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A commonly used herbicide in agriculture, paraquat dichloride (PD) has caused a great deal of
concern due to its high toxicity and potential impact on the environment. The present study aims
to study the effect of paraquat dichloride’s (PD) acute toxicity, behavioural and morphological
changes on Anabas testudineus. The species Anabas testudineus, also known as the climbing
Perch. Fish were treated with five different doses of PD concentrations in a Fishery Science lab
to estimate the LCs, value. The probit analysis method was used to calculate the LCs, value for
PD exposure. Fish exposed to (PD) exhibited behavioral abnormalities such as altered nervous
behavior, elevated stress response, and respiratory distress. When exposed fish were
examined morphologically, several abnormalities were found, such as Sclerosis in the head and
tail region, Mucous layer on the whole body, Blood from gills, Redness in eyes, Belly swelling,
Red color appearing in the head and tail region, pelvic fin, and anal fin destroyed. The finding of
the study shows, Anabas testudineus exposed to PD had an LCs, value of 116.94 mgL™", which
implies the level of toxicity concentration. These results indicate that exposure to (PD)
influences the behavior and external morphology of Anabas testudineus. This study
emphasizes how PD affects freshwater fish, specifically Anabas testudineus, in an acute
toxicological way. In addition, observed morphological and behavioral changes highlight the
significance of tracking and controlling the use of PD in agricultural practices to minimize any
potential adverse environmental impacts and protect the aquatic ecosystem.
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The population has grown enormously in recent
years, and rising agricultural productivity has made it
possible to maintain this huge population. Use a variety
of agrochemicals, such as insecticides, fertilizers,
herbicides, and pesticides, that have either direct or
indirect toxicological effects on the environment from the
application site in order to increase agricultural
productivity. Chemical analysis can determine the
amount of environmentally toxic components, but it
cannot determine the impacts of these components on
aquatic organisms; therefore, an experiment involving
mortality or bioassay is essential for assessing these
components' effects (Bagheri, 2007). As a result of their
intimate connection to the aquatic environment, fish
rapidly exhibit measurable changes in response to
physical and chemical changes in their surroundings
(Adhikari et al. 2004).

Paraquat dichloride, also known as 1,1-dimethyl-1,4,
4B Pyridinium chloride, is a non-selective contact
herbicide that is used to eliminate vegetative pests. It is
used to control aquatic plants and terrestrial weeds in
various countries and has been discovered in several
water sources around the world (Filizadeh, 2002; Ye
et.al.,, 2002; Ismail et al., 2011). More than 100 crops,
including corn, rice, soya, wheat, potatoes, apples,
oranges, bananas, beverages, coffee, tea, cocoa,
cotton, oils, palm, sugarcane rubber, etc. have been
treated using paraquat both before and after planting to
control weeds (Pic, 2017). since paraquat herbicides
are inexpensive and efficiently eliminate weeds quickly,
almost all farmers use them. As soon as paraquat
comes into contact with soail, it dissolves and dissociates
quickly in an aqueous solution, is quickly absorbed,
mixes with the soil particles, and is leached to the
aquatic field by surface leaching, and then accumulates
in aquatic biota. When paraquat falls into water, it
breaks down into 4-carboxy-1-methyl Pyridium ion and
methylamine through biochemical and photochemical
processes (Kearney et al, 1985; Eisler, 1990).
According to Martin-Rubi et al. (2007), Sureda et al.
(2006), and Banaee et al. (2013)a,b, it accumulates in
aquatic organisms during the degradation period,
particularly in fish. Auto-oxidation and photochemical

disintegration of paraquat produce many products,
including hydrogen peroxide, superoxide radical,
oxygen, and hydroxyl radical, which are highly important
in causing oxidative stress, cellular toxicity, and
pathological changes in animal and plant cells.

