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ABSTRACT

Chlorpyrifos (CPF) is a member of the group of organophosphate pesticides (OPPSs)
used extensively for agricultural pest control throughout the world. CPF as a
consequence of agricultural runoff enter into water bodies and deteriorate their quality
as well as interfere with aquatic ecosystems. Fish have been widely used as
biomonitor for environmental pollutants. In current study common carp (Cyprinus
carpio) was chosen as a model organism to evaluate the effects of chlorpyrifos on
immuno-hematology, oxidative stress and to monitor residues levels in muscle
tissues. Acute toxicity tests showed 24, 48, 72 and 96h-LDsg of CPF for common carp
in semi static tanks were 1.53, 1.16, 0.90 and 0.67 mg/L respectively. Sub-acute
toxicity test was performed by exposing organism with sublethal concentration (134,
13.4, 1.34 ug/L which corresponds to 1/5, 1/50, 1/500 of the 96h-LDsg) of
chlorpyrifos for 7 and 14 days. Spectrophotometric nitroblue tetrazolium (NBT)
reduction assay showed that respiratory burst activity decreased as a function of CPF
dose and exposure time ultimately lead to reduction in immunity. Spectrofluorometric
analysis revealed significant augmentation in ROS production in brain and gills of
exposed fish by increasing concentration and exposure duration of CPF, which may
cause oxidative stress. GC-ECD analysis indicated 60, 68 and 70% accumulated
amounts of CPF residues in muscle tissues when exposed with sub-lethal

concentrations (134, 13.4, 1.34 ug/L) for 30 days.

Xi



Chapter 1
INTRODUCTION

Background

Water, in particular, is at the heart of the resource nexus. About three-quarter of
Earth's surface is covered with water and it is the most vital and fundamental
component of life on earth. About 97.5% of the earth’s total water is salty which is
found predominantly in oceans and inland seas and remaining 2.5% accounts for
fresh water resources. About 80% of total freshwater is in the form of ice in
glaciers and polar ice caps of the world, which leads to the availability of only
0.2% of the fresh water for our use (EPA, 1990).

Water is an essential component for human usage such as drinking, manufacturing,
agriculture and sanitation. In developing countries of tropical Asia, rapidly
increasing population causes an increase in agricultural production demand (Botte
et al., 2012). Development of agriculture is closely linked to the application of
pesticides. They are the chemicals that are designed and developed to prevent crop
damage by insect-pest manifestation in order to improve crop yield. It is considered
to be the most economical and viable solution to kill unwanted pests. Chemical
usage has dramatically increased over the last 20 years to control agricultural pest.
Studies indicated that in year 2000, about 5400 million pounds of pesticides were
applied worldwide (Zia et al., 2008). Pesticides are among the most abundant
hazardous pollutants in soil, water, atmosphere and agricultural products. These
pollutants have major environmental concerns because of their extensive usage,

toxic nature and consequential pollution (Somashekar et al., 2015).



Water is essential to all life so its quality is important. Water quality of reservoirs,
natural lakes, and rivers in developing countries is continuously deteriorated
because of the contaminated inflows (Ghumman, 2011). Water pollution may be
defined as deterioration of water quality that includes alterations in
physicochemical properties of water, which cause serious damage to the organisms
dependent on water for their existence. Throughout the world, there is an ever-
increasing risk about watershed pollution due to the extensive use of pesticides in
agricultural areas (Xing et al., 2015). Pesticides play a vital role in increasing the
agricultural yield by acting as protective shield for crops against vector-borne
diseases and pest attack but at the same time also deteriorating water quality

(Sharbidre et al., 2011).

Environmental pollution especially in aquatic ecosystems is increasing day by day
due to widespread pesticide usage in agriculture (Wang et al., 2011). Generally,
pesticides come into contact with soil and travel to surface water through runoff
and ground water through leaching (Somashekar et al., 2015). These pesticides find
their way into water reservoirs, river, stream etc. and alter the chemical
composition of theses water bodies which results in adverse impacts on the fresh
water fauna particularly fish (Wang et al., 2013). Fish is an important food item for
human consumption therefore it is significantly important to evaluate adverse
effects of pesticides on fish as it plays a major part in food chain (Xing al., 2012).
The pesticides impact on water quality and aquatic biota is associated with the
different factors, which includes active ingredient, adjutants and contaminants that

exist as impurities in the active ingredient.



The World Health Organization (WHO) indicates that pesticides adversely affect
nearly three million people per year; mainly due to organophosphorous pesticides,
that ultimately results in two hundred thousand causalities (Somashekar et al.,
2015). Organophosphorous pesticides (OPPs) harmfulness is a significant public
health issue specifically in developing countries. Studies indicated that
organophosphorous pesticides are synthetically produced, have been used at a large
scale all over the world since the end of the World War Il due to their low cost and
effectiveness towards pest, weeds and disease control (He et al., 2009). Nearly
more than 100 organophosphorous pesticides are in usage that accounts for 38% of
the pesticide consumption all over the world. The environmental influences of
pesticides are determined by toxicity, persistence, biodegradation and ultimately

environmental fate (FAO, 1996).
1.1. Present study

Pollution of surface water channels has been well narrated all over the world and
comprises a key issue at indigenous, national, and international levels. Various
chemicals from agricultural processes enter into the aquatic environment via
atmospheric accumulation, surface run-off, discharge and at the end store in soft-

bottom deposits and aquatic entities (Adedeji et al., 2012).

