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Abstract 

Pesticides, which commonly use in agriculture areas, are classified as endocrine disrupting chemicals (EDCs). 

The study aimed to analyze status of pesticide metabolites, anti-thyroid peroxidase (anti-TPO) antibodies and 

thyroid stimulating hormone (TSH) status in school children of agriculture areas. Thiswasa cross sectional 

study. Study subject consisted of 48 elementary school students in Brebes District. Examination of pesticide 

metabolites used urine sample to detect diethylthiophosphate (DETP) and  dimethyl dithiophosphate 

(DMDTP),using LC MS-MS. Both TSH and anti-TPO used serum sample and were examined by ELISA. Data 

was analyzed using chi square test (α 0.05).  
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Mean level of urine DETP was 0.00423 ppm (ranged 0.000-0.043 ppm, SD 0.0099), while urine DMDTP was 

0.00953 ppm (ranged 0.00-0.064 ppm, SD 0.019). Anti-TPO ranged 59.29-491.47 IU/ml, with mean level of 

167.48 IU/ml (SD 14.19 IU/ml). TSH ranged 1.23-31.56 ml U/L and mean level of 6 ml U/L (SD 5.35 ml U/L). 

Pesticide metabolites detected in 31.25% of subjects, while positive anti-TPO (>200 IU/ml) found in 25% of 

subjects. Subclinical hypothyroidism (TSH ≥4.5 mI U/L) was detected in 47.9% of subjects, while 52.1% was 

euthyroid. Mean levels of urinary iodine excretion (UIE) was 607.27 µg/L, which above requirements UIE level 

(≥200 µg/L). Proportion of school children who have subclinical hypothyroidism and pesticide metabolites were 

66.7%; subclinical hypothyroidism and anti-TPO were 41.7%; while pesticide metabolite and anti-TPO were 

20%. There was no significant association between pesticide metabolites and subclinical hypothyroid incident 

(p-value 0.08, PR 1.69, 95% CI: 0.97-2.9). There was also no significant association between pesticide 

metabolites and anti-TPO (p-value 0.61, PR 0.83, 95% CI 0.39-1.75). Proportion of school children with 

positive pesticide metabolites who suffer from subclinical hypothyroidism were higher (66.7%) than negative 

subclinical hypothyroidism (33.3%). Iodine above requirements may serve as a risk factor of hypothyroidism 

and autoimmune thyroid disease. 

Keywords: pesticide metabolites; thyroid peroxidase antibody; thyroid stimulating hormone; subclinical 

hypothyroidism; school children. 

1. Introduction 

Subclinical hypothyroidism in children, which is characterized by low tetraiodothyronine levels (FT4), is an 

abnormal and elevated level of sensitive Thyroid Stimulating Hormones (TSH) [1,2]. Studies from the National 

Health and Nutrition Examination Survey (NHANES III) to the US population over 12 years of age between 

1988 and 1994 showed prevalence of subclinical hypothyroidism was 4.3% [3]. Hypothyroidism in infants and 

children significantly affect the growth and development if not diagnosed and left untreated properly [4]. 

Hypothyroidism can affect the appearance of goiter, which may lead to low learning achievement in elementary 

school children. A study showed incidence of goiter in school children was 97%, and school children with goiter 

has lower average grade point compared to non-goiter students [5]  . 

Pesticides, chemicals that widely used in agricultural areas, are classified as Endocrine Disrupting Chemicals 

(EDCs). One of the disrupted hormones by exposure to pesticides is a thyroid hormone. Organophosphate 

affects the immune response, one of which is the production of antibodies either in animals and humans [6, 7]. 

TPO activity can be inhibited by anti-TPO [8]. TPO is a key enzyme thyroid to catalyzed for iodination and 

coupling reactions for the synthesis of thyroid hormones [9].Working in agricultural fields are risk factors of 

TPO activity. Elevated titers of anti-TPO were found in 20.37% (22 out of 108) greenhouse workers who used 

chlorpyrifospesticide [10].  

Based on our previous study, prevalence of hypothyroidism in school children in an agricultural area was 32%. 

In addition, we found more than 50% pesticide metabolites in the urine of school children. Iodine intake in 

school children was in normal range. Therefore, we assume the hypothyroidism did not relate to iodine intake. 

