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RÉSUMÉ Des quantités allant de 1 à 20 fois les LAI pour l'uranium (sous les formes 
chimiques U 0 2 et U 3 0 8 ) ont été inhalées par des babouins suivis pendant 1 an 
par anthroporadiométrie puis sacrifiés pour analyse des différents organes où 
l 'uranium peut migrer en quantité significative. Les résultats ont montré qu'un 
an après : 1) la rétention d'uranium dans le poumon est plus forte lorsqu'i l est 
inhalé sous forme d*U0 2 que sous forme d ' U 3 0 8 ; 2) le rapport "concentration 
dans les ganglions/concentrat ion dans les poumons" est plus élevé lorsque 
l 'uranium est inhalé sous forme d ' U 0 2 ; 3) pour les deux formes, le transfert 
vers les ganglions n'est pas influencé par la massé inhalée ; 4) les 
concentrat ions relatives d'uranium, quelles que soient les formes inhalées 
évoluent dans l'ordre : ganglions thoraciques > poumons » crâne > fémur-
clavicule > vertèbres lombaires - cage thoracique > sternum > reins > foie ; 5) la 
mesure de certains enzymes présents dans les urines peut être uti le pour 
surveiller les surexposit ions d ' U 3 0 8 , mais, à ce jour et dans la gamme de doses 
étudiée, l'anthroporadiométrie et l'excrétion urinaire restent des procédés de choix. 

ABSTRACT U 0 2 and U 3 0 8 were inhaled by baboons in amounts such that the mass 
concentrat ions in the lungs were between about 3 and 20, and 1 and 7.4 t imes 
respectively those calculated in human lungs after exposure to 1 ALI of the 
compounds . The results show that 1 year later : 1) the initial lung deposits of 
uranium retained in the chest are greater for U 0 2 than for U 3 0 8 ; 2) the ratios of 
the amounts of uranium retained in the lymph nodes vs those in the lungs, 
expressed both in terms of concentrat ion and mass, are greater for U 0 2 than for 
U 3 0 8 ; 3) for both U 0 2 and U 3 0 8 , the amounts of uranium retained in the lymph 
nodes, expressed as a percentage of that in the chest, do not appear to be 
affected to a great extent by the initial lung deposits ; 4) after inhalation of U 0 2 

and U 3 0 8 in different amounts, the trend in the mass concentrations of uranium 
in the var ious t issues assayed were lymph nodes > lungs » skull > femora-
clavicles > lumbar vertebra - thoracic cage > sternum > kidneys > liver ; 5) the 
measurement of urine concentrat ions of some enzymes may be a useful index 
for assessing substantial overexposures to U 0 2 and U 3 0 8 , however, so far, 
external chest monitor ing and urinary assays of uranium should remain the 
procedures of choice. 
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1. I n t r o d u c t i o n 

The most likely route of intake for workers exposed to U 0 2 and 
UgOg,which are important intermediates in the fabrication of nuclear 
fuels, is by inhalat ion. One method for assessing intakes of these 
compounds is by external monitoring of the chest. The interpretation of 
such measurements wil l be af fected by the intake pattern, the amounts 
inhaled and individual biological var iat ions. However, other factors such 
as the amounts of uranium assumed to have accumulated in the 
t racheobronchia l lymph nodes and the possible inf luence of uranium 
deposi ted in the rib cage and skull after its translocat ion to the b lood, will 
also be important. 

At human autopsy, it is a common pract ice to est imate the skeletal 
content of uran ium by extrapolation f rom that present in selected bones 
such as the femur. However, since the concentrat ion of uranium in the 
skeleton is unlikely to be uniform, informat ion on the variations that can 
occur be tween the bones is of practical va lue when using this method of 
assessment . 

The ev idence avai lable suggests that the overal l biokinetic behaviour 
of uran ium in humans can be predicted reasonably accurately by 
combin ing data obta ined on the t ranslocat ion of uranium to blood in the 
rat wi th mechanica l clearance data obta ined from humans exposed to 
clay part ic les label led with 8 5 S r or 8 8 Y (Stradl ing et al.) [23-25]. However, 
in order to assess uranium distr ibut ion between the lung and thoracic 
lymph nodes, and to investigate uranium concentrat ion in var ious bones 
of the ske leton, a large pr imate such as the baboon is the most 
appropr iate animal species. In our exper iments, the factors have been 
invest igated after the administrat ion of U 0 2 and U 3 0 8 to male and female 
baboons in amounts corresponding to acute human exposure of between 
about 3 and 20 t imes the annual limit on intake (ALI) for class Y uranium 
compounds as recommended by the International commiss ion on 
radiological protect ion (ICRP) [15]. In addi t ion, the study has included an 
invest igat ion of urinary metaboli tes which could be used as biochemical 
indicators of u ran ium exposure. 

2. M a t e r i a l s a n d m e t h o d s 

2.1 Physico-chemical characteristics of uranium oxides 

Enriched ceramic grade U 0 2 (2.2 % 2 3 5 U ) , and U 3 0 8 containing natural 
uranium (0.71 % 2 3 5 U ) , were obtained from nuclear fuel process lines. The 
oxide samples were first ground as a slurry in ethanol using a micronising 
mill with agate elements (McCrone research associates, London) to 
provide part icles less than about 20um in diameter. For the animal 
exper iments, the respirable fractions of the dusts were separated from the 
mil led samples by sedimentation in absolute ethanol. The particle size of 
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the respirable fraction was determined at NRPB using an aerodynamic 
particle sizer (Model APS 33, TSI , Inc., St. Paul, MN, USA). The count 
median diameter (CMD) and mass median diameter (MMD) for U 0 2 

particles were respectively 1.48 j im (geometr ic standard deviat ion, ag 
1.37) and 2.19 urn (ag 1.32) ; the CMD and MMD for U 3 0 8 particles were 
0.82 urn (ag 1.24) and 1.29 u.m (ag 1.46). 

