.,, h111·k~Mmd 
and hahitic. .\ mntml iroup of 11."• ~··~hal· 
M from ~ajum 111011 t ( "ontrol ( iroup .\ >. 
<'fl01parahl.- with l"t'"llt't't to "art' 1t11CI !'!Plt to f'll· 
IK11'4111"f' (iro11p I """" olot1ti11t>CI d11ri11~ tht> i11iti1tl 
olltW'rvitt ion 1wrio<l. • For 1·0111fll'ri~on with thf' 
t'XJ>•"°'I .\111t>rir1U1M, blood <'011nt" WPM' donp on 
itpproitimatt>l.'· i'i!\ .\mt'ri<"itn mf'n on 1luty at 
Kwajitlt>in. .\II who Juul not llt"f'n on duty in 
thf' tropi<'" for 111nrl' tlurn :! mouth~ Wf'M' Pit· 
<·lutlP<l, "'itwf' tht> Pltpo~1l .\111ni1·:in" luul htafr.n 
in tht> lll"t'1' for thRt 1..-ril"l4l of t1111f' lJ1PfoM" Pit· 
tM»lllM'. In ncltl it ion, ,.,,., ... rn 1 who WPM' l't"l'f'nt ly 
1t~'OCll'il\tP1l with r1tdio1u·ti\"P mittPrial" wpre elt­
<·lt11lt'll. ThP ~ultinJ,! "mitllt'r J.!rnup of tii Wit~ 
11~ "" thf' K"·Kj-.\1111•n.-a11 <'n11trol l!rrn1p. 

lht11t from tht' ('011trol j,lT011p .\ ,,.,re f'X· 
1rn1 in .. d to dl'f Prm inP I ht>"~"' imd ~·' dPtK>111IPn1·y 
of tliP ~v .. rnl hPn111toloi.:1··al dt>tPrt111111t.tion!I. 
To oht!tJn \Klid romp1tl"l"4lllS within 1t111l 1tmoni 
tht' \'llrio11!-I t'lt!M)!olllrt• i.:ro11p ... t 11t' ilUP 1t111l ~x 
1lt>pt-111lt>1wif'!' 11011~1 fo1 tht' ;·011trol uroup~ wt"re 
tllkt'n into lllT01111t. .\ltho111.d1 l'11d1 1111li\'idual 
in 1tl1 iz:rm1p1-1 ..-11s ,.111d1P1i l1P111atol0j1:irally, th<lM' 
~1it1~lmlll'tit' ..-ith ,..,..no11" lo11~-stnndin1Z di~ses 
w1•n:- omitted fro111tht>11111tlysis. .\total of two 

•.\ ,.....ond N1ntr11l l(ronp of "":! ~lar~hallf'flf' trl')m 
:'tlitjurn 11toll I 1~•nl rul Uroup RI wt>rt' ohlaln+'d 1lu1·iac 
lbt' 11 month lnt'C1klll N'!Ollnf'y Whllt' data from t~ 
lndh·ldual11 RM' itnn In lh1111 rt'port. tbf'y ar. not •1~ 
fur 1~•m1,.rl11on• IM'f·auiw of a mf'tll'lt'tl t'ptdftllk durtnr 
t bf' """IJ r1't')'. 

fr.a firo.p .\ and t •o fn.a t'Otlfrnl <''""' I\ 
...,.. n111itt.d f1ft thiR ......._ 

In thP foHttwinc -·nptioM and ....,.ri­
MlJIUI oft• data. hndi,... in tlw! n ..... 11'1641 .. 

.,.,. f.........,.ttJ H~ in ,...,... of f*4 cwt of 
t hr appn1priat• ... and WPS ~trnl ~·P· h 
,.. ..... Id ... nnt.d ........ , .. ,, thM in .....,,. .. w-1 
Mf1tclMi of th1" k11Ki. -.hw- f.,-t.,.,, r,,./J 
,_,.,,.;/,JJ''rruw.,.J fm• P'~'tnf tlt,Jifr,.,._• "6f,.,J 

1 ... 1,r,,n1 flt, r1"'6hwl 11-I ,,,.,.._,.,~I"'~ 
•A··;;~ ·" ;n.·.~ .. ~lr :;;;-:;;-:.:..-.- ,,.._~. •·•~'."";'! 1 -:; I'.-

/,,' '"'H'P''"'"'" ,.,.,.,,.,, """'P" In attdit;.lft, it 
"•~ not 111-1hl. to c.hfam n"'"" than a '"'nP 
lol•••I '"""'f•W on ..... h 1·otttrol 11ul1n•lual. For 
fh ...... r?W!'WHI~. '4fati1'4it·aJ fp,4~ of "lrifW1tnN> 

'' .. "' 1tppli ... l nutinl~· to ttm• d1an2'f'M .-ithin an 
f'ltfMJ!o!lll'f' 1rro11p, 11ml not to .!1 tft>nonc~ hPt """"" 
1·011t rol "1111 I'll.I,...""' ~•ll(>M. fo'or t hl' pt1rpnt"P 
of ilt>tf'("tin~ si1rnitiC"1t11t ch1ana.,""" in tht> hf'mato­
loaril'KI pnttPrn, nonp1t.nnlf'trtr t~" ( i. l' .• ~atil'­
ti1·11I t~~ for whi•·h it i!' not tll'l~ry fO!'{lf'C'ify 
thP fmwtim11tl 1li!-1trilmtion of tht> variAtP undPr 
~tmly) wt>n> ll!'t>CI \ :!-7). Thl' l\tl\'1tnta~ of 
nonp1t.r11ml'tri1· mt>tluwl1-1 hit\'l' he.-11 !'IUntmKriZl'tl 
h.\' ~(1~ ( ."\ \. 

4.3 Hematological Findings, Gener.al 

11' T.\M.i: ~.l un> ... 1iow11for1·ot1lrol J.!rollp .\, h~· 
llllf' 1tntl ...,'.'It, tlit' 11tl'a11 ':1li1t..., fur the totltl white, 
111•11trnpl1dt', J.,·111pho1'.\"lt' 11111l pl1tlPlf't 1'011111!'1. a8 

\\t'll "~ for tlw ht>1111tt1wr1t. Tht' llL.'t" and !W':l 

hrt>"ktlow11 11,.....l for <"01llJntriso11s :1111on~ l'S­
f MJ!o!llrt' ~ .mp" is shown m Ti~blt> ~.:!. In this 
lina1tkdown thf' lllZ't" llntl St'" dl'pendetwit'l'I noted 
for th .. ~far-hall~ l'Ontml jlrouPf! 'A"l'l'l' tak•n 
into iu·c·mmt in!l<lfar "~ wa.."4 pnl<"til'able. It 
shn11l<i llf' nolt><l thitl lht> ( iroup R <"Ontrol values 
t Table ~. l) "~l d•~ly "A"ith the Group .\ 
ontrnl clala. To "llow Rdditional <'omparison 

llf'twl't'n t>tft'l·t" 011 d1iltlre11 and ftdults, the neu­
trophilP c·mrnt ... wpn- Rrhitr11rily St>panttf'<i into 
thP I\~ jlfOll)>~ u~l for thP lymph()(•yte <"OUnts. 
~lono1.·yt~ 1rnd Pol"111ophil~ were hrokl'n do.-n 
Rl ... l 11110 lht' "itnu.• a~ i:roups. The ~ and 
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~lit ck-~1tck-1u·y of tllf'!W' rnclpoint~ arf' n>tn­
INlnhl.- to tl111t in puhli!'lh~l 1l1tta (~UO), with 
t hf' l"X• ... pt ion of t ht> platf'lt>tl", on ". hid1 {>rf'\"IOW! 

c·o111p1u1tble <lilt a Wt'l"'t' 1111t a \'lli lit hie. 
Totlll l.-11koc:ytt1, 11e11trophilt>, lymphc•·ytr, 

monc•·yte, platt-let and f'Ololinophi le emmtM for 
the !'it"\"t>flll n.po1mna ~roup!ii llN' ~iven by day, 
h~· ~x and tlJlt' in Titblt>S .t.:l tot.;>. The total 
wh1tt> munt. 11t>utrophilf', lymphoct_yte and 
platt•lt>t 1·01111ts 1tt the tim~ of 111ax1mum cle-pres­
,..1011 1 tt\·ern~I o\'t'r the timt> during which 
1·01111ts Wt'l't' "1111sistt>ntl~· the lowc.>l'!t) aN' shown 
i11 T:thlt>S t.ii and ·l.i for e1wh in<livi<lU11.l in 

( irou ps l and 11 N'"ll)f'('t i\'t'I~-. llt>matocrits for 
idl t'Xfl'l!'UN' ~r1111p ... 11r .. show11 i11 Table 4.8. 
Hi>marolo~11·al tindillj..'S a.-.; a f111wt1on of time 
and a~ ttM' ,.;how11 itlso in 1'~iizures .t.l to 4 ..... 
Tlw c11m11lat in• d1stribut10n l'lll"Vl'!8 for the 
various PXpt.,.Ul't' j.?rOUfl!" U!linac the avt>r!\~ of 
··mmts ohtainNI o\·pr the period of maximum 
dPpl"'t'~"'ion l da.vs :\.'-I to ;11 for lt>ukoc·ytes: days 
:.!ti to ;~o for platPletio.) llN" shown in Fiac11~ .t.!l 
to t.l:..!.• In the tiJ('J~ Pmphtt!>!is is pl""'t'd on 
tht> -.t>paratP bloocl t>lt>111P11ts rather tlurn on the 
total lt111ko1:ytP co1111t, ,..i1wP tht> l'omponent ele-
111t'nts have distinl'f ancl ditfPrent time tN>n<ls 

1dtn irnuliat1011. 

•in 4 :ro1111 I\' th .. 1·nmuhHIH• •lh•trlh11t\on •·urn• for 
plntt'l .. 1 •~111111-< uni.\· Ito pr .. -n!Ptl "11w .. hP11111t11l111Ck1l\ 
11 .. 1 .. rmin1t1l1111~ In thl" 1tro1111 " ... r .. 11111 mad .. durh11t tht' 

:u1 '" ~.1 •la~ IJl'rlrnl. 111• .. •I tor lt'llkoc·ytt' '"1111111 rl"""" 
11mu1111: lb .. uth .. r acr11111 .... 

, .. , lll , .. , .. , .. , .. , 
4 II • • •• •• 4 I •2•1 ... ; •••• a I If• 
5 J 5 I I I 4 I II a:a; ... , .. ,. J • ., ; 

a11a1 a1a: ••tal • ••• 
5 2 . ; I I It I 4 

" ... "~ .. . .. ; .,., 
5 " I I 4 I I I &. ; •• 16. J •••• ..... •t•I 

; ' I I I I .. J • • .... , •••• r. IM J . .. , 
••••• • • , 7 I II ft I. I ., . -' ...... .. I •• 

• • I 5 • t J. I I aJDJ • J :r: • . ; .. ; ••••• 

4.\1 ffe••cqic-' Piedi .... Group I. ._.. 
gelap 

The 11h••ol11tt> llf'lltrnphilf' c·mmt of both th«o 
yo1111~r 111111 oldt>r •,re Jr"JUl)p! f•ll clurinJ tlt. 
'lt'\'011«1 Wt't'k toll nlnt> 11.pprn~imately ill to 1'40 

(>l"l'1"f'nt of tlutt of the 1'1tlltrol~ (!W't" Fig . .f.1 ). 
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oo- • . .. ... It «> • " .. " "v -it 

-T[~-

Fh.i Kt: ~ I ,,, r111/ ,.,,"""'. Ill ,., Hlro~ltiw f'f>fl•I• "' 
tiri•"P I 1 fft11t1Jd11~1 f11r lllo•r /1u llte1t .; ~r1 •tt4 
11ri·1111..- ""'" .; 11•·ar1 of ••o•·. 

Follow I lltl t htt dt1pr~"lio11 of t hf' total llt"Ut ro­
ph dt> 1"01111t durin~ the :.,!fl(l "''P4'k, tht> valuei 
wt<n- 1111~t11lilt' 1111111 tlif' .-.rh w...-k .. \t thi~ time 
tilt' 1,..~i1111i11jl of 1t st-c·oncl drop l p<OJll) •~ 

11oft>tl for l>oth ttJlt' j...'l'Oll)r.4, 11111 ll low vaha. of 
approx111111tt'l_v ;,11 pt>rc'Pl1t of 1'1111trolM wa~ 



l"f'M.'hed. 'n.e l'OUnt wu 11111intai0fld at ap­
proximately 75 ~t of ('()fttrol valUM fTOm 
the Tth ...C to thca find of the initial study. 
No hrther l"f('Oftry wu eYident t 8 h'• ·nthe. 
.\lthotttrh both a,re lfl'OUP8 followed the MIM 

~I tinw pattern of~. the Jowtt &a"' 
""*P wa11 t..low that of the older throu1rhout 
.....t of the obi.nation period. At 12 months 
the .,anulorytai had muined to the rontrol ,. .... 

TI.. ahMolute lymphorytca rount of the oldtt 
~~fl (Fi,;. 4.2) had falJt"n by the !\d day 
to a value approximately 5.'l pe~nt of the 
rontrol ~up. ThiM vahw WM maintain~ 

thmu"li .. ut the study, amt thttre was no d•tinite 
nitWnrf' of an upwarcl tl"l'nd durin,r ttw> initial 
or ff month !4fudif"!. .\t I:! month!', l·omplt"t• 
l'f't'OVf'ry Juul not cn·urnacl. Thea valu~ for thtt 
youn~r itr iroup lik .. wi!4f' ft>ll hf.fort' th• :kl 
da~· to a vnh1ca 1tppro,i11111tt'I~· i:-1 1wrrent of thtt 
rontrol, followin~ whid1 thP..,. WK~ a ~i~nitic·ant 
upward tn-nd. With tht> total lymphocyte 
c·ount. t hf'.,. I!' it c·1111!li!'dt>nt di tft>f"f'lll't' !:wt wt>en 
thf' h\·o llJl'' ~roup~. llowt'\0 Pr, durinj.! th• ti~t 
~ Wl"t'k!I t Ill' iii lfpnaru·.- i!'! 11c·1'1'nt11atf'«l whf'n t>:t­
p~I K~ )lf'rt·t>nt df'('rt>K~ llf'C·au~ of tht> n-la­
tin•l,y hi~h lymphoc·~·te lt>\'PI!< in the lowPr a~ 
c·ontrol ~roup. .\ ftn thi~ ptariocl tht> difft>rt'n~ 
t''Jl~i-it'd its pt>1-..·t>nt Krt' IP~'! markt><l ~im~ ~-
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P'lcn-u: •~1.-r,_,.,..,~ arn.1 ~· "' tk tot•• 
'4·d·orfllr. fll'•t"'f'll1w, •M 1,_~f' tvt1•I• i• 
,,.,..,. rr•·11t.-r t••• .; .,...,.. al4. o,._, 1 1 ,,_..,..,). 

rov•ry 1us mo~ rapid in th• you~r a"8 
irf011p. 

Tht- l'ellular elt>rnents chi•fty ""POflSible for 
tht> ttuctuatio1111 in total whittt blood cell rount 
can bf' dPtPrmi 11 ... t by comparin~ the total white. 
11.-ut rophi It> 1U1d lymphocyte counts (Fig. 4.3). 
ft is ~11 that r ht> lymphocyte count rt'mained 
~'!f'11t1all.': l'o11st11nt throujlhout th.. period of 
~tucl~·. whilt> thf' total neutrophil• count ftuctu· 
atf>tl with a pattern ~"it"ntially idt-nti\'.al to that 
of tht- tot11l whitt> bloocl count ( <'Of"fticient of 
1·orn-lat1011 of o.~I). Tl111!'! tht> ftuctuation!I in 
totnl 1·011111 wpna tlu.- to 1·h1tn~ in th• neutro­
l'l1il .. 1·111111t. This w11!I trut> of both thf' older 
1111d .'·01111~r UJ!P jlroup~. Ir ci&n he ~n from 
Titble ~.:.! that the neutrophile c--ount wu con­
si~tent ly jll't'lltt>r t l11rn the lymphoc·)"tt> N>unt in 
tht> ol<ler llJre Jrroup. In the )'OUn~r ~lllpt\. 
ditft>n>ru·~ in the nt>utrophile 1urd lymphocyte 
l'oum Wt>rt> It>"" markt>d 1t111l fl"l"flut"ntly tht­
lyn1phoc·ytt> 1·011111 w11s Jo?'n'Ktt>r than th.. nf'utro­
philt> 1·01111t 

Pl11telt>t!' Wt>n> tlNt countt><l JO d1t)·~ afttt «'X­

poml"I". 11t whid1 t1111t> plittf'l .. t value~ of the 
f1"1111&lf"'" 1' .. ..,. 11ppr11,m11&tf'I.\· tM• pt•n?nt of ttw 
"f'f'n•pr11tff' 1·011t rol arrnup l Fii-. .. A I. Follow-

--~ ---.... ~-~.-u.:-., ... , *' • - ~ ------...--------------------



P. S. DAT •.•. C'. 
(a.., (•_, 

11-~--~--~-~-~~-~1 

N--- I L••-'-1' 
I. - - - - - - - - - . - - - . - -7 ________________ _ 

••----------------
11. - - - - - - . - - - - - - - -
11 _ - - - - - - - - - - - . - - -
II .. ___ . __ - - __ - __ _ 

21. - - - - - - - - - - - . - - -•- --- - - - - - - - - -- - . 

=~::::::::::::.:: ! 

... 
<I >• <• >I I <I >I ;)I, ?.r, ~ 
9. 0 I. I I. 4 4.. 7 l. I 2. I ... _ _ . _ _ _ . 

4..e I.I --- --- --- --- - -- ---· -·-· 
1.1 1.1 1.1 4..1 / 11 1.1 , as 11.1 12.1 
6. I 6. I a. I a. ' i 1 1 I. 1 I -. -- -. -- --. -
5. I 6. I I. 2 4.. I i' 2. 4 1. t 1 27. 1 21. I 21. 7 
6. 7 7. 2 I. 4 4. 7 · 1 4 1 I I 21. I II. 1 11. I 
1. 0 7. 4 4.. I 5. 0 i 1 I 2. 1 ! 16. I 14.. I IS. 2 
5. 7 fl. I a. 0 a. 9 I 2. I I. I I II. 2 11 ' 10. • 
7. I 7. I ... 0 5. I a. 2 1 I I 14.. I 111 l l. I 
6. 5 &. 2 I. l 3. I i I. 2 2. 0 , 17. 9 16. I 16. 1 

•------------·---i 5.7 5.5 1.0 3.3 i 2.6 2.0 25.5 12.0 22.4 
41 __ - . - - - ... __ .. : 6. 2 5. 2 2. 0 2. 6 I 2. 9 1 3 38. I ._ 9 21. 2 
47 ________________ i 5.1 5.1, 11 I.I 3.1 2.4 24..1 ~ll 21.9 
51. - - . - - - - . - - - - - - I 6. 1 5. I I 2. I 3. 5 i 3. 4 2. I I 22. 1 17. 5 21 2 
se _________ . _ _ _ _ 1. o 6. o 3. 5 a. 5 a. 1 2. 4 __ _ 
a_ _ _ _ _ _ _ _ . ______ , 1. 1 6. o , a. ' a 1 a. 1 1 a 21. 1 1&. 2 m 2 
70_ _ _ _ _ _ _ _ - ____ .1 7. 8 8. 5 3. I 4. 0 ! I. 3 2. 2 

.. _,.... I ··--i.!Pr (•11'1 cs-. 
<I >I <• 

~- ~ ~- ~ I ~- ~ ~- ~ 
2. e I. 7

1 

I. I 1. I 
4.. I S. 4 I. t I. t 
l. 0 2. I I I. I I. I 
2. 7 I. 7 i l. I I. I 
I. • 2. 0 I 2. I I. I 
I. e I. I I. I 1. I 
1. I 0. • I a. 4 2. I 
l. 7 1. I 

1

, 1 I 1 2 
0. I 0. t 0. I I. 0 
1.1 1.1, ... 0.1 
l. 0 I. 0 l. l 0. 5 
2. 5 l. I 0. I 0. 1 
l. 1 1. I i ... 
0.5 0.1 i 0.1 0.1 

a. 4 I.. 
! 

74 .. - - - - . - - . - . - - -1 - - - -
114 .. ___________ I 8.5 6.6 4. 6 4. 2 

4. i ... 8 
4. 8 4.. 8 

I 

l 3.ft '2.2 
38.2 
24. 4 
38.6 
.u. 2 

21 7 
7l 3 
19. 5 
25. 8 

:: ; i. 4 i.- l i 2. 5 I. I 
400. _.. . ____ . _ _ 10. I 8. I 4..11 2.8 27. 6 ! 0. 1 l. I i 6. 1 2. I 

36. 5 l 2. 0 1 0 i 9. 6 .. 1 Controlll Group A .. : 13. 2 9. 7 7. 4 
I 

in• this, the platelet count fell reachin~ a low 
of approximately :J() perrent of control value 
durin~ the 4th we.k. The platelet count ~ 
durin• the 5th and flth Wl"t"ks and reached th.­
value noted for the initial eounts on the loth 
day. A Sfleond decrea.¥ in the platelet count 
( p<0.01) developed. during the 7th and 8th 
weeks. and values remained at approximately 
70 percent of the control ~roups durin~ the l"f'­
mainder of the initial ob!lerntion period. So 
additional reeovery had occurred by th.- flth 
month. .\t 12 months the counts wpre hi~her 
but ~ill below th.- control r n~. The pattern 
of platt>let count-. in tht> male jZTOUJ>S was l"f'­
markably similar to th1tt noted for the fem1tlt'8. 
( 'ount.." of the low.-r age group, maleM. wel"f' 
<"onsistently higher than thOMe of thf' adult 
"">Up in 11bt!olute counts; hut co11~il'ltPntly lmn•r 
u 1•n.'f'•1t of eontrol. 

4. I 
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IO 

4.JZ II I •• el Ra« •• ~ n. 
APks' 

,,_ ,,..... of chant:- of all elements in 
OTu.p II wu ..mially identical to that of 
GN.p I: howewr. the decr'N of cha• wu not 
u...n.d (T.W.4.3) . .As with Oroap I, reeoT­

fll'Y of al! el__.ta wu irM"Omplete at 8 months. 
At 11 mon&M pnlocya. were in the control 

raftl'8 Mat plateleta and 1ymphoeyta mnained 
depremed but hiper than at 8 monthL 

~ince it ••~ known that Oroap IY had re­
~ivtd a ftrJ email 00. of radiation compared 
to the other espoeure ~pe, 1- frequent de-

I . LI ~X..,' 198 ! I :w-CX'Tfta , w. B.r. S•t.._l PU,._,. ao.wa. -(Xl9'1 . (XIS'! <XI., I (Xl9'l ! (Xll'l 
i ,_ 
I ! 

I ! 
' i All I I 

P. E. Day_ <& >s: <5 >5 <5 >& <tO >10 q.! I 
-- - --

i 
I • (MJ (Ml (F') <& >&: <5 >5 

I I 
' ' 

I .. - . - - - -- - - . - . e. 0 i. 0 3.0 5. 0 i 11 12 I -- -- - - - - ---- 0.1 l. 6 i 0. & 0. 4 
7 _. - . - - 6. 5 e.1i 

; 

.. . - . . - . - - . I - - -- - -- - - - - - . .. - . I ... . .. 
10_ . - .. e. 3 i. 3 4. 2 4. 2 ' 1. 9 12 22. 5 22.1 30.9 I. I 1 t . 16 I. 6 
12. -- - - - . - - . fl I i. 6 : 1 8 4. i : 3. I 12 ' - - - - -- . -- -- I. 4 &.1\ 4. 4 2.. 
UL . i. I i. 0 ' 2.3 4. 5 I 4. 2 2. 2 I 29. 0 30.2 24.. I. 7 11i 2. 3 l. 4 
II. 

I 
6. 8 7. 8 I 2.9 6. 0 3. 5 2. .. I 27. 5 U7 24. 9 2. I 1. 5 I I. 2 2.1 

22 8. 9 8. i I 6. 3 5. 4 2. i 2. 9 21.5 17. 0 22. 9 l. 5 2. 4 I 6. 8 2. 4 

• 8. 4 i. 0 I 4. 8 4. 4 3. 2 2. 2 I 30.0 13. 8 17. 4 I 2.1 2. 4 0. 6 l. 6 ' ' 
30. i 9. 6 8. 6 5. 3 6. 2 I 3. 7 2. 0 I 19. 5 12. 8 II.. 2 ! 1. 9 1.9\ 4. I 2. 0 ' 
33. 7. 7 i. 8 3. 3 5. 2 3. 5 2. 2 I 24. 0 15. 8 22. 7 18 2. 2 I e. 0 I. 9 
39. 7. 5 fl 2 2. 9 ... 2 4. 7 1. 9 11.5 20. 8 27. 0 I l. l I. 7 ! 2. 7 I. I 
43 6. 9 6. 5 2. i 3. 6 3. 9 2. 7 21. 0 19.1 :J5. 3 0. 6 l. 4 2. 8 0. I 
47 i. 3 6. 7 3. 5 

3. " 
' 3. 4 2. i 27. 0 20. 0 l6. I 2. 2 I. 9 l. 5 0. i 

51 8. 4 6. 3 3. 8 3. 6 4. 0 12 32. 0 18. 2 2!). 0 2. 7 2. 8 2. 2 l. 0 
54 ... 6 6. 3 . 2. 8 3. 5 3. 2 2. 5 ' 37. 0 19. 8 l3. 8 l. 5 l. tj l. 8 0. 8 
185 ;, 7 6. 5 . -&. 8 3. 9 2. 7 2. 2 ~- 2 19. 2 l3. 9 I 1. l l. 4 I. 5 2. 2 
-Will 11. I i. 8 "- 2 4. 7 6. 5 5. 6 38. 7 21." 28. 3 l. 0 l. I l. i 2. 2 
<'ontrolto Group . .\. 13. 2 ~- i 4. 8 4. 8 7." 4. l 41. 2 25. 8 36. 5 2. 0 2. 0 9. 5 4. 7 

Tab&e 4.4.~roup IV Unirik Mean Blood C,0wac by Day and by Age 

w. a.c· SarftnPwn.&a LY1t,..<rTTU Pu nu,.. Mo,.iw-TT&a Ito." Of'llD.U 
<Xl•l tXIOll lXIOll tXUJ11 tXIOll !XIOll 

----- -- ------ ----- ------- -~-- -- --

All 
p E. o.,.. <.l >5 <5 >5 <5 >5 <lO >10 -"•'"" <5 >s <5 >5 

(~) ('.\I) (Fl 

• \I .• !l 2 4 ; 4. 2 4. \I 12 0. I\ 0. 2 10 12 
1-1 Ill. 0 !l I\ ' l 3. 2 6. l 2. \I 4. \I • 2 1 ft 2. ; 
I If 38. \f l8.l 

35 ' 11 10 I 4 ; • \I .'> M ' " 3. 2 3-& 5 2.'\. I\ 31 ; 2. 2 l ; 3. I 10 
( '11111 "*' ( ;nuap \ ll l ~ ; • 14 . " - • • I 41 2 ~M 3A ~ 2. ,, 10 4 ~ ' ; 
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__,-*1ot!'M ,... eu! iiM Mil • t9- Fa ap• 
I• rt.•* ... ~ I ... ,ra.p tt. tatel w~itt 
w..l~l ... Wlt,....i•~---d1p I i 
wlitlMly ..... , ....... ._..._ dup;n.c: !-h_. !Mand 
M,... 1T.W. •.l). Tlw ,,....,.._,.._ C'Ollllta 

.... .....,. ............... t'GIMi•ntly, ..... the 
total white t"OllM ..... to the t"Ohtl'ol ....... . 
tailll'd on day *1 waa d• to • nMtraphihc 
ieukocytmiL 

Plat.el« rounts on the 29th day w.ioe si,rnifi­
t"antly lower than on the 19th day an~ ncept 
for the older• males, """"' lowf'r than rontrol 
values. 11W' 29th day roincidf'9 with the time 
of masimum depl'ftl8io~ for thP more hHvily 
f'S:pcaci groupe. 

4.34 ffemedasal Findinp. Group UI 
< Ameriaull) 

Thf' nt>utrophit. 1·ount in ~neral l"f'ftect~ the 
timt> 1·011r.4P of tht> total lf'11kOC'ytf' count (Fig. 
-t •• 'l ). Sf'utrophilf'8 1u.'c-ounted. lllm08t entinoly 
for thto mllrbd rise in total eount 1•n poet­
e:IJ'lOf'Urt> <illy one, and the nlues for 1tbsolute 
neutrophile l'OUllt ftuctuated near the control 

~4 
I 

I 

( ...J.= 

·~~ 

I~~ 
i rr~~~~mM$~~~-...:1'~~·~·~aa....~~~--~..--,..,..--l ·a= • • • .. JD • • .. ,. • 

~ ...... -
neu• ·d~ flniel '°"" ~ .... e. _,,..,,., ..... 
1.-~ot'Ylr t'Otltll "' r.,,._,, A ...no. .. ( 0...., 111). 

nlues therNfter in the cour. of the study. 
The lymphocyte C'OUnts fell to below control 
lf'\0 els in the tint few dayB, and remained at a 
level llppro:1imately i5 pen-ent of the control 
value thro•qrhoot mOl!t of the rwnainder of the 
obse"at ion period. 

In <iroups I and II the ftuc.-tuations in the 
total lt>11kf)(·ytP rount W'Pt'f' l\N.-otmtf'J for almOMt 

Table 4.~.-Group Ill Americans Mesa Blood Count by O.y 

w B (' ~11"Tt0· LY•rwo- PUTSL.,.,. Mo•u .. YTU 
F.tm~o .. 

p I':. lhY P'MILU ITTU rim.u 
'l IOll ll Ull) 11 IOI• 11 lfJlll <I llJlll 

'I ICJfl 
-- ------ ------ -- ---- - - -- -- - --- - - --- - ----- - - --- - -

I 9. ti &. l :i 3 0. I \. fi 
8 fl. ti -4. :\ 2. I I. \) 0. 5 
9 ti. 2 .. () 2 II 2. 0 0. 4 
10 ti. 3 :l )4 2. 2 2. 2 0. J 
11. 6. 2 3. \J l. 1 I " 0. 5 
12_ 6. 0 3. 7 2. 1 I fl U. i 
13. ti. 1 3. i 2. 1 I i l. 2 
15. 6. I .1. 8 2. 0 1 i 1. 3 
16 8. 1 •. i 2. 9 22. 0 2. 8 2. 5 
\9. 7. 9 •. 8 2. 7 22 2 2 ... 2. l 
2:\ fl. 7 • 2 2. l 17. II I. 6 I. 4 
28 i 2 4. I 2. 5 1-4. 4 2. u 2. 1 
:\J 6. 7 4. I 2. 2 16. I I. 8 2. 2 
:\~ fl. 8 :\. 8 2. 7 20. 1 I .. I 5 
4:\ 7 6 • 4 2. II 21 " I 4 10 
-ti 7 8 4. h :\. I JU 2 1 ; I fl 
.~I 5 7 3 2 12 Ill 14 'l .. I i 

I\ •a J- A mrnc-an ( · 011 t n.U. 7 8 .. I l. I 23. " 16 17 

- -- - -

~-------------------------------
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2 
J 
5 

17 
19 
21 
2S 
32 
33 
42 
5-4 
66 
69 

7 

nm 
7nD 
5639 
6230 
Mao 
4750 
7150 
Mao 
.wJO 
5500 

110 
156 
115 
106 
115 

I 

! 2970 
2770 
2570 
J.UO 
3070 

85 i 

l!t& 
96 
~ 

3870 

4il'JO 
6060 I 

4770 

,., 
145 
105 
115 

4100 I 

:le.IO I 

1670 
2520 
2620 
2520 
U20 

JIW 
6020 
5620 
6020 
5100 
-1720 
4720 
7220 
....... )0 

5120 
4100 
4200 
5750 

ti4211 
,r,220 
5470 
4M10 
:1120 
4tli0 
40.'10 
4570 
ti 1110 
H70 
1\250 
tl(12' I 

5700 
.r,~10 

,')•1;0 
.'ifWU 

41\~I .... ~, 

A..- 5 to 15 

200 
120 
19/i 
U5 
140 
!:Ml 
IM 
120 
10/i 
115 
185 
I IO 
150 

1:10 
I ll.'i 

12.'i 
I !I,., 

~ 

150 
.').') 