School children in agricultural areas in Brebes Districts usually help their parents or play around agriculture 
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field. This condition increases their risk to pesticides exposure. 

2. Material and Method 

This was an observational, cross sectional study. Subjects were 48 out of 50 school children in 4th grade of State 

Elementary School of Dukuhlo 01, Brebes District. Informed consent and medical examinations were carried 

out before the blood and urine specimen collection and interviews. Urine specimens as much as 100 ml and 10 

ml of blood specimens were taken for each child. Spot samples of urine were collected from children at the 

beginning of morning. Half of urine sample (50 ml) was put into a urine specimen cup, labeled, and transferred 

on cool pack (-4 o C) to the BiochemLab Angler Surabaya for pesticide metabolites analysis. Another half was 

transported to GAKY Laboratory Faculty of Medical, Diponegoro University for urinary iodine excretion (UIE) 

analysis. The blood serum was labeled and transferred on ice in to the Cito Laboratory-Tegal for thyroid 

hormone analysis. Another half was transported to GAKY Laboratory Faculty of Medical, Diponegoro 

University for anti-TPO analysis. Examination of the types and levels of pesticide metabolites in the urine (ppm) 

was conducted by liquid chromatography tandem mass spectrophotometry method (LC MS-MS), examination 

of thyroid hormone status (TSHs, FT4, T3) and anti-TPO by ELISA, while urinary iodine (UI) by colorimetric 

method with acid digestion. History of exposure in children was measured by interview and observation using 

questionnaire. Cut of point for hypothyroidism was ≥4.5 mI U / L TSHs [3], anti-TPO ≥ 200 IU / ml [11], and 

UIE≥200 ug / L [12]. Data was analyzed using descriptive statistics and chi-square test at α 0.05 error level. 

Ethical clearance was issued by Health Research Ethics Committee of the Faculty of Public Health, University 

of Diponegoro Number 117 / EC / FKM / 2014. 

3. Results 

Dukuhlo village is one of the agricultural areas. Like other agricultural areas in Brebes District, onion is the 

main product. The use of pesticides by onion farmers is very high. Subject was consisted of 27 males and 21 

females of 4th grade students. Most parents only completed elementary school (79.2%). Father's occupation is 

mostly as traders (62.5%), while most of mothers work as farm workers (37.5%). A total of 47 school children 

(97.9%) lived in the village Dukuhlo since birth. 

Mean of anti-TPO in school children was 167.48±14.19 IU / ml. A total of 12 school children (25%) has anti-

TPO (≥ 200 IU / ml). Examination of pesticide metabolites consisted of DETP and DMDTP. Mean DETP was 

0.00423±0.0099 ppm. Mean DMDTP was 0.00953±0.019 ppm. A total of 31.3% school children was detected 

to have positive pesticides metabolites. Mean level of TSHs was 6±5.35 ml U/L. prevalence of subclinical 

hypothyroidism was 47.9% (23 out of 48 subjects). The average level of FT4 was 16.89±1.00 mI U/L. Mean 

levels of T3 on school children was 1.84±0.29 mI U/L. 

Mean of iodine excretion in the urine of school children was 607.27±30.46 µg / L, ranged 412 µg/L-616 

µg/L(SD 30.46 µg / L). Based on the table 1, all subjects (100%) had urinary iodine above requirement (≥200 

µg / L). As for the risk to pesticides exposure, we found most subjects are involved in agricultural activities such 

as separating or cleaning onion (81.3%), and look for the onions (62.5%). In addition, almost all subjects played 
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outside the house (95.8%), mostly in farm areas (81.3%) 

Table 1: Anti-TPO, pesticide metabolites in urine, thyroid hormones and activities of school children 

Variable Min. Max. Mean SD n=48 % 

Anti-TPO(IU/ml) 59.29 491.47 167.48 14.19   

DETPin urine (ppm) 0.00 0.043 0.00423 0.0099   

DMDTPin urine (ppm) 0.00 0.064 0.00953 0.019   

TSHs (mlU/L) 1.23 31.56 6 5.35   

FT4 (mlU/L) 13.54 25 16.89 1.99   

T3 (mlU/L) 1.27 2.93 1.84 0.29   

UIE (µg/L) 412 616 607.27 30.46   

anti-TPO (>200 IU/L)     12 25 

Presence/positive pesticide metabolites in urine     15 31.25 

Hypothyroidism (TSHs≥4,5 mlU/L)     23 47.9 

Above requirements UIE (>200 µg/L)     48 100 

Children involved in agriculture activities     39 81.3 

Children seeking onion     30 62.5 

Children playing in outdoor     46 95.8 

Children playing in agriculture area     39 81.3 

Anti-TPO= anti-thyroperoxidase antibodies; DETP=diethylthiophosphate; DMDTP=dimethyldithiophosphate; TSHs=sensitive thyroid 

stimulating hormone; UI=urinary iodine 

 

