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ABSTRACT

Acute and chronic toxicity tests for malathion, diazinon, copper
(Cu), mercury (Hg), lead (Pb), zinc (Zn), nickel (Ni), and iron (Fe)
were conducted. Mortalities of Barilius vagra and Cyprinus carpio (com-
mon carp) were variable but LC50-96 hr were similar for pesticides.
Adult B. vagra seem to be more sensitive to malathion than juvenile
carp. Both juvenile carp and adult B. vagra were extremely sensitive to
diazinon. Long-term exposure to pesticides modified morphology
and behavior. The LC50-96 values for Cu, Hg, and Pb were 0.3, 0.16,
and 0.44, respectively, for smaller fish and 1.0, 0.77, and 1.33, respec-
tively, for larger fish. Replicate LC50 values for Zn, Ni, and Fe were
somewhat variable, and for these metals, the size of the fish seemed
to affect response because LC50 values increased as fish size in-
creased. Cooper, Pb, Zn, and Fe residues following exposure to
sublethal concentrations of these metals for 15 d were significantly
greater in whole juvenile common carp than in controls.

Index Entries Common carp; Barilius vagra; pesticides; mala-
thion; diazinon; acute toxicity; chronic toxicity; LC50; zinc; copper;
nickel; lead; iron; mercury.
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INTRODUCTION

Pollution of the aquatic environment by toxic substances is a cause of
growing concern throughout the world, especially in developing nations.
The immediate concern is human health and welfare, but the effect of
pollution on aquatic organisms also has ecosystemwide consequences.
Several studies addressed the effects of pollution on fish and water
quality in the Indo-Pakistan subcontinent (1-6). The two major sources of
pollutants that endanger water quality on this subcontinent are agri-
cultural and industrial effluents. In Pakistan, organophosphate, organo-
chlorine, carbamate, and pyrethroid pesticides are commonly used in
agriculture and horticulture. The stability and environmental persistence
of organochlorine pesticides (e.g., DDT and dieldrin) resulted in their
increased agricultural use in Indo-Pakistan (7,9-11). Efforts by the gov-
ernment were intense to stimulate industrial and technological develop-
ment, which in turn can increase industrial pollution. The benefits
and losses of agricultural pesticides and industrial effluents have to be
addressed.

Malathion and diazinon are the two most widely used organophos-
phate pesticides in Pakistan. Malathion {0,0-dimethyl S-(1,2-dicarbeth-
oxyethyl) phosphorodithioate} and diazinon {0,0-diethyl 0-(2-iso-
propyl-6-methyl-4-pryimidinyl) phosphorothioate; have moderate to
high chemical stability (12). They are contact poisons that are used as
foliage sprays to control soft-bodied insects such as cabbage root fly and
carrot fly. The primary target of these pesticides is the enzyme acetyl-
cholinesterase (AChE), which normally destroys the neurotransmitter
acetylcholine (ACh) at synaptic junctions. Only few studies have been
conducted in Pakistan to test the toxic effects of malathion, diazinon, and
other organophosphate pesticides on fishes (13-15).

These pesticides regularly enter aquatic environments in amounts
considered safe for human health but perhaps hazardous to fish and
other aquatic organisms. However, in the absence of experimental work
verifying the harm of these chemicals on fish, verification of their effects
on the survival of local fish species is impossible. The objective of the
experiment reported in this paper was to determine the effects of these
two pesticides and selected metals on survival of fishes.

MATERIALS AND METHODS

Acute toxicity tests were based on mortalities of fish exposed to
known concentrations of selected pesticides and several selected metals
during 96 h (4 d). Observations continued for surviving fish. The test
conditions included acclimation of fish to laboratory tanks (10 gallon
glass aquaria and an indoor cement tank), transfer of at least 10 fish to
individual aquaria (3 L unless otherwise specified) containing the toxi-
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cant, transfer of the same number of control fish to toxicant-free aquaria
(3 L unless otherwise specified), continuous aeration of stock and experi-
mental tanks, and daily or bidaily replenishment of the toxicant and
water in the test tanks. All fish not undergoing experiments were fed a
daily ration of trout chow pellets of appropriate size or a locally prepared
mixture of egg yolk, white flour, semolina, and a dash of aquarium fish
food. Fish subjected to acute toxicity tests (96 h) and control fish were not
fed during the experimental period. Fish mortalities were recorded daily
and the median lethal concentration for the test substances determined
(LC50-96-h = TLM 50-96 h). The LC50 determinations based on adjusted
Probit analysis (16) and Trimmed Spearman-Karber analysis (17) were
computed and compared to one another.

