https://doi.org/10.47108/jidhealth.Vol5.Iss4.264

Odisho SK & Mohammad FK., Journal of Ideas in Health 2022;5(4):786-793

I I I Journal of Ideas in Health

N

Check for
updates

e ISSN: 2645-9248

Journal homepage: www.jidhealth.com

Open Access

Original Article

Blood cholinesterase activities and oxidative stress status among
farmworkers using pesticides in Duhok, KRG, Iraq

Simona Khamo Odisho?, Fouad K. Mohammad?®

-
Abstract

them at garbage sites openly.

cholinesterase activities in farmworkers.

Background: The use of pesticides by farmworkers poses considerable health risks. This study was undertaken to
examine plasma and erythrocyte cholinesterase activities, plasma oxidative biomarkers malondialdehyde (MDA), and
total antioxidant status (TAS) among farmworkers using different pesticide products in Duhok, northern of Irag.

Methods: This is a case-control study conducted between November 2021 to July 2022 on 92 male farmworkers who
were exposed to pesticides in comparison with 44 non-exposed male subjects (control). The availability and uses of
pesticides were obtained from 19 agrochemical shops and the farmworkers exposed to pesticides. Demographic data
of pesticide-exposed farmworkers and their practice of pesticide applications were recorded. Plasma and erythrocyte
cholinesterase activities and plasma MDA and TAS levels were determined in both groups.

Results: The farmworkers had a significant 10.0% increase in plasma MDA level, with no significant changes in blood
cholinesterase activities or the TAS level. Odds and risk ratios of reduced plasma cholinesterase activity (20.0%)
suggested an association of health risks in pesticide-exposed farmworkers. Most of the pesticide products (278) in use
were insecticides (47.0%), which comprised mainly 26.0% pyrethroids and 3.0-7.0% anticholinesterase insecticides,
among others. The majority of the farmworkers (51%) were merely aware of the general target use of the pesticide,
and 75% had an exposure history of > 5 years. Pesticide application was mostly (50.0%) manual, and 54.0% used
insufficient personal protection equipment; 32.0% ate and drank at work, 48.0% practiced disposal of empty pesticide
containers by burning and/or burying them, whereas 25.0% dumped the containers indiscriminately, and 25% disposed

Conclusion: The farmworkers, with only a marginal increase in oxidative stress biomarker MDA, did not suffer from
significant reductions in blood cholinesterase activities, although odds and risk ratios of reduced plasma cholinesterase
activity suggested a health risk. Implementation of a national program is needed to measure pre-exposure blood
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Background

Pesticides are chemical substances used to control harmful
organisms in agriculture, public health, and veterinary clinical
practice [1-5]. They are generally classified as insecticides,
herbicides, fungicides, biocides, rodenticides, molluscicides,
nematicides, pediculicides, and plant growth regulators
[1,2,4,5]. Pesticides are increasingly used worldwide to protect
crops from infestations with pests and increase crop
productivity that eventually poses health risks to the
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environment and users such as farmworkers [1,3,5-9]. Exposure
of farmworkers to pesticides which gain entry to the body and
systemic circulation usually occurs through dermal, oral, and
respiratory routes as well as through the eyes and ears if proper
protective measures are not taken [1,2,8-10]. This usually
occurs during planting, spraying, harvesting, and packing
activities in agriculture as well as through other activities
related to direct or indirect pesticide applications [1,9,10].

