Original research
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Abstract: Hematological parameters are often used to assess the health status and as stress
indicators in fish. The aim of this study was to assess the sublethal effects of chlorpyriphos,
a organophosphate insecticide, on some hematological parameters in freshwater fish Anabas
testudineus. The effect was assessed based on the comparison results of control group and
experimental groups exposed to sublethal concentrations (0.125, 0.250, 0.375 mg L-1) of
chlorpyrifos at 7th, 14th and 21st days. It was observed that with the increase of chlorpyrifos
concentrations and days, red blood cell counts, hemoglobin levels, hematocrit levels and
thrombocyte counts decreased. White blood cell counts increased at 7th day of exposure but
decreased with the increase of chlorpyrifos concentrations at 14th and 21th days. The study
showed that the chlorpyrifos significantly impacted the health status of the fish and
hematological parameters may be useful as a diagnostic test for chlorpyrifos exposure in A.
testudineus.
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Introduction

Organophosphates are some of the most widely used
pesticides in the world. They are used in agriculture,
homes, gardens, and veterinary practices. In general, they
are not persistent in the environment as they break down
quickly. Because of their relatively fast rate of
degradation, they have been a suitable replacement for the
more persistent organochlorine (Frederick, 2005).
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Chlorpyrifos is a broad-spectrum organophosphate
insecticide used for the control of mosquitos, flies, various
crop pests in soil and on foliage, household pests and
aquatic larvae. It may be used in some countries as an
aquatic larvicide for the control of mosquito larvae (WHO,
2003). Chlorpyrifos reaches aquatic bodies through direct
application or agricultural runoff from treated areas.
Direct application of chlorpyrifos or agricultural runoff
from treated areas can result in contamination of
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Chlorpyrifos is highly toxic to freshwater fish. The
values range between 26 ug L' and 33 mg L™! at different
fish species (Paracampo et al., 2015). Fishes are sensitive
to exposure of low chlorpyrifos concentrations, and this
has been shown in several studies and it was reported that
chlorpyrifos induced behavioral (Levin et al., 2004),
morphological (Sledge et al., 2011), biochemical (Kadam
and Patil 2016) and histopathological changes in the fish
(Velmurugan et al., 2015). However, very little
information is available regarding the hematological
effects of chlorpyrifos on different fish species (Giron-
Perez et al., 2006; Ramesh and Saravanan, 2008; Malla et
al., 2009).

The hematological parameters of fish provide a
suitable tool, that can be a good indicator of stress and
health disturbances induced by biotic and abiotic agents of
the environment. In addition, they have proven useful for
the detection and diagnosis of metabolic alterations and
disease processes due to pesticides (Luskova, 1997).

Anabas testudineus s a fish which can tolerate extreme
conditions. It is widely seen in canals, lakes, ponds,
swamps and inland water bodies of India, hence selected
as biological indicators of ecotoxicological studies.
However, no information is available regarding the
hematological effects of chlorpyrifos on A. testudineus.
Such studies would provide much needed information
required for an appropriate risk assessment of
chlorpyrifos. Therefore, in the present investigation, it was
decided to determine the haematological parameters as
biomarker in fish A. festudineus exposed to sublethal
concentrations of chlorpyrifos.

Materials and methods
Animals and experimental design
Fish were collected from a freshwater source in the Puzhal
Lake, Redhills, Chennai, Tamil Nadu, India. The
specimens transported to the laboratory in
appropriately aerated plastic bags. Fish, A. testudineus
with weight 72 + 5 g and length 16 £ 1 cm mean £ SD was
utilized as the model organisms in this study. The fish
were acclimated to the laboratory conditions for at least 20
days prior to the experiment in a glass aquarium. The fish
were fed daily with commercially balanced fish food
sticks.

The fish were divided into four groups and placed in
separate glass aquaria. Present study was performed in
three replicates in order to ensure the reproducibility of the

were

175

results. Ten fish were used for each group per replicate.
Group I was maintained in pesticide-free water to serve as
control. Groups II, III and IV were exposed to sublethal
concentration  of  chlorpyrifos. ~ The  sublethal
concentrations of chlorpyrifos tested were 0.125, 0.250
and 0.375 mg L' (5%, 10% and 15% respectively of
value). The LCso for chlorpyrifos is 2.5 mg L for A.
testudineus (Velmurugan et al., 2015).

