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Abstract

Background: There is growing evidence that environmental exposure, specifically to pesticides, a
potential risk factor for endocrine system malfunction. Aim: The study aims at contributing to
improve the wellbeing and productivity of farmers through a better understanding of chronic
pesticides exposure and its effect on thyroid functions. Patients and Methods: An analytical cross-
sectional study was conducted on 43 farmers with active involvement in the preparation, storage
and spraying of the pesticides and 43 participants not occupationally exposed to pesticides. All
participants were interviewed using a structured questionnaire including sociodemographic
characteristics, pesticides exposure characteristics, and safety measures. The blood levels of
plasma cholinesterase enzyme, and thyroid hormones (TSH, T4) were measured for all partici-
pants. Results: The mean duration of exposure was 20.60+11.06 years. The pesticide-exposed
farmers had a statistically significant lower level of plasma cholinesterase enzyme
(3969.93+1841.84 U/L) compared to the control group (4879.29+1950.08 U/L) (p<0.05). Moreover,
thyroid-stimulating hormone level (TSH) was significantly higher in exposed farmers (me-
dian=1.39ulU/ml) compared to controls (median=0.91ulU/ml) (p=0.032). While the exposed group
had a lower level of thyroxine hormone (T4) (6.91+1.91 pg/dl) compared to the control group
(7.79%2.10pg/dl), with a statistically significant difference between the two groups (p=0.045).
Conclusion: Exposure to organophosphates and carbamates affects thyroid function in the form
of a decrease in the circulating level of thyroxine hormone, increase in the TSH level.
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Introduction

Pesticides are broadly used throughout the
world, particularly in agriculture for crop
protection(). Additionally, there has been
anincrease in the usage of pesticides in de-
veloping countries over the past years,

*Corresponding Author: shaymaamoussa@yahoo.com

which recently account for nearly 20% of
the world's expenditure on pesticides®.
And, despite benefits of using pesticides
for pest control, there have been concerns
on adverse effects in human health as
these compounds are designed to have ad-
verse biological effects on target
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organisms®). Exposure to pesticides is
one of the most serious occupational risks
among farmers in developing countries*
6). Moreover, shortage of knowledge, care-
less attitude and awful practices in han-
dling pesticides demonstrate a serious
health risk to farmers. On the other hand,
the Egyptian environment was injected by
690000 metric tons of pesticides in the last
50 year. Some pesticides have been re-
ported to act as endocrine disruptors with
effects on various systems, including the
thyroid gland(?®. Studies focusing on the
effect of pesticides on circulating thyroid
stimulating hormone (TSH) or thyroid hor-
mone levels, triiodothyronine (T3) and thy-
roxine (T4), have found conflicting re-
sults®). Abou El-magd et al. (2011)" in
their study to evaluate the effect of pyre-
throid exposure on levels of T3, T4 and
TSH, showed reduced serum levels of both
T3 and T4 and elevated levels of TSH in the
exposed group. Furthermore, the results
of a Mexican study revealed an increase in
TSH serum levels and reductionin T3 serum
levels due to pesticides exposure in flori-
culture workers(?),

Subjects and Methods

An analytical cross-sectional study (ex-post
facto) was used. The study was carried out
on 297 farmers from East Almnaif district in
Ismailia governorate. Two groups were
studied; exposed to pesticides and non-ex-
posed to pesticides. The sample size was
43 per group which was chosen by system-
atic random sample. In exposed group
farmers handled pesticides at least 2 years
and registered in East Almnaif agricultural
association owning an agricultural land or
their hired pesticides applicators were re-
cruited on the basis of their active involve-
ment in preparation, storage and spraying
of the pesticides. Farmers with Chronic
liver diseases, any affection of thyroid dia-
betes, orchitis, varicocele, or recently ac-
quired sexually transmitted diseases were

excluded. Also, farmers on lithium car-
bonate and iodine-containing drugs, amio-
darone, dopamine, interferon alpha, gluco-
corticoids, immunosuppressive dru-gs, sul-
fonylurea, antipsychotic drugs, antidepres-
sants, spironolactone, thiazides, and beta-
adrenergic agonists were excluded. For
control group, one neighbor per exposed
farmer, with same inclusion and exclusion
criteria of exposed group except for expo-
sure to pesticides were included in the
study.

