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Abstract

Workers in agriculture, pesticide applicators, and workers who mix, store, and
dispose of pesticides are at a high risk for exposure to pesticides. The aim of this
study was to assess the biochemical impact of occupational exposure to pesticides
on liver related biomarkers and markers of oxidative stress. A comparative cross-
sectional design was used in 120 participants in three groups: control group (n =
40), low-exposure group (n = 40), and high-exposure group (n = 40). Alanine
aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl
transferase (GGT), alkaline phosphatase (ALP), total bilirubin and albumin levels
were measured, along with malondialdehyde (MDA), reduced glutathione (GSH),
superoxide dismutase (SOD) and catalase (CAT). The findings revealed significant
increases in ALT, AST, 66T, ALP, total Bilirubin and MDA among the exposed
workers, especially among the ones with high exposures. However, albumin, GSH,
SOD and CAT significantly decreased as the duration and intensity of exposure
increased. These results suggest that exposure to occupational pesticides could
cause hepatocyte damage, decrease hepatic detoxification, and trigger oxidative
stress. Regular biomonitoring, the use of personal protective equipment (PPE),
safer pesticide-handling practices, and worker education are recommended.
Previous studies also report an increase in liver enzymes and changes in antioxidant
status in pesticide exposed workers.
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1. Introduction

Insecticides, herbicides, fungicides, and other
pesticides are commonly applied in agriculture to
manage insects, weeds, and fungi, and other pests.
But farmers, sprayers, greenhouse workers, pesticide
formulators and storage workers are likely to be
exposed at work, via inhalation, the skin or through
accidental ingestion of pesticides or contaminated
food and water. Occupational exposure can occur with
the use of a variety of chemical groups, including
organophosphates, carbamates, pyrethroids,
organochlorines, and herbicides. (Damalas &
Eleftherohorinos, 2011; Kim et al., 2017; Mostafalou &

Abdollahi, 2017)

The liver is especially sensitive as it is the main organ
involved in the metabolism, detoxification and
elimination of xenobiotics, including pesticides. Some
pesticide compounds or metabolites form Reactive
(ROS)

biotransformation. If the production of ROS is more

Oxygen Species during hepatic
than the cell can deal with, oxidative stress occurs
which causes lipid peroxidation, protein oxidation,
dysfunction,  inflammation  and

hepatocellular damage.  The research feam of

mitochondrial

Herndndez et al. (2011) and Lukaszewicz-Hussain
(2010) and Mostafalou and Abdollahi (2017) have
already investigated them.

Serum markers for liver injury include enzymes (ALT
and AST) that are elevated following liver cell
membrane damage, 66T and ALP, which may be
elevated in cholestatic or biliary involvement,
bilirubin, reflecting impaired bile processing, and
albumin, which may be decreased when the synthetic
function of the liver is impaired. The oxidative stress
can be evaluated by measuring antioxidant molecules
and enzymes such as 6SH, SOD, CAT and MDA, which
can quantify lipid peroxidation. (Alfarhan et al.,

2022; Ueyama et al., 2011).

1.1 Problem statement

Pesticides are used by many agricultural workers who
little
Subclinical liver injury can occur due to repeated

have training or protective equipment.
exposure, prior to the development of clinical signs.
Thus, detection of early biochemical alterations in
liver markers and markers of oxidative stress is
crucial for the prevention and early intervention.

(Maroni et al., 2000; Rastogi et al., 2007)
1.2 Aim

To assess the biochemical effect of occupational
exposure to pesticides on liver related biomarkers
and oxidative stress of exposed workers versus
unexposed.

1.3 Objectives

e To compare liver-function biomarker values
for pesticide exposed workers and controls.

¢ To evaluate oxidative stress and antioxidant
status of the study groups.

e To see if there is an association between
exposure intensity and exposure duration and
biochemical changes.

e To make suggestions to minimize occupational
health hazards.