The pesticide marketplace is undergoing a global expansion,
especially in developing countries [3,7,11]. Pesticide products
can be obtained easily by farmers, as they are sold as over-the-
counter formulations in many countries, including Iraq [11-14],
with the possibility of misuse and mishandling of the products
[12]. Based on the wide usage of pesticides, studies universally
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indicated their environmental hazards and health risks in man
and animals [2-5,8,15]. The availability of pesticide products in
the local Iraqi market is not fully controlled or known. One
study reported the types of pesticides used in greenhouses in
Sulaimani, lraq [14]. They were mainly insecticides and
herbicides [14]. Studies have been conducted in lraq for
biomonitoring exposure of agricultural workers, farmers, and
veterinarians to pesticides, and they reported variably low blood
cholinesterase (ChE) activities but with limited information on
the types of pesticides used, their frequency of application, and
the extent of exposure [16-20]. A study conducted in Mosul
found 21.0%-30.0% decreases in plasma (PChE) or
erythrocytes (EChE) ChE activities in agriculture workers and
veterinarians [17]. However, in another study performed in
Erbil, PChE in agriculture workers and veterinarians exposed to
pesticides for up to 19 years was below control levels by only
11.0% and 10.0%, respectively [18]. Subsequently, in a similar
study in Kirkuk, the whole blood ChE activity of agriculture
workers after six years of exposure was 22.0% below control
values [16]. A single study conducted in Duhok found 14.0%
and 4.0% reductions in PChE and EChE activities, respectively,
in pesticide-exposed farmworkers in comparison to unexposed
ones [20]. Pesticide exposure of agricultural workers and those
involved in handling and dispensing pesticides can be
monitored biologically by examining PChE or EChE activities
[8,20-22], monitoring oxidative status such as plasma
malondialdehyde (MDA) [8,23], as well as by analysis of
concentrations of pesticides or their metabolites in human
biological samples [24]. The studies which have been
conducted in Iraq [16-18,20] suggested a marginal blood ChE
inhibition, though important from a risk assessment point of
view. This enzyme inhibition, however, is difficult to assess or
interpret in the absence of pre-exposure blood ChE activities of
the workers [5,25-28]. The aim of study was to examine blood
ChE activities and the levels of the oxidative biomarkers plasma
MDA and total antioxidant status in farmworkers in Duhok,
KRG, northern of Irag. The study also included surveying the
availability and proper use of pesticides by farmworkers.

Methods

Study design and population

The present study was a case-control study conducted in Duhok,
Iraq, between November 2021 to July 2022, where pesticide-
exposed farmworkers (case) were compared with non-exposed
control subjects. The study recruited 98 pesticide-exposed male
agricultural workers identified as farmworkers who were
previously exposed to different types of pesticides during their
handling of pesticides and routine work in farms of the Duhok
province that included Zakho (11), Sumel (18), Mangesh (48),
Shikhan (12) and Baadra (9). Of these, a total of 92 pesticide-
exposed subjects were finally eligible for the study and data
analysis. The control group comprised 44 age-matched male
subjects who were not exposed previously to pesticides.

Sample size

The samples size of the study was within the acceptable range
for clinical research studies, as shown by the online tool
(https://www.benchmarksixsigma.com/calculators/sample-size-
calculator-for-2-sample-t-test/), taking into consideration 95.0%
confidence level, 80.0% power of the test, with 20.0%

difference expected in blood ChE activities between the
pesticide-exposed and control groups.

Inclusion and exclusion criteria

Inclusion criteria in the pesticide-exposed subjects of the study
were any prior pesticide exposure, age > 15 years, and no recent
major surgical procedures. Exclusion criteria included non-
exposed workers, last exposure to pesticides was >10 years ago,
or the presence of chronic diseases such as cancer, liver
diseases, and advanced diabetes mellitus. The inclusion and
exclusion criteria of the control subjects were the same as the
case group, with the exception of the pesticide exposure status.

Data collection

Pesticide products in use

To examine the types of pesticides in use by farmworkers, a
survey was conducted on 19 agrochemical shops in seven
marketplace locations of the Duhok region, which included
Duhok, Sumel, Zakho, Qedsh, Sarsing, Akre, and Shikhan.
Farmers usually purchase their agrochemicals, including the
pesticides needed, from these shops. Types of pesticides
available in these agrochemical shops were identified according
to the chemical nature of the active ingredient(s) and usage
target [1,6], and whenever possible, they were classified as per
WHO criteria [10]. The pesticide products were also tabulated
according to their formulation as a single active ingredient or a
combination of two or more pesticides in the product. Data
were collected by visiting each agrochemical shop in person to
record the types of pesticide products available for the farmers
or agriculture workers to buy. The purpose of the study was
clearly explained to every shop owner and/or attendant.