Data Collection methods:

A. Structured Interview questionnaire

A structured interview questionnaire was
used to achieve the objectives of the study,
including socio-demographic data (age, ed-
ucational level, marital status, number of
children, and smoking status). Pesticides
exposure assessment include duration of
exposure, the frequency of exposure, the
type of pesticides commonly used, type of
pesticides handling, methods of mixing
and spraying the pesticides. Finally, Safety
measures including use of personal protec-
tive equipment; personal habits regarding
eating, drinking, or smoking during han-
dling of pesticides; hygiene practices after
dealing with pesticides.

B. Laboratory Methods

Under complete aseptic conditions, blood
samples (1oml) were collected through
venipuncture in coded test tubes, and the
specimens were centrifuged to separate
the plasma from the cells. After plasma
separation, levels of plasma cholinesterase
enzyme as a biological indicator of expo-
sure to cholinesterase-inhibiting pesticides
was determined by the spectrophotomet-
ric method developed by Ellman and ex-
pressed as international units per liter.
Plasma cholinesterase hydrolyses Bu-
tarylthiocholine producing thiocholine and
butyrate, and then the reaction between
thiocholine and 5, 5’-dithiobis-(2-nitro-
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benzoic) acid (DTNB) gives 2-nitro-5-mer-
captobenzoate and yields a yellow com-
pound(®). The increasing color intensity is
directly proportional to the cholinesterase
activity and can be measured kinetically at
wavelengths between 400 and 420 na-
nometers. The enzyme reference range
among male is 3334 and 7031 [U/L(4),

Assessment of outcome

1. Thyroid stimulating hormone: Estimation
of thyroid stimulating hormone (TSH) in
human serum by Enzyme Immunoassay
test is based on the principle of a solid
phase enzyme-linked immunosorbent as-
say. The assay system utilizes a unique
monoclonal antibody directed against a
distinct antigenic determinant on the in-
tact TSH molecule. Serum TSH measure-
ment is the single most reliable test to di-
agnose all common forms of hypothyroid-
ism and hyperthyroidism. An elevated se-
rum TSH concentration is present in both
overt and mild hypothyroidism. Addition-
ally, TSH reference range is 0.270-4.20
ulU/mL0s),

2. Total thyroxine: Quantitative determina-
tion of total thyroxine (total T4) in human
serum by ELISAkit, is based on competitive
binding of human thyroxine from serum
samples and enzyme-labeled T4 to T4 -spe-
cific antibodies immobilized on microtiter
well plates(™®)., Moreover, T4 reference
range is 5.1-14.1 ug/dL(7).

Statistical Analysis

All statistical analyses were performed us-
ing the Statistical Package for Social Sci-
ence (SPSS) version 20.0. Presentation of
the data was done in numerical, tabular
and graphical forms as appropriate. Com-
parison of the outcome and pesticides ex-
posure variables were done by chi-square
test for categorical variables, and stu-
dent’s t-test for normally distributed

continuous variables of two groups and by
ANOVA test for normally distributed con-
tinuous variables of more than 2 groups.
Non-parametric tests such as Mann-Whit-
ney test and Kruskal Wallis test were used
for abnormally distributed continuous var-
iables of two groups, and more than two
groups, respectively. Statistical signifi-
cance was set at p<0.05('®),

Results

Sociodemographic Characteristics of the
Study Participants

The distribution of sociodemographic char-
acteristics among the studied participants
is illustrated in table (1). All were males.
The mean age of the exposed farmers was
43.56113.26 years, range 21-70 years, while
the mean age of the control group was
37.74 T 15.33 years and range 18-70 years,
with no statistically significant difference
(p=0.057). With respect to marital status,
thirty-seven farmers (86%) were married
compared to twenty-four participants in
control group (55.8%), (p = 0.002). Regard-
ing educational status, fifteen exposed
farmers (34.9%) were illiterate compared
to six subjects among control group (14%)

(p=0.203).