1.4 Hypotheses

e The concentration of serum ALT, AST, GGT,
ALP, total bilirubin and MDA is much higher in
the workers exposed to pesticides than in
controls.

e Farmers who have been exposed to pesticides
have significantly lower serum albumin, GSH,
SOD and CAT levels than farmers who have
not been exposed fo pesticides.

e Workers who have been exposed for longer
periods and fo greater intensity of exposure
have  biochemical

changes of greater

magnitude.
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2. Literature Review

Hepatic biochemical disturbances have been reported
in a number of studies on pesticide-exposed
populations. In a study of Thai vegetable farmers,
ALT and ALP were significantly higher in females who
used pesticide and AST was higher in male exposed
farmers, indicating that females using pesticide were
more likely to have hepatocellular damage and males
were more likely to have liver enzyme leakage into
the blood. (Alfarhan et al., 2022; Ueyama et al.,
2011)

Other studies have reported changes in liver enzymes
(AST, ALT and total protein) among pesticide-
exposed farmworkers despite having liver enzyme
values in the "normal" range. This means that there
might be changes in the liver which are not noticeable
at the clinical level but are detectable at the
biochemical level. (Faria et al., 2014; Saeed et al.,
2017)

One of the main mechanisms of pesticide foxicity is
oxidative stress. Exposure to pesticides has been
increased  free-radical

related to generation,

increased  lipid  peroxidation, and decreased
antioxidant capacity such as decreased GSH, SOD
and CAT activity. An elevated protein carbonyl,
thiobarbituric acid-reactive substances and total
glutathione levels and a decreased plasma antioxidant
capacity levels have also been reported in studies on
occupational sprayers. (Dhouib et al.,, 2016;
Herndndez et al., 2011; Srivastava et al., 2011;

Tsatsakis et al., 2011)

Recent evidence indicates that chronic exposure to
pesticides might be linked to subclinical changes of
the liver, such as changes of bilirubin and tumor
markers, and recommends that workers who are
exposed to pesticides undergo routine health
surveillance. Hence, the use of liver-function tests in
conjunction with oxidative-stress biomarker gives a
better characterization of hepatotoxicity due to
pesticides. (Alfarhan et al.,, 2022; Maroni et al.,

2000; World Health Organization, 2022)

3. Materials and Methods
3.1 Study design

A cross-sectional study was performed and compared
between agricultural staff and healthy unexposed
subjects. The study involved the collection of clinical
data, questionnaire evaluation of exposure and
laboratory biochemical analysis.

3.2 Study population

120 adult males (aged 25-55) participated and were
split into three groups:

Group Number | Description

Control | 40 Participants with no known
group occupational pesticide exposure
Low- 40 Workers exposed for less than
exposure 5 years or with limited spraying
group activity

High- 40 Workers exposed for 5 years
exposure or more, or involved in frequent
group pesticide mixing and spraying

3.3 Inclusion and exclusion criteria
Inclusion criteria:

e  Adult workers 25-55 years of age.

e Occupational exposures for at least one year
of time in the agricultural or pesticide-
handling category.

e Limit the of people
occupational exposure to pesticides.

number without

e Any participants who gave informed consent.
Exclusion criteria:

e History of any viral hepatitis, cirrhosis or
fatty liver disease.

¢ Drinking more than the recommended amount
of alcohol.

e Use of drugs toxic to liver.
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e Recent acute illness, infection or
inflammatory disease.

e Pregnancy, where applicable.
3.4 Data collection

e Data on a structured questionnaire was
collected:

e Age, BMI, smoking and alcohol consumption.

e Pesticide usage information, such as the
length of time or frequency of exposure.

¢ Nature of the pesticide being used.

o Frequency of sprayings and period of time
sprayed.

3.6 Biochemical measurements

363

e Use of personal protective equipment (PPE)
such as gloves, mask, goggles and protective
clothing.

e A history of pesticide poisonings symptoms.

3.5 Blood sampling

Venous blood of the subjects was drawn after an
overnight fast (10-12 hours). Centrifugation was used
to separate the serum which was then stored at
-20°C until biochemical analysis was performed.
(Maroni et al., 2000)

Biomarker Method Biological meaning
ALT Kinetic spectrophotometric method Hepatocellular injury
AST Kinetic spectrophotometric method Hepatocellular injury
66T Colorimetric enzymatic method Hepatic/biliary stress
ALP Colorimetric enzymatic method Cholestatic or biliary
involvement
Total Diazo colorimetric method Bile  processing and liver
bilirubin function
Albumin Bromocresol green method Hepatic synthetic function
MDA Thiobarbituric acid reactive substances assay (Ohkawa et al., | Lipid peroxidation
1979)
GSH Ellman's colorimetric method (Ellman, 1959) Antioxidant reserve
SOD Xanthine oxidase inhibition assay Antioxidant enzyme activity
CAT Decomposition of hydrogen peroxide assay Antioxidant enzyme activity

