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Abstract—Data were obtained from the litcrature for gonud zad hody weights and for the Pu or Ce content of the
gonads and body at death for severnl Ishoratary animul species. five human Pu injection cases, and 731 human
adults exposed envirormentally 10 Pu in faflout. Data for Pu concentration in gonads, liver, and bone sampley of
49 male and five female nccupational Pu cases (including four completely annlyzed wholc bodies) were obtained
from the U. 8. Uransursnium Registry. A logurithmic function was used to relate fractional Pu or Ce concentration
in testes and ovarics to body weight of the animais and to predict fractional Pu or Ce concentrations in human
gonads, [Pu];; - Puj' = aBW®, where [Pul,; or [Cel,; is the nuclide coacentration in gonads (Bq g ' of wet
weiglit ). Pus or Cey is the anclide content of the body ut death, and BW is body weight (kg). The fractional Po
and Ce concentrations in both the testes and ovaries are inverse und aearly linear functions of body weight. The
regression lines of feactional Pu or Ce concentration in testes snd avaries have similar slopes (b ~ ~1.07 £ 0.14)¢
however, the nuclige concentrations (coefficient ) in vvaries are six times greater than in testes. Extrapalation of
the animal duta vielded fructiona) Pu concentrations in human lestes and ovaries thay agree with those calculsted
for the nccupational cases and thase recommended by the Imernational Comemission on Radiological Protection.
The good agreement between the fractional concentrations of Pu and Ce in the testes and in the ovaries suggests
that these data can be substituted in metabolic models of chemically similar clesnents for which gonadal data ace
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INTRODUCTION

MUITA TIONS of chromosomes in ova and sperm (hal can
result in defective offspring are an important biological
effect of ionizing radiation {NAS (956 ). Accordingly. the
International Commission on Radiological Protection
(1CRP) limited radiation doses to gonads from external
sources and from radionuclides that distribute uniformly
in the body or concentrate in gonads (ICRP 1938, 1959,
The earlicr radiation pratection phitosophy of the ICRP

* Work suppasted by the Office o8 Health and Environtental Re-
sarch under the auspices af the U8 Department ol Voergy, Caniract
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imphcitly limited genetic damage from radionuclides that
are not uniformly distributed in the body. I was assumed
that if radiation doses to the most intensely irradiated
fissues were limited., less-irradiated tissues such as the go-
nads would be adequately pratected.

The radiation protection philosophy recently adopted
b the ICRP requires that the risk of radiation damage 10
ponuds he explicitly taken into account (ICRP 1977},
Cionadal data for many radiologically important clements
are scarce for experimental animals and almost nonex-
wtent far human ovares and testes, and default values
have been adopted far the concentrations of these ra-
diwelements in ponads (ICRP 19791, The acunide cle-
ments. particulurly Pu. were an exception because the go-
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nidal content of Pu and Am had heen reported for a
number of fahoratory animals. and the Pu content ot the
gonads of three human males and one female had beeo
measured ( Langharmn et al. 1950 ICRP 1972: Richmond
and Thomas 197%). Those data were used 10 estimate a
“host value™ tor the fractiomal Pu concentration in human
gonads, 1 > 10 7 of body Pu per gram of ovaries or testes,
and thal vajue was applied 10 all 1he actinides (JCRP
19794,

Cionadal Pu cantent und concentration vary widely
among experisnental animals. Gonad Iraction of body
weight also varies. ranging for testes from 2.0 > 10 " (dog)
W62« {0 Y Chinese hamster) and for ovaries irom 8.3
* 10 f(macaque monkey Jta 4.7 % 10 *{mouse’. How-
cver. ponadal Cu concentrations of experimental animals
consistently deerease with increasing gonad and body
weight, Stather and Rodwell { 19771 defined 1he relation-
shop. relative testes Pu uptake, which narmatized the Pu
fraction in testes for hoth hady and testes weight, as

relative Pu uptake in testes = Puy Pug' By 0750 (1)

where Puy and Puy are the Pu conwents of vhe testes and
the whole hody. respectively, and H'y and #y are the
respective weights of testes (g1 and whole body (kg).

New data were compiled on the deposition of Pu in
gonads ol imected animals and 1n ganads of human heings
exposed 1o Py in nuclear weapons testing fallout and on
the microdistribution of Pu in gonadal tissues { Thoms
¢t al. 1985 ICRP 1986 . The implications lor the genetic
nisk of internally deposited Pu were evaluated (NCRP
1987). Equation { |} was rearranged. generalized 10 in-
vlude ovanes. and designated as relative Po concentration
in gonads (1CRP 1084).