Characteristics of Occupational Pesticides
Exposure among Exposed Group

The mean duration of exposure was 20.60
T11.06 years with a range of 4-45 years.
Furthermore, pesticides spraying noticed
to be a highly seasonal activity with the ma-
jority of farmers (86%) seasonally involved
in spraying pesticides, while 14% of them
monthly exposed to pesticides table (2).
The pesticides commonly used by the
farmers as reported by them is demon-
strated in table2. The mostly used com-
pounds were the organophosphate and
carbamate insecticides; with the most
used active ingredient was malathion, fol-
lowed by diazinon, dimethoate, methomyl,
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phenthoate used by 95.3%-41.9% of farm-
ers. Furthermore, propineb fungicide, pi-

used by 37.2% —16.3% of farmers, while the
frequency of each of others (flusilazole

rimiphosmethyl, Lambda - cyhalothrin, as fungicides, = cypermethrin, fenarimol,
well as mancozeb and carbosulfan were glyphosate) was less than 12%.
Table 1. Distribution of sociodemographic characteristics of
the exposed and control groups
Sociodemographic Expose_d group Contrc_)l group 1
Characteristics (;_(g) (;_&3)) prvaiue
Agein Years
= <20 0 4(9:3)
"= 20- 18 (41.9) 21(48.8)
= 40- 19 (44.2) 13 (30.2) 0.166¢
"= 60-70 6 (14) 5 (11.6)
Range 21-70 18-70
Mean + SD 43.56113.26 37.74115.33 | 0.057°
Median 45 33
Marital Status
= Single 5 (11.6) 18 (41.9) .
= Married 37(86) 24 (55.8) 0.002°
= Widowed and divorced 1(2.3) 1(2.3)
Educational Status
= |lliterate 15 (34.9) 6 (14)
* Read and write 8(18.6) 9(20.9)
=  Primary or preparatory 4(9.3) 4(9.3)
* Secondary 14 (32.6) 19 (44.2) 0.203¢
* High education 2(4.7) 5 (11.6)
a= Chi-squared test, b= Mann-Whitney test, c= Fisher's Exact test, d=Student's t-test
*= Statistically significant at p<0.05

Also, table (2) displays the pesticide han-
dling, application, and among exposed
farmers. It showed that thirty-three farm-
ers (77%) were exposed to pesticides
through both mixing and spraying activi-
ties and about 23% of them were exposed
to pesticides during only spraying activity.
Regarding methods of application, three
farmers (7%) used only backpack sprayer,
and twenty-seven farmers (62.8%) used
only mobile spraying machine (motor),
while twenty (27.9%) farmers used both
methods. Additionally, thirty-nine farmers
(90.7%) accustomed to clean tools used for
pesticides mixing and spraying with most
of them (97.4%) performed that practice at
field. With respect to the personal