Sampling and analysis

At 7% 14" and 21% days of treatment, both the
experimental and control fish were anesthetized using
tricaine methanesulphonate. Anesthetized fish were used
for collecting blood samples. Blood was obtained by
severance of caudal peduncle and collected in Eppendorf
tubes containing EDTA anticoagulant and mixed
immediately (Mgbenka et al., 2003). These exposed and
control anticoagulant blood samples were used for
haematological parameters. The hematological parameters
analysed were RBC, WBC, Hgb, Hct and thrombocytes.
Due to less amount of blood present in the fish for accuracy
fully automated cell counter - sysmax - 21 from Japan was
used for analyzing hematological parameters (Maceda-
Veiga et al., 2010).

Statistical analysis

One way ANOVA was used to evaluate measurements in
this study. The Tukey HSD, Dunnet test was used for
multiple comparisons.
evaluated using the Kolmogorov-Smirnow test and
homogeneity was evaluated using Levene’s test. All data
were analyzed using the statistical package SPSS version
15.0 for Windows. The significance of test results was
ascertained at P< 0.05.

Normal distributions were

Results

Red blood cell (RBC)

In control, the RBC count was recorded as 4.08 + 0.34 10°
uL! at 7" day. The RBC counts were observed as 3.61 +
0.35 10% uL'! at 0.125 mg L', as 3.32 + 0.24 10° uL"! at
0.250 mg L and as 3.15+£ 0.28 10° uL! at 0.375 mg L.
In control, this count was recorded as 4.11 £ 0.27 10° pL!
at 14™ day. In control, the RBC count was recorded as 4.19
+ (0.27 10° uL"! at 21 st day. The RBC counts were in
decreasing trend with increase in the concentrations of
chlorpyrifos at 7", 14" and 21% days. The overall decline
was observed throughout the exposure period. The
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maximum decrease was found at concentration 0.375 mg L~
a5 0.98 £ 0.20 10% L' at 21° day. In the present study,

significant changes of RBC were presented in Table and
Figure 1.

Table Hematological values of Anabas testudineus exposed to sublethal concentrations of chlorpyrifos.

Hematological Chlorpyrifos 7t day 14 day 28t day
parameters concentrations
(mgL)

RBC (10° pL'l) Control 4.08 £ 0.34% 4.11 £0.27% 4.19 £ 0.27%
0.125 3.61 +0.35% 3.24 +0.30% 2.73 +0.20b2
0.250 3.32 +(0.24b¢x 3.02 + 0.23bey 2.48 + 0.24%7
0.375 3.15+£0.28% 2.87 £0.19% 0.98 £ 0.20*

Hgb (g dLh Control 16.45 £ 0.93% 16.81 £ 1.08* 17.05 £ 1.01*
0.125 15.26 + 1.15%x 11.56 + 1.02bY 10.98 + 1.13b%Y
0.250 14.86 + 0.98b% 10.90 + 0.83bY 8.48 £ (.78
0.375 11.37 £0.91<¢ 6.15 £ 0.93% 4.27 +0.75%

Hct (%) Control 49.67 £ 1.53% 50.50 £ 1.60* 51.00 £ 1.61*
0.125 48.72 + 1.072b% 36.13 + 1.64% 32.44 +1.38b2
0.250 47.59 + 1.60b* 34.40 + 1.75% 31.63 +£2.32b2
0.375 38.47 £ 1.36% 28.64 £ 0.98<Y 12.82 £1.62¢

WBC (10° pL'l) Control 195.00 £ 12.67% 194.10 £ 9.57* 198.40 £ 9.36%
0.125 206.20 + 9.462bx 159.20 £ 13.69bY 135.40 + 11.65%
0.250 211.10 £+ 10.90b% 140.50 £ 13.95< 117.30 £ 11.74<
0.375 227.30 £ 9.14<* 128.10 £ 13.81¢Y 95.60 + 14.8792

Thrombocyte (10° uL)  Control 41.70 £ 5.44% 4330+ 5.12% 42.80 £ 4.94%
0.125 23.30 + 4.72b% 21.50 + 5.58b% 15.00 £ 4.22bY
0.250 17.10 £ 3.96¢ 14.40 £ 4.14%yY 12.80 + 3.08bey
0.375 16.50 £ 4.67°% 11.70 £ 3.06%Y 9.60 £ 2.88<Y

Values are expressed as mean + SD (N = 10). Letters “a,” “b,” ““c”’and “‘d” and indicate differences between groups at the same time, and letters
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x”, “y” and “z”and indicate differences between times for the same group. P< 0.05.
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Figure 1. Red blood cell counts in Anabas testudineus exposed
to sublethal concentrations of Chlorpyrifos for 7, 14 and 21
days. Data are expressed as meant SD (N = 10). p<0.05.

