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The metabolism of radiocesium in animals has been studied
extensively during the last ten years (e.g. Hood & Comar 1953;
Ekman 1961; Wasserman et al. 1965). Radiocesium is distribuled
throughout the body with a somewhat higher concentration in
some organs than in others, but the usual range of concentration
from tissue to tissue does not exceed a factor of two. With regard
to genetic risks the accumulation of radiocesium in the gonads
has gained some attention. No special accumulation seems to
occur neither in the ovary nor in the testes of any animal species
investigated. Generally the concentration in the gonads is very
similar to that in the liver (Ballou & Thompson 1958; Ekman).
In mice Nelson et al. (1961) noticed a somewhat higher concen-
tration in the ovary of a pregnant animal than in a non-pregnant.
Even if thus the concentration of radiocesium in the testes of
small laboratory animals has been studied, there is, however, no
investigation to our knowledge about the occurrence and distri-
bution of cesium in the semen of bulls.

Cesium is, like potassium, known to be localized mainly intra-
cellularly and there is in many tissues a considerable concen-
tration factor between cells and blood plasma (e.g. Ekman). It is
also apparent that, at tracer levels of Cs'*’, the relative partition
of Cs*" and K+ between plasma and most tissues is about 1
(Wasserman et al.).
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Exceptions from this general rule are the kidney with rela-
tively more Cs'*" (i.e. the ratio Csijaney/CS piasma is greater than
the ratio Kjjqney /K piasma) and the brain with relatively less Csts7
(Ekman). Crabo (1964) has shown that the ratio K ,.matozoa/
K mina1 plasma i bulls is about 1. This is quite different from the
usual intracellular to extracellular ratio of potassium which is
known to be considerably greater than 1. It was therefore thought
to be of interest to determine the radiocesium ratio in sperma-
tozoa/seminal plasma in bull semen and at the same time study
the corresponding ratio in blood (Csy004 cetts /CS blood plasma )+

The modern deep-freezing technique has made it possible to
store semen for many years. If there is radiocesium in the semen
and especially if it is concentrated in the spermatozoa, this also
means an increased risk for radiation damage to the spermatozoa.
The dose to semen and spermatozoa has therefore been calculated

for some practically feasible situations.

MATERIAL AND METHODS

Two bulls of the Swedish Red and White Breed, both with
an age of four years were given 2.5 mCi Cs*3* with a stomach tube.
At varying time intervals (Fig. 2) semen was collected with an
artificial vagina and the concentration of Cs'** measured in a well
scintillation detector. After centrifugation the content of Cs!3¢ in
seminal plasma was determined in the same way. The concen-
tration of Cs'*¢ in the spermatozoa was measured after washing
of the cells four times in MacLeod dilution liquid (cf. Bane 1952).
All data were corrected for decay of Cs'?* during the experiment.
The sperm concentration in each ejaculate was determined by a
hemacytometrical method. The occurrence of normal ejaculate
volume, sperm concentration, motility and morphology was
checked during one month before the start of the experiment.
The same control was also performed on all ejaculates collected
after the administration of Cs'3¢. The methods used were those
described by Lagerlof (1934).

Blood samples were taken from the anterior jugular vein at
gradually lengthening intervals and the radioactivity in whole
blood and blood plasma measured. After determination of the
hematocrit the concentration in the red cells could be calculated.

The weight of the two bulls, I and II, were 870 and 890 kg
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respectively, therefore, the experimental data obtained could be
compared directly without any correction for differences in body
weight.

RESULTS AND DISCUSSION
The concentration of Cs'** in blood plasma was decreasing
rapidly during the first week after the administration (Fig. 1).
The maximum level of Cs*** in blood cells was not reached until
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Figure 1. The concentration of Cs!34 in blood cells and plasma of
bulls after a single oral administration.

four to seven days after the administration. The concentration of
Cs*** was higher in blood cells than in blood plasma with the
exception of the first two days after the administration. The
difference in concentration between cells and plasma was con-
siderably greater in bull I than in bull II. It can be concluded,
however, that Cs*¢ in blood cells and blood plasma of bulls is
following the same trend as has been shown in other animal
species after oral administration (e.g. Ekman 1961).