It's crucial to test the toxicity levels of aquatic
pollution for the lowest possible concentrations that the
environment can tolerate. Therefore, it's significant to
figure out the acute toxic LCsy value to evaluate the
safety level of any chemicals for fish. According to
Richmonds and Dutta (1992), the best way to identify
toxic pollution is through behavioral changes. The
crucial elements in critical biological monitoring are the
morphological and behavioral alterations in the toxicity
test. According to Nowak (1992), Lapido et al. (2011),
Dutta et al. (1994), Senapati et al. (2013), and other
researchers, a number of literature and works have
been reported on various fish species against
insecticide, herbicide, and heavy metal, which can alter
behaviour, morphology, biochemistry, and
histopathological changes. Pandey et al. (2011)
investigated the acute toxicity and behavioral changes in
Channa  punctatus  (Bloch) caused by the
organophosphate pesticide profenofos. This study aims
to evaluate the 96-hour LCs value, behavioural,
morphological, and temperature effects on freshwater
climbing perch Anabas testudineus (Bloch, 1792) during
exposure in order to fill the knowledge gap regarding the
ecological impact of this herbicide. Anabas testudineus
was chosen as the model for this experiment due to its
distinctive characteristics, which include its ability to
adapt to laboratory conditions with comfort, its year-
round availability, its high tolerance, hardness, ability to
breathe air, and its ability to live in wet areas of Indian

paddy fields.
MATERIALS AND METHODS

Study site and G-map.

They are shown on Figure 1.
Species collection:

Test Organisms:

For this toxicity test, mature, healthy adult Anabas
testudineus with a mean weight of 55 + 20.76 g and a

mean length of 16 + 0.99cm were used. Fishes for the
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experiment were collected from East and West
Midnapore of West Bengal. This fish was chosen due
to its throughout-the-year availability, hardness, high-
stress tolerance, and lab adaptability.
Acclimation of the test organisms:

After they were collected from the market, the fish
were maintained in a static environment for two weeks in
cement tanks constructed in the Department of Fishery
Sciences' outdoor culture unit at Vidyasagar University.
This allowed the fish to easily acclimatize to their new
environment. Before fish were released, the top of the
cement tank was covered with a net to prevent fish
escape. The cement tank was thoroughly cleaned and
filled with dechlorinated tap water. The water was kept
at the necessary temperature, alkalinity, PH, DO, and
oxygenation level during the acclimatization phase using
an air pump followed by APHA (2012). To prevent
dermal infection, the fish were also sanitized with 0.1%
KmNO, solution and were fed a commercial food palate
twice a day. The feeding schedule was interrupted one
day before the toxicity test.

Test chemical:

The herbicide applied in the study was commercial
paraquat dichloride preparations under the trade name
Rider 24% SL(W/W), which was purchased from the
local market in the Medinipur, west Bengal, India. It was
manufactured by M/s ADVANCE AGROLIFE PVT LTD,
E-39, RIICO Industrial Area, Bagru (Ext) Jaipur,
Rajasthan-303007, under registration number CIR-
104688/2013. This herbicide was liquid and had a deep
green colour.

Preparation of test chemical:
V1C1=V,C,
The chemical was prepared using this formula.

where V; is the volume of stock used (ml), C; is the
initial concentration of the stock solution (gL™), C; is the
desired concentration (gL™), and V. is the volume of
water needed for dilution (ml).

The following formulae were used to prepare the
paraquat range finding test: 100 mgL™®, 200 mgL™*, 400
mgL™*, and 800 mgL™.

In the same way, volume and concentration were
prepared using the following methods for the paraquat
acute toxicity test: 50 mgL™?, 100 mgL™, 200 mgL*, and
250 mgL™.

The determination of the physio-chemical parameter
of the test water:

Before the acute toxicity test, the test water's physio-
chemical parameters were measured using multifunction
water testing kits (Transchem). According to the APHA
(2012), these parameters, which include dissolved
oxygen (D.O.), PH, water temperature, alkalinity, and
BOD, were measured.

Experimental design:

A non-renewal, 96-hour short-term static bioassay
was performed utilizing Anabas testudineus. A total of
60 adult, healthy Anabas test subjects were obtained
and distributed into 6 treatment groups, 1 control group,
and 5 concentration groups of paraquat. The test
aquariums were cleaned, filled with 40L of dechlorinated
tap water, aerated, and maintained in the same
conditions as the acclimatization period before the
toxicity test.