Haemoglobin (Hgb)
In control, the Hgb level was recorded to be 16.45+ 0.93 g
dL-!" at 7" day. These levels were observed as 15.26 + 1.15
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gdL'at0.125 mg L', as 14.86 £ 0.98 g dL"! at 0.250 mg
L' andas 11.37 £0.91 g dL™" at 0.375 mg L"!. In control,
the level was obtained to be 16.81 + 1.08 g dL"! at 14" day.
In control, the Hgb level was recorded tobe 17.05+ 1.01 g
dL ! at 21 day. The Hgb levels were observed as 10.98 +
1.13 gdL" at 0.125, as 8.48 +0.78 g dL"! at 0.250 mg L!
and as 4.27 £ 0.75 g dL"! at 0.375 mg L. The Hgb levels
were in decreasing trend with an increase in the
concentrations of chlorpyrifos at 7%, 14" and 21% days.
The overall decline was observed throughout the exposure
period. The maximum decrease was found at concentration
0.375 mg L' as 427 + 0.75 g dL'! at 21% day. In the
present study, significant changes of Hgb levels were
presented in Table and Figure 2.
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Figure 2. Hemoglobin levels in Anabas testudineus exposed to
sublethal concentrations of Chlorpyrifos for 7, 14 and 21 days.
Data are expressed as meant SD (N = 10). p<0.05.

Hematocrit (Hct)

In control, the Hct level was recorded to be 49.67 + 1.53 %
at 7% day. These levels were observed as 48.72 + 1.07 %
at 0.125 mg L1, as 47.59 £ 1.60 % at 0.250 mg L™ and as
38.47 + 1.36 % at 0.375 mg L!. In control, the level was
50.50 + 1.60 % at 14" day. These levels were found as
3244+ 1.38 % at 0.125 mg L', as 31.63 + 2.32% at 0.250
mg L' and as 12.82 + 1.62 % at 0.375 mg L"'. The Hct
levels were in decreasing trend with an increase in the
concentration of chlorpyrifos at 7%, 14" and 21% days. The
overall decline was observed throughout the exposure
period. The maximum decrease was found at a
concentration of 0.375 mg L™ as 12.82 + 1.62 % at 21%
day. In the present study, significant changes in Hct levels
were displayed in Table and Figure 3.
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Figure 3. Hematocrit levels in Anabas testudineus exposed to
sublethal concentrations of Chlorpyrifos for 7, 14 and 21 days.
Data are expressed as mean+ SD (N = 10). p<0.05.
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White blood cell (WBC)

In control, the WBC count was recorded to be 195.00 *
12.67 10* uL! at 7' day. These counts were observed as
206.20 £ 9.46 10° uL! at 0.125 mg L', as 211.10 £ 10.90
10° uL ! at 0.250 mg L' and as 227.30 + 9.14 10* L' at
0.375 mg L"!. The counts elevated with an increase in the
concentrations of chlorpyrifos at 7" day. In control, the
WBC count was recorded to be 194.10 + 9.57 10° L' at
14™ day. The WBC counts when exposed to 0.125, 0.250
and 0.375 mg L"! were obtained as 159.20 + 13.69 10 uL-
1,140.50 + 13.95 10° uL"! and 128.10 £ 13.81 10° pL!,
respectively. They declined with an increase in the
concentrations of chlorpyrifos at 14" day. In control, the
count was recorded to be 198.40 + 9.36 10° uL ! at 21 day.
They were observed as 135.40 + 11.65 10° uL! at 0.125
mg L, as 117.30 £ 11.74 103 uL" at 0.250 mg L', and as
95.60 + 14.87 103 uL."! at 0.375 mg L'. The WBC counts
were in decreasing trend with an increase in the
concentrations of chlorpyrifos at 21% day. The WBC
counts showed changes in A. festudineus exposed to
sublethal concentrations of chlorpyrifos at 7%, 14" and
21% days. The increasing counts of WBC were observed
at 7" day and the elevation was found to be dose
dependant. The decreasing counts of WBC were observed
at 14" and 21% days. The maximum decline was found as
95.60 + 14.87 10> L' at 0.375 mg L' at 21" day. In the
present study, significant changes of WBC were presented
in Table and Figure 4.
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Figure 4. White blood cell counts in Anabas testudineus exposed
to sublethal concentrations of Chlorpyrifos for 7, 14 and 21
days. Data are expressed as meant SD (N = 10). p<0.05.
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Thrombocyte

