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INTRODUCTION

Cadmium has been acknowledged as one of most hazardous
environmental pollutants, In this century cadmium has been
used increasingly by the industry, causing a sharp increase
in the environmental contamination, Both inhalation and die-
tary intake result in the accumulation of cadmium in the hu=-
man body. The possible cadmium effects on the organism were
discussed by FRIBERG_et al. (1971), Metabolism of cadmium
has been usually investigated on animals exposed to cadmium
compounds labelled with radicactive 108¢cd or 115mgg (pARI-
ZEK et al., 1969; PIOTROWSKI et al., 1974 a, 1975 b; BRYAN
and HIDALGO4 1?76; MAGOSH and WEBB, 1976a, 1976b).

Cadmium 115MCd used in the present work is known as high
energy Pemitter (Epax=1.63 MeV), Such emitters, especially
32p [PARKER, 1974; PLESMUS and BUNCH, 15871; FRIC and PALOV=-
CIKOVA, 1975; SMITH et al., 1972) are recently measured in
the biological samples by using CERENKOV radiation.,

CERENKOV radiation is observed when charged particles
are passing through transparent medium at speed higher than
light velocity in the same medium, In water, CERENKOV radie~-
tion is created when energy of P particles is greater than
0.26 MeV, This radiation can be easily detected using modern
liquid scintillation counting equipment.

It is known that detection efficiency for CERENKOV ra=-
diation is usually lower (40-60 % for 32P) in comparison
with classical scintillation technique. This method, however,
has several advantages making CERENKOV counting technique
very attractive, The cost of analysis is significantly lower,
because no scintillators are required and pure water is used
as solvent., Preparation of sample is very simple, chemical
quenching is eliminated and the maximum sample volume is 1im
mited by vial capacity only. The absence of chemical quenching,
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even in strong acid or base solutions, makes this method
extremely attractive for the activity measurement of high
energy P emitters in mineralized or solubilized tissues.
This paper deals with determination of 115mCd in
blood and other mineralized tissues by CERENKOV counting.

MATERIALS AND METHOD

Chemicals and equipment: All chemicals were analaR grade.
Rat tissues were mineralized in the counting vials. Solu=-
tion 0.2 g/l of 4-methylumbelliferone (4~MU) in 10 % (v/v)
ethanol in water was used for the activity determination
(ROSS, 1971). Counting was performed with an automatic
liquid scintillation spectrometer Intertechnique SL-30 at
screw~top vials,

Sample preparation: Samples were prepared for analysis by
two methods. In the first one, as proposed by MAHIN and
LOFBERG (1966), tissue was mineralized by treating with

60 % perchloric acid and 30 % hydrogen peroxide solutions.
In the second method samples were solubilized according
HERBERG®s (1960) procedure, which has been modified by us
as follows: 0.5 M ethanolic sodium hydroxide solution has
been used instead of potasium hydroxide as proposed by HER-
BERG. Before mineralization O.1 ml of 115MCdClp, activity
142 200 dpm, was added to each sample. The absolute cadmium
activity was determined by comparison with 32P standardX.
For this determination scintillation solution has been pre-~
pared by dissolving 8 g of Buthyl=PBD and 100 g of naphta-
lene in 1 liter of dioxane.

Mineralization according to the first method was per-
formed as follows: to an aliquot of 0.5 ml of blood (or
plasma) in counting vials 0.5 ml of 60 % perchloric acid
was added and mixed thoroughly. 1 ml of 30 % Ho02 was than
placed into vials and the content swirled again. Caps were
screwed tightly into the vials which were next warmed at
700 to 809C for 2.5 hours and occasionally mixed. Smaples
of soft tissues and bone weighing 0.2 g were used and trea-
ted with 0.4 ml of 60 % perchloric acid followed by 0.8 ml
hydrogen peroxide. After mineralization some samples were
yellow (especially blood). This colour remained despite fur=
ther adding of 30 % hydrogen peroxide. Samples in vials
were cooled to room temperature and finally 10 ml of 4-MU
were added.