Amongst various aquatic organisms, fish is a valuable biomonitor of water
pollution (Xing et al., 2015). Fish are the top consumers and play an important role
in aquatic food chain by maintaining a balance in aquatic ecosystem (Li et al.,
2013). Fish is an ideal sentinel for monitoring and documenting water pollution,
due to their potential to be directly exposed to different pesticides resulting from

agricultural fields through runoff (Audu et al., 2015). Xenobiotics come in contact
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with fish, different reactions initiated among these chemicals and biological
systems that ultimately result into biochemical disturbances (Somashekar et al.,
2015). Hence, it is necessary to determine the contaminant action mechanism and
potential means to mitigate their impacts. For this reason, fish can be used as
bioindicators of aquatic pollution for the quality assessment of the aquatic system.
Common carp (Cyprinus carpio), a bottom-dwelling fish was selected for the
present study because it is one of the most important fish for human consumption
and it is directly exposed to wide range of environmental pollutants due to its

eating habit.

The pesticide selected for current study is chlorpyrifos, which is a broad-spectrum
synthetic organophosphorous insecticide. It was first used after World War Il as a
nerve gas. In 1969, commercial manufacturing of chlorpyrifos was started. It is
mostly used in farming to protect corn, cotton and fruit tress (Halappa and David,
2009). The WHO classified chlorpyrifos as “Moderately hazardous, Class II”
pesticide (WHO, 1999). CPF follow a novel mode of action stimulated by contact,
ingestion and exploits phosphorylating acetylcholinesterase both in the plasma and
at synapse of neurons (Xu et al., 2011). CPF is extremely toxic to aquatic biota; it
impedes fish health by impairing their metabolic activity, which occasionally lead
to death. Acute toxicity of CPF is found to be 0.6mg/L in fish (Xing al., 2012).
Studies reported that sublethal exposure of CPF causes behavioral and biochemical
changes in common carp (Banaee et al., 2013). Changes in the structure and
function of aquatic organism due to sublethal exposure of pesticide are more
common than mortality (Halappa and David, 2009). Hematology is used as an
indicator of fish health to monitor physiological alterations due to different

4
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xenobiotics exposure (Saravanan et al., 2011). Hematological analysis indicated
that CPF causes stress and immune-suppression in fish (Velisek et al., 2011). CPF
and its metabolites have been considered to cause toxic effects related to oxidative
stress and also bioaccumulates in freshwater biota particularly in fish (Ural, 2013;

Wang et al., 2013).

1.2. Objectives

Keeping in view the harmful effects of pesticides on fish health, the current study
was carried out at Institute of Environmental Sciences and Engineering to monitor
toxicological effects of chlorpyrifos using Common Carp (Cyprinus carpio) as a
bioindicator of aquatic pollution. Following were the objectives of present study:
1. Acute toxicity of chlorpyrifos in common carp:
a. Determination of lethal dose (LDso)
2. Sub-acute toxicity of chlorpyrifos in common carp:
a. Assessment of immuno-hematological parameters
b. Analysis of oxidative stress

3. Monitoring bioaccumulation of chlorpyrifos in muscle tissues.



Chapter 2

LITERATURE REVIEW

In the last 50 years the use of pesticide has increased dramatically internationally
and now more than 1400 different types of pesticides are being used, most
commonly in agriculture and many subsequently released into the environment.
The use of pesticides has undoubtedly increased the quality and quantity of
agricultural products for the growing world population (Manuel et al., 2008) but
with the ever increasing demands of the growing world population upon

agriculture, there is a resultant increase in environmental pollution.
2.1. Pesticide contamination of water bodies

It is very clear that the main factor contributing to the deterioration of water quality
is the liberal application of chemicals in agriculture. In general, only about 0.1% of
pesticides that are sprayed reach the target organisms. The remaining 99.9% of
pesticides disperse through water, soil and air and this causes the contamination of
the natural ecosystem, which ultimately affects human health and other biota
(Pimentel, 1995).

Pesticides that have been used in agriculture can enter the environment in multiple
ways. Drift, wind erosion and evaporation can transfer these traces of pesticide into
the atmosphere and this can ultimately lead to contamination of water bodies via
precipitation (Hamers et al., 2001). They can also enter into aquatic system through
water runoff following rainfall and other mechanisms such as leaching. With all

these ways that pesticides can get into water and cause pollution, studies have



shown that they are now actually widespread in ground water and streams in
agricultural and urban areas (Xing et al., 2015).

2.1.1. Pesticide: A threat to aquatic biota

Ecotoxicological research has shown that water pollution caused by pesticide is a
threat to aquatic biota. It can cause acute and chronic poisoning of aquatic
organism particularly fish (Velmurugan et al., 2007). Pesticides are also found to
damage vital organs of fish, their skeletal systems and cause biochemical
alterations in the exposed fish (Mishra et al., 2004). Water pollution by pesticides
can cause aquatic organisms to die and it has been shown mass mortality of fish
and other aquatic biota resulted from pesticide contamination of water bodies
(Singh et al., 2009).

2.2. Pesticide prevalence in water bodies of Pakistan

In Pakistan, pesticide market was introduced in 1954 with the import of 254 metric
tonnes of formulated product, and since then pesticide consumption has increased
at a rate of 25% per annum from 906 metric tonnes (active ingredient) in 1980 to
5519 metric tonnes (active ingredient) in 1992 (Jabbar et al., 1993). It is predicted
that at present, a quantity of 70 thousand tonnes of pesticides are sprayed every
year in Pakistan that is increasing at an annual rate of about 6% (Azizullah et al.,
2011).