The relationship between independent variables and dependent variable (not showed in table) 

There was no relationship between presence/positive pesticide metabolites and anti-TPO on 4thgrade school 

children (p-value 0.59). Proportion of school children with anti-TPO who suffer hypothyroidism was 41.7% (5 

students) compare to anti-TPO who not suffer hypothyroidism 58.3% (7 students). There was no correlation 

between the anti-TPO and the incidence of hypothyroidism (p-value 0.62). The school children with 

presence/positive pesticide metabolites in urine who suffer from subclinical hypothyroidism was 10 subjects 

(66.7%). There was also no relationship between presence/positive pesticide metabolites and incidence of 

hypothyroidism (p-value 0.08). We found 35.9% school children with farming activities have presence/positive 

pesticide metabolites in urine. However, there was no relationship between their involvement in farming 

activities and the presence/positive of pesticide metabolites (p-value 0.38). Proportion of school children who 

collected onion and have presence/positive pesticide metabolites was 30%. There was also no relationship 

between collecting onion and presence/positive pesticide metabolites (p-value 1). 
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4. Discussion 

4.1 Pesticide exposure 

Pesticide metabolites urine is a good method to determine the exposure of pesticides in the human body [13]. In 

general, exposure to pesticides that occurs in agricultural areas can also occur in the home. Children of farm 

workers are particularly vulnerable to exposure to pesticides because they may be exposed to pesticides from 

various ways such as found near agricultural areas, exposure brought into the home of his parents, and the milk 

of the mother [14]. 

In our study, a total of 15 students (31.3%) were detected positive DETP and DMTP in urine. This proved that 

one third of school children have been exposed to pesticides. The DETP and DMTP metabolite is the types of 

organophosphate pesticide groups [15]. Children who live in the area of agriculture or family as a farm worker 

can exposed to organophosphate pesticides [16]. Our study was in accordance with Eskenazi et.al that children 

living in agricultural areas were exposed to higher levels of pesticides than children in other places [17], because 

pesticides from farming may get into homes through family members, pesticides flowing body of water, breast 

milk of women work in agriculture fields, as well as playing near agricultural land. 

Based on our observations, all subjects reside in the area of agriculture of onion. Most of subjects helped their 

parents to clean soil attached to the onion, release dry seed of onion, and collect good onion in the dump onion 

garbage. In addition, they play around the onion farming. These conditions allow school children getting 

pesticides exposure. Theoretically, the exposure of pesticide may be through skin, mouth and respiratory tract 

[18]. During their activities at onion farming, these children are likely to be exposed on the dust/soil containing 

pesticides through inhalation or ingestion. According to Budi Gunawan, onion farmland in Brebes District 

contained chlorpyriphos pesticide residues in alluvial soil, which ranged 0.39 to 0.72 mg / kg soil [19]. Another 

pesticides residues, prophenophos, also found in onion of Brebes District with levels of 0.481 ppm [20]. The 

active ingredients of pesticides used in agriculture in Brebes District include: chlorpyripos, propineb, alpha 

sipermetrin, fipronil, prophenophos, chlorantanilliprol, abamectin, and deltamethrin [21]. 

4.2 Anti-TPO 

Anti-TPO is a strong marker for autoimmunity of thyroid disease on human. The anti-TPO is more sensitive 

than thyroglobuline antibody (TGAb) for predicting hypothyroidism. There were a significant different for 

sensitivity between the two markers, i.e. 98.1% and 61.8% for anti-TPO and anti-TGAb, p-value< 0,005. 