5 • ., 

H 
1:10 
110 
I Ill 

"""' l;.?5 
1.10 

1441 

11.'l ,,,. .. 

1-170 
:1020 
:w;o 
3470 
27110 
2520 
2000 
-1720 
2Ml0 
2WO 
1800 
2:120 
28Cl0 

21\!iO 
:? . .,20 
'l':'IMI 

1570 
:12;0 
2:1;0 
2770 
·4:\20 
2.•100 
4050 
:woo 
:1!1211 
:k\..,O 

:ll'lO 
:H.'10 
2:1;,., 
t4L'l41 

4200 
:MIO 
~ 

2400 
llJ50 

2800 
2660 
:15;0 
~ 

1950 
24CIO 
:1170 

2:120 
1950 
11170 

2320 
2150 
2470 
1550 
2250 
~170 

1~20 

rn;o 
1720 
2870 

:\5.'}() 

2520 
2420 
15711 
1:4541 
1270 
152'1 
1700 
10.110 
11100 
21211 
2"-'lO 
1114•1 
2:1:10 
2.'l';'O 
:l)l';"O 

'll••t 
rr.111 

- - --------------------

• 

T~ 4.~-C .... J 81 s'; ..._ ._. 
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.,_..._ - - - ---- -------- --------

: W a. C" .. ~~ '.'f.:..":'° L~ 
<"•• :iiro. 1 '"~0 • 1A••an• , ... ...,.. 1A••.a•;• 

I...,. a•·-DaT -DaT -Da'r 
I atoll1 , ato• a'rft Sii : -~511 

-----· -- I - ---i--- ----!---..., 
I 

52 
M 
56 
57 
M 
60 
62 
6:1 
6-6 
M 
68 
ii 
73 
7-& 
iR 
79 
80 
82 

I 5620 
4400 
6170 I 

5020 I 

4750 I 

I 

6970 
8.100 I 
-&270 
5600 
6100 j 

-1600 
7950 I 

JIJ70 
I I 

i woo 
·~ 

iMOO 1 

5670 
5250 

UIO 
136 
125 
56 
llO 

180 
110 
66 
70 

145 
120 
106 I 

60 : 
156 
95 
70 I 

100 
I 

130 ! 

2970 I 

1468 : 
Ma» : 
20'» ! 
.. i 
4060 

! 5170 
2560 I 

37.IO ' 
2UO 
2400 i 

4950 
26.10 
j:zM) 

3;!.50 

5120 
2920 ! 
2630 

2450 
27"1 
2660 
%700 
l&liO 
2470 
2aO 
1520 
2050 
3120 
~ 
2700 
1260 
2MO 
IY50 
2500 
2520 
2470 

..-ntir~ly b~· f'hani..~ 111 the totlll 11 .. utrophile 
l'otmt. ( iro11p 111 differed !>illf't> tht" d1anjlt"S in 
totul lt-11koc·yte t'Ollllt we~ refft><'ted 1tl111°"4t 
t>ep11tlly 111 tht" l~·mph01·yte arnl neutrophile 
l'o1111t. The ;;i~nitit·iuH·e of thi;; ditft>rerwe 111 
l't>"po11~ i11 the two J,?:ro111r.; iM not itpp1trent. 

1:::1 I 
I 

t'u,nu: 4 tt.- ·""rill/ 11latl'/l'f roio•!• 111 r.rpQ•rtl .~1Rrri­

ra11• 1t;r,.wpIII1. 

Tht- plMt .. l .. t 1·01111t I Fi~. Uil wen- not mark· 
t"4llY d .. p,.,...-.1 "'ht'n !ht' 111it11tl 1·01111ts "l"M" 

lakt'll d11l'llll.!' !ht' :1.t "t't'k. .\I th .... rnl of tlw 
:\cl Wt't'I... ho\\t'\t'I', 1 lw pl111 .. 1 .. 1 1·rn111I l ... li(Mll to 

_, 



• 

... • IW'la a ... uf 1; f 11 · nit,' t8 ;wuelllt 

.. ~ ........... ftlil ., tt. 4th .... 
,,.. ..... ttt... .. ...- to .,,...i..-..y tlw 
cWlral leftl 81 tt. ••rt of the Ttla W111k. fol­
..,_ m. whirtl a ~ dept uion wu notM. 
The~ t'GI .... were at a leftl of HO pettent 
of the CCJfttrol nt. at the time of the lallt ob­
ll!l'fttion darina the 8th pmt-espmure week. 

"-3' II a 1 :1• wl I+ ·, ...... All <;,_,. 

From Table 4.:2 it is.- that the l11llfJI\.' mono­
eyte l"09nt for Group I n>R abruptly hom an 
Nrly value below rontrol lenlA to a "·ell-defined 
pnk on day 1~ followi-. which it ftuctuated at 
values b.low the rontrol level for the duration 
of the obeenation period. .\similar time trend 
wu noted in Ciroups 11 and III. 

Table 4.7.--Group II Ailiap- Me.a Blood 
Couaa ar Time of Maximum Depremioa 

i - a ,. ! Ptawi.ca i ··•&to- , L)'11l~ 
' ... v ·'·' (1IO•l plllln I eyta 
'::,.~I (A ...... (.h"'- (A\· ....... 

a 1o 5l f ' lrom Do from L>a J lrom I >91 
atnati •1os11 •1o511 

---------

6 
8 .... 

16 
28 
29 
:u 
ti 
..:\ 
.. 5 
;j() 

51 
5Y 
70 

9. 750 ' 215 
8. :\5() 185 
... 5i0 180 

Air" 6 to 15 

6, 220 210 
6. 170 2.W 
... 'jtJO 2.W 

:l, .fj'O I 5, 60() 

:1. 520 ... :oo 
2. 3Ml • 2. OiO 

2. !l'i'O :l, 150 
:l, 700 2. 500 
2, 320 2. 150 

·'«" G11'att>r Than 15 

6. 170 I 175 3, 570 2. :1;0 
... 6i0 195 2, 200 2, 270 
6, 270 115 :l, 720 2. 270 
6, 750 115 ... 100 2. 220 
5, 650 1 .. 5 2, %0 2 ... ,.,() 
5, 120 110 :1. 050 2. 270 
ti, Ir,{) 215 :1. 711U 2.000 
5. 6.50 180 ... 170 I, -6 711 
7, WW.I 45 .\, 470 2. ~IO 
7, 750 170 "· n:lll 2. 4MI 

12. ~JO 106 !ii, 120 :1. ti 711 
5. 07U 185 :1 .... , I. 7~ 

n.. ...,.a1plli .. t'U9llt n. ,._ .W.- ... in· 
diridwa.._ (tto.p L ...- m. ""'1 low le\oelil 
.... ,.1 nn day !\ to nlw approsi..,in• :\i 
percettt of C'Ofttrvl darintr ti. ......t ~ 
wt.er. it remained f1'0ID the ~ to the Mh 
week (fi•. -l.1). 1M rounu then dee,_. 

. " . . . ~ -.,,.....__ 
Flor• 4.i.-lfrn.• ~IMtllO,Aik f'09•1• ot1 t•OM ,,_,. 

,.._ •-" flN'WI,.,. t••• S ,,..,.. of ·~ of Or_, I 
I Rmtf~la11 I. 

( p >0.01) and l'ftllairwwl •t a value approxi­
mately lfl J>f'n.'f'nt of rontrol throutrhout the 
remainder of th• l'tudy. Tiie time trend of"'. 
!4(>01l!tP w11~ ,,i111ilar in the youn~r ·~ indi,·id­
uals, howp,·pr durn~ m the youn,rer ·~~up 
wel"f' rel•tinly ~l\ter if eo11!4idP~l in tf'rn111 

of the •'Olltrol VRh~. :-iimilu tl"t"111l'4 in 
t'O!'inophilP count wnP 1111( tavi<l~nt in otht>r PX-

1"' .. ,,.,. j!l'llUI»!. 

lt i~ J>O!""'ihlt> th•t 1he ri!'l4" in ~inophilf'M 
rep1?.4ent~ that reportfl(l h~· Minot an<l Spurlin~ 

( 11) a!I oc't·11rrin~ "--two to thl'f'f' "·e.k." 1tft•r 
~hort Wl\\·t>lt>n~h irradi11tio11". 

4.36 HemalDCrit, All Grout-

·nit> liP111ato.-r1t nthff'!'I for all n1KM"tl ~"'I* 
An- .. 110,n1 i11 T1tblto ~.~. \\•hen hematOf'ritM •MW 
tir-4 dotM" 1111 tht> ~bi tiay, D>Nn Yalmm for 
C lnmr• I atMl 11 "•"'hf.lo..- tho .. of thfo 1·ontnH 
l•Of'lllllt IOfl. .\ "11,rtlltlc•anf fl"f'fU) Ill YahWfl aftf'I' 
tl11~ t111,.. n1ul1I 11oc IJP 16.t~"ff'd ,otat1'4wall~ . 
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I 

l:nwL"l'I" cw IOR'DJJIG U9UTIOR 

T ... -'.1.-111• x:rie. All lspm .. ~ 
O_..l I Oll<M~ II 

i 
o_..ry 10_..rn 

n ... 
_I <trrllll !_>~'<~\ ·~~-(~llM> ! >11111~- ALL A1191 i I ! 

<111111) >II I Ml 'AU.Aoa I ........ ,. 
(f) I I ( P'l I 

I Ml 

i I I I . I 
n 37. 6 I .ta.9 i Jt.O I 17.5 43.7' •. 2 ! 

• I I I I 41. 7 

• • ft 
ID 
3a 

• 43 
47 

185 

Controb 

•.\11 .. in Y"•"'· 
(~I ~~aJP. 

(fl~ t• .. malr. 

a1 

17. 9 
17. 4 
37. I 
37. J 
39. 0 
3& 0 

:w & 

.fl. I 17. 5 

42.1 37. l 
42. 2 •• 
42. 4 37. 4 
.fl. I 37. ft 
-6& 38. 3 
U7 3& 2 

.fl. 0 39. 9 

4.37 Mo~ of Pet"ipheral Blood 

I 31.5 

•. 0 
35. 5 
31. 0 

' 
37. ~ 

39.1 

~ij.!nitintnt morpholnj.!ii·al <'t'll11l11r .-111111i..~. 

wit Ii t hf' t>lf;l ... pt 1011 of 11 h11or11111 I 11101101111df'1tr 

1·t>lls• ~n in ~\t'ntl i11di,·id1111l!-i d11ri11j! tl1f' Jit>­
rio1I of n11lf4t ~n·t"f' llt'11trnpt•11i11. wt>rt> not ob­
,.,nf'll. .\pp11rt>11tl~ !-ii111ilar et>IJ,.. hn\"f' !~11 oh­
~rn'll prt>,. iou,..J ~· h~· ~I mot 1111d ~purl i 11~ ( 11 ) . 
( '11111 plt>ff' l'Vldllllf 1011 II f 1 ltt'"4' d111 llj.."t"1o! WOii ill 
11~·1·~., .. 11:111• 1111 ""lurn-.tin• ~rml st11tly of tht> 
lit>11111t11loj!~' ~lid""· :-;1111d:1r ditft>t"1'111'~ of opi11-
io1111n• l'l'portt>d 111 tht> liH•r11t11rt'. 

4.38 Compuiton of Hematolo~ical Findings 10 

Children and Adults. Group 1. 

It I,.. ~II fro111 Tai.It• L.! to ~ • 111111 Fij..'111?.' 

4.1. J.:! 1111d .tA tli111 d1tft>n·1wt',.. i11 tlit> dt>i:;rt>t> of 

0 Thn? ""H• , ... 11 .. ldt•rHhl .. 1111\'•·•"t·rw•· In 111111111111 "·Ith 

n ... ,..,., '" "'"'"'"'"""'i1111 .. r ti••- .... 11.. Thi•_\· \, .. r .. 
,.,tt .. •lt\f'l'ft 11~ afvp11 HI u111uuie ·' r.-"". -'•"l"t•J.t••runuac 1~·1u-

1th···~ft ... 11r~·1~•4·RI 111\4•lu• ~·tt•!ll. IUUft••·~·tu14) l.\·n111t1•· 

1·~·tt .... JtOcl l~·ruph ... ,.,...,. 1u tru11 ... 1f1•tt1 ti• 111\·•·l•• ,...... \f 

th•• tun .. 11( thi111 rf"1••rt ttu•n• \\ ""' uo 'lllHlllU1ll\ of 

"l•UUt1H •·trh rt.._,...,.., lu 1·ln ..... 1fl, >t"oll ;tlttl •ll("fllt'.o .••t•· .. 

"' 11- ........ 

I u. 2 36.8 
..f4 5 .. ' fl. I ... 

44. 6 36. 7 
'6a I I 37. 3 ~· -65. 2 36. I 46.7 
46.5 40. 2 "4.0 

40. I 37. 3 

46.0 39. 9 •. 6 46. 0 •. 9 44.9 

d.-p~ion of c'f'llular elements wel'f' p~nt 
lwtw~n 1·hild1?n 11nJ adults. In T11ble -l.9, the 
m~nn ulut>,.. of the neutrophile. lymphocyte and 
platelet ro1111ts "t tilllfl of t~k dep~ion for 
t'1t1·h t>lemt'11t """ ~ven in term.~ of 11IW!Ol11te 
m1111t 111111 1ier1·ent of 1tppropriate control value 
'mt>tlll plttt.-lf't 1-ounts we ... 1'1'1<'nlatM for the 
1~~ th1tn ;, and j{M'1\tf'r thl\n a "~ ~l•lps for 
t 111~ 1·11111p11ri~o111. 

Table 4.9.-Comperimn by Age of Mnn Neuuo­
phile. Lymphocyte aad Platelet Cowns ia 
Group I (Rongelap) at the cime of Peak 
Depression 

\t·11I ropl11lt· 2 7 
l.\mph1.<'•I•· 2 ~· 
f'11ttd••I• 

ft•''"'~ ..... 
otil\ , .. , 

:1 I 
2. 2 

l lll 

Ps••~T u• 
ro'iTaot. 

~ .... 
-Ml -~ 

2'.I .\~ 
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It iK ""'"that in temas of ahtiolute t'ounlA, the 
children showf'd a J[reater depl'ftlllion of the 
lvmphcx.'yte 1'0tmt. Jo:xpr-.-.c.i aK ~rrent of 
~mtrol. all elements wt-rt' atfe4:teci more mark· 
edlv in the voun~r lljlt' ~roup. Th~ reqilta 
•~tld in<lic~tf' that chiltlrt>n are mort" ~nKitive 
to radiation, or that other biol0jlic:1tl or physi­
cal faeto~ ~u ltf'd in a relatively Pf'11f Pr ptff'ct. 

One phy!-!i1·al <'onKidt>ration that may hav., ac-
1·011nted in part for tl1t' appart"ntly j[rt"llter do. 
rt'<'t'ivt'<l bv the d1ild1'f'n im·olveK a ('()fl!!idera­
tion of 1i<~ diKtri\111tio11 in the body. l\«au~ 
of tht-ir relatih·ly small diameter. the dose re-
1·t>i wd 11t t lu• •'i"ntf'r oft he bo<ly of a child •ou)d 
he ~f't'ater than for 1rn 111l11lt c-x1~l to the 
same do~ as measured free in 1tir. 

4.4 Di1CUS1ion 

.\11 ~timatio11 of the -..n•rity of radiation 
tl1t1111tjlt' i1w11rn-tl 1·1rn ht' attemptf'Cl hy <'Olll­

pari11~ tht> p~nt r~ult:-o with JIN''·ious ht>ma· 
tolotewal 1l1&ta on tota&I 111111) t'XJ'Clll'lln'. The 
p.--nt dala "'1'~111 lht> 11111~· larjlt' ~rt.,. in 

wh1d1 .. ~.,..t"t111&t '" .... rut I 1·011111- 1111 I ht> .... 11 .. HI· 

di~id•m han b.Pn poMi~ and th• they e99-

prill! ttw fft(1ll( ronaplete data available on hmnan 
b.i"«I ex('IOf'l!d in the hi«ft sublethal n,... It 
iA aJ90 of importanc-., thenfoft. to namine the 
prwent l"f'Mllt!t in roajanction with put es~­
Httt in an effort to ~in a hfotter undentandin« 
of the hematokJtri«'al ""f>Ol'IM of ho ... n b.inp 
es1....U to 1,.,,..ratin• radiation in the 1111b­
lethd ~-

ln ttw fnllowin,r diM"nMion it will b. ..,._.. 
ally aMUmed that the hematolocical ef«U 
note.l were dltf' primarily to the (lftletratiq 
~nuna radiation l'f'ft'ivf'd. Tiie beta radiation 
injury of the skin nuly han rontrihuted to 
ftuc-tuationw in thf' whit~ l'OUnt" durin• the pe­
riod of adiv•· ~iorut 1luri"J[ the third. fourth 

and tifth "'"'"· h1· iM «"OnMidetetl not to haft 
c'OntrihutPd Ki,rnitinntly to dep'""i°" of any 
1wriplwral,.,.k-nwntM (('haptf'r 3). The •letrne 
of intt-rnr.l mntamination with tiiwion proclucta 
( ( 'haptf'f a) 1UM prob.bly too Kmall to C'Oft· 

tribute Ki~nifkant ly to t lit> Nrly hematoloarinl 
.-tff'('fM ~O.n·ecl. .\lthtHa,rh it iK not (lOl!Mible 
to ~v with c?rtaintv that tlw. iadclf'd facton 
dicl n«lt materi1tllv 1&iff"f't the hemato~iral pat­
tf'ni !'lf't"n, it will ·l,...·ctnte evident in tht> 1lit"t·us­
<1icH1 that thf' l'han.~ ol-.rvec.J ano not incon· 
siKte11t with t l11H1 to be t'llfW'l'tNl from t"XpcMure 

to (M'llt>tnt.ti111r ~tliation alcHit>. Thu"° the 
ht>1111atoloiieic·1tl duu~ notf'CI ""' l'on,.itlenocl to 
lit' tht' M'!'llllt of 1t :-in¥1e t"X)Ml!"llft' to (lf'llf'tnttin" 

~lllllllla radiation, tl~liH•n-cl at a rapicl\y 1k>­
crt>Jts111,r 1lcltW' ratt' o\ r • llf'riocl of approxi· 
111ntt•ly :! day"'. ( "11 I~ 1t ht>rwiKf' !'iflltt'<i 11 ll 1liff­

"ll!'!'io11 will 114' limitt"CI o th.- oltlt'r·~ ~11l11li­
' 1,1 .. 11 of ( ironp I. 

The prirwip1tl K11ur1·t>!4 o pno\·iot1K tlata 1tvai). 
ahk> for 1·0111partK11t1, arnl ti 1·h1tra1·teriMtiei. and 
I imit1&t ions of ead1 itrt- ~u 111111rized in T 1tlilt-
4. lO. Pt>rll!41l l of the tahlt> · 11 makt- applll"f'llt 
t ht> tliftil'ult i~ in\·oh·t>il i11 tte111pt lllJC ~t ri,-t 
l'OlllJttlfl""lll!'; ho"'·t'\.t'f, ""llllt' llll'lllt'llf!.4 l'llli '• 

mittlt' t1~p11 .. th .. •tl>l'llHI,.. I 111lat1u11!'. For 
... ,..,. n-ft>n-111· ... "11orn1ar· \·1tl11 . for 11t"r11dwral 

hl1~11l ··01111t,.., from '~"' pno-.111 •IM awl fr•tt11 
11 1 .. litl'natun- ""' pr-111 ... 1 111 • l 11 

\ 

\ 
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Tiw limitations stated in Table -l.10 apply to 
the Japan.- low 00- ~pa• E to H in par­
ticular, in whi<.'h valllal ,riv.n ( Ou«btenen et al. 
(lot) and 1 ... Roy ( l!l)) ar. pooled and indJJde 
indiYidual11 lontf'Ci at the tinw oft~ bombing 

•Ttw Jap.- ra-lt'" "'""' dh~ lllto 11911119 
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,_m·h that they may not h&Te ~ind sipift­
cant npoi.u~. H•~ while the pattern of 
l'han~ with nBpect to tin• ia of nlae, abeolute 
rounts probably are hip. The time coune of 
twruatolo«'kal <.'banare in the people of Group I 
rortftpond mmt dot1Ply with theae low espolUn 
.Japanme groupe in whi<.'h definite sip9 of 
wnr. radiation upoeure w•re prmnit in m 
individual11 but in whW.h ~tially no mor­
tality Ol't"Urnd (initial hemat~l stucD. 
OR tlw JapanNP tfflllinated at U ·..a). n. 
Nrly pPriod up to approsi......iy I ...._ •• 
t·ha~ by~ variatiaa :. "1lal 
•h••• "*n• an luh dw tiruup I ud Jspn 1 
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<"UUllltieB. This fturtuation may be .-oriatecl 
with the ptftllflk"e of themaal or other . ljuriee 
in the Japaneee or the actin 9kin J.sions in the 
Manha I~. or may c'Orrespond to the "'aborti'H 
riae.. notf'd for animals followi~ HpoMlre 
11-1, H>). From the Rth Wftk until the termi­
nation of the acute studin on the Kanhalleee 
durinp: thf' 10th 'Ifft"~ the .JapaMBe and 
.Mar.J1'&1Jf'8e l'ounts l't'mained at similar levels. 
T1~ neutrophile rotmt in both the .JapaneBe 

1uul ~(1u~h1tllese in ~neral parallPled the total 
whitf' t·ount. Tht> l~·mphocyte l'OUnt in both 
l[l'OUfl8 w1U1 Jev~ e•rly and rPnutined de­
p""9111Pd at nlues of avproximately :_'11110 until 
wf'f'k to. The hi~h ,-.Jue of ~>69'..! naported for 
ti~ .J1tp1tn~ for Wf'f'kM I~ to 15 mwrt he sus­
peetecf of t,.inJ[ hi,rl1 for the rHMOrts ,riven 
earlier. 

,. ariom~ ehanu·teri!4ti1'!'1 of the .Jap1tnf'8e 
hematol0trinl tl'f'nch~ should be pointed out: a) 
while hi,rh dotiP expotmre ~oups "·ith si~iti-
1·1tnt mort1&1it~· :-ihmreJ 1111 "3rly dt>p~ion with 
" d•tinit• lo"· pomt at -1 ""f'eks, the low•r <l01111 
~rout>M ~howed 110 <l•tinite minimum at 4 ""'k" 
but ratl'f'r a NN\finued d•p~1on until the !'4th 
or 9th Wf't'ks. b) \\.hil• nwan lf'11korvt• 1·ountM 
of the lw. v 1 I~· f'S J>Ollf"d vou pM had "":.iv"""I in 
t-rt and Wf'ft appn19t'hinl( nonual AllJ"'ll. 

Ml 712 0- !'4 - ~ 

ti- inans. 1~ ..a after e:spoaare wen lliD 
below imans for t"'Olltrol popalationa 1iated ia 
Table -4.11. In ~ data of Kilmchi and 
Wakiaab (2"2. 23) indinte that hemato. 
r.roftry w-u oot ~plete ~ yeara after d· 

fJOMUl"f'. The !lltudiM of tbfte authors. per· 
formed independently of the Joint CommiMion 
1md .\tomic Bomb Cuualty Commi•ion, su,r· 
Jrf'M. the Mrly blood rMpOO• and prolon.,.d 
r@('()very of the .JapanMe was similar to that 
l"f'pori.c I here for the Marsha lleee. 

The p~nt tindinll'!I in th• Mal'!\hall~ 1u~ 
in lltt'Ord with th~ rhanM."tem1tiM1, namely 
"l total "·hite ~II 1mcl neutrophile counta 
,.;liowt>e.! no detinite minimum at -l w ... lu al'i evi­

denc...d in .J aJ>Mnf'!oll" ,rroupl-1 .\ to 0, but rat hf'r 
fluc·tuated durinar the ti~t Wf'f'ks "·ith minimum 
111ea11 Nmnts Ol'C.'UrTin~ in the 6th w.ek or lat•r, 
h) neutrophile count11 Wf'l'e unstable onr the 
tim ;, wf'lek.'l. and re<.'OYery to rontrol lrrels •u 
not romplete by the 6th month. e I lymphocyte 
c·otmtM remained dt1prf'MllM"Cf t hrou,r:hout the pt'­

rioJ of ol>Mervation. 

Platek-t data in t hf. .J apanf'M' •"' not "ull-
1·if'flt to 1t llo•· '™'"' than ronl!'h 11ualital iv• 
1·0111p1triMoru1. Thi"'" 1111fortunat .. •int .. t·han.-
111 pl11t .. Wot l"fHlllf!I tn f lw ,.,.._.,. "4 OOiftl ap-
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, ...... .,. a-.emri' ta& pellrn: dlu 
... Lia k I Jf ~ eamtL Pl...a.t ~ -
- Wit id..a., f'Gftliie1MI • a '1pieal i&f I LYI 

Ira • --fatal J.,..._ ( 11) U..tieM8CI - • ,..._.._ ... ,.. •111••1•. n•tm. 
........ widl tMt - in tJ. Jlmrl ll I 
... A I .. _"' I to ,.. ... rMiMiolL 

It • •afthy of ..... that tt. ....... of pmk 
mei d1F19 of ,.,..,. in the Ja.,.... rietirw 
oaew awl bet._ t• •h and 30th day, whiell 
Mt 1eup .... to tt. ti .. of maxi•- plat.i.t 
..,.., ioa in tbeespcaci Kanhal..._ 

4..0 c I I Wida 0... ·-- t.llOI .., 
A«iJ1 •• 

..\It~ in the Lm Alamm ( 18) and Ar­
.,...,. attidents ( 19) the type of radiatioft 
a1ad the condition• of expoBUn were markedly 
di.....,._t from either the .Japaneee or the Group 
I 1ituation1,. a Jar~ component of penetratin• 
~mm• and neutron radiation wu rtftived and 
thus attempts at romparilllOO may be of value. 
~ tindinJr!'I in the llf'matokJtlical ~ 
""" pointed out: a) a uniform early rise in 
•·'.1it~ and fM'utrophile counts over the fil"9t few 
dayR, 11imilar to that !!llell early in the ,\merican 
,lll'OU[> was 00..rved unifonnly.• b) of three 
hi~h-t>XpoMUl"f! hut non-lffhal ca~ the total 
wl1itt> "ncl Jeuk,•·rt• l"ounts continued to show 
!«lllM'! Je~noe of dt>p~inn into the ith week or 
lw-yond. e ~ the lymphoc.·~·tf' 1'01mt~ in indiYid­
ualA expc..d to As little "'~ ."'>4) n-111 showe.J "" 
initiitl rnarkf'tl Of'pM"!'ll4ion. In most eues the 
lymphorytf' L·mmt!! l"f'mainf'd at low levels 
throu~hout the 1•riotl of Jh8prvation. ti I plate­
let rount!'I were done by a different method. and 
•tw,lutf' t•ounts """ therefore not romparable. 
Ho•· .. ver. of the th~ hi~h J<JM survivors, 
tin~ of 1111axi11111111 dt>p~ion were not inron­

!'i!df'nt with tht> rnhw of :\o ditys obt1&it1t"(I int~ 
V"'*'llt !'ltut..lit't!. In hi~IM'r do•• non·!'lun·i\·on., 
l1e1•·e\·f'r, ttw platf'lf't t-011nh1 had naac:llf'(i mini­
mum nhll!ll.,. Hrl~· •" tlw !'Ith ti•~·. 

•'II•• "-•• •·""' taa- ,,. tort...,. I •ad I I 1tari .. 
tlllP anr r.: ...... ,.,. 

n.. A1;1 • I a' 11&u1J 8eti«hat ( lt) itt­
t'Ol~..t ,_. Wiwid•IR .,... ,... llti..e.I to 

"-" rwi..t 13' liT, tO ..t t ~ 11 I*"' 
tiftly. ,... Winp n. tM twe .... rt apm •• 
i...tnidllalt u. ........ ... cuakt l ,,... 
t .... ill the pc Int llhlliy. Aa ini&W ...... 

. plUlir .. .._,,_. ... ...._.bf hctw· • 
ia t-.& ~ with low ft)-. tl8DhHD .. iat9 
tt. 7'tla .... Recmery .... - tam,.... )Jiy 
the 2'0tJa --- The lympiweytw 4epc Id .... 
rapid and &Mrbd. Nroftt1 ••nu& nicMnt "1 
the ~h wwk. Mini••• na- far tm pl..._ 
let ('OUDt• ....,. obtained between the ¥5th ud 
3ht day. 

< • °"',,.,-.,. VJilA A.u...i DtJU. n. ta 
trends and •ftf'ity of periplwnl blood cowa& 
chan.. fol1owi11« total body nMiiation in ui­
mals has ti..l uamined critally ...-.tly ( 16), 
and the followin• .,enenl conclueiona are 
p19ented. 

a) .\n initial me in total white count (re­
flected in the neu&rophile coa11t) may OttUr. 

