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ABSTRACT

The muscle tissues of Channa punctatus and Anabas testudineus collected from the Loktak 
Lake (a Ramsar site) and its three major feeder rivers in Manipur, Northeastern India, were 
analyzed using high-performance liquid chromatography for the presence of residues of or-
ganophosphorus, carbamate, and synthetic pyrethroid pesticides. Pesticide residues of all the 
three typeswere detected in the fish tissues. Pesticide residues in Channa punctatus ranged 
from 0.002–0.043 µg g-1, and from 0.008–0.027 µg g-1 in Anabas testudineus from Loktak Lake 
in pre-monsoon and post-monsoon seasons. Pesticide residues were detected only in Anabas 
testudineus (0.002–0.078 µg g-1) in Nambul River, while these were detected only in Channa 
puctatus (0.001–0.032 µg g-1) in Moirang River. In Nambol River, pesticide concentrations 
ranged from 0.002–0.026 µg g-1 in Channa punctatus, and from 0.004–0.005 µg g-1 in Anabas 
testudineus. Among the five pesticides detected, concentrations of dichlorvos residues detect-
ed in the present study (0.027 and 0.032 µg g-1 wet weight) exceeded the Codex Alimentarius 
maximum residue limit (MRL) of 0.01 mg kg-1 for animal tissues. The rest of the compounds 
were within the MRL. None of the pesticide residues was detected in the two fish species col-
lected from the control or reference site. The present study indicates that pesticide contamina-
tion is emerging as a threat to the water quality and aquatic biodiversity of Loktak Lake, which 
calls for more detailed studies on the extent and magnitude of these threats.

Cite this article as: Sapana Devi M, Singh TB, Gupta A. Organophosphate, carbamate and 
synthetic pyrethroid pesticide residues in muscle tissues of fish from Loktak Lake, a Ramsar 
Site in Manipur, India. Environ Res Tec 2024;7(3)303–312.

INTRODUCTION

Pesticides, besides killing the target pests, also kill or ad-
versely affect the non-target organisms, contaminate the 
environment, and pose threats to aquatic ecosystems and 
human health [1]. Organophosphates, carbamates and syn-
thetic pyrethroids are among the commonly used pesticides 
known to affect human health and the environment [2]. It 
is well established that organophosphate pesticides are the 

long lasting inhibitors of cholinesterases and a number of 
organophosphates are prohibited in many countries from 
being sold in the market due to their toxicity at low doses 
[3]. The carbamates are known to impair acetylcholinester-
ase (AChE) activity in a way similar to the mode of action of 
organophosphate pesticides. They are also known to cause 
reproductive failure through endocrine disruption and in-
fertility [4]. Synthetic pyrethroids which are fast replacing 
organophosphates are also extremely toxic to fish because 
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of their neurotoxic effects [5, 6]. Therefore, the detection of 
the residues of these pesticides in different environmental 
compartments becomes an issue of global concern.

Pesticides applied in agricultural fields can reach aquatic 
ecosystems via surface runoff and leave harmful residues 
in the ecosystems that can adversely affect aquatic biota, 
particularly fish. The pesticide residues in aquatic ecosys-
tems are often transferred to humans through the food 
chain via phytoplankton, zooplankton and fish [7]. Sever-
al studies have shown that continuous intake of pesticide 
residues through food, even in lowdoses, can cause adverse 
effects on the environment as well as on plants, fish, wild-
life, and other non-target organisms [8]. These effects could 
comprise endocrine disruption, neurological damages, and 
birth defects [9–11]. 

