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Summary

Radiotungsten was given as Na2181WOt| orally to 4 goats and intra-

venors'y to 3 goats. Blood, milk, urine and faeces were collected

rep .* c ly during an 8-day period. Thereafter the animals were

si t V-ered and different tissues were taken for analyses of

It •*: s found that only a minor part of the ingested 1 8 1W was

\} -crbed in the gastrointestinal tract. The main part, about

1 X of the amount given, passed the GI tract and was recovered

> the faeces within 48 hours. The absorbed radiotungsten was

manly excreted in the urine (1.8 - 3.4%) and only a small amount

u]s recovered in the milk (0.03 - 0.12%). On autopsy the largest

c. ounts of 18*W were found in the kidneys and liver but large

amounts were also found in ribs and some lymph nodes.

Already 48 hours after I.V. injection about 87Z of the given

amount was excreted in the urine, 6% in faeces and 3% in milk.

As in orally dosed animals, the largest amounts of 1 8 1W were

found post mortem in the kidneys and the liver. Ribs, adrenal

glands and some lymph nodes also showed high concentrations of

radiotungsten. Intravenous administration was found to give 15 -

20 times higher concentrations of radioactivity in organs than

the oral administration. Calculations showed that about 60% of

the injected radiotungsten had a biological half-time of 3.5

hours, 30% 19.7 hours and the remaining 10% 154 hours (6.4 days).



For I.V. dosed animals the activities in milk and muscle (vastus),

8 days after dosing, were 10~2 and 7«1O~3 Z per kg of the given

amount, respectively.

The data obtained suggest t.iat radiotungsten is unlikely to be

a significant environmental pollutant source for man, as far as

its concentration in milk and meat are concerned.
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Riksdagsbiblioteket, FOA 1 och FOA 2.
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INTRODUCTION

Radionuclides of tungsten can be produced by activation in nu-

clear weapons. Due to their abundance such radionuclides have

been detected in fallout in several countries (e.g. L. de Fran-

cheschi et al 1969, Blomquist & Asikainen 1970, Mamuro et al

1971, Mullen et al 1976). Radiotungsten has also been employed

as "tracer" in studies of the transport of fallout in the atmos-

phere (Lockhart et al 1959).

Only a few studies seem to have been reported in the area of

tungsten metabolism in larger animals. Studies on various aspects

of the metabolism of tungsten in rats have been published by

Scott (1952), Wase (1956), Fleishman et al (1966) and Kaye (1968),

in dogs by Aamodt (1973), in swine and sheep by Bell & Sneed

(1970) and recently in cattle by Mullen et al (1976).

The purpose of the present study in goats was to provide informa-

tion about the metabolism of ^'w in a domestic ruminant species

with special reference to the appearence of the radionuclide in

milk and meat.



MATERIALS AND METHODS

Seven lactating goats of the Swedish Land Breed, 2 to 4 years

old and weighing 26 t>> 38 kg, were used. The goats were ctini-

cally healthy and were kept in metabolism cages in order to

enable separate collection of urine and faeces. The animals

were milked once or twice daily depending on their yield. Through-

out the experiment the goats were maintained on a ration of hay

and a pellet concentrate mixture for sheep. They had free access

to water.

The radionuclide 1 8 1W was obtained from New England Nuclear

(Boston, Mass., USA). It was as N32W0J, in 0.09 M Na?C03 solu-

tion, specific activity 3.0 to 4.3 mCi per mg, radiometric pu-

tity 99%.

Three of the goats were given 250 uCi of the radionuclide solu-

tion intravenously, via the jugular vein. Four goats received

450 uCi orally, by stomach tube.

Blood, milk, urine and faeces were sampled at frequent inter-

vals for 8 days after dosing. After the last sampling the goats

were slaughtered and tissues and organs were sampled for analy-

sis of 181W.

