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Abstract 

Horticultural farmers use chemicals such as pesticides to increase productivity and product 

quality. Exposure to pesticides can cause health problems, especially in the liver. A reference for 

evaluating liver function is blood test results for ALT, AST, ALP, and GGT activity. This study 

aimed to characterize the transaminase enzyme activity in horticultural farmers in the southern 

ring road area of Jambi City based on the risk factors associated with pesticide exposure. This 

study employed a cross-sectional study approach in conjunction with a descriptive method. 

Thirty-four participants were involved, and blood samples were obtained from each for analysis 

in a lab. A photometer was utilized in the Medical Laboratory Technology department at Health 

Polytechnic of Jambi to measure the activity of liver enzymes. This study found some respondents 

who experienced increased enzyme activity, namely ALT: 8 people (23.5%), AST: 3 people 

(8.8%), ALP: 1 person (2.9%), and GGT: 1 person (2.9%.). Based on the risk description 

observed, it was known that the intensity of pesticide exposure showed a significant increase only 

in ALT enzyme activity (p=0.0048), while adherence to mask-wearing increased ALT (p=0.0018) 

and GGT (p=0.0134). This study discovered that wearing a mask and the amount of pesticide 

exposure can increase enzyme activity, which may indicate liver impairment in the horticultural 

farmers under observation. Workers are expected to pay greater attention to workplace safety by 

wearing masks and applying pesticides in the recommended dosages. 
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1. INTRODUCTION 

Indonesia is a productive country in the agricultural sector. Horticulture is one of the 

commodities produced by this sector. Since horticulture has easily damaged characteristics, 

managing pests and plant diseases significantly impacts productivity (Amilia, Joy, and 

Sunardi., 2016). In reality, a large number of horticultural farmers continue to use excessive 

amounts of chemicals, such as pesticides, to enhance yields and product quality, which can 

have adverse effects on health (Agustina & Norfai, 2018; Hassaan & El Nemr, 2020; Mrema 

et al., 2017). 

According to data from the World Health Organization (WHO), there are between one 

and five million cases of poisoning among agricultural labourers annually, varying in severity 

and potentially affecting vital organs like the kidneys, lungs, or heart. An estimated 11,000 

people die globally each year as a result of unintentional pesticide poisoning (Boedeker et al., 

2020; Tostado & Bollmohr, 2022). Meanwhile, the Food and Drug Supervisory Agency 

reported that there were 344 cases of pesticide poisoning in Indonesia in 2019; 41.7% of those 

cases were associated with agricultural pesticides (BPOM, 2020) 

Pesticides are generally absorbed by farmers through inhalation, digestion, or dermal and 

distributed through the circulatory system to affect various organs, particularly the liver and 

kidneys involved in detoxification. This exposure condition may adversely affect The farmers' 

health (Boedeker et al., 2020; Jamal et al., 2015). ALT (alanine aminotransferase), also known 

as SGPT (serum glutamic Pyruvic transaminase), AST (aspartate aminotransferase), also 

known as SGOT (serum glutamic Oxaloacetic transaminase), GGT (gamma-glutamyl 

transaminase), and ALP (alkaline phosphatase), are manifestations of the enzymes connected 

to these organs and can be utilized to demonstrate the presence of liver dysfunction (Lala et al., 

2022). A picture of the health of their livers was intended to be obtained by measuring the 

activity of these enzymes in horticultural farmers in Jambi City's South Rim neighbourhood 

who frequently come into contact with pesticides at work. 

The analysis used the following criteria: how long the research participants had been 

farmers, how frequently they implemented pesticides at work, and whether they employed 

masks or personal protective equipment to protect themselves from herbicide and insecticide 

exposure while spraying pesticides. These studies were conducted to examine farmers' attitudes 

and practices regarding the use of pesticides and their elevated enzyme activities, which are 

considered an index marker of hepatotoxicity. 

 

2. RESEARCH METHOD 

Descriptive research utilizing a cross-sectional approach is the methodology employed. 

In Paal Merah, Jambi's Lingkar Selatan Village, sampling was conducted. The clinical 

chemistry laboratory of the Department of Medical Laboratory Technology at Health 

Polytechnic of Jambi is where the activity of the enzymes ALT, AST, ALP, and GGT was 

evaluated. Horticultural farmers in Jambi's Lingkar Selatan Paalmerah Village who employed 

herbicides and insecticides contributed to the study's sample. Thirty-four farmers who belonged 

to Gapoktan Tani Makmur were the samples employed for this study. Purposive sampling was 

utilized, and 10 to 14 willing respondents from each group were selected to constitute the 

sample. The Health Polytechnic of Jambi's Research Ethics Committee granted ethical approval 

for this study, with approval number LB.02.06/2/353/2022. 