Range finding test:

Range finding tests, also known as preliminary tests,
were conducted frequently with a wide range of
paraquat concentrations. To reach a 100 % death to no
effect result, the maximum concentration to minimum
concentration was used to begin this test. The range-
finding test helped to determine the acute toxicity
concentration and was performed every 24 hours, 48
hours, 72 hours, and 96 hours.

Definite Test:

Acute toxicity test for 24 hours, 48 hours, 72 hours,
and 96 hours, 60 adults with healthy Anabas
testudineus were exposed to 1 control, 50 mgL™?, 100
mgL™?, 150 mgL™, 200 mgL*?, and 250 mgL™. Feeding
was discontinued and the water was unchanged during
the test. Every two hours, mortality was observed, and
during this period, morphological and
behavioural changes were also observed. Fish were
regarded as dead when their mouths and opercula
stopped moving in response to mechanical stimuli. Fish
that were dead were removed instantly, and LCs, values
were calculated based on their mortalities.

Statistical Analysis:

Probit analysis (Finny, 1971) was used for
calculating the mortality results and obtaining the LCso
value of Anabas testudineus at different levels of

paraquat dichloride. Microsoft Excel 2021 edition,
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windows 11 analysis of variance (ANOVA) was
utilized to perform a significant analysis between the test
and control treatments with a confidence level of 95 %.

RESULTS

Physio-chemical parameter of the test water:

DO 6.92 + 0.83mgL™, pH-7.0-7.5, the temperature in
winter and summer are 14.4 + 1.85 ‘C and 30.8 + 2.13
C.

Acute toxicity test:

According to Table 1's acute toxicity testing findings,
no deaths occurred during the control treatment;
however, as the concentration improved and the
exposure duration increased, the death rate
progressively increased. The test reveals mortality rates
of 20 % at 50 mgL™?, 50 % at 150 mgL™, and 100 % at
250 mgL™* after 96 hours. 116.94 mgL™ is the LCs, value
calculated by this test using probit analysis (Finney,
1972). Fish mortality increased as PD concentration
increased, corresponding to a linear relationship
between probit mortality and PD concentration,
indicating a positive correlation (r’=0.9596) (Figure 2).

Fish mortality is provided in the following chart for
various concentrations and exposure durations. Fish
mortality increased with  exposure time and
concentration, but it was not observed at the control unit
or Oh. With 250 mgL™, 20 % mortality happens at 24
hours, and at 96 hours, 100 % mortality increases.
There was no mortality at 24 hours for 50 mgL™, but at
96 hours, there was 20 % mortality (Figure 3). These
findings demonstrate a proportionate relationship
between Anabas testudineus mortality and PD

concentration and time.

Two tables (3,4) describe behavioral changes related
to swimming or movements, while Table 4 describes
behavioural changes related to respiratory distress.

Table 3 and Figure 3 presents the swimming and
movement behavioural changes that were investigated
in five different concentrations as well as control
treatments in the PD-exposed Anabas testudineus. Fish
in the control treatment exhibited normal swimming
behaviour for the duration of the exposure, but
increased abnormal swimming activity was observed at

low and high concentrations. First fish displayed altered

swimming, frequent bottom-to-surface movements, a
state of motionlessness, swirling and sluggish
movements, sudden darts, aggression, increased
surface activity, and loss of reflex after ingesting
treatment of 150 mgL™ and 200 mgL™ for 24 hours. Fish
exhibited strong behaviours in response to 72-hour
concentrations of 200 mgL®, 250 mgL®, and 96-hour
concentrations of 150 mgL™® and 200 mgL™ of PD. At
250 mgL*, however, all these behaviours showed slowly
at 96 hours, and the fish sank to the bottom, became
sluggish and their operculums opened wide before they
died.

Table 4 and Figure 4 shows the behavioural changes
related to respiratory distress at five different PD
treatments as well as control units. Fish in the control
treatment did not exhibit respiratory distress behaviour
Fish first displayed air gulping, opercula movement,
mucus secretion, snout extension, and air bubble
production at 100 mgL™ and 150 mgL™* throughout a 24-
hour exposure. Fish exposed to 150-250 mgL™ of pd for
72 hours and 100-150 mgL* for 96 hours displayed
these excessive behaviours. However, during the 96-
hour exposure period, 200 mgL* and 250 mg/L™* mucous
secretion resulted in the entire body being covered in
excessive mucus, but the opercula moved slowly, the
fish gulped air very slowly, and the fish died.