3.7 Statistical analysis

The data were analyzed using SPSS (version 26).
Data are presented as mean + S.D. One-way analysis
of variance (ANOVA) was used to compare the three

groups, followed by Tukey's post-hoc test.
Biochemical exposure markers were compared to
exposure duration by using Pearson correlation. The p
values < 0.05 were taken as a significant level.
(Halliwell & Gutteridge, 2015)
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4. Results
4.1 Demographic characteristics

Table 1: Demographic and occupational characteristics of participants

Variable Control group | Low-exposure High-exposure
group group

Number 40 40 40

Mean age (years) 36.8+8.2 384+9.1 412 +87

Mean BMI (kg/m?) 246 £3.1 25.1+34 254+36

Mean exposure duration (years) | O 32+14 116 + 4.8

Daily pesticide handling None Occasional Frequent

Regular PPE use Not applicable | 47.5% 30.0%

The high exposure group's exposure time was longer, and they were less likely to use personal protective equipment
on a regular basis than the low exposure group.

4.2 Liver-related biomarkers

Table 2: Serum liver-related biomarkers in the study groups

Biomarker Control group | Low-exposure High-exposure p-value
group group
ALT (U/L) 264 +6.1 348+83 476 + 112 <0.001
AST (U/L) 23.1+54 302+7.6 419+104 <0.001
GGT (U/L) 227+6.8 315+ 9.2 443127 <0.001
ALP (U/L) 785+ 142 926 +17.8 108.4 + 215 <0.001
Total bilirubin (mg/dL) | 0.72 + 0.18 091+0.24 118 + 0.31 <0.001
Albumin (g/dL) 442+031 411+£0.36 3.78+0.42 <0.001

The levels of ALT, AST, GGT, ALP and total bilirubin have been increasing from the control to the high exposure
group. There was a significant decrease in Albumin in exposed workers, particularly in the high exposure group.
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Figure 1: Liver-related biomarkers by exposure group

There is a clear dose-response relationship, with liver-related biomarkers rising with increasing exposure intensity
and albumin decreasing with increasing exposure.

4.3 Oxidative stress biomarkers

Table 3: Oxidative stress and antioxidant biomarkers in the study groups

Biomarker Control group | Low-exposure group | High-exposure group | p-value
MDA (nmol/mL) | 1.82 + 0.36 2.65+0.48 3.74+0.62 <0.001
GSH (mg/dL) 38.6+5.2 312+58 248 +6.1 <0.001
SOD (U/mL) 1124 +12.6 96.8 +13.4 815+14.2 <0.001
CAT (U/mL) 468+6.4 39.2+71 31678 <0.001

MDA has significantly increased on pesticide exposure, which means there is greater lipid peroxidation. On the
other hand, the antioxidant markers GSH, SOD and CAT were found to decrease gradually indicating a decrease in
the antioxidant defense.
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Figure 2: Oxidative stress biomarkers by exposure group

The figure shows higher level of oxidative damage and lower level of antioxidants in pesticide-exposed workers.

4.4 Correlation between exposure duration and
biochemical markers

Table 4: Correlation between exposure duration and
selected biomarkers

Biomarker | Correlation p- Interpretation
coefficient value
(r
ALT 0.58 <0.001 | Positive
correlation
AST 0.54 <0.001 | Positive
correlation
GGT 0.61 <0.001 | Positive
correlation
MDA 0.66 <0.001 | Positive
correlation
GSH -0.59 <0.001 | Negative
correlation
SOD -0.57 <0.001 | Negative
correlation

Liver enzymes and MDA were positively correlated
with exposure duration while antioxidant markers did
not show any correlation with exposure duration.