Blood specimens from each subject were taken using a closed system with a yellow lid 

vacutainer tube filled with a gel separator. The frozen blood was centrifuged for five minutes 

to extract serum for testing at 3000 RPM. Using BioSystems reagent and the BTS-350 semi-

automatic photometer, the kinetic method was used to measure the activity of the enzymes 

ALT, AST, ALP, and GGT. 
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After the enzyme activity was determined, the data was examined to discover how it 

related to the respondents' attributes, particularly those directly connected to their risk of 

pesticide exposure. The average value of enzyme activity and the frequency, or percentage, of 

high enzyme activity detected are displayed in tabulations and graphs containing the data. 

Different statistical tests (ANOVA and independent t-test) were performed using Medcalc ver. 

19.0.7 for Windows with a significance level of 0.05. 

 

3. RESULTS AND DISCUSSION 

Table 1. Characteristics of demographic and enzyme activity test results 

Characteristics Total Percentage 

Gender Male 22 64.7% 

 Female 12 35.3% 

Age Mean (± SD) * 41.6 (± 10.8) 
 Adult 18 52.9% 

 Pre-elderly 14 41.2% 

 Elderly 2 5.9% 

Length of time as a farmer Mean (± SD) * 14.8 (± 8.7) 
 <10 years 12 35.3% 

 11-20 years 12 35.3% 

 >20 years 10 29.4% 

Intensity of pesticide using Very rarely 15 44.1% 

 Rarely 13 38.2% 

 Often 6 17.6% 

Mask-wearing adherence  Very rarely 2 5.9% 

 Rarely 9 26.5% 

 Always 23 67.6% 

Alanine transaminase (ALT) Mean (± SD) * 30.3 (± 16.4) 
 Normal 26 76.5% 

 High 8 23.5% 

Aspartate transaminase (AST) Mean (± SD) * 23.6 (± 8.6) 
 Normal 31 91.2% 

 High 3 8.8% 

Alkaline Phosphatase (ALP) Mean (± SD) * 70.2 (± 25.1) 
 Normal 33 97.1% 

 High 1 2.9% 

Gamma-glutamyl transferase (GGT) Mean (± SD) * 22.7 (± 12.8) 
 Normal 31 91.2% 

  High 1 2.9% 
* Mean and standard deviation (enzyme activity in IU/L; age & length of being a farmer in years) 

 

The study's samples' clinical laboratory and demographic characteristics are displayed in 

Table 1. The Indonesian Ministry of Health categorized age characteristics into three groups: 

adults (19–44 years), pre-elderly (45–60 years), and elderly (>60 years) (Dahlan et al., 2018). 

The duration of employment as a farmer was also classified into three groups according to the 

respondents' statements about their initial horticultural employment date. The predefined range 

in this study is every ten years. The frequency with which respondents administered pesticides 
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while at work was divided into three categories: very rare (less than three times per month), 

rare (one to two times per week), and frequent (more than two times per week). Furthermore, 

data were also obtained on the level of respondents' compliance in wearing a good mask as a 

piece of personal protective equipment (PPE) when spraying pesticides in the categories of very 

rarely (never or only occasionally wearing a mask), rarely (sometimes wearing a mask), and 

often (almost always or always wearing a mask). 

Table 1 illustrates that most respondents are male, with mature and pre-elderly criteria. 

The respondents' duration of farming is equitably distributed according to the three observed 

criteria. Based on the description of the spraying intensity and the use of masks obtained, most 

respondents also had a relatively low risk of pesticide exposure. The average value of the test 

results for each observed laboratory parameter is also provided, and it is still within the normal 

range. The graph in Figure 1 below demonstrates how each enzyme activity test result was 

distributed among the 34 horticultural farmer respondents who were observed. 

 

 
Figure 1. Boxplot graph of the results of measuring enzyme activity in horticultural farmers' 

liver function tests 

 

Most of the findings from the analysis of the four enzyme activities identified in this 

investigation decreased within the typical range for each parameter. Lala et al. (2022) provided 

the expected values for this study, which are as follows: GGT: 6-50 IU/L; AST: 5-30 IU/L; 

ALP: 30-120 IU/L; and ALT: 4-36 IU/L. Various frequencies of enzyme activity descending 

into the high category (exceeding the standard value) were observed for each enzyme test 

parameter. The most significant proportion was identified in 8 respondents (23.5%) with high 

ALT activity test parameter results. ALP had one respondent (2.9%), GGT had one respondent 

(2.9%), and AST had three (8.8%) respondents. In the meantime, these were the other three 

parameters. 

Based on the demographic features of the study participants, the percentage of high-

activity events in the observed four enzymes was subsequently examined (figure 2). The 

respondents who did not wear protective equipment (PPE) included individuals with high ALT 

and AST activities. In contrast to variations from other characteristics, respondents with the 

characteristic of the intensity of pesticide spraying that was included in the frequent category 

had the highest percentage of high ALP and GGT enzyme activities. Based on the 

characteristics of each respondent group examined in this study, overall, ALT has the highest 

percentage compared to other parameters. 
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Toxic chemical compounds can enter the human body in several ways, encompassing 

absorption through the skin, orally, or inhalation, intentionally or unintentionally. These 

dangerous materials are a potential workplace risk for many different professions worldwide. 