Thereafter the magnitade of depnminn of tt. 
total white and neutruphile rount1,. and ..-ithin 
limits tb.ir duration Are a fuft<'tion of radia­
tion doae. .\ secondary or ftbortive ri~ in the 
totd wt.ite rount ( reftected in the neutrophile 
or lymphoc.-yte count) may attur, followed by a 
!'lft"Ond decreue. 'There is little !lpfeies difu­
ence in the rate of depre98ion of the total white 
or Mutrophile rount at comparable d08M; how­
ever. the rate of n.ac.·overy 1md time for romplete 
rf'('o\·er:v is quite different in various specie&. 
~111:111 :rnimall'l ( mou~. rat. hAmster) show rela­
t i n•l.\· 1·nmplt-te l"f'('Overy to rontrol l@v~IA. even 
llt d08l'S in the lethal ranizoe, by the end of the 
;>th "·ttk or eulier. Data on df>tl8 are inade­
qnitte to indieate when l"f'('Overy is complffe: 
howt>Hr, l"f't11m to control leffls at hi~h d09 
len•ll'l h1&M not (l('('llrt't'tl by the itth week. Swine 
rec111ire !} to 1."l or mol"f' •·ttks for romplete 
l'eil."tWer~', 

h) Tlw r!'!4ponse of lymph<X'ytf'8 i11 eMential1y 
idf'ntir.il in all animal ~11«ia. I>epreMion can 
hf' 1lecf'rt.J within a ff'• hours. anJ l"llCOYH"Y 

fro111 tlw minimum ,·alllf"' i 1d1if'ved in !\6 to U 
ho""' I r.qui""' loti,rtt than ck- rwutf'Of>hi• 
""'"o\·f'r~·. L~·n1ph••·yt..- fall to ,.~ knr ~ 
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............................. -­................. ,, twtMr• 
a.. is c:allll. L,24t , ..... , .••• 
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e) ... , I 3 came. ............. .... 
at I 1iftlyia ... (i0). Aawith& bepm~ 
... , .. idity .... ., ..... al.,. ·- •• 
,... .. ., ....... u. ...... ,..... Mui-

- .... • - ot'JCW9 "' .... lOlll clay 
witll -- ill die mp lltW r8lll'8t"' the .... 
te lMla clay lit •111tllal ...,..._ -VW) b. 
fi• d..U. the a.I ...-. tM ilt not cam,._ by 
the 3fldl clay -- ................ '-" tenli­
....... l•d i1at data an uailable to indi­
eaee the ti- ....-ind for cm1,.,.. reeo••J· 

Comidenble eridence ind.tiD1 ltlld._ ila 
the ....,. ..... ipleaic bomapnatm, i...a....l 
becterial infeetieM and ~ inhdiom 
haft indit-ated that critical neutropbile leftla 
niat. below which su"inl ia rornlated with 
the abmlute neatrophile <."OUnt followin,r who• 
body irradiation ( 15). Fnma data on <A., it 
appears that nni'nl ia likely unleM neutro­
~ile counts remain below 1,200 cellll for a 
period of time. 

Platelet data on dop ind.kale that animalll 
with esternal parpura hue platelet counta of 
50,000 or b.>low. 
Su8ic~nt data oo lafl"! animaht an not u 

yet available to quantify the extent of mui­
mum d.-pna~ion of either the neutrophile or 
platel.t counts u a function of dOHe in the Rb­
lethal ra~. 'The l't'l8ponse of the platelri count 
in the p~t study was much Jess subject to 
fluctuation than were the neutrophile or lym· 
phocyte counts. For tM preeedinc rt!UOllA. 
systematic invefltiption of the platelet and 
leukocyte rounts in larJEe animals u a function 
of 00. in the sublethal nn.,e are indica~ 

It is not pomible to say at pretJent whether 
i;everity of e:itpoRUre, or of radiation dam_,., 
coM"elates better with al>Molute )enlti of periph· 
eral blood rount. or with d~ of cha1119 
f1'0lll rontrol or pre-eXpoMll'P levels. ~ 
f'\"IJ.IM't' on thi11 point <"Sn be pined by ~­
i-ri~ ti.. ~ of ~ion of t~ neutro­
pki.. ,,..... in cr..,.,. 11 .... 111. both of 

,_,. ......... __ - ..... 

• 
wlaielt ... 11 ••Br ... ..... I I • I .. ,..... .... far.... . ... 1 1 lsi I ,..... ..... ( .• ..., ........ ( ... l,..1••· 
.,,.. CG9Bt • ... ....... ... .. ii: .... ....of J 12 LI... tiellf •-
iat1-p q ...... t.; r 1 ...... 
...). Al * u..., ... ••• I 1 .. 
wla •It \ dlt as• :M" ,... 

,...,. id tillll ia--ef ..... b I II .. . 

- c • J1nbl1 di••• ia t.8111W ..... ... 
... tift emtrol nJ.-. ,.._, - ri Jt • 
i9 aL I J da8lt ,._..,.. n•a.. ......_, dim 
~ NIMift te ~ ........ , .. dlllt 
_,. ~ i.-s of GI awe ila dlil ._ ,..... 
4.4' AA!JPlf!ll9llilBlllilMaaaf W ' 1 

....... 0... .. .... 
S... indieatiaa ttf ..wily of espmun Na 

be.-- In. a cioet.,.n- of miaimua U.. 
diTidual coanta in Ja,.._,,.,.,. ia which fa. 
talitiee ott1llTed. In .--U. a lipilat• 
number of dead• wu mcoaatAlnd on&.y ia i• 
diTidu.la wh~ neutroplaile comlt fell below 
1000. In Group I, ti or apprai...a.17 50 per­
cent hid nMltropilile counts below_. at._ 
time darin« the (>t.t·ntM>n ...,;od, and 10 
percent had coants below 1000. 87 thm cri­
teri~ then, the etfectift dme nceinid by the 
~lap people 1ppr"OM"hed the lethal ....... 

In the dotr (Cronkite and Bond. onpubli.W 
data). approsinaately an additional 50 to 100 r 
are requi~ to lower the neutrophile count iJ1 
tnoo c"°H" mm1 in the hi,rh ,.ublethaJ 00. '!"'&Dp. 

If thette data l"lln be applied to man. an addi­
tional 5'0 to 100 r would have placed the ~ 
well in the lethal ran~. On th. other hand. 
however, it is dear from the pneent data and 
from dinical esperience wrtb thera.,.utic radia­
tion that neutrophile <'0Unt11 betw8Ml 1000 and 
:lOOO in human beinp a~ in ~neral well toler­
ated. Human beinJrS with theee levelit of nett­
trophi)8 show no clinial eviden<'e of illnem. 
are physnlly aetin, and .,..nenlly do not n.d 
prophylart~ antibiot~ th.rapy. 

1De ~of Hroup (an- Nti..a.i to MYe 
.....tnd 17~ r ... c-anlaud from do. ...... ,..._ 
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il __ .._ _ aHit" 1 zl IO to l«IU r Ill ... 
a a Jrlllliait•••a..,.ofTJr,.,.. 
..., ............ ,_ .... ill - ...tatity. 
<Waaaa. this • ......, nlw fw li8' 1 rl.ry,• 
it f I •• tllM t• •iaiwl i.thal ._fur maa 
... • ia a .... ~ fteld • ·~­
• t.t, m r auu al in air. 

It w t-iW. aim to fl'ti ... te tM added ill­
• 1 cuwllt of ._ that waald haft 1WUlted ia 
- mortality a~ tt.. Oroup I people t..... 
mMidiPntion of the minimum plate._ t"OUnta 
chi ftd. the phltelet lefthJ in do.- espmd ia 
the h~ M1blethal ra.._. (~O), and the elti· 
.. ted rat• of dtuew of platelet lnel with in­
a.Mn,; doM in this~ ra~. Sarh an 
analy11is INch to the Mme ~lusiom • tho. 
derincf frnm neutiophiJ. datL 

.(.-46 ...,._.. Colllla • • 18dn of s. .. il, 
ol Eqa1me 

The !?lati\'t' vahi. ~ ~~"'"'' J~matoiomri­
na) detf'mlinationR m f'Mtimatin~ tlw ~ of 
•XflOllUl'e, •" w•ll a11 th• approsimat• d<Me 
ran~ ovtt "·hic-h· maximum !!f'n11itivity for 
f'a«'h d.tPm1inAtion PXiMfl'I. <"Mn hf' f'!Ctimat"1 by 
mn1puin~ ''"' <ff.a..,"""' of 1 .. nuttol<>j[iul ch•• 
am•m,: ti~ ~\·Pnl nposuna ~upc. TI1t- l"f'l­
Mt l\·p clPl!'rf't" of clurnJlP in n•utrophi IP!!, 1ympho­
cytf'8 Mnd plat•lf't~ can hf' ~ in Tab1f'8 -l.i to 
-4 • .'; and Fi~r.t1 .J.IJ to -4.1:.!. Lymphoc-ytP rountB 
••na clt>p~ Mf'p1"t"<·i1tb1~· e\·tm in thf' Jow­
f'S}Qmrt> ( ~mup IY. In tht- hi,rh.r 008P ~upa. 
l10•·•ver, ""it h ". iflf'ly •Ii tff'n>nt physic-al Nti­
matftl of f'Xpot!Ul"f' t hf' lymphocyt• count" 

•Fro• i:..,lfUl'frk Hrtel 11f-111b ..,_ ·~-•dfoT•tlom• llPf 

forth In "4foctloo I. t r1..-ntpo 11-•11,...1 In •Ir lu a 

""-ion prodoo-t ft.Id ""nld hP l'J:pp.-tt .. 1 to Ill' "'luh·ai.nt 
in i111 f'fr..,., on ruan tu allfl"11'lln11Hl'ly l.:i ro .. ntpr.11 of 

l•nt'frHrtnai: J:· ur ica111111a nt•llatlon nnct.-r ,.,1m.-t..U­
ro0tlltlot111 llllWlll~· ullt'd tor lanl" Hni111al11 In lh• lab­

nrarory. 'ntu11, thP mlnhual ll'fhal •I•- for man f''.I:· 

1•-t 111 .,._tralllllr radlallun undl'r th.- n•ual labon· 
lur~· .. undltlo1111 wunld tw a1,.ir1111lm11ll'IJ 3:1G r. Tlw '"""° tu •blc-h M ... riry dltr~·"'nc""' hPt•·...,n thP two 
radlatlu1111 may altf'T' thl11 r11ti11 of t'fr .. ·r.. 1·•nn11t bl' 
"'·alaat..t at ~t. 

.... .. _. • .., --iNI ,, ...... .,... 

...... Tll91)mplwa,..l'9911Def01 q .... 

..... ~ ... ., .. ,& J11a....-o1.­,..._...,...,e.n., n...wMa.wuism• 
""1 Jew clc-. thMI tt1jpMllC _, .. a,.... 
illda., , ....... ., ... -·· .......... --.. 

• • 1 • 9 • II .. .............. ,,, • 
,...,, .• .... --r •• ...,.N' ..,.,,....,. ,...,. ,., fl~ 
I,.,,..,...., •lttll I/ 1 1i14..,_, •'"' ,,_,,.., f~ 
.•• , f~-· .. , .e1t••• ..,, ,. ...... 
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1 

f'lcH"U ~.10 -l'•••l•llN' 1,,,.,~flr'lf" N1••t• flW 

",.,,.,,. / ' """''"" 1 ••" 11 ' t w ... ; .... 1 ••" ,..,.. 
trnl tlr11a11 I ''' tltr ti- 11/ ••JO•••• ,,.,,,, .• ., __ 

TIM' total llPUtmphilP l"ount of ( ironp I ".H 
1u1sit4tf'ntly mono d•p......rl than W'H that of 
( iroup 11 and the difff'l"f'l'K'f' ••"of the order al 
!Wiii to woo c-ellM. Hown.r, day to 1lay wid. 
fhH"tuations in thf' llf'Utrophilf' eountl! 111-c-mT""'I. 

.\cronlin~ly, thiM Pndpoint itpf>eanod to h. of 
limitf'd ll!Wfuhlf'MI aw an in•t.x nf l"f'lati\'f• PS~ 



.,. amit1.....,. wtw. ,,_.,..,.,,... .. to• 
~...t .,.. '*""a zj at tlR w tiw. 

n.. platelet tollM 8hond a IRCft .,-anatif" 
tl'ftld tlwft did the HNCrorphile l"OOnt. {)if. 
hwww" ._,.... tt. -~ Oroap IV and 
C"Clllt"* •t tlw ti .. of -•i•9m dep; M:ion fw 
an ~•· with the .sceptioll of adnlt .. ,_ 
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c #(,,.,,..,",,' .,, ,,,,. ,,,.. .. ,,, .... J' ..... ",.,,,., ••• ;,,,, ,,.,, 
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C"f 111 lcl ,,.. llOf t"ti. :1 rnl tk>t~111hl.- cliff fl"'llC'f'!ol f'Xi!!tt"d 
IN"fwt"t"11 t : ... 111t1•1rni- for th.- ~l11r.oih1tll~ hiazht>r 
t'\ po~uno J,.•Tnlif""· Plittt>lf't 1·01111t i11~ il4 ltl4 t>IU4Y 
it .. , 1t111I ""'"' naprocl111·ihlt> th•n 1.-ukoryt.- c·ounts 
( 1. ;.!11. Thu!", th.- pl•tt-lt'f •'fHlllt lllM)' prov.- to 
l.- • 11!4l'ful i11df'X of clt>,r~ of t'XJIC""""' throujlh-
111~1 :1 litrllf' INtrt of tht> !"llhlf'tl111I ntn~. 

Th.- .thm·p <'011~idt>nttiot1!4 ""' iu Rl"t'Ord 1'"ith 

l""''·1011i- tindinp 011 human btai11~ 111ul 1111ini•h1. 

--·---- -·-·- --··· ----------~---

II 

1. Cow"llllllATll•W Or TIR-.,.. of dr)A .. 
sion of pmphenl ~nular •"'•••• indinltft 
that H,._.ft' of o,,... I .,.. RI J awtf'ly 
llP\'f'ft, pl"fJL.bly within ~l to Ult r of,._..,.... 
wheft 9QftW' f•t•litW.. • .,. ........ ,... ....... 

i. n.. d.trrw of ••..-t "idt•"f'lli ia o......, I 
rwoplP i• td inc....u.tnt · .rll tlw ph1"1nl 
f'llti ... t• of .-mma ctm. ft!n'iyfld. ...... the 
_.-iiiMry of HfJO"'lft' •nd othw fltf'tnn a ... 
t"OIWidend. Reta ....,._of tt.. llkin. •nd the 
lcnr .. Y•ls of int•mal radio..-fiT• ....ramin.­
tion na...,...1 aft' considned not tu han f'Olt­

tributfld "i~ itirantly to tt. '-toiotrinil 
l"h•n,lftlW'll. 

:I. ,,.. f'Sff'hlti,.. lllf'ria) hflmatoiosnJ clata 
ollf•i~ C"OOllict.nd in ronhfll'tion with Jlft'­
,.ioull data. •llow ........ bl,- lk'Mlrattt •oftarwtft'­
ization of tlw lwmatolqrinl """,.,..,.of h-n 
1 ... intr" •x1_...1 to itin•t. ........ of J»•w4rat ina 
raJi•tion in tlw hiwh 11u~hal ,..,._.. The 
Jllltf"'1l of c·hau .. uf .._ •letamta may hP 
clitfttl'ft'1 for hiirh.i- 00- len•: ta. Nrlin' 
d i!IMIMiou I . 

TI.. tiuir roun. of f'\0 f'ttfl'I i" clif•f'l"ftt fro1n 
th•t ob...n·f'd i11 l•'l!'f' animal" •ntl may bl" 11l"-
141·rilWoCI u1 folio•·": 

a) Thf' total w-Lt• 1·0 .. 11t itM"T?ltl'Pfl clnrinc 
IM til'!4t :l or mo"' ci•y~ and thf.n df't"...._~ hf.low 
normal 1 .. , ... 1~ Tiw fnfal 1'04111t tlW'n f11k'111•f"'4 

m·pr IM IM'J:t ;, or t; "·...-ks., with no cltttinitP 
111i11i11111111 JOlld with '4fHUt> n1hr~ :ilJO\'P nonual 

f I Ii.- 1•l?,;flhc"1" of t IM"nnal or l.ta lr.iion!'I. or 
othttr at'llffl pruc~....-. 4111ri11,: thi.~ timP ma_,. •c·· 
c·ount in pitr1 for t.....,. ff1H·tt1allonM). Thtt 
count llf't"t>fll"'4 !Ct11hiliUtl clurinli( th. ith or "4th 
111·flf'kl'I i1r 10111· lt>\'f'l!'I. anJ minimum 1·our1t~ pnlb-
11lil)· 111·1·11r 11t thiM tiJnP. .~ 11l"tinitt- tn>TM! up­
w11nl ill 1pp11no11t in th. !Jth or Jtlfh w-....ki;i: 
110w .. ,·.-r 1·0111plt>tt> J"r('O\'t-ry may rPqUi"' ~,· .. nl 
nHmthi- or 11101?. 

b) Tiw 11t>11trophiltt 1·ou11t Jlllrall.li-1 th~ total 
111·h itf' hJood C'i'll l'Ollllt. ( 'omplf'ff' f'f'tUm to 

nonu•I nlut'!'! <lc)l"!ol fl()( 01't·ur for •nnl month!4 



• uwaw • ww .....,..,. 

..... Tlleillitilllrimi ............ 

....... Uh pti•k. Jtmia. 
~· n....,.,,aplu , ... ....., ... ,.... 

.... Linll • - ...... of l"llt04W) maJ 

.. I I twt •Mal _. ...... espwaN, ... 
-..... • w1•I lmwlll -1 llGt aeew hr ..... ,..... 

4• ,,. , ...... ~ nli .. tm ftart1111tU. 
...., II at Jtv ~ falll ift • l"PJCtalar fuhiaa 
... .......... • low ,,. tlw :IOtta day. ~ ~ 
......., ia (~ •rly; howe+et, u with tile 
..._ I ~ r91'Vftl'Y .. , not be rma.,._ 
....,.... -u. ..... es~re. 

4 .• \•an inclu of •.-erity of eapman. par­
....,..,. i11 the .Metbal na...-, the total wbi• 
• .....tmphia. l"OUU are of limited mefatr­._..tllllP of wide flllC'taationa and bet-au. 9"­

fftl wwka may b. nqaired for masimum de­
.,.....ioft to hfto.MnP evid•nt. TI.. 1ymphoryte 
"*llt itt of more nltR in this recant. partin­
larty in thli low 00.. nnare. 11in<"e dept-ion 
ftl'Mll'S within houn of Upo91lft. Ho,...\•er, 
"'"""a marked defl"'Mion of lymp~yte <'Otlnt• 
ftl'Mll"!I with low dfW11 and, 11il'K"e further in­
.. ...._ in (to. pmtitM't'I' little mo~ dtopl'l!l9ion, 
thH. incWll i11 of littJ. Vl\hM' Ill th. hi~!' <kW& 

.\. Ptatf't.t rount11 !lhowf'd a "1flllar pattern 
of t"hanp in tilt' pn"M'nt MtudieM. with ti-. ume 
t '""' nf m1tll im11m 1lt>pl"f'!!Mton in all espoaun 
lf"'Mlllf4 1rn<l with th. ~ of rlepl"f'Mion 
rmaa-hly proportionnl to thf' nakulated ~ 
It a,,.,..." thf'r.fo,.., tlu•t th. plnti>lt>t ('OUnt 
hu 1·on~i4lt>rithH- promiMl' in tllf' !lubl~ha) ra~ 
u • 1·om·t-n1t-nt 1rnd ~latinly f'IU'Y 1linict 
111" IM•I of tit-trnnininar the dt>Vft of npoeure. 
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Internal Deposition of Radionuclides 

In Human Beings and Animals 
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,. • lnaoduaiN 

Fou .. .w1,..i .\ StTt.r.A• d.tonation in tfM. "P"intr 
of 1"-."· a la~ J"MIP of pPOplf' "'""' t-ontami­
na~ with fiMion proiluc."t"- In addition to a 
11111bl.thal HtPmal aramma radiation f'SfJOMlft 

lllld hPta irradiation of th. !411in. d.lftotablf. 
alnOllmhl of radiom1e·lid"" """"" d.pn11itfld 111 

t•mall~-. It hu tw.n .,..unlf'tl that in all "itu­
ation!4 l"fl!'ultin1: tro111 a ('Oftfaminatin,rPvf'nt. tlw 
ratio of f'lltttmal to intPmal 1lflN' would bP f'J:­
('ftlllinJ,?ly hiih. llo•·f',·f'r. ft 11..tailf'<l 'Mtudy of 
tt.. intf'nu•I 1"0ntaminati•H1 in tlw f'X~ 
hun1an population and in ftllin .. 1" •·a" mad. to 
df'tf'nnillf' th. kitKI and 1lf''"'"° of intf'mal 
1lf'1•~i• ion. Th""' J!"nf'ra I proh1f.m" .... "' in­
,-~, i~tf'CI: ~I) ThP df'tPm1ination of th. t'Ol\­

tributicN1 of thf' intf'Mlftl t•ont11mination to tlw 
ac·Utf' ndiMtion !'l~·ndronlf' ol-n-f'Cl: t :4) Tlw 
IM1Mibi1it~· of lnnJr 1.-m1 l'tff't•t"- anti ( :\) 11W' 
qnalitRtin ancl •t11a111itatin• natun' of thf' in­
~.-n~a ~ 1•onhu11i nitt ion p1·ocl11t'f'll h~· f'XIKiMlU"f' of 
11ulandu1tl~ to mixed ti!'ll'lion prodm·tl'I. Tht>l"f' 
•·1114 110 ,,.,.,·iou!'I !'lit1111t ion in •·hic·h human h.­
in~ werf' npc>!olf'Cl to"" e1wironmf'nt cont&mi-
111ttf'Cl •·it h mi x ... l ti!ol..,ion prochac·tK. ( '01wur­
"'"' "'tucli~ •·t-l"t" umlertak.-11 hy thf' .Japanf'!W'. 
howt>\"f'r, 011 raclio111·1in• mat.-rial!'l to "·hic·h a 
~mall ~rnut> of .Jap1111~ ti!'lht>rmen .. nl"1lr Ronr­
litp at tht> lmtf' of tht> cl.-t111111tion. Wf'rt' t>:tpn!olf'd. 
Thi' n-port of tht' t'"l.ft'll!'li•;p investiptions 
11wl .. rtakt'11 011 llat> 1tsh~ liy thf' ,J 11 panf'!oll" havf' 
llf"t'll puhli~hf>-11 I 1). 

En1h11tl1011 of tht> i11tt-rn11l 1·011t11111i1mtion of 
tht> 11111111111 bt'111J.,~ was ma.It> lw 11 !'lfUU\" of thl' 
r11diot•ll'nw11t" t' ,,·n-tt'tl. .\s ,:t-ry litt I~ iu for-
111atio11 ill p~nt ly 1t\"lli la hit> 1-onremin,r th.­
ntlio of eiu·n-tt'tl riuliol'lt>mt>nf!' to tht> 11mo11nt 
dt'pcl!-litf'41 in lht> botl_, .• it Wll!'I 11t'4'f"4HArV to ha~ 
tht> t'\"1tl11ation on ditta obt1ti11f'll from. 1tni11111ls 
whid1 had 1....-n 1·1111t1t1111111&tt'4l in the "'1tlllt' 
t'\·t-nl. Dt-t11ilt>0l .. t11clit>~ of 1rnin111! tis. .. 11.-. 1t1ut 
1t11im1tl l''\•Tt'IK tlil'll 1'1"11\ 1dttti ditta Oil whi··h 

..... lllllllt""' 11f I 1 ... l1111111t11 "°''·'' h11rtlP11 WPrt> ·-~1. 

'·2 General N2ftll'C al Jwrml 
• di . ... .. 

acaCJoa • OSJCJty 

Tur. Snt·n Or tlw radiation haanl fnmw in­
tf'mally ,...,._itfld ta..ion pmd11«1,. ran t.111 be 
ut.,_nod int,.,,.... of tlw hiofJh1"iral 1..._Tior 
of th. n1linnurlidt-L 

Fi~i•m P"•luc1,. f'fltf'rin• th. hndT thn,...h 
inhalati•m or i...,..iun 1·nnnantrat• ~n TaritM"' 
ti!4l!llM'!I ancl a11 aM ~"'"~of intnnal racfiatinn. 
Tlw al>1lity of a nclitNnM·liclf. to f'nltt tt.. hl•-1 
... """"' iM 11f'tf'm1in..t b,- itM ~·luhilitY .............. . 
P"tt•rti.!4 and 1th.VMM.;.I l'lfat•. TI.;,. ncli••"'· 
nwnt!4 forn~l in h!41AHM1 ""' P""'if11ninant ly os-
11j.r.; 14 hic-11 ha\"f' a limit .. I !Wtluhilih in lw•IY 
tfoicl!4. Ott thi!4 IMl"iM. cmlv a ff'w of·,.,.. nd;;, 
•l•nwntl" 1·1m hr1·onw u·~ilaltlf' to tlw •••IT. 
llo•·pnr. tlw 11m1Mmt w-hi.-11 •"811 p"11h9"' i~­
juriou!'I ptff"l•t!4 •·IH"n 1if'1•~11 .. l •·ithin tlM" lwwh" 
i!' minutP llf'C .. I~ of tlM' 1·1 ... prusinuty oft~ 
il'llJfopP to th.. ti~•~ it irnuliat""• and llf'C·au,. 
t hf' i!°'CltotM" t'Olll inuf'!'I to irncli1dP t....., t i~llf"!' 
until it j,. nomm·f'll by hiolutrinl tumm·tt or ,,. 
noncif'f"Pll ham1l~ hy ra1lic•11in• 11f'nav. TM 
t-tft>e1!'4 of nt1liatinn from !ntf'r1111lly • .;.,tflf'itf'll 
l'llllttCor.- :11"t" th.- ,... ..... ,. tit•- frtMll P"l.tComal 
nuliat 1011. Tht' 1li!'lt inar11i"hi11ar fntu"' nf in­
ll'rt1nl n11li11t io11, ho•· .. ,· .. r. , .. '"' lonJ[ ,,tnlinuini 
1111111 no. 

H11clio1u·ti\·t' i ... ito1- folio"· th«" "AlllC" nw­
litliolic· pro1.__ in tl1t' liod_v .,.. llw 11atunlly 
tMT1trr111ac 11111•·t l\t' i··oto1- of thl" "llUll4' Pleonwnt 
;11111 of •·h«"m11·1tll~· "m11l11r t>leouM'nl!'. Thu,. 
... trout 111111 a111I lmri11111. whi.-11 lln' 1tnal1~HI" 

d1t>11ti1-.l1~· lo ,.111'-111111, lln' ill'f1C1t<llf'Cl 111 tlM" c·al­
,. if_,· mart j, .. llt' of f hi' '"•Ill'. .\It hnuJ[h t"'11 rh· two 
h1111tlrt"tl r11d111i,..1to1- 111"1' pr1icl11t"1'll in ti;.. fo•· 
,..ion p.-.11·t-,.., 1111 I~· 11 fl'w a no pocrnt ia I 1·hronic· 
m1 .. r111t I rntl 11111011 ha7JI rd.... Th...,.. ti.- ion prt,.1-
ud, whwh 1trt> li'4t"CI in T11ht. ~ •. 1. l"IM1'4itut• a 
l11i:lt l"'rt"l'lltai:t' 11f thl' ti ..... 11111·'1eolcl, arnl l111·ahll' 
··h ... t1~- 111 '"'""· Th .. ··t .. 111eo ...... k .. r."" ti., .... 111 
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.,. .... ral. I~ racliolotrinl ancl hiolotric'81 half­
lin•• and pn•hK .. hiarh-f'IM'l"JrY b.ta 1•11ic-les. 
ThUM. tlwiy ...... W"Nl•r clamall" lo hnnP and to 
tlM' radi•.,..rn~iti,·• 1•11...- marrow than to oetwr 
t i"'1M'!'I. Th. c la m•JI" Io t t .. hloocl form i nJr t iMtc1M' 
~ultM in a ,....fuc·tion u( l1lc••I c .. 111'. and thuM 
a1f ... h1 thf' •ntil'I' hotly. 

1nfonuation on tt .. hio~c .. I pff'C.·tic of in-
1 .. rnall.' 1if.1•1Mitf"I i~·•ctt~ iic d•nvf"I from th. 
limit .... t !4tud~ of a1"t·icif.ntal raclioiMOtopi<' pois­
onin~ in l111111an!(., or from animal •spPrinM'n­
t 11t ion. Tht' I....., tlcll"llRM'lltf'CI 1lata on the •f Pctll 

of ,.111all 1tmo11111,. nf i11lt'n1nll.'· cif.pc..,.it.,._f •mit­
lt>~ in h11111 .. 1 l•inw- ""' olit11i11t>tl from !Cfudif'!! 
of nulium poi,..•ni111t. .\!' ll S?Mult of nulium 
d•fMllMif ion, t•rm i ""I an•mi11, hone n.._·l"OMis a111l 
clMPotr¥nic· "!ln·n11111 "l't,..'""11tft•r a numhPr of 
\"Pari. Thf' ~icl111tl 111·ti'-~'"' in th• }w,.h· IU4-

;... •. i111"t "·ith tht".'"t' Plft"t·f,..t{ .. 
0

1 to:.! mit·n.,;ranni 
of radium. R11ili11111 i~ 11 p1trtic:ularly haurJ-
011"' t'lf'nlt'nt ~ ht>n clt>pc1t<1t"I intt>n1ally h.c .. uw 
of''"' lona,r hiol1,.cw11I 111111 n11liol09liral half-life. 

\"t>r~· f•w tl1tt11 ""' 11\·11i111hl• on th• lon.i t•nn 
hiolotrii·al t>tft't·f,. in h111111t11 l•illJP- of thf' "horter 
ll\·~1 i~lfn1- "'llt•h II!' s.-. 1111

• r• and Sa"'. 
Tlw 111Ptalw•I i!'lll, tt:.;1·m ion ancl biolol[ical f'ffpe"f11 

of a 11111111 ... r of ti ..... ion prochat"t"' ha \"P t .. n 

!Clt•Klitoll in animah by Hamiltflft 11 ) •• \-... 
I ':l), Hlnom I :\). Hmr•nf', moC of t lww lllodift 
clo nnl t"OTf'I' ttw prnbhim of ttw lon1r tnm .. flirt• 
in animal11 1m•l...,..J by l'mllll anMJUnl1t of in­
t•rnally 1ff.pcxlitf'CI i!'(Jlflfl"I. 

li'ew ilata •"' availahlP c'Ofk't'rnin~ ttw ••«t• 
of int•mal c•untamination with miRd IWioa 
pmductic f ron1 ntwlear dPtonationA. t 'ontami­
nation iK not prod11n"tl by f'\"t>ry clPtonation of 
a nUl·nr <if.,·il'f'. li'or namplP. no intPnlal 
c"'ntamination was <WofPC-t...J in imli,·iduahJ f''.'<-
1• ... t to tllP 11ir hair.if at Sap.,..ki anti Hiro­
"'hima. 

In ti•lil It'!"! .. of tlw 1·ontaminati111t t~·1~ of 
nto1111c· cif.tnt111f1on. 11nimal~ that inhaW.l &..ion 
proclut"t,. durmic .. hurt llPriodic of •spc .. u"' WP!? 

founcl to h11\·f' i11 .. iac111tic-.11t anwmnl!'I of intf'nUll 
1·'fl11l 11mi nal ion. 