Pesticide residues were first detected in cattle drinking water in Karachi where the
surface water showed contamination by organachlorine pesticides or their
metabolites at concentrations ranged from trace amounts to 16.7 ug/L (Parveen and
Masud, 1988). Analysis of shallow groundwater samples from the Summandri area

in Faisalabad also revealed the presence of pesticides like cyhalothrin (traces to 0.2



1g/L), monocrotophos (40 to 60 xg/L), and endrine (0. 1 to 0.2 ug/L) (Jabbar et al.,
1993). In Multan, an area known for the growing of cotton, it was found that the
ground water (at depth of 5.0-18.0 m) was contaminated with carbofuran,
cypermethrin, deltamethrin, diazinon, dichlorvos, dimethoate, endosulfan,
esfenvalerate, eenitrothion, lindane, malathion, methyl parathion and
phosphamidon (Ahad et al., 2001). Furthermore, shallow groundwater samples
collected for pesticides residues analysis in four cotton producing districts of the
Province Punjab, namely Dera Ghazi Khan, Muzafargarh, Bahawalnagar, and
Rajan Pur, detected bifenthrin, carbofuran, A-cyhalothrin, endosulfan, methyl
parathion and monocrotophos in water samples at various concentrations (Tariq et
al., 2004). Similarly, water samples collected from different areas of Punjab
showed DDT metabolites with concentrations ranging from 0.017-1.06 ng/mL (Asi
et al.,, 2008) and in Rawal Lake, Islamabad, surface water was shown to be
contaminated with 4,4-DDD, 4,4-DDE, alpha-HCH, azinphos-methyl, cyfluthrin,
deltamethrin, diazinon, endosulfan, esfenvalerate, fenitrothion, heptachlor, lindane,

parathion-methyl and a-cypermethrin (Iram et al., 2009).
2.3. Organophosphates

Organophosphates (OPs) are chemicals that are used extensively for agriculture
and public health and which account for 70% of the global pesticide use. This
equates to a total consumption of approximately 90 million pounds per year of
these substances (Ojha et al., 2011). Chemically, organophosphates are thiol or
ester derivatives of phosphoric, phosphonic and phosphoramdidic acid (Singh et
al., 2006). The universal nature of organophosphates in terms of availability and

widespread usage has resulted in ever-increasing concern about their toxicity. The



toxic nature of OPs is a critical community health problem particularly in
developing countries, which in turn unexpectedly account for a quarter of their
global use (Sharbidre et al., 2011). The general structure of organophosphates is

illustrated in Fig. 2.1.

y R,, R, = Methyl, Ethyl

I
Px  v=058
RO g,
X = Specific Organic Group

Figure 2.1. General structure of organophosphate
2.3.1. Exposure routes of organophosphate
Living organisms can be exposed to OP insecticides through gastrointestinal,
inhalatory and dermal routes (Sharbidre et al., 2011).
2.3.2 Mode of action of organophosphates
The broad mechanism of action of OP insecticides is to affect acetylcholinesterase
(AChE) that causes hydrolysis of acetylcholine, which is a key neurotransmitter.
Severe intoxication with OP insecticides can result in multiple clinical effects
which include irrevocable inhibition of AChE activity in blood and the central
nervous system which subsequently resulted in the accumulation of acetylcholine
and activation of nicotinic and muscarinic receptors. This can ultimately lead to
organism death (Sharbidre et al., 2011).
Acetylcholine is required for the transmission of signals from brain to muscles and
other areas of body and the massive accumulation of acetylcholine in synapses
initiates the excessive functioning of muscarinic, nicotinic and cholinergic

receptors and hyperactivity in the cholinergic pathways (Shenouda et al., 2009).
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Figure 2.2. Mode of action of organophosphates

There are other effects that result from the inhibition of AChE. Contact with OP
pesticides also affects the pancreas, liver, reproductive system and hematological
system (Uzun et al., 2009). OP pesticides are considered potentially mutagenic and
clastogenic because of their genotoxic, alkylating and clastogenic characteristics
(Sarabia et al., 2009). It has been recently hypothesized that OP pesticides have the
ability to produce reactive oxygen species in different tissues of fish ultimately
leading to oxidative stress (Ojha et al., 2011). Indeed, oxidative stress is fast being
recognized as an increasingly important molecular mechanism in OP-induced
toxicity (Sharbidre et al., 2011).

2.4. Chlorpyrifos

Chlorpyrifos  (IUPAC  name: O,O-diethyl  O-3,5,6-trichloropyridin-2-yl
phosphorothioate) was introduced by Dow Chemical company in 1965. It is a
crystalline organophosphate insecticide. It is marketed under various trade names

including Lorsban and Dursban (Fig. 2.3).
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Figure 2.3. Chemical structure of chlorpyrifos

Like other OP pesticides it inhibits AChE activity by acting on central nervous
system. Chlorpyrifos (CPF) has been used throughout the world to control pest
insects in residential, agricultural, and commercial settings although its use has
been restricted in certain residential applications in some countries due to its
potential toxicity to people. It should be noted though that CPF is one of the most
widely used OP pesticides in agricultural practices throughout the world because it
is considered to be relatively safe to humans whilst having a broad spectrum
toxicity against insects (Galloway and Handy, 2003).

Chlorpyrifos is one of top ten pesticides used in Pakistan (Khooharo et al., 2008).
It is the most common agrochemical of aquatic environment. It is used to control
pests associated with vegetables, nuts and fruits (Topala et al., 2014). It has
become one of the most prolific environmental contaminants because of its
extensive use leading to serious environmental problems (Fu et al., 2013).

Several studies reported that CPF has detrimental effects in different fish species
including neurotoxicity via inhibition of AChE (Kokushi et al., 2015),
histopathological and biochemical alterations (Xing et al., 2012), genotoxicity (Ali
et al., 2009) and oxidative stress (Kavitha and Rao, 2008). In view of the known

adverse effects in fish it is clearly necessary to evaluate the effects of this pesticide
11



on ecological balance that surrounds fish and also on the human health of people

that may consume them (Xing et al., 2012).