The detrimental effects of pesticide exposure on liver disorders, which are in charge of 

neutralizing dangerous substances that enter the body, have been documented in several long-

running studies (Colombo et al., 2019; Luo et al., 2005; Malaguarnera, 2012; Redlich, 1988). 

Prospective cohort studies have also reported discussions regarding different pesticide types 

affecting human health. These studies state that, despite not having a high and consistent 

potential, this hazardous material is predicted to be one of the triggers of cancer in a person, 

involving bladder and liver cancer (Koutros et al., 2016; Rapisarda et al., 2016; VoPham et al., 

2017). 

Studies on various types of farmers have also reported pesticide exposure. The liver 

eventually suffers chronic damage from the accumulation of this exposure (Melaram, 2021; 

Damalas & Koutroubas, 2016). Based on the study's analysis of the respondents' demographic 

features, the percentage of high activity occurrence in each of the identified four enzymes was 

further examined (Figure 2). The "rarely" category of respondents' mask-wearing compliance 

displayed the highest percentage (100%) for the ALT and AST parameters. In contrast to other 

risk variations or characteristics, the highest percentage (50%) of respondents with pesticide 

spraying intensity in the "frequent" category had high activity of ALP and GGT enzymes.  

 

 
Figure 2. Graph of the percentage of high enzyme activity based on the characteristics of 

horticultural farmers. 

 

Statistical analysis was administered to show differences in the results of the four 

parameters of measurement of enzyme activity based on each variable group of respondent 

characteristics. There were no discernible differences between the respondents' age, gender, or 

0,0% 20,0% 40,0% 60,0% 80,0% 100,0%

Very rarely

Rarely

Always

Very rarely

Rarely

Often

<10 years

11-20 years

>20 years

Adult

Pre-elderly

Elderly

Male

Female

U
se

 o
f 

P
P

E

P
es

ti
ci

d
e

ex
p
o
su

re

in
te

n
si

ty

L
en

g
th

 o
f

ti
m

e 
as

 a

fa
rm

er
A

g
e 

cr
it

er
ia

G
en

d
er

ALT

AST

ALP

GGT

https://doi.org/10.31965/infokes.Vol21.Iss4.1183
https://doi.org/10.31965/infokes.Vol21.Iss4.1183


891 | https://doi.org/10.31965/infokes.Vol21.Iss4.1183 
 

length of time employed as farmers for any of the enzyme activities. As stated differently, no 

increase in enzyme activity was observed among the respondents as a result of these three 

variables. There was a difference in the ALT enzyme activity measurements according to the 

degree of pesticide exposure (p=0.0048) and farmers' adherence to wearing masks when 

spraying (p=0.0018). Furthermore, this significance was also demonstrated by the GGT enzyme 

activity, but only in the variable mask use (p=0.0134). In contrast, AST and ALP activities did 

not provide a significant difference in each of the variations of these two variables. 

 

Table 2. Analysis of the characteristics of farmers on the results of enzyme activity tests. 

Characteristic ALT AST ALP GGT 

N H Mean N H Mean N H Mean N T Mean 

Gender               

Male 18 4 27.3 20 2 23.3 21 1 69.5 21 1 20.7 

Female 8 4 35.8 11 1 24.2 12 0 72.1 12 0 26.4 

p-value   0.125    0.3295    0.705    0.1251 

Age group               

Adult 14 4 29.7 17 1 21.7 18 0 73.3 17 1 21.5 

Pre-elderly 10 4 32.4 13 1 24.9 13 1 66.1 14 0 23.9 

Elderly 2 0 21 1 1 32 2 0 74.5 2 0 25.5 

p-value   0.6511    0.2173    0.7307    0.8354 

Length of time as a farmer                

<10 years 10 2 29 12 0 20.7 12 0 74.1 12 0 20.2 

11-20 years 7 5 35 11 1 23.3 11 1 69.5 11 1 26.3 

>20 years 9 1 26.2 8 2 27.4 10 0 67.1 10 0 25.1 

p-value   0.4456    0.1917    0.819    0.4822 

Intensity of pesticide-using                

Very rarely 15 0 21.4 14 1 20.7 15 0 67.3 15 0 17.9 

Rarely 8 5 33.9 12 1 25.7 13 0 73.5 13 0 25.9 

Often 3 3 44.7 5 1 27.5 5 1 71.9 5 1 27.8 

p-value   0.0048**    0.1138    0.8206    0.1462 

Mask-wearing adherence                  

Very rarely 0 2 25.3 0 2 21.5 2 0 69.4 2 0 19.2 

Rarely 5 4 35.8 8 1 28.2 9 0 69.4 8 1 27.1 

Always 21 2 63 23 0 26.5 22 1 87.2 23 0 43.5 

p-value     0.0018**     0.1252     0.6496     0.0134* 
Note: N = number of respondents with normal enzyme activity; H = the number of respondents with high enzyme activity; Mean= average 

value of enzyme activity (IU/L); P-value is significant at the level of: *= 0.05 & **= 0.01 