The concentration of Cs'** in seminal plasma and spermatozoa
of the two bulls at varying times after a single oral administration

1o
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Figure 2. The concentration of Cs!34 in seminal plasma and sperma-
tozoa of bulls after a single oral administration.

of Cs3¢ can be seen in Fig. 2. The highest concentration in both
seminal plasma and sperm was reached on the second to fourth
day after the administration. The shape of the curves a few days
after giving Cs'3* was similar in the two bulls, i.e. the ratio
between the concentration of Cs'* in spermatozoa and seminal
plasma was rather constant. This can be studied further in
Table 1 where the mentioned ratio in each ejaculate from bull 1
is given. The Cs'*-concentration in spermatozoa was only about
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Table 1. Distribution of Cs'37 in semen from bull no. I at different
times after a single oral dose.

Days Per cent Per cent Per cent Number Sperma-  Ratio of sper-
after of dose of dose of dose in of sper- tocrit matozoa to
admini- per ml per ml sperma matozoa (per cent) plasma con-
stration semen seminal tozoa per ml centration
plasma per ml semen of Csl87
semen
x 105 x 105 x 105 x10—?
1 7.60 8.54 0.40 1.53 12.9 0.37
2 16.5 17.7 0.36 1.01 8.5 0.24
4 18.01 18.8 0.29 0.76 6.4 0.24
7 10.1 10.7 012 1.13 9.5 0.12
10 6.31 7.01 0.27 1.78 14.9 0.26
14 413 4.50 0.17 1.61 13.5 0,28
21 2.91 3.09 0.070 0.70 5.9 0.38
28 1.87 2.05 0.091 1.20 10.1 0.44
35 1.35 1.51 0.099 1.59 134 0.49
43 0.99 1.08 0.054 1.74 14.6 0.34
49 1.06 1.11 0.023 1.72 14.4 0.14
57 0.94 0.99 0.027 1.38 11.6 0.24
64 0.75 0.77 0.035 1.24 10.4 0.44
81 0.59 0.63 0.035 1.68 141 0.39
88 0.49 0.57 0.033 1.98 16.6 0.35

Mean value 0.34

35 % of that in seminal plasma. It should be pointed out that
this figure is based on the results of measurements of Cs'3¢ in
whole semen and seminal plasma. After determination of the
spermatocrit the concentration of Cs** in packed sperm has been
calculated. Therefore it can be concluded that the lower concen-
tration in the spermatozoa has not been caused by any loss of
Cs'3¢ during washing procedures.

The reasons for the preferential accumulation of radiocesium
in seminal plasma are unknown. One explanation could be that
the secretion from e.g. the seminal vesicles has a comparatively
high Cs*¢-content. The rapid appearance of Cs!** in semen and
the observation that the ratio Csjhcrmatozoa/CSseminal plasma Was
relatively constant during the whole experimental period, seems
to support the view that the distribution of radiocesium in semen
will be accomplished after the sperm have left cauda epididymidis.
An investigation of the distribution of radiocesium in the epidi-
dymal sperm and plasma will probably show if the suggested
explanation is true.
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The concentration of Cs!3¢ (N(t) = per cent of dose per ml)
in semen from bull I after a single oral administration can be
described by the expression:

N(t) = 2“‘ e Vit — 10—5 [2.2 . e—0017(t1) | 13e—0.12t1) L
4 37e051t1) _ 45¢—0.9t1)] t>1

The constants n; and v; are to be regarded as empirical with
no biological or physical meaning. For t <1 day the expression
is mostly negative and thus not applicable. The most long-lived
term corresponds to a half life of 41 days.

Continuous daily doses

Single dose
-
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Figure 3. The theoretical curves describing the concentration of
radiocesium in bull semen after single and daily doses of radiocesium.
The obtained experimental data after a single oral dose to bull no. I
are also given.

The curve describing the expression N(t) for radiocesium in
bull semen can be seen in Fig. 3. It is obvious that the four-term
expression describes the experimental data with good accuracy.

