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Abstract 

Methomyl is used to control and eliminate pests (insects) in agriculture. Methomyl residues have been 

detected in agricultural products and natural waters. The purpose of this study was to analyze the effect of 

exposure to insecticides with the active ingredient methomyl with different concentrations on hematology 

(erythrocytes, hemoglobin, hematocrit, leukocytes) as information on stress conditions for Tilapia 

Jatimbulan which were observed on the 4th day after the first exposure and the 4th day after the exposure 

7th (end of study 28 days). The study used a completely randomized design with 1 control without 

exposure and 3 exposure treatments namely concentrations of 1.8 mg/L (Treatment A), 4.015 mg/L 

(Treatment B), 6.2 mg/L (Treatment C), with each 3 repetitions. Six tilapia fish measuring 9-12 cm and 

weighing an average of 30.54 ± 1.17 g were put into an aquarium (30 L) containing fresh water and 

insecticide with the appropriate concentration of treatment. Four days after the first exposure, one fish 

was taken from each aquarium to be analyzed according to the observed parameters. Then the fish were 

temporarily moved (± 30 minutes) to another aquarium, the treatment aquarium was cleaned and filled 

with insecticide again with the concentration according to the treatment then the fish were put back in for 

(second) exposure for 4 days. The treatment was repeated every 4 days until the 7th exposure (28th day). 

Insecticide Lannate® 25 WP which was used for detection by FTIR and GCMS, is known to contain 

32.55% methomyl content. Tilapia experienced stress due to hypoxia, after the first exposure (day 4), 

marked by increased hematology according to the increase in insecticide concentration. After 7 

exposures, hypoxic stress still occurred in treatment C, marked by an increase in hematology. It is know 
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that the concentration of insecticide exposure of 6.2 mg/L resulted in fish experiencing severe stress up to 

7 times the exposure (28 days at the end of the study).  

Keywords: Erythrocytes, Hematocrit, Hemoglobin, Insecticides, Leukocytes, Methomyl, Stress.

INTRODUCTION 

Methomyl (C5H10N2O2S) active ingredient 

insecticide is a pesticide used to control and 

eliminate pests (insects). Its use has 

contributed greatly to increasing agricultural 

yields. However, its strong solubility in water, 

use not based on ecological aspects and 

industrial and agricultural discharges into the 

environment have resulted in residues and are 

detected in agricultural products and natural 

waters (Kongphonprom and Burakham 2016; 

Haider and Kata 2020). Insecticides with the 

active ingredient methomyl are a class of 

carbamate pesticides that are often used by 

farmers in the Musi Rawas Paddy Field 

Sentra, South Sumatra and Ngantru District, 

Tulungagung Regency (Wismaningsih and 

Oktaviasari, 2016; Wartono et al. 2018). 

The application of an insecticide with the 

active ingredient methomyl is by spraying it 

on the plants. This method leaves residue on 

the surface of the soil which can be carried 

away by runoff water so that it enters the 

waters and causes pollution (Lin et al. 2020).  

The mechanism of methomyl degradation in 

the aquatic environment is the hydrolysis 

reaction. Starting with the reaction of water 

(H2O) with methomyl so that it will produce 

the product methomyl oxime. Furthermore, the 

oxime product (RRC=NOH) will produce 

acetonitrile through Beckmann rearrangement 

and elimination (Murti and Matsumura, 2012; 

Chau and Afghan, 2020).  

The process of entering insecticide residues 

into the waters through river flow (Suryono et 

al. 2016). Watersheds (DAS) can carry 

insecticide residues to the waters (Prabowo 

and Subantoro 2012) such as lakes and 

reservoirs. One of the causes of the 

deteriorating water quality of lakes and 

reservoirs is the influx of contaminants from 

upstream (land) areas carried by rivers 

(Sulaiman et al., 2020). This can have a 

negative impact on fish as aquatic organisms 

(Ihsan et al. 2018). 

Insecticide residues can enter the body 

through the gills. This is because the gills are 

located on the outside and have a wide and 

open surface so that there is direct contact 

with water. In addition, in the gills there are 

many capillaries or blood vessels (Authman et 

al. 2013). Water enters through the gill 

lamellae, so that insecticide residues 

suspended in water very easily stick to the gill 

mucus. The more material that sticks, the 

mucus cells in the gills will produce more 

mucus and cover the lamellae. This occurs as a 

result of the entry of toxic materials into the 

gill tissue. The amount of mucus in the 

lamellae causes oxygen diffusion to be 

disrupted resulting in the body experiencing 

hypoxia. Hypoxia is a condition in which cells 

and even tissues experience a lack of oxygen. 