Characteristics Information

Chemical formula CoH11CIsNO3PS

Boiling point 160 °C

Molar mass 350.59 g/mol

State Liquid

Odor Mild mercaptan

Color White to tan

Solubility in water at 25°C 2 mg/L

Log Kow 4.82

Table 2.1. Physiochemical characteristics of chlorpyrifos

2.4.1. Toxicity of chlorpyrifos in aquatic organisms

Runoff from agricultural areas treated with CPF can result in contamination of
water bodies by CPF, and there has been shown to be up to 4.3 mg/L in rivers
(Nadzialek et al., 2008). When it comes into contact with aquatic ecosystems (as a
consequence of spray drift, running off from agriculture, leaching from water and
soil,) CPF exerts toxic effects on non-target organisms including fish (Sun and
Chen, 2008). For example, neurotoxicity in common carp and Nile tilapia,

genotoxicity on Bloch, developmental and reproductive toxicity in zebrafish and
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guppy, all of which highlight the necessity to evaluate CPF toxicity on fish and the

possible impact on corresponding aquatic ecosystems (Li et al., 2013).
2.5. Acute toxicity of chlorpyrifos

Acute lethal toxicity tests, such as those described by the OECD guidelines 203
(1992) provide a simple index of chemical toxicity for regulatory authorities. One
of the properties that describe the acute toxicity to fish in the study of aquatic
toxicology is the LDso. LDsg values of test chemical for different fish species may
vary widely. The LDsgis a function of the intrinsic toxicity of the chemical and of
its distribution equilibrium between the organism and its environments (Khalil et
al., 2013) and they reflect both bio-concentration potential of a chemical and its
intrinsic toxicity, i.e. potential of chemical to cause toxicity once inside the
organism (Xing et al., 2015). The acute toxicity of chlorpyrifos is due to inhibition
of cholinesterase enzymes, including acetylcholinesterase (Gearhart et al., 2007).
Many researchers have determined acute toxicity of chlorpyrifos. Previous result
revealed that 96h-LDso of CPF for goldfish was 153 xg/L (Ma et al., 2015), tilapia
larvae was 1.57 mg/L (Gul, 2005), zebra fish was 680 ug/L (Ji et al., 2010),
Neotropical silverslide was 0.17 ug/L (Oruc, 2010) indicating that CPF is highly
toxic to fish.

2.6. Sub-Acute toxicity of chlorpyrifos

Assessment of toxic effect of sub-lethal concentrations as the end point rather than
guantitative estimation of mortality can assist the development of bio-sensors to
monitor the adverse effects caused by pesticides.

2.6.1. Respiratory burst activity

Fish exposure to different types of contaminants may induce several changes in

13



hematological parameters, which are commonly used to assess fish health
(Modesto et al., 2010). Hematology is most widely used tool for the detection of
physiopathological changes resulting different stress conditions. Therefore,
hematological parameters are the most frequent method to evaluate the sublethal
effects of contaminants (Kumar et al., 2011).

Non-specific mechanisms are important in the defense of all multicellular animals
against invading pathogenetic microorganisms. Several parameters like leukocyte
(WBC) count, phagocytic activity, aloumin:globulin ratio, and serum cortisol are
indicators of improved immunocompetence. Phagocytes respiratory burst activity
is an indicator of innate immunity (Muthappa et al., 2014). It is generally believed
that fish phagocytes have ability to produce free radicals (H202, O2) during the
process of respiratory burst by consuming oxygen intensely (Rehulka and Minarik,
2003). Increased respiratory burst activity can be linked with increased phagocytes
activity to kill pathogens and hence a better immunity (Ispir and Doruc, 2005).
Studies reported reduction in carp immunological parameters when exposed with
sublethal concentration of phosalone (Kaya et al., 2015). Endosulfan-induced
decrease in phagocytic activity (NBT/respiratory burst) was observed in Labeo
rohita (Muthappa et al., 2014). Similar results were observed when Cyprinus
carpio was exposed to malathion (Yonar et al., 2014). There is a dearth of data on
phagocytic activity caused by chlorpyrifos in common carp so one objective of
study was to asses immuno-hematological parameters in carp after CPF exposure.
2.6.2. Oxidative stress

Chemical pollution caused by pesticide in the environment is of growing concern

due to their widespread uses in agriculture. Toxic effects related to oxidative stress

14



has been reported in freshwater biota particularly fish because of exposure to these
pesticides and their metabolites (Yonar and Sakin, 2011). Oxidative stress occurs
when these contaminants disturb the dynamic equilibrium between oxidant and
antioxidant enzymes due to alterations in antioxidants or enhanced peroxidative
processes (ROS) or both, leading to damage (Ural, 2013). Aquatic organisms have
developed a variety of defense mechanisms to overcome potential danger of the
free radicals (Monteiro et al., 2006). The first line of defense against oxidative
stress consists of the antioxidant enzymes such as SOD, CAT, GR and GPx, which
convert superoxide radicals (O2) into hydrogen peroxide (H202) and then into
water (H20) and molecular oxygen (O2) as well as non-enzymatic antioxidants
such as GSH (Yonar et al., 2012). A decrease in the activity of these enzymes
changes the redox status of the cells. Thus, it is possible that an increase in the
activity of these enzymes contributes to the elimination of theses oxidative radicals
from the cell induced by pesticide exposure (Stara et al., 2012).