Demographic information

A structured questionnaire was designed to obtain the
demographic information of the study subjects, which included
age, gender, marital status, educational level, economic status,
as well as any pesticide exposure information such as the type
of pesticide used, years of working in farms, age of first
exposure at the farm, home exposure if any and the practice of
using personal protective equipment (PPE).

Laboratory investigations

Blood samples

About five-ml heparinized venous blood samples were obtained
from all study subjects by a qualified assistant. The plasma was
separated from the erythrocyte by centrifugation at 3000 rpm
for 15 min. and kept in deep freeze at —20 °C pending analysis
within one month.

Determination of blood ChE activity

A modified electrometric method was used to determine PChE
and EChE activities using 0.2 ml of plasma or erythrocytes
aliquots, respectively [20,29,30]. The enzyme reaction mixture
contained, in addition to the blood sample, 3 ml distilled water
and 3 ml of pH 8.1 buffer consisting of 1.237 g sodium barbital,
0.163 g potassium dihydrogen phosphate, and 35.07 g sodium
chloride/L of distilled water. The pH1 of the mixture was
measured with the glass electrode of a pH meter (pH700,
Eutech Instruments, Singapore) before the addition of 0.1 ml of
7.1% acetylcholine iodide substrate. After incubation in a water
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bath at 37 °C for 20 min, the pH2 of the mixture was measured.
Blood ChE activities of all the subjects were estimated
[20,29,30] as follows:

PChE or EChE activity (A pH/20 min) = (pH1 — pH2) — A pH of
blank (no blood sample).

Calculation of odds and risk ratios

Observed and expected cases of 20% reduction in PChE activity
[28] among pesticide-exposed farmworkers and the control
group were used to calculate odds and risk ratios of the
association of having such a low PChE activity with applying
pesticides in pesticide-exposed farmworkers. We derived the
expected case numbers using a PChE activity (A pH/20 min) <
0.9. Accordingly, a table of odds ratios of pesticide-exposed
farmworkers and their control counterparts was constructed
[31].

Determination of plasma MDA level

A spectrophotometric method [32] was used to determine
plasma MDA level as follows: In a dry test tube containing 0.25
ml of plasma aliquot, 2 ml of TBA reagent (0.375% wi/v
thiobarbituric acid, with 20% w/v trichloroacetic acid dissolved
in 0.25N HCI) were added and mixed well. The test tubes with
glass marbles on top were placed in a boiling water bath for 15
min. After cooling, the mixtures were centrifuged at 4000 rpm
for 10 min. The absorbance of the supernatant solution was read
by a spectrophotometer (Apel, PD-307, Japan) at 535 nm
against the blank. Plasma MDA level (umol/L) was estimated
as follows:

MDA (umol/L) = (absorbance of test — absorbance of blank)
*106 / 156000

The calculation of plasma MDA level was also verified using an
online tool (https://www.omnicalculator.com/chemistry/beer-
lambert-law).

Determination of plasma TAS

The plasma TAS was determined using a colorimetric assay kit
(Elabscience Biotechnology Inc., USA) and a microplate reader
(ELx800, Biotek, USA) at 660 nm.

Statistical analysis

All data were statistically analyzed using the statistical software
programPAST4.09:
(https://www.nhm.uio.no/english/research/resources/past/).
Categorical variables were expressed as frequencies and
percentages. Unpaired Student's -t-test was applied for
comparison between the means of the two groups. Odds ratios
and risk ratios were estimated for cases of observed and
expected low PChE activity. Whenever applicable, the Chi-
squared test was applied to the frequencies, and the z score was
calculated for two population proportions via the statistical tool
at https://www.socscistatistics.com/tests/ztest/default.aspx. The
level of statistical significance was p < 0.05.

Results

Descriptive and general characteristics of related factors
The mean (+ SD) ages of pesticide-exposed farmworkers and
their control counterparts were very close to each other (43 +
13.5 vs. 43.7 + 13.8 years). Primary school was the major
education level of the farmworkers (40.0%), whereas 41.0% of

them did not have any formal education level (Table 1). Other
demographic data of the participants (education level, cigarette
smoking, alcohol consumption, marital status) are also shown in
table 1.

