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and H2B genes of yeast are adjacent on the genome®
whereas in calf thymus and other higher orgnism the two
genes are repeated and present on different chromo-
somes.

H3 and H4 histones are the most conserved of all known
proteins, and they also are the most similar as between
calf thymus, Physarum and Dictyostelium as judged by
electrophoretic mobility. However, even with these
highly conserved histones, the mobility of H3 is slightly
variable, being slower in SDS when derived from Dic-
tyostelium than from Physarum. Both yeast and Newro-
spora have closely similar H3 and H4 histones, and in
both organisms the single copy genes are known to be
linked and, uniquely amongst histone genes, to possess
introns®.

Conclusion

Although the cellular and acellular slime moulds Dic-
tyostelium and Physarum are probably not closely
related, both are simple eukaryotes. Their histones, as
judged by electrophoretic separation, are closely similar,
only H1 showing any considerable divergence, and H2A
rather less. Both slime moulds yield histones with sub-
stantially different migration patterns from calf thymus.
H3+H4 are the most strongly conserved in evolution
and, therefore, it is not surprising that they show minimal
charge differences. H2A and H2B are somewhat less con-
served and here differences from the calf thymus pattern
are detectable, especially with H2A. The non-core parti-
cle histone H1 is the least conserved and shows consider-
able differences in charge both as between the two slime
moulds, and between either slime mould and calf thymus.
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Uptake and toxic effects of heavy metal ions: Interactions among cadmium, copper and zinc in

cultured cells
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Summary. Absorption of metal ions by KB, HeLa and L-59 cells has been analyzed by atomic absorption spectropho-
tometry in the course of culture. Tons of the elements of the fourth period in the periodic chart such as Fe(II), Cu(II),
Zn(11), Mn(IT) and Ni(II) were not taken up, but those of the higher periods, such as Cd(II), Pb(II), Hg(II) and Ag(I)
were were taken up easily. The uptake behavior by the cultured cells was in accordance with the characteristic features
of metals, that metals in the fourth period are essential elements, and most of the elements of the fifth and the sixth
‘periods are non-essential or toxic elements.

The initial rate of Cd(II) uptake and the Cd(II) concentration has a sigmoidal relationship. CA(IT) was absorbed
homotropically through cell membranes. The uptake of Cd(II) was specifically inhibited by Cu(II), but was affected
little by Zn(II). The toxicity of Cd(II) to KB cells was greatly enhanced in the presence of Cu(II). On the contrary, the
toxicity of Cd(II) was reduced by the addition of Zn(II) at several concentrations of Cd(IT). The toxicity of Cd(Il) did
not depend on the amount of Cd(Il) absorbed in the cells, but was determined by cofactors such as Cu(II). The
interaction between Cd(II) and Cu(II) may be important for Itai-itai disease.

Key words. Cd uptake; heavy metal uptake; essential and toxic metal; metal interaction; heavy metal toxicity.
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Introduction

A lot of investigations have been carried out to reveal the
essentiality and toxicity of heavy metals, using cells in
culture . Also, considerable attention has been given to
the differences between essential and toxic elements® ..
Schroeder pointed out that the toxicity of abnormal trace
metals in the body is associated only with their excess and
accumulation in tissues due to aging or inadequacy of the
excretory mechanism'. Essential trace metals are, of
course, harmful when they are present in excess or are
deficient. It was reported that the difference between
toxic and essential elements lay in the log-normal and
normal distribution of these elements respectively®.

To study the distinction between essential and toxic metal
ions on the cellular level in vitro, we have carried out
uptake experiments on such metal ions as cadmium, lead,
mercury, silver, iron, copper, zinc, manganese and nickel,
using several kinds of cell lines.

Biological interactions between toxic and essential ele-
ments have been studied intensively’*, Especially in
relation to Itai-itai disease, the interactions between cad-
mium and copper, and cadmium and zinc have aroused
considerable interest'”. It has been shown that cad-
mium ions are taken up by cultured cells and fixed within
the cells®™?. The uptake of cadmium was inhibited by the
addition of copper ions in the culture medium, but was
not affected by the addition of the other micro-essential
metal ions*>*. Moreover, cadmium which had already
been taken up by the cells was released to the culture
medium on the addition of copper ions®. The mechanism
of this specific interaction between cadmium and copper
has not been revealed.