Hypothyroidism itself is the most common dysfunction of thyroid in patients with anti-TPO and TGAb [22]. An 

experimental study showed that TPO activities are inhibited by anti-TPO [8]. Prevalence of anti-TPO in patient 

group with normal high of TSH (2.5–5.49 IU/ml) is higher (18.6%) than in patients group with low normal of 

TSH (0.36–2.49 IU/ml) 3%. [23]. Our study was contrast to those other studies as we revealed proportion school 

children with anti-TPO and suffer hypothyroidism are lower (41,7%) than proportion of school children with 

anti-TPO without hypothyroidism (58.3%). 
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4.3 Thyroid hormone and subclinical hypothyroidism 

Thyroid hormones in this study include free tyroxine (fT4), triiodothyronine (T3) and TSHs. Standard for TSH 

0.2± 4.5mU/l, fT4 8±20 pmol/l and T3 1,2±2,7 nmol/l [11]. To determine whether school children have 

hypothyroidism, the most sensitive indicator is TSHs. TSHs level of 4.5 mI U/L is considered as cut of point to 

determine hypothiroidism [3,24,25]. 

Our study obtained 47.9% subclinical hypothyroidism in 4th grade elementary Dukuhlo 01 school children. The 

proportion was greater compared to hypothyroidism on State Elementary School of Dukuhlo 02, another state 

elementary school at the same area. Only 26% from 27 students of Dukuhlo 02 elementary school experienced 

of hypothyroidism [26]. The proportion of sub clinical hypothyroidism in our study also higher compared to 

studies from several areas. In Pakistan, subclinical hypothyroidism prevalence was 8.43% from 83 samples of 

children aged 6-11 years [27]. A study in Purbalingga showed 40% students of elementary school aged 9-12 

years had subclinical hypothyroidism with levels of TSH> 4 mU / L [28]. In Ponorogo, proportion of clinical 

hypothyroidism in 135 elementary school children aged 9-11 years was 21.5%, while subclinical 

hypothyroidism was 12.6% [29]. 

Thyroid hormones T4 and T3 are produced through a series of peroxidation reactions require iodide iodine?, 

hydrogen peroxide, enzymes thyroid peroxidase, and iodine acceptor protein TG [30]. Hydrogen peroxide 

produced by the enzyme activity dual oxidase (DUOX / ThOX oxidase) located in the apical pole of thyroid 

follicular cells [31,32]. Thyroid peroxidase (TPO) facilitate covalent binding of iodide to iodine oxidation 

reduces H2O2 and where they bind to different thyrosine residues in proteins thyroglobulin and form 

tyrosinesmonoiodinated (DIT) or thyrosinesdiiodinated (MIT) [31,32]. Two diiodotyrosyl, or one 

monoiodotyrosyl and one diiodotyrosyl, joined by oxidation to form thyroxine [3,5,3 ', 5'-tetraiodothyronine 

(T4)] and 3,5,3'-tri-iodothyronine (T3) [33]. 

Although we found organophosphate pesticides (DETP and DMDTP), this organophosphate pesticide group 

actually does not have a mechanism to inhibits activity of TPO enzyme. Unlike the carbamate pesticide groups 

such as Mancozeb, which has a mechanism of inhibiting TPO enzyme [34]. The mechanism of organophosphate 

pesticide groups is increasing reactivity Caspase 3 [35]. 

Mancozeb is a type of carbamate pesticides that can inhibit the formation of thyroid hormones by inhibiting the 

enzyme thyroid peroxidase (TPO) so as to reduce the production of T3 and T4 [34]. This is because the function 

of TPO is to oxidize iodine to be T3 or T4 [36,31,32]. With decreasing levels of T3 / T4 in the blood it will 

stimulates hypofisis to produce TSH, so that high TSH levels. [34]. However, organophosphate pesticides group 

does not have a binding mechanism TPO enzyme, in contrast with carbamate pesticide groups (mancozeb) 

which has a mechanism for inhibiting the enzyme TPO [34]. There was no measurement for metabolites of 

carbamate pesticide in the urine. 