Thto lonar t•m• t>tff't't!>I 'primarily mali,rnant 
dtit lljlt"'4 I 1?4Ult injl fn-lfll raclium '~"°"it ion ha\"P 

littn 11!4l"<I to ....-t ttM' limit!' for ma1in1una pPT"· 

mi~ihlt> l••I~· l'Ollt .. nlration.'4 of a f•w .,.,... ~­
in~ radioi!'titop•~ in thf' body I;,). ~asimum 

1wr111i!>IP>ililt> hcMly c"t>nl•nt of ott-..r rarlioi!!Otope9' 
arP ~imatt"tl on quant1ti~ rt"!'Ultinar in a 11oR 
of ti.:~ fPOI llt"r •·t"t'k to th• ti~llP of hi~ 
1·0111"t"ntrat um. 



j 

i 

r 

I 
I 
~ 

on 
:U­

of 
al 

of 
on 

·~ 

ial 

mt 

n·• 
t'r­
f'k­
um 

f 

. . . Qwc--·--. ...... 
T• bTDlUL f'ollTASJ•ATIDW lta.iy .... be­
- I~ days pmt-detonatien with the l"Ollet'tion 
of ,...aM :H hour nrine _.pa. ~ t• 
......_,..,.and .\lllnM-an .,,,a.-. Kasun•• 
Mti•itT ia •• urinP orn1n durin• the ftnt few •r aftw intnMl C'Ofttamination. By 1 wed 
aa •ppt'O&i ... te f'q11ilibriu• !!late is rnrhed in 
whic-h t~ rontaminants ftlnainin,r in the body 
... finnlv fised. <"hi.fly in the mletal ti ...... 
n.. lk"li~ity in the urirw then d.riYN from 
ndioPlftn.ntB whi<-h hav. bft.n rPplac't'd in the 
natural pnx-.- of biokllfic-al tumonr. Thua, 
th. Rtudy mad. iR "81mtial11 that of an tqai· 
libriu• n>ndit ion. 

11w unn. •mplfis """"' !Pnt to laboratori8 
in th. 1 · nitl'd :-itat.w for analyMiM. Milk'f' th. hip 
l•c-k,rrom'41 •n<"OuntPnocl in th. ht'ld mHk.,.l tlw 
l"Platinh low 1., ... 1!4 of acti•itv in tlw aliquot 
Mmp'"' ·uMPd. .\ fit.lei laboratory ill moRt lW­
"irab .. for a rapill !4"""Y. and waM Mho•,·n to he 
fHMih ... if alW(fuatP fac·i lit if"' a,,. prm·id.d for 
tfM' N>lmtin,r of th. •mplPR. 

11lf' tiNt uririf' ~mpl~ rtlf'ntiorwd aboVP. 
WPl'f' c-ollf'('tf'(I for tlw l.nM .\lamos ~·if'ntifi<­

J .. boratory l l~\~I.). ~imilar !4&ntplt"' t.'01-
lfic·tf'(l H tl11~·!! poMt Jt>tonation WP"' al*> SPnt 
thf'f"f'. ( )n th• ;!:\rd. :?-tth ancl t7th dayM pOllt 

tl.-ton1ttion. :.!t-hour urin• l'•tllf'll:tions from f'M'h 
i11di\·idual from Ronjl'f'l1tp ancl .\ilin¢nae weft 
~nt tot hf' '.'\ ttw York ( >twrllt ion11 ( Wlit'f' •. \tomi<-
1-:llf'rio· ( 'ommilo!Hion IS Y< )() .\Jo:(.) for an­
aly~i!'I .. In itdcfition. qmplf'!ol from ,,.,,....,.nt•­

ti\'f• irufi,·iclual!4 in tl~ ,rro111t!'I ~i>"" <'Ollf'l'tt"il 
:!' :.:• :i 1rnd ff month11 poll.it clt>tonat icm and ~nt 
to SY<)(>--.\ E< '. 

Tht- 1 ·~s RI >L eol1Pt·t ... i Ntmplt"!C from "'"h 
nwmlW'r of t ht> t':ot)>OMf'(l izro111t!'I "' t:\ 1tncl tff tlay11 
pc~t dt>tonllt ion. ~amplt>S from rt>p~nta­

t iv.-s of th~ 1crot1p!< 1''t'n> 11\!<lo 1·011 ... ·ted at:!'':.:• 
:\and n mo11thll hy tht> 1 ·~s Rl>I... In 11clditio11, 
~111plt>S fro11111 rt>prt>Wntat in- jlroup of tl .\meri-
1·1111~ 111111 :!II 'litr-hallfkoot' Wt'l't' eollPt·tf'd for t) 

l'Oll~'llf l\'l' dtt \'~ l l(Ol!j llll i Iii ;\;~ «lay!! ~ 
d4"tnn11t 1011. 

• 
Ul • .. * 

As a nmpllW nadiorhemnl a_,,.. of .n 
the ari .. ••plea .... not ._. ..... ••pla W1'ft 

analy...t far only :iw-, He1 ... thf' ,..,.. Nrtll 
,.....p and ftMil. matf'rial n- .,.1,... •n 
the lnOlll DflPfal for Pnl•tins the ~ntra­
tion and id.ntity of all tt.. polftltiall1 .......... 
Oll9 intl'l'NlllJ .,,_ited rad._.,.iw ...,,_ 
KNMl""'1t'nt WU al90 m ... of the ..,,. beta 
at"tiYit1 of all tlw •mpa 

To facilitat• tt.. p...,....inc of the 1a,.. nam­
bPr of urin.- Mmpa.. 1'1'nt f...- tt.. tiPW. a .,.. 
nin,r nwthod for h.ta lnt'Uui"t'ft•nt nnlitllli"I( 
of a buic osalat• pl'flripitatton with a lantt.­
num rarritt wu employtid on an aliquot of ta. 
2-t-hour urhw !4amt-WR. Thit1 mPChod ravidl7 
c~ntratf'M tt.. rad"-'tiYe Pt.w.nts into • 
1111111all volunw and f'1iminat"" thf' normal K• 
bac·k,rround. .\ , .. rbonat• p,....ipitation of the 
•ntil"P :!-l-huur !4ampt. inc-l"N..t the Rm11itiTity 
of m•1u1un-1111"nt 1mliri.nt ly fDI' ana1y&iA of 
!olllmplf'M roll«tf'd lat•r than :!'...: montlw pmt 
df'tonation. 

Tiit' bf.ta ac-tivitv •Ul"OUntfd with a thin f'fMi 
winciow ( n irr-~ullf'r c·ountn. 11w rount..., 
wa11 c'1lllilinated with a 1' 10, !'lfandard. and an 
appropriat.- rorr..-tion for ~lf-ahicorption WM 

madf' Ul4ill~ a Sr- !4tarulard. 

S.32 Piadiap aad laeapeCGciom 

1. l~a .\c-tinh· of th.1"rin•. Internal 1iep­
c1Mit ion of ... clio•;-t l\·e t>lt'nlf'nts was f'Yiclf'nt..J 
It~· th.- r.,...m ... of ~iw1itkant amounh1 of ti.ta 
a<'l1\·1t\· in thf' 11ri11t>. Thi11 ll<'tivity 1iec·rH!W'llll 
... p1JI)· lll'i .1 furu-tion of tinwi. aM it •aM dtt1v"l 
ch1t>ftv fn>m "hort. ij,·..J radioinopPI'. For 
t-xamjtlf'. at:\ monthM pc..t 1lt>tonation, the nwan 
itt'll\'th' of th• uri1w of adult!4 from Ronf£"lap 
Wll!oi ~ )M'f1'f'nt of tilt' \'&IUf' Olt>ll!IUJ'ed -la Jar 
pc.IHt 1lt>tonat10n. 1111el at t\ m1>t1th14. tlw acti•ity 
in th• urint> wa!<I l•"''·'· tlf'tf'll1ablP in nMltlt of the 
incli \·iJul\1.-. 

( 'omp•ri .. 011 of th• nwan!4 of tlw urilM' Manl­

plP"I for tilt' ~ulult!<i fnMn Honjl'f'lap and 
.\ilm,rinu and from .\n~ru·anl'i fnt01 Ronrrik 
incli1·1ttf'(l that at ~;, da~·!4 p•"4 c\ptcH1atmn tiw 
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hi~ actiYity WU in the fton.-elap j(n>Up 
(Table ~.~). Th• .\ilinginae ,rroup had I.­
than half that of th• Hon~lap ~roap, and the 
.\n .. ri<>anH had about one-quart•r the activity 
of tlwo Ron~lap lif1'0UP· 

Tb. mPan jll"t"' hf.ta acti,·ity of the urine of 
tlH" th""' ~mpM Rbov• wall rou,rttly propor­
t io111t I to t hf' t>:ttf'rnit I 1l(MI' t"ftd1 Jlroufl Nn>i,·ed. 
lto'A·t-\'f'r, it 1·ompaari~111 of tlw mnn lwill Ile"· 

ti,·ity of th• urin.- nf .\ilinJrlllllf' and .\nwriean 
"TOllJ)lol 11111inttPCI tl11.r thP lattt"f hnd. !'IOOK"What 
lc"'·pr 1m1n1111t of intt-rnal 1·011tRminlltion, f'\'f'n 
tl11111~h hoth j,!'TOllf>l< r~..-i\'PCI 1tbout thf' ~"""PX­
ter111tl 1lc~. Thi~ 11111y lie> 1u't·o1111tPCl for h~· th• 
f11ct thMt tht> .\ili11jli111tt- i:roup dn111k 1·onfltm­
i1utt.-.l- Wl\IPr fr11111 Ollf'll t"'llllfl"llt"I' lllltl alt" l"Oll­

t It 111111at1"CI fnocl 111' to th .. I 1111 .. of .. ,.Ml"Uat ion. 

wtwnoas th ... \111.-1 wirn-. 1111.. ...... t~I m11d1 1 ...... 1·u11-
t1'1111111tt~i fnoil a1ul \\1'1 .. r, """"'" liotl1 "'""' 
la l'i!•·I .,- -1 on>< I 111 ,-111"4"• i , ·n11111111.-~. I 111 l111:t ri -
nut 1011 • .f I ht- .\ n1t>rw1111" 1·0111· .. rumll r11di1tt inn 
~:.11.nrtb prof1Mlil~· w11" :1!"41 11 factor in ~liwinJl 
tli1• :1111011111 of co11l:1111111"t1on which tht-y na­
r't"l\'~l. 

Thf' n1rint1011 of i:rosl" 11cti,·ity 11111011,z tht> 
111dl\·icl111tl,. i11 1111~· 11f th .. 111~ ~roups is quite 

I 480 0 
12 666 0 

la~ (Tables a.!l and r>.-1). '11lU. ia chiefty the 
1?.<11lt of vuiiatin11M in the quantity of water 
1rncl both tllf' ki1ul and quantity of food in­
~tPCl. Thf' depft of PXpoMlft of the indi­
\'11lual to 11ir-hon1• nrtivity iM all*» a fac'1or in 
1lf'tt-rmini11" lht> iruli,·irlu•I tlt-l[rft of contami­
nution. \\'hil• th«-tt 'A'f'l"f' lar~ nriation:; 
11111011tz: indi,·i1l111tl!<, th• 1l1t~·-to-,l11.v lf'\'f'ls of •1·­
tivit~· for t>nd1 imli,·itl111t\ ., ........ fair!~· c"Otl­

sistt-nt. 
Jo'urtht-r informntion on th• !!Olln"t" of in-

11 j,· i1l11n I rn ri11t ion!< Wll!'I cibf1tinf'tl h~· ~upinjl 

tht- i111li,·itl111tls from tht> Ronll'l"l•p and .\il­
in&einu ,rroupl'l 11c1·onli11,z to a~~ Table:);~ 1rnd 
:,Al. Whit.- thf' al"fl\"ity t>X•·l"f'ted per unit vol-
11111+' of 11ri11t> is ahout tht' ~lllf' for both 1·hildP.n 
:111d a1l11lt-.. th .. n1t-1t11 1wtl\·ity of tlw 11rm .. PX­
,.,,., t>t I in :! t h1111 r:-. Ii~- .. hi It I non 11 ntlf'r I;, _n•a r:; 

Wit!< "''llllitic11nt ly !own I lrnn t lutt P:tt·med by 
iulult~. Tht> data anilable do not indicate 
dt-h111ti>I~· wht>thf'r tht> lowt-r tnt•l n1·mion 
i11dintl~ 11 "111!\llt>r totitl hocly bunlt>n in tht> 
<"hililn-11 1t°!'!11lti11~ fnm1 lo'A·Pr i11h11lation llntl 
i11~fio11, or wht>fht>r it "'P~nt~ ll hi~hf'r 1~ 

!!I.,... of forntio11 of tht> nulio-t>lt>mt>llt!ol by JCM•""­
i 11,z hone. 
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:I() - 1. 900 
2-t SS() 0 

• 660 1. 032 
35 w 0 
3& 190 236 
39 l90 I. 100 
-17 MO I. 706 
67 -450 67-4 
:i 110 507 
75 440 0 
76 980 I. 180 

\fpan -439 758 

V a!ue11 ron"Klf'd for dttay. 

So 1·ornalat ion wa~ found lwt'trf't'n hod~· 
wt-iJ[ht of tht' jM"<>fllt' from Hon~lap 111111 thf' 
totitl 11.cti,·it,\· 1wr i.f hnun. eXl'rt>tt>tl in tht-ir 
11r11H!. 

(!r1114 lJC>ta iu.·ti,·ity nlt'll!>Ul"'l"lllt>11t~ \\ena al*l 
11111dt" on tht" !'i.ltnll>~ ~nt to S\"00, .\E(1.• 
Tlwir f?.<;Ult!4 ~11ti11lly eorrohornte the ti11<l-

'l.,.""'tflal •~•mruunl<-a!lon from Pr. J llarl•:r. '.'i\"110, 
.u:1· 

,l 

!I 

'I 

C-'C• T•-.1'••- .... ......_ 
•-t-· ...... -

---- - ----

·'- > .. ,. .. 
4 ... .. 
; "'• I . ;m 
I al .. ,. - s..-
ll ... I.Ml 
IJ J.tD I.I~ 
14 ,.. 2.tee 

"' U6 1, 1;o 
22 4; .. 
30 9ID •• 
14 ;50 670 
37 480 791 
40 618 I, 418 
44' 319 ~ ... ... 0 
52 jM) 0 
51 no l,MO 
51 jlJO a.no 
57 5MJ I, 096 
51 750 2. liO 
flO IUO 580 
62 IMO I. 'M6 
u U6 2..., 
68 AM I. 715 
M 300 2. 010 
;-1 290 I. 450 
73 230 0 

;" !JM 52 
79 -t65 2. 038 
!40 ~ I.~ 

82 670 l. uo 
-------~--

\IP&n 51i\1 I. :!08 

i11r by the l':'SRI>I~ particularly tt.. ratio 
of f lw al't i ,·it i~ l1 monaz I ht> t """' ,icroup•• ~uclitd. 
Tlw 1th,...1l11tl' ,·ah~ of tlw :u·t1nt.\' 1lf'f!9m1irwd 
h.\· SYOO-.\E(', ho• ·n•r, " . .,,.. lo"·•r than 
t ht' 1 ·:-; ~ R l>I. :···ha- I _,. it •'i1nwt ant f 111-tor. 

i. R1t1ii•x·h.-mic·1•I .\1111ly1m1 of tlM' 1 ·r1n.: 
E:-.timalt' of Hocly Burilf'n. Racl1tx:llf'tninl 
1111n l~·~i~ of t IM' Ronal'"l1tp urm• !4Alllfl~ indi­
..at~I tl111t tlw 1tlk11lmf' f'1trth ancl ra,. Nrth 
jCl'OUfiM to~lwr l'Ontributf'd 7~1 pen-ent of rt.. 
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.\_. '- lft yra 
l 900 ;15 

lft MO M27 
211 MU 1m 
fi 7"8 0 

31 .. M4l 
41 \j~ 82 
-13 ftlO 7M 
4& ~'iO MIO 

"' 410 -100 

;o 4~ 0 

l•ta itl'finty At 4,-, du~·"' pcl!"t d4"ton11tio11 t T11hlf' 
.-•.. -•). Th.- pl"f'(i11111111a11t r:ulio1111di1l.- j,. :-01'"9, 
which 1-u11rrih11t4"!'I 4:! flf'n"f'nt of thf' total hf'ta 
lh'·, .nt_r 11t th1-c ti1114". 

.\~~'~'!! of tl~"ilt' mat.-ri11I 111111lt> 011 poolt'll 
.;a111pl~ of 11ri114" w.-na 1111 11.-i:111 l\·t' w1thi11 t>X· 

llt'rllllt'llllll l11111t .... 

Tht- t•1ul y 11 l'l!IP "'" 111 pit-" a 1111 I .\·1.t>1I h~· th~ 
L.\~I. (n1llt'l·f ... I J;, d11~"' I"""' dt>to1111ti1111 I •'Oil· 

L1111~l fitir 1t11101111t" of r1td1oi1Mli11t> 111 1td1lit 1011 

to tlM> 11lk1tli11t- 1111d nu,- i-11rths. 
( h1 t ht- l»e!'!ls of t ht> r111hod1t-1111t·11l 11111dysi~ 

I 

I 
' I 

ii 

·I 

.. I. 979 • 
I .. • 
I ··- ... 
4 .. ;" 
5 ... • • - ,.... 
; I.MO 0 
I I. 418 .... 
' - - -- - - - -

10 
II I, 5IO Jl6 
12 ..... 0 
IJ I. MIO 966 ... 731t d8 
15 I. 3Mt ao 
18 I. !JIU 0 
17 ~ .... ' 
IM I. 5:111 0 
IY I. 300 4M 
~ I. 070 0 
21 r..'iO ~ 

22 
23 I. IMO 0 
2-1 I. 1110 ;~, 

2.'> I. 380 IMi' 
~ ~10 323 
r. .'>'\.') 

2M I. 221l 0 

- - - -
\1~1 I.I~ 3119 

of flit> 11n11t·. thi- 1 .... 1.\· f111rd.-11 I !ht> r:ulioi"4ttopit· 

dt-p•t!<it io11 in I It .. t '"'"11~ I wu:-; '""'' 11111t1..,1. Tlw 
r:1t10 l1t>f\\f"t'll thP 111·tint~· of tllf' nrint- and ttw 
amt11111t of l"if1t111..- tn: ... I 111 t IM> lio1I~· j:o; n-t111i""'I 
for this ··:d .. 11lat11111. llo\\'t'\·Pr. fpvr rntinM itn> 

1n·:11lahlt- for tit.- d"l"'"°''''o" of th.- narious Ml· 

d i11••lt>111t>11t .. i 11 h11111:111", ,.., t h11r it w:1s 11~ry 
to 11ttlizt- r:itl•t!< oltta111f"tl from aninrnl ,..:tucli~. 

c )f ,1,., :1111111:11" 1·011 ... ·t .... I 1111 Ho11:..,..l11p. thf' pii: 
wa,.. -4>1 ... ·1 ... 1 a,. tht• 1'11_. ... , to tht> hmn:rn i11 ..;jzr 
a11d 111.-1al1oli .. 111. .\ dt-taih>il .. futl.\· Wit!'> tlit-rf'· 
foiv 111adt> 1111 I ht> t''.\'"l't't 1011 of tht>"'t' :111inml~ :anti 
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on tM nMfinRctil"P ("Olltf'nt of nriow. tiMMUPf'. 
f llpfailM of ti. 1rnimal !4tudy at? p~nted in a 
,;ut ..... 1UP11t !4Pl"t ion. 

TIHI P!Cfim1ttP of tllf' nlf'nn body hunlPn of tllf' 
Ron~lftfJ afM•Up llt M~ dny11 fWlMt dPtonafifMl j14 

f'l?!OPlltf'CI in T111bl .. :1.ft Th .. bocly burdt>n 11t oRf' 

d11~· ""llM ('It l(·ulittt>tl i11 t hf' follo"· in1r m11nnf'r. 
.\ fom111l1t ""lll'I 11ht1ti11PCI fn.m uri1111ry t>ll•"l"f'tion 
1l11t11 rt'portf'CI hy ( 'nw1111. fo'11ntht"f' 1rnd Lm·p t ti) 

in 11 1·11~ of :11..-itl .. 11t11I i11h1tl1ttio11 of·"',.-'. TIM" 
.-x1·natio11 c·urn• "·al'I 1-r n>p~ntt-tl h~· four 
t-ll.po11.-11ti11I tPrllll'I. < \'l'ry ... imil11r l°t"!'lllh!4 ""'""-" 
ohtni11t-tl h_,. appn1xin111flllll tllt" hinlojlic·nl tlt-t·ity 

of "trontium w1tlt 11 powpr fum tio11. 1111~1 1111 
l111ma11 t>ll.cnot1011 nf tht- 111t'f11l•1li(·11ll~· ,;1mil11r 
.. 1 .. 111t-"11t. radium) ( tl, j, M). 

E,..r i matt>" Wt'l"t' 111adP of of ht>r r11d i1,.-IPnM"llfl'I 
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p1?!4Pnt in '4i~1itic-11111t amnunt" at one day, • 
..hmn1111 Tithlf' :1.ff. n..,. P!'ltin1atf'M Wf'ft .... 
1111 tllf' hRMi"' of thP 1 .. , ... 1 uf ~,.-at otW day,•~ 

~ ... tlwr "·ith tllf' 1l1tta ou ti. llC"ti,·ity of th.- Tari· 
011"' ti-..ci•M1 11nMhk0 f!4 RI t hi,. ~n• I inlf' '9 > .ancl 
1111i1111tl i!tflt•»t• .1 .. ..,111on 1rnd nit•ntion dat• 
I I. ;, ). 

Th• L.\~I. l11uc 1tl!'lf1 f'Mfim•tf'fl thf' hody har· 
1lto11 rlf 1111.- cl1t~·, tMI t llf" l111l'li!4 of ntdiorf...minll 
111111l~·"4i"4 of pnul ... I urin.- !'llmpl'"" from • "1>1"P· 
..,..11tnfl\· .. 1111n1l•r o( tlw HonatPlnp 11rnl .\nwri­
•':111 J!l"tllll ~ I 1111. Th- 1·:1 lc·ulnt IOlll'I Wf'l"P hiu.,.I 
011 111.- :111111~·,.j,. of I'' in tlw 4"1trl.\' .... mple. of 
11ri11.- I 1;, dn.\·,; p•J!oof d.-11111:1111111 I :1.., "·.-II JI!" 1l..­
:1ho\·p 11w11t i1111Pd pli_\ . .,11':11 ;11111 h1olnjl'W:&I 1l•ta 
1111 ti .... 1011 prnd1wt-. 1 I.;,, \•I. Th .. 1r ti111lt111fl'! ar. 
pn-111..,j 111 Tahlt> : •. fi. 

Table ~.6.-Maa Body Burden of the Rongelap Group 

~,.. 

tta•• 

R.tflHU ... t1'0t'lr 

Kar•· ··an h r:ro11p 
I 111 '111 r h\·r111d 1 

1{11'"' 
( .•.. 
Fi•~rlt· mat,.rial 

\n'n'IT! ,, 
11',l 1 •tT~ ... 

'' ·"' Kiii. 

0 ,., 
0 021 
II 11.'I 
0 

0 

II 

~f.Tn'ITT .. ,, ,,,.,..,.,. ,, 
I J 1, T I p,, 

... "" I •'Kiii. ' ... ,.•I. 

I ,, 2. 2 
2. 7 II 3-4 
I 'l 

•• 11 'l 
ti 01 J 

II 0 01\f 

II II Ulft i.cm1 



1 
I 
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74 
0. ......... ., - ........ ., "l/f ..... 

.......... jf ........... i ............... to ti-. 
th,,.,... ............................ liftd !Odin. 
is .......... m1rw1a .... .., rt. ("l"4!faDL ... 
....... t•• f'W!I' ,,_ l .. lllll, ..._ ~~~ ~.-! 
,.... ... trNI ....... l!'lft...,, far .......,..., .,..,.. 
... lit ,..,, tar , .... \ ........ .... 

,.,.. cfj ....... apfil'W ... ....i by tl. 
114S8fll. and tt. l •. \~I. for f'tCitnatin,r tt. 
hndy burd.n pn ftllUltA •hiC"h. esrept far 
ha 1• • .,. ""'Y de ... 

n.. "'"" body banif.M of th. individual 
narlidfott P""""t.d in Tab&. .'1.ff .-..,. l"lllnilat.d 
for tt... Ron,..lap ~p. \'al~ for the 
.\ilincin.. ,irmup """"" approsimat•ly half 
t'"-' of tt... Ron,..lap ,rroup. 1tnd uhi.t1 for 
. \n .. riMtnA. about <Mte·fnnrth thomt of the 

Ronrlap """'P· 
Th. t•ttal amotant of radimctiv. material 

p...,.nt in 1:~• ff. I. tnc1 at tH ... day poMt cietona­
tio11 in ttM" nM"tnllf'f'!ll of Hn.up I WIUI ~imatf'd 

aM "PP"1simatPI~· :\ rur. Thit1 activity •u Nlfl· 

tril1utf"ll 1•lii•tf.\· 11~· j..,lfot- of t1hort nuf io10trinl 
and biolovic·ial lialf-lifP iand limittd Mlubility. 
Tl11t!'I tlM" lt•\·•lic of Ac·ti,·ity in tt... ti1'91UN of the 
Inly """"' l'Plllt i \'f•I~· lo•. Th. c'OR<'f'lll 1'1lf ion 
of nt1lini!W>fo1- At fl 111onthl'I pcltlt df'tonation 
•·aic h1tl'PI~· 1kot ... 11tli!. in ti ... urin• of nHllCt PX-

1'"""' incl i ,. ichJA l"-
l 01l i 1lf', wl1id1 i!o 1111itP !«tlubt.., iM pnlh1thl~· 

tlw 11111!'14 lrn1.Jtnlo11ic i11tPr111tl naclit•n11ttPr in th. 
t>:trl.'· ,,..ruwt follo"·i11~ t>X)MJ!oilll'P ! 1111. T1M" 
cit-'" !lit" 1h.'roi1I w1111 "Pl'"""llth!., hut lo• 
1·011111111.,.. I lo t llf' p11rt111 II y nr tot nll~· 11hlnt inac 
,ff_.,.,( I"' 11._I in tlwntp)· of h~·1,..rtli_\·r1111li11m 
or 1·1tr1·111 .. m11. .\t 1111f' tl1t,\' l•Nf 1lt"ftHlltl11111 :o'r­
""" nt ln1littf"ll to 1..- 11 .. Ar t lw nmsimum (lf'r· 
1111si.;lil .. ''"'''"I ! :. I for thi,_ 1111..li1I•. .\t lat•r 
!11111~ follo"'"ll t>:1qw1tollrt>, thi,. lon~r-li,·f"ll fuc­
"'011 p1-...l11C'f t•..,.....ltf,. tl1P jlrt>atp,.of poc .. 111 ial in­
fl"ri111I l11u11nl. 

Tl1t" p.....,..111 ,.tucl,· 1·1111tir111ic thf' olNf'r\'ntion 

11111111" 111 1111·111111 '"'t ... ri11w11tic tlutt nHlMf of tlw 
rntl11wu·t1\·1" ·l .. 111 .. 11111 forn~I in li'°41Ull 1H1 'A'Pll 
"" tlw ti~ .. .i .. nmtPrrttl 11,...lf. ""'not "1'1tclily 1th­
~·r1,...1 frum ht' lnlljV'I 111111 thf' fr. I. !Nt'f. ( h1ly 

l. :o'r. H11 llllli It ft'w of tilt' r1trt" t'llrth Plt'lllt'lltM 
.,...,. :1h,.orl..-.I to :111.\· "i1-'111li1·1rnt tlt";!r-. 

Aa......,. t• •• w ._,_._.. rqd; 1 siw 
fltllltt""' M _..,.of ...tt1ff A'- ........ tapPd 
hPlmr thl' 11 ..... c~ rtw.,....,,.. -'.tt. ,._ 
- a 11 I ' I .t ,.., I • , ..... llt pmitiW 
-·--.. -,....,... •• , 1' 

So "..,.a.t11111 "'9W hit oMai_... ._.....,. tt. 
ct.,rn. of iut...,..I f'lllftfaMi...C"- ... tt. rli .. i­
f"lll and a.. .. tnic,.tr.1 tindi.._... In •" fJf •• 
l'htwt half-lit. of tlw _.. abeftdall& ...._ 
pnwlt1C111 dt-pmutf'd in-.n.lly in thi9 ..... -. 
th. ..,....ibility that f'hrunit- irndiatioa ........ 
will otttlr If quit• !<111811. n-. an ~Jaatiaa 
of thf' tiata on tlw int•mal t'Ofttallli-tioa. n.­
rludini; that of~..-• .._. to th. ronrlminn thel 
t t... int•nw I haurd to the mnta•inat.d inhahis 
tanh of tt... ~al"Mall lslandl' i9 •;ui ... I botla 
from th. an1te and thf' ._ ra...- poilll of Tft . 

5.33 Sowa al ....... C.Ci--"--slil-• 
TIM' fallout 111atmal t"Oftllilit..t .. ,...., of 

c-ak·ium osidf' and c-alria111 t"arhonat•. TM 
tit!Mion prodtH"t11 ••no adM...md .. inly"" fairlJ 
1arp p11rtir'"- TIM' matl'rial wu to J»tnnl 
,.,,habho in ~:a !Pr, and rompWt•ly 110lublP in arid. 

lntPmal df'POl'itinn of tWion prndart11 ,..._ 
!"tlltf"ll frnn1 inhalatHlll and i~tnn of tlw falls 
out mat•rial. ln..,.tion •PIJf'll" to lJI' the..,..... 
important of tt... hm l'OUff'I' of l'fttry into the 
lot.'" Tlw acti,·ity in tt... air !Witt~ out fairly 
npicll~·, hut 1'0fltaminatf'd fond. wattt and 
nt f'll!'<i l!4 m • i r: t lwi r a11 i ,. it~- for loni Jll'Modll of 
tim.-. 

Thf' ttllH,'Jllt nf ti~ion pn•luc-t!4 rNC·hinJ th. 
hl•••l!4n-11m 1 lin1111rh rh• rt"!"flll'11tory tract i" a 
f1111d11111 of pnrt1df" ,.ju :tml ~1l11bility of th. 
1url•or11t> t·1111la111i11a11t... The> i•rtirft •ith 
•·hid1 lht' itd1\·it.'· 'A.:l!'I a~·iatf'd '«f'rl' f"flll· 

.. iclf'nthly 1.rjl¥r rha11 ..... optimum !liU' for 
clf'to•ifion in th .. aln•olar ti'91Uf' of th. lnnJ. 
Thuic. th. pr11h1thrlit~· of tlw l'Ptl'Tltion nf inhai.d 
nirhon1.- 1·ontAmin1tti<Mt wa11 not app,..·ialtle 
1l11r111~ th. r\fM"'411'P p.-rifMI. 