This situation can trigger stress conditions 

(Lestari et al. 2018), such as hematological 

changes (Chinnamani et al. 2018). In addition, 

insecticide residues will be carried into the 

body by the blood stream in the gills. One of 

the organs that will receive blood that carries 

toxic materials is the kidney which affects 

hematology (Irene et al. 2021). 

Tilapia (O.niloticus) is a type of fish that is 

very popular with the community, because of 

its fast growth, easy to obtain feed, and can be 

kept in all places (Iskandar and Elrifadah, 

2015). Therefore tilapia is a freshwater fish 

that has large enough consumers so that tilapia 

cultivation is highly developed, such as the 

jatimbulan tilapia strain which is widely 

cultivated in floating net cages (KJA) in the 

Pasuruan area, East Java. According to Tyas et 

al. (2016), The selection of tilapia as a test 

biota to see the effects of toxic substances 
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because it represents the actual environmental 

conditions, meaning that tilapia inhabit a 

variety of freshwater habitats, including rivers, 

reservoirs and lakes. Based on this, the 

potential for tilapia to encounter toxic 

materials in the environment is very large. 

Based on the above background, this study 

aims to analyze the effect of 1x and 7x 

exposure to insecticides with the active 

ingredient methomyl on hematology 

(erythrocytes, hemoglobin, hematocrit and 

leukocytes) as information on stress conditions 

in fish. 

Materials and Methods 

Location and Time of Research 

The research was conducted from November 

2022 to January 2023. The stages of 

maintenance, observation of hematology, 

acclimatization and water quality were carried 

out at the Fish Cultivation Laboratory, Fish 

Reproduction Division, Faculty of Fisheries 

and Marine Sciences (FPIK), Brawijaya 

University, Malang. FTIR Test at the Organic 

Chemistry Laboratory, Chemistry Study 

Program, Faculty of Science and Technology, 

State Islamic University of Maulana Malik 

Ibrahim, Malang. GCMS test at the Integrated 

Research and Testing Laboratory (LPPT) Unit 

2, part of the Central Chemical and Physical 

Analysis Laboratory (LAKFIP), Gadjah Mada 

University, Yogyakarta. 

Research Design 

The study used a completely randomized 

design (CRD) with 3 treatments of exposure to 

insecticide concentrations with the active 

ingredient methomyl, namely 1.8 mg/L 

(Treatment A), 4.015 mg/L (Treatment B), 6.2 

mg/L (Treatment C), and without exposure to 

insecticides with the active ingredient 

methomyl (Control) with 3 replications each. 

 

 

FTIR Spectrophotometer 

The FTIR test is used to analyze the presence 

of functional groups which are characteristic 

of methomyl whose results are displayed as 

wave numbers or wavelengths (peaks). This is 

appropriate (Lee et al. 2017). Analysis was 

carried out using the Potassium Bromide 

(KBr) pellet method, namely by taking a 

sample of the insecticide with the active 

ingredient methomyl as much as 1 mg and 

then grinding it until smooth using a mortar 

then mixing it with 100 mg KBr or with a 

mass ratio of 1: 100. Then the mixture was 

again crushed until smooth using mortars. 

The sample size requirement which is dry 

powder is 100 mesh. After that, pellets were 

made using a hand press with a pressure 

weight of 8 tons, resulting in transparent 

pellets. Transparent pellets were tested and the 

IR spectrum was interpreted using Varian 

Resolutions 4.0.5 software with a wavelength 

range of 4000-400 cm-1. Refers to Subayu et 

al. (2021). 