Per cent of daily dose per ml semen
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For dose calculations it is of interest to know the concentra-
tion of radiocesium in semen after a continuous intake of radio-
cesium. A bull ingesting a unit amount at time t’” will at later
times show a concentration N(t—+t’) in semen. The concentration
M(t) in semen after a continuous oral intake of a unit amount
per day will thus be:

1

n-
M(t) = N(t-t') dt’ = y —v:— [1_ evi (Q.l)] —

i

Sy

10—5 [129(1_e——0.017(t-l)) __l__ 108(1_e—0.12(t-1)) +
+ 73(1-e—051t) — 50(1-e%%t1)] where t > 1

The curve describing the expression M(t) for radiocesium in bull
semen can also be seen in Fig. 3. After an infinite daily intake
the concentration will be 2.6 X 10—3 % of the daily dose per ml
semen. This value can be used for dose calculations at equilibrium
concentration.

Doses to spermatozoa in testis and epididymis

Cs'37 is the dominating cesium isotope produced in fission. All
dose calculations have therefore been made on this isotope.

The beta-dose to the spermatozoa in testis and epididymis can
be calculated if we assume that the Cs?3" concentration in the
testis and epididymis is about the same as that of semen. The
beta-dose from Cs'*7 is:

0.24 X 1.6 X 10-6
100

= 3.8 X 109 rads X em? X (dis)—1

0.24 is the effective beta energy of Cs»" in MeV. 1 MeV = 1.6 X
10-6 erg.

Overall mean body density assumed equal to 1.0 g X em—3.

The gamma-dose to the spermatozoa in testis and epididymis
is mainly due to Cs** in the total body of the bull. The Cs137-
concentration in the body can be assumed to be twice as high as
that in testis and epididymis (probably less in reality).

For an approximate calculation of the gamma-dose to testis
and epididymis (and to the spermatozoa) the bull body can be
regarded as a sphere and the testis and epididymis as situated
at the surface of this sphere.
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The following nomenclature is used:

Scalar flux at surface of sphere (y X em=2 X sec1)

B  Symbolic build up factor (approximated to 1.0 in the
calculations)

S, Source strength of volume source (y X cm™3 X sec™1)

s  Macroscopic cross-section of cource material (cm™1)
(0.082 for Cs37)

Radius of sphere (cm). (The bull body weight of 870 kg
corresponds to a radius of about 60 cm)

E Energy of y-source (MeV/y) (0.662 for Cs®7)
¢ Energy absorption coefficient (ecm~1) (0.032 for Cs'®7).

According to Rockwell (1956) the scalar flux is:

o BXS 1 e
o, 2R,  2uR,

By inserting of pertinent values we get

0, =5.5S, v X em2 X sec1

The gamma-dose to spermatozoa in testis and epididymis is then:

O, Xp XEX16X10-8=5.5X0.032 X 0.662 X 1.6 X 10-8 =
== 1.86 X 10~9 rads X cm? X (y)-1

and the total dose from Cs'37 is:

3.8 X109+ 0.82X2X1.86 X 109 =
6.9 X 109 rads X em3 X (dis)™1

The factor 0.82 is the number of 0.662 MeV photons per Cs!37-
disintegration and the factor 2 is the ratio of the Cs*-concen-
tration in total body to that in testis and epididymis.

Doses to spermatozoa stored in semen banks

To examine if there is any genetic risk to store semen for long
time periods the radiation doses to spermatozoa must be cal-
culated. In Sweden it is common to store the semen in glass
ampoules which are placed in the banks close together in a
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square arrangement consisting in all of 81 tubes. Each ampoule
contains 1.2 ml semen. It has an outer radius of 0.5 cm and an
inner of 0.45 cm.

Owing to the short beta range the beta-dose from Cs'*7 in the
main semen mass will be 3.8 X 109 rads X cm?3 X (dis)—1 (cf.
p. 104).

For an approximate calculation of the gamma-dose we replace
the square arrangement with a right cylinder homogeneously
filled with activity. This cylinder has a base area of 81 cm? cor-
responding to the area of the tube arrangement and it has a height
of 1.9 cm corresponding to the height of the semen in the am-
poules. Its specific activity is 0.452 X = times the specific activity
of the semen. The formula for the central flux in a cylinder is:

B XS,

c

X G(psh,, b)Yy X em=2 X sec.™! (Rockwell).
Ps

The function G(psh,, b) is given by Rockwell in graphical form
and was calculated to be equal to 0.18. Now one gets:

v

S
O, = X018 =228 y Xcem2X sec.™!
0.082

The gamma-dose to the spermatozoa is then:

TX 0452 X 0, X p XEX1.6X10-8=
0.48 X 109 rads X cm?(y)1

To correspond to the actual Cs'*” distribution in the square ar-
rangement the factor = X 0.452 must evidently be used.