Table 5 and Figure 5 illustrates the morphological
changes in Anabas testudineus caused by varying
concentrations of paraquat dichloride during periods of
exposure. In this investigation, fish in the control
treatments did not exhibit any morphological changes.
Fish with different morphological changes were first
observed after a 24-hour exposure to the highest
concentration of 250 mgL™. The body was covered in
layers of mucus, and the fish were slippery. Sclerosis
primarily affects the head and tail region of the fish, with
red color in these areas as well and the eyeballs have
become red in color. 200 mgL™* and 250 mgL™ of PD fish
exposed for 72—-96 hours displayed these morphological
changes excessively, and the fish's body muscles were

straight without a curve after death.
Temperature effects on Paraquat toxicity:

Figure 6 showed that temperature has an impact on
the toxicity of paraquat dichloride; at 50 mgL™ in the
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winter (14.4 + 1.85 'C), the percentage of deaths fish died in the winter (14.4 + 1.85 'C) and 80 in the
increases to 17 compared to 20 in the summer (30.8 £ summer (30.8 + 2.13 'C) in the same condition
2.13 °C). In 96 hours of exposure to 200 mgL?, 71 at Anabas testudineus.

Figure 1. Study site. Source: MAP: https://www.traveldealsfinder.com/west-bengal-maps.html

Table 1: Percentage Mortality of A. testudineus exposed to different concentrations.

Sl. No. Conc.(mgL™) No. Exposed fish 24 48 72 96 Mortality
1 CONTROL 10 0 0 0 0 0

2 50 10 0 0 0 2 20

3 100 10 0 0 1 3 40

4 150 10 0 2 1 2 50

5 200 10 1 1 3 3 80

6 250 10 2 2 4 2 100
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Table 2: Percentage Mortality & probit value of A. testudineus exposed to different concentrations.

. . Adjusted percent .
1 0
Conc.(mgL™) Log dose % Mortality Mortality Probit value
50 1.698 20 20 4.16
100 2 40 40 4.75
150 2.176091 50 50 5
200 2.30103 80 80 5.84
MORTALITY PROFILE% y=0.0212x+3.8795
R?=0.9596
Nunedinas (Pagl) LC5p=116.94mg/l
7
6 .
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Figure 2. Graphical presentation of LCsovalue using probit analysis.
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Figure 3. Graphical presentation of the relationship between concentration of PD, time and mortality.
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Table 3: Swimming changes/Movement changes.
Exposure Erratic State Sudde
Time Conc. | cwimmin |EBsM | Of | ssm | LOSt |ga | Aggre- | Death
(hr) (MgL™) 9 :Vlotlon- reflex ssion darts
ess
50 - - - - - - - + -
24 100 - + + - - + + + -
150 - + + + + + + +
200 - + + + + + + + +
250 + ++ ++ ++ ++ ++ ++ ++ +
0 - - - - - - - - -
50 - + - - + - - + -
100 - + + + + + + + -
48 150 - + + + + + + + +
200 + ++ + + + ++ + ++ +
250 + +++ ++ ++ ++ +++ +++ ++ +
0 - - - - - - - - -
50 - + - + + + - + -
100 + + + + + + + + +
2 150 + ++ + + + ++ + ++ +
200 +++ +++ ++ +++ +++ +++ +++ +++ ++
250 +++ +++ +++ +++ +++ +++ +++ +++ ++
0 - - - - - - - - -
50 + + + + + + + + +
100 + + + + + + + + +
96
150 +++ +++ +++ +++ +++ +++ +++ +++ ++
200 +++ +++ +++ +++ +++ +++ +++ +++ ++
250 + - ++ ++ ++ - ++ ++ ++
*FBSM= Frequent bottom to surface movements, SSM- Swirling and sluggish movements, SAIl- Surface activity
inceased. *— normal; +, mild; ++, moderate; +++, strong
Table 4: Respiratory changes due to the effect of toxicity.
Exposure time(hr) | Concentration Air Opercula Mucus Snout Air bubble
(MgL™*) gulping movement secretion | extension creation
24h 0 - - - - -
50 - + - - -
100 - + + ++ +
150 + ++ + ++ ++
200 + ++ + ++ ++
250 ++ ++ ++ +++ ++
48h 0 - - - - -
50 - + + + +
100 + ++ + + ++
150 + ++ + ++ ++
200 ++ ++ ++ ++ ++
250 +++ +++ ++ +++ ++
72h 0 - - - - -
50 + ++ + + +
100 + +++ + ++ ++
150 +++ +++ +++ +++ +++
200 +++ +++ +++ +++ +4+
250 +++ ++ +++ +++ +++
96h 0 - - - - -
50 ++ ++ ++ ++ ++
100 ++++ ++ +++ +++ +++
150 ++++ ++ +++ +++ +++
200 ++ + ++++ ++ +
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| | 250 [ + [ - | ++++ [ + +