Tl1f' h~·poth~1,. thllt in~iou Wal' thf' 1·hif.f 
~1111"1"1" of i11tf'mal t-nnt1rnai11atinn ito1 !411pportfd 
h.'· thf' ti111li11i that thf' llft!'ltro-intf'!<tinal trwt, 
it,. 1·011tt'11H, 111111 tlw lin•r of illltop!'it'tl c·hit•kflfl~ 
1t111I pi~ .. ~.-ritic~I at -rt.'· intPnal!4 foUowi.,_ 



... •• ..... ..., 81"tiw ft.. ttw alocaiW 

·~ ................... ., i ..... - - a t"ftClli••i• 
_... .t , .... _,....._ iJlr. ftittu .... ~ It. 
..... ~ ~ ...... -! ~::=::-.. :;.,.. .• r::. ~ r .... 
..... lap n.- aai_ ................ li-

tt.. ·-~ t."'"9 af , ... h-• ........... hi 
tt. ,... laralit1. .\• thr air-...,. 811i•ity 
lwl al.....t1 dt'«'"'"' tn a low nt.P al tlw tU.. 
of ............ of tlw ha .. .._ thP mntami ... m 
el tW pi.- d•ri"I( tlwir ~ ••1 °" tt. 
.... ""' INrily dPriTf'd fnJlll i....,,ioft of 
ndioa<1iTt" f ... 1 .net •attt. 

Radi.Ml)"l'i11 of .... ,..,. and M>il 1111mp ... fn1lll 
........ ., iadintt'd hip J.ftht of t'Ofltamine· 
tion f"1m tlw fallout at .. rt, tillll'!' foUmri"I( 
dlitonatien. 

It •Pfll"I"' that duri.._ thP fir'llt month a 
limit..t alftOllnt of IWion pmdurts •u uail­
ablP to plantic irro•in,: on tbfl mntamin11tl'd 
!«Ml. :ilipifM .. nt •mnunt11 of l..ta •ctiYity u 
•Pll u l'lll•ll amounl:o< of •lpha IK"ti,·ity • ...,. 
prt'RPftt on tbfl P'll•mal !tHrl•"' of pl•nl11 •t .. 2 
da~·" po!f ,..,.onaticM1. C >nl~· , ... ry M111all amount11 
of t.f• ••1i•ity and no alpha ••"tiTity ... ,. df.. 
, ....... 1 in 1tw t"tlihw portic"1M of fnaitM "urh u 
s-ndanmi. Jl9J111YL" •nd mronutA. Ho•H""• 
hi,rh 1.YPI" of aM i \""!t• ..... ,. found in th. <"OMlllUI 

'""' •p. and th. !Wltopi<" M>lln'ntnti•m W'H 

\"f'r~· !'ltnti'.ar to that of ..-atf'r. 

Hi.rh J.,f'ls of activit~· W'Pft' found in Mb 
takP11 frum Honrlap laJOOll. It •Pt ... "' th•t 
thto 111~ 100 of •"flllt•mmatf'd •atf'r and tiich 
""'""'th .. pri1w1pal ,..,ul"1-.... of int•rnal rontaml­
nation of human t,..in~ ( >f 1 l1t' 11uli,·i<htRI 
nulio1111..-lit'-. ~r-9. l.-.i·ttu~ nf it11 hi1rh !o!t1l11· 
hilit~· ancl n-l•tiu·I~· lonar raclio.t•1in half-liff' 
"·•~ Jtntl,.bl~- thto i~1to1w of afT'l"afM poff'ntial 
hRzant 111 fhf' Pll\'ironnlf'nt. 

f 1'/r'11Q/ H11tiioarf;r,. f>,.rmi/11111;,,,,,;,,.,. T ltt-r­

'' l'!I· ~inf"f' t hf'~ i" no n,.. hocl of t"OlllllPMM't 
inar thf' f'lff'C.111 of rtt1liarion fnMu inlf'malh· <W­
pcJMitPtl Pllliltf'N. lrt'tttm•nt 1 nll!oii<" of rt'~llO\"­
inar thto 1111dit~ fn"" 1lw lJO<l~· •"' napi<ll~· as 
pc~blf'. Tllf' abili1~· of t"th~·lt-fM'·iliaruinf'· 
t•frtt·•(""i'· 111·111 t El>T.\ l to mohiliZP .,.rtain 
of dw ti,..,.1011 pro~hwt~ from t hf' -.kt-lt-1011 a 1ul 

.. - ··- , .. ,.... 4"' ................ ,... 
•"'-'Y t...n ................ t 11-13). h,. .... 
..-.n; ....... "- .... -.n9' ...... .... .... 
............ _,13J. ,,... ,. ... _ 

.......... - ,,, , ... ~. '•••"Y ......... 
-• aial ........ 1n tlw ~•lint~, ... 
ill .._, wttt.i11 • ,.._,. ti_., ,... ,._. ~aw .. ,,.... .. .....__i ...... .., ........... ...... ............... ,; .............. ,...., ... .... 
........ ~"""' ........... .....,. ,., ...... i• 
tf'mal dlirnntami•tiaa ,,_ _. ; ...U,... 
ct.4onatioa. ,.;..,.. it ••Id anahili .. a.t _._ 
dPt..-tioll of i!lllt,,.....-.., ...... ,...._..it._ 
~=--··· ..... , ... pl'Urid ......... w ... " liait..I 

···- •• thill ti.m. • 
.\ "'fAWWWhtati""...,.. of """9 iwdiricfwa~ 

f1T111 ........ p .... ,.......t f,,.. thia ••ly. 
1>.ri..,. a n111trnl .,..-Kid of~ day... ~hoar uriw 
•mplN W'1'f'P nilltort..t daily for ndW.nal,.­
in onWr to Mahlish a t..I .. .,....ion nl•. 
lhlri ... tt. ,..st :i day1'.nalc-i .. •:IJf.\ ........ 
miniice.....t orally, I pl .,... ~· It. nf bndy 
•Ptpt daily i......,..I of tt. f'"'fH"abiP iMra­
,.~ drip ...,,.,. Jl91"'Pftt•ral t ...... py •• n .. t 
pnac-tic .. I lltMWr lhf' rt""Ulllllta--. 

Tw"1ty· f<Mar hour urnM' M11n1pa.. ... ,. ,...,_ 
l.rtrtt dail~· •lurin« tlw t1"'111ml'f11 pn;. .. t and 
fM :. clay,. fullo•m• ''"'1111'111 lo 1 .... rnni1W tbfl 
.. tfmi.-~ of El rf.\ in an-rlrratin• tt... n­
rrPtion Mlh rof It.. n•li••'"1tl'f1t"-

So .,.j.;if. ptff'lrt!< fnMU ltw Ir.IP of fo:lrf.\ W'ft'P 

10.n·f'C.l. Bl•••i 1-.Mlllf!t .nJ hlond p,..,..Ul"P .,._ 

maitlf'tl 1111.·liRna.~• 1hrtMtl[hrn1t thP 1nietn1"'1t. 

TlM" n.-..11 ;irtlnty of , ... 11ri1w dunnl[ rtw 
fo: I ff.\ f mt nwnt prriocl ..-aic ~.;, tin'" t t.. fl"'· 
I n·al 1114"111 •1·1int~·. Tlw pf"ib..hilaty I hat the 
tlilff'M'IH~ •~H>rn••I al"P d1w to dtuN.., i!4 ..._ 
llian 11.01. Thul' UM' oral admmi!'lfnlion of 

t-:1 rf .\ '°"a 1•nocl of:~ 1l•yic t.a?lnninar ;,~ <lay14 
p•M dP'tonataon i1H·rn~t 1tw nrrrofion ntf' of 

i111 .. n1ally 1H-pc .. itP4l fo~ion 11n•lurt~ hut th. 
ov•r·all Ptff'•.'1 on tff1C.·n>IU'in1r 1 lw t ... ly buni..n 
""It!- sl iarf1t. It!- t hf' P11·m ion rat PM .-.. ~ , • .,rv low 

"' tlai~ tinw. 
·'· ""' 11111ry. TIM' ti~ in!'4atH,. of int•rn•I de­

; '"'Ilion of 1111.xf'd til'9-io11 pri•luc1~ 111 hunaa"" 
IJl"("llr""• at- s 1?.'!Ult of failout follow-in«• tt...r-



• tr. ~ ,,... i11•-' ......... i-
...... ..... " ,.._ .... " i ........ net ,,.... 
, ... ol fa6*I _ ....... _ 

"- ....... ., M11Tity .................. .,, ........ ...._ ... .,,..._.,,. 
F ......... J ..... ~-----· ._......!-- -6 ._;.._ 
••·· ·•• • ··-· •··•• ·•• • ••• ••••• • • ._. , ....... "', ...... ••• a I ..... 

...t 14a1 .. I •• ,_11. Of tlw 1ndiTMi•I 

,... ......... ~ ...... _ nf lb hiP -··-
ity .... ,....;....,. .... ,....H.rtin> half-lit. •• 
... • d1ly thP -....,_ uf ..,..,.,. fl'lt.ntial haa­
ard ill thP eftTil"llll-at. 

F .... ef tt.. fhaion pn>ductit pl?!W'nt in tb. 
mYiruallll'nt W'Pft l"ftldily abicwh.d from tlw 
lunp and tlw 0. I. tract. RadiodM"minl 1ma1-
,-. of tlw urine qn1p1" fTnm tlM" Ron~1ap 
peopl. indic. .. tftl that ~r. Ha" 1md tlW' rare f'llrth 
-""'P ,..,..._ rolllltitutf'd j;, prn"f'nt of the 
total h.ta activity of thP uritW' 111 -'!'• days 1ne 
tlf.conat ion. sr- WIU'I thP pndominant ndio­
nUl"licff. at thiM tinw. Mmtrihutina -'t l~l'n'nt of 
thP total hPta ac1i,·ity. .\~)'" for ti!to1i1. ma­
t•rial in thP pool ... 1 urin• •mplti!ii •·••• n~ptivf'. 

TIM" human hod~· lmr1lrn of indi,·ioual nulio­
m1t·lic~ •·11" l"!'lfimatt"CI from ratfrw·l1Pmit·al 
anal_,~i'.'< of thr human 11ri11t> 1111d •1f t 11p tll'l'I~ 
and urirw of animal" from Ron~lap. Tu. 
lllt'lln ho1I.\· liunlrn'.'< of tht> ne1lio11111·li1I~ in thr 
.\ili11;:in11• a.rroup 1'"f'rt> 1tpprn:um11tl"I.\· onr-half 
tl.cJ!oOf' of Ron~lap. 111111 tltt> mt>an lol.'· hur­
dt"ll!'< of lht> .\mt>rintll~ :ihout 011t>-fo11rth of tht> 
H11111.Pf'l1tp JCT"HIJI. Whilt" tht> arti,·ity nt·mt><l 
!it>r 1111it \'olun1t> of urmt' wa:-1 thf' ""'"' .. for 111lults 
:11111 d11 lclr.-11 fn1m Ho11~,..l11p. t ht> tot11l act l\·ity 
t'~c·n-tt>tl i11 ll1t> 111"1111' 111 :.!l hour.; Ii_\' d111dl'f'n 
11111lt>r 1.-, \"t• N of :1~,.. Wit"' ... 1i:111tin111I h· lowt"r 
titan tlt111 ·.,,, ·•tt>1I Ii_,. lht" 1ul111t.... . 

Tltt> tot 1t I 1t111u11111 "f r1tdio11d 1 \"t> malt>rial i 11 
th .. ti. I. tnt1·t 1tl 1111t' d11.'· po•t drt11111tt1on Wit .. 

..... t i1111ttt>tl lo I~:: nw i11 J1t'4•fllt' from Rotii...-lttp. 
Tl11 .. a<·t1\"ily Wit"' 1·011trih111t.,l 1·h11•t1.\ 11.\ i .. otopc~ 
of .. liort ri11lioloi:w1tl 1111d lt1ol111!11·:tl lmlf-lifl" 
:1111l l111111t"'l "ol11hilir.\·, :111d tli11 .. 11i .. jp\·1·! .. of :w-

11,·11~· Ill tht' fl,..,..llt" of tlll' l.011.\· \\"t'n' l't'lali\"l"I,\ 
low. Th .. 1·01w .. 111rat11111 11f ntdi11i-..1topc ... :1t 1; 

111011th .. l"'""' dt't111rnt11111 wa .. l11ffl'l.\· dl'ft>t·tahlt' in 
th .. rtrlllt' of 1111 ... 1 11{ tlrt' t''ll .. -1111dindu1tl .... 

Tit .. 1• .. t1111111,.,j •lo··•· to tlrt> tlr~·ro11l from 1111 

a11tl 11lltt>r .. i.ort lrn.,I i1Mli111• 1~1t111- """"' 11111 

tn 1: ... ,... ......... p. ...... ill ,. t 'I) 
, .... nww4 ~ ........ i111 ..... 1 rMica&ilt• .. 
"rf:'" ti .... •ft.r f'S ........ 1"t. c'- to Ore 
th~·rntcL ............. '1+wtw t"- .....__..~ •• 
... "1111,.-.1 ............. u, - ......,. .. 
!.:;:-.- ~..-~ ,,: r-- ~ ;" ,;.. i..c .... .; 
hH~hu~-'- nr rarri-. 

.\I ftftlP ., rr-' ......... IW 1 ..._....,,... 

'""' of ~ w• ,..lc-talat.li to .. .,... thP ..si­
n111111 JJl'ftl•ibl. In.I fw thi9 nwfide.. .\t 
lat•rtillll'fl followin•.spmure.thitJ ...._,...-li....t 
IM!ifln ),roduc-t P"""'I• tJ.. -"9'ft!llt pot.ntial 
int•rnal hazard. 

Onl adminitttration of c-akiam EDT.\ be­
-1nnin• 1 '"'"8 poet detonatioa to a aep 11&­
atin in>UP of individoala tro.. Boatrelap i• 
1·n-ai.d th.. ratf' of ucntion of adivity U 
tilllf'll'. llo••nr. th.~ of tt.. body bar­
tff.n WH ~il[l1t. •" th.. f'llt"f'f'tion ratf' •M ftTY 
low at thiA til1M'. 

.\nalY!'i• of tltf' int•mal ronlamination in-
1lit·atPM that thtt 1tn. to the tiiww of thP body 
"""M nnr. but. with Pll""lttion of tt ... <lMP to the 
thyroitl. clicl not .. ''°""' ti .. masimum pt"rmitt­
l'lihlP tlDM" 1 .. , ... 1~ Tl~ "l'fi,·ity tisf'li in thP body 
11 ........ ~t rapidly 11!4 a futwtion of tintf'. Tlw 
l"011tril"1tio11 nf thtt ptff'ct!4 of intrmal contan1i­
nat1011 to tht' t11t1&1 r1t1liatilm felpC>ll8f' ob.nf'«l 
"111'P1'N to I,.. l'lmitll 1111 tht> hasi!4 of ti~ ~imatf'd 
h4wi)· hunlc-11 of the r:1•l1cwal.-ment!4. In \·i~w of 
tht> "hort hnlf-life of tlw m<M 1tl111ndant ti~inn 
pro1hwt!4 iu thf' "ituation, thf' p11M'ihilit)· that 
l'hro1111· irT11diMtion etfe•rt!I "fill oi~·ur i!4 !lmall. 

5.4 Internal Contamination of 
Animals 

THt: I '.'!in:u• .\I. ( 'osT uu S.\Tllls of a numhf'r of 
111111111t ll'l 1·01! ... ·1.-.I 011 H1111~t'l11p "·•!4 .. tudit>d. 11w 
:11·t1nl_\ in 1h .. 1r urin .. ""11!4 .;tudi ... i. and nulio­
l'lr1·1111,.nl n11:1ly~ Wt'rt' m"tl'" of \'ar1ou .... ti~. 
Th~ 1l11t11 prm·11IP«I tilt" ha!4is for ~imatini 
llw lol.\· h11rdt>11 of tht' nulioi...cJtot~ it! human 
l..-111w-. In addition. 11t>ruatol1~i1·•l ttncl ll8fho­
loici,.1tl ... 1111li ..... Wt'l'I" m1t1lt>. 1t11tl 1111tonl1liOtrRph!i 
of ....-lt"t·fpef t j,.,, .... ...,. wp1-.. pn·111•rt"CI. .\ numlwr­
of tht' :11111111tl,.. are :d~1 iit'llll! ... tucli.-.1 for thf' 

- ·-· ~· -··-·· -- ... -----.. .... ...__ 
····~ ... - ... --~--~-------------·.---
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•M••nar1 _, p itih .... ...._ ..... .f ........... 
. \ .................. _ ....... .. 

, ... ~ ., rt. ,,...... ... - ... fMtility .. 
.... ~ .......... rt.t.ilie~ "', ...... .... 

,,.. ........ ' .... ._ • 14 .. , ... 
f~::tt !:;;+.::!t:! ~? :-!el-t. •• :;.' ~ rlei.-t.i.. t: 
lf•i-. • _... .... I ..._ ,,._..,.. ,..,... 
am. ....... ··~!(•llL ,,.,.. ....... -1.,.... .......... , .. "'- , .............. .. 
.,..... ('oll.rtinll d.te and mortality dMa ,_ 
thllR animals aft' ~ in TaMe ~.1. la 
additinll~ a boar. a t"al and two rhK-bm .....,. 
aut"P"iN in tb. fie~ and ftPl'9Ptltatin tn.­
wf'ft' roUa-ted. 

~I llls1M .. 

Ti-.. •mp• ~ taken from all animals 
whi<-h di.ti sponta1WOU8ly or ••~ .eri6"d. 

"Pu< iw• ....., .......... '-- tt.. ..... m.r. 
fi. l.tP1111 ..... , .......... T1w •• , .... .... 
......, .. ~c.iaa_.,...._ .... ,._ .. 
... ... .. ... • ... i ~ ,. ,_ ·'· ....... 
................... a I CW ... ,,.. .... 

IM1mry ._ .. I j I .. .,. - .. a ~ 
i=.-..1-wia..:..• ~ ....... ~.::.... ,... ·ri. ~~ •­
....... , ... ._. ,_ .._ _ I ,._..__ ""'1- lnr , .......... - ii ·- , .. -;. 
,... ...... _ ... ., it:M. n. ........... 
..,...,... m an apt.....U..t-. • - alwwu~ 
ticin m a funrtinn of thP a~ c•an nil tlw 
•mplfo. ltfta ac-tiYity •• ............ i11 total 
<l1 m. and thi• nlw •• t'uftnnt'd lo ,,r. ~.­
equival.nt ... 

Tllf' ........ ac'ttYity of the .... ....,,.... ·­
lhf'UIUnd in a ••II-type .,.ti_ iodidP .-1111il­
latiori l'Olanttt whi4-h hu an e6: ienry of • .._. 
-14• ~"""" for a ( 'o""' t1tandanl T1w pm ... 

Tahle 5.7.-Motaliry .... Eswl ....... 0.. al A•. I ,,_ ... 

Lm• A1W al &tar .. _. l Urik 

Jll-· l&-D 
F.•ftll•U. -, --- -------- -- -- --

[,._ I 
, .. 0 u Off , •r<D•Y•• I :1119r(Dnlil >tlrtDnll1 J11r1Du ._., 
l"~I ------;- - - ----

1 
- - - - , --- ---- - -- - - --- -· - --- I~=~~ 0.-. ...... 

A~r•&.,. l".,.AL' Ds.u> ' 2'.oc'D I T11taL Os •' !lac'• ' TotaL "'-·• , llac'D ', T•'•"~• OS. ,_..' 

Hem 

Hae'"' i Ra"D .. : ••.• ...... : 

41 I 
11e, a u.,. a 

I 
, I leJ U f/lef 

arc... 
~7 • 

a• 
Gftl 

• 2 1 
o.y a, 11., .. 
... , 41 ' 

2 I ,,., . 
• 

I, ... , ~ 

'Ant- nm 1·11nt . .Uo<ll«w trom •-la&> ,o,...p I\. - uamet- ,_," ztrn1«9ml-· 
""l>eJ Pmt li.toria1-

II ' J7 • I 

0.. 

fl1 -74-·-• n 
i.• 

• 

• • . ' 
II 

. .. . 



l 
i 
i 

I 

... bil) - t I ·, t ill ttllal d a. .... .._ 
•• s:W•,.r-C'..-•i•aa... • 

t I trr - nafsM rMioi ._. .... .., fw 
~. •-... ,_~,,...... 1- ........ .. 
a I iwL. 
....... 2 ,. .... h-~ 

i ...... ., ..... tt.ir ....... ~ ..... - ... 
-- i II •• n. .... •1111 -'• of rtrirta-

.... ~....._ ......................... .... 
1..Ml.ttN ....t ...... 1p r• 11 fnr thP ,.... 

'"'-''"' ... ~ ..................... tlw nt'ftlt• 
rtf. ,..,..........i,.. l""'P"' ,...~ ... C'9I. ........... ., ........ ,.....,~ 
m tlw f 9 • ...._. J ...:..... .,.__.._ - '--. --·-· ···-· ... r.,. ...... •'-•• --- ~ ·• 
al • ..... pmt .... o•ti.a. ..... ta. ..oliwtima 
............. , i~ ..... ~-- .. 

T_,. '.& P t• t 1 'ts' 1• 'J::ia• T-..C Un.t _, ... f,_ I C ... -
IZlllf 0., .... D-i ... 

..,, ACWl'flft-~-···-,___ ---------- ! I ' 

I Ollom i """ 
I ..... TM&&. 

••llft.a actnTrY I .... I -..-
-.... I . ... .... 

-I I 
.,___ -------------- - --·---- ·-

Pie ft4 (115..1 kpa) I l 
SilNtoa (to&al). - - - -- - - - - -

I 
8816 5eeo .. 1018 , .. ,,..,. . ·- - .. ---1 31 ' 0. 40 tJ.D &. 4 

Co'-m • Cont.fonts .. .I 12 ~o 14 3. 2 
J.11 ... (Alvll'Olarl ___ . _ 

I 
I. 5 0. 22 0. JO -- - . - I 0.. 

Mtom~h -- . - . l. 2 

I 
0. 22 i l. l I. S 

ln~tinf' (Mtftall) 2.S 0. ft2 I 0. 50 0. 51 I 
l\irlnf'y a. 3 0. 21 I 1142 0. ;4 
Remainin• T..._ ... MO ; l - - . . . 

I ---- I ! ---
I 

Total 9630 5M7 ' 186 I ... I 

l'rint- S.miHP. 24 hr I 13 ! &; i I. 2 I I. 6 ·1 ! ! ! 
Pttr 125 <22.; k•m> I ! ' i 

i 
Kkf'!f'ton (tut.al) I M!OO !HOO 530 890 
l.i\"f'f 2i 0. 53 ' 0. 20 I 

i ' I ~5 
Colon • Contf'ntt11. 16 ;'i, 0 i 3. l i 4. 9 

I 

Lun• (A lvPOlar) . I. I i 0. 26 0. 23 I 0. 33 
~tomarh I ' 10 ' 0 2Y 0. 13 0. 30 I 

lnt .... tint- (to\mall) 16 0. 83 0. 88 0. 88 
lo\ul111·\· 3. I 0. 14 0. 19 I 0. 52 
H1•ma111111a 1 i,.,., ..... Z20 

---- - -- --- ---
Total 88;0 .-. llli 53-4 i02 

l" ri11.- ~mpt.. l-4 hf'll t\. 2 4 4 0. -40 0. M 
I 

- - - -- - - -

ill'!'llMAllY 
-- - -- - -

11 ... ftna ACTIUTT llaSU:1'01< TOT.t.L ftooT l"UllS 124 B•l 
. - - --- - - - - - - -·- - ~ ---- ---

:-\ ... 810 :>& 0 89. 0 
Ha"" &. M ti. 5 ; 9 
R1u··· t-:anh Y. 7 9. 0 10. 5 

-- -- --
;s. ;'i ;J. 5 8i ... 

.\II \'&h1t"M ror'1'<"1t-d for rlt'<'ay. 



n..l ......... ~ al thP .srnta ..... .---
...•• 4 Ni ftw ..... M8Rlll'f'.,. tNat J thP t•• ......... ,.,.....hL ... 
t.G r r a .... 111-11ps-.-i•-

,.;,.... ""-r~. n.. ani .. 111 h..t ..._ 
,._ • , ... .._..._ .\lthn••tda .... 1...,...iahld. 
tlwy ..ho•-.d no otlwr nidPnc~ of di.,.•. 
.\utOf"'Y of two chic~ •hic·h dif.tt durina 
ichipnlf'nt !"e\"Hltoci no 1 .. tl~al tindillJE'll that 
l"OUld lllf' ll!Mlf'iat.d .-ith nuh•tion. 

C )n th. La.'4iM of "" a!9!11n...d l~·hour ef"·ti,·e 
fllllottt tin~, ti~ 1tni111alM from Ron~lap ~-

. ~ivt"CI itn inte~t.d nten•al do•~ of ~!'4tl to 
380 r, de~ndi"- on the date of tb.ir collection 
(~Tab~ .'l.i). T11f' piJ,!l< from l"tirik ~ivf'<i 
a cakulated dose of :J~ r at the time of their 
t"\"1u·uat ion. Tlte 1rnim" IM a II !\how"I PlltensiYe 
PXtf'rmtl c·o11tllmin11tio11, r1rn,r;i11J[ from ti .• "> to 
;, mr pt-r hour at :\o d11~·~ po~t deton11t ion. This 
ll<"fi\·ity WA!' rt"(hll't"ll 11ho11t j;, per1"t>11t hy a 
w1al<hinJ[ with w1tter alone. 

/f 111{ ioart i rif y of Ti""'"'" a"'I f_'.rr·fV'ffl.. The 
Ji!nK"' bf.tit 1al"t iv it~· of the pi~ at i'I~ days post 
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.. nnat1nn •• •• ..,.. ~ .... Tlw d1M1niiat1u. 
of ..-t1•ir:v in rt.. ,_.indual ti__,. 111 :0hown !n 
TabW :a.'4. Chon Wlt ,.."..,,. of tlW' hlca itc"tl•~y 
••• ltw·ah.a in tw ........... TI. h ....... ac-­
t iYity in a ..ft t-• W8tl ro...i U1 th. h•.r. 
.... Mola h~. ~- · I · • ~ ~!: ".~ i~ ~~ ~~ 
tntal hl•i.~ .,...,...._ Tlw ... ...._. c-.11t1....C,. hMJ thP 
,.. ....... hi~.- ••-tivity f•lf'thPiuft ra-.ahlM1t 
0.:1 .. JM'"'"'' nf tlM' tc .. al. T1w ah· .. tlar ti,_. 
of th.- lu"- h.d an IM1ivity "'- than O.l"J ,,.,. 
~nt of tt... total •'-ti,·it~· in tlw body. 

fll"'OMfl b.tit and ,ramma a1-tivity of tlw d,i1·k· 
f'll!'! "' i -l day!4 JMlfolt 11..tonat ion •u approll.i­
matPly o.~ ~- ThP JCl"OK; ac-ti,·ity (M'r hody 
wt1i,r;ht of ti .. chic·kf'n iM appro<timately tht- ~m• 
ll!'I that of the pii:. Thf' diMtriLution of ••·tivity 
in the ti~tM'!I of the rhi1·kpn ( Tabl. ;>.!)) was 
\·ery ~imilitr tn that in thf' pi,r. MoMt ""4pirat01"y 
r1utio 1u·tivity 'A"aM lcx·1tli1~l in th• turbinatf'l'l, 
KM" ~ult of Pntrapnwnt of tht" lar~ partid~, 
whi1·h 1·011lrl not )lf'llt>frittP to thP alvt"11l1tr ti~aw. 

Tht1 IW't:1 a1·ti,·it~· in th.. ~k•wton of d1i1·k•nM 
Ill ltlO da.V!'I druppt•d to -l t)f'l'l.'t"llt of th• valut> al 
:H dit~·~ pclt!t dl'tnnation, "·hilt" in thP !'llllllt> ()(I· 

rind tht1 JZ'l\Rm1a a11i,·it)· 1lroppetl to O.:.! pt>n~nt 

Table ~.9.-Beu aod Gamma Activity of Chicbfts from Roaplap (µe • 10") 

H•~ 11 HP n H1111 - "•' - H•• tu "•" '1 H•" ft4 ::::--=:::..:::-==-= ~~=-=-------= =---=- -- --- ==:::-=-=-~-=- ~~ --=--= -===-- -:-~:- - ~--::--==--~--= -::.=-- _ __::;__ jt,, ..• I ~&A1'a•• ""' l3 llA• ZI llAY 71 I >t y '¥': .... 111 ,,., Ila l•&" l.'111 
- - -- - -

I~, t &'llri4LY1.&V•• 1, .. , '.14 l>u JI llAT 711 l)A.., lh, 11 .. 112 I Lt" •• I,,,. I~ 
------- --~ ·- ---- ---

T .. 1:& 8STA <i•••A. R&H n, .... Bin• Cl•••• Rn• o, ••• R•TA .......... BH• , ...... R•u lh••• 

T1t11a 71!1JO - ··~ 
.illO 133 - l-\J ll~ ~ .,., 11 J ll J 'Ill l • I 

~- .. :.rt.on 111130 ."-*ID 1111111 -·· 1• - Jti7n• Jl'm "-'Ill. ... ., u.• g7 117 \• 

LtVM' 119 ll J.U 171 12 71 .H J] » 1 • , . : IJ ~ IU 7 I I 

!Huard ' I 17 : 0 I \ 7 ft Ill J 7 t J ,, II 6 

tl1u . .ard lf'Unt#nt1 o• I c 7 ' I l ti (] J 
Crov 0 41 ~ 0 2 0 7 ~ 11] .. J 4. s n 
ln!MllM IL and 

ront.f'nt.a () 113 111 o J II ft J 14 () hi 'i' -. OJI 
lnt.Mttnr 11'41 •nd 

<"OO"°'nu l ft 
' 0 

J (J • I . ' 
l>anil"T"NI 0 .,, o i'S 0 
•pwn I 0 II Jll 

K1•!1Vy 11111 M I 17 9 (] 'I II ,, 2 10 0 149 ll • fl :-. o ZI 
Lunn I Al\'POlli 17 Jll fl Jll 0 !l7 I U 2 II I I I .\ . \ ,, 

' J !fl • 11111 
Trachrs 0 JI 2 0 IU IU 7 J 7 ". II ] 

Turh1natn J "i 111 22 I~ J : ,, 

"i'lin.lllt.-d uatnC "110ol11111ma ..-uv1ty •&•IPl.Oft,llhla 
00 l>ay 11"9 I drtonat !Ori 
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• 
....... , ...... .,... ... ii f•••tt.ilt 
... .,, ... ...rwitj a . I d _,.. ..... 

,,. ........ .., ... •mt, ...... ill tt. 
twe ...... W. Ill f ••lltM,.. ..._,._ P· 

~ U ,r (Tahl! i.10,. n.. w-. at rt. ..... t• . .a.o.r twMIP a• 111..t. ......- llttiYity . 
'f1w leh ..... t"elkct..t » .,.. ,.. dft 11 

....... i•• r• n. ...... ~ ia .rti"'1 iT 

...., .............. ,.. .. ..,. the.-.~· C9"9 

iT tie.My ti.a el IW9, .._ - it In« 
=f~ !:::;:rr-~~ --~--..:. ~w. 

.; __ --l•L- ..&- : • • :._;,. •• I.•-- .. L. ••• :._ -
11•-.h a1ftl .... ... "II Ill .... ,,, 11.t .... •.....WI llta& ,, .. _. 

Tll*J.J& •• .... fiCi9m-AaioilJ -' ,_. f.- P I I p 11llw Ma t1i ,_ .,. _ _.._ • 

...... cm-1 
·------- ----

H~'!. a.-.:..a. A•&&.n. (P-
o- AftWft'r. .. 
Bn.t. 0&••.t. 

a .... 
TO'I&&. 