Relative Pu concentration in gonids
= PU(", H}-;' Pu"' lt.B' (2)

I'he median relative Pu concentration in (estes was .09
(range 0.05 to 0.70) for three human male Py injection
cases and 1S animal experiments with soluble Pu com-
pounds. and no experimental mesn value differed from
the median far all experiments by maore than a factor of
eight. The nedian relative Pu concentration in avaries
was .64 (range (.16 (¢ 3.7) in one human female Pu
injection vase and t3 animal studies. The new animal
data apreed with carfier vhservations and supported the
previously adopted value for the Pu concentration in hu-
man gonads (ICRP 1979). However, the median relative
Pu concentrutions computed for testes and ovarics were
2.3 and 7.0, respectively, fur the human adults exposed
unly o faflout Pu (enwvironmental cases. Mcinroy et al.
1979 Fox ctal. 19801 The ICRP ¢ 19861 considered these
values, which lie well bevond the ranges tor the animal
populauons. to be unreliable because ol Targe uncertainties
in the analvses of the small amounts of Py in the enw-
ronmental gonadal samples.

{n this repon, the experimental animal data for ga-
mindat and total body Pu are expanded hy inclusion of
previously everlooked reports { Kisiclesk) and Woodruff
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1948 scatt ef al. $94%: Ballou 1963 and aew data (Miller
etal. 991" and the precision of the fractional gonad
Py concentrations has been improved by computing body
Pu ar ime of death,

New human data have been made available. The
1 S. transuranium Registey? provided results of Pu anal-
vsex o gonads. saft tissues. and bone specimens obtained
at aufopsy fram 04 male and female Pu wakers, The
tissue Pu of these nccupational cases, which is significantly
greater than that of persons exposed only to fallout Pu.
can he measured accurately. Four of the occupational
cases (males 1 are willed whole bodies, all of whose Gssues
and bones were analyzed far Pu. 1hose four whole<hody
cases and 1he completely analyzed skeleton of one female
Puinjection case ¢ Langham etal. 1950: Larsen ct al. 1978)
provicde the data needed to refine the estimates of tofal-
body Pu for the occupational and environmental cascs,
trom «hamt only a few sofl (issues and one or two hone
specimens were received fos Pu analysis.

We have adapied the tunction, relative Pu uptake
vegnn 1 1o predict (ractional gonad Pu concentration.

fractionad gonad Pu concentration (g '
_[Puk; PU(;I‘ (31

where | Pukitis the Pu concentration in the gonads (Bg
g 1.and Pug is the hody Pu at death (Bg). Note that
the units ol egn (3sareg ™',

ata for Ce in amimal gonaxds (NCRP 1978) were
also examined to deermine whether that model could be
generalized fo estimate fractionat buman gonadal con-
centravions of clements chemnically similar 1w Po.

METHODS

Pate aned vewrees

I'he data used i this analysis. obtained chiefly from
published sources. include body and gonad weights of
adult male und female subjects. and the whole-body and
gonadal Pu at vanous times after infake of Pu to blood.
Bads Pu is considered not 1o include residual Pu at an
intramuscular injectian site nr inhaled Pu retained in the
respiratony tract tissucs. Body and gonad weights of in-
dividual subjects ar groups of subjects reported in con-
junction with Pu dita were pooled and  ugmenied with
morphometnc data from other source  en needed. [f
gonud weights were not reported. they were estimated
from the reported ponad Pu content and concentration.
I¥ anly Pu content or Pu concentration were reported,
ganad weights were estimated from other morphometric
data. Bady Pu teparted in conjunction with gonad Pu
data was used whenever possible. If only gonad Pu data
were reported. body Pu at the time of gonadal Pu sampling

P W Durhin and N, Jeung. unpuhlished dita.
S1.8 Transutamun Regisire. P.O. Box 100, Richland. WA 993352,
Sauare brackews [ | are used throughout to designate Pu concen-
rition 1t g tissue: eg.. | Pul; is the Pocancentration in gonads in units
S TRV por st amight of wet Lissue.
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was estimated from other reports of Pu retention in that
species. The sources of data are as tollows:

Mouse, male: 100 subjects. six experiments. 17
groups of three to cight. Plutonium-239 c¢itrate was in-
jected intravenously (iv} or inwaperitonealiy {ipl ¢ 111
10 370 kBq kg ™', 0.3 t0 10 xUi kg '1: mice were killed 6
h to 348 @ after injection (Beechy ot al, 1975 Searle ¢t
al, 1976: Green et al. 1976. Smith et al. 19761 Ash and
Parkesr 1978: Russell and Lindenbaum 19791, The highest
dosages caused progressive testicutar atrophy. and contra)
testes weights were used to calculate 1estes Pu concentru-
tion fur the high-dosage studies.

Mouse, fenrale: 47 subijects. two cxperiments, groups
of four 10 seven. Plutonium-239 citrate was injected iv or
p (111w X0kBgke '.(.310 54 4Cikg ') mice were
kilted 1 to 180 d afier injection t Green et al. 1976; Smith
ctal. 1976).