All the samples taken were counted in a 3-inch well type Nal(Tl)

crystal with a 2-channel y-spectrometer. Faecal samples were

measured on top of a 4-inch scintillation detector connected

to a 128-channel pulse height analyzer. Adequate standards and

corrections were made for counting geometry.



RESULTS

The concentration of 1'*1W in plasma after intravenous injection

(3 goats), and after oral administration (A goats) of the radio-

nuclide is shown in fig 1.

In the oral experiment, detectable amounts of radioactivity

could be found in plasma 3 hours after dosing. The maximum ac-

tivity was reached after 6 hours in 1 goat and after 24 hours

in the 3 others. Six days after maximum concentration the plasma

activity had decreased 100 times.

The plasma clearence curve of 1 8 1W after intravenous injection

can be described by a 3-term exponential function (fig 2):

C = 9.393xe~8-3t + 1.716xe~K781 + 0.071 xe" 0- 2"'

where C is the nuclide plasma concentration in Z of given dose

per litre and t the time in days. The corresponding T_j_ for each
2

component are 2.0, 9.3 and 62.5 hours.

Concentrations of 1 8 1W were also measured in whole blood and in

saline washed blood cells. After l.V. injection steady state

condition was reached after about 6 hours, with 90% of the radio-

nuclide in plasma and the remaining 10% in the erytt.rocytes. A

similar distribution was observed in the orally dosed animals.

Milk behaviour of the radionuclide is graphically shown in fig 3.

After oral intake peak concentrations were reached after 24 hours,

indicating a rapid blood - milk nuclide equilibrium condition.

Thereafter the milk 1Ö1W concentration decreased with a Tj S 30

hours. For injected animals the milk peak appeared at 6 hours

P.I. In both cases milk radioactivity was noted to decrease faster

than the fall in blood plasma radioactivity, except for the only

goat with a suckling kid.



The total secretion of i8iW in milk averaged 2.6 (range 1.8 to

3.4) and 0.06 (range 0.03 to 0.12) % of the given amount after

intravenous and oral administration, respectively, during the

8-day period.

The total excretion of radiotungsten in urine and faeces after

intravenous and oral administration is shown in table I. The

main route of excretion was via the kidneys after intravenous

injection and via the faeces after oral intake. The mean total

amount eliminated through the urine after I.V. injection was

about 88% in 8 days. The corresponding figure for faecal ex-

cretion was 5.8% of the given dose. Eight days after oral intake

the total excretion via faeces and urine was about 95 and 2.6%

of the dose, respectively.

The cumulative excretion of 181W in milk, urine and faeces for

the 2 routes of administration is illustrated in fig U, where

the major part, 78%, of the injected radiotungsten is seen to

be excreted in the urine during the first day after administra-

tion. About 75% of the given amount of 181 was excreted in the

faeces within 2 days of oral intake.

A curve describing whole body retention of 181W was constructed

by using data on its daily elimination in milk, urine and faeces

after intravenous injection of the nuclide (fig 5). The whole

body retention curve so defined can be described by a 3-term

exponentioal function:

30>ce-0-94t

where R = I of retained dose and t » the time, in days after the

injection. The corresponding half-times of the components are

3.5, 19.7 and 154 hours, respectively.
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The distribution of 181W in different tissues after slaughter

can be seen in table II. Regardless of the way of administration,

a similar distribution pattern is evident, with the highest con-

centration being in the kidney cortex followed by the mesentric

lymph nodes and liver, adrenal glands and spongious bone (rib) .

The highest total activity in a single organ was found in the

liver (table III). In general, the retention of 181W was 15 - 20

times higher after I.V. injection than after oral intake.

Table 1. Total excretion of l8IW in milk, urine and faeces after
intravenous and oral administration of Na2

181WOi, to goats. The
figures presented are individual values for 2 of the goats in the
intravenous experiment and the mean and range values for the
goats used in the oral experiment.

