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Abstract: This study assessed the influence of organo-phosphorus (OP) Diazinon pesticide on adult tilapia fish
(Oreochromis niloticus) in a semi static renewal bioassay for 30 days. Adult fish were acclimatized to
laboratory conditions for 7days and then exposed to varying sub-lethal concentrations of diazinon (1.0, 2.5, 5.0,
7.5 and 10.0 mg/l) for 30 days and compared with control (untreated). Total protein was determined in plasma,
muscle, gills, liver and kidney. The water quality used for the study showed pH 7.05, dissolved oxygen 6.7 mg/l,
temperature 26.0 0C, alkalinity 16.25 mg/l, conductivity 106.12ps/cm and turbidity 0.46 NTU. The 96h LC50 of
diazinon was 7.65mg/l. At various concentration of diazinon, fish showed uncoordinated behaviour such as
somersaulting, convulsion and erratic swimming. The levels of total protein in plasma was significantly lower
(P<0.05) in all test concentrations in comparison with the control; but no concentration-dependent among the
various concentration of diazinon was observed. Conversely, protein concentrations in muscle, liver, gills and
kidney decreased with increased concentration of diazinon (P<0.05). It is concluded that protein concentrations
in muscle, gill, liver and kidney are useful biomarkers of sub-lethal effects of diazinon in Oreochromis niloticus.
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I.
Introduction
With advancement in technology, agrochemicals such as pesticides especially chlorinated
hydrocarbons are considered as part of the integrated farming practice to protect crops and animals from insects,
weeds and diseases [1]; wide spread use of pesticide in agriculture is now a worldwide phenomenon [2]. Also,
the use of pesticides for effective pests control has generated a lot of concerns relating to public health and
environmental pollution. [3]. This is because organophorus pesticides have fully replaced the persistent
chlorinated pesticides in the 1970‟s and on the beginning of 1980‟s. The main advantage of the
organophosphorus pesticides was their low cumulative ability and short-term persistence in the environment.
Although the organophosphorous pesticides have been replaced by pyrethroid base pesticides during the last 1015 years, there is still a very intensive utilization of organophosphates.
Apart from their regular use for crop production, organophosphorus pesticides are also utilized in fish
culture (mainly those based on dichlovos and trichlorfon) to suppress some parasitary diseases such as
monogeneoses and arthropodoses [4, 5]. Nevertheless, the pesticide preparations are considered harmful for fish
in most cases [6]. The aquatic ecosystem as a greater part of the natural environment is also faced with the threat
of a shrinking genetic base and biodiversity due to indiscriminate use of pesticides. There are four major routes
through which pesticides reach the water; it may drift outside of the intended area when it is sprayed, it may
percolate or leach through the soil, it may be carried to the water bodies as run off, it may also be spilled
through accidental discharge or neglect [7].
According to Mellandy [8], pesticides become readily available in the food chain through
bioaccumulation in both aquatic and terrestrial flora and fauna that usually result into unquantifiable disastrous
consequences on the ecosystem [9]. Due to the residual effects of pesticides, important organs like kidney, liver,
gills, stomach, brain, muscles and genital organs are damaged in fish [7]. Diazinon is a common active
substance of organophosphrous pesticides [10] and is an anticholinesterase which causes loss of functional
coordination that result in immobilization of organisms [11].

II.