Data for retention of injected Pu in the body of the
mouse (Smith ct al. 1976: Durbin and [eung (985} werc
used to estimtate body Pu of mice in all the experiments
described above. Additional hody ind gonad weight data
far mice were obtained from Durbin ¢ 1973), When Pu
was injected ip. the Pu content of ovaries was three (o (¢n
times greater. and t1estes Pu was as much us threg umes
greater, than when Pu was injected sv (Smith et al, 19763,
suggesting direct entry or adherence 10 membranes of Pu
introduced in the peritoneal cavity,

Chinese hamster, male: 41 subjects. groups of five.
Plutonium-239 citrate wasinjected is (22.2kBa kg '.0.6
uCi kg ']: bamsters were killed from | 1o 700 d after
injection { Brooks et al. 19793,

Syrian hamster, male: 30 subjects, groups ot four to
eight. Plutonium-239 citrate was injected 1v (0.74 kBq
kg 1,0.02 uCikg ' ): hamsters were killed | to 30 d after
injection (Crawley et al. 1976: Stather and Rodwell 1977).
Data fos Pu retention in the body were augmented using
the results of Stather cr al. {1974, Body and ponad weight
ctata for males and females were obtained from Thomas
cral (1970,

Rat, male: 92 subjects. three experiments. groups of
two to six. Plutonium-239 citrate or nitrate was injectcd
iv or intramuscularly (im) (7010 183 kBg kg . 1.9¢ta 8
wCi kg ') rats were killed from 1 10 420 d after injection
{ Kisieleski and WoodrufT 1948: Scott ot al. 1948: Tavlor
19773,

Rat, female: 87 subjects, four experiments. 20 groups
of three to six. Plutonium-2349 cifrate or mitrate was in-
jected v (3710 3330 kBa kg . Q.1 090 uCi kg "Yoor
1Py citrate was infected iv( SO MBg kg . 1,35 2Cikg '1:
rats were killed L o 146 & after imjection (Ballou 96
Seidel and Vall 1972; Priest 1977: Tavlor 1977).

The boxdy Pu used 10 campute fractional Pu concen-

'+ W. Brucnger, Radiohiology Dhvision. University of Utah Schocl
of Medicine. Salt Lake City, LT B4112. Uinpubhished data

Y Purtial uutopsy defines thase rases from whom a himited number
of soft-tissue and bonc samples were ob1ained a1 rautine pathology au-
wopsy and subsequenly analveed far Pu. For the occupational cases. the
specimens inchuded gonads, fiver. Jungs. putmanary tyrmpb aodes. and
wo or three 51U to 200-g samples of hone cosuulh verrebral wedge. nh.
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tranon from the gonadal data of Tavlor (1977 ) wus esti-
nuted from other experiments performed in the same
laboratory with rats of the same strain and age { Taylor et
al 6L Tavlorand Bensted 1969). Additiona) body und
gonad weight data were obtained from Durtin (1973).
Rabbit, male and female: 17 male and 8 female sub.
iects. two expeniments, results for individual subgects.
Plutonium-239 nitrate was injeeted iv or im m 21 rabbits
(46 \Bg kg '. 1 110 1.4 uCi kg ' rabbits were killed |
1: S d atter mjection. Plutonium-138 citrate was in-
jerted v in four rabbits (11,1 kBg kg ', 0.3 ¢Ci kg '),
and pairs of rabhits were killed at 4 and 106 d.'
Vonkey, male: 12 subjects: results for sudividual
rhesus ot evitomolgus monkeys. Plutonium-238 citrate
was mjected iv or im in eight monkeys (11:1 kBq kg '
0 ,C ke ) monkeys were killed 7 o 332 d afltes in-
qection { Durhin 2 2) 1985).% Four cynomaolgus monkeys

yohaled **Pu nurate (o achieve initial lung burdens of

¢ 37 kBa (0.1 ta 1.0 gCi)opairs of monkeys were
Killed at 4 and 45 d after exposure ¢ Brooks ¢t al. 19801,

Monkey. female; 17 subjccts. results far individual
rbesus of cynomolgus monkevs. Plutonium-239 citraie
was njected o or im (10 kBqg kg ' 0.3 uCi kg ')
osonkeys were killed | to 1100 d after imjection (Durbin
eral 19851

Additional bady and gonad weight data were avil-
abie for 12 mak and 27 female monkeys.”