"""'" <"-'"' __________ \ __________ _ 
H-t _____________________ I 
Sc96ee+ Flm+ Ta.ii._. ____ . 
Villeera •••• - - - - - - . 
Glli. .. _. _. __ . . . . . _ .. _ .. _. 
RPmainder ol Body - - - ..... . 

Total . 

0. 581 
0. 500 
0. 900 
o.· HIO 
0. 591 

2. 7M 

1.• 
0. 51 
2. II 
0. 41 
I. 79 

ft. 41 

I. 9 
9. 5 

41.0 
7. I 
&I 

c .... , ,. ... Ir .. .. .... ..__. ..... 
!Ir" .... RallTll --

Ja.3 9. I 52. I 
17. 4 9. 9 7%. 7 

I. 4 0. I MO 
13. 9 6. 7 79. 4 
-45. 2 ll. 2 43. I 

,_ n cm 0•1 ,_ • n• o•t 

0- A.MiYITT. 11C 
lln• Ila••• 

---------- ------. - - -----

Heed. 
Seales-t- Flrw+Tail.. 
v illttT'a - --
G 1 l• 
8kP~OO ... 

MU8CIP .. 

Total. 

0. 101 0. 23 
0. 0&7 0. 23 
I. 620 2. 1-t 
0. 04J 0 UI 
0. 197 0. 35 
0. Ul u~ 

2. 179 3.~ 

C'u• 11 

II..,_ A.CTTY ITT, 1tC 
BllTA o ........ 

U. IU5 
U. 058 
0. 115 
11 023 
U. 030 
0. 038 

0 301 

0. 017 
0. OM 
0. 206 
' 011 

0. 070 
0. 074 

0. ~l 

------------------

ZrN 
Ru•• 1• 

Ot hPr 
~ .... 
Ba·· 
Rart> E-.:&rthll 

RADIO&L&•&NT 

:'lamplt'11 rollP<"tl'd r .. ·o monttui J>O"I r1 .. 1011at1on. 

P·uc&sT 
M ToT.u. 
.\mTITT 

21 .. 
32 .. 
11 .. 
0. i 
U. i 

33.. 
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~· -.r. n.. rt. ,...1t • .,. ,... 
dilwtl~ c •s~hlP "9 tham> eiltan-1 fnm nt· 
-a. whidl ""'"' "1turnM alin~ and iR •h~h 
••1•it.aJ tawcw • wMI • i"ilctioi4t,.;.-M .._, 

---~-,,. ..... frw-tlnlt of, ... J~ t.ta ..-ti,·ity 
ia the fWs ... t'Clftfnb'9t..t by tlw rolk'ftltntin• 
el .-.d~ift mat.nal in thf. •illl'M"L In two 
of th. tiah in whic.-h bonP.I and mUMr~ """"' ~ 
arated and analy~ fqUal Amounts of activity 
wen found in l'tM.'h fnC"tion. Howenr. the 
s~ of these fo~h in formal~hyde for 3 
months may have J>f'rmittfod the diffm1ion of 
the ndioe~ments from bont" to muBCle to take 
platt. Further studi~on ~h fish will C"larify 
this point. 
~ contamination of the ti1Jh in tM laarilOll 

was ronsiduably ~atrr than that of the lirnd 
animals Htudied. .\!! ti!!h form " larJre !'ltaplti 
item in the ciif't of thf' ~la~hallt'fW, the hiih 
level of ronta111inatio11 i~ important. 

.\t the end of a 21/2-month experimental 
period. the ucretion hy the ehieken!I of both 
hf.ti\ 1md Jrllmma 1tctivity J>f'r ~" houni "'"IU! a 
JJt>rrent of the n1l11e meas111"t"(l at the start at :\7 
day!' post detonation ( l'ijl. a. l). 

.\nalysis of pill t>xcn>tll i11elieated ll ,;imilar 
d(>('n>ll:-te of &ctivity with timt>. In a n-week 
pE"riod, thf' ,1CS111111a M'ti\'ity excreted per 2-i 
hours de(·n>a~i to about :!.."> perrent of the ac­
t i nty t>:<nt>t(>(i 1tt -H <isys po~rt df'tonat ion. 

Tht> t':u·n>t1t of tht> piJ.."' from 1-tirik eontained 
I~ than 111 t*rt'f'llt of the ~ros.-. l1t>ttl artivity 
found 111 tht> t>:"<ereta of tht> pi~ from HonJrt-lap 
l\t tht> ,;lllJH' timt>. This ratio of ltl wa8 1tpprox­
imately the same nu in found bet ween the ae­
t1vity of the food, watt>r lllld !!Oil samples of the 
two locations. 

RadiocJaemiraJ A ,..aJ y11i11 of T i.urue" 1Jrui f,';r. 

rrPfa. Ra<iiochemieal 1t111tl~·~is of p;ic ti!i."\U~ 
111<iit·llted that ti:.! 1it>n.'f'nt of the skelt>tll I heta 
a<·tivity wits dt>r1\'e<l fron .:-;, ..... i ywarl'l'llt from 
H" uo. an ci Io pe n:-e n t from t he rare t>a rt h i..rrou p 
at ~:.! d1tys IK>!'lt detonllt ion t T 1tble .• .. "'). The 
ndioi80topic composition of the urine at thi!! 
time "'·as similar to that of the !-ikt>lt>ton. The 
distribution of llrtn·ity in the liody of the pijl 

. ·-----· ~-·~- -·-'· +._.. 
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may 1¥WWWMtt.m.riblt-. itl i.--.... 
'ti.. al.el_.. .....nt of 1nt.,.al ront...m.tto. 
ia tfw ..,........, ~ w-. how ....... , ORiy a 
t"'th of that fn.nd in tlw ani..a 

.\t f _IL .. .- "9t -·-· ftw ........ 
...,n,. .... ._.,..n-;;_,~ .... ';!.~~tt..tllllaf 
IM"(1•1tv in tlw .-la• I TaW. ~.lot. T1w ,... 
Nrth ~ l'Gftllfitua .. t ~'\ I~ of the talal 
hPta ..-tinty. ,,_. t.la...,. of thf. arti•ity •• 
rontribttlf'd rhi.fty by 7....-• 1 ':!I fll'"""'tl and 
Ru, .. ,. ( :W pen-ent). .\bout !'Jfl Pf''""' of the 
material found in tM vil!l"era of tti. tish wu 
of tM rare earth llfOUP· Very !!mall amounts 
of strontium and barium wel'f' found. In thf. 
tiMUM of the tish, strontium, barium and the 
rare earthl!I rontributed only aboot to pen."ent of 
the total activity. 

.\ numbt-r of autoradiOj[1"11piUJ of the tibiae 
and femurs of l chiC"k, -l pi~. 1 rooMt..r and :t 
chickens wf'r. P"'P1'~ llf"th at the l'!"\SR()L 
and at the .\rJ[(>mie Sational Laboratory 
( .\~L) to 1ietem1ine the pattern of dt>poMition 
of ti!ll!ion prod1K·t11. ( 'ontat·t printinJ{ on X-ray 
no-!!(·~11 tilm wa!! found to be th• most !l&tiM­
factory mt>t htMl of prepuin~ thr a utoradio­
j!rll(>h!!. Tht- di!'M.·11~1on 1rncl 1•01wl11!lion!I pre­
~lltf'<I helm~· sum111Ariu tlu• tintlin~ reportf'<l 
by ~orr1!I t 1;"1). 

Thf' a11tontdi0Jrnph of tt 1ihi1t from ll chw~n 
S!l«riri1'f'<i at 4,-, dll)'!I I)(ll'4t dt-ton"t1011 ( Filit'. ;1.:!) 
indicnt.-.l " nalatively 11nifom1 di!!trih11tion of 
rl1t' 11d1\·1t~· thro11~hout mo.;t of the l)(lllf', "·ith 
the h11.d1t""t r111we11trat ion of a11iv1ty in the lll'f'A 

1tdjaet>nt to the t>piph~·si!'. Thi!! art"a of hi¢\ 
ih·tiv1ty currt"~po111l~ to sn 1tl"'f'a of denMP trabt-­
nilar bone. 

Tltt> tih11' 1111d ff'111ur of " hfthy <'hick, which 
dit-d ~po11t1tnt•o11sl.'· -ti dR)"~ f""'' d•tonAtion, 
..,ho"t><i tht> hell\·i~t rotwt>11tr1ttion of radioac· 
ti,·t> 111att-ri1tl in tlw di1tphy:;1,; ( l<'i:r. ;,_:\). Th• 
i>11d rt>irio11!' of tht> ho11t>, whwh Wf'rt> laid <lown 
1t.ftt-r tilt> 1111im1tl~ Wt'M" rt>mon>ti from the eon­
ta1111111ttt'<I env1ronnwnt, wrr11 r11lat1vely lukintr 
in ac-t1\·it.\'. Tiu• rra.i:io11 of l{l"l'1th•!'lt l\ctivity was 
iu tht' cii1q1h.'·,..1s, wh1d1 app~·ar?Cl to he ab-
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oorm•lly ('U1"4rin ... t. 1w:-ihly ~<·1rnMP ot a <if... 
c·rfllliwd raff' of f'nd•ll'tl"tl I ~ ~ ,1rpt ion. 

A tihia '""11 • pil! .. 111·ritk..-cl ,.,; clay:-; l)()fCf tff'fo-
11:1l 1•tt1 hM11t llll an•;1 11uclt-r I lit• j,!rnY•i11air t>pipl1~·1'i!4 

fn-e of •rti,·ity ( FiJl. a.-'). .\!4 in the chi('k 
cl'"'4t·ritJ..i i&hon, thil'I 111"t'1l 1'0~ponds to the 
l[f"fl'llfth "Ahid1 tnok pliu:f' dtt>r th. animal wu 
n .. •1m·1"Ct frn111 I h.- """" of C"ontamination. ~ 
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l't4R• J.2.-.ht,,,-ndiogrnpJI of tiftM of t'ltlt'trt1 --"~II ~ da11• fl',.f. 

tlrfo•alitM (.Hi L). 

marrow cu·ity in thi!i! tibill 1·011tu111t>tl .!t-n~ 
trn~·nlar hoflf' •Ion~ it!I ttntirt> 1 .. 11 ... '1h, 1t form•· 
tion 11ot normallv found in ma1111111tli1t11 hon~. 
There art' lllso t~o <ii:-1ti11<"t art>1ts of i111'rt'1t~l 
dt-m1ity in the trabeo-·ular reJrion, whwh llppear 
a:-1 two lint"H of naclioal·tivih· in tlw autorndio­
JlralJh. The M>nter of the. d illphysis WllS ah­
normally thick. llOtiHibly ht>.·au~ of ll failure of 
the normal ~rpti\·e pNX~. 

~,, othf'r e\·idt-nc"f' of ll double line of radio­
lld in• tlt>pc1t1it itppnft"lll in the •nimah1 i1tudied, 
PX<"f'pt po!'1i.ibly in ll ~·· ~<·riti~ :~ days J>Oftt 
u1)()plure I Fijl. :>.;,). Here a faint df't10t1it of 
aeti\·it'\' in the traht•c·ular bone i11 noted, 1Wpa­
r1ttf' f;om tht- hijlher le\·el in the epiphysi!4. 

Loone~· ( M) has shown t hilt ll typical <JMWIOtUI 

ri:-;!"Ul' i11 tr11~11lttr spac"t' 111 ll chanM'teri!!tic 
li1stop1ttholc>fli1·11l ti11di11Jl follm,·inar radioet-tive 

·----~-------~~---~----~~-----------~· 
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It i9 diANll te i I pa• tlw wmoly im "9 
,,..._ ·11 ril 1 I .-.._ ..... ,._ ._ trabani. 
tw ia ._... ,._ pi« aM dlidlM. ~o www 1 

contmm •re uailable far~ with theaa 
anima~ and the hititory of the ani ... 111 from the 
time of espmare to tlw time of collection ia 
not known. ~dietary ehan.- and di­
aleo prodUC"e <'ha"&" in tlw patt.-n of depoai­
tion of mmous tU..U., and ~h cha"tl'ft a~ often 
indiMtin.,.il!lhable from <'hantrf!!ll prod~ by 
~X(>OIMtft to radiation. 

~iOOll of lunJ[, liYft' and tibia, u well u 
thyroid and otber endottine orpne of moat of 
~ fowl and piJrB dyin.-: spontaneously or SK· 

rinc.d. were p~pered. .\ few r-thol~eal 

l'h1rn~ '"'"" founfi includin,r an aplaJ'ti<' mar· 
ruw in one duck. However, none of the changp11 
<'oulcl df'finitt>ly he a*'ribed to Mldiation. Sec· 
tion:o1 of ix>11t' namin.c:i by Lisco at the .\Sl. 
itll'W> inJicntPd no d~ectabl. patholoeical 
l'h1rn~. 

5.45 Ea Produaioa ia Chicbm 

ln biniM. (l''.'!:fraordinary demands art' made on 
th.- 1·itlci11m mt>tabolism in the produ<'tion of 
'"S!S! .. ht'll. It wit~. tht-nafore. of particular m· 
lt'!'t',..t to o~rw. tiurin~ the proi.~ of egJl pro­
ti11d 1on. the metabolism of thUAe intt-rnally de­
pc1t1itt>tl nui ic>t>lt>ments w hid1 a"' metabolically 
:o1i111ilar to cakium. 

Jo'orty-four du_vs aft~r detonation, a irroup of 
hen~ from Hon~l"p bP,an layin([ etQtS fort~ 
tir.-t rime .. i11«"~ thf'1r c'OllflCtion. During the 
llf'Xt month and it half, ;1}9 eJlll'il "'·ere laid by 
I a ht>n.... . \II of t ht> f'fl~ WM• normal. ucept 
for two f'Jl~ from one hen which 1''t>r. laid 
1'"ithout .Jlt11l!!. The ~hells w~re ('Ofllpi.t~ 

.. mouth and of normal !!hape. The ••i«hu of 
thf' PU!4 ran~t fn>ftl ~I l[T'llnlll to IM in--. 
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.._ rii I • •M• -' II.I F.- -' ............................... 
....... U Ftcwf of tM ..._.. ._ ......,_ 
.............. witlaill , .. _. ,..,... ..... 
... of .... ir .... 

n. ~ beta .nc1 ....... Kti-rita of the 
..... •-•" •M yolk ... ...-red in the 
.. JO .... aMaiM'Ci, aad the .. ., ... actiTitJ 
of tM ....U •• -nd in the re111ainder of 
the._.. Aa i~n,r ...unt of pnuna ae­
ti'rity ..,,...- in the llhella of the ftnt few 
..,.. laid bf melt hen. The mallimu• .. nuaa 
wtiTity ,.... -111 noted in aboet the ei,pitb 
t11Q1r laid. Aftw the .ctiTity r...ched a masi­
.. _ nl~ the tu'-quent etEJEB in the ...;. 
llhowed a ~I Mt-line in activity. Two es­
... p1ea of thia phenomenon a~ illwitrated in 
FiC'are 5.1. 

The hiarhatt "1lmma activity fuund in a sin­
,,.,_ ':ll1l shell •·u M.;,oo 1-ountM per minute, 
mPllMllre«i at flO da.) l'l pc'"t d.tonation. For a 
jlWmma enerxy of approximately 1 mev, thia 6-· 
u~ ~ to O.Oi ,.c. The yolks and al­
bumena had mlJ('h !eHll activity than the sh.Ila, 
u •·u anticipated. TIM! llVPra,l'e dilltnbution 
of jl'llmma IW'tivity in the f'Jr~ i!! l'iven in Table 
:1.ll. The l"f@u)b of th. radiochemical analysis 
of two PlQr!I •~presented in Table 5.l:l. 

The allu.line earth!! a~ the principal fiMion 
product~ depcr;ited in the shell. In the albumen 
""d yolk, th.- beta 1M:tiv1ty 1.-ontributed by the 
alkaline earth!'! 1u .. ~ only a little ~ter than 
that al'll!)O(·iatf'd wJth thl' tit~ f'arths. 

The pattf'rn of depc1to1ition of the ra<lioRcti"·itv 
within tht> "llll "'.IUI alMO stuclit"d by mea11s ~f 
autoradio111:raph.s. .\ !'4Pries of !'~I "fl~ WM'@ 

hard boilf"d. ~tiont""Ci, itnd autoradi~phs 
"'·ere P"'P"nod of thf' eut "IUrfi«~ ( >nlv four 
of tllf' yolk!! of ti~ ."141 f'SZ:~ "'""~ sU.:if'ntly 
radioal'tin to pro1hic. 1&11tora1li0Jeraph!1 t !4tt 

1-'iaz: .. '\. 7). Th~ ~ f'1[r "' ... ,... laid on ~U{"('ft­
~l \'f' 1ia~·" h~· tJ.,.. ..... If' li.-n. Thf.r. l!I a C'ornola­
t1nt1 1,...,...,..11 th.. r111~ of ra1i1oat"11\·1f\· 111 tlw 
.volk anJ tlM .. of fll,CUM't1t . 

Thr amom11 of ••"1 • \ 11 ,. """"'""'' fnM11 rtw 
·~~· ~!!th•.:." i.l'"t1 ti&,,. "9IX lay1nc ~ 'rlttrY 

a1n1 o. ..._ : 

,._. !.n.-~0t.111 fll C, ••• &a'•ilf ii9 
cl° ... 

----· --- ~--

..................... , 
v-.. .................. : 
A.9a ••------·-- -I 

II 
II 
4 

• 21 
I 

T .... S.ll. • II t . el.. ,,. "'Q+ie' ... 
I ... 1· ..,.. I &Aa ;a-_;: 
! 1s-:~ ------i-------1--- ;---

Ea No. 27 I I i I 
Yolk. ____ 1 3661 .W. I IU i l,MD 
AJ'*-9.: 51 91 i • .. 
8MI I ... - I 3. 538 ! .. - : :IO, 000 

F.gSo.291 : 1 

Yolk.· .. i 316 I - ; 987 2. 171 
Albu-a.: .a! l:D: 
8beU · ; 22. 308 i 4, .. I 

132 • :Jl6 
7, l30 ! :JA. 000 

moch l(l'f'•tf'r than the amount ellcrett'tl in the 
uri1lf' 1111d fl"l-.s durin,r the pt'riod of this ~ody. 
E~,c produC"tiou in the t·hicken rer~nta • 
unique forn1 of natural decontamination. 

5.4' Penilicy aod ~ ~ ia 
CJaicbm 

Ff'rtility !!tudif'M on the t•ontaminate>d ehirk­
t>n!4 W't"l'1' bearun ;i1,~ months pottt detonation, 
1\ 1 !11 the mat lnJZ of hen!! and rtJotrtt"MJ an1i th. in· 
eubat ion of the t>JZ~ obtained. In th. lint 
dut<-h of :..'ti t>JC~· t wer~ hat<"hed. One of the 
ehicks had tht- .-r1pplinJZ !!lip.flf'd·t•ndon mndi­
tion, ··1·011~n1t1tl 1~roM1M.,·· v.·hi<"h iM not uncoat· 
111011. Rallioa11aly!!i11 of ti .. d1i1·k fll!t!~ iodi­
c·ah""i that 0111_,. a bar.ly df'tf'("tJ&h~ 11·11otmt of 
riulioac-11\·• n1at•nal "'·al'! tranMfPrr..., lo the 
chwk. althou«h thll! moch.r """ ha41 at th111 tinw 
au •flf"""'l'ta~ 1·ontan11nat ion. 

! !• '!~~ ~=- h.:d· .... & ....ths p&Jl'l d.tc1nat ion. 
~ l"trJrl'I W'""P ir,.·-.h.t.i. ( >f t._... ~ ••r. in-
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.\ lltudy wu undertaken to det.enaine the 
ability of both llOdium EDT.\ and liftOftinm 
ri~nate ( l~) to in<'~!W' the e.scretion rate of 
int•mally depmited ti1111ion produdJI in the CCJft• 

taminated chlt·ken& On the buie of pre.,ioue 
u1.emnee. it """"' not expected that any appre­
l"iable d«-ont11mi11atiot1 muld h. etf~ at the 
time of thi11 t>Xflt"rimPnt t 4 months followi~ 
i11tPn111l radio1tt·tivfl ci.1>011ition). 

The t>X('f'Ption nd"8 of "4 t·hickens 'lfith lar~ 
IJOdy h11nie1111 of int~nu&I rontaminanu -..re 
d.tf'mtinf'<i for A period of 4 dayw u the hAse 
line for tlw .. tudy. 1''ol10¥rinp:thit1, twol"hi<"kPnl!I 

"'°""' 1njtat·ted daily I. P. with i5 m,;. t!Odium 
EDT.\ for four d1ty!4: t'lfo l"'l"C't'in~d injf><·tions 
of jo lllJC. of zu·t·on 111m citrate t 1.'H. 1uitl two 
Wf'n> in1 ... .-t..O "'Ith both zin-onmm citrate and 
l40dium r:VT.\. T~·o (•hi<·k"n" we~ k•pt u 
1·011trol11. The n1n11 b@tll 1tnd JrtlRlmll ..ctiv1ty 
n1·l't"tf'li by ti~ 1·hi('kP11l4 "'"" Ul'tf'mtinf!d in­
di\ id111tll,\· for """" of thf' tM"tltll>f'llt da.v~ and 
for l dx,\· follo~·ini: 1~t1on of tl"f'atment. 

\ l'~lher r tlf' i1 n·u11111111 "'' rntP nor th. !!Odium 
r~rrr.\ .1 ... : .. "M '"ff""·tin• 111 incr(>ial'lintr th. 
4"lll"l't"t1<m r-~tt' :'' ,.,.....,1, .I \,_~· tlw- ''"• l1ctivity 
llH"1t!'illn>n1..... '' i ·id"' rltt- , om!t1r1...-I .-«lm1ni .. 
tntfi.,11 n( f.lr•"•l'1:1i•~,, •l1:1ft> :111d -..11lr11lll F.IJ'f.\, 
ho ... ,.P1. h1uhl1 .. I ; ii.· r~· r .. • .. •'l ; •t.- 11f t*w hf'ta 
iu"finrv. \o .i.•: •~.,J,. • lurn)t'- 11· th.. rate of 

• • 
a fll Jr city .. ...... ,,. 

_ .. , ............... ? t ..... .... 
,.....,... Ill , .............. Jpar· 
flllll .... .._.. ,,... ... .. 
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81 ti .. -· h ,. •• i:ki ..... - ... 
..._..-4islbi•a1iea.tthe,..._111 pr ill 
lt.~alldthe•areta. Owr•pwcuntof 
the edmty i1l tM body of anima• WM -.1m.1 
ill tM •kMI. The pattern of depmitioa of 
the..._ prodacta in the llDleton _.. in a-. 
............... ,_,1>1e9 that of the alkali• 
eutJ-. Morphological eba...- whidl wen • 
llP"9d in .,.... of the bonN ... ,. be the rM&lt of 
the HIJC*I~ of the animal to estemal radiatiaft. 
although tiw plff!CU of !leT~re dietary <"ban.­
and other di_. eannot tJ. ruled oat. 

Tiw alkaline MftM ~and Ra 1
• and the 

ra~ earth irroup to,reth« l"'OMtitated 7A perc.-ent 
of ti .. po.!M het.a ac'fivity in the pi• at 8-l days 
poMt d~onat10n. The tish and clam had a m~b 
lower t"OO<.'t"ntration of tlw alkaline and rare 
l"1lrth~ anJ a body burden t-oMidenbly h~ 
than that of the land animalM. 

Th• internal diMtribution of tiMion product~ 
in the pi,: i~ probably t'f'Pl"e8entatin of the dis­
trihut1on in hunuua bein~ .\n f'Stimate of the 
human hody buni•n Wl\l'I <lern·t>d from the data 
on pllf& 

~' 111!it'~ made on l"tlll produ<"tion of contami-
11att"<l hf'n~ izi1 \'l" no t>vident~ of i&ny etf Pct of 
radiation. The raft> of production and the~ 
prod11 ... ·Nl 1'el'P both normal. The extraordi­
nary ability of fowl to 111obili1~ calcium in ~hell 
formation l"f'!'IUlt@d in the P"""n~ of very high 
a<"tivity in tllf' ~hrlls of tllf' til'!!t few t"flJll"- The 
act1nt_v Wll!' 1t~o:·i11ted with the ti~ion producta 
of the 1&lk1di11r t>arth j.!1'1>Up. .\ siJl'Tlitkant 
amount of ttc·tivity wall found in the yolk. and 
letM"r 1an1ounts in the albumen. The remo••I 
of adl\·ity from the body of <'hickf'fls by f'fElr 
prodlk"t ion prond~ an t>ft'tdive natural de-­
eontaniination pnx~ 

, 
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......, ., ......... kstrt.•ility ., ... 
..... t1 .. ., .... ,._.,, ·-· 2. 
I 9 ..................... ., ..... ... 
,,....,~ ............ , ...... ... 
1uss .. w "y. _. diit - •l el_.. .... , -........... ii....., ....... .. ............ •, , ............. .. 
flf zi: ·w ~ _. :ti- Kl1r.\ .. 
:iwrr J '' d • ...-... ....,. ef ...._ 
p I 9' ... ,... • tt.ia ..... tm. • .__ n-
,_.. ._ ......... tt. 1•1 tw•• •• ............ 

•• ta.._. ........ pmt ....._. ... s..ithl!lr 
._...._ ..._ die..- nar .-tholotrW•l 
r+a ... • hirta ..-Id be tWnit.ly urribed to 
Ndialiaa ...,. dl'tl'l'f.d in any of the animals. 
Gl"Om b.ta ~•· 'ivity of arin. and timu. •mpa. 
inclit-atl'd ti. : all tht- animal11 had si~itinnt 
iatemal ('Oftta•iaatton. TIR :evel of inter­
nally cWfJOKit.d r.dioi.w.topP.4 iti tft.. pi~ fmm 
Ronplap •·u t•n tin~ th• anMnmt in human 
hPin.- fron1 this ar'Pll. Th. diff..-.l'K.'f' in the 
amount of intenial l"Olltan1ination of the animaJtJ 
and thP bw1aan bein,rw was the r9Ult of th. pro­
lou~ Mtay of the animal" in ti .. rontaminated 
....... Tl'I<' mi4'kt'n11 """"' found to han the 
MllDW' l"Olk-.tltratinn of radioi!dopic matnial 
pt•r unit of body W"Pi,rht a!4 the pi~. 

.\II oft~ animah• l'f'naainin11•·illbe00..rved 
throu,rlMMlf tlll'ir lift'tinM' for th. po•ible ap­
flf'llfalk~ of any lonJ[ tt'nn hiolo,rical l'fff'rtA r.­
MUltin •. from thPir t'Xf>Ot'Urt> to t'Xtt>mal and in­
ternal radiation. 
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6.1 111 .. 1111+111::1nil· • 

6.11 •.•. , .............. ,,. ........................... _. .. 
el t• p...;lr ....... i ... jfW .. in 19". ti. 
• r•d it1 thil- ...,...... ~ to .. pb...i .. •• 
prdih- ,....ins fmm tt.. _. nf at011tts 
..._,...._ n.... di••n-nt •f..-ts. tlw in•.,...-. 
ta...,. of ""hit-ft •u oe1I~· n...-ly al>V""'iat.d 
bf.loft, ...... ~t into !'harp foc11K bv tht 
IH"ftlPnt .piMld.. In this <"hafltPr ttw n.;.linal 
pl'OLIPmll alMX"iat.d •ith ttw UMP of atomic 
Wf'llpnt• nr nut·a..r rnt"for """id.ntM will be 
clil'll·uMfW'd. In parti«-ular. ttw prohl.n'IK a!W>­
c·iattd •·ith la,.. ,..,.i. fallout. al' tlwv •f'n 
hrntqd1t IMlt in 11 .. I>...,. .. , f''.l}Jeri•""" ·.,Mt H 

tlw~: ·~··~· 1•rtain to th• thinkin,r and plannin,; 
of 1"1\"11 cwff'n..•. ,, .. n1ilit1\r\' lllltl indu!!trif'K •m-
.,1o~·i1 ... 111wa..r po\\t'r wili bP dittru~t. Hu· 
man nuliat ion injur~· n'!o!lllt i nar from "'l'IOl!C""' 
to fallout nnd othf.r nuc·lnr ratli11tions •·ill hf' 
thrihf'd. 11!'1 •·•II a~ t·urt"f'nt thcmi;ht 011 tlw 
1liajlll0Mis ancf trntn ... nt of thf' 1li~l4f' stat~ 

""'ultin,r f","' "'J>0KU"' tot~ raJiatton"-

6.12 EurapoiMiaa ol die Pawa« Pu.di ... ., 
MCJft GwnJ Sicmciam 

It mwit lJf' "'1ph1t~i1.rfi that tllf' larp f".lJM'rl· 
n•ntal llll«lnr 1lf'\"1C"t". tlit' ilt'to1111tion of whirh 
k-cf to tlM" npc_..u,,. of h11111a11 hPin~ to f1&llout 
nuliation!'I. •·as P'.'lplc•l~I 1·lc .. ~ to the ~nttnul Oii 

a lrot,inl t·onal 111011 uncif.r ,_~,l~t· ancl ~ 

atnpl11r roncliriou"' that ""' ~ig11itiunth- 11if­
ff'n'ftt front UHM pop11l11tt>tl •"'11~ of tllf' ~orlfl. 
E1wh of ti.~ rorulitin11~. i. P .• ~iu of •·f"llpon. 
hf'1arbt of l111r.4. tnM' of tcarnin, ··-th.-r 1•on­
cli1 in1~ p~nno or 1b.rn'f' of watf'r undf'r or 
nn r t hf' lm rst " ii I ohnousl y i 11 fl Uf'llt"t" ma rkf'<i h· 
ti .. ratf' 1t1HI P'tti>11t of 1·011t1min11tion b\· f1llout 
:uMl thf' JNtrt i..Jt> ~izr anti 1·h•mi•·lll nat~n- of,...; 
fallout nmlf"t"ial. Th~ fado~ ha\'f' llf't"n 1liM· 
t•u!olM"fl in oftic·i1I n-IH~ 1 l~I. It folio•·!'!.. 
thf'rt>fort>. th11t lht' .,,·cant~ olN>nf"ll in thf' 11n:i-

~-~~------

.... n~ ...,... aft' ... w rily t,,_.. 
of ,.....ial fal._. ...... ._ ia tw ,..,.. It 
iJI rt..r ............. thee IM ~rdi-1 efwta te .,. 

••f*'c.l t.... fal..,_ ndiat--. • eumpliW 
by tt... ...... 11111Rrrit.d in tbie l't'pDl't, •"' rlear-
1·ut anti ran t. pr.dic1.d •ith a ......,...,.. de­
Jlf'ft> Of l'*lllnnt"I'. 