Materials and methods

Fish samples used for this study were sourced from Agriking Farm Nig. Ltd, Abeokuta, Nigeria. They
were transported to the Laboratory of Department of Environmental Health Sciences, Ogun State College of
Health Technology, Ilese-Ijebu, Nigeira, where the study was carried out (Plate 1). The sample of Diazion was
obtained from International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. Fifty-eight Oreochromis
niloticus (mean weight 40.12 ± 0.12g; mean length 10.24 + 0.4 cm) were acclimatized individually in
rectangular aquaria for seven days during which they were fed twice a day with 40% crude protein.
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Unconsumed feed and feacal waste were removed and water was regularly replenished as recommended by
Oyelese and Faturoti [12]. Sub-lethal concentrations of diazinon for assay (1.0, 2.5, 5.0, 7.5 and 10.0mg/l) were
determined based on the range finding test [13]. These were prepared by transferring 0.02; 0.13, 0.25, 0.37 and
0.5 ml, respectively of the original concentration of diazinon and making it up to 30L with distilled borehole
water in the test aquaria. Also, 30L of the diluents water was used as control. Four replicates of each treatment
level (concentration) and control were set up and fishes were introduced individually into each aquarium.
The exposure period lasted for 30days during which the exposure media were renewed daily. The water
quality parameters such as pH, dissolved oxygen, temperature, alkalinity; conductivity and turbidity of the test
media were determined and recorded following the standard method on water quality assessment, [14]. After the
30 day exposure period, blood samples for biochemical analysis were collected from each fish with 23G size
needle and syringe. Fish were not fed prior to blood sample collection. Samples were preserved in heparinsed
bottles. Fishes were sacrificed after blood collection and dissected for the collection of their gills, liver, kidney
and muscle. Thereafter, 0.5g of each organ was macerated (grounded) with pestle and mortar. Physiological
saline was used for preservations and stabilization. Samples were centrifuged at the rate of 300 rpm for 10
minutes. The supernatants were then removed and stored in plain bottles at – 200C for analysis of the total
protein levels (Lowery et al; 1951). The results obtained were subjected to Analysis of Variance (ANOVA),
where difference exist, Duncan Multiple Range Test (DMRT) were used to test for pair wise significant
differences (P<0.005) between treatments [15].

Plate 1: The researchers (led by Soyingbe A.A.) acclimatizing the fish samples in the Laboratory

III.

Results

The results obtained from water quality analysis in this experiment showed the following: pH (7.05),
Dissolved Oxygen (6.7mg/l), temperature (26.00C), alkalinity (16.25mg/l), conductivity (106.12us/cm) and
turbidity (0.46NTU). Total Protein in concentrations (mean) in plasma and organs of O. niloticus exposed to
sub-lethal concentrations of diazinon for 30days were shown in the Table 1. The total protein in the analyzed
samples, including plasma, muscle, liver, gill and kidney in the treatments were significantly higher than the
values obtained for the control (P < 0.05). Also, the treatments did not have significant impact on the level of
protein in plasma and muscle of O. niloticus. That is, no concentration dependent pattern was observed in the
plasma protein levels. However, a concentrations dependent effect was found in the protein profile in muscle,
liver, gills and kidney with a progressive decrease in the concentration of proteins in these organs as diazinon
concentrations increases.
Table 1: Total Protein Concentrations (mean) in Plasma and Organs of O. niloticus
Treatments mg/l
Plasma
Muscle
Liver
Gill
Kidney
O(Control)
500a
210.12a
240a
280a
250a
b
b
b
b
1.0
360
160.01
190
210
160ab
2.5
300b
140.03b
150bc
180bc
140b
b
b
cd
cd
5.0
320
120.02
100
150
120b
b
b
d
de
7.5
330
100.21
50
140
100b
b
b
d
e
10.0
350
90.12
50
130
90b
Mean followed by the same letter do not differ significantly, (P<0.05) using DMRT.
The LC50 and LC5 values of Diazion on tilapia at the respective intervals are given in Fig.1. The 96h LC50
is basic value in the acute toxicity test. In the study, for adult tilapia (Orechromis niloticus), the 96hLC50 value
was 7.65mg/l.
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Fig 1: Acute toxicity test of diazinon in tilapia (Range means 95% confidence interval)
Sudden changes in the frequency of movement of the fish subjected to different concentrations of
diazinon were physically observed. Behavioral changes like somersaulting, convulsion, excess secretion of
mucus, erratic swimming, sudden quick movement and darkening of fish were observed during the exposure of
fish to diazinon.

IV.