2.2 Animals 

Adult male and female baboons (Papio papio), weighing between 7.5 
and 12 kg at the t ime of exposure were used. The health of the animals 
was conf i rmed by X-ray examinat ions of the lungs and biochemical 
analysis of the blood and urine. Dried food (U.A.R., Vi l lemoison, France) 
supplemented with fresh fruits and water were freely available throughout 
the exper iment. 

2.3 Exposure of animals to uranium oxides 

Eight baboons were used for the study. Groups of two animal (one 
male and one female) were exposed by inhalation to either U 0 2 or U 3 0 8 

in amounts that dif fered by about 1 order of magni tude. 

Prior to inhalat ion of the oxides, the baboons were tranquil ized by 
intramuscular injection of Val ium (Roche, France ; 0.5 mg k g - 1 body wt) 
and anaesthet ised by an intramuscular injection of Imalgene (Rhône 
Mérieux, France ; 10 mg k g - 1 body wt) . To facil i tate administrat ion of the 
aerosol , and maximise deposit ion in the pulmonary region of the lungs, a 
polythene tube (inner diameter 7.5 mm was first inserted into the trachea 
to the first bi furcat ion. To avoid external contaminat ion during exposure, 
the anaesthet ised animal was encapsulated in a polythene bag whilst 
breathing cont inued spontaneously via the tracheal tube. 

The aerosol was generated from suspension of the oxides in isotonic 
sal ine (2 g in 25 ml or 0.3 g in 15 ml at the higher and tower dose levels 
respectively) using a compressed air device (Acorn nebulizer, Medic-Aid, 
Pagham, UK). The animals were exposed for 2 h or 1,5 h respectively in a 
facility descr ibed in detai ls by André et at. [4]. 

2.4 Uranium assessment in the chest 

Uranium amounts in the chest were assessed from gamma 
spectrometr ic measurements of the 17, 62, 92 and 185 keV emissions 
from uranium. The measurements were made immediately after exposure 
to assess the initial lung content, and at 2, 7, 14, 30, 62, 84, 140, 173, 
210, 281 and 365 d to evaluate the retention kinetics in the chest. The 
detect ion system indued two sodium iodide crystals (type 121 SM 5 1 , 
Scintif lex, Q and S, Ltd) each protected by a 93 urn thick beryll ium 
window. The detectors, 130 mm apart, were located each side of the chest 
wall of the baboon whilst it was restrained in the sitting posit ion. The 
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counter was cal ibrated using a phantom in which known amounts of the 
oxides were embedded in tissue equivalent plastic. The data obtained for 
the chest uranium content was corrected by subtracting the amounts 
measured before exposure. The limits of detection of the counting system 
were 280 ug U 0 2 and 650 ug U 3 0 8 . 

2.5 Analysis of body tissues 

After kill ing the anaesthetised animals by exsanguinat ion, the fol lowing 
t issues and bones of the skeleton were removed for assay of their uranium 
content : lungs, t rachea minus connect ive t issue, thoracic lymph nodes, 
liver, k idneys, skull cap, sternum, clavicle, right and left sides of the 
thoracic cage, lumbar vertebra (5th), right and left femurs. After dissect ion, 
the samples were reduced in bulk by successive heat treatments at 500°C 
in a muffle furnace and digestion of the residue with 8M H N 0 3 . The 
residues were subsequently d issolved in 4M H N 0 3 and analysed for their 
uranium content by delayed neutron count ing. The procedure used was 
similar to that descr ibed in detail by Amiel , Donoghue et ai., Ide et al. 
[ 1 , 9, 13]. The limit of detection (95 % confidence limits) using a statistical 
method [26] and based on a background count of 25 cpm and a calibration 
figure of 550 cpm f i g - 1 natural uranium, was 0.04 j ig U-nat or 0.013 u.g for 
U containing 2.2 % 2 3 5 U . 

2.6 Enzymatic analysis of urine 

The concentrat ions of some enzymes in urine can be used as 
indicators of the nephrotoxicity of uranium (Diamond, Leggett) [8, 19]. In 
these exper iments, the urine was tested for the presence of lactate 
dehydrogenase (LDH) with the reagent Biotrol SFBC (Biotrol Pharma, 
France) and N-acetyl-ß-glucosaminidase (NAG) colorimetrically with 
Böehringer solution 875406 (Boehringer Mannheim, France). In the same 
urine samples, we also measured glutamic-oxaloacetic t ransaminase 
(SGOT) with Biotrol A03027, glutamic-pyruvic transaminase (SGPT) with 
Biotrol A03020, g lutamyl gamma transferase (CGT) with Biotrol A03010 for 
the purpose of a complete health check of the baboons. 