 

In comparison to other parameters, overall, ALT is also the one that frequently 

demonstrates the highest percentage, particularly when it comes to respondent characteristics 

associated with pesticide exposure risk factors. Although pesticide poisoning also increases 

other enzyme activities present in farmers' blood, this is very consistent with the phenomenon 

found in several previous studies in several countries that showed an increase in the same 

enzyme in cases of pesticide poisoning (Damalas & Koutroubas, 2016; Freire et al., 2015; Jamal 

et al., 2015). When Lozano-Paniagua et al. (2021) observed greenhouse farmers in Spain who 

were exposed to pesticides, they discovered that workers who had high exposure periods had 

higher levels of ALT and ALP. Bernieri et al. (2021) observed that although AST enzyme 

activity increased significantly following high pesticide exposure in Brazilian farmers, ALT 

and GGT did not increase. In the past, Manfo et al. (2020) used a case-control methodology to 

track the prevalence of kidney and liver diseases among farmers in Buea, Cameroon. The study 
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revealed that exposure to pesticides increased the activity of the ALT enzyme significantly but 

not that of the AST, creatinine, or uric acid. Nevertheless, because the majority of these 

enzymes are produced in the liver (hepatic cells), ALT is recognized as the most specific 

enzyme to indicate impaired liver function when compared to other enzymes (Aulbach & 

Amuzie, 2017). 

Freire et al. (2015), who observed Brazilians who were heavily exposed to 

organochlorine pesticides, also gathered that there was an increase in liver enzyme activity due 

to these compounds. Moreover, other parameters, such as bilirubin, which is also the primary 

marker of liver function abnormalities, were successfully evidenced to possess a significant 

relationship with beta-hexachlorocyclohexane levels unveiled in the blood of respondents. 

Furthermore, from the hematological aspect, eosinophilia was also reported, as well as 

decreased hemoglobin levels and erythrocyte counts in the blood. 

Several factors, including age, length of employment, use of personal protective 

equipment (PPE), pesticide dosage, wind direction during spraying, and frequency of spraying, 

can affect how severe liver function disorders caused by pesticide exposure can be. Because 

farmers are more susceptible to coming into direct contact with pesticides, including both 

herbicides and insecticides, the length of time they work can raise their risk of pesticide 

poisoning (Andarini & Rosanti, 2018). Farmers frequently disregard the importance of wearing 

personal protective equipment (PPE), such as masks, even though it can lessen the adverse 

health effects of pesticide exposure. Numerous studies conducted on lab animals have 

demonstrated the hepatotoxic effects of pesticides (Nieradko-Iwanicka & Borzęcki, 2015; 

Rizzati et al., 2016). Meanwhile, Yokoyama et al. (2019) asserted that exposure to pesticides 

provided to animals tested in his study did not cause an increase in ALP enzyme activity. This 

is similar to the facts uncovered in this study on ALP enzyme activity, which also did not show 

any significant difference between the risk groups observed.  

Bayili et al. (2020) performed a longitudinal study on 113 farmers in two phases: the first 

phase occurred during the harvest period, and the second phase was conducted six months after 

the harvest period ended. The second phase's ALT and AST activity significantly decreased 

(p<0.01), according to the results. Although ALP's average value decreased as well, there was 

no discernible change. On the other hand, GGT activity rose from 40.5 ± 30.68 U/L in the first 

phase to 63.0 ± 67.07 U/L in the second phase (p < 0.0001). This demonstrates how heavily 

farmers' exposure to pesticides during their work affects abnormalities in liver function; the 

less intensely farmers are exposed, the lower the results of the measurement of liver enzyme 

activity that exceeds typical values. 

In a study conducted in Indonesia, Sukmayanti et al. (2020) concluded that gender and 

age affect ALT and cholinesterase enzyme activity. Male farmers in Bali's Tabanan district had 

higher levels of enzyme activity than female farmers, according to observations made of them 

growing vegetables. This contrasts with the phenomenon uncovered when ALT activity was 

measured in farmers in Jambi City's South Ring, where nearly all of the enzymes discovered 

had mean values that were higher in the female group than the male group. In the same way, 

the researchers identified no statistically significant differences in the age group of farmers in 

this study, even though the observed enzyme activity values in the South Ring of Jambi 

City tended to increase with farmer age. 

Meanwhile, research conducted by Tsani et al. (2017) revealed that 29 out of 43 farmers 

(67.4%) in Sumberejo village, Magelang, had impaired liver function. The study ultimately 

concluded that a working period could have an impact on liver function impairment and lead 

to an accumulation of pesticides in the body. It was determined that there is little correlation 

between PPE use and the prevalence of liver function disorders. This is conceivable because 

there was only one farmer respondent in the study who fully utilized PPE. The results of a study 
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on farmers in Jambi City's South Ring demonstrate a lower percentage—just 9 out of 34 

farmers, or 26.5 per cent. Since the length of service as a farmer generated no statistically 

significant results in this study, it can be assumed that it is not a significant factor in determining 

the onset of liver function disorders. The high intensity of pesticide use, which is not followed 

by the use of suitable PPE, is proven to cause the accumulation of pesticides in the body to 

increase and cause impaired liver function. 