5. Discussion

Based on the findings of this research, occupational
exposures to pesticides are related to the marked
biochemical changes in the liver related markers and
oxidative stress markers. As the ALT and AST values
increased in a progressive manner for exposed
persons, this indicated hepatocellular injury because
the enzymes were released into the circulation when
hepatocyte membranes are damaged. This was also
observed for the pesticide-exposed farmers where
ALT, AST and ALP were significantly changed in
exposed groups. (Alfarhan et al., 2022; Faria et al.,
2014; Ueyama et al., 2011)

The rise in 66T and ALP may suggest that there is
more stress on the biliary and hepatic detoxification
pathways. Increased GGT has also been noted in
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individuals who work with pyrethroid pesticides, and
decreased albumin is possibly due to altered protein
levels from chronic exposure or to impaired hepatic
synthetic function. (Alfarhan et al.,, 2022; Ueyama
et al., 2011)

The significant rise in MDA levels in exposed workers
suggests higher degree of lipid peroxidation which is
one of the important effects of oxidative stress.
Mitochondrial dysfunction, enzymatic bio activation
and reduction of cellular antioxidants can all
contribute to the formation of ROS by pesticides.
This mechanism is well-documented for toxic effects
of pesticides in experimental and human exposure
studies. (Herndndez et al., 2011; Lasram et al., 2009;
Lukaszewicz-Hussain, 2010)

The decrease in GSH, SOD and CAT levels shows
decreased antioxidant defense. GSH is crucial for
the detoxification of reactive metabolites, SOD and
CAT are important in preventing damage to cells by
superoxide radicals and hydrogen peroxide. The
depletion indicates decreased ability for workers
exposed to neutralize oxidative damage. The activity
of antioxidant enzymes was also previously found to
be reduced in the workers exposed to
organophosphate and pyrethroid. (Dhouib et al.,
2016; Srivastava et al., 2011; Tsatsakis et al., 2011)

The higher the exposure group, the more the
biochemical changes were found and showed a
doseresponse relationship. Liver enzymes and MDA
were found to be higher in workers with more
exposure time and less frequent use of PPE and
antioxidant status was found to be lower in these
workers. This is in line with the liver changes that are
subclinical and have been shown to be associated with
long-term exposure to some conventional liver tests
that do not change from normal. (Damalas &
Eleftherohorinos, 2011; Gomes et al., 1999; Maroni et
al., 2000)

The advantages of the study are the use of both
liver-function and oxidative-stress biomarkers, the
use of a control group and categorization of workers

according to their intensity of exposure. However,
the cross-sectional study design does not allow for
causal inferences to be made, and exposure to
pesticides was estimated primarily based on
occupational history, not by direct measurement of
pesticide metabolites in blood or urine. (Maroni et al.,
2000; Mostafalou & Abdollahi, 2017)

6. Conclusion

Occupational pesticide exposure was associated with
hepatocellular  stress, altered liver-function
biomarkers, and increased oxidative stress. Compared
with unexposed controls, pesticide-exposed workers
showed significantly higher levels of alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transferase (6GT), alkaline
phosphatase (ALP), total

malondialdehyde (MDA). These changes were more

bilirubin, and

pronounced in the high-exposure group. In contrast,
albumin and the antioxidant indicators reduced
glutathione (6SH), superoxide dismutase (SOD), and
catalases (CAT) were significantly lower, particularly
among highly exposed workers. Exposure duration was
positively correlated with liver enzyme activities and
MDA concentrations, whereas negative correlations
were observed with antioxidant capacity. These
findings indicate that prolonged and intensive
pesticide exposure was associated with an
unfavorable hepatic biochemical profile and weakened
antioxidant  defenses.  Accordingly, = combined
assessment of liver-function tests and oxidative-
stress biomarkers provides important information for
the periodic health surveillance of pesticide-exposed
workers (Alfarhan et al., 2022; Dhouib et al., 2016;

Herndndez et al., 2011).
References

Abou-Donia, M. B. (2003). Organophosphorus ester-induced
chronic neurotoxicity. Archives of Environmental Health,
58(3), 134-147.

Agency for Toxic Substances and Disease Registry. (2021).
Toxicological profile for organophosphate pesticides. U.S.
Department of Health and Human Services.