3. R e s u l t s 

3.1 Initial lung deposits of uranium 

The initial lung deposits of uranium, as U 0 2 , est imated for animals 607, 
608, 609 and 616, were respectively 17.5, 18.2, 2.66 and 3.28 mg. The 
weights of the lungs, calculated from the equation "lung weight (g) = 
6.11 X animal weight (kg) + 6.73" [20] were respectively 62.7, 58.3, 53.0 
and 66.0 g. Hence, the amounts of uranium deposited in the lungs 
corresponded to about 19, 2 1 , 3.3 and 3.3 t imes the mass concentrat ions 
calculated to be in the pulmonary region of human lungs after 
acute exposute to the ALI for class Y compounds of natural uranium 
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(1.5 X 1 0 3 Bq, 60 mg U) [15]. This calculation assumes an A M A D of 1 urn, 
a pulmonary deposi t of 25 % of the amount inhaled [15] and a mass of the 
human lungs of 1000 g [14]. The initial lung deposits of uranium, as U 3 0 8 , 
for animals 611 and 617 were est imated to be respectively 5.30 and 
8.05 mg ; the values for animals 615 and 623 were est imated to be about 
1 mg. The respect ive weights of the lungs were 79.4, 7 2 . 1 , 69.6 and 
58.6 g. Using the same method of calculation as above, the mass 
concentrat ions in the lungs were equivalent to respectively 4.5, 7.4, ~0.96 
and ~ 1.1 t imes those predicted after the inhalation of 1 ALI of a class Y 
uranium compound . The relationships of the mass concentrat ions of 
uranium in the lungs vs the ALI after inhalation of an aerosol of AMAD 
5 Jim would be similar to the values above, since the lower fractional 
deposit ion in the pulmonary region, about 10 %, would be largely offset by 
the greater value of the ALI under these condit ions [15, 23]. 

3.2 Uranium retention in the chest 

The amounts of uranium retained in the chest, expressed as a 
percentage of the initial lung deposits are shown in table I, and f igure 1 for 
U 0 2 and f igure 2 for U 3 0 8 . Attempts to express the retention data in terms 
of a two component exponent ial function using a weighted least-squares 
method [12] proved unsuccessful . This was due to the variabil ity of the 
results in the early lung clearance phase and the difficulty in measur ing 
uranium in the chest at later t imes. The data suggest that after the 
inhalation of U 0 2 at the high dose level, the long term retention half-t imes 
in the chest are about 350-400 d. At the high dose levels, the data show 
that U 3 0 8 is more t ransportable than U 0 2 . The plateaus observed in the 
chest retention data (tab. I, f ig. 2) are most unlikely to reflect impairment of 
lung c learance. The data probably reflects errors in measurement of 
uranium in the chest , or movement of the uranium from the lungs to a 
t ransformed compar tment or other body t issues. The results indicate that, 
for each exposure group, uranium is retained most avidly in the chest of 
the male baboons. However, s ince each group only contained one animal 
of either sex, it wou ld be premature to draw any f irm conclusions about the 
effect of sex on the lung retention kinetics of uranium. The dif ference 
observed here is probably due to hazard since this effect could not be 
conf i rmed when compi l ing all the results obtained with other particles such 
as beryl l ium meta l , cobal t oxide or U F 4 [2-3, 5]. 

The apparent chest retention kinetics in baboons exposed to the lower 
amounts of U 0 2 and U 0 3 did not allow any conclusions to be drawn about 
the relative transportabi l i ty of uranium. The values for U 0 2 are given in 
table I, those for U 3 0 8 are excluded since no signif icant decrease could be 
identif ied after the administrat ion of about 1 mg. 

3.3 Tissue distribution of uranium in body tissues 

The amounts of uranium present in pre-selected body t issues and 
bones of the baboons after exposure to U 0 2 and U 3 0 8 are given 
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respectively in tables III and IV, and tables V and VI ; the values have 
been corrected for the uranium present in the t issues of an unexposed 
animal (tab. II). The results are expressed in terms of the total amount of 
uranium present in the tissue (u.g), the relative concentrat ion in that t issue 
(u.g k g - 1 wet wt) and the percentage of the initial lung deposit in that t issue 
(% ILD). In each experimental group, similar amounts of uranium were 
administered to 1 female and 1 male baboon. 

DAYS AFTER INHALATION 

Fig. 1 - Retention of uranium in the chest after inhalation of U02 (10 mg). 
Rétention thoracique après inhalation d'U02 (10 mg). 

DAYS AFTER INHALATION 

Fig. 2 - Retention of uranium in the chest after inhalation of U308 (10 mg). 
Rétention thoracique après inhalation d'U3Og (10 mg). 
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TABLE I 
Retent ion of u r a n i u m in the chest . 

Rétent ion thorac ique . 

Days after 
inhalation 

Uranium dioxide (U0 2 ) 

607 608 609 616 

Uranium octoxide ( U 3 0 8 ) 

611 617 

2 88 ± 2 87 ± 2 84 ± 6 101 + 5 94 + 3 102 ± 2 

7 95 ± 2 92 + 2 95 ± 6 103 + 4 75 ± 3 84 ± 3 

14 82 ± 2 85 ± 2 94 ± 6 91 ± 5 9 1 + 3 87 ± 3 

28 76 ± 2 81 ± 2 98 + 6 90 ± 5 92 ± 3 72 + 3 

56 62 ± 2 77 ± 2 102 ± 5 97 ± 5 45 ± 5 62 + 4 

88 . 50 + 2 65 ± 2 91 ± 6 86 + 5 25 + 8 47 ± 5 

140 43 ± 2 62 ± 2 - - 13 ± 15 34 ± 6 

173 - - 74 + 7 80 ± 6 - -
210 36 + 3 52 ± 2 61 ± 9 79 ± 6 13 ± 15 35 + 6 

290 30 ± 3 44 + 3 44 ± 12 75 ± 6 14 ± 14 37 ± 6 

365 29 ± 3 41 ± 3 29 ± 17 63 ± 7 8 ± 23 22 ± 9 

Sex f m f m f m 

ILD mg U 17.5 18.2 2.66 3.28 5.30 8.05 

2 V2n(t) 
Results are expressed as % I L D (from N (t)) ± % 

N(t) 
where N(t) = nett chest count rate (cpm) at t days after subtraction of background count rate, 

n(t) = gross chest count rate. 