4. CONCLUSION     

According to this study, nine out of the horticultural farmers who used pesticides (26.5%) 

within the southern ring road of Jambi City had high enzyme measurement results. The most 

frequently encountered enzyme with elevated activity above normal values was alanine 

aminotransferase (ALT). This study has demonstrated that the intensity of pesticide spraying 

and mask use by horticultural farmers are risk factors that may lead to elevated liver enzyme 

activity, particularly ALT and GGT. 

REFERENCES 

Agustina, N., & Norfai, N. (2018). Paparan Pestisida terhadap Kejadian Anemia pada Petani 

Hortikultura. Majalah Kedokteran Bandung, 50(4), 215–221. 

https://doi.org/10.15395/mkb.v50n4.1398 

Amilia, E., Joy, B., & Sunardi, S. (2016). Residu Pestisida pada Tanaman Hortikultura (Studi 

Kasus di Desa Cihanjuang Rahayu Kecamatan Parongpong Kabupaten Bandung Barat). 

Agrikultura, 27(1), 23-29. https://doi.org/10.24198/agrikultura.v27i1.8473 

Andarini, Y. D., & Rosanti, E. (2018). Kajian toksisitas pestisida berdasarkan masa kerja dan 

personal hygiene pada petani hortikultura di Desa Demangan. An-Nadaa: Jurnal 

Kesehatan Masyarakat (e-Journal), 5(2), 82-89. https://doi.org/10.31602/ann.v5i2.1655 

Aulbach, A. D., & Amuzie, C. J. (2017). Biomarkers in Nonclinical Drug Development. In A 

Comprehensive Guide to Toxicology in Nonclinical Drug Development, pp. 447–471. 

Elsevier. https://doi.org/10.1016/B978-0-12-803620-4.00017-7 

Bayili, B., Da, O., Ilboudo, S., Ouedraogo, R., Coulibaly, V. P., Bationo, J. F., ... & Ouedraogo, 

G. A. (2020). Study of biochemical parameters in farmers exposed to pesticides used in 

cotton growing around the Bala hippopotamus pond. GSC Biological and 

Pharmaceutical Sciences, 13(1), 111-122. 

https://doi.org/10.30574/gscbps.2020.13.1.0323 

Bernieri, T., Rodrigues, D., Randon Barbosa, I., Perassolo, M. S., Grolli Ardenghi, P., & Basso 

da Silva, L. (2021). Effect of pesticide exposure on total antioxidant capacity and 

biochemical parameters in Brazilian soybean farmers. Drug and Chemical Toxicology, 

44(2), 170–176. https://doi.org/10.1080/01480545.2019.1566353 

Boedeker, W., Watts, M., Clausing, P., & Marquez, E. (2020). The global distribution of acute 

unintentional pesticide poisoning: Estimations based on a systematic review. BMC Public 

Health, 20(1), 1875. https://doi.org/10.1186/s12889-020-09939-0 

BPOM. (2020). Laporan Tahunan Pusat Data dan Informasi Obat dan Makanan tahun 2019. 

Badan Pengawasan Obat dan Makanan.  

Colombo, M., La Vecchia, C., Lotti, M., Lucena, M. I., Stove, C., Paradis, V., & Newsome, P. 

(2019). EASL Clinical Practice Guideline: Occupational liver diseases. Journal of 

Hepatology, 71(5), 1022–1037. https://doi.org/10.1016/j.jhep.2019.08.008 

Dahlan, A. K., Umrah, A. S., & Abeng, T. (2018). Kesehatan Lansia: Kajian Teori Gerontologi 

dan Pendekatan Asuhan pada Lansia. Malang: Intimedia. 

Damalas, C., & Koutroubas, S. (2016). Farmers’ Exposure to Pesticides: Toxicity Types and 

Ways of Prevention. Toxics, 4(1), 1. https://doi.org/10.3390/toxics4010001 

Freire, C., Koifman, R. J., & Koifman, S. (2015). Hematological and Hepatic Alterations in 