Beagle dog. male and female: 31 male and 31 female
subjects: resufts for individual subjects. Plutonium-219
oirate was injecied [v at dosages less than V1.1 kBq kg

i3 wCikg ') dogs died or were killed ) t¢ 3394 d after

mection [Miller et ul. 1989, Whole-body Pu was cal-
culated from the retentinn equation published by Stover
et al 11972). Additionaf gonad weight duta were made
a-atlable for 209 male and 198 female dogs. 3287 = 1394
snd 1517 = 1301 d of age, respectively,

t{uman. male occupational and injection cases: 62
wel-characterized subjects, including 58 partiat autopsies’
1estimated hods Pu 2 0.83 By). four completely analyzed
willed bodies of former Pu workers (Mclnroy et al. 19891"
and three hospital patients, who were injected iv with **Pu
cirate { Langham etal. 1950). The Pu-injected cases died
nf their diagnosed itlnesses 4 to 450 d after injection: most
i the accupational cases {exposed primarily by inhala-
ten 1died more than 20 vy after intake of the major fraction
~{ their Pu burdens. An estimated body Pu greater than
¢ XY By was selected as the critenion for a “suitable™ oc-
«upational case because. in additian to liver. the Pu ana)l-
. ses of the testes and the bone specimens were statsstically
rellable ( Mclnroy et al. 1979),

The detailed and complete Pu analvses of the skel-
stans of the four willed bodies {Mclnroy et al. [9891¢*
aemumi . For the enviconmental cases, the autnpsy sample set usually
vonsisted of biver. Juogs. pulmonary ivmph nodes. kidnevs. gonads ¢in
shout ane-halfl of the cases 3. and ane bone sample. most ofien sertebrul
wedpe {less offeil. ol ar hath vertebral wedge dnd nb were nhtained).

* 3 F. Melnrov. unpublished data.
* ¢ { ‘npubhshed data from the LN, [ransuranium Registry.
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and one female Pu injection case (1 angham et al, 195
Larsen et al. 1978) provide data for the Pu concentration
{Bg g ' wet weight} in individual bones and bance parts
and the whole skeletan atintervals after Pu intake o bioot
ranging from 1.5 1o muny veurs (Table ) 1. The ratios of
the Pu concentration in the whole wet skeletan ta those
in samples of wet rib, sternum. and thoracic and lumbar
vertebrat bodies (structurally cquivatent to the vertebra)
wedge samples oblained from the partial autopsies) are
0.80 = 0.08 098 = 0.21. and 0.78 + 0.24, respectively.
1f the mass of the wet skeleton is assumed 1o he 10 kg for
the four males and 6.8 kg tor the female (ICRP 1974),
the Pu wet weight concentration ratio that we caledlated
from the data in Tahle | for ribs ([ Pujsk [Puje’) vields
a closer estimute of the measured skeleta) Pu than the
other two bone specimens separately or averaged, or the
average of all three specimens.

The residual soft-tissue masses (tissues ather than

tert, 4 sty e f T Sepple ent

hser und respiratary tract) of the four wilted hodies con-
faned 0.1¢ = 0.0% (f the wta} body Pu {(Mclnroy of al.
89

[ atl-bexdy Pu for the 25 male occupational and three
male njection cases. which were partial dutopsies. was
estimated. assuniing that the wet weights of the adult male
liver and whaole skefsan are 1.8 and 10 kg, respectively
ORI 170, as

Puin hyver {By1 = 1.8[Pu);.
Pu in skeleton (Bgy - 0.80 X 10| Pu,.
Py in whole bady (Bg = L L(Pu + Puse
i no b samples we e reeeived,
Puir skeletun ¢Rg) - Q5O ZR[Pu ), + 0.98{ Pyl )

where (Puly . {Puly. {Pul,. and [ Pulsr are the measured

Table [. Tissue weights and Pu analvtical data for whole bodies al Towr aceupation illy exposed males aad sheleton
ol one female injected with 'u.?

CaseNa.- 212 193 213 28 HO-¢ Mean ¢ 50

Sody weight (kg) nE 618" 56 4 W IAE)

Testes weigh (g} 606 wa w3 94 31871 93
Sheloton waght (g)’ 005 4691 as [ Ll 18y

U in tissun (Bg)

Livar [ L) W o 357

Skeleton 124 5129 1929 a8 4423

SOn tigsves® X 166 2 IR

Tene 0\ 0016? 0154 306

TasalPu® WS 2 V64 0 ay s

Pu coeantration 1o

Wones (g wet
Frissuel

whole sk eleton 00108 0008y oG9 vdus {2

Ribs noia3 0 0968 V02316 P00 1

veitetiel oUte 00054 vores hg K I

bogms-Inm adic,

lumbai

Sweinum 1301 80047 LAONS] Q03 a1y

Py CONKe ntration ralio

i, ey’

Skenronos 032 v 08 PRET] [-F 31 0804 £ 008
Skeletoruvenebiaf [{RTY] Vs ogH Ny as3? ¢T84 20 /44
buaw:

hefetonsteInym <80 v 25 (P R | [V A1 } 0985 ¢+ 008
Py Loncent etion” 610} cetbt| vewio” f 260 125 2 10% 1 &4 2 007"

summarces of the taur 1§ Transuranium Registry £ases appeds » MONroy €1 ¢ ( (1989, Pu injection
case reported by Langham et al (Y950} and Larsen @1 dl 19 T4

"Wesght of Uissues 1ecoveced at antopsy

Alt weighs are for fresh or rehydrated Ussue

Boft Lissue and whole hody do not include respuatory L'

Pu W cPu

00059497
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Pu concentrations (Bg kg ') of wet liver. rib. vertehral
wedge, and sternum, respectively.

