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l.IitI(i tind wimw 
I'ht data used m this analysis. obtained chiefly from 

puhlishcd SOUTCL~S. include body and gonad weights of 
adult malr and I'rmak subjecis. and the whole-body and 
g<>nadi\l Pu at vaiiclus times afier inakr of  Pu ro blood. 
Hod: Pi) is considered IIUL to include n%idual Pu at an 
inrramuscular injec1ic.m site nr inhaled Pu retained in the. 
respiratoo. tract tiswcs. Body an& gnndd weights of in- 
divtdual subjects OI' groups of subjects rPponed in con- 
,iunc.lic)n uirh Pu ri:m were pooled an!! ..qmentcd with 
iwoi.phon>etric data from olhcr ScIurcc :en needed. If 
gonad weights were. not reported. thq were. estirnactd 
tiurn thc  reponcd gonad Pu runtent and concentration. 
I f  cmlt Pu content or Pu concentriition were reported. 
gonad wights w i w  esrimated from other niorphometric 
data. Body Pu rey>c:irtccl in conjunction with gonad Pu 
rfata Wi{s used wltcnevcr pcissihle. If only goonad PU &til 
wcrc reDoncd. h x i y  Pu at tlic time ofgondd Pu sampling 
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Pu conccatrations (Bq kg..'1 of wet livcr. rib. vertebral 
wedge, and sternum, rcspeclively. 

Testes weights were available for all 64 "suitablc" 
occupational cases. but body wights were reported for 
only 28 of these cases. Testes weights, and in sonic cases 
body weighis also. were available from an additional 46 
"unsuitable" c.uxqmtiotial partiakiutopsy C ~ K S .  fi)r 
whom the Pu analyses are not y a  cort1plel.e or for whoni 
the, estima(cd body Pu is less than 0.8.3 Bq. 

Human, rnwle wvirnnmentd COLW: A1iiong 7 17 in- 
dividuals expo& to Pu only from worldwide %capons- 
testing fallout, for whom Pu analyses of some tisruc. i d  
bone specimens are nvailable. 231 provide data for Pu 
cancentralion in testes (McInroy et al. 19791. Testes 
weights only are available for an additional K2 ewes (Pu 
analysts no1 completed): hody WriRhLs arc availrrblc for 
o n l y  I75 of the male casts. Inhalation is considered LO be 
thc prdominant mode ofe.ntry of fallour Pu in the bodies 
of the. general population (Bennett 1974 1. The cnviron-  
niental wries consists of persons exposed fo fallout Pu in 
adulthood who died 14 to 23 y after the SUR ot'worldwide 
fallout in 1954 ( 5  to 18 y after thc peak Pu c.oncen.(ration 
in sudace air. in I963 1 ( Bennett 1974). 

In the environrnwitul *.fie, liver is the. only sysiemjc. 
ofgjIn that consistently yieldd a statistically valid Pu 
measurement t lung and pulrnnnarq. lymph no&s arc 
considered to he outside the hody Vor the purpo.ses of this 
analysis 1. The net Pu counting rates of nearly all the team 
samples and many of (he hone. spctc:iittais were ZCM. cjc 
if positive. were less than the minimum reponing level 
(b& on sample weight. total Pu counts collected, and 
counting statisticu.), The Pu concentrations rrf tlrose spcc- 
imcns are. statistically uncertain. Few individiiiil 5 ~ 5  of 
tissue samples pravided slatistically reliable Pu analytical 
results For testes and B h n e  specimen in addirion LO liver. 

for the e.nvironmetitnl caw, c~vcrrtll median vdues 
of Pu conccntratians in liver (0.025 Bq kg I, 70 I nialc 
and female cases) and vertebral uedgc (0.0 I 2  Bq kg I , 

325 male and female c a w )  were rrqmmd ( Mclnroy ct 
at. 1979). Fox et al. (1980) dctemined that the conccn- 
trrtlions of Pu in the internal organs 0the.r than gonads 
wen not different for males and femalrs, and the. ovcrall 
median Po concentrations could beapplied 10 both sexes. 
The median PU concentration in testes. u.hic.h were ob 
Mined from thedata for 2.31 case(Mclnroyc:~ is1. 1979). 
is 0.0042 Bq kg'-'. and the 161h 10 841h perccniilc range 
is 0 to 0.0245 Bq kg- ' . 