The results for U 0 2 administered at the higher dose levels (ILD 17.5 
and 18.2 mg uranium) given in table III have several noteworthy features. 
As expected, the largest amounts of uranium are present in the lungs and 
thoracic lymph nodes, a l though the amounts in the two animals varied 
appreciably. The largest amounts of uranium, other than in the lungs and 
lymph nodes, are present in the femora and skull cap. The concentrat ions 
of uranium in the var ious t issues and bones differ markedly and are in the 
order lymph nodes > lungs » skull cap > femora > clavicles > lumbar 
vertebra - thorac ic cage > sternum > kidneys > liver. The concentrat ion in 
the skull cap is about twice that in the femora and the difference between 
the skull cap and s ternum about f ivefold. The concentrat ions in the right 
and left thoracic cage are similar as are those for the right and left femora. 
The total amounts of uranium present in male t issues and bones are, in 
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general , greater than in females, whereas the uranium concentrations in 
these t issues tend to be higher in females. This latter observation may 
reflect di f ferences in mass between the sexes. 

TABLE II 
Uran ium content o f t issues in u n e x p o s e d b a b o o n 8 . 

Teneur en u r a n i u m dans les t i s s u s de babouin n o n exposé. 

Tissue W t b Uranium content 
u g k9" 1 

Lungs + trachea 78.1 0.50 ± 0 .03 c 6.4 ± 0.4 

Thoracic lymph nodes 1.8 0.20 ± 0.02 1 1 0 + 10 

Liver 255.0 0.16 ± 0.02 0.63 ± 0.08 

Kidneys 33.7 0.05 ± 0.01 1.5 ± 0.3 

Skull cap 57.9 0.80 ± 0.04 14 ± 0.7 

Sternum 21.9 0.10 ± 0.01 4.6 ± 0.5 

Clavicle 10.1 0.11 ± 0.01 11 ± 1.0 

Thoracic cage (r) 67.3 0.35 ± 0.03 5.2 ± 0.4 

Thoracic cage (1) 66.4 0.38 ± 0.03 5.7 ± 0.4 

Lumbar vertebra (5th) 24.0 0.21 ± 0.02 8.8 ± 0.8 

Femur (r) 76.9 0.62 + 0.04 8.1 ± 0.5 

Femur (1) 77.9 0.56 ± 0.04 7.2 ± 0.5 

a) animal number 422 ; female ; wt at death 11.1 g 
b) wet weight 
c) uranium content of trachea 0.08 ± 0.01 ug 

The results for U 0 2 administered at lower doses (ILD 2.66 and 3.28 mg 
uranium) are given in table IV. In general , the amounts of uranium 
measured in the various body t issues and bones are about 1/6 of those in 
the previous exper iment reflecting the difference in the initial lung deposits. 
However, when expressed as the percentage of the initial lung deposits, 
the amounts of uranium in the various t issues are similar to those found 
after the higher intake (tab. III). As in the previous experiment, the 
amounts of uranium in the lungs and lymph nodes differ markedly between 
the animals. Uranium concentrations in the various bones exhibit the same 
t rend as at the higher dose level and, as before, the greatest amounts of 
t ranslocated uranium are present in the skull caps and femora. In this 
case, both the concentrat ions and absolute amounts of uranium tend to be 
higher in males than in females. 

270 RADIOPROTECTION - VOL. 27 - N° 3 (1992) 



URANIUM BEHAVIOUR IN THE BABOON 

TA
B

LE
 1

11
 

U
ra

ni
um

 c
on

te
nt

 o
f 

tis
su

es
 i

n
 b

ab
oo

ns
 e

xp
o

se
d
 t

o
 U

0 2
 a

t 
hi

gh
 d

os
e 

le
ve

l. 
Te

ne
ur

 e
n

 u
ra

ni
um

 d
es

 t
is

su
s 

d
e

 b
ab

ou
in

s 
ex

p
o

sé
s 

à
 d

e
 f

o
rt

es
 d

os
es

 d
'U

0
2

 

T
j
s

s
u

e
 

A
ni

m
al

 6
07

a
 

A
ni

m
al

 6
Ô

8b
 

w
tc 

U
ra

ni
um

 c
on

te
nt

 
w

tc
 

U
ra

ni
um

 c
on

te
nt

 
g 

u
g

 
ng

 k
g

"1
 %

 I
LD

 
g

 
u.

g
 

u,g
 k

g
"1

 
%

 I
L

D
 

Lu
ng

s 
+

 t
ra

ch
ea

 
6
3
.3

 
3.

14
 x

 1
03

 
4
.9

6
 x

 1
04

 
1

7
.9

 
92

.7
 

2.
82

 x
 1

03
 

3
.0

4
 x

 1
04

 
1
5
.5

 
± 

20
d
 

±
 3

20
 

±
 2

0e
 

±
 1

1
0

 

Th
or

ac
ic

 l
ym

ph
 n

od
es

 
3
.3

 
1
.8

6
 x

 1
03

 
5
.6

4
 x

 1
05

 
1
0
.6

 
2.

9
 

4
.4

6
 x

 1
03

 
1.

54
 x

 1
06

 
2
4
.5

 

±
2

0
 

±
6

x
1

0
3
 

±
7

0
 

±
7

x
1

0
3
 

Li
ve

r 
1
6
9

 
10

.3
 ±

0
.2

 
61

 ±
 1

 
0.

06
 

26
1

 
11

.1
 ±

 0
.2

 
4
3

 ±
 1

 
0.