Several organophosphate, carbamate and synthetic pyre-
throid pesticides are being increasingly usedfor controlling 
agricultural pests in Manipur - a state in the northeastern 
region of India - during the past several decades. Many 
studies have suggested that indiscriminate application of 
pesticides in agricultural activities such as in paddy fields 
and other cultivated areas near aquatic ecosystems have 
increased the probability of the entry of pesticide residues 
into the lakes where the rivers finally drain [12–14]. In this 
regard, Loktak Lake in Manipur, which is a “wetland of 
international importance” (Ramsar Site) and the largest 
freshwater Lake in northeast India, is highly vulnerable to 
contamination by pesticide residues through its three ma-
jor feeder rivers: the Nambul, the Moirang and the Nam-
bol [15]. These rivers receive agricultural and domestic 
wastes from inhabited areas to ultimately drain into the 
Loktak Lake, a Ramsar site in Manipur, India. The heavy 
influx of such wastes threatens the biodiversity of the lake, 
especially aquatic macrophytes and indigenous freshwater 
fishes. The situation has been made more precarious by 
the construction of the Ithai barrage, which has obstructed 
the outlet of the lake. This has affected the normal move-
ment of water in the lake, thereby raising the possibility 
of accumulation of pesticide residues in water, sediment 
and biota, particularly fish, in the Lake. It is also pertinent 
to mention here that different species of fish which were 
once abundantly available in the Lake such as (state fish of 
Manipur) etc. are now becoming threatened [16]. It is pos-
sible that reproductive failure due to continuous exposure 
to low concentrations of pesticide residues accumulated in 
the Lake over a period of time could be one of the reasons 
for the decimation of fish fauna in the Lake.

Among aquatic organisms, fish is considered a useful com-
ponent for monitoring environmental contaminants and an 
important source of animal protein to humans. Contamina-
tion of fish by pesticide residues, therefore, has proven to be 
a serious risk to its consumers including humans [17]. The 
two fish species, Channa punctatus and Anabas testudine-
us selected in this study are abundantly available in Lok-
tak Lake, and also comprise favorite food items of the local 
people. While Channa punctatus is a carnivore, Anabas te-
studineus is an omnivore [18, 19].

Several analytical methods have been used for determination 
of pesticide residues in foodstuffs including fisheries products 
[17, 20]. Among these methods, high-performance liquid 
chromatography (HPLC) is regarded as a useful tool in the lab-
oratory because of its highly precise quantitative results, very 
low detection limits and an exceptional degree of selectivity 
for qualitative identifications of target analytes [21]. Moreover, 
HPLC with a diode-array detector (DAD) is considered as an 
advanced method which has the capability of collecting chro-
matographic data and UV spectra simultaneously [22].

In the last few years, several studies have been conducted 
worldwide to analyze the presence of pesticide residues in 
freshwater ecosystems [20, 23–33]. On the other hand, in-
vestigations on detection of pesticide residues in freshwater 
ecosystems in India are relatively rare and more so in the 
freshwater lakes and wetlands of North-east India [34]. In 
this context, this study investigates the presence of pesticide 
residues in two fish species Channa punctatus and Anabas 
testudineus representing two different trophic levels, and 
collected from the Loktak Lake and its three major feeder 
rivers. Six pesticides including three organophosphates (di-
chlorvos, malathion and monocrotophos), one carbamate 
(carbofuran), and two synthetic pyrethroids (deltamethri-
nand cypermethrin), which are commonly used in the 
study area, were selected for analysis and possible detection 
in fish muscle. This is probably the first study that aims to 
ascertain the status of pesticide residues in fish of Loktak 
Lake. The findings are expected to throw light on the status 
of pesticide contamination of Loktak Lake and serve as an 
’early warning report’ of the threats posed by pesticides to 
this important ecosystem along with potential health risks 
to the people of Manipur who are consumers of its fish. 