*— normal; +, mild; ++, moderate; +++, strong

BEHAVIOURAL CHANGES:

Figure 4. Behavioural changes due to the effect of toxicity. *A-Grouping and concerning the edge of the tank, B- Hitting

the wall of the tank, C-Become surfacing and air-breathing, D-Hitting each other, E-Air bubble creation.

Table 5. Morphological changes due to the effect of toxicity.

Exposure Conc.

Time (hr) (mgL'l) SHT MLB BG RE BS RHT PAD
0 - - - - - - -
50 - - - - - - -
100 - - - - - - -

24h 150 - - - - - - -
200 - + - - - - -
250 + + + + - . -
0 - - - - - - -
50 - - - - - -
100 - - - - - - -

48h 150 - + - - - - -
200 - + - + - + -
250 + ++ + + - + +
0 - - - - - - -
50 - + - - - - -
100 - + - - - - -

72h 150 - + - + - - -
200 + + + + - + +
250 + ++ + ++ - + +
0 - - - - - - -
50 - + - - - - -
100 - + - + - - -

96h 150 + ++ + + - + -
200 ++ +++ + + - + +
250 ++ +++ ++ ++ + ++ ++

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 20 No. 3
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*— normal; +, mild; ++, moderate; +++, strong
SHT-Scolerosis in head and tail region, MLB- Mucous layer on whole body, BG- Blood from gills, RE-Redness in eyes,

BS- Belly swollen, RHT- Red color appear in head and tail region, PAD- pelvic fin and anal fin destruction.

Figure 5. Morphological changes due to the effect of toxicity.
*A-The anal fin and pectoral fin are destroyed, B-Gill covered with excessive mucous and eye become red, C-

sclerosis in the tail region and red color appeared, D- Red in the body and the whole body covered with a
mucous layer, E-excessive mucous on body and belly slightly swollen, F-widely opened mouth, G-sclerosis in
the head region, H-Thick layer of mucous in the whole body.
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Mortality related to Temperature
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Figure 6. Temperature effects on mortality of the sample.

DISCUSSION

Fish and other vertebrates are examples of non-
target organisms that may be toxically impacted by
various environmental pollutants or their metabolites.
As acute or chronic exposure, several xenobiotic or
toxicant concentration toxicity tests represent a threat to
survival (HESIS and LOHP, 1986; OECD, 2012). A
widely utilized non-contact nitrogen-base herbicide that
can accumulate and biomagnify, paraquat dichloride is
used to control weeds both terrestrially and aquatically.
Test organisms can encounter a variety of effects during
exposure, such as behavioural changes, morphological
changes, hematological changes, changes in
histopathology, and disruption of numerous significant
organs.

Fish are in direct and constant contact with the
aquatic environment, where exposure to contaminants
occurs over the entire body surface, resulting in them
being ideal monitors for behavioural assays of various
toxic chemical exposures. According to Little and Brewer
(2001), behaviour represents a special viewpoint that
connects an organism's physiology and ecology and the
environment in which it lives. An organism can adapt its
behaviour to both internal and external stimuli to best

meet the challenge of surviving in an environment that is

W Summer{30.8+2.130C.}

constantly changing. On the other hand, behaviour also
results from adjustments made to environmental
circumstances. Consequently, behaviour can be
understood as a selective response that is in a state of
constant adaptation due to direct interaction with
environmental  physical, chemical, social, and
physiological factors. The most sensitive warning sign
for possible harmful effects was a behaviour
change (Farah et al., 2004). In the current study,
swimming or movement changes and respiratory
behavioural changes were observed for up to 96 hours
during the acute toxicity study of paraquat on Anabas

testudineus.