Table 1: Demographic data of male farmworkers and control
subjects who participated in the study from different regions of
Duhok, KRG, Northern of Iraq

Variables Not exposed | Exposed to
to pesticides | pesticides
n=44 n=92

Age (mean * SD years) 43.7+13.8 43+135

Education level

Primary school 21 (47.7%) 37 (40.2%)

High school 10 (22.7%) 8 (8.7%)

College 11 (25.0%) 9 (9.8%)

None 2 (4.6%) 38 (41.3%)

Smoking habit 27 (61.4%) 39 (42.4%)

Non-Smoking habit 17 (38.6%) | 53 (57.6%)

Alcohol consumption 17 (38.6%) 16 (17.4%)

Non-alcohol 27(61.4%) | 76(82.6%)

consumption

Married 36 (81.2%) 82 (89.1%)

Unmarried 8 (18.8%) 10 (10.9)

According to the survey, which included 19 agricultural shops
in the Duhok region, it was found that the total number of
pesticide products for agricultural use by farmers was 278, of
which  26.0% were pyrethroids, followed by 19.0%
miscellaneous pesticides, 12.0% two or more pesticides in
combination, 9.0% neonicotinoids, 7.0% glyphosate, 6.0%
organophosphates, 6.0% avermectins and milbemycin, 5.0%
phenoxy-propionates, 4.0% benzimidazoles 3.0% triazoles, and
3.0% carbamates (Table 2). Of the 278 types of pesticide
products, insecticides comprised 47.0% of the pesticides in use,
followed by fungicides 19.0%, herbicides 16.0%, combinations
14.0%, acaricides 3.0%, and miscellaneous 1.0% (Figure 1).

Table 2: Classification of commercial pesticides based on their
chemical natures with corresponding percentages, which are
available in the Duhok (KRG, Iraq) marketplace

. Number of
Pesticides type products %
Pyrethroids 72 26
Miscellaneous” 53 19
Combination™ 34 12
Neonicotinoids 26 9
Organophosphate-like
compounds (glyphosate) 20 7
Organophosphates 16 6
Avermectins, Milbemycin | 16 6
Aryloxy phenoxy-
propionates 15 5
Benzimidazole (Group 1) | 11 4
Triazoles 8 3
Carbamates 7 3
Total 278 100

*Miscellaneous (each < 2%).
**Various products contain 2 or more mixtures of pesticides.



Odisho SK & Mohammad FK., Journal of Ideas in Health (2022); 5(4):786-793 789

% Pesticides

19
H Insecticides H Fungicides
M Herbicides H Combination*
M Acaricides i Miscellaneous**

Table 3: The availability of information on the use of pesticides
by farmworkers (n= 92) exposed to pesticide products in a
different region of Duhok, KRG, northern of Iraq

Figure 1: Percentages of classification and commercial types of
pesticide products (total 278) available in the market place of Duhok
(KRG, Iraq) for agricultural use by farmworkers.

*Various products containing 2 or more mixtures of pesticides
[(insecticide, acaricide and miticide), (insecticide, acaricide, nematicide,
metabolite, veterinary substance), (insecticide, acaricide), (insecticide,
veterinary substance; insect growth regulator), (fungicide, bactericide),
(fungicide, insecticide), (fungicide, nematicide)].

**Miscellaneous (< 1 %) consisted of molluscicides and nematicide.

Upon meeting the farmers, they were all aware of the possible
adverse effects of the pesticides; however, they did not know
what to expect after the pesticide exposure, nor did they
recognize the potential toxicity of such an exposure. This was
reflected by their ignorance (49.0%) of the type (or the use) of
pesticides they are dealing with (Table 3). The rest of them
(51.0%) were merely aware of the general target use (e.g.,
insecticide or herbicide) of the pesticide. Most of the
farmworkers (75.0%) had an exposure history of > 5 years, and
64.0% were exposed to pesticides within a year (Table 3).
Pesticide application was mostly (50.0%) done manually or
even openly (41.0%) using a tractor (Table 3). The use of
proper PPE was also assessed, and only 54.0% of the
farmworkers used some sort of protection, such as gloves,
masks, and head covers, but still not a complete one (Table 3).
The attitude and behavior of the farmworkers in the field
reflected that 32% of them eat and drink at the work area; only
48% practiced the disposal of empty pesticide containers by
burning and/or burying them in the field, and strangely enough,
25% of them dumped the containers indiscriminately and
unattended in the field, whereas 25% disposed them at open
garbage collection sites (Table 3).