MATERIALS AND METHODS

Study Sites
Loktak Lake (24o33ʹN 93o47ʹE) of Manipur, North East In-
dia and its three major feeder rivers, viz., the Nambul River 
(northern feeder), the Nambol River (western feeder), and 
the Moirang River (south western feeder), were selected for 
the present study. Loktak Lake, about 45 km from Imphal, 
the capital of Manipur, is a “wetland of international impor-
tance” (Ramsar Site) since 1990 and is well-known for being 
the only natural habitat of the endangered brow-antlered deer 
(Rucervus eldii eldii) (Fig. 1). It is also the largest freshwater 
lake in the northeastern region of India. The central part of 
the lake was selected for the study because most of the central 
areas of the lake are covered by a large number of ‘phumdis’ 
(heterogeneous mass of floating vegetation) due to the con-
struction of the Ithai Barrage across the natural outlet of the 
lake. Hence, the possibility of the concentration of pesticide 
residues was high in this part of the lake. Study sites selected 
in the three tributaries were near their point of entry into the 
lake after traversing extensively cultivated and inhabited areas. 
A fish pond, which was about 5.7 km away from paddy fields 
or other cultivated areas and 35 km away from the study sites 
of Loktak Lake, was selected as the control or reference site. 
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Procurement of Fish, Selection of Sampling Season and 
Experimental Design
Specimens of Channa punctatus and Anabas testudineus 
were collected from the five sampling sites in three sea-
sons, viz., pre-monsoon (April–June), monsoon (July–
September) and post-monsoon (October–December). 
Different types of nets, especially conventional gill nets 
were used to capture the fish with the help of local fish-
ermen. The net was hauled at short intervals and trapped 
fish, if any, were immediately transferred to polythene bags 
containing water of the given site and saturated with extra 
oxygen. Since both the fish species are air-breathing, this 
practice of sampling exerted minimum stress. Fish sam-
ples comprising of six individuals of similar size (length 
and weight 24±1 g and 15±1 cm, respectively, for Channa 
punctatus; 22±1 g and 11±1 cm, respectively, for Anabas 
testudineus) belonging to both species were collected from 
each study site in the three seasons. The fish were brought 
to the laboratory and immediately sacrificed by injecting 
a high dose of Tricaine Methanesulfonate (MS-222) after 
taking their morphometric measurements. Each fish was 
dissected and muscles from the mid dorsal side were col-
lected. The analysis of pesticide residues in the sampled 
fish muscles tissues was conducted by using high-perfor-
mance liquid chromatography (HPLC) with diode-array 
detector (DAD).

High-Performance Liquid Chromatography Analysis of 
Pesticide Residues

Procurement of Pesticide Standards and Reagents
Altogether six (6) pesticide standards belonging to three 
major pesticide groups were purchased from the Sigma-Al-
drich Laborchemikalien GmbH D – 30918 Seelze, Quality 
Management SA-LC. These comprised three organophos-
phates (malathion, monocrotophos, dichlorvos), one car-
bamate (carbofuran), and two synthetic pyrethroid (del-
tamethrin and cypermethrin) pesticides. The purity of all 
these pesticide standards was over 99% except for Cyper-
methrin (94.3%). Besides, HPLC grade water, acetone and 
acetonitrile were also purchased from Merck.

Equipments
The equipments used in various analytical procedures 
were: Shimadzu AUW 220D analytical balance, micropi-
pette 200 μL and 1000 μL (Oxford, Ireland), rotary evap-
orator (Buchi, model 011, Switzerland), centrifuge (Remi 
Instrument Ltd.), and HPLC Agilent 1260 Infinity - DAD 
detector (Germany). 

Procedure for Extraction of Pesticide Residues from Fish 
Muscle Tissues
The pesticide residue extraction procedure was per-
formed by following a slight modification of the stan-
dard protocol of Sun et al. [17]. Six replicates of the two 
fish species Channa punctatus and Anabas testudineus 
collected from each study site were dissected and 2 g 
of muscle tissues for each fish species (either Channa 

punctatus or Anabas testudineus) in a pool were ho-
mogenized in a mortar and pestle with 5 ml of HPLC 
grade acetone. The resultant extracts were centrifuged at 
4000 rpm for 10 minutesto remove all the cell debris and 
unwanted materials [35]. Two ml of the extracts were 
then evaporated to dryness under reduced pressure in 
a rotary evaporator at 40 ºC. Finally, the dry extract was 
dissolved in 2 ml of HPLC grade acetonitrile and the re-
sulting extracts were then centrifuged at 4000 rpm for 10 
minutes and the supernatant was used for HPLC anal-
ysis. The sample preparation or sample extraction was 
repeated thrice to have three replicates of each sample 
from a study site of a particular season.

