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Abstract
Endocrine-disrupting chemicals (EDCs) can be a major risk factor for noncommunicable illnesses, especially when children 
are exposed to them. The purpose of this study was to assess the urine concentrations of triclosan (TCS), methyl triclosan 
(MTCS), triclocarban (TCC), and 2,4-dichlorophenol (2,4-DCP) and its association with anthropometric and demographic 
parameters in children and adolescents aged 6–18 living in Kerman, Iran, in 2020. A GC/MS instrument was used to measure 
the concentrations of the analytes. TCS, MTCS, TCC, and 2,4-DCP geometric mean concentrations (µg/L) were 4.32 ± 2.08, 
1.73 ± 0.88, 4.66 ± 10.25, and 0.19 ± 0.14, respectively. TCS, MTCS, TCC, and 2,4-DCP were shown to have a positive and 
significant association with BMI z-score and BMI (p-value < 0.01). TCS and MTCS have a positive, strong, and substantial 
association (p-value < 0.01, r = 0.74). There was no significant association between the waist circumference (WC) and the 
analytes studied. In addition, there was a close association between analyte concentration and demographic parameters (smok-
ing, education, income, etc.) overall. In Kerman, Iran, the current study was the first to look into the association between 
TCS, MTCS, TCC, and 2,4-DCP analytes and anthropometric and demographic data. The levels of urinary TCS, MTCS, 
TCC, 2,4-DCP, and anthropometric parameters in children and adolescents are shown to have a significant association in 
this study. However, because the current study is cross-sectional and it is uncertain if a single experiment accurately reflects 
long-term exposure to these analytes, more research is needed to determine the impact of these analyses on the health of 
children and adolescents.
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Introduction

Obesity is characterized as abnormal or excessive fat accu-
mulation in adipose tissue (Martens et al. 2017). Obesity 
indices include body mass index (BMI) and waist-to-hip 
ratio (WHR) (Yousefi et al. 2018, 2019). The global preva-
lence of juvenile obesity has risen considerably (Friedemann 
et al. 2012; Skinner et al. 2015), and a global trend has been 
noticed, prompting greater worry in this age range (Martens 
et al. 2017). Approximately 4% of children and adolescents 
(2 to 19 years old) were extremely obese between 1999 
and 2004. In 2011–2012, this amount grew by 6% (Skin-
ner et al. 2015; Amin et al. 2018b). To put it another way, 
one out of every six children and adolescents is presently 
fat. Although obesity has a hereditary component, current 
epidemics cannot be attributed to genetic alterations in the 
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population since the human genome has not altered in such a 
short period. Environmental contaminants, without a doubt, 
are a major contributor to the rise in obesity as a risk factor 
for noncommunicable illnesses (Zarean and Poursafa 2019; 
Amin et al. 2019b).

Today, the concerns of human societies regarding the 
types of diseases related to environmental factors are 
increasing. Environmental risk factors such as pollution, 
water, air, soil, exposure to chemicals are involved in caus-
ing a variety of diseases (Yousefi et al. 2018). Environmen-
tal chemicals may be a major motivator for a variety of ill-
nesses, especially in children, and these compounds may 
interact with genetic and epigenetic systems, affecting the 
body’s natural growth (Zarean and Poursafa 2019; Amin 
et al. 2018d). EDCs are substances that affect endocrine 
function and are among these pollutants (Kolšek et al. 2015; 
Vela-Soria et al. 2014).

EDCs have the potential to alter the body’s normal hor-
mones. The effects of these substances on steroid and thyroid 
hormone function, as well as the activation of peroxisome 
proliferator-activated receptors (PPARs), are important in 
fat cell differentiation and energy storage and can be used 
as biological mechanisms for the association between obe-
sity and EDCs (Amin et al. 2018c; Wang and Tian 2015; 
Hashemi et al. 2021). Triclocarban (TCC), 2,4-dichloro-
phenol (2,4-DCP), and triclosan (TCS) and its metabolites, 
such as methyl triclosan (MTCS), are examples of EDCs 
(Baumann et al. 2010; Karzi et al. 2018; Lv et al. 2013; 
Zhang et al. 2020).

TCS (2,4,4-trichloro-2-hydroxy diphenyl ether) and TCC 
(3,4,4-trichlorocarbanilide) are used as antimicrobials and 
preservatives in a variety of personal care products, includ-
ing soaps, detergents, shampoos, hair conditioners, shaving 
creams, kinds of toothpaste, mouthwashes, deodorants and 
antiperspirants, cosmetics, laundry detergents, fabric soften-
ers, acne medications, and trash cans (Dhillon et al. 2015; 
Giuliano and Rybak 2015; Karzi et al. 2018; Li et al. 2015; 
Montaseri and Forbes 2016; Yueh and Tukey 2016). TCC 
is a common ingredient in antibacterial soaps (Hinther et al. 
2011). MTCS, a triclosan metabolite, is mostly generated 
when the hydroxyl group in triclosan is replaced with meth-
oxy (Li et al. 2020; Wang et al. 2019).