Pesticides

For acute toxicity tests, two pesticides were selected: 57% E.C mal-
athion (organophosphate pesticide) and 35% E.C diazinon (organophos-
phate pesticide). The two organophosphates were provided by the Agro-
chemical company. Appropriate concentrations of the pesticides (Tables
1-4) were established by dilution with water. The pesticides were thor-
oughly mixed in the test chamber before fish were added. All of the tish
in the studies were of the same approximate size. The malathion tests on
juvenile common carp were conducted on groups of two different sizes
(X = 2.5 and 5.0 cm). Diazonin tests were conducted on juvenile com-
mon carp (X = 7.1 cm) and adult B. vagra (X = 6.8 cm). Daily mortalities,
behavior, and gross morphological changes were recorded.

Selected Metals

Acute toxicity tests for several selected metals were conducted with
CUSO,, Pb(NO5),, ZnCl,, NiCl,, and FeSO,. All stock solutions (100
ppm) were prepared in deionized water. Predetermined dilutions of the
stocks were made to achieve the final test concentrations (Tables 5,6).

Chronic Toxicity Tests

Experiments were conducted to determine the chronic effects of
malathion on the survival of juvenile common carp. The final concentra-
tions of malathion in the experiments were between 0.1 and 2.0 ppm. All
fish, 10-20/test (X = 3.5 cm), were maintained in 10 gallon glass tanks
containing 12 L of tap water. A control tank with comparable numbers of
fish was established for each test regime. Mortalities and gross mor-
phological and behavioral alterations were recorded daily. Dead fish
were measured (standard length), weighed to the nearest mg on an
electric balance (Mettler), and preserved (—20°C) for subsequent bioac-
cumulation determinations. During the experimental period, fish were
fed daily and the tanks were continuously aerated. Pesticide concentra-
tions were replenished weekly following the procedures of Johnson (8).
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Table 1
Mortalities and LC50-96 h of Juvenile Cyprinus carpio Exposed to Malathion

No. of dead fish at each

Probit  Adjusted Trimmed

concentration, ppm LC50-96 h  Probit LC50-96 h
Experiment 855 11.4 14.25 148 17.1 ppm slope ppm
LX=25cm 0 2 4 7 9 13.80 12.30 10.21
2X=50em 1 3 3 9 10 12.81 9.46 10.38

X = mean size; N = 10 fish per test; 25°C, O, = 6.43 mg/L, pH = 7. LC50-96 hr

determined by adjusted Probit analysis and compared with Trimmed Spearman-Karber
method.

Table 2
Mortalities and LC50-96 Values of Barilius vagra Exposed to Malathion
No. of dead fish at each Probit Adjusted
concentration, ppm LC50-96 h Probit
Experiment 4.00 6.50 8.55 11.40 ppm slope
1 2 1 7 9 7.39 5.02
2 1 3 4 10 7.66 6.02

X = 6.0 cm; N = 10 fish/test; 20°C, O, = 6.5 mg/L, pH = 7.2.

Table 3
Mortalities and LC50-96 Values of Juvenile Cyprinus carpio Exposed
to Diazinon

No. of dead fish at each

- Probit Adjusted
concentration, ppb B L.C50-96 h Probit
Experiment 4800 7200 9600 12,000 ppb slope
1 0 4 7 10 4974.5 1.34
2 1 3 4 9 3426.8 1.67

X = 7.1 cm; N = 10 fish/test; 25°C, O, = 6.5 mg/L, pH = 7.1.

Table 4
Mortalities and LC50-96 Values of Barilius vagra Exposed to Different
Concentrations of Diazinon

No. of dead fish at each

. Probit Adjusted
concentration, ppb 7 LC50-96 h Probit
Experiment 1200 2400 4800 7200 ppb slope
1 3 8 4 10 1914.3 1.68
2 0 4 8 10 2939.1 5.26

X = 6.0 cm.
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Table 5
Mortalities and LC50-96 h Values of Cyprinus carpio Exposed to Different
Concentrations of Cu, Hg, and Pb