Discussion

The results of the media quality used in this study were within the optimal range reported in the
previous studies [16, 13] as optimal requirement for most aquatic organisms. Thus, this suggested that the
parameters did not seem to alter the toxicity of the insecticide to the test fishes. However, temperature, hardness,
pH, alkalinity, sex, age and other physiological status of the test animals were reported to have profound effects
on the toxicity of agro-chemical [17, 18]. Toxicity of diazinon to O. niloticus is relatively lower when compared
with other species of fishes. The 96hL50 value (7.65 mg/l) obtained in this work was lower than the values
reported in literature for other species of fish. For instance, Vittozzi and De-Angellis [19] summarized the
96hLC50 values of other organophosphate pesticides like parathion (0.056 – 1.99mg/l), methyl parathion (1.95
– 8.91 mg/l) and malathion (0.091 – 22.9mg/l) for different species of fishes. These values indicated that these
compounds were more toxic to fish than diazinon.
There are differences in the acute toxicity of diazinon for various fish species. The 96hLC50 values
range in tenths to several tens of mg/l [20]. In European eel (Anguilla anguilla) the 96hLC50 values range even
in hundredths of mg/l [20]. In their study, Oh et al. [21] presented three factors causing the selective toxicity of
diazinon for various fish species. They were: different inhibition of actylcholine-sterase, different detoxification
and absorption. This result agrees with the findings of Eisler [22] who reported the 96hLC50 of diazinon in
Carassius auratus to be 9.0mg/l. It is also in consonance with 8.0mg/l diazinon 96hLC50 value reported for
Brachydanio rerio [23]. In contrary, the 96hLC50 (0.8mg/l diazinon) for Cyprinodontid, (Poecilia reticulate)
discovered by Keizer [23] was lower compared to what obtained in this result. Increase in physical activity,
convulsion, excess secretions of mucus, erratic swimming sudden quick movement and darkening of fish was as
a result of diazinon toxicity. This agrees with the findings of Alkahem [24] on Oreochromis niloticus exposed to
trichloroform. Fafioye [25] reported similar observation in fish exposed to Parka bioglobosa and Raffia vinifera.
Omitoyin et al. [26] also reported similar changes in Clarias gariepinus fingerlings exposed to lindane.
Rate of gill ventilation and oxygen consumption increases in fishes treated with sub-lethal
concentrations of insecticides. Plasma proteins which include globulins, fiberinogens and albumins, serve a vital
function in carrying materials from one part of the fish to another via circulation. They have nutritive,
transporting, protective buffering and energetic functions. Comparing the plasma protein of fish in control
treatment and other diazinon concentrations, a significant lower plasma protein levels were observed, indicating
that at sub-lethal levels, the synthesis of protein was inhibited. Similar observation had been reported for
diazinon in Clarias gariepinus [13]; DDT and malathion in Sarotherodon melanotheron [27]; and Cypermethrin
in the Koren Rockfish, Sebasted schlegeli [28]. According to Das and Mukherjee [28], exposure of fish to most
toxicants including pesticides for a longtime interferes with protein metabolism. This result is in agreement with
the result of Inyang [13] who reported higher amount of plasma protein in control compared to other treatment
concentrations of diazions. In this study concentration dependent effect was found in the protein profile in
muscle, liver, gills and kidney with a progressive decrease in the concentration of proteins in these organs with
increase in the concentration of diazinon. This is also in conformity with the findings of Inyang [13]. After 96h
of exposure, diazion produced a significant decrease (P<0.05) in protein conceration in the blood plasma of
experimental carp fish, as compared with the control group [29].
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V.
Conclusion
The results of this study indicate that diazinon exacts toxic effects on Tilapia fish (Oreochromis
niloticus). The 96hLC50 (7.65mg/l) for adult Oreochromis nitoticus suggests that the fish show a quick response
to the toxicant compared to other fishes. Even though aquatic organs can survive in small levels of pollutants
their biochemical functions would be damaged regardless of how small these concentrations are. Protein levels
in plasma of Oreochromis nitoticus could be a diagnostic tool but not necessarily good biomarker of
xenobiotics. However, protein levels in muscle, liver, gills and kidney could serve as useful biomarkers of sublethal effects of diazinon.
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