Gas Chromatography–Mass Spectrometry 

(GCMS) 

As much as 1 g of the insecticide sample with 

the active ingredient methomyl was dissolved 

in a mixture of Acetone : Diethylether : 

Petrolium Benzene with a ratio of 1 ml: 1 ml: 

1 ml, in a microtube and then vortexed. Then 

the resulting sample supernatant is transferred 

to the GC Vial and then ready to be injected 

into the GCMS tool through the injector, in the 

sample injector it is heated (Table 1) so that 

later the sample enters the system in the form 

of steam. Then the sample that has turned into 

steam will be carried by the carrier gas into the 

column. 
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Table 1. Column and tool conditions 

A. Column : 

Type HP-5MS UI 

Length 30 m 

I. D. 0.25 mm 

Movie 0.25 μm 

Max Temp 325/350oC 

B. Tool condition: 

Carrier Gas Helium UHP (He) 

Injector Temperature 250oC 

Split flow 30 ml/min 

Split ratio Splitless 

Front Inlet Flow 1.50 ml/min 

MS transfer line temp 280oC 

Ion Source temp 250oC 

Mass Range 70-400 (amu) 

Purge Flow 3 ml/min 

Gas Saver Flow 10 ml/min 

Gas Saver Time 2.5 min 

The column is placed in a heated room at a 

temperature (Table 2) called the column oven, 

in which the sample will be separated into 

single compounds based on chemical and 

physical interactions between the sample, the 

mobile phase (carrier gas), and the stationary 

phase (composing material). column). After 

the sample is separated it will go to the 

detector (Mass Spectrometry (MS)), in MS the 

sample which has been separated into single 

compounds will be identified based on its m/z. 

Furthermore, the identification process using 

the GCMS tool will produce active 

compounds which can be seen from the peaks 

of the chromatogram as identification of data 

from chromatography and mass spectrometry 

(MS) results seen from the mass spectrum 

with the molecular weight of each compound. 

It should be noted that the GCMS is equipped 

with a library, so that after the detection of 

compounds in the form of peaks it can be 

compared with the library, so that compounds 

that have these peaks are identified. This is 

appropriate Hotmian et al. (2021). 

Table 2. Column temp 

No Retention Time (min) Rate (oC/min) Target value (oC) Hold time (min) 

1 1 0 50 1 

2 4 25 125 0 

3 25 10 300 3.5 

Maintenance and Acclimatization of Test Fish 

The Jatimbulan tilapia strain was obtained 

from the Umbulan Pasuruan Freshwater 

Cultivation Development UPT (PBAT), which 

was reared in Floating Net Cages (KJA). 

Maintenance and acclimatization of 72 test 

fish with a length of 9-12 cm and an average 

weight of 30.54 ± 1.17 g were reared 

separately in 12 aquarium units with a size of 

30 x 30 x 50 cm. 

Maintenance (holding) was carried out in 

tanks for 14 days and acclimatization for 1 

week in an aquarium. During this stage the test 

fish were given feed 3 times a day in the form 

of PF 1000 pellets with a protein content of 

39-41%. Water replacement is carried out 

every 2 days as much as 20% of the total 30 

liters of water used so that the water 

conditions remain clean. Test fish that are 

dead or abnormal are immediately discarded. 

Only healthy fish were used in this study. 
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Exposure to insecticides with the active 

ingredient methomyl (test treatment) 

Each aquarium was filled with 6 test fish that 

had been reared and acclimatized beforehand, 

with a reference of 5 liters per 1 fish so as not 

to disturb the survival of the test fish. The day 

before use the fish is fasted.  

Exposure is done first before the fish are put in 

the aquarium. The concentration of the 

treatment refers to the LC50 results of tilapia 

size 9-12 cm in the study Islamy et al. (2017), 

that is 4.015 mg/L (Perlakuan B). The 

concentration of carbamate pesticide residue 

which is a class of methomyl pesticides was 

detected in fish meat from aquaculture ponds 

in Sukabumi, West Java, reaching 1.88 mg/L 

(Taufik, 2011). The range of increase and 

decrease in exposure concentration is 55%. 

4.015 mg/L + 55% = 6.2 mg/L (Treatment C) 

and 4.015 mg/L - 55% ie 1.8 mg/L (Treatment 

A). 

Before exposure the fish were temporarily 

moved (± 30 minutes) to another aquarium, 

the treatment aquarium was cleaned and filled 

with insecticide again with the concentration 

according to the treatment then the fish were 

put back in for (second) exposure for 4 days. 

The treatment was repeated every 4 days until 

the 7th exposure (28th day). This refers to 

conditions in nature where fish that live freely 

in nature and in reservoirs or lakes will be 

exposed to toxic substances from flowing 

water or new incoming water from the DAS 

(River Basin), in this case fish may be exposed 

to toxic substances more than 1 time. 