Xing et al., (2012) observed oxidative stress in common carp when exposed with
atrazine. Oxidative stress causes damage to DNA, biomolecules and reduction in
antioxidant defense (Jin et al., 2010). Deltamethrin exposure causes reduction in
antioxidant activities in liver of common carp (Ensibi et al., 2013). There is no data
available on reactive oxygen species (ROS) produced in common carp by
chlorpyrifos exposure so in the current study reactive oxygen species production

was observed in gills and brain as a result of sub-lethal exposure.
2.7. Bioaccumulation of chlorpyrifos in muscle tissues

Bioaccumulation may refer to gradual increase in quantity of substance in an

organism that may be due to an increased rate of uptake than the organism ability
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to excrete it. Many pesticides have tendency to accumulate in biological tissues
(Caldas et al., 2013). Pesticide residues have been found in aquatic organism is
consequence of the pollution of the habitat. Studies have reported that chlorpyrifos
has tendency to easily accumulate in aquatic organisms due to its lipophilic nature.
Bioconcentration factor of chlorpyrifos ranges between 100-3000 (Varo et al.,
2002). Bioaccumulation of chlorpyrifos was observed in kidney and spleen tissues
of common carp (Wang et al., 2013). Halim et al., (2006) also observed

chlorpyrifos residues (31.6 ppb) in muscle tissues of fish.
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Chapter 3

MATERIALS AND METHODS

Toxicological studies were carried out in the Environmental Toxicology
Laboratory, IESE, SCEE, National University of Sciences and Technology,
Islamabad, Pakistan. The study was conducted by exposing common carp
(Cyprinus carpio) with commercial grade chlorpyrifos in semi-static tanks

following APHA (2012) and OECD Guidelines No. 203, 204.

3.1. Chemicals

Commercial grade CPF (EC: 40) was purchased from local market, Rawalpindi.
Analytical grade chloroform was used for fish anesthesia. Nitrotetrazolium blue
chloride (715059 Bioworld, USA) and N,N-dimethylformamide (15440 Sigma-
Aldrich, USA) were purchased and used for NBT reduction assay. Solution of 2,7-
dichlorofluorescin diacetate (D6883 Sigma-Aldrich, USA) was prepared by
dissolving in dimethyl sulfoxide (60153 Riedel-de Haen, Germany), 10-uM/L final
concentration to quantify ROS. For bioaccumulation studies, GC grade FLUKA
chlorpyrifos PESTANAL® (45395) was purchased and standard was prepared.
Digestion and extraction of chlorpyrifos from muscle tissues was done by GC
grade acetic acid, sodium anhydrous sulphate, acetone, diethyl ether and n-hexane.

GC grade florisil (60-100 mesh) was used for purification of GC extract.
3.2. Fish

Common carp used in this study were purchased from Punjab Hatchery Rawal
Town, Islamabad and transported to the lab in oxygenated polyethylene bags and

were held in continuous aerated tanks prior to the experiment.
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3.2.1. Acclimatization of fish

The fish were acclimatized for 7 days to the laboratory conditions using
dechlorinated tap water whose physicochemical characteristics (pH, dissolved
oxygen, temperature, total hardness as CaCOs) were determined according to
standard methods mentioned in APHA (2012) regularly. Water was changed on
every alternate day. The fish were fed with commercial dry food pellets during
acclimatization periods. Dead fish was removed immediately. Table 3.1 shows

physiochemical parameters of water.

Parameters Mean £S.D Permissible Limits

pH 7.74+0.41 6-9

Dissolved Oxygen (mg/L) 7.35 +0.56 >5

Temperature (°C) 24.37£1.97

Hardness (mg/L) 234 +£3

Chlorine (mg/L) BDL

Table 3.1. Mean values of physiochemical parameters of dosed tanks
3.3. Experimental design
Fish of average size 18 + 2.1 cm and weight 45 + 2.3 g were kept in semi-static
tanks (dimension 3 X 1.5 X 1.5 ft) with continuous aeration. Using random
selection method fish were divided into experimental and control groups.
Experiments were carried out in batches depending on the test type and exposure

duration as shown in Fig. 3.1.
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Figure 3.1. Experimental design of research work

3.4. Acute toxicity test
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Acute toxicity bioassay was performed in semi-static tanks to determine the 24, 48,
72 and 96 h lethal dose of chlorpyrifos for common carp following OECD
guidelines 203 (1992). Healthy and active fish were evenly divided into
experimental and control groups in 120 L glass aquaria containing twelve fish in
each. Water was changed on every alternate day followed by addition of fresh
chlorpyrifos. Primarily, a range finding test with different concentrations (0.2-8
mg/L) was performed to determine the range to be followed in the definitive test.
Fish were exposed to final doses of 0.4, 0.6, 0.8, 1, 1.2, 1.4, 1.6 and 1.8 mg/L.

Mortality was recorded in each group at 24, 48, 72 and 96h after the start of the



test. Feeding was stopped two days prior to the exposure. Dead fish were removed

immediately. The behavior of both control and test fish were keenly observed.
3.5. Sub-acute toxicity test

A set of 10 fish in each tank was exposed to chlorpyrifos for 7 and 14 days at
following sublethal concentration: 134, 13.4, 1.34 ug/L which corresponds to 1/5,
1/50, 1/500 of the 96h-LDsg (670 1g/L) of chlorpyrifos for common carp following
OECD guidelines 204 (1984). Each experimental condition was triplicated along
with the control experiment. After completion of stipulated time, four fish were
randomly selected from each tank and anesthetized using chloroform. Blood
samples were drawn by caudal vein puncture using heparinized syringes for
respiratory burst activity. Fish were decapitated after collection of blood samples.
Brain and gill tissues were carefully excised on an ice-cold plate, washed with ice-
chilled phosphate buffer saline solution, immediately frozen in liquid nitrogen and

stored at -80°C until oxidative stress analysis.