Comparison of PChE and EChE activities, as well as plasma
TAS levels between the pesticide-exposed farmworkers and the
control group, did not reveal significant statistical differences
(Tables 4 and 5). However, the plasma MDA level of the
pesticide-exposed farmworkers significantly increased by 10%
(p=0.022) in comparison with the control value (Table 5).

Variable No. of farmworkers
(%)

Types of pesticides used

Unknown 45 (48.9)

Known (general target use) 47 (51.1)

Years of exposure

1-5 23(25.0)

>5 69 (75.0)

Last exposure

< 1 month 30 (32.6)

Within a year 59 (64.1)

> 1 year 3 (3.3%)

Type of pesticide application

Manual backpack sprayer 46 (50.0)

Automatic backpack sprayer 8 (8.7)

Using a tractor (open) 38 (41.3)

Use of personal protection equipment

None 42 (45.7)

Some sort of protection 50 (54.3)
Eat and drink in the field

Yes 29 (31.5)
No 63 (68.5)
Disposal of empty containers by
farmworkers

Buried/ burned 44 (47.8)
Dumped indiscriminately 23 (25.0)
Garbage collection sites (open air) 23 (25.0)
Did not know 2(2.2)

Table 4: Comparison of plasma and erythrocyte cholinesterase
(ChE) activities (A pH/20 min) of pesticide-exposed and age-
matched unexposed (control) male subjects

Group n Plasma | % Erythrocyte | %

ChE inhibition | ChE inhibition
Control | 44 | 1.10 £ | - 1.38+0.141 | -

0.195
Exposed | 92 | 1.07 £ | 3 139+0.101 | O

0.192

Values are mean + SD

Table 5: Comparison of plasma malondialdehyde (MDA) level
and total plasma antioxidant status (TAS) level in pesticide-
exposed male subjects and age-matched unexposed-controls

Subjects | nf | Plasma p-value TAS (mmol | p-value
MDA Trolox
(umol/L) Equiv/L)

Control 44 | 279 £ 1.34 £ 0.354
0.540

Exposed | 92 | 3.07 + | <0.022 | 1.34+0.326 0.94
0.677"

Values are mean * SD.
+One outlier value from each group was omitted from the statistical analysis.

*Significantly different from the corresponding control value, p < 0.05.
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It was noticed that farmworkers who did not use any sort of
PPE had significantly lower EChE activity by 6% in
comparison to the control group (Table 6). The activity of PChE
was not significantly different between the two groups (Table
6). When a reduction of 20% in PChE activity (< 0.9 A pH/20
min) was taken into consideration (cases) to construct the table
of the odds ratio of farmworkers (Table 7), it was found that
values of the odds ratio and the risk ratio of occurrence of such
reduced PChE activities were 1.33 and 1.26, respectively (Table
8). These values indicated an association between having cases
of low PChE activities with applying pesticides in pesticide-
exposed farmworkers (Table 8).

Table 6: Comparison of plasma (PChE) and erythrocyte
(EChE) cholinesterase activities (A pH/20 min) between
farmworkers using a method for personal protection (PPE)
compared to those not using any protection

Use of PPE n (%) PChE EChE
Use PPE 50 (54.3%) | 1.10+0.189 | 1.43+0.083
None 42 (45.7%) | 1.05+0.194 | 1.35+0.099"

Values are mean + SD
*Significantly different from those with no protection, p < 0.05.