Swimming ability is a behaviour metric that is used to
assess the physiological condition of aquatic life and to
measure the impact and presence of pollutants
(Ballesteros et al., 2009; Cailleaud et al., 2011; Almeida
et al., 2012). The common characteristics of the control
fish's behaviour are their ability to swim actively, move
their operculum normally, and move freely inside the
tank without colliding with the walls or other fish. In the
current investigation, fish exposed to Paraquat for
ninety-six hours at five different concentrations
displayed changes in their typical behaviour patterns as
erratic  swimming, frequent bottom to surface
movements, state of motionless, swirling, and sluggish

movements sudden darts, aggression, loss of reflex,
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loss of equilibrium and surface activity increased, these
behaviours increased as concentration and time of
exposure increased. Similar behavioural alterations
were reported by Ladipo, (2011), Nafi'u et. al., (2022).

According to reports, fish's homeostasis and electron
transfer mechanisms are affected by the nitrogen-based
herbicide paraquat (Akinsorontan et al., 2019). The loss
of reflex considered in the experimental fish could be a
result of an alteration in the fish's homeostasis during
exposure to paraquat. Fish attempting to adjust their
metabolism to tolerate the harmful effects of paraquat
may be the cause of the observed deviations from
normal behaviour (Aghoghovwia and Izah, 2018).
According to Mishra (2011), the fish's ability to tolerate
the water quality is affected by a decrease in
carbohydrate metabolism caused by their erratic
swimming and faster opercular movement
corresponding to the oxygen depletion in the treated
water. Lack of nerve and muscle coordination causes
erratic  movements and abnormal swimming; this
problem may be caused by acetylcholine accumulation
in the synaptic and neuromuscular junctions (Rao et al.,
2005).

When exposed to varying concentrations of PD and
during the exposure period, Anabas testudineus
displayed significant respiratory abnormalities. Fish in
the control unit do not exhibit any signs of respiratory
distress. At 100 mgL™® and 150 mgL*, Fish first showed
signs of air gulping, opercula movement, mucus
secretion, snout extension, and air bubble production
throughout a 24-hour exposure. The duration of
exposure and the PD concentration increase as this
respiratory distress behaviour accelerates the rate. The
fish's increased snout extension, opercula movement,
air gulping, and generation of bubbles were explained by
their high oxygen demand under stressful circumstances
and their need to protect themselves from breathing in
toxic water. Patil and David (2008), Norhan et al. (2019),
and Nafi'u et al. (2021) reported similar behaviours. Low
oxygen consumption and aerobic respiration have been
linked to respiratory distress, according to Dube and
Hosetti (2010). Tilak et al. (2007) found that as
xenobiotic concentration increased, there was a

significant decrease in both haemoglobin level and

oxygen consumption rate. The quantity of total
haemoglobin per volume of whole blood is known as
haemoglobin concentration, and it is crucial for the
transfer of oxygen from gas-exchange organs to
peripheral tissues (De Souza and Bonilla-Rodriguez
2007). Velliyath Ligina et al., (2022) report that during
exposer to acrylamide for 96 hours, in Anabas
testudineus, RBC decreased as the concentration
increased. The fish were anemic as a result of the
decreased red blood cell count, which suggested that
the fish's hemopoietic system had been destroyed and
that erythropoiesis was inhibited. According to Soldatov
(2005), erythrocytes from fish are susceptible to
environmental toxicants, and their morphological
assessment serves as a bioindicator in toxicity studies.
Different exposure times to different concentrations
of paraquat dichloride result in morphological changes in
Anabas testudineus. Fish in the control treatments
during this study showed no morphological changes.
First, fish with varying morphological alterations were
seen at a 24-hour exposure to the maximum dose of
250 mgL™. The fish were sticky; sclerosis mostly affects
the head and tail areas of the fish, these regions are red
as well, and the eyes became red, blood drips from the
gills at 200 mgL™* and 250 mgL™* of PD for 72-96 hours
of exposure showed these morphological changes mild
to moderate but the fish's whole body was covered with
a film of mucous layer that as PD concentration and
exposure duration increased, thicker. Velliyath Ligina
reported a similar observation in 2022. It minimizes the
Anabas testudineus's direct contact with a toxic
environment by serving as an extra barrier. Fish that
secrete an excessive amount of mucus all over their
bodies do so as a non-specific defense against toxins
and as a means of minimizing toxicant contact (Singh et
al., 2009). According to Eizadi-Mood et al. (2011), the
secretion may also act as a barrier to lessen the