The present report describes the uptake of heavy metal
ions and the interaction among cadmium, copper and
zinc in the metal uptake by cultured cells, in addition to
the toxicities of these metal ions.

Materials and methods

Human carcinoma cell lines, KB and HeLa, and a mouse
carcinoma cell line, L.-59, were grown as monolayer cul-
tures. Eagle’s minimum essential medium, supplemented
with 100 units/ml of penicillin, 100 pg/ml of streptomycin
and 2% newborn calf serum (Microbiological Associ-
ates, Maryland), was used as the growth medium. Cells
(5 x 10* in 2 ml of growth medium) were distributed in
tissue culture tubes 15 x 150 mm) and incubations were
performed at 37°C by the stationary culture method.

Forty eight hours after the inoculation of the cells into
tissue culture tubes, growth medium was replaced by
fresh medium containing one or two kinds of metal ions
such as Cd(Il), Pb(I), Hg(Il), Ag(I), Fe(Il), Cu(Tl),
Zn(11), Mn(II), Co(II) and Ni(II). Two to four replicated
cultures were harvested as indicated below for the measu-
rement of cell growth and metal uptake into cells. The
medium was transferred to a clean tube and cells attached
to the wall of the tube were washed twice with 2 ml of
phosphate-buffer saline without Ca(ll) and Mg(II)
[PBS(-)]. Washed cell monolayers were used for the mea-
surement of the cell growth and the measurement of the
content of metal ions. Growth of the cells was estimated
by measuring the protein content by the method devel-
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Figure 1. a Time course of changes of Cd(IT) concentration in the culture
medium due to the uptake by KB cells in the presence of Cu(II) (0.08¢
pg/ml). The initial concentrations of Cd(II) were 0.85 (—O—), 0.52
(—0—), 0.42 (—M—) and 0.19 pg/ml (— @—). Each plot was the
mean of 3 replicate cultures. b Uptake of Cd(II) by KB cells in the
presence of Zn(II) which was added to the culture medium before or after
the addition of Cd(II). Zn(II) (1.5 pg/ml, —O—) was added 2.5 h before
Cd(II) (0.4 pg/ml, —@—) addition. Zn(II) (1.6 pg/ml, —O—) was
added 2.5 h after Cd(I1) (0.4 pg/ml, — MW—) addition. Zn(Il) (— A—)
and Cd(IT) (— A —) concentrations in the medium of the control culture
were also shown.
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oped by Lowry et al., using bovine serum albumin as the
standard®. The concentration of the metal ions in the
culture medium was determined directly using an atomic
absorption spectrophotometer (AAS) (Hitachi 180; Nip-
pon Jarrell-Ash 855). The initial rate of Cd(IT) uptake
was determined with and without Cu(Il) addition at
several concentrations of Cd(II) from 0.2 to 0.8 pg/ml.
The amount of Cd(IT) taken up by the cells was measured
indirectly by the decrease of Cd(II) concentration in the
culture medium®. .

The compounds used were Cd(NO,),-4 H,0, Pb(NO,),,
Hg(NO,),, AgNO,,FeSO,(NH,),80,-6 H,O, CuSO,-
5 H,0, ZnSO,-7 H,0, MnSO,-4 H,0, Co(NO,),-6 H,0,
and NiSO,- 6 H,0 (Wako Chemical, Osaka); the reagents
were used without further purification. Each metal solu-
tion was added to the culture medium just prior to addi-
tion to the culture. The concentration of the stock solu-
tion of each metal ion was 1000 pg/ml in distilled water.
The standard solution for the analyses by AAS was ob-
tained from Wako Chemical, Osaka.

Results

Uptake of metal ions by cultured cells

The uptake experiments with Cd(IT), Pb(II), Ag(I) and
Hg(II) were carried out at several concentrations which
were in the ranges of 0.2-1.2 pg/ml of Cd(II), 0.5-2.0
pg/ml of Pb(IT), 0.5-5.0 ug/ml of Ag(I) and 0.3-1.0 ug/ml
of Hg(Il), respectively. In each of the experiments the
absorption of these metal ions was observed. The uptake
was initiated soon after the addition of the metal ions and
reached a stationary state at about 10 h. The initial metal
concentrations in the growth medium and the metal up-
take are shown in the table for KB, HeLa and L-59 cells.