Table 7: Odds ratio table of the frequency of occurrence of
plasma cholinesterase activity (PChE) < 0.9 A pH/20 min* in
pesticide-exposed and non-exposed control subjects

Groups <0.9 A pH/20 min > 0.9 A pH/20 min Total
Exposed 21 (22.8%) 71 (77.2%) 92
Control 8 (18.2%) 36 (81.8%) 44

*A reduction of 20% in PChE activity was taken into consideration, according to
Wilson et al. [28].

Table 8: Results of odds and risk ratios of 20% reduction in
plasma cholinesterase (PChE) activity in pesticide-exposed and
non-exposed control subjects.

Parameters Results
QOdds ratio 1.33

95% confidence interval 0.537, 3.299
p (ratio =1) 0.54

Risk ratio 1.26

95% confidence interval 0.605, 2.607
p (ratio =1) 0.54

Discussion

The present study reflects the diversity of pesticides available in
the marketplace of the Duhok region (Iraq) for agricultural use
by farmworkers. These pesticides, according to their target use,
were mostly insecticides (47.0%). All pesticide products,
including insecticides, were available on an over-the-counter
basis without the supervision of health authorities or extension
services. This condition predisposes users to the potential
toxicity of pesticides [2,7,12,33].

The majority of the farmworkers (41.0%) had no formal
education, whereas 40.0% had only a primary school education.
This low level of formal education (or none at all) precludes the
farmworkers from gaining proper information on pesticide

precautions, usage, and application, as well as disposal of
pesticide containers [33]. Taking all these factors together,
namely, uncontrolled purchase and use of pesticides, disposal
practice of containers, and the low educational level, there
would be a threat to human health, farm animals, and the
environment [2,12,34,35]. Being within the middle age group
(43 + 13.5 years), it is strongly recommended to enroll
farmworkers of the Duhok region in extension educational
programs on the proper use and disposal of pesticides [36].

We noticed that 46% of farmworkers did not use PPE, and the
rest did not use PPE properly. Furthermore, the method of
pesticide application was manual (50.0%) or even applied
openly via a tractor (41.0%). All these practices, together with
improper disposal of pesticide containers and the habit of
drinking and eating on the farm, unequivocally increase the risk
of pesticide exposure through dermal contamination, inhalation,
and ingestion of pesticides during the preparation, handling, and
application of pesticide products [34,37,38]. It was speculated
that the improper use of PPE may be associated with illiteracy
or low education level and lack of training [39]. In support of
the present notion about using PPE, we found that farmworkers
who did not use any sort of PPE had lower EChE activity
(6.0%) in comparison to the control group (Table 6). However,
the adoption of precautionary measures in dealing with
pesticide applications and proper disposal practices would
reduce the potential health and environmental risks associated
with pesticide use by farmworkers [34,38].

In the present study, PChE and EChE activities of pesticide-
exposed farmworkers were not significantly different from
those of the control group (Table 4). Many studies have
reported reduced blood ChE activity in farmers handling
pesticides, especially the organophosphates [2,8,15-
17,20,22,23,25,31,37,39]. The reason for this discrepancy could
be related to the fact that pre-exposure PChE and EChE values
of farmworkers of the present study were not known, as
measuring pre-exposure ChE activity of farmworkers is not
practiced in our region. A significant marginal decrease in
PChE (14.0%), but no EChE activity was reported in Duhok
region farmers [20]. However, in the present study, as in the
previous one [20], the types of the ChE-inhibiting pesticides
used (other than calling them insecticides) could not be verified.
Within this context, the present study reported that the-
inhibiting insecticides organophosphates and carbamates
comprised only 7.0% and 3.0% of the pesticides used,
respectively (Table 2). Usually, reduced blood ChE activity is
attributed to organophosphates since, contrary to carbamates,
they are non-reversible ChE inhibitors [5,25-28]. Furthermore,
in accordance with previous studies in Iraq [16-18,20],
acupesticide intoxication of farmworkers was not reported in
the present study. Therefore, we can deduct from these reports
and ours that exposure of farmworkers to pesticides was limited
in intensity and/or toxic doses involved.