Siphoning is done so that the water conditions 

remain clean so as not to disturb the life of the 

test fish. Siphoning is done by filtering the 

water using a cloth so that the feces and water 

are separated. Then the water is put back into 

the aquarium. One of the focus points in this 

research is water so it cannot use a circulation 

system. 

 

Blood Sampling 

Fish blood was collected 2 times, namely on 

the 4th day after the first exposure and the 4th 

day after the 7th exposure (end of the study on 

the 28th day). Each aquarium was taken one 

fish to take blood. This is appropriate Benning 

(1978), that acetonitrile began to be detected 

on day 3 after the introduction of pesticides 

with the active ingredient methomyl in the 

environment. In addition, in the exposure 

stage (treatment test) repeated exposure was 

carried out on day 5 starting from the previous 

exposure, so that acetonitrile (methomyl 

degradation product) resulted in changes in 

hematological levels.  

The process requires the use of a syringe 

rinsed with 3.8% Na-citrate anticoagulant. 

Fish blood was taken from the linea lateralis 

then the blood was put into the eppendorf for 

observation. Fish blood samples were taken 

for each treatment group by taking 1 test 

animal (replication) from each aquarium. 

Calculation of the number of leukocytes and 

erythrocytes was carried out according to 

Blaxhall dan Daisley (1973), while the 

calculation of hematocrit levels follows Idzni 

et al. (2018), and hemoglobin levels follow 

Docan et al. (2010). Measurements were made 

using a hematocrit scale. Erythrocytes tube 

height is the hematocrit value expressed in %. 

The observed water quality, namely 

temperature and pH using a pH meter and DO 

using a DO meter, was measured twice a day 

during the study, namely at 08.00 (morning) 

and 16.00 (afternoon). 

 Data Analysis 

Blood profile data (erythrocytes count, 

hemoglobin level, hematocrit and leukocytes 

count) were tested by One Way ANOVA at 

95% confidence level to determine the effect 

of treatment between groups. If the results of 

the ANOVA test show that there are              

significant differences between treatments, 

then continue with the Duncan's Multiple 
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Range Test (DMRT) to determine differences 

between treatments and choose the best 

treatment. Statistical analysis was performed 

with SPSS version 26.0. Water quality data 

were analyzed descriptively. 

Results and Discussion 

Fourier Transform Infrared Spectroscopy 

(FTIR) Test 

The FTIR test results show several wave 

numbers which can be seen in Figure 1 and 

Table 3. 

Figure 1.  Lannate® 25 WP insecticide 

spectrum from FTIR test results (Organic 

Chemistry Laboratory, Chemistry Study 

Program, Faculty of Science and 

Technology, Maulana Malik Ibrahim State 

Islamic University, Malang, 2023) 

 

The wavenumbers generated from this FTIR 

test indicate the presence of methomyl. 

Powered by Suramana et al. (2001), Methomyl 

detection using FTIR found the presence of 

amide I (1653, 1654 cm-1) and amide II 

(1543, 1544 cm-1) groups. The amide I region 

comprises vibrations mainly due to the C=O 

strain mode with some contribution from N–H 

bending and C–N stretching and the amide II 

region is mainly associated with N–H bending 

with a large contribution from the C–N 

stretching mode. The results of this study are 

also supported by Srikhaow et al. (2022), that 

the detection of methomyl in an aqueous 

solution on Biochar using FTIR found the 

presence of a carbonyl functional group with a 

wave number of 1634 cm-1. 

Table 3.  Data on wavenumbers and functional groups of the insecticide Lannate® 25 WP 

Wavenumber (cm-1) 
Ribbon 

Shape 

Compound 

Type 

Functional 

Groups 
Literature Lannate® 25 

WP 
Wave Range 

3696 3000-3700 Sharp Amine N-H (Stretch) Parihar et al. (2018) 

3620 3000-3700 Sharp Amine N-H (Stretch) Parihar et al. (2018) 

3450 3300-3500 Widened Amine  N-H (Stretch) Kommuri et al. (2018) 

2361 2361 Sharp Amine N-H 

(Ulur) 

Senthilkumar and 

Rajendran (2017) 