Brazilian Population Heavily Exposed to Organochlorine Pesticides. Journal of 

https://doi.org/10.31965/infokes.Vol21.Iss4.1183
https://doi.org/10.31965/infokes.Vol21.Iss4.1183
https://doi.org/10.15395/mkb.v50n4.1398
https://doi.org/10.15395/mkb.v50n4.1398
https://doi.org/10.15395/mkb.v50n4.1398
https://journal.unpad.ac.id/agrikultura/article/view/8473/3940
https://journal.unpad.ac.id/agrikultura/article/view/8473/3940
https://journal.unpad.ac.id/agrikultura/article/view/8473/3940
https://doi.org/10.24198/agrikultura.v27i1.8473
https://doi.org/10.31602/ann.v5i2.1655
https://doi.org/10.31602/ann.v5i2.1655
https://doi.org/10.31602/ann.v5i2.1655
https://doi.org/10.31602/ann.v5i2.1655
https://doi.org/10.1016/B978-0-12-803620-4.00017-7
https://doi.org/10.1016/B978-0-12-803620-4.00017-7
https://doi.org/10.1016/B978-0-12-803620-4.00017-7
https://doi.org/10.1016/B978-0-12-803620-4.00017-7
https://doi.org/10.30574/gscbps.2020.13.1.0323
https://doi.org/10.30574/gscbps.2020.13.1.0323
https://doi.org/10.30574/gscbps.2020.13.1.0323
https://doi.org/10.30574/gscbps.2020.13.1.0323
https://doi.org/10.30574/gscbps.2020.13.1.0323
https://doi.org/10.1080/01480545.2019.1566353
https://doi.org/10.1080/01480545.2019.1566353
https://doi.org/10.1080/01480545.2019.1566353
https://doi.org/10.1080/01480545.2019.1566353
https://doi.org/10.1080/01480545.2019.1566353
https://doi.org/10.1186/s12889-020-09939-0
https://doi.org/10.1186/s12889-020-09939-0
https://doi.org/10.1186/s12889-020-09939-0
https://doi.org/10.1186/s12889-020-09939-0
https://doi.org/10.1016/j.jhep.2019.08.008
https://doi.org/10.1016/j.jhep.2019.08.008
https://doi.org/10.1016/j.jhep.2019.08.008
https://doi.org/10.1016/j.jhep.2019.08.008
https://doi.org/10.3390/toxics4010001
https://doi.org/10.3390/toxics4010001
https://doi.org/10.3390/toxics4010001
https://doi.org/10.1080/15287394.2014.999396
https://doi.org/10.1080/15287394.2014.999396


Dahlan, A., Simanjuntak, J.P., Mustopa, R., Putri, D. O., Amanda, P., Ratri, A. C., Syathibi, A., Sabarudin, & 
Haflin. (2023). Pesticide Exposure and Increased Liver Enzyme Activity among Suburban Horticultural.  

JURNAL INFO KESEHATAN, 21(4), 886-895. https://doi.org/10.31965/infokes.Vol21.Iss4.1183 

| 894 
Toxicology and Environmental Health, Part A, 78(8), 534–548. 

https://doi.org/10.1080/15287394.2014.999396 

Hassaan, M. A., & El Nemr, A. (2020). Pesticides pollution: Classifications, human health 

impact, extraction and treatment techniques. The Egyptian Journal of Aquatic Research, 

46(3), 207–220. https://doi.org/10.1016/j.ejar.2020.08.007 

Jamal, F., Haque, Q. S., Singh, S., & Arshad, M. (2015). The Influence of Pesticides on Hepatic 

and Renal Functions in Occupational Sprayers of Rural Malihabad, Lucknow (India). 

Toxicology: Open Access, 1(01). https://doi.org/10.4172/2476-2067.1000106 

Koutros, S., Silverman, D. T., Alavanja, M. C., Andreotti, G., Lerro, C. C., Heltshe, S., Lynch, 

C. F., Sandler, D. P., Blair, A., & Beane Freeman, L. E. (2016). Occupational exposure 

to pesticides and bladder cancer risk. International Journal of Epidemiology, 45(3), 792–

805. https://doi.org/10.1093/ije/dyv195 

Lala, V., Zubair, M., & Minter, D. A. (2022). Liver Function Tests. StatPearls. Treasure Island 

(FL). Retrieved from https://pubmed.ncbi.nlm.nih.gov/29494096/ 

Lozano-Paniagua, D., Parrón, T., Alarcón, R., Requena, M., López-Guarnido, O., Lacasaña, 

M., & Hernández, A. F. (2021). Evaluation of conventional and non-conventional 

biomarkers of liver toxicity in greenhouse workers occupationally exposed to pesticides. 

Food and Chemical Toxicology, 151, 112127. https://doi.org/10.1016/j.fct.2021.112127 

Luo, J.-C., Cheng, T.-J., Kuo, H.-W., & Chang, M. J. W. (2005). Abnormal liver function 

associated with occupational exposure to dimethylformamide and glutathione S -

transferase polymorphisms. Biomarkers, 10(6), 464–474. 

https://doi.org/10.1080/13547500500333648 

Malaguarnera, G. (2012). Toxic hepatitis in occupational exposure to solvents. World Journal 

of Gastroenterology, 18(22), 2756. https://doi.org/10.3748/wjg.v18.i22.2756 

Manfo, F. P. T., Mboe, S. A., Nantia, E. A., Ngoula, F., Telefo, P. B., Moundipa, P. F., & Cho-

Ngwa, F. (2020). Evaluation of the Effects of Agro Pesticides Use on Liver and Kidney 

Function in Farmers from Buea, Cameroon. Journal of Toxicology, 2020, 1–10. 

https://doi.org/10.1155/2020/2305764 

Melaram, R. (2021). Environmental Risk Factors Implicated in Liver Disease: A Mini-Review. 