protective equipment (PPE) use during
pesticide handling, only ten farmers
(23.3%) reported using it. Additionally, the
PPE found to be used by the farmers were:
i) face mask (20%), i) overall and face mask
(50%), iii) gloves, overall, and face mask
(30%) table (3). Moreover, nearly half of
farmers (48.8%) avoid personal habits of
eating, drinking, or smoking during han-
dling of pesticides. On the other hand, all
of farmers used to engage in hygiene prac-
tices after dealing with pesticides, in the
form of bathing and changing their clothes
at home (Table 3). The levels of plasma
cholinesterase enzyme in both exposed
and control groups is demonstrated in ta-
ble 4.
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Table 2. Characteristics of Occupational Pesticides Exposure
among Exposed Group (n=43)
Exposure characteristics Exposed fNar(r;)ers (n=43)
Duration of exposure in years
= Range 445
.|_
«  Mean * SD 20.60%11.06
Frequen’a/ of exposure 6 (14)
. onthly
= Seasonally 37(86)
Types of pesticides
Insecticides
Organophosphates
g- pMalapichion 41(95:3)
= Diazinon 36 (83.7)
= Dimethoate 26 (60:5)
= Phenthoate 18(41.9)
. 5(11.6)
= Chlorpyrifos 10(23.3)
= Pirimiphosmethyl )
Carbamates
*  Methomyl 23(53-5)
» Carbosulfan 7(16:3)
Pyrthroids
* Lambda - cyhalothrin 9(20.9)
= (Cypermethrin 4(9:3)
Fungicides
Dithiocarbamates
e Propylenebisdithiocarbamate (Propineb) 16(37.2)
Py e P 16.3)
» Ethylene bisdithiocarbamte (Mancozeb) 72((4 %)
*  Fenarimol '
* Flusilazole 5(11:6)
Herbicides
= Clyphosate 5(11:6)
Mixing pesticides
* No 10 (23.3)
= Yes 33(76.7)
Methods of application
= Backpack sprayer 3(7)
= Mobile motorized spraying machine (motor) 27(62.8)
= Both backpack sprayer and motor 12(27.9)
= By hands and backpack sprayer 1(2.3)
Cleaning of mixing and spraying tools
» No 4(9-3)
" Yes 39(90.7)
Site of cleaning of tools (n=39)
* Field 38(97.4)
= (Canal 1(2.6)
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The mean cholinesterase level among the
pesticide-exposed farmers was 3969.93%
1841.84 UJL compared to 4879.29%
1950.08U/L control group (p= 0.029). As re-
gards the thyroid hormones levels, table
(5) demonstrates that thyroid stimulating

significantly higher in exposed farmers
(median=1.39plU/ml) compared to con-
trols  (median=0.91plU/ml)  (p=0.032).
While the exposed group had lower level
of thyroxine hormone (T4) (6.91%1.91
pg/dl), compared to the control group

hormone  concentration (TSH) was  (7.79%2.10pg/dl) (p=0.045.
Table 3. Use of safety measures among exposed group
Safety measures No (n=43) %
Use of personal protective equipment
= No 33 76.7
" Yes 10 23.3
Type of used protective equipment (n=10)
= Face mask 20
= Overall and face mask 5 50
=  Gloves, overall and face mask 3 30
Personal habits during pesticides handling*:
= No 21 48.8
* Yes 22 51.2
Personal habits after pesticides spraying
= No 0 0
= Yes 43 100
*= i.e. (eating- drinking- smoking), **= i.e. (washing-change of clothes)
. . followed by carbamates and dithiocarba-
Discussion

The present study found that 62.8% of ex-
posed farmers had low levels of education,
with 34.9% of them were illiterate, 18.6% of
them could read and write, and 9.3% of
them had primary or preparatory educa-
tion. Unfortunately, past research re-
ported that illiterate farm workers and
those with low levels of education do not
seem to understand or care about the in-
structions indicated on pesticide container
labels, often took minimal precautions in
either mixing or applying pesticides, and
seemed to have lukewarm attitudes to-
ward seeking medical assistance(® 2°), The
current study results found that insecti-
cides were the most frequently used pesti-
cides, followed by fungicides as reported
by farmers. And organophosphates were
the pesticide class most used by farmers,

mate fungicides. Among organophos-
phates used, malathion, was the most rep-
resented followed by diazinon, and dime-
thoate. And methomyl was the most used
carbamates compound. This as mangoes
are the main crops cultivated, and like
most perennial fruit crops, mango produc-
tionis plagued with numerous insect pests.
The most common ones are fruit flies and
Sternochetus mangiferae. Their manifesta-
tion in mango fruit requires stringent con-
trol measures in form of insecticides for in-
stance organophosphates, carbamates,
and pyrethroids to be applied, which ulti-
mately increases cost of production. Addi-
tionally, herbicides were used to a lesser
extent than other pesticides as the mango
tree canopy is not suitable for the growth
of weeds, which grow more rapidly where
there is strong sunlight®"??), Most of these
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pesticides belong to WHO Classes Il (Mod-
erately hazardous), and Ill (slightly hazard-
ous) which have been strictly controlled in
developed countries®3). Additionally, mo-
bile spraying machine (motor) was the
most used method for spraying among
these farmers (90.7%). Moreover, the use
of personal protective equipment was in-
adequate as majority of farmers (76.7%) did
not use any PPE during mixing or spraying
pesticides. So, the exposure of farmers can