Testes weights were availahle for all 64 “suitable™
occupational cases. but body weights were reported for
only 28 of these cases. Testes weights, and in some cases
body weights also, were available from an additional 46
“unsuitable” oceupational partisl-autopsy  cascs, for
whom the Pu analyses are not vet complete or for whom
the estimated body Pu is Tess than 0.83 By,

Human, msle enviranmental cases: Among 717 in-
dividuals exposed ta Pu only from worldwide weapons-
testing fatlout, for whom Pu anafyses of sante tissue ind
bone specimens are available. 231 provide data for Pu
concentration in testes (Mclnroy et al. 1979]. Testes
weights only are available for an additional 82 cases (Pu
analyses not completed ). body weights are available for
anly 175 of the male cases. Inhalation ts cansidered to be
the predominant mode of entry of fallout Pu in the bodies
of the general population (Bennett 1974}, The environ-
memntal senes consists of persons exposed to falfout Pu in
adulthood who died 14 to 23 y after the stant of worldwide
fallout in {954 (S 10 18 y after the peak Pu concentration
in surface air, in 1963) (Bennett 1974).

In the environmental senies, liver is the only systemic
organ that consistently vielded a statistically valid Pu
measurernent ({ung and pulmonary [yvmph nodes arc
considered to be outside the body for the purposes of this
analysis ). The net Pu counting rates of nearly all the testes
samples and many of the hone specimens were 2610, or
if positive, were Jess than the minimum reporting level
(based on sample weight. total Pu counts collected, and
counting statistics ). The Pu concentrations of thase spec-
imens are statistically yncertain. Few individua) sets of
tissue samples provided statistically reliable Pu analvtical
results for testes and a bone specimen in addition 10 liver,

For the environmental cases, overall median values
of Pu concentrations in liver (.025 Bg kg '. 701 male
and female cases) and vertebral wedge (0.012 By kg ',
325 male and female casas) were reported { Mcinroy ot
al. 1979). Fox et al. (1980) determined that the concen-
trations of Pu in the internal organs other than gonads
were not different for males and fernales, and the overall
median Pu concentrations could be applicd 1o both sexes.
The median Pu conceniration in testes. which were ob-
tained from the data for 234 cases { MclInrov et sl. (979},
is 0.0042 Bq kg *'. and the 161h (o 84th percentile range
is 010 0.0245 Bq kg .

We assume the following: () ) the tissue weights of
the males are those of reference man (1.8, kg liver, 10-kg
skeleton, ICRP 1974}; (2) the Pu concentration in the
wet vertebral wedge sample is (.78 times the average Pu
cancentration in the whole wet skeleton ¢ see Table | and
descriptian of occupational cases); and (3) 10% of the Pu
in the body is in soft tissues other than lives. We consider
that those conversion factors, derived from the whole-
body occupational cases, are applicable to the environ-
mental cases because the mode and temporal patierns of
the Pu exposure are generally similar for the twa groups,
The median liver, skeleton. and total-body Pu of these

10005998

mitle ~ases is then 0.045, 0.095, and 0.154 Bg of Pu. re-
spectively.

Human, female occupational cases: Partial autopsics
were svailable for five female employees in Pu facilities®
anid one female Pu injection case (Langham et al. 1950).
The critcrion of in estimated hody Pu greater than 0.83
Bq was mef by one occupational case und the injection
case. The Pu concentration in ovanes was statistically re-
liahle for only ane occupational case and the one injection
case. For the tour other cases, several of the Pu analyses
af hone specimens were also statistically unreliable. How-
ever, these six cases were considered worth including be-
cause none ol the ovary Pu values was zeto. and the body
Pu. ovaries Pu, and the fractional Pu concentration in
ovaries could be calculated for each individual.

ffuman, female environmental cases: Among 78 {e-
males for whom avaries weight was reparted. only 39 Pu
analyses of ovaries were available (Mclorov etal. 1979},
Bady weights were available for 36 female cases. The mean
age af the 78 cases was 89.8 + (8.3 y: Only 26 of these
caves were premenopausal (less than 52 v). The overall
median value of the Pu concentration in ovaries, which
we obtained from the published data for 19 cases. was
(L1178 Bq kg "' with a 16th 1o 84th percentile range from
0 v i09 Bg kg '. The net Pu count of ovaries was sta-
usucally reliable for only two cases. and one of those may
have been contaminaied.