Metal uptake by cultured cells
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For KB cells, 50-60% of Cd ions which were added to
the culture medium were taken up by the cells, and 20—
40% of Pb, 15-18% of Ag and over 30% of Hg in the
culture medium were taken up by the cells in replicate
cultures. The uptake of these metal ions by HeLa and
L-59 cells was similar to those by KB cells. No changes in
the concentrations of these metal ions were observed in
the culture medium without cells. The increase in the
content of these elements in cells corresponded to the
decrease in the concentration in the culture medium. It
has already been reported that counter ions such as
NO,~, SO.*~ and C1~ did not influence the absorption
of metal ions®.

On the other hand, the decrease of the concentrations of
Fe(ll), Cu(Il), Zn(11), Mn(II), Co(I1) and Ni(1l) in the
culture medium was not observed for any of the cultured
cells at several concentrations from 0.2 to 5.0 ug/ml, as
shown in the table. Standard deviations of the measure-
ments on replicate cultures were within 0.05 pg/ml. The
content of these elements in cells was so small that
changes of the concentration of these metals in the cul-
ture medium due to the cell growth could not be ob-
served. KB, HeLa and L-59 cells revealed distinct differ-
ences in the metal uptake between essential and toxic
metal ions under these culture conditions.

Uptake of Cd in the presence of Cu and Zn

The Cd(II) concentration in the culture medium was
measured for several hours in the presence of Cu(Il)
which was added simultaneously with Cd(IT) as shown in
figure la. The initial Cd(IT) concentrations were 0.19,
0.41, 0.53 and 0.85 pg/ml. The initial rates of Cd(II)
uptake were measured from the slopes of the decreases of
the Cd(II) concentrations in the culture medium. When

Metal KB HelLa L-59
ions Initial metal Uptake? Initial metal Uptake® Initial metal Uptake?®
concentration (ug/tube) concentration (pg/tube) concentration (ug/tube)
(ng/ml) (ng/ml) (pg/ml)
Cd 0.46 0.52 0.47 0.50 0.41 0.18
0.26 0.28 0.29 0.38 0.25 0.14
0.12 0.14 0.13 0.08
Pb 0.38 0.18 0.97 0.42 0.70 0.15
0.19 0.16 0.50 0.30
0.19 0.12
Hg 0.67 0.50 - - 0.79 0.94
0.41 0.26
Ag 0.31 0.09 0.17 0.06 0.38 0.10
0.14 0.05 0.11 0.04
Fe 2.2 0.04 0.45 0.05 0.32 ND
0.13 0.01 0.19 ND
Cu 6.0 ND 0.42 ND 0.80 ND
1.5 0.04 0.15 ND 0.38 ND
Zn 1.0 ND° 0.51 0.03 0.84 ND
0.22 0.01 0.41 ND
Mn 2.2 ND 0.49 ND 0.58 ND
0.09 ND 0.11 ND
Co 2.3 ND - - - -
Ni 1.4 ND 0.42 0.02 0.49 ND
0.11 0.01 0.27 ND

2 Metal uptake in 10 h of incubation. The values were the means of 2 replicate cultures. ® Metal uptake in 30 h of incubation. The values were the means

of 2 replicate cultures. © The uptake was not detected within the sensitivity.
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the uptake rate was plotted against the initial Cd(Il)
concentration, sigmoidal relations were obtained in mea-
surement both with and without Cu(II) addition. Trans-
port of a metal ion through the cell membrane may be
written as equation 1,

M+D =DM ->D+M (1)
where M is metal ion outside the cells, D is membrane
and M’ is metal ion inside the cells. When several metal
ions are transported through a cell membrane homotro-
pically, equation 2 is derived.
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where n is the number of metal ions which are trans-
ported simultaneously. The rate of the ion transport ac-
cording to equation 2 is expressed as equation 3,

anM+D =DM, > D+nM’

v

-V

= nlog[M] - log K’
v n log[M] - log

log 3)

where V is a rate of metal uptake, V_,, is a maximum rate,
K’ is a constant, and [M] is the concentration of ions
outside the cells. In figure 2a log V/(V,,— V) was
plotted against log [M]. The value of n was estimated as 2
from the slope of the line. The plots of reciprocal rate of
Cd() uptake (V") against [Cd] 2 were approximately
straight lines (figure 2b).