According to the current situation involving the present
interpretation of blood ChE activities, we strongly recommend
establishing an Iragi national plan such as that of California to
assess the health status of farmworkers and prevent their over-
exposure to insecticides by recording their pre-exposure blood
ChE activities for future post-exposure definitions and
comparisons [28,37,40,41]. In support of such a national plan,
the marginal reduction of EChE activity (6.0%) in farmworkers



Odisho SK & Mohammad FK., Journal of Ideas in Health (2022); 5(4):786-793 791

not using any PPE in the present study could have been
subjected to a different interpretation if the pre-exposure ChE
activity (baseline) were available. Additional support was
introduced by the finding of the present study that the
assessment of odds and the risk ratios of occurrence of reduced
PChE activity (20.0%) were 1.33 and 1.26, respectively,
suggesting, in spite of the wide 95.0% CI, an association of
having low PChE activity with pesticide application in
pesticide-exposed farmworkers. A similar finding was reported
when an association between blood ChE activity and
organophosphate pesticide residues was examined in Thailand
(Adjusted OR = 2.09, 95%CI: 0.63-6.99) [42]. Furthermore, a
study conducted in Ethiopia on women farmers exposed to
pesticides did not find significant changes in blood ChE
activities in comparison to the non-exposed group [43]. Also,
one study reported in a farm that active pesticide sprayers (4 out
of 47), but not other pesticide handlers, had low PChE activity
[44]. However, a cut point of 20% reduction in blood ChE
activity was challenged by others, and it was found that a 15%
reduction could be a better indicator for the expected significant
change [45]. Nonetheless, according to the Washington State
Department of Labor and Industries, the 20% reduction in an
individual's blood ChE activity from baseline value suffices to
initiate inquiries addressing the worker and workplace
conditions [37].

A comparison of plasma MDA and TAS levels between the
pesticide-exposed farmworkers and the control group revealed a
significant increase in the MDA level (10%) with no changes in
the TAS level (Table 5). These results corresponded to the
nonsignificant changes we noticed in the PChE and EChE
activities of the same farmworkers. However, farmworkers
exposed to pesticides with reduced blood ChE activities were
reported to show concomitantly oxidative stress, which was
revealed as increases in oxidative stress biomarkers in the blood
such as plasma MDA level, TAS, and total antioxidant capacity
[8,23,46,47]. It is worth mentioning that nonsignificant changes
in oxidative stress biomarkers could be expected concomitantly
with no ChE inhibition [43]. According to the findings of the
present study with regards to oxidative biomarkers, which
showed a marginal increase in the plasma MDA level, it is
recommended to further include other blood chemical and
biochemical tests to evaluate the health status of farmworkers
more properly. Indeed, we attempted this approach in our
exposed subjects and found changes in serum creatinine and
some electrolyte levels (MSc thesis of the present 1st author,
unpublished data). Because of the potential occupational health
risks of pesticides, several studies have also reported changes in
biochemical blood variables other than ChE activity and
oxidative stress biomarkers [48-50]. The present study suggests
that regular monitoring of blood biochemical parameters and
ChE activity as health risk assessments could be effective
measures to control the exposure of farmworkers to pesticides.
Last, we were unable to perform 30-day and long-term follow-
up, which should be aimed at further studies.

Conclusion

Various types of pesticides are available for use by
farmworkers, who do not abide completely by protection rules,
and the most commonly used pesticides were pyrethroids, and
ChE-inhibiting insecticides were of lower use and application.

The farmworkers, with only a marginal increase in the oxidative
stress biomarker MDA, did not suffer from significant
reductions in blood ChE activities, although odds and risk ratios
of reduced PChE activity suggested a health risk in pesticide-
exposed ones. We strongly recommend the implementation of a
national program to measure pre-exposure blood ChE activities
and possibly other blood biochemical variables in farmworkers
engaged in pesticide application and/or handling.

Abbreviation

ChE: Cholinesterase; EChE: Erythrocyte cholinesterase;
malondialdehyde; PChE: Plasma cholinesterase; SD:
deviation; TAS: Total antioxidant status.

MDA:
Standard
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