DELL
Typewritten text
367

DELL
Typewritten text
Taher / Science Forum (Journal of Pure and Applied Sciences) 26 (2026)


368

Taher / Science Forum (Journal of Pure and Applied Sciences) 26 (2026)

Alavanja, M. C. R., Hoppin, J. A., & Kamel, F. (2004). Health
effects of chronic pesticide exposure: Cancer and
neurotoxicity. Annual Review of Public Health, 25, 155-197.

Alfarhan, B. S., Almehmadi, M., Alsharif, A. F., et al. (2022).
Organophosphate pesticide exposure and biomarkers of
liver injury/liver function. Environmental Science and
Pollution Research, 29, 74872-74882.
https://pubmed.ncbi.nim.nih.gov/36264137/pubmed.ncbi.nl
m.nih

Andreu-Sdnchez, O., Herndndez, A. F., & Parrén, T. (2012).
Pesticide exposure and health effects in agricultural
workers. In Pesticides:
pollution (pp. 3-28). Wiley.

Evaluation of environmental

Bolognesi, C. (2003). Genotoxicity of pesticides: A review
of human biomonitoring studies. Mutation
Research/Reviews in Mutation Research, 543(3), 251-272.
Buczynska, A., & Szadkowska-Stanczyk, I. (2005).
Identification of occupational exposure to pesticides in
agriculture. Medycyna Pracy, 56(3), 227-234.

Costa, L. 6. (2006). Current issues in organophosphate
toxicology. Clinica Chimica Acta, 366(1-2), 1-13.

Damalas, C. A., & Eleftherohorinos, I. 6. (2011). Pesticide
exposure, safety issues, and risk assessment indicators.
International Journal of Environmental Research and Public
Health, 8(5), 1402-1419.

Dhouib, I. B., Lasram, M. M., Abdeladhim, M., et al. (2016).
Oxidative stress and genetic damage among workers
exposed primarily to organophosphate and pyrethroid
pesticides. Environmental Toxicology and Pharmacology, 45,
1-8.
https://pubmed.ncbi.nim.nih.gov/28233943/pubmed.ncbi.nl
m.nih

Ellman, 6. L. (1959). Tissue sulfhydryl groups. Archives of
Biochemistry and Biophysics, 82(1), 70-77.

European Food Safety Authority. (2022). Pesticide residues
in food: Annual report. EFSA Journal.

Faria, M. A., de Melo e Silva, D., & de Almeida, A. A. (2014).
Oxidative stress, hematological and biochemical alterations
in farmers exposed to pesticides. Journal of Environmental
Science and Health, Part B, 49(12), 891-898.
https://doi.org/10.1080/03601234.2013.824285tandfonlin
e

Farina, M., Aschner, M., & Rocha, J. B. T. (2011). Oxidative
stress in neurodegenerative
Research, 20, 1-17.

diseases. Neurotoxicity

Gomes, J., Lloyd, O. L., & Revitt, D. M. (1999). The influence
of personal protective equipment on pesticide exposure
among agricultural workers. Occupational Medicine, 49(5),
289-294.

Halliwell, B., & Gutteridge, J. M. C. (2015). Free radicals in
biology and medicine (5th ed.). Oxford University Press.

Herndndez, A. F., Parrén, T., & Alarcén, R. (2011). Pesticides
and oxidative stress: A review. Journal of Toxicology and
Environmental Health, Part B, 14(1-4), 1-24.

Hrelia, P., Maffei, F., (2004).
Biomonitoring of pesticide exposure in agricultural workers.
Mutation Research/Reviews in Mutation Research, 559(2),
157-167.

Angelini, S., et al.

Kahl, V. F., Simon, D., Salvador, M., et al. (2018). Telomere
measurement in individuals occupationally exposed to
pesticide mixtures in tobacco fields. Environmental and
Molecular Mutagenesis, 59(4), 304-314.

Kamel, F., & Hoppin, J. A. (2004). Association of pesticide
exposure with neurologic dysfunction and disease.
Environmental Health Perspectives, 112(9), 950-958.

Kim, K. H., Kabir, E., & Jahan, S. A. (2017). Exposure to
pesticides and the associated human health effects.
Science of the Total Environment, 575, 525-535.

Koriyama, Y., & Koriyama, N. (2019). Pesticide exposure and
oxidative stress in agricultural workers. Environmental
Health and Preventive Medicine, 24, 1-9.