In the second method solubilization was also carried
out in counting vials. 5 ml of 0.5 M ethanolic sodium hy=
droxide solution was mixed in the vial with 0.5 ml of blood
(or plasma) or with 0.2 g of soft tissue or bone. Samples
were then heated at 509 to 60°C for 24 hours, After the
tissue has been completely dissolved solution was cooled to
room temperature and 2-2,5 ml of 30 % hydrogen peroxide so-
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lution was added dropwise to reduce yellow colour of sam=-
ples. Finally 5 ml of 4-MU solution was added.

RESULTS AND DISCUSSION

The optimum counting conditions were established on
the basis of pulse height spectra of 115mcd in 4-MU solu-
tions and determined for colourless and yellow samples.
For comparison the similar spectrum was obtained also for
standard 32P solutions. All spectra are shown in Fig. 1.
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Fig. 1. Pulse height Fig. 2. The dependence of
spectra of CERENKOV counting efficiency E on
photons: o - o 115Mcd the solution volume

in 4~MU colourless so-
lution, 8 — A ++5mCd in
4-MU yellow solution,

X =~ X 32P in 4-MU colo~
urless solution.

It is seen that in the case of colourless samples both
spectra are very similar, For yellow solutions, however,
significant spectrum shift is observed accompanied by mar=-
ked decrease in counting efficiency.

During sample mineralization different volumes of hydro-
gen peroxide were used resulting in the final volume of sam=
ple variable in limits from 11.2 to 13 ml. For this reason
the dependence of counting efficiency for 115mCd on the sam-
ple volume was investigated. It can be seen from fig. 2,
that within the volume range of 10~15 ml the detection effi-
ciency was almost constant,.

The variable colour intensity of the samples following
mineralization required proper standarization. We have found
that the automatic external standarization method, based on
the activity measurement of 137Cs source in two channels of
the SL-30 counter, cannot be used. Instead measurement of
the activity ratio of the sample in two selected channels
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appeared suitable for our determinations. Two channels,

A 0~600 and B 0-300, were selected on the basis of pulse
height spectra presented in fig. 1. Fig. 3 illustrates the
relation between counting efficiency E and the channels ra-
tio R of the samples,

"1 Fig. 3. The relation be=~
tween counting efficiency
E of 115mCcd and the chan=-
nels ratio R.
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Our results obtained for colourless, red and yellow solu=
tions (coloured with varying intensity) fitted well the
curve given by the equation:

E = ~0,230 + 0,164 R ~ 0,0094 R (1)

The coefficients of this equation were calculated by the
least squares method. The relative error caused by using ca=
libration curve from fig. 3 did not exceed 5 % for efficien=-
cy E ) 0,20, The approximation of the calibration curve by a
quadratic function is useful for the automatic calculation
of absolute activity.,.

The results of the activity measurement of different
tissues mineralized by MAHIN’s and LOFBERG”s (1966 ) method
are shown in the table 1. The minimum detectable activity
(MDA) of 115mcd, which can be measured by this method was
calculated as: MDA (pCi) = 3:\T, t>/2.22 *E where:

I+ -~ the background 49 cpm , t- timé of the measurement of
the sample activity (10 minutes), E - the absolute counting
efficiency.

Table 2 shows the results of activity measurement for
the sample solubilized by modified HERBERG’s (1960) method.

2
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The results given in both tables show that the CERENKOV
counting technique is suitable for the measurement of 115mcd
in the mineralized biological samples. For the samples mine-
ralized by MAHIN®s and LOFBERG” s ( 1966) method the lowest
counting efficiency was 0.34 and the cadmium recovery was
found to be in the range 93.6~102 %. As the way of mineraliza-
tion excludes any loss of activity, the dispersion in the re=
covery is mainly caused by the application of the calibration
curve,

The samples solubilized by HERBERG®s (1960) method were
measured with lower counting efficiedcy (0.16-0.30) due to
unremovable, stronger than in MAHIN®s method, yvellow colour,
In this range of counting efficiency the calibration curve
shows a great slope, resulting in a greater error in the cal-
culation of absolute activity.