If the median Pu concentrations in liver and veriebral
wudge samples tor the environmental cascs (see above )
are combined with che tissue masses for reference woman
1 d-kg liver. 6.8-kg skeleton, ICRP 1474, the Pu content
of female liver, skeleton, and whole body is estimated 0
he 035, 0.064, and 0.109 Bg. vespectively,

e, male and female rats, guinea pigs, cabbits, dogs,
swine, male mice. female cats: One to five subjects per
groun: Ce chloride or citrate was injected parcoterally:
some dogs inhaled **CeCly: animals were killed 2104 ¢
after injection { NCRP 1978 ). Cerium in the body at death
1s considered to be the same as Ce injected because prompt
everetion of Ce is negligihle in that short postinjectian
-terval

eitled presenralion

in the tahles and figures, gonad and body weights
are presented as arithmetic mean + standard deviation
1SD: Fisher 1954), which was calculated from data for
mdividuals or hom grouped data weighted {or group size
when individusl measurements were not reported. Go-
nudal Pu, recalculated from original sources, is expressed
a~ the fractional gonad Pu concentration, [Pul; Pup'.
Fractional gonad Pu concentration, which sncorparates
indtvidual variations in gonad weight, gonadal Pu, hady
Pu. and time after Pu intake. s not normally disteibuted.
11 approaches but is not exactly lognormal. Therefore, we
have expressed fractional gonad Pu concentration us the
geametric mean (median). and the variability of the col-
lected measurements as the §6th 1o 84th percentile range.
I he pereentile ange was used rather than the geometnic
~aandaed deviation (a,) because the distributions of the
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(I0130018.005

“’7&



1132 Health Phygics

fasee N e T Nupple neny |

Fahle 2. Adult budy and esies weights and 2act e esies Pu concentrations.”

Body weight* Testes weigni® fracuonat Pu corentration:
Specres (kg) Q) P, Pu,’
Mouse gon 023 £ 0042 §2x10°(36x10°-8.2x 10
Chunase hamster 0032 20 95x 104(5 tx10%-83x 107
Syrian hamster 0133 £ 006 2.2 2 086 23x10°(21x10*-2.6x210%)
Rat 02 19 1028 BHx 0 (56x10*-14x 10D
Rabbit 25 07 10 44310%(2.3510°-1.6x 109
Monkey 70 ¢20 390 ¢ 14 27x10%(76210%-58x210%
f8eagle dog 10 209 t5a 9% 10 (B 4x10* J4x 10
Human-reference man % 35 10210
Occupational Pucases | 69C ¢ 16 42022 62210 Bx10% 22x10%
EavironmentalPutases § 63U ! 14 350 ¢ 16 FRERLN

“Data sources and managenent are descrived o Methoa:

carithmesic mean * standard deviduion, 50 = {dey (n- 11 )

‘Median (50th percenliie) and | 16th (o Bath percentife range;

° Wher Nk $D 15 shown. onty one vplue was givenia telerex  epresenting afl subjects

togarithms of individual values around the medians are
not syimmetrical. A single value is shown without a range
or SD when only one published salue, representing all
subjects. was aviilable.

Tables 2 and 3 contain representative values for go-
nud and body weight and fractional gonudal Pu concen-
trations of adult males and females, respectively of several
laboratory animal species. reference man and woman
{ICRP 1974). and the malc and female vecupational and
environmental cuses whose autopsy tissue samples were
analyzed for Pu. Measured body weights angd fractional
gonadal Ce concentrations of several labarvatory species
are collected in Table 4.

‘The straight lines through the dats points in Figs. |
thicugh 3 were fitted by leastesquares -egressson of the

Ingarihms. At of 1be relevant animal data were used (v
fiteack ne

RESTULTS AND DISCUSSION

e equations of the regression of log testes or pvarics
weght (y) on log hody weight (kg). and the correlation
cocthcients of the regression lines €r) for the snimals, are:
Trg: = 0 BWS (r = 09136 and U(g) - Q.1oBw™™
e e Srespectively,

b slapes al’ the frted regression lines af gonad
waight on body weight (not shown ) are Jess than (0. (n-
dicanng that. anlike the parenchymatisus organs. the go-
nids e mot a constunt fraction of hody weight ( Brody
943 [ atrapolaticn of the festes and avanes weight

Table X, Adwl body and uvaries weights and fracionasd oaries Pu concentrations.”

Body weight” | Ovaries weigtit' fractional #u cancentration'
Species {kg} g 1Pul, Py,
Mause 0 026* G012 £ 0003 $0x10702.4x%10° -1 x 10"
Syrian hamsiec - 013 £ 004 ) 0033 : 0007
Rat 0120 0062 0012 | 45x10%(2 txiD?-64x107)
Rabbrt 32 2108 0 $0 22x10°(36x 10" - 5x 107
Monkey 4 £ 21 0.45 t 020 10x104{7x10%-19x10%
Beagle dog 17 128 t 0S6 4.6y 10%|2 410 v x 109
Human-refecence woman S8 s 1ox10°
(% tupastional Pu cess 47 0 L | 70 2 ( Ix13 (Asx10-"-44x 107
Envainment s by Laves vl 63D ¢17 82 * v 8¢ 10"
Eovronmerta vy s <2yl | B30 4 22 122 18