HPLC Conditions and Analysis
The standards and samples were analyzed for pesticide 
residues by using HPLC Agilent 1260 Infinity having 
DAD detector. Standard calibration curves of each pesti-
cide were drawn with three concentrations i.e. 1 ppm, 50 
ppm and 100 ppm for each standard pesticide (dichlor-
vos, malathion, monocrotophos, carbofuran, deltame-
thrin and cypermethrin) respectively. Identification of 
pesticides was executed by comparing sample retention 
times with those obtained for the standards, while quan-
tification of different pesticides was done by comparing 
the areas of sample peaks with those of their respective 
standards. All the glassware was washed with detergent, 

Figure 1. Map of Loktak Lake showing its feeder rivers of Nam-
bul, Nambol and Moirang along with reference or control site.
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rinsed with HPLC grade water and heated at 180 ºC for 
2 h before use. We tested different wavelengths between 
202 and 290 nm for the optimum identification of pesti-
cides in different samples. The wavelengths of 202 nm for 
deltamethrin, cypermethrin and malathion; 220 nm for 
dichlorvos; and 272 nm for carbofuran and monocroto-
phos were observed to be the optimum. Based on their re-
spective wavelengths detected, pesticides were grouped as 
group 1, group 2 and group 3 employing standard HPLC 
conditions. Group 1 compriseddeltamethrin, cyperme-
thrin and malathion, group 2 dichlorvos, and group 3 car-
bofuran and monocrotophos. The column and injection 
volume for all the three groups were Column (SB-C18), 
250 × 4.6 mm, 5.0 μm and 20 µL, respectively. The flow 
rate was 1 ml min-1 for group 1, and 1.4 ml min-1 for both 
group 2 and 3. Mobile phase ratio for group 1 was acetoni-
trile/water (10% acetonitrile for 5 minutes, gradually in-
creased to 100% acetonitrile within 15 minutes and then 
maintainedat 100% acetonitrile for 5 minutes) with a run 
time of 20 minutes; for both group 2 and 3, it was aceto-
nitrile/water (40:60) with a run time of 10 minutes each. 
Sample analysis of three replicates of a particular fish (C. 
punctatus or A. testudineus) sample from a study site in a 
particular season was done consecutively following above 
conditions of HPLC.

Data Analysis
The data were first checked for normality with the Sha- 
piro-Wilk test. Since the data were not normally dis- 
tributed, these were normalized by log transformation. 
Statistical significance of differences in concentration 
of pesticide residues among the sampling sites and 
fish species were determined by One-Way Analysis of 
Variance (ANOVA) using SPSS 20 software. The results 
were denoted significant at p ≤0.05, and highly signifi- 
cant at p ≤0.01.

RESULTS AND DISCUSSION

Standard Calibration Curves and Chromatogram
Calibration graph of the standard solution concentra-
tions of each pesticide are shown in Appendices 1–6. The 
cal- culations were made following the equation y = mx 
+ b, where m is the regression co-efficient, y is the area, 
x is the amount and b is the residual standard deviation. 
The retention times of the standard pesticides were found 
to be 2.13, 13.55, 0.74, 2.74, 16.28 and 16.14 minutes for 
dichlorvos, malathion, monocrotophos, carbofuran, del-
tamethrin and cypermethrin, respectively. Moreover, the 
standard calibration curves of peak area against concen 
tration as well as chromatograms of dichlorvos, malathi-
on, monocrotophos, carbofuran, deltamethrin and cyper 
methrin are shown in Appendices 1–6.

Pesticide Residue Analysis in Fish Muscle Tissue
The occurrence of the residues of the six pesticides in 
the muscle tissues of Channa punctatus and Anabas te-
studineus are presented in Table 1. Of the three organo-
phosphate pesticides analyzed in the present study, di-
chlorvos residues were detected only in Channa punctatus 
collected from Loktak Lake (0.027±0.0006 µg g-1) and 
Moirang River (0.032±0.0006 µg g-1) during monsoon 
season. Malathion residue was detected in both Chan-
na punctatus and Anabas testudineus collected from 
Loktak Lake (0.002±1E-04**µg g-1; 0.027±0.0006**µg 
g-1, 0.008±5.77E-05**µg g-1), and Nambol River 
(0.002±5.77E-05**µg g-1; 0.004±5.77E-05**µg g-1) during 
pre-monsoon and post-monsoon seasons (p≤0.01), how-
ever, in Moirang River malathion residue was found 
only in Channa punctatus (0.001±5.77E-05**µg g-1) in 
pre-monsoon; Nambul River only in Anabas testudineus 
collected during pre-monsoon (0.019±0.0004**µg g-1) and 
post-monsoon (0.078±0.0004**µg g-1) seasons respec-
tively (Table 1). Monocrotophos residue was not detected 