No. of dead fish at each Probit Adjusted  Trimmed
Size, concentration, ppm LC50-9 h  Probit  LC50-96 h
Metalk om 01 05 1.0 15 20 ppm slope ppm
Cu 3.5 2 6 8 10 — 0.30 2.036 —
6.5 — 2 4 6 10 1.00 3.640 —
Hg 3.5 4 7 10 — — 0.16 2.014 0.57
3.5 0 3 6 10 — 0.71 4.450 0.62
6.5 — 2 6 10 10 0.77 5.580 0.94
Pb 3.5 2 4 6 10 — 0.44 1.723 —
6.5 — 3 5 9 10 0.80 4.020 —
6.5 — 1 4 3 9 1.33 3.330 —

Smaller juvenile fish (X = 3.5) were exposed to concentrations of 0.1, 0.5, 1.0, and 1.5
ppm. Water temp., 20°C. Larger juvenile fish (X = 6.5) were exposed to concentrations of 0.5,
1.0, 1.5, and 2.0 ppm at 15°C. N = 10 fish per test, O, = 6.4 mg/L, pH = 7.1.

Table 6
Mortalities and LC50-96 h Values of Cyprinus carpio Exposed to Different
Concentrations of Zn, Ni, and Fe at 15°C Water Temperature

No. of dead ,flSh at each Probit Adjusted  Trimmed

Size, _ concentration, ppm LC50-96 h  Probit  LC50-96 h
Metal ecm 0.1 05 1.0 2.0 25 3.0 35 ppm slope ppm
n 3.2 2 4 6 9 10 10 — 0.45 1.93 0.83
3.2 0 3 3 2 9 10 — 1.34 2.30 1.24
60 — 0 3 4 — 9 10 1.64 4.30 1.64
60 — 0 4 3 — 4 9 2.25 2.40 1.66
Ni 3.2 0 1 4 4 6 10 1.54 2.70 —
3.2 1 1 3 4 8 10 1.30 1.89 —
60 — 0 3 4 — 9 10 1.64 4.30 —
60 — O 2 4 — 4 9 2.30 3.00 —
Fe 3.2 2 3 5 9 9 10 0.56 1.80 —
3.2 0 6 4 4 4 9 1.36 1.20 —
60 — 1 4 6 — 10 10 1.22 3.70 —
60 — 0 4 3 — 4 9 2.25 2.37 —

Smaller fish (3.2 cm) were exposed to concentrations of 0.1, 0.5, 1.0, 2.0, 2.5, and 3.0 ppm.
Larger fish (6.0 cm) were exposed to 0.5, 1.0, 2.0, 3.0, and 3.5 ppm concentrations.
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RESULTS

Acute Toxicity Tests: Pesticides

Malathion

Mortalities were variable, but LC50-96-h values in response to mal-
athion were similar in juvenile and adult carp. According to Probit
analysis, the LC50-96-h values were 13.8 and 12.81 ppm for the two sizes
of fishes, but the LC50 values by Trimmed Spearman-Karber analysis
were 10.21 and 10.38 ppm for these two sizes (Table 1). The LC50-96-h
values from Probit analysis were greater for the smaller sized fish than
for the larger fish. Adult B. vagra seem to be more sensitive to malathion
than juvenile common carp. The LC50-96-h values in replicate tests were
7.39 and 7.66 ppm (Table 2). Control fish of both species appeared
unaffected and suffered no mortalities in all tests. Fish that survived
longer than 96 h showed behavioral modifications. Impaired locomotion
was noted at concentrations as low as 0.57 mg/L, and some fish devel-
oped deformed vertebral columns (scoliosis of the posterior body) and
dark skin at a concentration of 8.5 mg/L. The fish ultimately died even if
transferred to toxicant-free water. Barilius vagra showed darkening of the
skin at a concentration as low as 4.0 mg/L (ppm) for longer than 7 d but
did not develop scoliosis.

Diazinon

Both juvenile common carp and adult B. vagra were extremely sensi-
tive to this pesticide. The LC50-96-h values for common carp in replicate
tests were 4974.5 and 3426.8 ug/L (ppb) (Table 3). Fish surviving (at 4800
ppb) for 7 d or more developed impaired swimming, darkening of skin,
and scoliosis. The LC50-96-h values in replicate tests on B. vagra were
1941.3 and 2939.1 ug/L (Table 4). Adults of this species seem to be more
sensitive to the pesticide than juveniles of the common carp. Although
body darkening was evident in some individuals that survived exposure
to lower concentrations (1200 pg/L) beyond 4 d, no scoliosis was evident.