“Data sources and maragement are gesunbed .o Method:

“Anthinels imedn 4 staxsaso dev ation, 50 = |dev ir "1 |

Median (50th percentile] and {161k Lo BA1h percentile rarge

“ When Ao SO 13 5hown, OIMY OAR vatue wis grven In e ierenct “eresenung all sabjects

0005999
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labie 4. Adult bady swght and Jractional e arcentragans i1 animal gopads.”

t-actionaf gonad Ce (sacentration
ICel - Ce,’
Speries Bady weight {kg) Cestas Qvanes

Mouse 0025 316Gk 107

Rat 016(F), 025 (M) A7« t0" 28 x10°
Guines pig 0.45 tox 10" 5.7 x 0!
Rabbrt 30 27 x 10 16 x 10"
Cat 34 44 x 10"
Qag 10 28 x 10* 2.7 x1\0°
Muature swine 70 57 x \0* 10 x10°
'‘Data from NCRP (1978}

curves for the animals overestimates the median adult
human testes weight, and the weight cunve for the animals
underesfimates the adult human ovaries median weight
by a factor of about 1.8,

The fractiona) testes and ovaries, Pu concentrations
are shown in Tahles 2 and 3, respectively. The fractional
gonad Pu concentrations shawn for the animals are not
alt the same as previously published values (Stather and
Radwell 1977 Thomas et al, 1985 ICRP 1986) because
new data have been added (rats). uncertain data fram

soverul Puinbalation experiments in dogs have been re-
placed by more reliabie data trom a large Pu-injection
study 1 Miller ¢t al. 1989) . and in all cases. default values
fur Pu tle. amount of Pu injected ) have been replaced
by better estimates of the hody Pu at death,

Ihe fractional gonad Pu concentrations shown for
the male and female envicnnmental cases and the male
acvupational cases are not the same as those previous(y
published (Thamas et al. 1985 ICRP [486). [he Pu an-
al+hea) data for gonads and the median values tor { Pu,
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Fig. 1. Fractivnal testes Pu concentrations as a function of had”. weight of some laboratory unimals and adult men
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Fig. 2. Fractinnal ovaries Pu concentration as a function of the bocy weight of some labaratory animals and adul
women ( five species, 7 = (199951, Ev  enviropmental: Gec aecupational texpasure ) [CRP = International
Commission on Radiological Protection (ICRP 19243, Ser rev: for explanation of terms in equation.

and [ Pulsx used were taken only from 1he published casc

reports { Mclnroy et al. 1979). The size and structure of

the st of occupational cases used in this repon differ from
those it earlier reports because we added some new un-
published cases and omitted as unsuitzble some previously
published cases whose cstimated Pup was Jess than 0.83
Bq. Furthermore. the canversion factors we used to com-
pute [Puls fram {Pulr or [Pul and to compute Puy
fram Pu,. and Pusk (see Methods section ) differ somewhat
from those used by Thomas et al. (1985), who vsed [Pu sk
= (.65{Pul, and Pug = Puy + Pugk. Our conversion
factors alse differ from those used by the ICRP (1986),
[Pulsx - UGS[PU ]\, and Pup = 0.8(Pu; + Pugg ). Qur
calculated values for Pug are about 10 and 30% greater.
respectively, than those that would be obtained using the
conversion factors of the ICRP ( 1286 3 and Thomas et al.
{1985).

The distributions of the fractional gonad Pu concen-
trations about their median values arc surprisingly snall.
considering the diversity uf the animal ¢xperiments and
the ranges of ages, gonadal weights. and postexposure in-
1ervals of both the animal and fiuman subjects. Except

0006001

for the Chinese hamster, the (6th and 84th percentile
values ot the fractional testes Pu cor  tration differed
by po more than a factor of four fron median values.
Except for the rabbits and the female occupationat cases,
the ranges of fractional nvaries Pu concentration differed
(revm the respective median by no more than a factor
of tway

The general trend of declining (ractional gonad Pu
conceniyation with increasing gonad and bady weight is
demonstrated in Figs. | and 2. confirming that the fruc-
tional gonad Pu concentrations are inverse and approx-
imatedy linear functions of body weight. as suggested by
Stather and Rodwell (19771,

Fxtrapolatian of the curves in Fgs. J and 2 to the
body waights of reference ntan (70 kg ) and woman (58
Mg predicts fractional Pu concentrations in adult testes
and manes of 4 % 10 Yand 7 X 107% g ', respectively.
The sxtrapolated fractional testes Pu concentration for
man 1s 727 of the value we obtained for the male occu-
pational cases. 400 of the recommended vatue (FCRP
MU [9Re), and 3% of the value we calculated from
she voveronmental lata. The extrapolated fractional ova-
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Fig. 3. Fractional testes and ovanes Ce concentrations us funct.ans of hods weight of some luboratery animals
(testes, six species, r = 0.92[2: ovaries. six species, © = O 9411 See tesn for explanstion of terms in equaaon,

ries Pu concentration for human females s 80% of the
valoe we obtained for the six occupational cases, 70% of
the recommended value (ICRP 1979, 198613, and 4.4%
of the value we calculated from the environmental data.