Frontiers in Public Health, 9, 683719. https://doi.org/10.3389/fpubh.2021.683719 

Mrema, E. J., Ngowi, A. V., Kishinhi, S. S., & Mamuya, S. H. (2017). Pesticide Exposure and 

Health Problems Among Female Horticulture Workers in Tanzania. Environmental 

Health Insights, 11, 117863021771523. https://doi.org/10.1177/1178630217715237 

Nieradko-Iwanicka, B., & Borzęcki, A. (2015). Effect of 28-Day Exposure to Fenpropathrin 

on the Activities of Serum Alanine Transaminase and Liver Antioxidant Enzymes in 

Mice. Bulletin of the Veterinary Institute in Pulawy, 59(1), 165–169. 

https://doi.org/10.1515/bvip-2015-0025 

Rapisarda, V., Loreto, C., Malaguarnera, M., Ardiri, A., Proiti, M., Rigano, G., Frazzetto, E., 

Ruggeri, M. I., Malaguarnera, G., Bertino, N., Malaguarnera, M., Catania, V. E., Di 

Carlo, I., Toro, A., Bertino, E., Mangano, D., & Bertino, G. (2016). Hepatocellular 

carcinoma and the risk of occupational exposure. World Journal of Hepatology, 8(13), 

573. https://doi.org/10.4254/wjh.v8.i13.573 

Redlich, C. A. (1988). Liver Disease Associated with Occupational Exposure to the Solvent 

Dimethylformamide. Annals of Internal Medicine, 108(5), 680. 

https://doi.org/10.7326/0003-4819-108-5-680 

Rizzati, V., Briand, O., Guillou, H., & Gamet-Payrastre, L. (2016). Effects of pesticide 

mixtures in human and animal models: An update of the recent literature. Chemico-

Biological Interactions, 254, 231–246. https://doi.org/10.1016/j.cbi.2016.06.003 

https://doi.org/10.31965/infokes.Vol21.Iss4.1183
https://doi.org/10.31965/infokes.Vol21.Iss4.1183
https://doi.org/10.1080/15287394.2014.999396
https://doi.org/10.1080/15287394.2014.999396
Hassaan,%20M.%20A.,%20&%20El%20Nemr,%20A.%20(2020).%20Pesticides%20pollution:%20Classifications,%20human%20health%20impact,%20extraction%20and%20treatment%20techniques.%20The%20Egyptian%20Journal%20of%20Aquatic%20Research,%2046(3),%20207–220.
Hassaan,%20M.%20A.,%20&%20El%20Nemr,%20A.%20(2020).%20Pesticides%20pollution:%20Classifications,%20human%20health%20impact,%20extraction%20and%20treatment%20techniques.%20The%20Egyptian%20Journal%20of%20Aquatic%20Research,%2046(3),%20207–220.
Hassaan,%20M.%20A.,%20&%20El%20Nemr,%20A.%20(2020).%20Pesticides%20pollution:%20Classifications,%20human%20health%20impact,%20extraction%20and%20treatment%20techniques.%20The%20Egyptian%20Journal%20of%20Aquatic%20Research,%2046(3),%20207–220.
https://doi.org/10.1016/j.ejar.2020.08.007
https://doi.org/10.4172/2476-2067.1000106
https://doi.org/10.4172/2476-2067.1000106
https://doi.org/10.4172/2476-2067.1000106
https://doi.org/10.4172/2476-2067.1000106
https://doi.org/10.1093/ije/dyv195
https://doi.org/10.1093/ije/dyv195
https://doi.org/10.1093/ije/dyv195
https://doi.org/10.1093/ije/dyv195
https://doi.org/10.1093/ije/dyv195
https://pubmed.ncbi.nlm.nih.gov/29494096/
https://pubmed.ncbi.nlm.nih.gov/29494096/
https://pubmed.ncbi.nlm.nih.gov/29494096/
https://doi.org/10.1016/j.fct.2021.112127
https://doi.org/10.1016/j.fct.2021.112127
https://doi.org/10.1016/j.fct.2021.112127
https://doi.org/10.1016/j.fct.2021.112127
https://doi.org/10.1016/j.fct.2021.112127
https://doi.org/10.1080/13547500500333648
https://doi.org/10.1080/13547500500333648
https://doi.org/10.1080/13547500500333648
https://doi.org/10.1080/13547500500333648
https://doi.org/10.3748/wjg.v18.i22.2756
https://doi.org/10.3748/wjg.v18.i22.2756
https://doi.org/10.3748/wjg.v18.i22.2756
https://doi.org/10.1155/2020/2305764
https://doi.org/10.1155/2020/2305764
https://doi.org/10.1155/2020/2305764
https://doi.org/10.1155/2020/2305764
https://doi.org/10.3389/fpubh.2021.683719
https://doi.org/10.3389/fpubh.2021.683719
https://doi.org/10.3389/fpubh.2021.683719
https://doi.org/10.1177/1178630217715237
https://doi.org/10.1177/1178630217715237
https://doi.org/10.1177/1178630217715237
https://doi.org/10.1177/1178630217715237
https://doi.org/10.1515/bvip-2015-0025
https://doi.org/10.1515/bvip-2015-0025
https://doi.org/10.1515/bvip-2015-0025
https://doi.org/10.1515/bvip-2015-0025
https://doi.org/10.4254/wjh.v8.i13.573
https://doi.org/10.4254/wjh.v8.i13.573
https://doi.org/10.4254/wjh.v8.i13.573
https://doi.org/10.4254/wjh.v8.i13.573
https://doi.org/10.4254/wjh.v8.i13.573
https://doi.org/10.4254/wjh.v8.i13.573
https://doi.org/10.7326/0003-4819-108-5-680
https://doi.org/10.7326/0003-4819-108-5-680
https://doi.org/10.7326/0003-4819-108-5-680
https://doi.org/10.1016/j.cbi.2016.06.003
https://doi.org/10.1016/j.cbi.2016.06.003
https://doi.org/10.1016/j.cbi.2016.06.003
https://doi.org/10.1016/j.cbi.2016.06.003