Intravenous experiment
2 goats

Oral experiment
4 goats

Milk 2.6 (1.4 - 3.8)

Urine 87.6 (87.5-87.7)

Faeces 5.8 (5.2 - 6.3)

0.06 (0.03 - 0.12)

2.6 (1.8 - 3.4)

95.0 (93.8 - 96.0)



Table II. The concentration of 1 8 1W in % of the given amount
xlO~6 per gram or" tissue after intravenous injection (3 goats)
and after oral intake (4 goats). Mean and range values are given
for each experiment.

Intravenous experiment, Oral experiment,
mean and range values mean and range values
for 3 goats for 4 goats

Tissue % of dose/g tissue xl!TG % of dose/g tissue

Liver
Kidney cortex '•
Kidney medulla
Spleen
Mammary gland
Heart
Lung
Brain
Pancreas
Ovary
Adrenal gland
Salivary gland
Pituitary gland
Muscle (vastus)
Skin (abdomin.)
Lymph node (ing.)

957
3949
569
400
207
38
324
4
60
128
339
227
166
14
172
780

" (mesen C)978
Abomasum (wall)
Duodenum "
Jejunum "
Ileum "
Caecum "
Colon "
Bile
Rib :
Femur (spong.)

" (compact)
Cartilage

84
97
160
159
172
136
5

L046
477
175
57

( 526 - 1233)
(1855 - 6535)
( 201 - 1022)
( 232 - 636 )
( 70 - 381 )
( 31-48 )
( 235 - 375 )
( 2 - 6 )
( 53-70 )
( 68 - 144 )
(237 - 440 )
( 69 - 308 )
( 138 - 194 )
( 10-22 )
( 132 - 207 )
( 402 - 1197)
( 581 - 1375)
( 50 - 107 )
( 86 - 104 )
( 135 - 178 )
( 72 - 215 )
( 117 - 184 )
( 113 - 153 )
( 4 - 5 )
( 275 - 2094)
( 171 - 550 )
( 72 - 367 )
( 43-70 )

35
221
12
8
15
2
9

( 1 6 - 4 9 )
(117 - 357 )
(4.6 - 16.0)
(3.2 - 12.0)
(7.1 - 24.0)
(0.8 - 2.4 )
(5.3 - 11.0)

0.4(0.2 - 0.7 )
2
4
22
2
7

(1.0 - 3.3 )
(1.8 - 5.5 )
(19-26 )
(1.6 - 2.7 )
(2.8 - 11.0)

0.6(0.4 - 0.8 )
7
21
52
3
5
10
10
7
6

(3.2 - 9.5 )
(7.7 - 33.0)
( 3 3 - 9 3 )
(2.2 - 4.9 )
(2.4 - 7.5 )
( 6-18 )
(3.5 - 18.8)
(2.8 - 10.7)
(3.2 - 7.8 )

0.4(0.2 - 0.5 )
33
19
11
4

24-51 )
(6.3 - 34 )
(4.9 - 17 )
(1.4 - 8.1 )
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Table III. Amounts of 181W in different organs in % of the given
amount after intravenous injection and oral intake. The mean and
range values are given for the respective experiments.

Organ

Liver

Spleen

Mammary gland

Heart

Lung

Brain

Pancreas

Kidney

Intravenous experiment
3 goats

0.75

0.02

0.13

0.005

0.13

C.0005

0.004

0.35

(0.37 -

(0.02 -

(0.04 -

(0.003 -

(0.06 -

(0.0002-

(0.003 -

(0.16 -

1.01)

0.03)

0.26)

0.006)

0.18)

0.0008)

0.006)

0.54)

Oral experiment
4 goats

0.027

0.0007

0.008

0.0002

0.004

0.00003

0.0002

0.017

(0.014 -

(0.0004 -

(0.004 -

(0.0001 -

(0.002 -

(0.00002-

(0.0001 -

(0.007 -

0.044)

0.0011)

0.010)

0.0003)

0.005)

0.00005)

0.0003)