In control, the thrombocyte count was recorded to be 41.70
+ 5.44 10* L' at 7™ day. The thrombocyte counts were
23.30 £ 4.72 10* uL! at 0.125 mg L', 17.10 + 3.96 10*
uL! at 0.250 mg L' and 16.50 £ 4.67 10* L' at 0.375
mg L!. In control, the count was 43.30 £ 5.12 10* uL! at
14" day. These counts were 21.50 + 5.58 10* uL! at 0.125
mg L, 14.40 £ 4.1410* m pL' at 0.250 mg L' and 11.70
+3.06 10* uL!' at 0.375 mg L' In control, the count was
42.80 +4.94 10* uL™! at 21* day. They were 15.00 + 4.22
10* uL! at 0.125 mg L, 12.80 + 3.08 10* pL! at 0.250
mg L and 9.60 + 2.88 10* uL! at 0.375 mg L!. The
thrombocyte counts decreased with an increase in the
concentration of chlorpyrifos at 7%, 14" and 21%t days. The
maximum decrease was found at a concentration of 0.375
mg L' as 9.60 + 2.88 10* uL-!' at 21% day. In the present
study, significant changes of thrombocyte counts were
introduced in Table and Figure 5.

Discussion

Haematological parameters have been recognized as
valuable tools for monitoring fish health (Satheeshkumar
et al., 2011).

In the present study, significant alterations in the
haematological parameter of A. testudineus exposed to
sublethal concentrations of chlorpyrifos were observed.
The results obtained in this study showed decreases in
RBC counts, Hgb and Hct levels. These results are
consistent with the findings of other studies investigating
hematological response of different fish species exposed
to other organophosphate pesticides. Similar reductions in
RBC counts and Hgb levels had been also reported after
exposure to diazinon in Cyprinus carpio, Silurus glanis,
Clarias gariepinus and Cirrhinus mrigala (Svobodam et
al., 2001; Koprucu et al., 2006; Adedeji et al., 2009;
Haider and Rauf, 2014) methyl parathion in Mystus
keletius (Sampath et al., 2003) monocrotophos in Clarias
gariepinus (Yagi and Auta, 2007), Cyprinus carpio
exposed to chlorpyrifos (Ramesh and Saravanan, 2008).
But, Giron-Perez et al. (2006) showed that chlorpyrifos
did not affect the Hgb levels at any of the concentrations,
compared with control group in Oreochromis niloticus.
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Figure 5. Platelet counts in Anabas testudineus exposed to

sublethal concentrations of Chlorpyrifos for 7, 14 and 21 days.

Data are expressed as meant SD (N = 10). p<0.05.

The significant reduction in RBC counts may be due to
disruptive action of the chlorpyrifos on the erythropoietic
tissue. The significant decrease in the Hgb levels may also
be due to either an increase in the rate at which the Hgb is
destroyed or to a decrease in the rate of Hgb synthesis
(Reddy and Bashamohideen, 1989).

Increased destruction of RBC can lead to decreased
hemoglobin. The decrease in Hct in fish exposed to
chlorpyrifos was due to decreased RBC count.

In the present study, WBC count increased initially at
7™ day of exposure. At 14" and 21% days of exposure,
WBC counts decreased. The increases in WBC counts
(leucocytosis) were reported in Clarias gariepinus exposed
to monocrotophos (Yagi and Auta, 2007), Cyprinus carpio
exposed to acute toxicity of chlorpyrifos (Ramesh and
Saravanan, 2008). However, the decrases in WBC counts
(leucopenia) were also described in the Silurus glanis, C.
carpio and C. gariepinus exposed to diazinon (Koprucu et
al., 2006; Banaee et al., 2008; Adedeji et al., 2009) in
Oreochromis mossambicus exposed to phosalone (Jaffar
and Rani, 2009). The total WBC count of Cirrhinus
mrigala exposed to diazinon showed a delayed decrease.
The WBC counts of controlled and exposed fish were not
significantly different from each other after 10 days of
exposure to diazinon, but after 20 and 30 days of exposure,
a significant decrease in WBC count of both exposed fish
groups was observed when compared to controlled fish
group (Haider and Rauf, 2014).