In t•':"irular. thial an"ident hu emphllflillld 
tlM' t•rt•nlat• natu ... of ttw fallout matttial 
that r.nd.""l it Yittible in many al"NL It shoukl 
not lw inff't'T'.d that ierious hllout •ill Ml'ftl­

sarily hP vi11iblto und.r othf.r conditions of dfto. 
nation. .\Lio, thf. .-IW'tlti,-.1 natu"' of ttw ma· 
tui11I lt .. !.i·ium osid.) •·ill b. f'tK"OUntend in 

only limit .. I """"' of tlw •orld. .\lthoui;h, 
Ric Mt"tf'll in (11apt.r 111, tlw chemiral at1ion 
of tlw fallout m:stt>rial •·aa C'OtlMitwr.-.1 tn han1 
rontrilH1tf'll littlf' or norlf' to tht' efff'f"fM ~n. the 
tlf'j!'.,... of atll~i,·•flf'Mll of tht' matf'rial to ~n 
nml hair miJtht hP quite Jiff'""'t •ith difel?nt 
f11llont u1atcarntl. and in a t"Oldf'r climat• ....... 
i;• nt in~ •·ould hf' minimal. 

6.2 The Effects of Kiboa Weapom 

6.21 B._ ud Thttme1 Elem 

lit>fol"'f" t llf' pruhlt>111to1 of follu11t aiM•·iatcatl "' ith 
111 .. :,!al1111 wt>11ponto1 iar. diS4'tL...-I in tlPCail. tht" 
n1t-t!wal .. tf..,·t~ 11f kilotou 'tl't>1tf•1ns will hf' M'· 

\· 1t'•·Ptl hrif'tty for 1·1111t rllst. Thca ptf~·t~ of !'Urh 
w..,.po11!< hM\'P J,....11 roni.1dt'rt>tl d1i.-ftv in thf' 
1·011tt>~t of tlw 11omi111tl or ~I KT •·f'lll~Jll 1lf'to-
1111tt'4f hiJrh in tlw air. I :1). The hlL'41 and hnt 
i>tft>t·t!'I lun·.- ...._" IT"f'llt~t thon1u1[hl)· by< >uarh­
'*"~" cat RI. (tll 1t111f little ad1litio11al 1·0111mt>11t 
i!"o n-quirt"tl hcart'. Blal'lt 111ul hnt at't·o1111tf'd for 

tlw rn~t m11jurity of ~rioul'I •"llsuahif'!ol in th• 

llir1i..hin11' Kn•l '.'ii1tJl1L"lllki i1lt'itl•11tM. It !4houlJ 

1,.. pointt"tl out, howcanr, that in riti~ .-ith mo"' 

~111.,..tantial clwl"llina,."4 than •t'r? pn"!tPnt 1n 
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........ if .............. ,,, ... ... 
pc , ... ., .._... ,._.... ·-....... ....,...._ __ ._ .... ~ 
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tim t .......... -· 

UI h 

................ "--rd iR d• -..ti•lly ... . 
tinoly to , ... i...-.tia .. """Nil and .... -
radi•tioet tra.. ti.. •Npnn. and Hpollllft to 
,._, ndiet..,_ itl only a m•tt.r of ...-ondM in 
duntion. • •• ,._.t ia ... latiVf'ly of no l'ipifi­
"'""'· • Th-. ,.....,. HI no 11iarnifinnt t"Ont•n•i­
•tinn of tlwl'lkin and. t"""'fnn. no bPt• ~ionA 
of , .... cia. l.ik••i~. tt ..... i" no !Cilfllitlnnt 
danpr of in..-ion or inhalatintl of radi.•t"fift 
mat.ri•I. and hrnno. no '"intPm•I Pmittf'r- prob-
1"n. 

Roth th. imnw.li•t" ian1mll 1u11I nf'utron 
ntdiatint..,. ""' hi~hl~· t••M"tratinl' and will pro-
1hln" ll("Uff' tclfal t-ly nuli1tt 1cH1 injur~· in man. 
TI-. ratin of 1W'UtnH1 to ,ra1umM ray 1·ontrihu­
tion In tlw total plf .. ·ti\"f' 111 .. •l 1lil'f1t11M'!" of 

biolt'trit'1tl "i1'11itic·a1H't' \"llr1"'4 "·ith """"Pon tyJ•· 
With ntoflC r1HnnMH1 ... hi .. lclinar matni•I" '""rth. 
"'""'"'"•,, th• l"f'latn·• 11.-utrun ro11trihutio11 to 
tlM' total de .. 1lf't0l'?tl~ "ith l*!o!Kll"°" thmu,ch 
tlw mat•nal"-

6.23 Depe......, ol Elecu oa CitalllllCaaaS ol 
Weapon Dnomrioa 

Tl• Plf...-tl'I P"''·iom1I~· 1l..,.·rit ... 1 """"' for a 
hi,rl1 air hor.<t 1H1I~·. With l'lurfa~. 11ntl•r-

"""""""' and u111lf'r1'·.1t•r hu"'4h nf kiloton 
"""P'°"!t.. in adtlition In lal•!d. IM'11t, 1tt11I itunM'-
1la11I• i•H1izin• racl int icHIM. ~rintL-c c·ont 1uni111t-
1 iu11 from f1tl1011t •"1UI ••.,·ur. Its f'lllt"llf "·oultl 
uf rou~ l• lf'!ol.'I tluui "·ith tilt' Mlllf'Jl11tcM1-

'""'Pon: ho"·pn•r, it-. pctt•ntinl ~riorum~ l"llll· 
nof llf' iari1onoct. 

·~::nlt\11 .. •t M-T..t• ul :.utroa-iad1M""I r•cll•••·thit.' 
Rl•J hP .~l for a ... lf't fllllf' -I' SJ'Ut1fttl ... ,., 

6.3 .• t t t - • al Mrs '" 
Wll 11 as 

6.JI I N ..... ..__., n ...... 

lrmt Ten Ma..rtnll Re-. tt. -- pralt­
.._ """""nt.nod •1th Nrlitt atOlllM- •"P­
""" .,. aa.., ...,..mt•~ only ma~itWtl many 
tinlft. Thf' al'f'll of hlfal c.._Mk'1ion. in .. -d .. d of 
ntM' or two mi1" in diuawt•r, may •lltend WY­

f'ral tinllf'M that far. cl.p•nclil1'( upon tllP l'liJIP of 
tlw •n1•M1. Tlw"' itr-. blallt. heat and ndia­
t ion ,.,uma It if.,. "" b@f Oft. and t ~ !'Mt~ problenw 
of 1

11ttHllinar n111,.; raMualtit'tl on "" unprere­
•l•ntf'll *'""' with minimal or no fa«'ihti.s per­
t11in. Iii •dditicM1. the ttroblem of elltf'nMive 
f:.llout iM lik•ly to •nttt. 

~1muru·\'.'(T fo'.\l.Ll'll Hr.~n.Tl'only •hf'n the 
lil'f' l•ll of tilt' homh c·on~ in l 0 011t11C'1 with the 
~urfa,.., of t hf' •-art h. With tllf' hil'h air huM't, 
n1clio•c·ti,·1ty t·o111lf't1MP.1 only on !!Olid partidf'!ll 
fn>111 tlW> lio111h 1·om1Ml1tf't1t~ it!4t'lf. nnd on du!llt 
111 t t... 111 r. Th• p• rt it· I~ 1t ,,. :-1ma l1, 11"' 
tlnc1'·11 hiad1 i11tu th• ntmcwcpht"I? aml tlo not 
l'lt'lt It- tu t lw f'ltrt Ii for l"'"°'IM of d11~·s or 4"\"t-n 
lllOllfhM. I\.\" fhP fllllf' lfit')" l"\'111"" flit' f'1trth

0

f 

:-111rf1u"f'. th .. urnjor p11rt of th .. ir r1111liotu·t1v1ty 
h•~ t .... 11 1lis.,.ip11t.-cl l111r1111-.. t~· in th• 11tmoM­
pllf'no 111ul nu .. il,!111ti4·:111t h•unl ~ult~. If, 
l1n\\t'\l'r, tht> w .. 11pn11 1~ d..tn111tt.-cl on thf' l't1rf1u-e 
or 1·1·- .. 11011:.d1 ""' t hnt I ht> tll"f' li11 II tom·h~ t llf' 
~urf111.,., t lw11 la ri..'\" 11111111111ts of 1111ttf'ri11 I """ 
1lnnn1 up into tlw t•1111l1 doucl. :\l1t11y of tllf' 
pnrti..I~ 1h11~ formc-cl 11n- 1~11\·~· l"llOll~h to df'­
..c"t'tul rnpi•lly whilf' ~till intf'll!4PI~· nuliocu·tivf'. 
Th.- .,...uh 1~ 11 1·0111paniti\·ply lo1·11li1~l •l'f'u of 
.. xtnanlf' r1111ioal'l1, ... 1·011t11111i1111t1011 1uul 1t mu«'h 

l11r:...,.r ""'"of,...,.."" h11z11nl. 
Tlw fMll011t """• 1·011si~s.. i11 t-lff'f·t, of 11 l1tra.Pf' 

1·011tnmi1rnt~I plirnf' t f'X•.,.1it its moditi..O by 
h111lcl1ni.~ or •lfllf'r ~truc·tu!?.'), •mittin~ 1tlpl111. 
J,..111 1uul pt>11t-fl·1tt i11JC a.ri1111m11 ni~·l'. It iM 111p-



1n711A1r UPLL... LUEUI • ,.._.._ _ _,..._,._._._,of 
... ..... _, I , at• "1 W... •a-&. ...C 
.... - .......... .--*h • ~ .. 
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n. m.., ..... ,.._..ial ...; ... •• of faff.. 
- ... f"fNriy it.ho ..... ill ........... 1 I of 
... . \r-ir •:......, (' ...... -- Cl-f•. ,.,.. 
, ............. ~ , ......... r"*d ,... ...... 
l"ll41W'tift' ..... i11 a·r._r ........ .._. aa..t 
#l •i• ..... alld - to IO •i1" widli. 1"'heft 
C'991d he MA ifttt l'lld"-'tiTity in a downwind 
belt....,. 144• 111ii.. in J.n,rth and of nryiq 
width 'IP to :Ml mila to_,.._.,. thl"Ntftl the 
Ii"" of .... rt, all pet w l"ftllaini.._ in the .,... 
far 31 hous and who did not tab protectin 
........ ne-thm oatJinect for potential 
....Wity and lethality depend olmo.ly °" 
....,... Iii-. wind and other weather C'Olldition, 
tit~. ~ra-( I) emphasized that pcaiibl. r--
11alty 6-une ~"".,.. for the ,,.,,,.., JIOIUlihl, 111it· 
uatinft. Cuualtia mi ... t be l"l!dur..d '""'91tly in 
numhPr ~.,.. many in the area would tab 
Mlwitft' or nlk"uate th. al"f'a. .\Im. th. patt•m 
of fallout mi,rht b. spotty in natur., and thUR, 
many •ould flllnlJW' HJWlMlft. S•v•rtlwW-. tt. 
• .,.. •h.r. potf'1'1tially MPriou11 l"UUaltif'R ma~ 
~ult may n~ by om.ni of m-.nitnde th. 
f"f'lat i Vf'I y !411\all a rMM for ron nont ion a I ..... fJO"I'. 

6...H 11w ~ ol Ge=mc •ed--. Pram 
FalJa.c 

Tb. pmma radiation~ af"f' pt'Mtratin• and, 
118 ~n in th. )fanlbal'"'°• prodnf"f' th. !'anw 
typt' of injury prodlJM'(l by th. initial nuliation 
from th. com·f'nt 1ona I "'" pon. In t hf. one <"SN' 

nad iat ion i11 df'I i ,.f'l'f'Cl from a di!lltant MOtU'l"f': in 
th. othf'r from f'MPntialJy a plane !Wlcl. In 
both ~ituation~. (lf'rwtratiu• radiation of thf' 
f'llfU'f' OOd.v l"f'!olUJts. Qualitatin•I)-. the r•tmltM 
al'f' icM-nt i<'11 I. Quant itativf'ly If'. fl .• <iolw--f'".ct 
l'f'latiot1Mhip10, tlM'l'f' ma)· ~ dilff'r'f'n~ cl~ to 
i1wompl4"tf'ly lrnmrn uwi undf'r.;itood 1li"""'lln't! 
in tlw f'fM'rary of necliation and in iloMI' ratf', and 

in thto J"'Oll•fr)· of np•"'""' 1 !4Pt' !W'('. fU:n. For 
rtw. ,....!'IOll~ ancl for 1uiditional M"11l'411•M to bf. 
ad\"UJ<"t"(j latf'r. inMtnmwnf l'f'Mlin'-~ of n:.nr..-n 
tif»ll' nW"11~11f'd in air and puhludwd tl• .. ·f'fflrt 

........ _.._... ..... ...., ....... 

... in ...... , .. , ..... ....... .,, _ ...... ..,,._ .... ~~ ........... ,.11_ ............. ... .................. , .......... ,...i •. 
al'P. I 114 f,_ rMWw ~la-·,..._ 11 •. 
T .. .u._.,__...,,,_.._..,....._ .... 
.. , .. Riiri•i .\tell - ............ .ne-. ... .... ........... .,~ ... 01••·--· 
linftd MW a ...... ef 31........ ..,. ...... 
total dam •li.....d _.. die 11111& .- ._ 
:t,.11lfl r for ti.. • ._ period a& ti. .-tJi....­
f'INt of aon.a.p .\toll .._ JOO •ia.. I.­
Bikini. Two otlwr .... ill ......... I ID aM 
115 111ila from Bikini .....;..- 2PlO .-1 UO r 
.....-rtiftiy. Anothmr ara. m .Ula fnm 
Bikini ,..ind 1.000 r °"" the • llo11 r perialL 
E•~ thM _, b. npwted fw ai•t1t .tm. 

of penetrati• Ndi.tion aiftll °""'ah mi• 
ut• or hoan are indit-ated in T.W. I.I (1). It 
i11 ........... dlM ..... taW.. aft ttm• 
l'hWfly frmn ani ... I data Md lll-. .._ .. 
b. tairft u approsi..a;.. •'1· ,,_ 
nlw yary camiderably f,,.. ,._ Rritillt 
..-imar .. ~Kl . 

T.W. 6..1~ ol Aa. T-1 ....,. braitlim-
rim• II ..... 

50 r I So ~-. So redunioa ill 
' 
~·~ 

•• r : Two ,,..._, ...,.,. be _, ...... 

!n- andlor v-"inc' f« 
llhon pPnDd at ti-. So •nrv­
• '°" t'IOll'4'•~ s., MCI' ... 

ean& red11nMN1 .. e99c•-· 
150; T'ft'ntv-6n ~' ~- in 

a I•• hou,. .. ;,.,.. detnne ,._ 
dunion ia ~i-. Fifty 

perft'llt al the ---- .. , ... 
.,oup will hav• IO be••- ':rd 

JOO r .\II ,. ... be .wwua&ed .. - • 
poma1hle. FVty ...,,...., w1I t. 
non.r1ff'91iYe. 

JOO r .\ppr.m......ety :JO P"'ft'•' ,._.._. 
.\U r-t f"TIWUM- ••~ 
a.'4'1y. .\U ~ IWJl..._..iva. 

t.&O r F'if t y Pft'ftlll dN& i.. 
On~ 660 r lit ha& it.-. htit noc 

f o~ all ~ .. s.,,._t 

---- ·~··· ·- ·--·-----~ ------·-- --------------·------"· ·-~-~·-·---~·-·-- ·- ---
1' 
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·' 



• lif&t'.'9 ., ....... 

1'tda1 I ........ II ., ....... ..... ._....,_ ... _ ..... ., .... 
.._ •liwn .. _.... • .. = r ts, a ... sir I 
•• .._ ......_ lluH•M.a ._ .. iuc1:A .._ 
uoaai•,..• ..... wil•...ta .._,.li99 .__ .............. n,..,_._._ 
liow:A ................ ~..__,...._ 

tt.t rt. 941.t of a -'"" tatal ._ ct.r....a 
...... ly .. th.'-rtla....,ofta.n......,.ofday" 
.............. , ...... "'""; t ........... ... 
Ii ....... mw II cla'1' ...,.Id h. .,..._half u e ... . 
ti ... U ta. -- do. deliftftd Offl' OM day. 
n.- ....,ion.hi .. ...,.•• kied oat on ani ..... 
.... the lllM'WIW ~aftt1Ular'" do. M'hedu .... 
•· ... ...._ dPfi~ at a t"Olllltant rate. 1'heN 
are no data aTailaW. to aid in Haluatin,r ade­
..-tf'fy the ••ft't of a l"Oftlltantly rhansintr eta. 
rat..,. .....,..nt"9'd in a tWinn pnxlurt tiPld. 
.\hwa. th. n-latioMhir- w..-. wnrk..t nut ...... 
llnlf• •ff..-tR. ,..., .. h aM :1n-dt1y mof'tality and it ia 
not at all ""1ain hmr c·lo.ly ttW'y a1>PIY to 
1oe....--ran.., •f..-ti; MUrh u .,....,... ,>nllUC"tion. 
iJ.nn"" i.._ of Ii t. "fJll n. .tr. < Hon.t ir •f ..-t11 
appa""'tly a"' clfopl"ntt.nt on total 00.. and 
Mhow litta. or no dPpl"ndPnno on tkwo rate. 

F.11;t40rucjyp I.ta a.,.joqi fmm fallout in human 
bPinll" had 11ot t..n f'flnMlnt"""I Pf'"MwMly. 
A"' 11-·ril ..... 1 1n ( 'hapt4"r 111. th. i.MiOM. 00.h 
1·li1111·"ll.\· 1'1HI hi~nlo~i.-ally. ••n- 1-c>nMi!llt•nt 
with pr.nou,.1fat111111 f''ll•rinwntal human and 
animal l.-.a Ml)" humM. 
~v .. .-.1 pni11tl'I .JKMJld t. mad. n-pnlin• thf. 

hPta 1-ron" from fallout radiatiOM. J~a a.­
!Cion .. of ti .. Mkin ancl tA.pilation 1•an tin ur in 
ltM' ah..t11? of J.thal tlcll'lf'94 of J.'Wnllllll ray14 and 
.-.n t .. ,...ri•MI"- Thm• !'itPfJtl ... tl4tttld t .. takPn to 
l'""'·•nt t hf.na. . \ nd it "·ou l<I • 1 •1,.. r tlu•t. with 
"'1l!'WHtllhw ,...,..·autin11"' th4"_,. ,,.n ti. pnovPntf'tl. nr 
Ml ..._,... m"rk,..ll_\· ..,..hat..-.1 in ,..., ... tit~·. ( 'nnt1u"f 
uf tlw f:illout •ith lhf' ~kin 1·1111 Ii. pl"Pl"f'ntt>el hy 
nonmininJr •·11!1111 .. uihhw "'™"hf'r or hy .. -... r­
in~ onli1111r~· doth111". If "'fM""ll"' 1·anncll l• 
pno\·pflff'll. n rl_,. ttrnl c~""I''"" •M•nmtaru111at ton 

nf ttw 'k111 ie111l ha1r "·nul1I pno,·•11t nr ...,....., rlw 
..,.n•r11_,. of th4" 1-1011' P•rti1·11lar 1tftPnf1ou 

.. hnu'4t t .. ).!'1\f"fl '" tlw hair 1....,....,... of ttw likP-

....... _, £~'~" ~ !t::p;:cl ~- ff~ .__.._, ............. ,__.ti I 

r- ,,., .., ..... di"i .. - ....... ............... , ... 
""' ,,. -- ., •' --· ..... , -. I. 

T'hefana.t.......ar"M•n.a.Wor• 
...... •11111 it w11i of ~ t'Dllll_._.. n­
p..t fond or water 119ppla n.-. • witla 
hPta .,..,. the ,._a,ilily of• huard ,,,_ thi. 
-l'N itt 11' ·w.. .b with the •• ......_. 
t.own.r. the proitkm ... , _. t. too M?1ia9 
and matiftiy lli•ple __ ,_ .nn aid in miw-

i111iai ... Ht-ft. T1w patn ·- of tJ. 
fallaet matt'rial prollahly will nnrd the opti-
mal "i• f,~ a umjor inhalation huard. F..­
data on th. Karwhalll. .. .,._.1 to hllollt. ii i9 
"""' that th. ~ of int.rnal hazard i11 th. 
H..,._.t fl'" WllM WU ,..._n. This itl mroun.­
i .... ,q..,. t""-" ~ liftd in a ,.fat inly prim­
itiYP 14f•t• wt..re ... simu• ,...._lity of~ 
t .... inmtion of fond and watn- •f>PI*' nitll.d. 
If the hazard wu minimu111 und.r tbn. ron, 
ditionR., it .. hould he•"'"' leM oFMlw ronditinnlt 
of ntoJ.rn .\n•rinn liYin,r. With all of rt.. 
tPlltin,r of nuC'lnr (IP't'i<w in X.vada and •• 
..-hf.no. thf' l.v•I of !Crontium. ttW' moc impor· 
tant fut..ion pnldut·t as far a!I int•mal hazard 
iM '"'>nt'f'nwod. ill !Ctill only ahout l/lflflt of thf' 
1•m1i!4Cihl4" ho.I~· honlf"n l\!I ""'°"in•n(t.d by thf' 
Sational ( 'ommitt .... on Haciiation Ptotflct1on in 
S"tim1:1I Hul"Nu of StarulanlM Handbook j:!_ 

for 1111h1Jolfr1al •·orkPri I~•). 

TIM' pnthlf"m ,.hould not bP IM')..rk-t1,..I. how­
f'Yf'r. Tlw t"tf(l(·t~ of i11lt>rnall~· tM,JlfJMit ... I ndic~ 
artivP matf'riall'I may nut llf"C,lftllP appu· .. nt fOf' 
many )"Nl"I and. thW4. ttM- probl.na in thf' llar­
~hali.,. will not hP fully PnluatPCI for ~-,..~ 
.. :"'"'"Y p•~iht. p~11ution a,rainl'll inhalinar M1-
1lic•u·t1n• nuel •rial. or of in'-'P.4in,: (,Mtlamin"9Pll 
f•ul 1t11cl 1nttf'f Ji.Mt lei hP takPn. (sh nuuik,. 
that ,...i•ntly rP1nm·40 ti,.ictt1 pmdnrt partit·.._ 
fnmt ttM- air•"" a\·a1laba. arHI 4""•" a •PC 1·&111th 
o\"t"f' ti .. fa•? i~ of (~tn:-ulf.neblf. vah• fur th~ 
IHI~•-. Spnnldi1ic of an al?ll I!< rtlf'Ortt"• '" 
""'l1tt·111at th. anteMmf of 1lu!4 111 th.- air. l.,atft 
••lf"f", ur ••jl a111I ••t•r "di,... .. ,, .• a larp 

- -JL~- __ ........... _____ ....... ~ .. --- ~-------·----- .. ----.. --.----J.jlf<fi- .... -... .i;; .... ____ ...... __ - . 
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A .,, ' st..___.=+.~--­
~ ... :scai .•• ....., ........... ...., 
.,...,_,...._. • ..-,. lhpa1 nrl...,__ 
7 i••t• f'MlW ia ...Wi+ 'I. it ....... 
NI ti.W, .... Ull imlatad fl'am _.. ...--
__.. ... ildi ... wheft ... itift raft ts ii ... 
nm - tram tJ. &et that l"Ofttaminatioa 
can •IJ be tramlwTed.. not ~. and tt. 
48£_,..inatioe • .._ is likely to beroa111 quita 
"flat" in a relatiftl1 short time. TinMd aood­
cu be eat.ee with ~plete •My and it i1 
haply unlikely that city Waler 8y!ltetn1 outside 
the ara of blat damaare will be rontamin:i.ted 
IOOft after a bunt. One thinJt appean to be 
CW"tain-any e•ecta hom internal radiation will 
be '°"C ra8'l'8 and ,.1:1 be of no COllt.W'n in the 
arute period. Total body radiation from 
~ma rays. and skin irradiation from beta 
emitten will be th. chief radiolotfical roncem 
at early tilhll8 foUowin,; an uplMion. 

~ •·amin~ of l>OS!'ib~ fallout will he 
uailab~ and the fallinJr radio-activf' matf'rial 
nu•y 1tctuall~· bf. visible. ,\~ !4tat~l. the (J&ttf'm 
of fallout "'·ill depen<l on "'·ind vf'lociti~ and 
other ~f'1lth.r<'Ondition~, 1rnd th. p•ttf'rn is thus 
diflirult to pno<lict under the best of <'ircum­
l"tant't"!'I. Jlm,·pvpr, it will bf. appal"!'nt that in 
<'IO!ol4"r-in lll"f'R~ fallout may not Ol'<'llr for 11ev­
t-r11l 111111ur~ afti-r tht> hl11!4t and thi~ 1~riod may 
f'Xtf'n<l to ~\'f'ntl hour ... at ,t?rt>1tti-r di!-!tanc't"t4 and 
with .~lower wind wlo(·iti~. Thu~. tlwre i:-; ~mf' 
timt- for 1>n1:-;i ,.e act io11. ( 'om1idt>ratio11 mil[ht 
bf. jliVt-n lo f'\"1trn1ttinjl the lln>a if !WJM."lihlt- f1tll­
out pittterns h11n• 1...-u invf"-iti,.'1lted nnd an> he­
lif'\"f"tl to IM' prt"(jietiehlt>. f )r it mity lw poHHible 
to litke :-;helter. ~uftkit-nt timt- proliith)~· wouhl 
llf' 1tvailllhlf' to iellow nalntively <·ompletf' pnapa­
rntio11 for an P~tt>ndt>il ~tny 111 11dpq1111te "'ht>lteN 
with .. ror1111l of ... 11ffi1·i.-11r foocf lllul witter to 
allo•· ..;c1ntf' 1t1h1111taJ,:e lo llf' rakt>11 of lht> 1lf'l·av 
of tl!'4.<1iot1 prodtwf rad iat 1011 "'tt It -.u ft-r P\'a1·u~­
t1011 of Kil Mn-it K ft>"' d1\\'!' •ftt>r tltt> fitllout. 
Fanliti~ m•~·. for 1l1t> mo~ fNlrt, I• f'Wolt>1Jf11tlh· 
111tac1 ... 11..!1 It!' "llff'r. f"U" Pr, tin- h~ht lllJ[ ""'1111; 
lllt'lll, f"fC. l 11 I 111,. ...-11 ..... :ti lf'lt..t, Ollf' 1 .. 1111-

• 
____.~, ....... n9 t- ....... tlw .... .,,, .......... t~--.... 
lf~ ........ to.....,.;..,.. of _,.en ia tt. 

fal..,_ a.-, the feHewifttr •i..._ t." '­
,.1...... .\ fra9e how WCNld ......... tfw total 
dr1m ~nd by one--half, and a brtrk or t"'Oft­

t>nte lttnk'tllft woakl be "'°" e~in. A 
bueawnt wot11d ,.._.. the total espmure to 
one-tenth of itA nlue. In a shelter of thick~ 
equivalent to tbr. fflllt of earth. the dole woukl 
be ndtKed to OM fiff-thomandth of ita nl~ 
Rfordi~ C'Oll'lplete p.n.t«tion in the mmt heay, 
ily contaminated anu. 

It t1hoi1ltt alao be noted. on the oth.r hand, 
that whiJ.. the denay of ft.ion product ndia­
t iOM i11 Htft!Mly rapid oYer the ttnt few min­
utN after detonation, th. rate of d.cay twumee 
l'OMiderably 19111 rapid in the tlUC"t"ftdin~ houn 
( :l). Thus. •·ith fallout ocrurrinsr IM>l1W houn 
aher the hluit. if ad.quate shelter i8 not nail­
able. earlier f'VIM'Uation may be better than ,._ 
lyinJ on p.rtial sh.her and on rapid deny of 
t~ racliation ti.Id. Startin~ at l hour afttt 
t~ blast. ii 1riven dOM@ rate •·ill fall to about 
44 JWl't'ent of its nlue hy 1 hour later. How­
t>\·f'r, 1tt JO houni aftf'r the hl1U1t, a 1riven dORe 
ratP ""ill fall hy only 11 flf'~nt of its value in 
11 (M"tiocl uf I hour.'"· ll·· the dOMP nte llt 11 houni 
will llf' P49 pen"t"nt of "'·hat it 1fll!4 at 10 houni. 
S11d1 i'lflltf'ment!'I 11!4 ·•11101"!' than "'41 pert'@nt of 
the ndiation dclt*' from atomit> df'hris will be 
df'liverffi within IO hour.! of the nplot1io11 time" 
""'trial' only if fallout oN"tlrfi immt'4fiatPly att.r 
tht> dt>to1111t1011. If tht> mu:imum fallout and 
r 1111 .. 11111ltim11m 1>XJ>0!'4lln' r11t~ i11 " fallout an-a 
1111 H' 11ot oo·<·urna.I for '-4'\"f'ntl hrn1n1, t l1f' rate 
of fallout in tht> 1trt>1t ob\·io11!-ily will not he as 
rapid as it wo111tl llf' for <'itrlit>r fRll011t malt>ri1tl. 

6.4 Estimation of the Severity of Ex­
posure to Gamma Radiation 

If tlM' itl•·olutf' ,...11:-;1ti\it~ of man to nulia­
IHu~ "'""' k1101'·11. 1uul 1f If " .. ,,. fNMtb!. to I .. • 

tt"r111111t' I ht' d·- I· 1Cf1"'1"' 111116.r •·at a'4 rttf>h. 

,,,_-----~----------~--~---~- --



- •#1r9 ... ,,, ......... ... 

,.....,_ .................. ~;:· ..... _ ... 
....... Hcc•1W.tt..1" ti m .. , .... ..;. ~..-\. 
........ ftf ................ .., ...... ..... ........... ,.....,..... ........... " .. ....... 
..... t ... ~ ...... , .... .,. Wiii .... U111 ..... f..-
........ r.Y tt.YW... fll' f"1111 ............. .._. ,._.. 
alld tt. pmiitiftft of tt.. indiY~ dMnnc n· 
.... ft. ~ "' ..... di9"1lrila .,, ..... ,." .. 
...... i1, .... ~ ... i .. ~ .,. ohT"'9-. n. f'S· 

ad poMtioft of th. indiYidml and,._.~ nl 
...._.i"ll will not bP known prwi•ly. T1w 
.._ ..... .., ..... ~~th. ckwo or a do. Nt• 

nic-h may nnf "'ftft-t atturat•ly bPnllM' of 
Mi.ldinir. Pllf'l'IO' MIJ'"ndla""' of th. df'vW.. f'itr., 
••~it inn nf •MllO' •ithin ttw i1KliTidualA 
at thP 11it• of int..,.., naftW'ly hon. marrow and 
llflUllmtntftltinal tnrt. )l'orp important. be­
raUN' of indiYidual dif•l"f'nt"f'lll in !WnMitiTitv. 
iooiTidual"' nfJO"f'd to thf. •nw mNHUl"l'd .~ 
may clifr•r •idf'ly iu tlwir ""'f>OO~ Thwi. 
f'llll i ... tf'M of do. ra lru lat rd from ckwo ratf'll or 
df'ri,·td fron1 1111 intrlfMttin~ clflMimrt•r or Imm 
pn11itio11 of an infii,·iclual clurintr PSJl"l"ll"f' ran­
not t. ..-.~pt.,.l a" tlw....,. ind.s of thf' prnhahJ. 
fat• of an indiYidual. or a" thfo tinal inclf'x to 
thrrapy. tria..- or pm,rn•iMitc. ~inno thr 1tyn· 
d~ of radiation injury han nryini: "Ymr­
ton1t1 and arr tic .. df'1,.nclf'nt. ttw "ymptomolotrY 
i111 in •nN. a prr.1onal incli1"atur of 01M"

0

M fat•. 
Jo:xprri•n"' with human radiation injury at. 
HiroMhima, ~ap!lllki. ~·ith l"'Pll«-tor arMI <>ntiral 
n!'M"nthl.\· ac· .. itlPnl!-1 arul thr fallout ac .. i.if.nt tif'­
~·ritJtOcl llf'nain "' ronarl~· ""IE~ that thf. lJPM 
nlf'thocl for P'4i1111ati11ac rlw ~riomuM'llM of rx­
poMUl"f' at thP imli,·i1l111tl )p\·rl j,. tliP .. ~·mpto­

mati1· 1tp1u·u11c·h. .\ .. "'·ith any di,..,., an at·· 
t•uratr 11ppni!llll of rhr pati•nt'111 c·ontlition .,.. 
.. ultl" onl~· from ,, thomuJ:h p\·aluation of tht-
111'."fnr~·. ph~·,.j,.,.1 itucl lahontor~· .. ,aminittinn 
(- ~·11011 6.;1;l lirlo~·). 