When Zn(I1) was added to the culture medium 2.5 h after
the addition of Cd(1l), Cd(II) uptake was not affected,
and the Zn(II) concentration in the culture medium was
constant within the limits of experimental error. On the
contrary, when Zn(Il) was added prior to the Cd(II)
addition, Cd(II) uptake was reduced to 68 % and a small
decrease of Zn(Il) concentration in the culture medium
was observed several hours after the addition of Cd(II),
and in 20 h the Zn(II) concentration came back to the
initial level (figure 1b).

Toxicity of Cd, Cu and Zn for KB cells

The effects of metal ions on the cells were determined in
48 h in contact with Cd(II) at several concentrations less
than 1.0 pg/ml in the presence of Cu(II) and Zn(II) ions.
A synergic interaction between Cd(IT) and Cu(Il) in
toxicity for KB cells has been observed. In the presence of
even a small amount of Cu(Il) the toxicity of Cd{II) was
greatly enhanced, as shown in figure 3 a. On the contrary,

/

Figure 2. The relation between Cd(II) initial concentrations and initial
rates of Cd(II) uptake. a Plots for the Cd(IT) uptake according to equa-
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tion 3. b Double reciprocal plots for the inhibition of Cd uptake with
Cu(II) (0.08 pg/ml) (— @—), and without Cu(Il) addition (—O—).
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KB cells were almost completely damaged at the Cd(II)
concentration of 1.0 pg/ml, but the proliferation of the
cells was restored in the presence of 5 pg/ml of Zn(II) as
shown in figure 3b.

Discussion

The results presented in this report indicate that ions of
elements such as Fe(Il), Cu(Il), Zn(II), Mn(II), Co(II)
and Ni(Il) in the fourth period in the periodic table were
apparently not absorbed by the cultured cells, but that
those in the fifth and sixth periods such as Cd(IT), Pb(II),
Hg(1I) and Ag(I) were absorbed easily under these cul-
ture conditions. The uptake of Zn(II) and Cd(II) in
animal experiments has been studied intensively™ . Both
Zn(1l) and Cd(II) are absorbed, but Cd(Il) was accumu-
lated much more than Zn(II) in the liver, kidney and
other organs. This fact is in good agreement with the
observations of the uptake of Zn(II) and Cd(Il) in vi-
tro™ 2% The uptake of Zn(II) by mouse 37T 3 cells was
observed by Schwarz et al.”. However the amount of
Zn(II) taken up by the cells was much smaller than that of
Cd(I1) in our experiments. Zn(II) concentration seemed
to be controlled strictly by the homeostatic mechanism.
In the same way, essential ions such as Fe(Il), Cu(Il),
Mn(II), Co(1I) and Ni(Il) may be protected by cell mem-
branes. In contrast, there may be no homeostatic controls
for the metal ions such as Cd(II), Pb(Il), Hg(II) and
Ag(D). It is interesting that these metals are toxic and are

a)

155

notorious elements for causing environmental pollution.
Metallothionein is induced not only by several toxic met-
als but also by the several essential metals®* so the
distinctive difference in the metal uptake by cultured cells
can probably not be explained by the induction of metal-
lothionein. KB, HeLa and L-59 cells are all transformed
cell lines which are quite different from normal cells in
nature, and the culture conditions such as the serum
concentration were chosen to be suitable for metal up-
take experiments. Nevertheless, it is important that
distinctive phenomena were observed in several cell lines.
Uptake of Cd(1I) by cultured cells has been studied inten-
sively™?*2, When KB cells which were cultured with
Cd(II) were immersed in 10% EDTA (disodium ethyle-
nediaminetetra-acetic acid) in PBS(-), the rate of release
of Cd(II) was very low. However, when the cells contain-
ing Cd(II) were immersed in 5% EDTA in distilled water,
half of the Cd(I1) in the cells flowed out suddenly. In that
case, the cell membrane was burst and the shape of the
cell was changed. Therefore a greater part of the Cd(II)
which was taken up by the cells was not adsorbed on the
cell surface but absorbed into the cells”. It has been
reported that enough RNA for the synthesis of metal-
lothionein is produced within 2 h after contact with
Cd(II) and that 90% of cellular Cd(1T) is located in the
cytosol as Cd-metallothionein®. It was also reported that
the absorbed Pb(Il) in cells was fixed in an insoluble
complex®.