1712 1640-1800 Sharp Carbonyl/ 

Carboxyl group 

C=O (Stretch) Samanta et al. (2011) 

1648 1640-1800 Sharp Carbonyl/ 

Carboxyl group 

C=O (Stretch) Samanta et al. (2011) 
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1601 1550-1640 Sharp Primary, 

Secondary 

Amine 

and Amida 

N-H (Bend) Shoukat and Yoo (2018) 

1510 1510 Sharp Methyl C-H (CH3) 

(Bend) 

Hamdani and Haryanto 

(2021) 

1247 1150-1270 Sharp Carbonyl esters C=O Lingegowda et al. (2013) 

1099 1050-1150 Sharp Amine C-N (Stretch) Kommuri et al. (2018) 

1033 1030-1050 Sharp Amine C-N (Stretch) Zhang et al. (2013) 

 

Gas Chromatography–Mass Spectrometry 

(GCMS) Test 

The GCMS test results in Figure 2 and Table 4 

show that the insecticide Lannate® 25 WP 

contains methomyl. It is known from the 

resulting peaks of 88.0 m/z and 105 m/z which 

are characteristic of methomyl. This result is 

supported by Tsatsakis et al. (1996), 

Methomyl has peaks 58.0 m/z, 88.0 m/z, 105.0 

m/z. 

 

 

 

 

 

 

 

Figure 2. GCMS test result of insecticide Lannate® 25 WP. A) Mass spectrum of the 

sample; B) Ethanimidothioic acid, N-hydroxy-, methyl ester; Methomyl; and a-

(Methylthio) acetamide from GCMS Database Library (LPPT Unit 2, LAKFIP, UGM, 

Yogyakarta, 2023) 

A 

 

B 
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Based on Table 4, the dominant compound is 

seen from the area (%) it has so it is known 

that the methomyl content contained in 

Lannate® 25 WP is 32.55%. This result is 

supported by Kartika et al. (2018), that the 

area shows the abundance of a component. 

This is also appropriate Satioko et al. (2013), 

GCMS results for a yeast dose sample of 75 g 

showed an ethanol peak at 2.199 minutes with 

an area of 85.22%. From the GCMS test, 

bagasse contains the best ethanol content of 

85.22%.  

 

 

 

 

 

Table 4.  The dominant compound content in Lannate® 25 WP insecticide GCMS test 

results 

No Retention 

Time (min) 

Hit # Chemical 

Formula 

Mol. 

Weight 

Rel. 

Area (%) 

1. 9,35 1: Ethanimidothioic acid, N-

hydroxy-, methyl ester 

C3H7NOS 105 32.55 

2: Methomyl C5H10N 2 O2S 162 

3:a-(methylthio)acetamide C3H7NOS 105 

All compounds detected at the same retention 

time constitute a single compound. This is 

because the GCMS tool consists of GC and 

MS tools. The GC tool will separate 

compounds using high temperatures so that 

the compounds will experience the release of 

several bonds from their initial chemical 

structure followed by the release of electrons 

and a decrease in  
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molecular weight. Furthermore, the MS tool 

will detect these compounds based on their 

molecular weight. 

Blood profile 

Erythrocytes 

Tilapia experienced stress due to hypoxia, 

after the first exposure (day 4), characterized 

by increased erythrocytes as the concentration 

of insecticide increased. After 7 exposures, 

hypoxic stress still occurred in treatment C 

(6.2 mg/L), marked by an increase in 

hematology (Table 5). However, the 

erythrocytes values obtained in all treatments 

were still in the normal category. This is 

appropriate Dianti et al. (2013), The number 

of erythrocytes in tilapia generally ranges 

from 1.05 - 3.0 × 106 cells/mm-3.  