be by dermal route and inhalation since no
face masks, respirators, or gloves were
used by majority of them. Additionally, half
of farmers used to eat and drink water or
smoke during pesticides handling thereby
ingestion of food contaminated with pesti-
cides can be another route of exposure.
Only, the hygienic practices after work in
form of washing and changing of clothes
were found in all of farmers but were done
at home.

Table 4. Plasma cholinesterase enzyme levels among exposed and control groups
Laboratory findings Exposed group (n=43) | Control group (n=43) vaFlJl-.le
Plasma cholinesterase activity (U/L)

* MeanIsD 3969.9311841.84 | 4879.2911950.08 0.026%
=  Median 3765.50 4692 '
= Range 973.50-9875 1214-10105

d=Student's t-test; *= Statistically significant at p<0.05

So, farmers were not adequately following
safe and preventive measures during pesti-
cides handling, increasing the potential of
exposure to the used pesticides among
them which can result in consequent ad-
verse health effects. The findings of this
study about the unsafe behaviors of farm-
ers including lack of PPE use and short
reentry intervals are similar to the observa-
tions in the literature®+2% which showed
that farmers in developing countries rarely
wear protective coverings such as gloves,
face masks, goggles, special boots, or
wide-brimmed hats during pesticide appli-
cation. These findings in consistent with
that of Ibitayo (2006)7) who found that,
almost all (97%) the respondents did not
wear gloves or eye glasses/goggles or res-
pirators when mixing or applying pesti-
cides. In the present study the mean
plasma cholinesterase level of the pesti-
cide exposed farmers was lower than con-
trol group. These findings are in agreement
with those of Abbassy et al. (2014)8), who

reported that a significant decrease in the
activity of serum ChE among pesticide
sprayers was more pronounced than
among the farm workers and controls. This
finding also is in consistent with that of El-
Sebae (2002)9 who found a significant re-
duction in the level of cholinesterase
among workers continuously exposed to
organophosphorus and carbamate pesti-
cides. Furthermore, an Indian study, as-
sessed serum cholinesterase (SChE) activ-
ity in a group of 50 industrial and 50 agri-
cultural workers exposed to organophos-
phate compounds. Fifty subjects with no
known exposure to organophosphates
were enrolled as controls. The mean SChE
level was significantly lower in the worker
group than the control group. Further-
more, the SChE levels were significantly
lower in the industrial worker group versus
the agricultural worker group3°. Several
non-persistent pesticides as organophos-
phates (OP), carbamates, dithiocarba-
mates, and pyrethroids can act as thyroid
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disrupters, affecting the hypothalamic-pi-
tuitary-thyroid (HPT) axis at different lev-
els as demonstrated by various experi-
mental studiesG"3?, In the current study,
thyroid stimulating hormone level (TSH)
was significantly higherin exposed farmers
compared to controls. While the exposed
group had lower level of thyroxine hor-
mone (T4) compared to the control group.
These results are in accordance with Previ-
ous studieB33%) who found a decreased in
serum levels of both T3 and T4 and in-
creased serum levels of TSH in experi-
mental rats. These finding are also in agree-
ment with that of Arafa et al. (2013)3% who

found that, the pesticides exposed Egyp-
tian farmers had a significantly higher thy-
roid stimulating hormone (TSH) as well as
a significantly lower thyroxine (T4) serum
level when compared to control group. Ad-
ditionally, finding of this study is in consist-
ence with that of Hassan & Metwally
(2013)67) who conducted a study to exam-
ine the effect of chronic pesticide expo-
sure on thyroid hormones among farmers
from El-Shomoot village, Qalubia gover-
norate, Egypt. Their results indicated that
the exposed group had significantly lower
values of T4 in comparison to the control

group (p<0.05).