A method of kinetic analysis of enzymatic reactions has
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Figure 3. The toxicity of Cd(II) for KB cells in the presence of Cu(II) or
Zn({I1). Toxicities were estimated by the measurement of the cell growth

by the protein content in a tube, 48 h after the addition of the metal ions.
a Cd(11) and Cu(Il), and b Cd(II} and Zn(IT).
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been applied to metal ion transport through a cell mem-
brane* *. The metal transport process was explained suc-
cessfully by the Michaelis-Menten kinetics of enzyme
reactions which have hyperbolic relations between metal
concentrations and rates of metal uptake. Although there
has been no evidence so far to demonstrate that some
proteins function as carriers of heavy metal ions through
a cell membrane, a carrier (D) was assumed in this case,
to derive equation 1°*¢%. Cd(II) uptake by KB cells
showed a sigmoidal type of relation between Cd(II) con-
centrations and initial rates of Cd(II) uptake. Michaelis-
Menten kinetics cannot be applied to enzyme reactions in
cases where there is a sigmoidal relation between the
reaction rate and the substrate concentration. Equation 3
was therefore derived, assuming that several metal ions
were transported simultaneously, as for equation 2. The
value of n was estimated to be 2. It followed that the
Cd(IT) uptake might take place in a cooperative process
in which some kind of carrier protein took part.

The maximum rate of uptake was reduced by the inhibi-
tion of Cu(II) (figure 2b). The effect of Cu(II) on Cd(II)
uptake could not be explained by a competitive mecha-
nism in which the maximum rate of reaction was main-
tained in the inhibitory process, by analogy with enzyme
kinetics. Analysis of the inhibition kinetics provides no
evidence for an un-competitive or non-competitive mech-
anism either. Therefore it was supposed that it might not
be possible to explain the effect of Cu(II} on Cd(II) up-
take as a simple process.

The effect of Zn(II) on Cd(II) uptake was small com-
pared with that of Cu(II) on Cd(IT)®. A slight change of
Zn(IT) concentration during the Cd(IT) uptake and the
small reduction of Cd(IT) absorption by the pre-addition
of an excess amount of Zn(I} showed a weaker inter-
action between Zn(IT) and Cd(II).

The toxicity of Cd(IT) was greatly enhanced in the pres-
ence of Cu(II). On the contrary, the toxicity of Cd(II) was
reduced at a suitable concentration of Zn(II). The uptake
of Cd(II) was specifically inhibited by the addition of
Cu(ID*. In other words the toxicity of Cd(II) to the cells
was very severe without the absorption of Cd(IT), when
Cd(II) was added in the presence of Cu(II). And the
toxicity to the cells became weaker in spite of the absorp-
tion of Cd(II), when Cd(IT) was added in the presence of
Zn(I0) (figure 1b)*. The toxicity of Cd(II) to cells was not
determined by the amount of Cd(II) which had been
taken up into the cells. It was supposed that Cd(II) might
affect the function of the cell membrane to exert its toxic
effects.

The toxicity of Cd(IT) is of interest with respect to Itai-itai
disease, which occurs in post-menopausal women with
several deliveries®. It has been pointed out that the cop-
per concentration in the serum of a pregnant woman
increases more than twice as much as that of a non-preg-
nant woman'®. Therefore, an enhancement of toxicity to
the cells by the addition of Cd(II) and Cu(II) may be
important for Itai-itai disease.

Rubin, H., Proc. natn. Acad. Sci. USA 69 (1972) 712.

Fischer, A. B., Zbl. Bakt.I Abt. Orig. B 161 (1975) 26.

Fischer, A.B., Zbl. Bakt.T Abt. Orig. B 161 (1976) 317.

Waters, M. D., Gardner, D.E., and Coffin, D. L., Toxic. appl. Phar-
mac. 28 (1974) 253.

LN -

Experientia 43 (1987), Birkhduser Verlag, CH-4010 Basel/Switzerland

5 Waters, M.D., Moore, R.D., Amato, J.J., and Houk, J.C., Exp. Cell
Res. 67 (1970) 373.

6 Brun, H., and Brunk, U., Acta path. microbiol. scand. [A] §2 (1974)
311.

7 Van Giessen, G.J., Crim, J. A., Petering, D. H., and Petering, H.G.,

J. natn. Cancer Inst. 57 (1973) 139.

Liebscher, K., and Smith, H., Archs envir. Health 77 (1968) 881.

9 Prasad, A.S., and Oberleas, D., Eds, in: Trace Elements in Human
Health and Disease, vol. II: Essential and Toxic Elements. Academic
Press, New York 1976.