06
 

K
id

ne
ys

 
32

.5
 

4
.6

3
 ±

 0
.1

4
 

14
3

 ±
 4

 
0.

03
 

4
3

.1
 

2.
41

 ±
 0

.0
8

 5
6

 ±
 2

 
0
.0

1
 

S
ku

llc
ap

 
3
2
.7

 
23

.9
 ±

 0
.4

 
73

0
 ±

 1
2

 
0

.1
4

 
4
9
.1

 
2
3
.1

 ±
 0

.4
 

5
3
6

 ±
 9

 
0

.1
3

 

S
te

rn
um

 
1

3
.1

 
1.

89
 ±

 0
.0

8
 

14
4 

±
 6

 
0

.0
1

 
2
0
.2

 
2.

06
 ±

 0
.0

8
 

1
0
2

 ±
4

 
0
.0

1
 

C
la

vi
cl

es
 

8
.4

 
2
.6

4
 ±

 0
.0

8
 

3
1
5

 ±
 1

0
 

0.
02

 
1
3
.3

 
3.

57
 ±

 0
.1

4
 

2
6
8

 ±
1

1
 

0.
02

 

Th
or

ac
ic

 c
ag

e 
(r

) 
5

9
.2

 
14

.1
 ±

 0
.2

 
23

9
 ±

 3
 

0
.0

8
 

7
4
.1

 
17

.2
 ±

 0
.2

 
2
3
3

 ±
 3

 
0.

09
 

Th
or

ac
ic

 c
ag

e 
(I

) 
3
9
.9

 
10

.4
 ±

 0
.2

 
26

2
 ±

 5
 

0
.0

6
 

79
.2

 
15

.9
 ±

 0
.2

 
2
0
1

 ±
 3

 
0.

09
 

Lu
m

ba
r 

ve
rt

eb
ra

 (
5t

h)
 

2
2
.3

 
5
.4

0
 ±

 0
.1

4
 

2
4
2

 ±
 6

 
0
.0

3
 

2
4
.7

 
5.

70
 ±

 0
.1

4
 

23
1

 ±
 6

 
0.

03
 

Fe
m

ur
 (

r)
 

7
4
.6

 
2
4
.0

 ±
 0

.4
 

32
1

 ±
 5

 
0.

14
 

10
9

 
35

.0
 ±

 0
.4

 
3

2
1

 ±
 4

 
0

.1
9

 

Fe
m

ur
 (

I)
 

6
9
.8

 
2
3
.9

 ±
 0

.4
 

34
3

 ±
 6

 
0

.1
4

 
10

8
 

3
2
.9

 ±
 0

.4
 

3
0
5

 ±
 4

 
0

.1
9

 

Er
ro

rs
 a

re
 9

5 
%

 c
on

fid
en

ce
 l

im
its

 b
as

ed
 o

n 
co

un
tin

g 
st

at
is

tic
s 

a)
 f

em
al

e 
; 

w
ei

gh
t 

at
 d

ea
th

 9
.8

 k
g
 ;

 i
ni

tia
l 

lu
ng

 d
ep

os
it 

17
.5

 m
g
 U

 
b)

 m
al

e 
; 

w
ei

gh
t 

at
 d

ea
th

 1
1.

5 
kg

 ;
 i

ni
tia

l 
lu

ng
 d

ep
os

it 
18

.2
 m

g 
U

 
c)

 w
et

 w
ei

gh
t 

d,
 e

) 
ur

an
iu

m
 c

on
te

nt
s 

o
f 

tra
ch

ea
 r

es
pe

ct
iv

el
y 

1.
17

 ±
 0

.0
5 

ux
j 

an
d 

1.
32

 ±
 0

.0
6 

(j.g
 

(r)
 a

nd
 (

I)
 :

 r
ig

ht
 a

nd
 l

ef
t 

RADI0PR0TECTI0N - VOL. 27 - N° 3 (1992) 271 



H. MÉTIVIER et al. 

T
j
s

s
u

e
 

A
ni

m
al

 6
09

a 
A

ni
m

al
 6

16
b 

w
tc 

U
ra

ni
um

 c
on

te
nt

 
w

tc 
U

ra
ni

um
 c

on
te

nt
 

g 
|ig

 
fx

g 
kg

-1
 

%
 I

LD
 

g 
u.

g 
ug

 k
g-1

 %
 IL

D
 

Lu
ng

s 
+ 

tr
ac

he
a 

67
.6

 
0.

45
 x

 1
03 

6.
66

 x
 1

03 
17

.3
 

84
.0

 
1.

18
 x

 1
03 

1.
40

 x
 1

04 
35

.7
 

± 
10

d 
± 

15
0 

± 
10

e 
± 

12
0 

Th
or

ac
ic

 l
ym

ph
 n

od
es

 
3.

1 
0.

24
 x

 1
03 

8.
06

 x
 1

04 
9.

2 
2.

3 
0.

76
 x

 1
03 

3.
30

 x
 1

05 
23

.0
 

±
1

0 
+ 

3.
2 

x 
10

3 
±

1
0 

± 
4.

3 
X
 

10
3 

Li
ve

r 
24

1 
1.

17
 ±

 0
.0

4 
4.

9 
± 

0.
2 

0.
05

 
26

7 
1.

58
 ±

 0
.0

6 
5.

9 
± 

0.
06

 
0.

05
 

K
id

ne
ys

 
40

.0
 

0.
54

 ±
 0

.0
4 

13
 ±

 1
 0

.0
2 

39
.9

 
0.