4.4 Iodine intake 

Iodine enter with food and drinks in the form of iodine (Io), which will be converted to iodide (I-) in the 
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stomach. Iodide is absorbed in the gastrointestinal tract and is distributed in the extracellular fluid, saliva, gastric 

secretions and breast milk. [37]. Adequacy of iodine is essential for the normal functioning of the thyroid gland 

[38]. Examination of IUE in the urine is very important because almost all of iodine (90%) is excreted via the 

urine, thus UIE can describe a person's intake of iodine. At UIE content measurement, the method 

recommended by WHO and used throughout the world is a method acid digestion with a solution of ammonium 

persulfate. [39.40]. According to WHO the recommended daily iodine intake requirement is 150 µg/day for 

adults, 200 µg/day for pregnant and lactating women, and 50-120 µg/day for children [12]. However, in our 

study the level of UIE was all (100%) above (≥200 µg/L) daily requirement. Above requirement of iodine intake 

may serve as a risk factor of hypothyroidism [41,12] and thyroid autoimmunity disease [12]. 

It is interesting that the level iodine intake in the students of State Elementary School of Dukuhlo 01 is high 

enough. UIE levels ranged 201-299 µg/L were a risk factor of iodine-induced hyperthyroidism between 5-10 

years after getting iodized salt. While the levels of ≥ 300 µg/L will have risk on iodine induces autoimmune 

hyperthyroidism and thyroid disease in vulnerable groups [12]. From our observation and confirmation to health 

officers and teachers, students never receive iodine supplementation. Therefore, most likely they get iodine 

intake through food or drink. However, the food that they eat everyday does not reflect an adequate intake of 

iodine. The possibility is there are other things that lead to the accumulation of iodine in the body. 

4.5 Relationships between independents and dependent variables 

No relationship between the positive/presence of pesticide metabolites and anti-TPO activity was found in our 

study. But this study clearly revealed the majority of students have pesticide metabolites DETP and DMDTP in 

urine. DETP and DMDTP are belongs to organophosphate pesticides [15]. Our study was against previous 

studies that showed organophosphate affects immune response, especially in antibody production [6,7]. 

Thrasher et al. reported that chlorpyrifos exposures lead to higher allergic reaction and sensitivity to antibiotics, 

followed by decreasing of CD5 cells, increasing of CD26 cells and autoantibody [42]. According to Simescu et 

al, there was elevated anti-TPO titer in greenhouse workers who using pesticide type of chlorpyrifos, 

trichloropyridinol (TCP), carbofurane, cypermethrin, and dimethoate [10].  

In this study, there was no relationship between anti-TPO and hypothyroidism. Based on Kaczur et al, the TPO 

activity is inhibited by anti-TPO [11]. Disruption of TPO activities will lead to dysfunction of thyroid hormone 

synthesis. More than 85.6% male and 86.0% female who have TSH >4 U/ml also have positive anti-TPO. This 

indicates autoimmunity is an important factor in the occurrence of hypothyroidism [8]. Although our study did 

not show correlation of anti-TPO with hypothyroidism in school children of Brebes District, they still needs to 

be warn about the harmful of pesticides, because organophosphate pesticide can trigger autoimmunity. 

There was also no relationship between the positive pesticide metabolites and the incidence of hypothyroidism 

on school children 4th grade State Elementary School of Dukuhlo 01, Bulakamba, District Brebes.  However, 

the proportions of school children with positive pesticide metabolites who suffer from subclinical 

hypothyroidism (66.7%) were higher than positive pesticide metabolites without subclinical hypothyroidism 

(33.3%). A previous study showed chlorpyrifos, one of organophosphate pesticides, caused a significant 
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slowdown in weight, thyroid weight loss, decreased T3 and T4 and TSH hormone levels on mice. 

Histologically, there was a decrease in the size of the follicles and the amount of colloids, major degeneration of 

follicular cells, thickening of the collagen fibers, and narrowing of blood vessels. Histochemically, there was a 

decrease in PAS reaction. By immune histochemistry, an increase of enzyme caspase-3 and weak expression of 

thyroglobulin protein were revealed. In ultra structure, the tested mice had smaller heterochromatic nucleus, 

mitochondrial degeneration and little secretion granules. In morphometric, there was significant decrease in size 

of the thyroid follicles, percentage of colloidal area and percentage area of collagen fibers [35]. 

5. Conclusion 

Proportion of school children positive pesticide metabolites and suffer subclinical hypothyroidism were higher 

(66.7%) than negative subclinical hypothyroidism (33.3%). Urinary iodine excretion above requirement may as 

a risk factor of hypothyroidism and thyroid autoimmune disease. 
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