895 | https://doi.org/10.31965/infokes.Vol21.Iss4.1183 
 

Sukmayanti, N. L. P. A., Artini, N. P. R., & Yanti, N. P. W. (2020). Analisis Kadar SGPT 

(Serum Glutamic Pyruvic Transaminase) Dan Kholinesterase Pada Petani Sayur Di Desa 

Riang Gede, Kecamatan Penebel, Kabupaten Tabanan. The Journal of Muhammadiyah 

Medical Laboratory Technologist, 3(2), 25. https://doi.org/10.30651/jmlt.v3i2.5841 

Tostado, L., & Bollmohr, S. (2022). Facts and figures about toxic chemicals in agriculture 2022. 

Creative Commons, 1st edition. Retrieved from https://eu.boell.org/PesticideAtlas 

Tsani, R. A., Setiani, O., & Dewanti, N. A. Y. (2017). Hubungan Riwayat pajanan pestisida 

dengan gangguan fungsi hati pada petani di desa sumberejo kecamatan ngablak 

kabupaten magelang. Jurnal Kesehatan Masyarakat, 5(3), 411-419. 

https://doi.org/10.14710/jkm.v5i3.17258  

VoPham, T., Bertrand, K. A., Hart, J. E., Laden, F., Brooks, M. M., Yuan, J.-M., Talbott, E. 

O., Ruddell, D., Chang, C.-C. H., & Weissfeld, J. L. (2017). Pesticide exposure and liver 

cancer: A review. Cancer Causes & Control, 28(3), 177–190. 

https://doi.org/10.1007/s10552-017-0854-6 

Yokoyama, Y., Ono, A., Yoshida, M., Matsumoto, K., & Saito, M. (2019). Toxicological 

significance of increased serum alkaline phosphatase activity in dog studies of pesticides: 

Analysis of toxicological data evaluated in Japan. Regulatory Toxicology and 

Pharmacology, 109, 104482. https://doi.org/10.1016/j.yrtph.2019.104482

 

https://doi.org/10.31965/infokes.Vol21.Iss4.1183
https://doi.org/10.31965/infokes.Vol21.Iss4.1183
https://doi.org/10.30651/jmlt.v3i2.5841
https://doi.org/10.30651/jmlt.v3i2.5841
https://doi.org/10.30651/jmlt.v3i2.5841
https://doi.org/10.30651/jmlt.v3i2.5841
https://doi.org/10.30651/jmlt.v3i2.5841
https://eu.boell.org/PesticideAtlas
https://eu.boell.org/PesticideAtlas
https://eu.boell.org/PesticideAtlas
https://ejournal3.undip.ac.id/index.php/jkm/article/view/17258
https://ejournal3.undip.ac.id/index.php/jkm/article/view/17258
https://ejournal3.undip.ac.id/index.php/jkm/article/view/17258
https://doi.org/10.14710/jkm.v5i3.17258
https://doi.org/10.1007/s10552-017-0854-6
https://doi.org/10.1007/s10552-017-0854-6
https://doi.org/10.1007/s10552-017-0854-6
https://doi.org/10.1007/s10552-017-0854-6
https://doi.org/10.1016/j.yrtph.2019.104482
https://doi.org/10.1016/j.yrtph.2019.104482
https://doi.org/10.1016/j.yrtph.2019.104482
https://doi.org/10.1016/j.yrtph.2019.104482
https://doi.org/10.1016/j.yrtph.2019.104482