The total dose from Cs'®? to the spermatozoa in the semen
bank is then:

3.8 X 1079 4 0.82 X 0.48 X 109 == 4.2 X 10-? rads X cm3 X (dis)—?
(the factor 0.82 is explained on p. 105).

Doses to spermatozoa in a bull grazing in a fallout area

It is of interest to relate a given deposition of fallout on pasture
and the dose to spermatozoa in bulls grazing on the pasture.

We assume a deposition of 3.4 X 1015 fissions/m? which cor-
responds to a dose rate of about 100 r/hr. at 1 hr. after fission.
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The consumption of the bulls can be assumed to be 170 m?/day
(Garner 1960). Further on assuming 0.2 % of deposited Cs'*"
being taken up by the grass and consumed by the bull one can
calculate that about 1.5 nCi Cs'3" is consumed by the bull per day.

It has previously been shown that a bull ingesting 1 nCi per
day will show an equilibrium concentration of 2.6 X 10-5 uCi
per ml semen.

As the dose to spermatozoa in testis and epididymis from Cs'37
is 6.9 X 10-9 rads X cm3 X (dis)~1 one finds that during an as-
sumed maximum residence time of 70 days in testis and epidi-
dymis, the dose will be about 60 mrad. The dose to spermatozoa
which have been diluted ten times (10 to 20 is a common dilution
rate) and then stored in a semen bank for one year, will be about
20 mrad. In all the total dose will thus not exceed 0.1 rad. It seems
unlikely that the radiation dose to sperm from Cs*" deposited
in the body and in the semen will be of any significance in com-
parison with e.g. the external dose received from fallout.
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SUMMARY

A study has been carried out to investigate the distribution and
concentration of radiocesium in bull semen after oral administration.
Two bulls were given 2.5 mCi Cs!34 in water solution with a stomach
tube. Semen was collected with an artificial vagina and the concen-
tration of Cs!3¢ in seminal plasma and spermatozoa measured. The
concentration of Cs34 in blood plasma and blood cells was also deter-
mined at various time intervals after the administration.

From one week up to the end of the experimental period (88 and
107 days respectively) the ratio between the concentration of Cs3¢ in
spermatozoa and seminal plasma was fairly constant. The concen-
tration in the spermatozoa was only about 35 % of that in seminal
plasma. This is remarkable since the intracellular concentration of
cesium usually is higher than the extracellular. The concentration of
Cs13¢ in the blood cells of the two bulls was also considerably higher
than that in the blood plasma.

The concentration of Cs34 in semen from a bull could be described
by a four-term exponential expression. In consequence it could be
calculated that the concentration after an infinite daily intake will be
2.6 Xx10-3 % of the daily dose per ml semen.

If the deposition of fallout on the pasture where a bull is grazing
is 3.4 X 1015 fissions/m? (corresponding to a dose rate of about 100 r/hr.
at 1 hr. after fission), the dose to spermatozoa in testis and epididymis
from Cs137 will be about 60 mrad assuming a maximum residence time
of 70 days of the spermatozoa in testis and epididymis. The dose to
the spermatozoa which have been diluted ten times (10 to 20 is a
common dilution rate) and then stored in a semen bank for one year,
will be about 20 mrad. In all the total dose will thus not exceed 0.1 rad.
It seems unlikely that the radiation dose to sperm from Cs137 deposited
in the body and in the semen will be of any significance in comparison
with. e.g. the external dose received from fallout.

ZUSAMMENFASSUNG

Uber das Vorkommen und die Bedeutung von Radiocesium im Bullen-
sperma.

Eine Untersuchung ist vorgenommen worden, um die Verteilung
und Konzentration von Radiocesium im Bullensperma nach oraler Ein-
gabe zu studieren. Zwei Bullen erhielten 2,5 mCi Cs13¢ in Wasserlésung
mit der Magensonde. Die Spermien wurden mit einer artifiziellen
Vagina aufgesammelt und danach wurde die Konzentration von Csfst
im Spermaplasma und in den Spermien bestimmt. Als Vergleich wurde
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auch die Cs'3¢+ Konzentration im Blutplasma und in den Blutkérper-
schen untersucht.