Chronic Tests

Exposure to malathion for 40 d yielded a LC50-30-d value of 1.4 mg/L
for juvenile common carp (X = 3.5 cm). Chronic tests when repeated
exposing the juveniles (X = 4.0 cm) for 70 d to concentrations of 0.1 mg/
L, 0.57 mg/L, 1.0 mg/L, and 2.0 mg/L yielded a LC50-60-d value of 0.8
mg/L. The exposed fish again showed morphological and behavioral
modifications. Concentrations as low as 0.57 mg/L caused darkening of
the skin after 30 d and in rare cases scoliosis. The incidence of scoliosis
increased with concentration. The first fish to die at any test concentra-
tion suffered scoliosis and weight loss.
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Acute Toxicity Tests: Selected Metals

The LC50-96-h values for each metal are based on adjusted Probit
analysis (Tables 5,6). The LC50-96-h values for smaller fish (3.5 cm) were
0.3, 0.16, 0.71 (replicate for Hg), and 0.44 ppm for Cu, Hg, and Pb,
respectively. The LC50-96-h values for larger fish (6.5 cm) were 1.0, 0.77,
0.8, and 1.33 (replicate for Pb) for Cu, Hg, and Pb, respectively (Table 5).
Larger fish seem to be substantially less sensitive, based on LC50 values,
than smaller fish. Figures 1 and 2 show the mortality of smaller and
larger juvenile carp when exposed to different concentrations of Cu, Hg,
and Pb. Replicate LC50 values for Zn, Ni, and Fe were variable. The LC50
values increased with fish size (Table 6). Relationship between the con-
centration of metals (Zn, Ni, and Hg) and mortality for different sized
fish is shown in Fig. 3. Probit analysis revealed an appreciable difference
in response by different sized fish. Such a difference was not evident
when the same data were analyzed by the Spearman-Karber method
(Tables 5,6). Analysis with the Spearman-Karber technique rendered less
pronounced differences in LC50 values between replicate tests than
analysis with the Probit method. Significant differences in levels of resi-
dues were detected between the control and treated groups (Table 7).
The residues of Fe, Cu, and Pb were respectively eightfold, fivefold, and
nearly twofold higher in the treated group than in the control group. The
concentrations of Zn and Pb were comparable.

DISCUSSION

Responses to experimental exposure to organophosphate pesticides
(7,8,10,18-22) varied considerably by species of fish. The observed range
of acute malathion toxicity (LC50-96-h) is 12.5 ppm for fathead minnows
Primephales promelas, 0.1 ppm for rainbow trout Oncorhyncus mykiss, and
0.02 ppm for bluegills Lepomis macrochirus (18). Bluegills are extremely
sensitive to malathion and died at a concentration of 0.1 ppm in 96 h (23),
in contrast to fathead minnows, which died at concentrations of 9.0—
10.45 ppm. Javaid and Munawar (13) reported wide differences in re-
sponse to Channa punctatus to diazinon (TLm 50 = 0.456 ppm) and
malathion (TLm 50 = 0.92 ppm). The acute LC50-96-h for malathion in
juvenile common carp was 13.8 and 12.81 ppm for fish with mean size of
2.5 and 5.0 cm. These values are comparable to those for the fathead
minnows (10,23). Adult B. vagra were considerably more sensitive to
malathion than juvenile common carp. The 96-h LC50 values for B. vagra
were slightly greater than 7.0 ppm.

Diazinon seemed to be more toxic than malathion; 96-h LC50s
ranged between 3.42 and 4.97 ppm for juvenile common carp and be-
tween 1.9 and 2.9 ppm for adult B. vagra. Considerably lower levels have
been reported for the 96-h LC50 for rainbow trout juveniles (0.38 ppm)
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Fig. 1. Mortality of smaller juvenile carp at different con-
centrations of Hg, Cu, and Pb.
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Fig. 2. Mortality of larger juvenile carp at different con-
centrations of Hg, Cu, and Pb.
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and adult C. punctatus (0.445 ppm) (13). An earlier study of juvenile
common carp (20) showed the 24- and 48-h LC50 values for diazinon to
be 7.0 and 3.2 ppm. Based on these data, one expects the 96-h LC50 to be
lower than the levels obtained in this study. Possible explanations might
involve differences between the two studies in oxygen levels, pH, tem-
perature, and water hardness. Differences existed also in the mean size
and perhaps the adaptive history of the carp used in the two studies.
Local or regional differences in responses of carp to diazinon were
reported previously by investigations of Sastry and Malik and Javaid and
Munawar (13,24). Sastry and Malik (24) estimated the 96-h LC50 to be 3.1
ppm but (13) showed it to be 0.445 ppm. These data collectively support
the hypothesis that local conditions and differences in fish can influence
the responses of a given species to particular pesticides; data from one
geographical region or locality may not be applicable in other geographi-
cal regions or localities.