59
 ±

 0
.0

4 
15

 ±
1 

0.
02

 

S
ku

llc
ap

 
66

.5
 

4.
67

 ±
 0

.0
8 

70
 ±

 1
 

0.
18

 
61

.4
 

5.
50

 ±
 0

.1
4 

90
 ±

 2
 

0.
17

 

S
te

rn
um

 
20

.0
 

0.
39

 ±
 0

.0
4 

20
 ±

 2
 0

.0
2 

23
.5

 
0.

50
 ±

 0
.0

4 
21

 ±
 2

 
0.

02
 

C
la

vi
cl

es
 

8.
4 

0.
44

 ±
 0

.0
4 

52
 ±

 5
 0

.0
2 

14
.0

 
0.

80
 ±

 0
.0

4 
57

 ±
 3

 
0.

02
 

Th
or

ac
ic

 c
ag

e 
(r

) 
61

.2
 

1.
74

 ±
 0

.0
6 

28
 ±

 1
 

0.
07

 
93

.6
 

3.
13

 ±
 0

.0
8 

33
 ±

 1
 

0.
10

 

Th
or

ac
ic

 c
ag

e 
(I

) 
59

.9
 

2.
02

 ±
 0

.0
6 

34
 ±

 1
 

0.
08

 
68

.8
 

2.
86

 ±
 0

.0
8 

42
 ±

 1
 

0.
09

 

Lu
m

ba
r 

ve
rt

eb
ra

 (
5t

h
) 

29
.0

 
1.

01
 ±

 0
.0

4 
35

 ±
 1

 
0.

04
 

29
.3

 
1.

31
 ±

 0
.0

6 
45

 ±
 2

 
0.

04
 

Fe
m

ur
 (

r)
 

84
.4

 
3.

84
 ±

 0
.0

8 
45

 ±
 1

 
0.

15
 

10
3 

6.
37

 ±
 0

.1
4 

62
 ±

 1
 

0.
19

 

Fe
m

ur
 (

I) 
78

.2
 

4.
24

 ±
 0

.0
8 

54
 ±

 1
 

0.
16

 
10

8 
6.

63
 ±

 0
.1

4 
61

 ±
 1

 
0.

20
 

Er
ro

rs
 a

re
 9

5 
%

 c
on

fid
en

ce
 l

im
its

 b
as

ed
 o

n 
co

un
tin

g 
st

at
is

tic
s 

a)
 f

em
al

e 
; 

w
ei

gh
t 

at
 d

ea
th

 1
1.

0 
kg

 ;
 i

ni
tia

l 
lu

ng
 d

ep
os

it 
2.

66
 m

g 
b)

 m
al

e 
; 

w
ei

gh
t 

at
 d

ea
th

 1
2.

3 
kg

 ;
 i

ni
tia

l 
lu

ng
 d

ep
os

it 
3.

28
 m

g 
U

 
c)

 w
et

 w
ei

gh
t 

* 
d,

 e
) 

ur
an

iu
m

 c
on

te
nt

s 
o

f 
tra

ch
ea

 r
es

pe
ct

iv
el

y 
1.

28
 ±

 0
.0

5 
ug

 a
nd

 0
.7

8 
± 

0.
05

 u
g 

(r)
 a

nd
 (

I) 
: 

rig
ht

 a
nd

 l
ef

t 

272 RADIOPROTECTION - VOL. 27 - N° 3 (1992) 

TA
B

LE
 

IV
 

U
ra

ni
um

 c
on

te
nt

 o
f 

tis
su

es
 i

n 
ba

bo
on

s 
ex

p
o

se
d 

to
 U

0 2
 a

t 
lo

w
er

 d
os

e 
le

ve
l. 

Te
ne

ur
 e

n 
ur

an
iu

m
 d

an
s 

le
s 

tis
su

s 
du

 g
ro

up
e 

le
 m

oi
ns

 e
xp

o
sé

 à
 

U
0 2

. 



URANIUM BEHAVIOUR IN THE BABOON 

The data for uranium tissue distribution after U 3 0 8 administrat ion at the 
higher dose level (5.3 and 8.05 mg) are given in table V. The trend in 
uranium concentrat ion in the various t issues and bones, namely lymph 
nodes > lungs » skull cap > clavicles > femora > lumbar vertebra 
- thorac ic cage > sternum > kidneys > liver is similar to that obtained after 
U 0 2 administrat ion. The concentrat ion in the skull cap is about 1.5 t imes 
that in the femora and clavicles, and about 5 t imes that in the sternum. 
The concentrat ions in the left and right femora, and in the left and right 
thoracic cage are similar, as before. However, uranium amounts in the 
var ious t issues, expressed as a percentage of the initial lung deposits, are 
about 3-6 t imes greater than after U 0 2 administrat ion. This might be due 
to the greater transportabi l i ty of uranium after U 3 0 8 deposit ion in the 
lungs. In this case, the higher concentrat ions in the bones occur in the 
female baboons. 

The results obta ined after U 3 0 8 administrat ion at the lower dose level 
(ILD about 1 mg) are given in table VI . The amounts of uranium present in 
the var ious body t issues and bones are general ly about 10-20 t imes lower 
than at the higher dose level. The fact that the amounts in the t issues are 
somewhat lower than expected on the basis of the dif ferences in the initial 
lung deposi ts reflects uncertainty in the lower dose group measurements. 
However, the uranium concentrat ions in body t issues fol low the same 
trend as in the higher dose group. 