6.42 la~ ol ~ry al bflC*lft oa ct. 
E-.Oi~ Ome; LO... for.._ 

·nw 111tf11P1w .. of 1 h .. ~111..-. r~ uf .. ll.f•...urr on 

rtw ........ ," ... ·•·- 1 ... 11 .... ·11-l 111 ( 'hapt .. r I. a1Ml 
rt .. ~~·!!:~::~J ~~~.,.l ·!~~ f~:~ ::l:.:: ::; ! ·~i.:i.r,··r : \". 

e,,.. "*"4- .- ~..,...... ................ ,..... ... ~ ~ _ ................. .,~ .......... ....... 
h • • n11 :e. a ,.-... .: ............. llw .,...., ... ""1'· 

.... ..._ .... t•f '~ ...... ~"1 "' f'S· 
,......... ...__. ,..., """1rY "' ,.,. ...,..... ffW rhilt 
... mwl ,,.... ;.W. rt...._. rwtf' at , ... rrntn 
of tlw t..h w...t.i hp I'"'« tlllm fflf' tt. ._. 
... ........ f..- • h..,h ... ., :(.,.,. .... ,.... 
........... "' aw ..... fl"'S,_, .i .. ...t .. . ..,.. .4'w-f,."' ,. ........ - ........ .,. ... 
thllll t. Hprrtffl tot...,..,~. fnr tt. ,. ... dn. 
.....,......1 in air, than •'*Id laboratory nMii•­
t inn11. 

'J1w. hiirh initial itM"icWnno of na1.-.. Tnmitintr 
a1KI diarrfMoa in ttw hiirh ... ~JJflMll"P )lanhal.._ 
ll"""'P· arMI tlw profnund nPUtmphit. and plat._ 
a.t rount 1kprt'Mion irMlnt..t a ~•w ••ft't 
than niiJht haft llflf'n H(W'l"t..t frnM 175 r n. 
th. labnntory. in k"'Pi~ with thP abaft. .\" 
intli ... t"I in ('haptw I\". f"11n thiw nhlP f ... 
tlw ..... r.ttind. aoo fmm tlw> ·~of nlu> 
··~·t• 11f'p,..,..ion it i1t pwaihl. to Mimat• thP dfwo 
at •hi1·h ll !'llllall incitt..-. of mortality wnald 
h..-r .,.,..1ltrd .-ithout tl'Ntnwnt. TI... rnn­

l4ict.ration1t 1muld pla•? thf' th~ for mnr­
tality at appnu1imat•ly :i!'.l!> r. arMI thP LI\. at 
1tpproxinaatrly :\."'10 r for fallout ittmRaa radia­
tion. It j,. alMD 1·a..r fmm tlw abnT• ronl'idf't'­
at ions. t har a ticttl"I' for an ( .. J >. for man. 

i1Mlf'prnt""1t of th. t"OfKiition of Hf>fll"U"' is 
.-nt ia 11 ~· nW"ll n i lltfM. 

TIM' LI, ... ~'"' of :\."10 r i1t l•k•• thf' ulur of 
"'4U or -4:-41 r c·orumonly quott"tl 1 ';). .\ "'"'nt 
l"P·Pn•luation of tlM' .Jape,..,. Saia~ki and 
II 1ro,..hima homhin~ 1lata haM r"f"!4ultrtl in a ti«· 
11na "'·"II ieliu,·r rhr ~oo or .-:~t r uhw for the 
imn1Ptliatr nulialtcHI fmm thf. l1nn1h. Tlw rnnr 
in rhi!oi ti,ctlrt', •l" •rll a!" that oi>'ai-.: fnJjl) •\w 
~lar.-hatl~ 1l1tta. iM ,-.r~· JC""t. llM-PTC'T. the 
prnfntmcl lirmatolotti1·al rtf .. ·t~ !W't"fl in thl­
~hn-hitll-· ~rnulcl 1u-Jrtw '4mt1arly for lfl••rinl(. 

u;· ., 1 ... !'if 1111• nti .. inar. thr l'lllTPlll ·~·~ P"Cl· 

mar .... for,•\ ii 1hof .. 11"4' arMl nflwr plannnttE. th1M 
p1tr1 wularl_\ 1111c&..r 1·1,,·un~all•?!" •hr"' fallnal 

• .. ti.110•"' 111•~ •• •ll.P""1 ... 1 ,., hP rhr • b .. f 
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1 !f 1 t I •a ..... 
.... Tnefll ... UK, Dim .. Time,,_ ..... ..,. 

'-51 .._8'9q ................. ... ......... , 
• titfrion mjwim ftall be diYided mt.o thrw ··-cal di: ' 
L ,,. qMs •I of whole holly radiatiala 

illjwy whiela. are pnMI__. by pe1wtntina ioft­
-. ..... ..., ... wt.iell.,. .. ~ 

ho s.,.ficial rMiatioa .,..,. prod....t "' 
..It nlliiatiam (._ and low enera X- or 
I' • ndiatiw). 

e. ....._ mj.-y prod...t ~ the ciiepmi­
u. of radiomlelidal within tile body. The 
diaical picture ,..;. w1tla the site and amoant 
of dep uitim. 

Each of tile &ban is ~iated with aa early 
plane in which arute sympt.Glm and siJM may 
be obeet ·~ and & late phue in which t"hrotaic 
dlana- or maniff!lltations !Nt'h u t"al'k'el' may 
be obat•M.. Ai.a. the~ of injury is pr&­

partioned to do.. Particul.uly in c1.. a, 
total-body irndiatie>n, the di..- entity ..,. 
is hiahJy dependent on dme. 

u--. ••• :...,_ 
The d<W!e-<lependent 8)9ndl'OIM9 l"flA1tinc 

from toaJ-body n.posul"t" in the mammal ha•e 
h.en dftlcribed in detatl 1 W-13) and n..d only 
be !IWDmariud lwre. .\ fter lar~ 1l~ 'ap­
prosimately 6,0110 r or mort'•) th. <Wllrsl Mrt'­

,,.. "Jllf-11M "JPtJti,·v'IW! ( t.'S~) iH produced 
( 10). Death may ()('("Ur undr ;· the beam after 
90llW hon!"!. and ta pl'ft'Pded by hyp•~xcita­
bility, atuia. rMpiratory di~ and int•r­
mittent !lltupor. l>oMM capable of pnidm·inJr 
thil'I !'lyndl"OIM are •1•a~a uniformly fatal. If 
an orrueooal animal !4Un·in" thi .. ( ·~~ l'H' hu 
yl't to HJWMetx-. th. qtlllfrotr&l,•tirt41 •fdN~ 
f(il~l. ~ 10. ltl whwh whrt1 proJu.""t h~· dt!IP.' 
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ill e.- al 1500 r ;. alw•,.. fwtal wnhin M 
clayt.•• ,,. ors i• ......... ba:aw of, .. 
JDarbd na-, "'°"'m111r, diarriwa. ...t dea9-
dation of the ... n bowel 111...-om. The 01~ ia 
a anifontlJ fatal !!Yndr ill ..... hlhorwM'y 
animalL If the !IHwt ~ 01~ of a M 
hoan clcJm nat prod1IN tlle 14 day clMth. the 
llUYiftl"I al thia Sf'.. . ..... yet &e ......... 

.... tM ........ of .... mal'l'O'l0 ct.p1wsi• 
which.._ 1- t....t t• "'-o,,-rie .tp­
tl~ (H8). The HM ia net WJI rity fatml 
It ia the di11iral ptctllft that i• - in tt. 
lethal .....,.. far alt maannaht and in .,enft'lll 
the J.J). nlw repol"tM Npl'WWWllt the LJ>. t. 
the sequela of hemupoietie ~· 
locytopenia and depre=wd de,__ apimt i• 
fection. tbrombopenia, and anemia with the pm­
sible r.ulti111: in fectioa. dihm purpq~ ..t 
hyposia due to .-ia, any of whk-h may be 
fatal. More ciMailed "-rriptioM of tt. path­
~ of tt.. phenamena haft belit\ .,... 
lilitwd ( 10-11). 

The abaft picture of radiatiaa "'nd~ ia 
hued on ani.,.l .-sperimentation : lVJwe.w. 
human es~ (ft.17-ii) hM indicated Um 
man probably ewrwporadM quite ("~y to the 
~1 a•nmialian rwpon.. outlined abon 
with the es"'ption of 90IM difere1k't!8 in time 
of OttU~. The ''~8 appanmtly wu not 
ohMttved by the Japan.- at HirfMlhima aad 
S~aiaki f~l. 22) nor would OM n}>fd it to 
b. oh.rTed itintt d08ftt to produc-e this 11yn­
<il"fWIW were Wf'IJ within tlw- a"" of total d. -
«ruction. Thi' (a~ with deaths in the 1st 
.-.. k a"' well Jo..umentf'd dinirlllly anci patho­
losri(·all)· u •"' dNth~ from th. HS t 6. l~ 
:.!I.:..'"~). Ho•nf'r, in th. cue of man, dtoathll 
from infl'<:taon ... ,.,. rnOHt JlrP'·a!f'nt in the ~ 
to -kh wM. 1 maximum mrirlf'nce durinar :Sci 
wf't"k) and from hf'morrh~<" phf'flonwna in the 
;1.41 to ijth WH>U t ma.ximum in,·i11Pnce in 4th 
•~kl. lr1 th• Jar-~. aftt>r the bonabinc of 
H1n1t1hi•aa ••i«I ~•ttaioak1. 1J.ath2' from nuiia 
tio11 injury •·f'N' •11·c·11r:·m~ L"' lat• a11 tlw 7th 

·~ al'P "!-·- :. ... •ra•• ~an.ti.- 1'iP ~ 
ota,. ...... .._ .,.. _ ... i-a..,.1 I• ..... rat• •M .. .... 

~-.: Q.-.1r.. ''" ,"", '"'" "•7• ........ ~ .... ... 
......_--"- ....... f11. 

·"""""------------·----------· ...... ----------------------------- ~ ·-



- =•- • •w••• •.• _ .. , .. __ 
..... ftil ii ia I 'mt '9 «'- ·h 
........... fl'9m dill - ,.... 8ft - II 

- .... t8e IOllt .,.. 

6.'5 Pt 0 tr pal._, .. _.• 111 I• 

Its+ -
Hw9\ n.en.u. •F 111 • ia U. i.tW 

.,....,-...-.1-aataD.willciiein&M 
ill&.....& ...... t.lluw&w •paRI'•) ma lie 
••l I I wwwdim« te 11&¥ 1 an4 ..... iM9 
"' ,. hari• • di.... propu Ji Th• 
tt., _,. .. dm.d inte tlarw lllOWfW ita wtaiela 
wni•al is. a...-.tiftly, -~6-'le. ,,....W.. 
ud ,.,.,.,,_. It will ._ a..,...-t that ti... i9 

.., •rp Ii• of cleaaarftdioa -. the lf'OUI& 

0....., 1.-~wrriMl i...,..Nbk: 
If .,...iti~ ~" promptly or within a 
h hoan and ronti1111e1 and i11 followed ia 
rapid ~ amion by prortration, dia~ 
anoresia. l@,·tt, the proirnc-ia i11 .,.an; 
death will almost definitely occur in 100 
pel"e'Mlt of the individual11 within the hit 
...-.. There ill no known therapy for tt­
people ; ac.-ordintrly, in a catutrophe, at­
tmtioo shoald be dffoted principally to 
otheni for whom th.re i11 MJme hope. 

Group t.-SNrm·ral pouibl,: 
\"omiti~ may OC'l'Ur early but wil1 be of 
relatil·ely short duration foi~Red by a 
pt'riod of Wf'll-~in,v:. In thia period of 
well-hf.in,v: muked chall,IE9! a~ takina p1~ 
in the henwpoietic ti!mRlft. Lymphocyte. 
art> profoundly depr~d within houn and 
l"Pm&m !'!() for months. The 11eutruphilt0 
1·ount i!' ciep~ to low levels, the ~ 
and tmH" of mllximum clepreMion d.peud­
in,v: t~pon the ci<JHe. Si~ of infection may 
~ seen wht"n the totlll ~utrophi1e rount 
t· .ui !'f'Ac~i virtually zero ( 7-9 days). Tiie 
platelet count may reach very low levels 
after~ weeks. External evid•nce of bleed· 
in~ may OIT11r within ~ or -& weeks. This 
,lll'Otlp t?p~nt!4 the lethal dOMe ran.re in 
tlwa rlRMMi<"1ll pharmarolo~c ~n!oll". In the 
hiJCher l"XJ>OKllf'f' icrnups of thit1 <'l\teJrory 
thto l•~nt period Ill~!! from 1 to 3 wettka 

wida litt .. diftftl".._ .t ;.;.r;.at 11 .. r 
thlln lfiPt fatipL .le tt. ..m.t1- ol 
the latent period. ti. .... _, Je•ekip JN.,,..... epil.UC.. ........ tUta..-
~ int.'tiom of .......- ar ha,,., 
diuTh.. wf .. 1-.. ,,. I FWRJ wil 
be lipihllL Wida t.t.-.,, dllll -"riftli 
time c-aa 1111 espwted to be P' rh ........ 
ii •!i• t• i9 pauoiJ J far bw mar­
row ........U.. the w • lftl .,... will .. 
iaer111 ii. 

In .,.,. .. 1 a...t i the Woad pic:tuw i9 DCI& .. 
~) dona..-..1 • ia ....,., a. 'l"h99 are ..... 
~tinical ,__ to belieft thM ia the lethal 
,..._,. the pnaloeyte depa i- wilJ be 
....a.ct and h.low lJlOO per IM\• charinc U. 
*I week. Goad olmnatac.. i• Japu (i~ 
ti) l"Ollfinn this ~tioa. Howefft, in tJ. 
~hal ran,. it ~ aauda laftpr fw the 
~nuloryte t"Mnt and platelllt oount of .... 
to ~h minimal nl-. .. ~pand to odwr 
mamaaala (tiee Chapter IV and refaw-e 10). 
°'9flite the chaotic c:onditioM that esi.led m 
Hii"08hima, the data of Kikuchi ud Waki-D 
( ~) show" that then wu a more raptd an.I 
marbd dl"('l'f'U9 in Groaw- 1 and i than in 
Group 3. 

GrcM&p 3.~"""'9ml ~w: 
This jlTOUp conaitltA of indiYid~ who may 
or may not h:l'l'tl had ft.till¥ na...a and 
vomitin,r on the day of nponn. In thia 
lfl'O'IP there is no further nidentt of ef · 
ff!<'tll of tbt" PxpotUN except the hf.ma· 
t~oei<' l'hafl#N that MlR be dfitectf'd by 
,...;.1 !4tudin of tht> btood lfith particular 
rt'fere~ to lymphocytM and platel.tit. 
Th .. lymphoc_Vtf'fol rt>at'h low wnl11 early, 
1nthin ~ hom'!!. 1111d nmy show littlt" evi­
dell<."t! of l"P("()\·ery for many mon• hs a ft• 
Upo8Ul"P. Tlae innulocytflll 111ay ~w 
!'WMne J.pmision durintr th. .-ond "'nd 
third wM'k.. Howenr. rorur;derahle nria­
tion is tttW"Ount•reci. .\ iat• fall in the 
~nulocyu. duri~ the fkh or 7th week 
may orcur and should be watched for. 
Ptatelet rounh& rH<'h the lowf'Mt on approx­
ima~ly the 311th 1iay at the tmw when 

·i#-.....,<'f!I, ----;..; •a=c~n aw •11• ,.;:_,. __ Ill _ _. __ ... _,_ ... _-~---



••-•",I._,> ........ _ ........... ~ ... 
•• H ,,. ............... $ ... 

e9m& ....... I I 11 el • I a+ • 
• • rtw. Clbtl ...... tMt - ia ~ 
cnSJf) -· le .... pint bk nMil dli* 
............. tM lOlla ..... ... _., ,, .. ~- .. , ......... . 

fa ...... iwlilit t willa I t.. .............. ;_..., ... ~ 
tilt '1 Ujupt1a1111tir. ,,.,, aim, ,.a·111a 
witJa ...... CDllMa.,, 1~--- GI' ... 

_, ... - ......... al w.m .. 
It a nil bowa u..t all ck'1 a api• 
U.M*ien ue Jow....t ..._ hJ •hthal 
..._ of ndi8tiola and a.-. paU.... witla 
~ ~ ........ ~ .. 
kep& •nder chm ..... n1ti. and adai• 
i*"9d appropriate dmapy .. indicated. 

6.6 llcl.nc Hazards al Bcca aad 
Gu.. Radian Prom Fallour 

Cosmw• Bru Rm• to the akin and whole 
body pnuna radiation injury ~n be 11U8tained. 
M in the p1uent upai ienee. However, situa­
t icxw may ~ur foHowi~ fallout in •hi<'h 
prcmpt encuation f1'08l the ...._ would limit 
the whole body doee to minimal levelA. but in 
w-hich df'l•y in dfll'Ofttamination of th. skin 
would ~nnit 1119TPN' ra1liittion bunw. The re­
Yente situation is r "It only oonceiv1,blf' but oc­
eurnd to " limiff'(] ntent in th. Marsh1&llese 
and .\merirans. 111~. who 1'"e~ inside. and 
or <.•0111pH-tely clot hf.ti, r.t."f'ived practically no 
!Cin bun1M but nit't"i\·ed apparently the same 
~ of who!. body ratliatinn. One might 
a1*> ~ expo•ted in ti~ ~"· df'C'Ontiuuinated 
protuptly and tli.n enter a sht"lttt l:x-cau~ of 
delay in eXlll'U&tion. f'nJer t.,.,. ein'Um· 
st.rk.'ftl., or~ woul<l ret't"ive pl'efiominantly 
whole boJy na•I illt ion injury. 

In the rourw of thf' prt"Sent acci1ient the p~­
elK'tl of 3C)f)M! open skin burns did not 8Ml1l to 
exert • deleterious inftuenc@ on the spontaneoua 
r'OW"lle of the 11.matoloWc df'preMion. How­
ever, with nlOl"P !'IP\'l"r"e degnaes of lwmatologic 

wza 

I ' ... • .. .., .,,. ........ 

- I If ul p t -. I ...... _, -, t. 
._Mia. (Wt 'nt, ilt ... C99 _, 'tJ I 
-- (ii. M), tM ha a .. IWWWO&J .. 
ctiaaia ..... aa....ltoftllee ,. •a.;.,. 

6.7 

Tam 1'a.YWJIY Or .... n•iet• illj.rJ 
...... cl... .. <•>· tt• .. ..., ... 
whirla ...... dininl j..._llt W..W--... 
8-ppim .... ....ticat~ ... ta.- in.tirMlii 
,... a•1 - NAalty • ....., .... _.,..... -.w lie chi9ly Oii tt. ......... of tt. ~ 
ply ,....... .\ntihiotn wil a.. ,....._. ia 
........... to c:GMbi& , ... illt.rtioll tW 
playw a lllra- role iR ll'IOl'bWity and mortality 
unoq irndiated illdind.U., aM blood. 
p1._ and od_. inh'a,...,_ l•m will be• 
q•ired te CGl"Nt& t .. llhoek, ._a. and hW 
imbaluwe.. n.. ...-. lhaelcl be -1_ u ia 
all f'liniNI t"'ORditionll, whMI clinical aacl W. 
rat«y tiadinp ( i I laboratory work ila JMa&tw.) 
indinte their need. Any ,_,... prophy&.tie 
nlaeoftt..a.,..ohuno&.._~ 
and l'Olllliderationa of prubaWe 9hor& impply in 
tltt> flk"'@ of ovttwhelaing d •nd woold mili­
tate apinllt tb.ir UlllP i• the a'-nt-e of dear 
dininl indirationa. 'Theft a~ no dJ"U«B spe­
cific for radilltion injury in man. COMiderable 
pro,crw hu bftn made in d""loping _,.nb 
efffl<'tive in animals if ~Yen pn "·to irradiation. 

( >f ~n-at ex~rilll@ntal intttftlt in pcltlt es­
po:-.una thf'rapy has bftn thf. developnw-nt of 
etfet>ttve thentpy by iniP('tion of "J>l.nic and 
honf! marrow ~ ... paratimu!I. HoweYer, the •S· 
t~ITM' litbility 1rnd ~f'tic llfJef'ificity of ttw. 
pr.parlltiot1s indintes that these agents may 
nenr h. of pn<'ti•-al v1•h•. ln addition sub­
~tltution therapy by transfll8ion of 11eparated 
platf'lt!ts and neutrophi1" to rombat hemor~ 
rha~ 1md infet>t ion i!! of f'X(>t'riHtttntal inte..­
hut 11t J>""*"nt tf'(·hniques a ... not sufticif'ntly 
de,·elotlf'lli to Wl\rnrnt ron~iderstion of st<>ek· 
pi I in,ir. 

TM ... •re no specific tlru~ for the treatment 
of l>Ptu ll"8ions of thf' skin. ( 'n ... fuJ dean Ii-

• 
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. ......, 

-_ ....... t ......................... k 
.... .., .............. i ...... .. 
t11 1 ......... i ........ _, .. ~ 

A limilar .a.tiea s-t•i• wida ,..,..t to 
tt. illM..a NltiMicm ........_ CWtain c.-MW ............ ~it-al~..._ .. 
EDT A• .... ai,.,..i .. c.-itnte i..,. lhown Claa-

li .... aW. ........ ia •i-• hoda ia IJle"•tinc 
......... of tWtain of the fimion pndllda in 
die a.- and in ...-elentin« tlllllir n_,,.aJ 
follotri,.. depa9itioa. The eerlier ti.. ecm­
poudla.,.. -'""' t.llowina .sponn, the_.. 
.. erti.,. ttw, are.· ffoweftr, u indic.-ated abaft, 
it ia cto.btfal that the r..t for 9Ul'h ..-u in 
tt. wwte period followina an attadt ..,.Id m 
arr-t. 

The followina additional ~ioM ...,ard­
in,r the nre of bomb nuM1altiea an 8Ubmitted 
for ronl!IHIPntion. .\ltlt00•h civil df.t.ne or­
pniutton• in ..... ral have made ""9t !llrid., 
it ii. •PfJl'ttnt that f'Vf'n with a w.-11-int~ted 
t.lan tlOlnll detfnie of <"haol' will be pt'MPflt ancl 
f'tlrly aid to many victim11 will not be forth­
rominar. HftK'f'. tlM> importanc"e of 1'elf·aid and 
nmtual-ai•f in pfff!C·tinar !4Unival must be 
'lfJ?!oMld. l>nrtoni anti nlfldinl fKi1itif.R of any 
kind ~·ill he in t·ritinl llhort supply; thUM. train­
i11ar of liey imti,·i•haftl!I in more detinitive treat­
nient, natlM'r th1t11 only th"llt aid, df'llf'r""" •·a...­
ful <"onicitl•nation. !"iitu"t" ftt"t'UntP p""1i<·tion of 
"· lw... 11 horn b ". i II fa !I i11 i mputiMi h 1.-. 1 ·•nt ra I 
,.j,·il t~f•nM" oqranization in criti, .. I tar~t 
a"""!'I 1daoultl hf' AUJfTIM"nttd by a .. c.-.llular .. pla~ 

" pl1rn of JiE"ll(nphit·al units within the area 
that ""' f'lM'ntially !'lf'lf.1m5ct.nt in tnms of 
~uppl if'tl 1rnd <'4mumm ir•t innM., •11tl which ean 
rPIHMor •id to otlM>r ,,.nl'I dam~ by the bomb. 
Thiukin1r in tPrnttc of cf1rnua~ within " taf1Zl'f 
"""" iulf'41u•t•ly h1rndlfld by thf' faeiliti~ of the 
l't'afion nuhd hf. l?pl•('fll(l •·ith t-onsidt'nttion of 
IJO"l'~hl., 1·omplfott' inunohilization of fitt·ilities. 
with ""'ult•nt tlf'Jlf'IHkalH"P Otl lltlj•t't'llt llOU· 

a lf«ted ~iotu1 for "id. 

6.1 ,.Pc_lliw., .._. Tam • m 

T ... Lo.. Timi ..__of ndw;.. • -
haft .... tt. •bject of • ahe-"9 ~ 
by .... ftJlt..-d by the NatiaMI Academy 
of ~--- (ii, 21'). Aft.'Gl'di,..ty dme i9 • 
need to'"" the .-;..ot ia mt.ii. n. e6rU 
.,. ct..a ....... L 'n. qautitatift rehl­
tiomhip of cte. to e6tt in ... i9 not well 
lmown. The followi--. ..iitaaft kin« term 
e"-"ta have been omened ia ..... ,.: 
1) ~i~of lit...,.. 
~) llw:r1 ued incidenee of mutat1-
3) lnc.-n.ed iaridwe of lfth••ia and o&twr 
-~ and malipant na.orw 

4) Cataneta 
~) ( 'ardioTUn1lar ftftal d-... 
8) ~erility or lowend fertility 
i) lmpairM .,owth raa. 

In ~ of the 1111mYOl"I from the atomic 
00..U. at HiroUiima and Nairudi the follow­
ir ll have hf't.n definitely 00.ned: 
1) Catanc.-t111 
~) l..ieobmia 
:\) lmpaift'(I arro•th pattem11 in 80IM <"hildren 

(ntt'n8iv• !i!tudy of the espoMd population at 
Hirot1hima and SaJf1Ull'ki is a rontinuin~ activ· 
ity of the .\tOllli<" Romb Cuualty Commi1111ion 
as i!I the Mindy ,_f tht' ~al"!'lhallf1't! who""""' f'X· 

po8f'd to fallout. In th• itl~ntt of quantitittiVP 
cfOMP rP.4fJ011l'll" datit for man. it is impoMiblt' to 
Jlrotlll•!!<otinah• .. with 1"f'rt1tinty. what. if anythin,r. 
w i II tlf>\"t>lop in th• P:I pot~d ~ a~ha 11~. .\II 
of thl" phPnom.-na 1>numt'nte.I ahovl" that hAvP 
been ohlef'rved in anim .. 1"' it re hf'in1r ~n·h..f for 
by th. n~it .. 1 tf'1tm. 1h1tt h.s umit'rtabn the 
<'OntinuinJ[ ral"f' and ~udy of the ~al"!'lhallf'!W' 

on hf.half of thfl .\tomic F.ner,ey Cornmil'Kion. 
.\nnu1tl stmliPM ""' IJeinJr pPrformPtl and •·ill ht' 
"'l'°rtPd upon at n>J?ul.r intpn·al~. 

6.9 Summary and Cooclusiom 

.\1.Tltol"GH Tur. ... 1:oco1!11011 in human bf.inp PS· 

ptJMCi to fallout rarliation11 in tht' "PriRJ:, 19M 
Pll<'ihl' tif'lcl tf'!4~ 1'1Ulllot hf' l"1&rri.cl ov.r •xact ly 

----~-..-. ~ ' ·----·-·----------------------·-----• .. .--
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• ' .._. Jue s I...- ••wa 

W -. it ii p ?' .. p:Airt "'- ... 
• f I 0 wida TV n' h - I..,., t• t"hi9f 
p 1 

I - tMt will .-It ,,_ falletlt. ,,._ ........... : 
1) n. - tieal pr t+e1w ia the i....tiate 

fttoiait7 al. kl1st• atcmir ...pae .... 
Ol'¢m ._. will be -..tiaDy limilar. 

W"ltla die .,._.....,..,of CCMll'll, the .,.. 
of .................. •8' th-. tt. 
-•· of tWltm with ..man~ 
thenui~ or rMiation injury an ...-tly in-
cr •Miii. 

i) In addit"-, with la1119 ........ an ara of 
fallout ('88 extend fot' thoaands of squre 
milee hryond the ra,..e of thermal and Wut 
injury, l"ft!Ulti.._ in pmma irndiat~ beta 
irndiation of the skin and a pot•ntial in­
ternal haard in tt.. a~ of blut or 
thffmal injury. Sf.nous fallout ran OttUr 
a.veral hours att.r detonation and at ron­
siderabl. ditltanreB. .\t this late time, the 
Nrly, v.ry Bleep fall in do. rate bu already 
Ol'Mll'n!d and th. 00. rate falls off at a murh 
slow.r ntf'. n .. n may .,. adfquate time 
for C'OUntf'f'DWllMl"9 and Nrly evaruation 
or othtt d'frtive evasion action will l"P«i~ 
by a la.-,re amount the total dCMe ~ived. 

3) The pmma radiation itt by far th. nlOl!t 

HPrious hazard in the fallout arH. It is 
p.rM'tntitljf, anrl t"'.'ltJlOMUr. can rNUlt in the 
i.~ at't•te radiation injury obi.rn•<l in th. 
JaptlneM' at Hiro8hima 1md SapMMki. Thf' 
quantitatift' ~ ... tffl('t relation~hipA may hf' 
altel'f'(l La-anMP of d~ rate and other differ· 
f'~ bf.tween the f\\·o types of HJ>OMUI?. 

-i) )~a r:tdiation of tlw- skin from fallout 
detinittaly 1·an ~a prohlt>m in the 1tlw-n1~ of 
ltathal dclMl'S of UIOC"iatl"d Jr1lmma !"1'diation. 
.\lthouih late in app.ari11Jt, the Mkin lesions 
may ~ ~alic·ientl,y !'lf'rious to l't"MUlt in a 
.. t·1u1ualt~·... Of pqual importan~. howta\·tar, 

iM the 1-.mKidf.ntion of the tttfflt·tinneMM of 

ratlwr ~implf' muntem1f'a!4U~ in pre,·tantina 
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INft wilt ...... 1t from thia ca-. It appNn 
al~ althouch data are iMGmplete. that 
little or no ..,..._.tenn huard ia libly to 

'"°It f1"0ID thia t"aa.. s-rti<'11larty if 
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