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The toxic effects of zinc and pesticides on adult
fishes has been the subject of much study in recent years.
However, relatively few papers on the effects of zinc
(AFFLECK 19523 PICKERING and VIGOR 1965; SKIDMORE 1965,
1966) and pesticides (KATZ and CHADWICK 19613 HILTIBRAN
1967s ABEDI and MCKINLEY 19673 MATTON and LAHAM 1969) on
fish embryos or larvae exist.

Since it is likely that many cases of environmental
contamination result from the interaction of two or more
pollutants, several studies have been concerned with the
interaction of various contaminants (JONES 1938; WEISS
19593 LLOYD 1961; HERBERT and SHURBER 19643 SPRAGUE et al.
1965; BROWN et al. 19683 CAIRNS and SCHEIER 1968: SOLON
and NAIR 1970). However, little work has been concerned
with the interaction of contaminants, especially zinc and
organic phosphorus pesticides, on fish embryos.

The purpose of this study was to determine the toxicity
of zinc and Cygon (0,0-dimethyl-S-(N-methylcarbamoylmethyl)
phosphorodithiocate), singly, and the type of toxic inter-
action between the two contaminants on zebrafish (Brachydanio
rerio) embryos.

Materials and Methods

Adult zebrafish were obtained commercially, and random
pairs of fish were spawned using lights to control the time
of daily spawning (LEGAULT 1958). Only embryos after the
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late blastula or early gastrula stage (HISAOKA and BATTLE
1958) were used, since mortality can be extensive at the
earlier stages. The criteria for death were lack of body
movement, circulation and visible heartbeat. Embryos ex-
hiviting a slow, irregular heartbeat or exhibiting body
movements, but no heartbeat or circulation were considered
to be alive.

The toxicities of zinc (ZnS04°7H0) and Cygon (Technical
Grade 99% pure) to the embryos were obtained by determining
the 24, 48 and 72 hour median tolerance limit (Tlp) for each
compound using probit analysis (BLISS 1937, 1952). A total
of 40 embryos were used at each dose tested, and 100 embryos
were used as controls. The type of interaction between
zinc and Cygon was determined using a modification of
OSTERHOUT®*s (1914a, 1914b) method. In the present study,

80 embryos each were exposed for 72 hours to combinations of
varying percentages of the respective 72 hour T1lp, dosages
for zinc and Cygon, and the mortality was recorded.

In an effort to remove as many variables as possible,
e.g. water hardness, calcium and magnesium hardness, glass
distilled water was used as the dilution water. At no time
did the dissolved 0, levels fall below 6 ppm, nor did the
dissolved CO, levels exceed 2 ppm. The biomass per test
solution volume was 0.45 g/liter.

Results and Discussion

The results of the 24, 48 and 72 hour Tl, experiments
are shown in Table I. The zinc results are, generally, in
agreement with those of SKIDMORE (1965), although he did
not determine the precise values at 24, 48 and 7?2 hours.

TABLE I

Tl data for zebrafish embryos exposed to zinc and Cygon

T1l, (ppm ¥ S. E.)

Toxicant 24 hrs. 48 hrs, 72_hrs.
Zinc 6,714 t 570 136 * 18.5 19+ 2.2
Cygon = mmece-e- 9ko * 13.2 259 * 10.9

The embryos exposed to Cygon appeared to be retarded
in development, as noted by lack of heartbeat and little
movement of the embryos at 24 hours. Pigment formation was
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also retarded in these animals, and high doses of Cygon
(800 ppm) produced an abnormal enlargement of the heart
region. Due to the retardation and subsequent lack of
heartbeat at 24 hours, no Tly was obtained at 24 hours.
The data for 48 and 72 hours, however, seems to indicate
that the embryos were more resistant to Cygon as compared
with zinc.

The results of the zinc/Cygon interaction experiments
are shown in Table II, and are represented graphically in
Figure 1. In the present method, a horizontal line indicates
an additive effect: a bell~shaped curve shows synergism,
while an inverted-bell curve indicates antagonism. The shape
of the curve (Figure 1) seems to indicate that low doses of
zinc (20% of the 72 hour Tly) are antagonistic to the toxicity
of Cygon. Since all dosages, except for 20% zinc/80% Cygon,
are not statistically different (Table III), the possibility

TABLE II

Percent kill of various zinc/Cygon combinations during
72 hours

zinc doses 19 ppm
Cygon doses: 259 ppm

Test golution composition : +
% Zinc % Cygon % kill * S, E,
100 0 78.0 + 6.8
80 20 71.8 ¢+ 7.2
60 Lo 4o.2 * 18.8
4o 60 4o.5 * 6.7
20 80 1.2 ¢t 1.0
0 100 56.8 * 15,2
Control 0.0

of an additive effect between the two toxicants might be
indicated. The results at the 20% zinc/80% Cygon level
are not due to dilution of the Cygon, since dilution of
Cygon to this level (207 ppm) yielded a mortality of

30 * 5.8%4. Thus, the reduction in mortality is probably
due to the action of zinc.

Organic phosphorus pesticides have been shown to be
inhibitors of cholinesterase activity in fishes (HENDERSON
and PICKERING 19573 WEISS 1959). However, whether or not
this is the particular mode of action of Cygon on fish
embryos is not known at this time. Various theories exist
as to the exact mechanism of zinc toxicity in fishes
(SKIDMORE 1964), however, the precise mechanism involved in
embryos remains to be determined.
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Figure 1. posage-mortality curve for zebrafish embryos ex-
posed to varying percentages of the respective 72 hour Tl
dosage for Cygon and zinc.
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TABLE III

Significance of difference between various doses in the
zinc/Cygon interaction experiments

Between t P*
% zinc % Cygon
100 0
and 0.20 >90< 80%
80 20
80 20
and 2.03 >20<10%
60 40
60 40
and 0.02 < 90%
Lo 60
4o 60
and 5.81 »>1 < 0.1%
20 80
20 80
and 3.63 >5 < 2%
0 100
100 0
and 1.27 >30 < 20%
0 100

N= 43 P = 0.05 when t = 2.57

Zinc has been shown to reduce the mitotic index of
fish cells in culture (RACHLIN and PERLMUTTER 1968), and to
exert action on the cell nucleus (KROEGER 1964; STUDZINSKI
1965). HILLER and PERLMUTTER (1971) have shown that zinc
can alter the net charge of fish cell surfaces. HOSKIN
and ROSENBERG (1967) postulated that charges surrounding
the cholinesterase-containing systems may prevent compounds
from inhibiting the enzyme. Thus, it is possible that low
doses of zinc may enhance this phenomenon, while higher
doses may inhibit it. However, whether or not zinc acts on
the nucleus of the cell or on the cell surface, altering
its charge, remains to be determined.
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Summary

The zinc 24, 48 and 72 hour Tl, and the Cygon 48 and
72 hour T1_were determined for zebrafish embryos. In
addition, zinc, at low doses, was found to be antagonistic
to the toxic action of Cygon on these embryos. At other
levels tested, zinc and Cygon may interact additively.
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