Table 1. Concentrations of organophosphorus, carbamate and synthetic pyrethroid pesticides (µg g-1 wet weight) in muscles of 
two fish species from Loktak Lake and its three major feeder rivers along with a reference site in three seasons

Concentration in muscle tissue (µg g-1 wet weight)

Fish species 

Channa punctatus

Anabas testudineus

Season 

Pre-monsoon

Monsoon

Post-monsoon

Pre-monsoon

Monsoon

Post-monsoon

Loktak lake 

Mt: 0.002±1E-04**

Dv: 0.027±0.0006

Cf: 0.043±0.0006

Mt: 0.027±0.0006**

Dm: 0.009±5.77E-05*

ND

Mt: 0.008±5.77E-05**

Moirang river 

Mt: 0.001±5.77E-05**

Dv: 0.032±0.0006

ND

ND

ND

ND

Nambol river 

ND

ND

Mt: 0.002±5.77E-05**

Cf: 0.026±0.0006

Cm: 0.004±0.0001*

ND

ND

Mt: 0.004±5.77E-05**

Cf: 0.005±5.77E-05

Nambul river 

ND

ND

ND

Mt: 0.019±0.0004**

Cm: 0.002±5.77E-05*

ND

Mt: 0.078±0.0004**

Ref. 
site

ND

ND

ND

ND

ND

ND

The values represent mean±SD {significance level: p≤0.05(*), p≤0.01(**)}. Ref: Reference; Cf: Carbofuran; Cm: Cypermethrin; Dv: Dichlorvos; Dm: 
Deltamethrin; Mt: Malathion; ND: Not detected.
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in fish collected from any study site in the three seasons. 
Residues of none of the organophosphorus pesticides were 
detected in the samples of the two fish species collected 
from the control or reference site (Table 1).

Dichlorvos residues detected in the present study (0.027 
and 0.032 µg g-1 wet weight) were above the MRL of 0.01 
mg kg-1 in animal tissue and products such as edible mam-
malian offal, eggs, mammalian fats, meat, milk, and fat, 
meat and offal of poultry, as laid down in the Codex Ali-
mentarius [36]. An earlier study revealed that the strongest 
inhibition of brain AChE was found in association with 
high dichlorvos residues [37]. This indicates that the bio-
accumulation of dichlorvos residues in fish tissues in the 
study area even in small quantities may alter or inhibit 
brain AChE- enzyme activities in fish which in turn could 
similarly affect its consumers including larger carnivo-
rous fish, fish-eating mammals like otters, and humans, 
through the food chain. Brodeur et al. [26] also detected 
dichlorvos in tissues of one-sided livebearer fish (Jenynsia 
multidentata) which further revealed an inhibition in the 
activity of ChE in association with reduced body condi-
tion. The Codex limit for malathion in animal products is 
not available, although its concentrations were found to 
be higher on two occasions in Anabas testudineus than the 
MRL prescribed for some plant products such as sweet 
corn and tomato juice (0.02 and 0.01 mg kg-1, respectively) 
[36]. Among all the pesticides, malathion residues were 
detected more frequently and in more study sites and sea-
sons (p≤0.01)in both the fish species (Table 1), reflecting 
the fact that it is one of the most commonly applied pesti-
cide in the study area. Amaraneni and Pillala [38] reported 
the detection of malathion residue in tissues of fish Chan-
na striata and Catla catla collected from Kolleru Lake 
in India where the value was found to be 2.5 µg g-1 wet 
weight, which was considerably higher than the highest 
concentration of malathion residue detected in the pres-
ent study, i.e. 0.078 µg g-1 wet weight in Anabas testudineus 
collected from the Nambul River during post-monsoon 
season (Table 1). Maurano et al. [39] detected malathion 
residues in the muscle tissues of two fish species Carassius 
carassius and Mugil cephalus collected from Sele River in 
SouthItaly where the concentrations were found to be 480 
pg g-1 and 582 pg g-1 wet weight, respectively, which were 
comparatively much less than the lowest concentration of 
malathion residue detected in the present study i.e. 0.001 
µg g-1 wet weight in Channa punctatus collected from the 
Moirang River during pre-monsoon season (Table 1). Pos-
sible reasons for not detecting monocrotophos residues in 
the present study include its rapid hydrolysis and conjuga-
tion in fish tissues [40].