3.4 Distribution of uranium between lungs and lymph nodes 

The ratio of the amounts of uranium present in the thoracic lymph 
nodes and lungs of each animal , expressed in terms of both concentrat ion 
and mass, are g iven in table VII , together with the percentage of the total 
lung contents retained in the lymph nodes. All the data were calculated 
from those given in tables l l -VI . The results have five noteworthy features : 
1) taking into account the different amounts administered, the ratios of 
uranium concentrat ions in the lymph nodes vs lungs are greater after U 0 2 

than after U 3 0 8 administrat ion ; 2) after U 0 2 administrat ion, the 
concentrat ion ratio appears to be higher in males than in females but this 
t rend was not observed for U 3 0 8 ; however, s ince each exposure group 
consisted of two animals only, no conclusions are drawn as to the 
inf luence of sex ; 3) after the intake of each compound by each sex, the 
concentrat ion ratios are reasonably independent of the amounts 
administered ; 4) tak ing into account the different amounts administered, 
the ratios, by mass , of uranium in the lungs vs that in the lymph nodes are 
greater for U 0 2 than U 3 O a ; 5) for both U 0 2 and U 3 0 8 , the percentage of 
the lung deposi ts present in the lymph nodes at death does not appear to 
be substant ial ly af fected by the initial lung deposi ts , a l though the values 
for U 3 0 8 are about 4-6 t imes lower than those for U 0 2 . 
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TABLE VI! 

D i s t r i b u t i o n of u r a n i u m between t h e lungs (L) and thorac ic l y m p h nodes (TLN). 
D i s t r i b u t i o n de l 'uran ium entre p o u m o n (L) 

et g a n g l i o n s lymphat iques thorac iques (TLN). 

Compound Animal No 
Sex 

ILD 
mg 

Uranium ratio TLN : L % lung deposit 
by cone. by mass in TLN 

U 0 2 607, F 17.5 11.4 0.59 37 

uo2 608, M 18.2 50.7 1.58 61 

uo2 609, F 2.66 12.1 0.53 35 

u o 2 616, M 3.28 23.6 0.64 39 

u 3 o 8 
6 1 1 , F 5.30 4.1 0.15 13 

u3o8 
617, M 8.05 6.1 0.14 12 

u3o8 
615, F" ~1 ¡3-2 0.12 11 

u3o8 
623, M ~1 3.6 0.11 10 

3.5 Analysis of enzymes in urine 

Increases in the S G O T concentrations in urine (see 2.6) were observed 
after exposure of both males and females to the higher dose levels of U 0 2 

(tab. VIII). The G G T concentrations were also increased in the male 
baboons exposed to the higher doses of U 0 2 und U 3 0 8 . The SGOT 
concentrat ions in the urine of unexposed animals (tab. VIII) are compatible 
with those reported by Gerasimo et al. [10]. No increases in the urinary 
concentrat ions of the other enzymes investigated could be identif ied. 

TABLE VIII 
Enzymatic ana lys is of ur ine . 

Analyse enzymat ique de l 'ur ine. 

Animal Compound ILD Enzyme Concentration in urine (I'll I~ 1) a 

(mg U) Day 0 Day 365 

607 U 0 2 
17.5 SGOTb 24 93 

608 u o 2 18.2 SGOTb 13 76 

608 uo2 18.2 GGTb 69 91 

617 u 3o 8 
8.05 GGTb 50 137 

a) International units per litre 
b) SGOT and GGT in unexposed animals, respectively 16-24 and 22-48 IU I - 1 

276 RADIOPROTECTION - VOL. 27 - N° 3 (1992) 



URANIUM BEHAVIOUR IN THE BABOON 

3. D i s c u s s i o n 

In these exper iments, U 0 2 and U 3 0 8 have been administered in 
varying amounts to baboons in order to elucidate the lung retention 
kinetics of uranium, its distribution between thoracic lymph nodes and lung 
t issue, its concentrat ions in var ious body t issues and bones, and its effect, 
if any, on metabol i tes present in urine. The results are now d iscussed in 
terms of their impl icat ions for human exposure. 

4.1 Uranium retention in the chest 

ln-vivo monitor ing data obtained for 9 individuals over a 12-year per iod 
after terminat ion of their occupat ional exposure to ceramic grade U 0 2 

have shown that the mean retention half-t ime of uranium in the chest is 
390 d (range 280-490 d) (Stradling et al.) [25]. The values predicted f rom 
exper iments in which the same compound was administered to rats ranged 
from 400 to 520 d and hence are in reasonable agreement wi th these 
observat ions. A feature of the human data is that an appreciable 
proport ion of the chest content measured immediately after the cessat ion 
of exposure appears to be retained indefinitely and varies by about 
fourfold between individuals (Price) [21]. The results of the baboon 
exper iments (tab. I l l , IV, VII) suggest that this must be due to the uranium 
retained in the thoracic lymph nodes rather than the data being affected by 
the small amounts of uranium that are likely to accumulate in the skull or 
rib cage as a consequence of uranium translocation into the b lood. A 
twofold di f ference in uranium distr ibution between the lungs and lymph 
nodes is in reasonable agreeement with the fourfold variat ion in the 
apparent long-term component in humans. Whilst the magni tude of the 
lymph node content in baboons, about 35-60 % of the total lung content, is 
higher than the apparent value in humans, the discrepancy may be due to 
the dif ference in the exposure patterns, i.e. acute vs chronic, and the fact 
that the amounts of uranium deposi ted in baboon lungs were 1 order of 
magnitude or more greater than those measured in human lung. 

U 3 0 8 intakes by baboons were too low for the lung retention kinetics of 
uranium to be assessed with conf idence by chest monitor ing. The long-
term retention half-t ime predicted for workers on the basis of Stradl ing's 
exper iments with rats exposed to a similar U 3 0 8 preparat ion suggests it 
would be about 230 d [23, 25]. The baboon data quoted in tables V-VII 
suggest that the amounts of uranium likely to be retained indefinitely in the 
thorax as a consequence of accumulat ion in the lymph nodes will be 
appreciably lower after inhalation of U 3 0 8 than after inhalation of U 0 2 . 