Tsakalof, A.,
(2012).
biomonitoring data on pesticide exposure in agricultural
workers. Toxicology Letters, 210(2), 118-129.

Tsatsakis, A., &
Systematic

Koureas, M.,

Hadjichristodoulou, C. review of


DELL
Typewritten text
368

DELL
Typewritten text
Taher / Science Forum (Journal of Pure and Applied Sciences) 26 (2026)


Taher / Science Forum (Journal of Pure and Applied Sciences) 26 (2026)

Lasram, M. M., Dhouib, I. B., Annabi, A., et al. (2009).
Effect of malathion exposure on liver function and
oxidative stress. Pesticide Biochemistry and Physiology,
94(1), 1-7.

Lozano-Panigua, D., Garcia-Martin, S., & Sdnchez-Rodriguez,
M. (2018). Oxidative stress biomarkers in agricultural
workers exposed to pesticides. Environmental Research,
164, 204-212.

Lukaszewicz-Hussain, A. (2010). Role of oxidative stress in
organophosphate insecticide toxicity. Pesticide

Biochemistry and Physiology, 98(2), 145-150.

Maroni, M., Colosio, C., Ferioli, A., & Fait, A. (2000).
Biological monitoring of pesticide exposure: A review.
Toxicology, 143(1), 1-123.

Mostafalou, S., & Abdollahi, M. (2017). Pesticides: An
update of human exposure and toxicity. Archives of
Toxicology, 91, 549-599.

Nigg, H. N., & Knaak, J. B. (2000). Blood cholinesterases as
human biomarkers of organophosphorus pesticide exposure.
Reviews of Environmental Contamination and Toxicology,
163, 29-111.

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction.
Analytical Biochemistry, 95(2), 351-358.

Parrén, T., Requena, M., Herndndez, A. F., & Alarcén, R.
(2014). Association between environmental exposure to
pesticides and neurodegenerative diseases. Toxicology and
Applied Pharmacology, 276(2), 103-125.

Pesticide Action Network. (2020). Pesticides and human
health: A resource for health professionals. Pesticide
Action Network International.

Rastogi, S. K., Kesavachandran, C., Mahdi, F., & Pandey, A.
(2007). Occupational pesticide exposure and adverse health
effects among agricultural workers. Indian Journal of
Occupational and Environmental Medicine, 11(2), 55-63.

Saeed, M. F., Shaheen, M., Ahmad, I., et al. (2017).
Pesticide exposure and health risks among agricultural
workers. Environmental Science and Pollution Research, 24,
19190-19201.

Soltaninejad, K., & Shadnia, S. (2014). Oxidative stress in
organophosphorus pesticide poisoning. In Basic and clinical
toxicology of organophosphorus compounds (pp. 209-229).
Springer.

Srivastava, A. K., Singh, P., & Singh, P. K. (2011).
Occupational exposure to pesticides and oxidative stress in
sprayers. Toxicology International, 18(2), 84-89.

Tsatsakis, A. M., Zakhour, M., Tsitsimpikou, C., et al. (2011).
Occupational exposure characterization in professional
sprayers: Clinical utility of oxidative stress biomarkers.
Toxicology Letters, 207(2), 146-153.
https://pubmed.ncbi.nlm.nih.gov/21843806/pubmed.ncbi.nl
m.nih

Ueyama, J., Kamijima, M., Takagi, K., et al. (2011). Evaluation
of liver biomarker levels in farmers exposed to pesticides.
Environmental Health and Preventive Medicine, 16, 1-9.

World Health Organization. (2020). Pesticide residues in
food: Toxicological evaluations. World Health Organization.

World Health Organization. (2022). Public health impact of
pesticides used in agriculture. World Health Organization.

369


DELL
Typewritten text
369

DELL
Typewritten text
Taher / Science Forum (Journal of Pure and Applied Sciences) 26 (2026)


	1. Introduction
	3. Materials and Methods
	3.1 Study design
	3.3 Inclusion and exclusion criteria
	3.6 Biochemical measurements
	3.7 Statistical analysis
	4. Results
	4.1 Demographic characteristics
	4.2 Liver-related biomarkers
	4.3 Oxidative stress biomarkers
	4.4 Correlation between exposure duration and biochemical markers
	References