Nach zirka einer Woche bis zum Schluss der Versuchsperiode nach
88 bzw. 107 Tagen, war das Verhiltnis der Cs13¢ Konzentration zwis-
chen den Spermien und dem Spermaplasma ziemlich konstant. Die
Konzentration in den Spermien betrug nur zirka 35 % der im Sperma-
plasma, welches als anmerkungswert zu bezeichnen ist, da gewoéhnlich
die intracelluliare Cesiumkonzentration hoher ist als die extracellulire.
Im Blut der untersuchten Stiere war also die Cs!3¢ Konzentration in
den Blutkorperchen bedeutend hoher als im Blutplasma.

Die Konzentrationskurve fiir Cs1%¢ im Sperma vom Bullen konnte
mathematisch als eine Summe von vier Exponentialthermen beschrie-
ben werden. An Hand dessen konnte berechnet werden, dass die Kon-
zentration im Sperma bei kontinuierlicher Eingabe von Radiocesium
2.6 X10-3 % der taglichen Dosis per ml Sperma sein wird.

Wenn die Deposition auf der Weide eines Stieres 3.4 X 1015 Fis-
sionen/m2, entsprechend einer Dosengeschwindigkeit von 100 r/hr.
eine Stunde nach der Fission ist, wird die Strahlendosis von Cs!37 auf
die Spermien unter der Passage von den Testikeln und durch die
Bitestikel ungefihr 60 mrd sein, unter der Voraussetzung, dass die
maximale Aufenthaltszeit in den Testikeln und Bitestikeln 70 Tage ist.
Nach einjdhriger Aufbewarung in der Spermabank, wird die Strahlen-
dosis zirka 20 mrd und damit die totale Dosis auf die Spermien 0.1 rad
sein. Es ist deshalb unwahrscheinlich, dass die Strahlendosis vom Cs137
auf die Spermien, im Vergleich mit z. B. den externen Dosen vom
Radiakbelag, von Bedeutung sein wird.

SAMMANFATTNING

Om férekomst och betydelse av radiocesium i tjursperma.

En undersokning har utfoérts for att studera fordelningen och kon-
centrationen av radiocesium i tjursperma efter oral ingivning. Tva
tjurar erholl 2.5 mCi Cs134 i vattenlosning med magsond. Sperman upp-
samlades med artificiell vagina varefter koncentrationen av Cs13¢ i
spermaplasma och spermatozoer bestimdes. Som jamforelse under-
sOktes dven Csi34-koncentrationen i blodplasma och blodkroppar.

Efter ca. en vecka fram till férs6ksperiodens slut efter 88 resp. 107
dagar, var forhallandet mellan koncentrationen av Cs13¢ i spermatozoer
och spermaplasma ganska konstant. Koncentrationen i spermatozoerna
var endast ca. 35 % av den i spermaplasma, vilket 4r anméarkningsvirt
eftersom den intracellulira cesiumkoncentrationen vanligtvis ar hogre
in den extracellulidra. I blodet fran de undersokta tjurarna var siledes
blodkropparnas Cs13¢-koncentration betydligt hogre én blodplasma.

Koncentrationskurvan for Cs!3¢ i sperma frin tjur kunde mate-
matiskt beskrivas som en summa av fyra exponentialtermer. Med led-
ning hirav kunde beridknas att koncentrationen i sperma vid ett kon-
tinuerligt intag av radiocesium kommer att bli 2.6 X 10—3 procent av
dagliga dosen per ml sperma.
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Om depositionen pa en tjurs betesmark ir 3.4 X 1015 fissioner/m?
motsvarande en doshastighet av 100 r/hr. en timme efter fission kom-
mer strildosen till spermatozoerna frin Cs!3?7 under passagen fran
testikel och genom bitestikel att bli omkring 60 mrad forutsatt att
maximala uppehallstiden fér spermierna i testikel och bitestikel ar
70 dagar. Efter férvaring i spermabank under ett ar blir straldosen
omkring 20 mrad och séledes totala dosen till spermatozoerna omkring
0.1 rad. Det dr darfor osannolikt att strdldosen till spermierna fran
Cs137 kommer att vara av ndgon betydelse i jimforelse med t. ex. den
externa dosen fran radiakbeliggning.

(Received October 8, 1966).