Carbofuran is a broad spectrum carbamate pesticide used 
world-wide to control insects, mites and nematodes, which 
has been widely detected in surface, ground and rain waters 
and is extremely toxic to aquatic organisms including fish 
[20, 41]. In our study, carbofuran was detected in Channa 
punctatus collected from Loktak Lake (0.043±0.0006 µg 
g-1) and Nambol River (0.026±0.0006 µg g-1) and in Anabas 

testudineus collected from Nambol River (0.005±5.77E-05 
µg g-1) during post-monsoon (Table 1). The value of 0.043 
µg g-1 recorded in Channa punctatus in Loktak Lake in 
post-monsoon was close to its Codex MRL of 0.05 µg g-1 in 
animal products such as cattle, goat, sheep, pig and horse 
fat, and offal of cattle, goat, horse, sheep and pig [36]. Thus, 
carbofuran posed a health risk to the consumers of this fish 
in this area. Jabeen et al. [20] detected carbofuran residues 
in muscle tissues of fish Labeo rohita and Channa maru-
lius collected from the Indus River around Mianwali where 
the concentrations ranged from 0.0425–0.066 µg g-1 and 
0.613–0.946 µg g-1, respectively. Carbofuran concentrations 
in Labeo rohita were comparable to its levels in Chana punc-
tatus in our study. Vryzas et al. [42] also mentioned about 
the detection of carbofuran at the highest concentration on 
a regular basis in the three trophic levels: algae, aquatic in-
vertebrates and fish in drainage canals of two transbound-
ary rivers of northeastern Greece, where its extreme con-
centrations were observed just after the occurrence of high 
rainfall during pesticide application, thus posing a threat to 
aquatic organisms and subsequently to the fish-consumers. 
Mahboob et al. [43] also recorded concentrations of carbo-
furan residue in the muscle tissues of fish, Catla catla at 1.23 
and 8.53 µg g-1 lipid-normalized weight. However, carbofu-
ran is known to undergo rapid degradation and elimination 
from fish tissues [40].