10 Underwood, E.J., in: Trace Elements in Human and Animal Nutri-
tion, 3rd edn, p. 69. Academic Press, New York 1971.

11 Venugopal, B., and Luckey, T.D., in: Heavy Metal Toxicity, Safety
and Hormology, Eds. T.D. Luckey, B. Venugopal and D. Hutche-
son. Academic Press, New York 1975.

12 Schroeder, H. A., and Nason, A.P., J. Nutr. 104 (1974) 167.

13 Hills, C.H., in: Trace Elements in Human Health and Disease,
vol.II, p.281. Eds. A.S. Prasad and D. Oberleas. Academic Press,
New York 1976.

14 Kirchgessner, M., Schwarz, F.J., Grassman, E., and Steinhart, H.,
in: Copper in the Environment, part 2, Health Effects, p.433. John
Wiley, New York 1979.

15 Mills, C.F., in: Trace Element Metabolism in Animals, vol.2, p.79.
Eds. W.F. Hoekstra, J.W. Suttie, H.E. Ganther and W. Mertz.
University Press, Baltimore 1974.

16 Sandstead, H.H., in: Effects and Dose-Response Relationships of
Toxic Metals, p.511. Ed. G.F. Nordberg. Elsevier, Amsterdam 1976.

17 Evans, G.W., Majors, P.F., and Cornatzer, W.B., Biochem. bio-
phys. Res. Commun. 40 (1970) 1142.

18 Mills, C.F., and Dalgarno, A. C., Nature 239 (1972) 171.

19 Petering, H.G., in: Trace Element Metabolism in Animals, vol.2,
p.-79. Eds. W.G. Hoekstra, J.W. Suttie, H.E. Ganther and W.
Mertz. University Press, Baltimore 1974.

20 Meshitsuka, S., and Ishizawa, M., Toxic. appl. Pharmac. 46 (1978)
807.

21 Meshitsuka, S., Ishizawa, M., and Okamoto, M., Yonago Acta med.
22 (1978) 12.

22 Meshitsuka, S., Ohshiro, H., and Nose, T., Experientia 38 (1982)
1473.

23 Meshitsuka, S., Nose, T., and Ishizawa, M., Yonago Acta med. 26
(1983) 87.

24 Lowry, O.H., Rosebrough, N.J., Farr, A.L., and Randal, R.J., J.
biol. Chem. 793 (1951) 265.

25 Cherian, M. G., J. Nutr. 107 (1977) 965.

26 Leber, A.P., and Miya, T.S., Toxic. appl. Pharmac. 37 (1976) 403.

27 Lucis, O.1., Lucis, R., and Shaikh, Z.A., Archs envir. Health 24
(1972) 14.

28 Lucis, O.J., Shaikh, Z.A., and Embil J. A. Jr, Experientia 26 (1970)
1109.

29 Schwarz, F.J., and Matrone, G., Proc. Soc. exp. Biol. 149 (1975) 888.

30 Yoshikawa, H., and Ohta, H., in: Biological Roles of Metal-
lothionein, p. 11, Ed., E.C. Foulkes. Elsevier/North-Holland, 1982.

31 Webb, M., in: The Chemistry, Biochemistry and Biology of Cad-
mium, p. 194. Elsevier/North-Holland, 1979.

32 Meshitsuka, S., and Ishizawa, M., Jap. J. ind. Health 22 (1980) 206.

33 Bryan, S.E., and Hidalgo, H. A., Biochem. biophys. Res. Commun.
68 (1976) 858.

34 Boutry, M., Foury, F., and Goffeau, A., Biochim. biophys. Acta 464
(1977) 602.

35 Fuhrmann, G., and Rothstein, A., Biochim. biophys. Acta 63 (1968)
325.

36 Foukes, E.C,, in: Biological Roles of Metallothionein, p.131. El-
sevier/North-Holland, New York 1982.

37 Evans, G.W., in: Metallothionein, p.321. Birkhiuser, Basel 1978.

38 Friberg, L., Piscator, M., Nordberg, G., and Kjellstrom, T., in:
Cadmium in the Environment, 2nd edn, p.44. Chemical Rubber Co.,
Cleveland 1974.

co

0014-4754/87/020151-06%1.50 + 0.20/0
© Birkhauser Verlag Basel, 1987