4.2 Concentration ratios of uranium in lungs and lymph nodes 

The distr ibution of inhaled dusts between the thoracic lymph nodes and 
lungs is frequent ly expressed as a concentrat ion ratio. The data in table 
VII show that the va lues for U 0 2 vary f rom about 11 to 50 and those for 
U 3 0 8 f rom about 3 to 6. It is noteworthy that ratios in excess of 100 have 
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been reported by Leach et al. in dogs and monkeys exposed chronically to 
5 mg m - 3 U 0 2 over an interval of 5 y [17-18]. The values reported for 
humans exposed to uranium are also extremely variable. Usually, 
however, they refer to uranium inhalation at low concentrat ions, but in 
many cases neither the chemical form nor the amounts inhaled have been 
speci f ied. For example, concentration ratios of 1.5 have been reported 
after chronic inhalat ion to U 3 0 8 (Donoghue et al. [9] ; 2.5 (ag 5.5) for 
6 individuals exposed to undefined forms of uranium (Campbell et al. [6]) 
and 10.4 and 21.2 for 2 uranium millers (Singh et al. [22]). The relatively 
high values in the study reported here, particularly for U 0 2 , reflect the 
possible consequences of human exposure to acute intakes of uranium in 
excess of the ALI for class Y compounds. The data should not be 
.extrapolated to predict the values that would occur after chronic inhalation 
of much lower amounts . The results summar ised in table VII for U 0 2 

suggest that the concentrat ion ratio may be higher in males than in 
females with an opposi te trend for U 3 0 8 . However, since only one animal 
of either sex was used at each dose group, the results should be 
interpreted with caut ion. Hence, no conclusions can be drawn from these 
exper iments about the effect of sex on concentrat ion ratios. 

4.3 Deposition in tissues other than the lung 

In genera l , the amounts of uranium present in the various bones of the 
baboon skeleton, expressed as percentages of the initial lung deposits, are 
about 5 t imes higher after U 3 0 8 administrat ion. This suggests that after 
intakes of U 3 0 8 and U 0 2 the transfer rates of uranium to blood also differ 
by about f ivefold. A similar di f ference in transfer rates was observed by 
Stradl ing et al. when the same preparat ions of the compounds were 
inhaled by rats [24]. 

It is noteworthy that after the inhalat ion of U 0 2 and U 3 0 8 in different 
amounts by baboons of either sex, the trend in uranium concentrat ion in 
the var ious bones and tissues is closely similar, namely skull > femora 
-c lav ic les > lumbar vertebra - thorac ic cage > sternum > kidneys > liver. 
This appears to indicate that uranium is t ransported via the blood in the 
same chemical forms, i.e. complexed wi th transferr in, citrate and 
bicarbonate (Cooper et al.) [7] . In general , uranium concentrat ions in the 
skull cap are about 2 and 5 t imes that present respectively in the femora 
and s ternum. The median concentrat ion ratios are present in the clavicles, 
ribs and femora. 

Other studies on the variability of uranium concentrat ions in human and 
animal t issues have also been publ ished. The twofold difference in 
uranium concentrat ions in the ribs and sternum of a former uranium miner 
[22] were similar to those observed here for baboons. Welford and Baird 
[27] reported uranium concentrations in bone samples obtained f rom 
former residents of New York city ; the values varied from about 0.01 u x r 1 

ash in the long bone shaft to about 0.03 u.g U g~~1 ash in the skul l , and 
hands and feet. Hamilton [11] determined uranium concentrat ion in skul l , 
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rib, femur (shaft), s ternum, vertebra and carti lage samples from non­
occupa t iona l ^ exposed persons in the UK. The ash concentrat ions were 
respectively 0.032, 0.020, 0.024, 0.018, 0.017 and 0.024 j ig g ~ 1 , and 
would appear to be compat ible with the results obtained in this study. 
Animal data also show that skeletal distr ibution of uranium is non-uni form. 
For example, after intravenous injection of the citrate complex into 3 dogs, 
the ratios of max imum vs min imum concentrat ions in the various samples 
of bone ash ranged from 4.2 to 12 [22]. 

The results of this study, and others, i l lustrate the possible errors that 
can occur in the assessment of the skeletal content of uranium by 
extrapolat ion f rom that present in individual bones, and demonstrate that 
the analysis of several bones will be necessary in order to make the best 
est imates. The baboon exper iments suggest that Donoghue's assess­
ments based on the sternum [9] could underest imate the skeletal content 
by about 2. The low concentrat ions of uranium present in the kidneys 
and liver vs those in the bones in the baboon experiments are consistent 
with data obtained for former occupational ly exposed individuals (Kathren 
er al.) [16]. 

4.4 Enzymatic analysis of urine 

Increases in the concentrat ions of SGOT were observed in the urine of 
both baboons exposed to U 0 2 in amounts that simulated human 
exposures to about 20 t imes the ALI for the compound. No increase could 
be found after acute exposures in amounts equivalent to 3 t imes the AL I . 
Enhanced levels of GGT were found in the urine of the male baboons 
exposed to the higher doses of U 0 2 and U 3 O a , the latter being equivalent 
to 7.4 t imes the ALL We are unsure whether these increases in 
concentrat ion are due to uranium toxicity. No increases were observed in 
the urinary concentrat ions of those enzymes that reflect nephrotoxicity. 

As a conclus ion, presently, external monitor ing of the chest and urine 
analysis should remain the methods of choice for this purpose. • 
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