Table 5.  Erythrocytes measurement data 

Treatment 

(mg/L) 

Erythrocytes (× 106 cells/mm-

3) 

Day-4 Day-28 

A (1.8) 1.30±0.04b 1.20±0.02b 

B (4.015)  2.12±0.02c 1.62±0.04c 

C (6.2) 2.65±0.03d 2.68±0.02d 

K (Control) 1.14±0.04a 1.15±0.03a 

Remarks: Different letter symbols in columns 

and rows show a noticeable difference 

(P<0.05) 

  

The results of this study are supported by 

Bangsa et al. (2015), that fish seek to increase 

the number of erythrocytes back to normal 

conditions to reduce the level of stress 

experienced and to adjust their physiological 

conditions. Erythrocytes are the most 

numerous cells. Saparuddin (2019), stated that 

as the number of erythrocytes increased, the 

oxygen absorption activity by the erythrocytes 

increased. The body of the fish compensates if 

there is a change that causes the fish to 

experience a lack of oxygen and to overcome 

this the fish will increase the number of 

erythrocytes. The increase in red blood cells is 

an effort of fish body homeostasis in an effort 

to increase hemoglobin to bind oxygen. 

Stressed fish will experience hematopoiesis 

(an increase in blood cells) so that their 

erythrocytes increase as an effort to adjust to 

the addition of oxygen (Samsisko et al., 2014).  

Hemoglobin 

Tilapia experienced stress due to hypoxia, 

after the first exposure (day 4), characterized 

by an increase in hemoglobin as the 

concentration of insecticide increased. After 7 

exposures, hypoxic stress still occurred in 

treatment C (6.2 mg/L), marked by an increase 

in hemoglobin and not in the normal category 

(Table 6). This is appropriate Salasia et al. 

(2001), Normal hemoglobin levels in tilapia 

range from 5.05 - 8.33 G%. 

Table 6. Data on hemoglobin measurements 

Treatment 

(mg/L) 

Hemoglobin (G %) 

Day-4 Day-28 

A (1.8) 6.60±0.36a 5.57±0.40a 

B (4.015)  7.53±0.45b 6.60±0.36b 

C (6.2) 8.63±0.32c 9.40±0.53c 

K (Control) 5.93±0.40a 6.00±0.50ab 

Remarks: Different letter symbols in columns 

and rows show a noticeable difference 

(P<0.05) 

The results of this study are supported by 

Uyun and Indriawati, (2013) and Lavabetha et 

al. (2015), that hypoxia can stimulate the 

formation of new red blood cells into the 

blood and cause an increase in Hemoglobin 

(Hb) levels to meet tissue oxygen needs in 

order to maintain its life. This is because Hb is 

contained in the erythrocytes. 

Hematocrit 

Tilapia experienced stress due to hypoxia, 

after the first exposure (day 4), marked by an 

increase in hematocrit as the concentration of 

insecticide increased. After 7 exposures, 

hypoxic stress still occurred in treatment C 
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(6.2 mg/L), marked by an increase in 

hematocrit (Table 7). However, the hematocrit 

values obtained in all treatments were still in 

the normal category. This is appropriate Nur et 

al. (2018), If the hematocrit value of fish is 

less than 22%, anemia is indicated, whereas if 

the hematocrit value is greater than 60%, it 

indicates that the fish is in a state of stress. 

Table 7. Data on hematocrit measurements 

Treatment 

(mg/L) 

Hematocrit (%) 

Day-4 Day-28 

A (1.8) 22.67±1.53a 22.33±1.53a 

B (4.015) 23.00±1.00a 22.67±1.53a 

C (6.2) 35.00±1.00b 37.67±1.53b 

K (Control) 22.33±1.53a 23.00±1.00a 

Remarks: Different letter symbols in columns 

and rows show a noticeable difference 

(P<0.05) 

The results of this study are in accordance 

with Uyun dan Indriawati (2013) and 

Lavabetha et al. (2015), the onset of hypoxia 

causes stimulation of the formation of new red 

blood cells into the blood and causes an 

increase in Hb levels followed by hematocrit 

to meet tissue oxygen needs in order to 

maintain its life. According to Royan et al. 

(2014), a hematocrit value of 20% means that 

the blood contains 20% red blood cells. The 

results of this study can be strengthened by 

Benfey dan Biron (2000), that fish seek to 

increase the number of erythrocytes back to 

normal conditions to reduce the level of stress 

experienced and to adjust their physiological 

conditions.  

Leukocytes 

Tilapia experienced stress due to hypoxia, 

after the first exposure (day 4), characterized 

by an increase in leukocytes as the 

concentration of insecticide increased. After 7 

exposures, hypoxic stress still occurred in 

treatment C (6.2 mg/L), marked by an increase 

in leukocytes (Table 8). However, the 

leukocytes values obtained in all treatments 

were still in the normal category. This is 

appropriate Dianti et al. (2013), The number 

of leukocytes in tilapia generally ranges from 

2×104-15×104 cells/mm-3. 