The increase in WBC count can be correlated with an
increase in antibody production which helps in survival

and recovery of the fish exposed to sublethal
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concentrations of pesticide (Joshi et al., 2002). Reduced
numbers of leucocytes in exposed fish can result in
reduced disease resistance (Kaattari and Piganelli, 1996).

In this study was significant reduction in thrombocyte
counts with the exposure of the fish to chlorpyrifos. But,
Adedeji et al. (2009) reported a significant increase in
thombocyte count in Clarias gariepinus exposed to
diazinon.

The decrease of this parameter can be related with
trapping of thrombocytes in the spleen, decreased
thrombocyte production or increased destruction of
thrombocytes.

The present study showed the toxicity of chlorpyrifos
on the haematology of A. testudineus and the significance
of hematological parameters in assessing the chlorpyrifos
hazards to A. testudineus. The sub-lethal exposure to
clorpyrifos for 21 days resulted significant hematological
changes. The hematological disturbances which could
lead to impairment of fish ability to combat diseases
reduce its chances for survival for growth. This study
clearly indicates that the presence of chlorpyrifos in fresh
water reservoirs, even in small concentration, could cause
deleterious effects on fish physiology and may potentially
disturb their survivability in the natural environment.
Therefore, controlling measures should be taken to
prevent the possible contamination of the aquatic
environment by such toxic pesticides.

Acknowledgments

This work was supported by Jawaharlal Nehru Memorial
Fund (JNMF) Scholarships for PhD Programme in India
(SU/1/192/2006-2007/646).

References

Adedeji O.B., Adeyemo O.K., Agbede S.A. 2009. Effects of
diazinon on blood parameters in the African catfish (Clarias
gariepinus). African Journal of Biotechnology, 8(16): 3940-
3946.

Banaee M., Mirvagefei, A.R., Rafei, G.R., Majazi, A.B. 2008.
Effect of sublethal diazinon concentrations on blood plasma
biochemistry. Intenational Journal
Research, 22: 189-198.

Frederick M.F. 2005. One of a series of the pesticides.
Information Office, Florida Cooperative Extension service,
Institute of Food and Agricultural Sciences, University of
Florida.

Giron-Perez M.I., Barcelos-Garcia R., Vidal-Chavez Z.G.,
Romero-Banuelos C.A., Robledo-Marenco M.L. 2006.
Effect of chlorpyrifos on the hematology and phagocytic

of Environmental

179

activity of Nile tilapia cells (Oreochromis niloticus).
Toxicology Mechanisms and Methods, 16: 495-499.

Haider M.J., Rauf A. 2014. Sub-lethal effects of diazinon on
hematological indices and blood biochemical parameters in
Indian carp, Cirrhinus mrigala (Hamilton). Brazilian
Archives of Biology and Technology, 57(6): 947-953.

Jaffar Ali H.A., Rani V.J. 2009. Effect of phosalone on
haematological indices in the Tilapia, Oreochromis
mossambicus. Turkish Journal of Veterinary and Animal
Sciences, 33(5): 407-411.

Joshi P.S., Deepa H., Manjushri B. 2002. Effect of lindane and
malathion exposure to certain blood parameters in a
freshwater teleost fish Clarias batrachus. Pollution Research,
21(1): 55-57.

Kaattari S.L., Piganelli J.D. 1996. The specific immune system:
humoral defenses. In: G. Iwama, T. Nakanishi T (Ed.). The
fish immune system. Organism, pathogen and environment.
San Diego, CA, USA: Academic Press. pp. 207-254.

Kadam P., Patil R. 2016. Effect of chlorpyrifos on some
biochemical constituents in liver and kidney of fresh water
fish, Channa gachua (F. Hamilton). International Journal of
Science and Research, 5(4): 1975-1979.

Koprucu S.S., Koprucu K., Ural M.S., Ispir U., Pala M. 2016.
Acute toxicity of organophosphorous pesticide diazinon and
its effects on behavior and some hematological parameters
of fingerling European catfish (Silurus glanis). Pesticide
Biochemistry and Physiology, 86: 99-105.

Levin E.D., Swain H.A., Donerly S., Linney E. 2004.
Developmental chlorpyrifos effects on hatchling zebrafish
(Danio rerio) swimming behaviour. Neurotoxicology and
Teratology, 26: 719-723.