Table 5. Thyroid hormones levels among exposed and control groups
Thyroid hormones Exposed group (n=43) Control group (n=43) value
N (%) N (%) p
TSH (uIu/ml)
= Mean® SD 1_454i0_90 1.09i 0.67 .
* Median 1.39 0.91 0.032°
= Range 0.40-5.59 0.263-3.71
T4(pg/dl)
=  Mean t SD 6.91i1_91 7.79i2.10 &
= Median 7.00 7.60 0.045
- Range 3.50-10.20 2.10-12.20
TSH= thyroid stimulating hormone; T4= Thyroxine; b= Mann-Whitney test, d=Student's t-test;
*= Statistically significant at p<0.05

Whereas a higher statistically significant
levels of TSH among exposed group in
comparison to control group was found.
The result was also supported by the find-
ing of Farokhi & Taravati, (2014)3% who in-
vestigated the relation between chronic
pesticide exposure and serum levels of thy-
roid hormones in Iranian pesticide spray-
ers. They concluded that the TSH level in
sprayers was significantly  elevated
(2.64%1.50 mIU/l) compared to control sub-
jects (1.33+0.83 mIU/I) (p=0.007). While, an
insignificant decrease in T4 levels of spray-
ers compared to controls were observed.

On the other hand, Manfo et al. (2012)39
did not find significant changes in T4 levels
during studying of the effect of pesticides
on male reproductive function in farmers
exposed to pesticides in Djutitsa , west
Cameroon. Moreover, a cross-sectional
study was conducted to examine the rela-
tion between occupational exposure to or-
ganophosphate and carbamate pesticides
and thyroid hormones of pesticide spray-
ers of mango plantation in rural Malihabad,
India. And its results indicated that most of
the pesticide sprayers had normal T4, and
TSH levels(#), So, in the present study the
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thyroid gland appears to be somehow, in-
fluenced using pesticides. A statistically
significant reduction in T4 levels coupled to
a statistically significant increase in TSH
levels was observed. It is well known that
the levels of TRH, TSH, T;, and T, are regu-
lated by a negative feedback mechanism at
the pituitary gland via inhibition of TRH and
TSH synthesis and inhibition of TSH release
mainly by decreasing the response of TSH
secreting cells to the stimulatory effects of
TRH®Y, Consequently, when T4 level is low,
there is an increase in TSH synthesis result-
ing in increased circulating TSH. These re-
sults can be assigned to a mechanism that
decreases T4 level through disturbing the
thyroid hormones metabolism. And this
may be through pesticides activation of
the nuclear receptor constitutive an-
drostane receptor, which in turn induces
enzymes involved in thyroid hormone me-
tabolism, including uridine 5°-diphosphate-
glucuronosyltransferase and sulfotransfer-
ase. Subsequently, this may result in in-
creased hepatic metabolism of thyroid hor-
mones, leading finally to decreased plasma
T4 and increased TSH level(4?, Further-
more, pesticides may also affect the bind-
ing of thyroid hormones to thyroid recep-
tors, resulting in an alteration in the ex-
pression of genes. This may then influence
thyroid hormone metabolism and then al-
ters their levels. In addition, other mecha-
nisms including pesticides inhibition of thy-
roidal iodine uptake, binding to transport
proteins, and altering brain neurotransmit-
ter levels were reported(43:44),

Conclusion

The present study concluded that the
farmers’ exposure to pesticides especially
organophosphates and carbamates af-
fects thyroid function in form of a decrease
in circulating level of thyroxine hormone
and anincrease in TSH hormone level. Also,
farmers are not taking good measures in
their pesticide handling practices.
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