herbicide's irritating effect on the fish's body.

Based on the current research, the experimental
fish's exposure to paraquat dichloride increased
mortality and decreased survival rates at upgrading
concentrations. Ladipo M.K. (2011) reported a similar
observation. According to the investigations by Kumar et
al. (2016), Hansen et al. (2002), Gholami-Seyedkolaei et
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al. (2013), Silva et al. (2013), Norhan et al. (2019), and
other researchers, the mortality of Anabas testudineus
was directly correlated with the concentration of PD and
the duration of time of exposure. These effects are
caused by bioaccumulation as well as the
biomagnification power of PD that impacts liver
detoxification activity lower than toxicant uptake,
enzyme inhibition including  acetylcholinesterase
inhibition, cellular activity like energy production, and
physiological effects like behavioural changes and
death. In this investigation, the LCs, value for paraquat
dichloride toxicity on Anabas testudineus is 116.94 mgL
!, An acute toxicity test can assess the toxicant toxicosis
by measuring the LCs, value, which is equivalent to 50
% of test subjects dying within the entire test period.
Different LCs, values were found for the same toxicant in
many research investigations on acute toxicity involving
different fish species. For example, Clarias gariepinus
60 mgL* (Ladipo, 2011), Orechromis niloticus 7 mgL™
(Fidelis et al., 2012), Channa punctatus 65.87 mgL™
(Badroo et al., 2019), and Clarias gariepinus 128.03
mgL* (Ogunwole et al., 2018). Labeo rohita 25.71mgL*
(Arivul et al.,2016).

The length of exposure, the sensitivity of herbicides,
and the different surfactants in the paraquat are all
linked to the variations in the LCs, values that were
found. It might also result from the fish's demonstrated
chemical susceptibility (Ezenwosu et al, 2020).
Numerous LCs, values can be obtained from the same
herbicide and fish species, suggesting that variation in
the LCs could be caused by the fish's age, size, or
physiological state (Ullah et al., 2019). In toxicology, the
sensitivity is referred to as a dose-response relationship,
which is essential (Oulmi et al., 1995).

Based on this experiment, the toxicity of paraquat
dichloride varies with temperature; at 50 mgL™ in the
winter, the percentage of deaths rises to 17 from 20 in
the summer. Anabas testudineus, 71 died in the winter
and 80 in the summer after 96 hours of exposure to 200
mgL™* PD. According to Cairns et al. (1975), Lydyet al.
(1990b), and Brecken-Folse et al. (1994), alterations in
abiotic variables like temperature can have a significant
impact on a chemical's toxicity. Giese (1968) also

reported that for every 10°C increase in temperature, the

metabolism of ectothermic organisms will increase by

almost twofold.
CONCLUSION

Based on the -current investigation, it can be
determined that Anabas testudineus exposed to
paraquat dichloride noticed morphological and
behavioral changes in addition to a decrease in survival.
It was discovered that the toxicity increased with
paraquat concentration. Due to the high LCs, value, A.
testudineus appears to have a high chance of surviving
in contaminated environments. Fish, in particular, can be
used as an efficient model to determine the possible
risks associated with acute herbicide exposure in
aquatic environments. Furthermore, the use of
herbicides on farmlands not only kills desired organisms
but also represents a risk to human health and may
eradicate other non-target organisms. Thus, this
study can help estimate the possible health risks that

herbicide exposure can cause to non-target organisms.
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