Table 8. Leukocytes measurement data 

Treatment 

(mg/L) 

Leukocytes (× 104 cells/mm-3) 

Day-4 Day-28 

A (1,8) 2,34±0,26ab 2,27±0,15a 

B (4,015)  3,00±0,23b 2,66±0,26a 

C (6,2) 4,06±0,19c 4,36±0,38b 

K (Control) 2,21±0,57a 2,23±0,26a 

Remarks: Different letter symbols in columns 

and rows show a noticeable difference 

(P<0.05) 

 It is supported by Abdel-Aziz et al. (2010) 

and Chouw et al. (2019), Fish kidney consists 

of two parts, namely the head kidney and 

vertebrae kidney. Head kidney functions as a 

hematopoietic tissue, which plays a role in the 

formation of blood such as erythrocytes, 

leukocytes, platelets and so on. Stress 

conditions can reduce the health of fish as 

happened in this study. This is reinforced by 

Ni et al. (2016), more leukocytes are produced 

if the body's condition is sick. Leukocytes play 

a key role in the immune system and are 

especially important under stressful 

conditions. It can also be strengthened by 

Dianti et al. (2013), The increase in total 

leukocytes in fish is caused by the entry of 

foreign compounds into the body which 

causes the fish to experience stress, so that the 

total leukocytes in the fish's body increases. 

Examples of foreign compounds are pesticides 

or insecticides. It is supported by Samsisko et 

al. (2014), The increase in the number of 

leukocytes is called leukocytosis which is an 

"ephinephrine" reaction in which neutrophils 

and lymphocytes are mobilized into the 

general circulation thereby increasing the total 

number of leukocytes. 

Water quality 
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The results of water quality measurements 

including temperature, pH and dissolved 

oxygen (DO) in each rearing medium were 

within the range of values appropriate for 

tilapia life. The results of observations of 

water quality during the study can be seen in 

Table 9. 

Table 9. Water quality during the study 

No Parameters 
Range of parameters 

during the study 

Range of 

research results 
Reference 

1 
Temperature 

(°C) 
24-26 22-30 (Muarif, 2016) 

2 Ph 6.50-8.00 6-9 (SNI, 2009) 

3 

Dissolved 

oxygen 

(ppm) 

4-5 ≥ 3 mg/L 
(SNI, 2009;  Pramleonita 

et al., 2018) 

The results of observations of water quality 

during the research showed that the water in 

the rearing tanks supported the life of O. 

niloticus so that it did not cause stress. In 

addition, the range of temperature and pH 

observations in this study is included in the 

solubility range of methomyl in aquatic 

environments. Solubility in water means that 

there is a mechanism for decreasing the status 

and concentration of a core (active) compound 

as a result of reacting with water resulting in a 

decomposition process into other compounds 

or another compound is formed, namely 

methomyl to acetonitrile. According to 

Benning (1978) and World Health 

Organization (2002), Acetonitrile as a  

decomposition product of the active ingredient 

methomyl was detected on the 3rd day after 

the pesticide with the active ingredient 

methomyl entered the waters. Therefore, there 

is a role for acetonitrile in the degradation of 

gill tissue and the effects of stress. 

The results of this study are in accordance 

with Fang et al. (2019), related to the 

solubility of methomyl, which can be 

dissolved at a water temperature of 20-30 ºC. 

According to Srikhaow et al. (2022), that 

methomyl has solubility at the pH of the 

aquatic environment, namely 6, 7 and 8. Based 

on these data, stress on O. niloticus is caused 

by exposure to the insecticide with the active 

ingredient methomyl in rearing water. 

 

 

Conclusion 

Based on FTIR and GCMS test results 

Lannate® 25 WP contains 32.55% methomyl. 

After the first exposure (day 4), tilapia 

experienced hypoxic stress, which was 

characterized by an increase in blood 

hematology according to the increase in 

insecticide concentration. After 7 exposures, 

hypoxic stress still occurred in treatment C, 

marked by an increase in hematology. It is 

know that the concentration of insecticide 

exposure of 6.2 mg/L resulted in fish 

experiencing severe stress up to 7 times the 

exposure (28 days at the end of the study). 
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