The animal data for fractional 1estes and ovarics Ce
concentrations are ploticd as functions of body weight in
Fig. 3. Extrapolation of the Ce curves to the body weights
of reference man and woman vields frachonal Ce cap-
centrations of 1.1 X 107" g~ "intestesand 1.1 ¥ 10 g
in ovaries, close to the measured values for the minature
swine.

The trends of decliniog Ce concentration in 1estes
and ovarics with increasing bodv weight are the same as
for Pu. cven though not all the same specics are repre-
senled in the two data sets. The parameters of the regres-
sion lincs are simijar. The intercept at BW - 1 kg of the
Ce curve is about twice that of the Pu curve. but the scatter
of the Ce data points is large. and the inlercepts are not
significantly different. The regression lines of fractional
testes Pu and Ce concentrations are also similar. The slope
of the Ce curve is 1.3 times that of the Pu curve, and the
intervept of the Pu curve at BW = { hgis 1.7 umes that
of the Ce curve. However, the scattes ot both sety of testes,

0006002

data about their respective regression lines 1s large. and
the two sets of data overiap: the curves are not significantly
diffarent ( F-test. Neter and Wasserman 1974].

The regression lines of fractional concentrations of

Pu and ¢ in lestes and ovaries are al) similar to each
sher. The four slopes. —0.88 and — 1.1 for Puand Cein
1es1es. respectively. and - 1.2 and —1.1 for Puand Ce in
ovancs. respectively. are not significantly different from
one snother. The intercepts at BW = | kg for ovaries. 7.3

1 Cand 9.3 % 10 4 g™ for Pu and e, respectively.
a1¢ hve and eight times greater than the iniescepts of the
respective testes curves, 16 X 10 Yand 1.1 %10 *g "
11 the gonad data for Pu and Ce in the animals are com-
mnel. the cocfficient of the average ovarics curve s six
nes lurger than that of the average testes curve, and the
Jifterence is statistically significant (p < .01, Fuest. Neter
Sid Wasserman 19745,

SLMVIARY AND CONCIUSIONS

Y. The trudtional concentrations of Pu and Ce in
105 and ovaries ol laboratary animais are inverse and
amproximately linear functions of hody weight. The four
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regression lines of fractional Pu and Ce concentration in
testes and ovaries cxpressed as logarithniic functions
( fractional gonadal nuclide concentration ~ aRW ) have
similar slopes. The intercent at BW = [ kg for the regres:
sion of fractional concentration of Pu and Ce in ovaries
is six times greates than Jor the fractionsl concentration
of the two nuchides in testes—a statistically signifcant
difference. A single value, 1 > 107 "¢ ' for the fractional
gonadal concentration of actinides or lunthanides is prob-
ably nat appcopriate for both testes and ovaries,

2. The fructional gonadal nuclide concentration
maodel adequately describes the uptake of Cc us well as
that of Pu in both avaries and testes, [t seems reasonable
10 generalize the modcel to cstimaie gonadal concentrations
of chemically similar clements— multicharged cations that
hydrolyze at low pH. form stable complexes with biolog-
iwcal ligands. and are assoctated mainly with macrophages
in the conncetive tissue matnx of the gonads.

3. Extrapelation of logarithmic regression lines of
fractional testes and ovares Pu concentrations for the an-
imals to reference man and veference woman body weights
vields human values which agree reasonahly wel) with the
recommended value af 1.0 X 10 *g ' (ICRP 1974, 1986
and with the median measured values for the occupational
vases. The agreement between the gonadal data for Ce

1RGN a7 Supplerem |

4nd Pu in hoth testes and ovaries of animals lends suppart
1o the 1CRP practice of substituting gonadal Pu values in
the metabalic medels of other actinides for which there
are no gonadal data. That agreerent suggests further that
gonadal Ce and Pu values are reasonable substitutes for
human gonadal concentrations of elements with principal
1 ane IV oxidation states,

4 The fractionat Pu concentrations in huiman festes
and ov.tries that we calculated tor the envitanmental cases
lie ¢lose to the 84th percentiles for the accupational cases,
and they are more (han 10 times Jarger than the values
exirapoled {rom animal data. These large discrepancics
reinfosce the view that the Pu analyses of the ¢nviron-
mentar human gonad and bone samples are probably in-
accurate (ICRP 19861, and a more sensitive analytical
nethod is needed to nsure that statistically rehable anal-
vses are obtwined from samples containing Pu at envi-
ronmental kevels.
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