Long-term tests of contaminant toxicity should extend over at least
one generation and are best conducted in a flow-through system (23,25).
Long-term tests in this study had to be restricted to relatively shorter
periods (at most 3 mo duration). Thirty-day LC50 and 60-d LC50 values
dropped to 1.4 and 0.8 ppm, respectively, when juveniles of common
carp were exposed to 1.0 ppm concentration of malathion. A 70-d expo-
sure to 0.1 ppm malathion caused no mortalities or behavioral changes.
Similar results were obtained in long-term tests on several other species
of fish by Javaid and Munawar, Eaton, and Pickering and Henderson (13,
23, 26); concentrations close to 1.0 ppm were innocuous in long-term
situations.
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Table 7
Bioconcentration of Metals in Whole Juvenile Carp Exposed
to Cu, Pb, Zn, and Fe for 15 d

Cu, ppm Pb, ppm Zn, ppm Fe, ppm

Group 0.1 0.5 0.5 0.5
Control 0.00435 0.0660 0.0950 0.0370
(toxicant free water) +0.0007 +0.004 +0.007 +0.005
) 4) 4) (4)
Treated 0.0244 0.1032 0.1330 0.3300
+0.005 =0.008 +0.015 +0.06

4 () (4) (6)

Mean concentrations expressed as ppm *SEM. Figures in perenthesis indicate the
numbers of fishes per test.

Acute toxicity tests (96 h) provide a measure of the toxicity of com-
pounds to a given species under specific environmental situations (water
chemistry, pH, temperature, and so on) (13,24). They also reflect the
severe and rapid damage from sudden exposure to lethal concentrations
of contaminants. Accidental spillage of pesticides or the release of large
amounts of pesticides in agricultural runoff creates conditions that are
comparable to the results of the acute tests. On the other hand, chronic
tests provide a measure of the effects of usually sublethal exposures over
extended time (7,25). Although, sudden mortalities of fish from toxic
amounts of pesticides in agricultural runoff are more profound (7), long-
term exposure to extremely low levels (far below acute LC50 values) may
reduce longevity, reproductive vigor, and size. These data on malathion
suggest that concentrations below 0.1 ppm have no discernable effect on
juvenile common carp.

One of the major questions in contaminant research is the concentra-
tion of a pesticide that has no effect (i.e., assessment of environmentally
safe concentrations) on the sustained fisheries potential (7,10,23,25). A
calculation of the environmentally safe concentration of maximum ac-
ceptable toxicant concentration (MATC) is usually determined by divid-
ing the lowest concentration of a toxicant by the 96-h LC50 concentration.
These procedures give a no-effect concentration called the application
factor of the toxicant. This value can also be applied to other species of fish
for which 96-h LC50 values are known (10,23). Accordingly, an applica-
tion factor may be derived from the acute toxicity and chronic test data
(70-d test) from this investigation on the common carp. Because the
chronic tests should extend over a generation, these values should be
used with caution. The application factor of malathion is 1/13.8 of the
96-h LC50 value. Because 0.57 ppm of malathion had some effects on the
behavior of fish, the application factor must be between 1/13.8 and
0.57/13.8 of the 96-h LC50 value. According to Mount and Stephan (10),
the application factor obtained from chronic tests on one species can be
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used to derive application factors for other species as well. Whether the
concentrations based on the malathion application factor for the common
carp are indeed safe for the entire generation and for other species is
unknown.

Undoubtedly, the acute lethality of pesticides (malathion and di-
azinon) is manifested by mortalities noted in the acute tests. The ob-
served sublethal effects preceding death were escape behavior, increased
locomotor activity, distress, and loss of equilibrium. Fish also exhibited a
visible but often transient change in body coloration (darkening). These
concentrations of malathion and diazinon resulted in persistent darken-
ing of the body and deformities of the posterior back bone (crooked
backbone or scoliosis). At malathion concentrations as low as 1.0 mg/L of
water, scoliosis and body darkening were minimal but increased with the
concentration. Behavioral and morphological changes also have been
recorded in other species of fish exposed to organophosphates, espe-
cially malathion and diazinon. These neuromuscular and skeletomuscu-
lar effects involve altered function of the AChE enzyme (7,10,23,27,28).