Figure 3.2. Fish dissection for sample collection (Blood, brain and gills)

3.5.1. Respiratory burst activity
In order to evaluate immuno-hematological parameter, NBT reduction assay was
performed following the method of Zanuzzo et al. (2015) with some modifications.

0.1 ml of heparinized blood was co-incubated with an equal volume of 0.2% of
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NBT in phosphate buffered saline solution at room temperature for 45 min. 50 ul
from the resultant suspension was added to 1 ml of N,N-dimethylformamide and
centrifuged for 10 min at 2000 X g. The optical density (OD) of supernatant was
measured on UV-Visible spectrophotometer at 540 nm. The blank consisted
similar steps and components excluding blood that was replaced with distilled
water.

3.5.2. Oxidative stress

Determination of oxidative stress was based on methods of Zhang et al. (2008) and
Driver et al. (2000). Oxidative stress in brain and gill tissues was quantified using
2,7-dichlorofluorescin diacetate (DCFH-DA) by measuring reactive oxygen species
(ROS). Brian and gill tissues were homogenized using homogenizer (WiseTIS HG-
15D) in ice-cold Locke’s buffer (100 mg tissues/ml buffer). After that, 0.5 ml of
homogenate was left for 5 min to warm to room temperature and then 5 ul of
DCFH-DA was added and incubated at 37°C for 30 min. The conversion of DCFH
to fluorescent oxidized product dichlorofluorescein (DCF) was monitored using
spectrofluorometer (F4000 Hitachi) with excitation/emission wavelength of
485/525 nm. Background fluorescence (conversion of DCFH to DCF in the

absence of homogenate) was corrected by the inclusion of parallel blanks.
3.6. Bioaccumulation of chlorpyrifos in muscle tissues

A set of 6 fish in each tank was exposed to chlorpyrifos for 30 days at following
sublethal concentration: 134, 13.4, 1.34 ug/L which corresponds to 1/5, 1/50, 1/500
of the 96h LDsp (670 pg/L) of CPF for common carp. Each experimental condition

was replicated along with the control experiment. After completion of exposure
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time, fish were randomly selected from each tank, decapitated and edible muscle
tissues were extracted.

3.6.1. Digestion and extraction

Digestion and extraction was done following the method of Halim et al. (2006)
with a slight modification. 20 g of muscle tissues from dorsal muscle were taken
and mixed with 10 g of sodium anhydrous sulphate. 100 ml of acetone and
chloroform (1:1 v/v) was added and homogenized using pestle and mortar. Ten
drops of acetic acid were added to acidify the homogenate. It was then sonicated
(JAC Ultrasonic 1505) for 30 min and left for 3 h on the shaker (Labcon SPO-
MP8). The homogenate was filtered and the filtrate was vaporized to dryness using
rotary evaporator (Heidolph HB digital) at 35°C for 25-30 min. The residues were
re-dissolved in 1 ml of acetone and n-hexane (1:1 v/v).

3.6.2. Column chromatography

In order to clean samples, a column was prepared by using 1% deactivated florisil
(60-100 mesh) as adsorbent. Before loading the sample, column was rinsed with 50
ml of n-hexane. Samples were eluted with 200 ml of 15 % and 50 % of diethyl
ether in n-hexane, respectively. The two fractions were combined, concentrated and
completely vaporized using rotary evaporator. The residues were re-dissolved in
0.5 ml of n-hexane (Diaz et al., 1997).

3.6.3. GC-ECD analysis

Shimadzu 2010 series gas chromatograph equipped with Electron Capture Detector
(ECD) was used for analytical studies (Fig. 3.3). The separation column used was
fused silica capillary column (TRB 1 column) having 0.5 pm film thickness, 0.32

mm diameter and 25 m length. Helium was used as the carrier gas with a constant
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column flow of 1.69 ml/min. Linear velocity for the gas flow was 30.2 cm/sec with

purge flow of 3 ml/min.

recorder
syringe
detector electronics |
rotometer iniect
requiator | injector computer

flow
controller column

_(QI0)

flow splitter line

carrier gas
supply

Column oven

Figure 3.3. Schematic diagram of Gas Chromatography

Before running the real sample, the GC apparatus was optimized by changing
various parameters such as injector temperature, detector temperature, column
temperature, split ratio and flow rate etc. 1 ul of each standard solution was
injected into the GC injection port using glass syringe to analyze retention time of
chlorpyrifos and solvent. Table 3.2 shows the optimized parameters of GC-ECD.
3.6.4. Standard solution

Standard FLUKA chlorpyrifos was dissolved in GC grade acetone to prepare stock
solution of 300 ug/L. The subsequent dilutions (5, 10, 25, 50, 100 and 150 ug/L)
were prepared to formulate calibration curve and line equation. This line equation

was used to determine the unknown concentration in the sample.
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Parameters Conditions

Initial temperature 50°C

Rate 15 °C/min

Final temperature 300 °C

Run time 22 min

Mode Splitless

Detector temperature 330°C

Column temperature 150 °C

Injector temperature 300 °C

Gas flow 25.3 cm/s

Table 3.2. Optimized parameters of GC-ECD

3.7. Statistical Analysis

Statistical analysis of all data was performed. The data obtained from cumulative
mortality was statistically analyzed to determine LDsg values by using following
regression equation:
LDso=a+ 4D
where,
a, B = Intercept coefficient

D = Half of the population

24



One-way analysis of variance with post hoc test was performed to determine
significant differences between the means of control and treatment groups. Paired t-
test was performed to assess differences between control and treatment groups.
Data was expressed as mean value + standard deviation. Probability level of 5%

was considered to be statistically significant.
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Chapter 4

RESULTS AND DISCUSSION

Fish is an ideal sentinel organism for toxicological studies because it plays an
important role in food web. The fish biomarkers may be used as indicators of
pollution because it allows immediate detection of aquatic environmental
problems. Therefore current toxicological study was conducted by exposing
common carp (Cyprinus carpio) as model organism to evaluate the effects of
chlorpyrifos on immuno-hematology, oxidative stress and to monitor residue levels
in muscle tissue.