In the last two decades, synthetic pyrethroids have been 
replacing organochlorines and organophosphates in India 
for controlling pests to increase agricultural productivity 
[7]. Deltamethrin and cypermethrin are commonly used 
synthetic pyrethroids in agriculture for controlling pests. 
Being type 2 (α-cyano) synthetic pyrethroids, these two py-
rethroids are more potently neurotoxic than the non-cyano 
type 1 [6]. In the present study, deltamethrin residues were 
only recorded in the muscle tissue of Anabas testudineus 
collected from Loktak Lake during the pre-monsoon season 
(p≤0.05) at a concentration of 0.009±5.77E-05*µg g-1 (Table 
1) which was below the maximum residual limit (MRL) of 
0.02 mg kg-1 in poultry offal [36]. Notwithstanding this, it 
may be noted that deltamethrin could disrupt enzyme ac-
tivities and reduce glycogen and protein levels in fish Ana-
bas testudineus at a concentration (0.0007 mg l-1) one order 
of magnitudelower than that recorded in the present study 
(0.009 µg g-1) [44]. On the other hand, cypermethrin resi-
dues were detected in the muscle tissues of Channa punc-
tatus and Anabas testudineus collected from Nambol and 
Nambul Rivers (p≤0.05) during post- and pre-monsoon 
seasons (Table 1) at concentrations of0.004±0.0001* µg g-1 
and 0.002±5.77E-05* µg g-1, respectively, while the WHO-
FAO MRL is0.05 mg kg-1 in edible mammalian offal, and 
0.01 mg kg-1 in eggs. Deltamethrin and cypermethrin res-
idues were not detected in the two fish species collected 
from the control or reference site (Table 1). Saqib et al. [45] 
reported the detection of deltamethrin residue in 7 samples 
of muscles, liver and fat tissue of the three species of Labeo 
found in two Lakes in Pakistan. Jabeen et al. [20] report-
ed the presence of deltamethrin residues in muscles of fish 
Cyprinus carpio and Channa marulius with concentrations 
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ranging from 0.051–0.839 µg g-1, and cypermethrin resi-
dues in fish Channa marulius (0.141–0.174 µg g-1). These 
values are much higher than those detected in the present 
study. Mahboob et al. [43] reported that the concentration 
of deltamethrin in the muscle tissues of Catla catla in river 
Ravi was higher than the permissible limits for fish set by 
international agencies and it posed a potential risk to the 
aquatic organisms and ultimately to human health. Mean-
while, high concentrations of cypermethrin residues were 
also detected by Vryzas et al. [42] in three trophic levels in-
cluding fish where its peak concentrations were observed 
just after high rainfall during pesticide application.In the 
present study, the detection of cypermethrin and deltame-
thrin residues in the muscle tissues of the two fish species 
Channa punctatus and Anabas testudineus (p≤0.05) at con-
centrations far below their maximum residual limits indi-
cates that these two pesticides are yet to become a serious 
threat to the Loktak ecosystem. 

CONCLUSION

The present study revealed that most of the pesticide res-
idues were detected in Loktak Lake in the post-monsoon 
season. This may be due to the continuous inflow of pes-
ticide-contaminated agricultural runoff to the Lake via its 
feeder streams and rivers, and this inflow increased during 
the monsoon, leading to the detection of higher pesticide 
values in fish tissue during post-monsoon. Among the 
feeder rivers, more pesticide residues were detected in 
Nambol River than in the other two, because this river pass-
es through a larger stretch of agricultural areas compared 
to Nambul and Moirang Rivers. Among the five pesticide 
residuesdetected, only dichlorvos exceeded the maximum 
residue limit (MRL) prescribed by the Codex Alimentari-
us for animal tissues, suggesting possible health risks to its 
consumers including predatory fish, migratory as well as 
resident waterfowl, and humans. The rest of the compounds 
were within the MRL laid down for eggs and animal tissues 
revealing low risk to the consumers of these fish. Neverthe-
less, pesticides even at sub-lethal levels are known to cause 
adverse effects on fish, besides posing human health risks 
on long-term exposure,especially because the inhabitants 
of the study area are regular consumers of fish and dried 
fish products. Hence, the concerned authorities and regu-
latory agencies both at the state and central (federal) levels 
in cooperation with local non-government organizations 
should make efforts to create awareness through print and 
electronic media so that people may realize the hazardous 
effects of pesticide residues to humans due to bioaccumula-
tion and bio-magnification through the food chain. More-
over, the concerned authorities may promote organic farm-
ing and implement integrated pest management measures 
in the catchment area of the lake and introduce a continu-
ous monitoring program in order to provide pesticide-free 
environment in the Loktak Lake, which is a “wetland of 
international importance” (Ramsar Site) and therefore, de-
serves all possible measures for improvement of its water 
quality and protection of its biodiversity.
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APPENDICES

Appendix 1. Standard calibration curves and chromatogram of dichlorvos.

Appendix 2. Standard calibration curves and chromatogram of malathion.

Appendix 3. Standard calibration curves and chromatogram of monocrotophos.
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Appendix 5. Standard calibration curves and chromatogram of deltamethrin.

Appendix 4. Standard calibration curves and chromatogram of carbofuran.

Appendix 6. Standard calibration curves and chromatogram of cypermethrin.