ACKNOWLEDGMENTS

The authors are grateful to Dixie Bounds, Arizona Cooperative Fish
and Wildlife Research Unit, for critically reviewing this manuscript. The
Pakistan Agricultural Research Council funded the project. Data for this
paper were collected by Pakistan Agricultural Research Council and
provided to the senior author for use in this paper. We are thankful to
M. A. Hafeez, Naseem Akhtar, and the staff and members of the Nation-
al Agricultural Research Center, Islamabad, for cooperation.

REFERENCES

. B.S. Bhimacher and A. David, Proc. 33rd Ind. Sci. Congr. 3, 130 (1946).

. H. K. Bhatti, Pak. J. Sci. 3, 77 (1950).

. S. Banerjea, M. P. Motwani, and S. J. Karamchandani, Indian |. Fish. 3, 186
(1956).

. 5. Banerjea and M. P. Motwani, Indian J. Fish. 7, 107 (1960).

. A. Beg, Proc. W. Pak. Fishery Officers Conf., pp. 139-244 (1963).

. A. Saleem, W. Pak. |. Arg. Res. 2, 94 (1964).

. H. E. Johnson, Trans. Am. Fish. Soc. 4, 398 (1968).

. H. E. Johnson, Prog. Fish Cult. 17, 161 (1955).

. N. N. Melnilov, Chemistry of Pesticides: Residue reviews, Springer Verlag, New
York, 1971, pp. 303-386.

10. D. I. Mount and C. E. Stephan, Trans. Am. Fish. Soc. 96, 185 (1967).

11. S. R. Verma, V. Kumar, and R. C. Dalela, Indian |. Environm. Hlth. 23, 275

(1981).
12. R. L. Ridgway, ]J. C. Finney, J. T. MacGregor, and N. ]. Starler. Environ.
Health Perspect. 27, 103 (1978).

W N =

© 0o N O Ut

Biological Trace Element Research Vol. 34, 1992



iranpaper 1=} Downloaded from https://iranpaper.ir

https://www.tarjomano.com

236 Alam and Maughan

13

14.
15.
16.

17.
18.
19.

20.
21.
22.

23.
24.
25.
26.
27.
28.

M. Y. Javaid and A. A. Munawar, Proc. 25th Pak. Sci. Conf. lII B-8, p. 291
(1974).

K. P. Lone and M. Y. Javaid, Pak. |. Zool. 8, 77 (1976).

A. R. Shakoori, S. A. Zaheer, and M. S. Ahmad, Pak. |. Zool. 8, 125 (1976).
R. D. Gelber, P. T. Lavin, C. R. Mehta, and D. A. Schoenfelf, Statistical
Analysis, Hemisphere, New York, 1985, pp. 110-123.

M. A. Hamilton, R. Russo, and R. V. Thurston, Environ. Sci. Technol. 11, 714
(1977).

Q. H. Pickering, C. Henderson, and A. E. Lemke, Trans. Am. Fish. Soc. 19,
175 (1962).

M. S. Mulla, J. S. F. Amant, and L. D. Anderson, Prog. Fish Cult. 29, 36
(1967).

Y. Nishiuchi and K. Yoshida, Bull. Agr. Chem. Inspect. Sten. 12, 122 (1972).
J. Kanazawa, Rev. Plant Prot. Res. 13, 27 (1980).

D. C. Gajghate, S. I. Elyas, and R. M. Vittal, Indian |. Environ. Health 30, 209
(1989).

J. G. Eaton, Water Res. 4, 673 (1970).

K. V. Sastry and P. V. Malik, Toxicol. Lett. 10, 55 (1982).

J. B. Sprague, Water Res. 3, 793 (1969).

Q. H. Pickering and C. Henderson, Ohio J. Sci. 66, 508 (1966).

K. H. Buchell, Chemistry of Pesticides, Wiley, New York, 1983, pp. 1-473.
J. Miyamoto and P. C. Kearney, Pesticides Chemistry, vols. 1-3, Pergamon,
New York, 1983, pp. 1-808.

Biological Trace Element Research Vol. 34, 1992

Alis l gauass dozys

ot o1l awsl 390

qulop