We assume the following: ( I ) the tissue wikhrs nf 
the males are those drefew.t~cc rnm ( I .8. kg lives, IO-kg 
skeleton. ICRP I974 1; ( 2  1 the Pu concentration in the 
wet vwtebd wedee sample Is 1).78 times the averagc Pu 
concentration in h e  whok wet skclmn ( sw Tnhle 1 and 
ducnption of occupational cases); iind ( 3  1 10% of the Pu 
in thc M y  is in sofi tissues other than liver. We consider 
that those conversion factors. derived T r i m  the whole- 
body occupational rases. arc applicablc t i l  the environ- 
mental cases bccause Ihe mode and temporal panerns of 
the Pu exposure aregenerally similar fix- thc lwn  p u p s .  
The median livm, skekion. and total-body Pu of these 

m;~le . - a m  is thcn 0.045. 0.095. and 0.154 Bq 01' Pu. re- 
5 p t T l i V d ~  

1 Iuntrn, female. occupational cases: Partial autopsk!s 
~ Y T  ~vailatr~e for five female: employes in Pu facilities' 
r t l t i l  one? female Pu in,iwtion case ( Langharn et al. 1950 I .  
Thi: critcrion of a n  csljmated M y  Pu greater than 0 .83  
Rq was me1 by one accupationnl case and the h.iccti(:in 
i w .  The Pu concrntratjon in ovaries was statistically re- 
lislrlc f i r  only o~ occupational case and the. one injcction 
cast ,  For thc h~*: 0thc.r C~SCS. scvctal of tbc PU itndyscs 
k,f'bonc sperinirns were also statjstidill[y unrelinhlc. How- 
c\vr. ihcsr six c a w  wcrc considered worth inchding hc- 
cause none oft l i t  ovary Pit values was m o .  and Ifit. h:iciy 
Pu. rwaries Pu. dnd rhe tiaeional Pu concentration i n  
o\wks could hc ialculatrd for each individual. 

Iturnan, female environmental cams: Among 78 k- 
males fur whcitn ovaries weight was reported. o n l y  39 Pu 
an;il?ws nf iivarizs were availahlc (Mclnroy ct d. 1979!. 

wights were aviiikthle for 36 female case.$. The nwan 
P ~ L !  ol'the 78 c1StS was 59.8 2 tfi.1 y: ( h l y  36 of lhew 
c a w  wcre prenrc.tiapzriisd. (less than 52 y ) .  The overall 
mcciian viluc of' [he Pu concentration in o v ~ ~ n e s ,  wtiic.h 
\w obtained from the. published data for 39 cam. %as 
0 . i l l  ' 5  Bq kg" ij.ih a 16th to HSth percentilc nnge from 
0 ..o i.l.09 l3y kg I . The net Pu count of ovaries was st3- 
ristically reliable for only ~ w o  CLILS.. and onc c.~lr.liosc tnay 
have heen c.ontaminaicd. 

Ifthe mdtirn Pu cnnccntratintis in liver and vcnehral 
wcdpc: wrnples lor the environmental cascs (see ahovc.1 
:ire vombined with the tissuc nrarres for reference woman 
I 1 4.kg liver. 6.8-kp. skckton. ICRP 1974 I .  the Pu contmt 
t.,t fcinalc liver% sbcleton. and whole h d y  is estinim!d IO 
hv 0 035. O . O h 4 .  and 0.109 &I.. rcsixctive.ly. 

Cc; mwie vird female rnts, gutnea pigs, rabbits, dogs, 
swine, male mire. female cats: One to five suhjects per 
group,: C c  chloridc or ritmte was injected parcnteralll;: 
some d o g  inha1t.d '44C'd't.1: animals wcrc killed 2 to 4 d 
aitcr injection (NCRP 197Xj.Ceriumin th.ehod>~atdeath 
IS conside.ml to tw the same as (:E injected k ~ u x  prrmpt 
twerion of  C e  is negligilik in that short. postinjcctian 
t i "  tcrval 