Both mineralization techniques used in this work allowed
us to obtain higher values of cadmium recovery than in other
more commonly applied methods compared lately by SYVERSEN and
SYVERSEN (1975). The recoveries of 109Cd reported by these
authors were: 56 % for wet mineralization with H2S04 and HNO3
(2:5), 76 % for 48 hrs dry ashing at 4500C and 84 % in the
case of 12 hours extraction with HNOgz.

Our results shpw that the mineralization with perchloric
acid and hydrogen peroxide is the best method for tissue pre=~
paration for 115MCd measurement by CERENKOV technique. The
main advantages of this method are: great speed and simglici-
ty of sample preparation, good counting efficiency for 115mcyg
in strong acid solutions and the possibility for automatic
measurement in liquid scintillation counters.

SUMMARY

A new method for the activity measurement of 118mcg in
biological samples was proposed. After tissues mineraliza-
tion with 60 % perchloric acid and 30 % hydrogen peroxide
{I) or with 0.5 M ethanolic sodium hydroxide {II) the solu~-
tions were measured in automatic liquid scintillation coun=~
ter SL-30 by CERENKOV technique. The channels ratio method
was successfully applied for standardization.

The recoveries of 115mCd varied in the ranges: 93.6~
102 % and 82.7~99.3 % for method I and II, respectively.

ACKNOWLEDGEMENT

The authors are grateful to prof.dr J.K. Piotrowski for
his kind interest in this investigation,

REFERENCES
BRYAN, S.E., HIDALGO, H,A.: Biochem.and Biophys.Research

Comm. 68, 858 (1976).

CHEN, R.W., WAGNER, P.A., HOEKSTRA, W.G., GANTHER, H.E.:
J.Reprod.Fert. 38, 293 (1974).

CHEN, R.W,, WHANGER, P.D., WESWIG, P.H.: Bioinorg.Chem, 4,
125 ( 1975).

FRIBERG, L., PISCATOR, M., NORDBERG, G.F.: Cadmium in Envi=-
ronment. Cleveland. Chemical Rubber Co. 1971 .

682



FRIC, F., PALOVCIKOVA, V.: Int.J.appl.Radiat.Isotopes 26,
305 (1975).

HERBERG, R.J.: Anal.Chem. 32, 42 (1960).

MAGOSH, L., and M. WEBB: Arch.Toxicol. 36, 63 (1976).
MAGOSH, L., and M. WEBB: Arch.Toxicol. 36, 53 (1976).

MAHIN, D.T., and R.T. LOFBERG: Anal.Biochem. 16, 500 (1966).

PARIZEK, J., BENES, I., OSTADALOVA, I., BABICKY, A., BE~
NES J., LENER, J.: Physiol.bohemslov. 18, 95 (1969),

PARIZEK, 3J., KALOUSKOVA, 3J,, BABICKY, A., BENES J., PAV-
LIK, L.: Trace Element Metabolism in Animals 2, 119 (1974).

PARKER, R.P,: Liquid Scintillation Counting. New York:
Heyden 1974, Vol. 3, p. 237.

PIOTROWSKI, J.K., TROJANOWSKA, B., WISNIEWSKA-KNYPL, J.M.,
BOLANOWSKA, W,: Toxicol.Appl.Pharmacol. 16, 11 { 1974).

PIOTROWSKI, 3J.K., TROJANOWSKA, B., SAPOTA, A.: Arch,Toxicol.
32, 351 (1974).

PLESMUS, 3., and W.,H., BUNCH: Analyt.Biochem. 42, 360 (1871).

ROSS, H.H.: Organic Scintillators and Liquid Scintillation
Counting. New York: Academic Press 1971, p. 757,

SMITH, R.D., ANDERSON, J.J.B., RISTIC, M., HUXSALL, D.L.:
Int.J.appl.Radiat.Isotopes 23, 513 (1972).

SYVERSEN, T.L.M,, and G.B. SYVERSEN: Bull.Environ.Cont.,
and Toxicol. 13, 97 (1975).

683