4.1. Acute toxicity

4.1.1. Cumulative mortality

In order to determine LDsg of chlorpyrifos for common carp, cumulative morality
was observed as shown in Fig. 4.1. Generally in toxicological studies, mortality is
the decisive criteria because it is easy to evaluate and has obvious ecological and

biological significance.
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Figure 4.1. Percentage mortality of common carp (Cyprinus carpio) exposed to

different concentrations of chlorpyrifos for a period of 96h
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Mortality of organism mainly depends on sensitivity of organism to the test
chemical, its concentration and exposure period. In the present study, 24h of
exposure casued 42% population of the test organism to die at 1.4 mg/L but at 1.6
mg/L death ratio increased upto 58%. More than half of the population died at 1.2,
1.0 and 0.8 mg/L after 48, 72 and 96h of exposure respectively. Results of the
current study indicate that mortality of test organism is directly dependent on
exposure duration and concentration of the test chemical.

4.1.2. Behavioral changes

A promising tool in ecotoxicology is behavior that is considered as an integrated
result of endogenous and exogenous processes. The behavior changes observed as
a result of acute toxicity in common carp after CPF exposure were rapid gulping of
water, swimming on the surface for water, loss of equilibrium and increased
operculum movement, sudden and erratic swimming movement, hyperexcitability,
mouth swelling and lesion on body (Fig. 4.2). Fish moved to the corners of test
aquarium. Stress was observed in fishes before death. They were lethargic, restless

and secreted excess mucus all over the body. Similar findings have been reported

by Deb and Das, (2013); Halappa and David, (2009) and Sharbidre et al. (2011).

Figure 4.2. Mouth swelling (a) and lesion on body (b) due to chlorpyrifos

exposure
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4.1.3. Lethal dose 50

For acute toxicity, Lethal dose 50 (LDsp) is the most commonly used tool. LDso is
concentration of the test chemical at which half of the population died in a
particular exposure period of 96h. LDsg values of chlorpyrifos corresponding to 24,
48, 72 and 96 h were 1.53, 1.16, 0.90 and 0.67 mg/L determined statistically using
cumulative mortality (Table 4.1). Low value of 96h-LDso of 0.67 mg/L suggests

that chlorpyrifos is highly toxic to fish.

L Dso (mg/L)

1.53

1.16

0.90

Table 4.1. LDso of chlorpyrifos with confidence limits at different time
intervals for common carp (Cyprinus carpio)
LDso values for 96h of chlorpyrifos to common carp observed in current study was
higher from the results reported by Xing et al. (2015) and Halappa and David,
(2009) that 96h-LDso value of chlorpyrifos for common carp is 0.582 and 0.160
mg/L respectively. 96h chlorpyrifos toxicity reported by Rao et al. (2005) to
mosquito fish (Gambusia affinis) is 0.297 mg/L, Clark et al. (1985) to sheepshead
minnow (Cyprinodon variegatus) is 0.136 mg/L and Johnson and Finely, (1980) to
channel catfish (Ictalurus punctatus) is 0.280 mg/L. Chemical toxicity for aquatic

organism considered to be affected by size, age, health, and type of species (Farah
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et al., 2004) and physiochemical parameters of water like dissolved oxygen,

temperature, pH etc. (Li et al., 2013).
4.2. Immuno-hematological parameters

Fish leukocytes use the respiratory burst as one of their immune mechanism that
generates several toxic molecules called oxidative radicals to destroy
microorganism (Gomez et al., 2013). An increase in oxidative radicals (H202, O2)
may enhance the immunity of host organism against pathogenic microorganism.
Therefore, NBT reduction product obtained after reaction with free radicals (H203,
O2) is a very good biomarker to evaluate the immunity of fish against
environmental stressor.

In the present study, immunity of fish decreased significantly (P< 0.05%) in dose
and exposure dependent manner when exposed with sublethal concentration (134,
13.4, 1.34 ug/L) of chlorpyrifos for 7 and 14 days. As compared to control,
percentage reduction in immunity of common carp exposed to 134, 13.4, 1.34 ug/L

was 71, 53, 25% after 7 days and 75, 59, 28% after 14 days respectively as shown

in Fig. 4.3.
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Figure 4.3. NBT Reduction Assay (a) 7 Days (b) 14 day, (c) % Reduction in
immunity (Asterisk and hash denotes significant (P<0.05) differences from

control and within exposure group respectively)

Similar results were observed when common carp (Cyprinus carpio) exposed to
malathion and Nile tilapia (Oreochromis niloticus) exposed to diazinon (Giron et
al., 2007). Reduction in immunity is due to inhibition of AChE activity. AChEs are
membrane-bounded proteins that assist the immune system to interact with and

destroy invading organisms. For example, neutrophils, a type of phagocytic
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leukocyte, require esterases to move about by chemotaxis. When organophosphates
are present, there may be suppression of these esterases and, therefore, suppression
of the chemotactic signals necessary for phagocytic cells (Rabideau, 2001). Tilapia
(Oreochromis mossambicus) when exposed with sublethal concentration (2.9, 3.3,
3.7,4.1, 4.5 and 5.0 ug/L) of endosulfan showed a significant reduction (4, 4, 7, 11,
17 and 18%) in immunity. Inhibition in AChE activity in brain is also observed in