Luskova V. 1997. Annual cycles and normal values of
haematological parameters in fishers. Acta Scientarum
Naturalium Brno, 31(5): 70.

Maceda-Veiga A., Monroy M., Viscor G., De Sostoa A. 2010.
Changes in non-specific biomarkersin the Mediterranean
barbel (Barbus meridionalis) exposed to sewage effluents in
a Mediterranean stream (Catalonia, NE Spain). Aquatic
Toxicology, 100: 229-37.

Malla F.A., Sharma G., Singh S. 2009. Chlorpyrifos pesticide
toxicity on erythrocyte sedimentation rate in fish, Channa
punctatus (Bloch.). Biology and Medicine, 1(2): 54-55.

Mgbenka B.O., Oluah N.S., Umeike I. 2003. Effect of gammalin
20 (Lindane) on the differential white blood cell counts of
the African catfish Clarias albopunctatus. Bulletin of
Environmental Contamination and Toxicology, 71(2): 248—
254.

Paracampo A., Solis M., Bonetto C., Mugni H. 2015. Acute
toxicity of chlorpyrifos to the non-target organism
Cnesterodon decemmaculatus. International Journal of
Environmental Health Research, 25(1): 96-103.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Paracampo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24724549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Solis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24724549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bonetto%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24724549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mugni%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24724549
http://www.ncbi.nlm.nih.gov/pubmed/24724549
http://www.ncbi.nlm.nih.gov/pubmed/24724549

ACTA BIOLOGICA TURCICA 32 (4): 174-180, 2019

Ramesh M., Saravanan M. 2008. Haematological and
biochemical responses in a freshwater fish Cyprinus carpio
exposed to chlorpyrifos. International Journal of Integrative
Biology, 3(1): 80-83.

Reddy M.P., Bashamohideen M. 1989. Fenvalerate and
cypermethrin induced changes in the haematological
parameters of Cyprinus carpio. Acta Hydrochimica et
Hydrobiologica, 17: 101-107.

Richards R.P., Baker D.B. 1993. Pesticide concentration
patterns in agricultural drainage networks in the lake Erie
basin. Environmental Toxicology Chemistry, 12: 13-26.

Sampath K., James R., Velammal S. 2003. Effect of methyl
parathion on blood parameters and its recovery in a catfish,
Mystus keletius. Indian Joyrnal of Fisheries Fish, 50(2):
191-197.

Satheeshkumar P., Ananthan G., Senthil Kumar D., Jagadeesan
L. 2011. Haematology and biochemical parameters of
different feeding behaviour of teleost fishes from Vellar
estuary, India. Comparative Clinical Pathology, 1-5.

Sledge D., Yen J., Morton T., Dishaw L., Petro A., Donerly S.,
Linney E., Levin E.D. 2011. Critical duration of exposure
for developmental chlorpyrifos-induced neurobehavioral
toxicity. Neurotoxicology and Teratology, 33: 742-751.

Svobodam M., Luskova V., Drastichova J., Zlabek V. 2001. The
effect of diazinon on haematological indices of common
carp (Cyprinus carpio L). Acta Veterinaria Brno, 70: 457-
465.

Thomas K., Nicholson B.C. 1989. Pesticide losses in runoff
from a horticultural catchment in South Australia and their
relevance to stream and reservoir water quality.
Environmental Technology Letters, 10: 117-129.

Velmurugan B., Selvanayagam M., Cengiz E.IL., Bilici S., Satar
A. 2015. Scanning electron microscopy study of the gills,
scales and erythrocytes of Amnabas testudineus upon
exposure to chlorpyrifos. Toxicological and Environmental
Chemistry, 97(2): 208-220.

WHO (World Health Organization). 2003. Chlorpyrifos in
drinking-water. Background document for preparation of
WHO Guidelines for drinking-water quality. Geneva.

Yagi A.J., Auta J. 2007. Sublethal effects of monocrotophos on
some haematological indices of African Catfish Clarias
gariepinus. Journal of Fisheries International, 2: 115-117.

180


http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=3&SID=R2RQ5ESA3jjuYWMenqr&page=5&doc=47
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=3&SID=R2RQ5ESA3jjuYWMenqr&page=5&doc=47
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=3&SID=R2RQ5ESA3jjuYWMenqr&page=5&doc=47

	32-4-1+.pdf (p.1)
	32-4-1.pdf (p.2-7)
	32-4-1.pdf (p.5-10)