0.021)
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Figure 2. Concentration of 181W in blood plasma of the I.V. in-
jected goats. The curve represents the mean values for 3 animals
which yield the 3-term exponential equation.
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Figure 3. The concentration of 181W in milk after
oral (4 goats) and intravenous (2 goats) administra-
tion of Na2181W0i4. The symbols used are explained
in legend to figure 1.
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Figure 4. The cumulative excretion of radiotungsten in feces, urine and milk
after intravenous injection and oral intake of Na2181WOu. The curves for
oral intake represent the mean of 4 goats and the ones for I.V. administra-
tion mean values of 2 goats.
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of injected radiotungsten. The curve represents the mean values
for 2 animals which yield the 3-term exponential equation.
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DISCUSSION

The results for excretion (Table I, fig 4) indicate that only a

minor part of the orally administered radiotungsten was absorbed

in the gast ro-intest inal tract of the goat. A considerably lower

concentration of lalW in blood plasma after oral intake compared

to i.v. injection supports this view. It is interesting to note

that non-ruminant species absorb 1B1W more efficiently from tho

gastro-intestinal tract than ruminants (Ballou 1960, Fleishman

et al 1966, Kaye 1968, Bell & Sneed 1970, Mullen et al 1976).

The absorbtion will increase in ruminants after the administra-

tion of '"'W directly into the abomasum as stated by Bell & Sneed

(1970). These authors suggest that the normal low absorbtion in

ruminants is due to adsorbtion of the nuclide to feed particles,

especially to those high in cellulose. They also mentioned the

possibility that ruminal bacteria can make the radionuclide less

available for gastro-intestinal absorbtion. The faecal endogenous

losses of 181W seem to be fairly important. The mean value for

the I.V. dosed animals ij about 7 Z of the total excretion in

8 days. It is to be noted that this figure is higher than the

corresponding one for milk losses in the same animals. A con-

siderably lower figure was observed for faecal excretion in cows

after I.V. administration of radiotungsten (Mullen et al 1976).

Observations on the milk elimination of radiotungsten seem to

have only been reported once earlier (Mullen et al 1976). After

oral intake, the cumulative amount recovered on the 8th day was

less than 0.1 1 of the administrated 18*W and after I.V. injec-

tion 2.6 1 was eliminated in the milk in the present experiments.

These figures concur with those reported for cattle by Mullen

et al (1976).

In general, goats secrete inorganic elements to the milk more

efficiently than dairy cows (Jones & Ekman, unpublished obser-

vation). This difference between goats and cows can also be ob-
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served in the milk elimination of radiotungsten. The peak, concen-

tration of ' "jlW in *rii Lk after I.V. administration is more than

10 times higher in the goat than in the cow (Mullen et al 1976).

Plasma concentration clearance of ^^W seems to be explained by

a 3-term exponential function. This is in agreement with results

obtained in dogs by Aamodt (1973) although this species had

shorter biological half-times. The fairly constant relationship

between erythrocytes and blood plasma in radioactivity (1:4)

does not seem to have any biological significance and remained

unaltered with time and way of administration of the radiotung-

sten preparation.

The tissue distribution of radiotungsten in cows was similar to

the distribution in goats (Mullen et al 1976). The high concen-

tration of 18IW in liver^ kidneys and lymph nodes indicates a

strong tendency to eliminate the nudide from the body. The

abundance of radioactivity in the active haematopoietic bone

marrow also shows that the nuclide is more vinculated to spe-

cific eliminatory systems than to accumulatory ones. The con-

centration of radiotungsten in muscles that could be of impor-

tance for the industrial use of meat does not seem to differ

from the blood concentration of radiotungsten.

From the low intestinal absorbtion, the rapid body depletion,

the lack of any specific accumulatory organ and the relatively

poor excretion via milk it can be concluded that radiotungsten

does not seem to be a particularly hazardous source of environ-

mental pollution for man.
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