I d l r r  prvseri f tzr! ( ~7 

In the tahles and figures. ganud and body weights 
arc arescntcd as arithmetic m u n  f standard deviation 
ISD: Fisher ISlSil). which was c~[culatecl frotu data for 
iiidi"idua[s or tirim grtiuped data weighted f ix  grwp size 
V, hen indiviJu:d. rneasurenients were not rupcrrted. 60- 
nadal Pu. recalculated from original suiirces, is expressed 
a s  the frictional gonad Pu concentralion. [ Pu Pit 5 '  
F'rsctional gonad Pu conce.ntration. which incorporates 
i ridrvidual variations in gonad weight, gonadal Pu. hody 
Pu. and time after Pti in l l tkc  is nut. normally distributed 
11 appruaches hut is nrrt cxuctly lognormal. Thc'fefhre. uc 
h r w  expmwd fr&cttionJ gonad Pu cmcvntwrion rts lite 
geometric mean (median 1, and thc viiriability clf t h ~  ~ o l -  
Irc'trd rneariurements as the: 16th 10 84th percentilc range. 

I he pcrccntilc: -ange was uscd ratliur than the geometric 
vandard deviaiion ( n C )  brcausc the distributions of rhc , 
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and [ PuISK used were ciakcn (lnly frnm ihe. publidid casc 
rtcpons (Mclnroy et d. 1979 1. Thc size and structure of 
the wt of occupational cases used in this repon diflcr from 
those in eirlier repons becaux. we added some new un- 
pubtished c;t~cs arid omitted ;IS unsuitable some prcviously 
published c11sc.5' whose cstirnsted Pun was Icss than 0.83 
Bq. Furthemon.. the convcrsion faclors WY uscd ttr com- 
pure [RI)SK froin IPuIR 07 [Pu], and to compute Putl 
from Put. and PUSY (see Methods ,mion I differ somcwhat 
from thm used by Thomas ei ail. ( L98f ) ,  who used [ h 1 s ~  
= O.ASfPuj, and PUS A Pul, .t PuCK. Our conscrsiun 
factors alsn differ from those uscd h? the ICRP ( 19x0 1, 
[Pulsll: - cJ.hS[ Pu],. and Pug = (3.8(PuL e PUW I .  Ow 
calculated vilues for PUB ate about 10 and 3 1 ~ ~ ~  grcatcr. 
respectively. than tliox hat would he obtained using the 
conversion fhctors of the  ICRP ( 1986 1 sild Thorn&\ et a \ .  
(1985). 

The distribdons of thc fractional gonad Pu concen- 
trations about their median vnlus arc surpri$ingly small. 
considering the diversity i..f thc animal cxperinients and 
rhc ranges of ages. gonadal weights.. ilnd pc',ste?cposure in- 
lervals of both the animal and 1iurna11 suhjzr..rs. F x ~ p t  
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r m i o n  lines of fmc-tional Pu and Cc. concentration in 
tram and ovaries cxpre.ssed as logarithniic functions 
rfrcrctional gonadal nucIide coricrntralic.iri A aRW *l hilvc 
similar slopes. Thc intercept at BW = I kg for the regres- 
cion of fractional concentration of Pu and in ovarits 
is six t h t s  gcatcr than for the fmcrionrrl conccntration 
irf thc two nucfidcs in tcstes-it s~at i s t icdly  signihcan( 
difference. A singlc vulur. 1 x IO-'g I ,  for thc jiactianal 
gonadal conccntration ofactinidcs or lanthanides isprob- 
nhly not appropriate fur bnlh t s i e s  and ovanrs. 

2. 'I 'hc fructio nal gonadal 11 u cl idc CI) nccnira I itrri 
mdcl  adequately describes the uptake of I'c us u*ll as 
that ol'Pu in both civarieaand Iestc's. I (  seems reawnablc 
logeneralize the mcdcl to cstimatc gonadal cnnccntrations 
of chemically similar demen &.- rnult ichwgixl EN ions f ha t 
hvdmlye at  low pH. farm stable complexcs with biolog- 
ical ligunds. and are asrjucfatcd mainly wi\h macrophages 
in the. ronncctivc tissue mauix of the gonads. 

3. Extrapolation of logarithmic regression lints of 
fractional tcstcs and ovaries Pu c;incct~trati~m~ for. 11ir an- 
i d s  to rcfercncu man and tcfkrencc u s m a n  b t d y  wcighls 
vields human values which a g w  reimmahly well *ith thc 
~ecornmendcd v h t  [-if I . I 1  X IO ' F, ' (,ICRP 1974. IclHh 1 
and with the median mcusurcd valucs for the ocvupelionid 
cases. The agrrtcmcnt between Ihe gonzidd daln for, CTe 
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