dose dependent manner (Kumar et al., 2011).
4.3. Oxidative stress

Oxidative stress occurs due to an imbalance between production of reactive oxygen
species and the ability of the body to combat and detoxify their harmful effects by
antioxidant defense mechanism. ROS are constantly produced under normal
conditions as a result of aerobic metabolism (Zapata et al., 2009). Elevated level of
pesticides or their metabolites may increase the production of ROS resulting in
oxidative stress that impairs the activity of antioxidant enzymes, lipid peroxidation,
protein carbonylation and DNA damage (Xing et al., 2012). Results of the current
study indicate that ROS production augmented as a function of chlorpyrifos dose
and exposure time both in brain and gills of exposed fish (Fig. 4.4).
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Figure 4.4. Effect of chlorpyrifos on ROS formation (a) Brain (b) Gills
Brain has increased amount of ROS production as compared to gills. Brain has
high mitochondrial oxidative metabolism for neural functioning that requires high
ATP concentration. Brain may be particularly vulnerable to oxidative stress
because it contains huge amount of polyunsaturated lipids that may easily oxidized
by ROS leading to lipid peroxidation (Zhang et al., 2008). Common carp when
exposed to simazine exhibited similar increasing trend of ROS in brain and gills
(Stara et al., 2012). Velisek and his co-workers (2011) also observed oxidative
stress in common carp (muscles, gills, brain, liver and intestine) when exposed to
terbutryn in the real environment concentration. These findings were also
consistent with previous research (Liu et al., 2011; Craig et al., 2007; Parvez and
Raisuddin, 2005).

Organophosphate induces Mixed Function Oxidase (MFO) System, which is a
chemical metabolizing system that converts OPs into paraxon, which is an AChE
inhibitor. MFO uses cytochrome P450 (cyt P450) to interact with toxicant. The

general reaction catalyzed by cyt P450 is as follow:
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NADPH +H"+02+RH ___5 NADP"* + H,0 + ROH
RH may be fatty acid, steroid or any toxicant. Through this reaction MFO produces
ROH that may be readily excreted. OPs will form enzyme-substrate complex that
decreases availability of enzyme thereby overwhelming MPO system resulting into
production of free radicals (Rabideau, 2001).
4.4. GC-ECD analysis for bioaccumulation
4.4.1. Standard calibration curve
Calibration solutions (5, 10, 25, 50, 100 and 150 ug/L) were made from 300 ug/L
in acetone. 1 ul of all these working solutions were injected in GC injection port
using glass syringe to generate signals in form of chromatogram and to detect

retention time (Annexure 1). Fig. 4.5 shows the calibration curve and line equation.
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Figure 4.5. Calibration curve and line equation
4.4.2. Retention time of chlorpyrifos
Temperature of injector (300 °C), column (150 °C) and detector (330 °C) were

adjusted according to the signals. Calibration solutions were injected at least thrice
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times and mean was used to calculate average retention time of acetone and

chlorpyrifos (Table 4.2). Peaks of chlorpyrifos and acetone are shown in Fig. 4.6.

Compound Retention time (min)

Solvent (acetone) 2.61

Chlorpyrifos

Table 4.2. Retention time of solvent and analyte
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Figure 4.6. Chromatogram showing acetone and chlorpyrifos peak

4.4.3. Bioaccumulation of chlorpyrifos in muscle tissues

The concentrations of chlorpyrifos in muscle tissues of common carp cultivated in
pesticide free control water were not detected while treated group showed visible
peaks of chlorpyrifos as shown in Annexure Il. The percentage accumulation of
chlorpyrifos was found to be 60, 68 and 70 % for 1.34, 13.4 and 134 ug/L

respectively (Fig. 4.7).
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Pesticide accumulation of fish may be biomagnified in every step of food chain
upto human. Wang and his co-workers (2013) reported accumulation of
chlorpyrifos and its metabolites in head kidneys and spleens of common carp.
Chlorpyrifos residues were also detected in Taiwan farmed fish and fishery

products (Sun and Chen, 2008).
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Figure 4.7. Percentage accumulation of chlorpyrifos in muscle tissues
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Chapter 5

CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

Pesticides enter into water bodies and deteriorate their quality as well as interfere

with aquatic ecosystems. Fish have been widely used as biosensor for

environmental pollutants. In the current study common carp (Cyprinus carpio) was

chosen as a model organism to evaluate the effects of an organophosphate

pesticide, chlorpyrifos. Conclusions drawn from the research work are listed

below:

1.

Cumulative mortality of common carp (Cyprinus carpio) depends on
exposure duration and concentration of chlorpyrifos.

LDso values of chlorpyrifos corresponding to 24, 48, 72 and 96h were 1.53,
1.16, 0.90 and 0.67 mg/L.

Respiratory burst activity is an indicator of immunity. A declining trend
was observed in respiratory burst activity in dose and time dependent
manner. As compared to control, percentage reduction in immunity of
common carp exposed to 134, 13.4, 1.34 ug/L was 71, 53, 25% after 7 days
and 75, 59, 28% after 14 days respectively.

Sub-lethal exposure of chlorpyrifos resulted in significant ROS production
augmentation as a function of chlorpyrifos dose and exposure time both in
brain and gills of exposed fish.

The GC analysis revealed high levels of chlorpyrifos residues in treated fish

but no residue was detected in carp cultivated in pesticide-free control
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water. The percentage accumulation of chlorpyrifos was found to be 60, 68
and 70 % for 1.34, 13.4 and 134 ug/L respectively after 30 days.
5.2. Recommendations
Following recommendations are important for further study:
1. Antioxidant study to evaluate cellular defense mechanism against oxidative
stress.
2. Genotoxicity study to assess DNA damage after chemical exposure.
3. Histopathological study to find morphological alterations due to

environmental toxicants.
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ANNEXURE I
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