2,4-DCP is a lipophilic chlorinated phenol from the phe-
noxy acetic acid herbicide family that is frequently utilized 
in the production of herbicides and insecticides (Exon et al. 
1984; Magnoli et al. 2020; Zhang et al. 2018). Excessive 
doses of herbicides are frequently employed due to weed 
resistance, resulting in biological buildup even with short-
term exposure (Magnoli et al. 2020).

2,4-DCP can be generated by the deformation of pes-
ticides, primarily phenoxy herbicides like 2,4-dichloro-
phenoxyacetic acid, as well as antibacterial and antifun-
gal chemicals like triclosan, which is also a byproduct of 

municipal drinking water and industrial effluent chlorination 
(Bukowska et al. 2016; Ye et al. 2014). Because of these 
chemicals’ lipophilic characteristics, if they reach the envi-
ronment, they can accumulate in the bodies of plants and 
animals, eventually entering the food chain and endangering 
health (Ding et al. 2020; Exon et al. 1984; Yueh and Tukey 
2016; Parastar et al. 2018).

TCS has a detrimental influence on the endocrine sys-
tem’s functioning, such as thyroid and sex hormone bal-
ance, according to in vivo research and also exposure to it 
has been associated with childhood asthma, cancer risk, and 
obesity (Iyer et al. 2018). TCS and BMI have been found to 
have a positive association, according to research (Lankester 
et al. 2013). MTCS can significantly alter the transcription 
of HepG2 hepatocytes (Baumann et al. 2010).

TCC has been shown to affect the function of sex hor-
mones and the thyroid in studies and also has an effect on 
glycolipid metabolism in the rat liver (Dong et al. 2019; 
Schultz et al. 2012; Wang et al. 2013). Pesticides have a 
variety of negative consequences for a child’s development, 
including neurological and metabolic issues including diabe-
tes and obesity (Buser et al. 2014). 2,4-DCP has the poten-
tial to produce genetic activity, mutagenicity, function as 
a cancer promoter, and alter estrogen receptor expression 
(Exon et al. 1984; Ma et al. 2012). These chemicals enter 
the body by ingesting and skin adsorption, and traces of 
them have been found in urine and blood. As a result, urine 
is an essential biomonitoring technique for determining and 
evaluating EDC exposure (Braun 2017; Giuliano and Rybak 
2015; Park et al. 2019).

Some Iranian research, such as Hashemi et al. (Amin 
et al. 2019a) and Amin et al. (Amin et al. 2018c) looked at 
the association between environmental contaminants (phtha-
late, bisphenol A) and anthropometric characteristics. The 
research’s results revealed a significant association between 
bisphenol A and phthalate concentrations and gender, BMI 
z-score, BMI, WC, and age. However, no research on TCS, 
MTCS, TCC, or 2,4-DCP exposure in Iranian children and 
adolescents has been conducted, too, yet. The goal of this 
study was to determine the concentrations of TCS, MTCS, 
TCC, and 2,4-DCP in children and adolescents in Kerman, 
Iran, as well as their association to anthropometric param-
eters and demographic factors.

Materials and methods

Study population

The current study, a cross-sectional questionnaire, was per-
formed in 2020 on 79 children and adolescents (6–18 years 
old) residing in Kerman, Iran. Kerman University of Medical 
Sciences’ ethical committee has authorized this study (IR.
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KMU.REC.1399.258). Children and adolescents (6–18 years 
old) were sampled in Kerman-based labs. The participants 
had to be between the ages of 6 and 18, have no chronic dis-
ease or coronavirus (COVID-19), and have resided in Ker-
man for at least a year. Noncooperation at all phases of the 
project was a criterion for exclusion.

The parents first notified the children and adolescents 
about the research’s goals, after which, they filled the con-
sent form. The level of exposure to TCS, MTCS, TCC, 
and 2,4-DCP should be assessed in the participants using a 
structured questionnaire comprising demographic informa-
tion, lifestyle factors such as the use of various personal care 
products, the number of baths per week, and the amount of 
physical activity of children and adolescents throughout the 
week completed by parents.

Anthropometric data such as height and weight and WC 
were measured tangential to the wall using a shoeless meter; 
weight was computed using the Seka digital scale when 
the individual was least clothed and barefoot; WC (cm) 
was measured using an expiratory meter, and the distance 
between the chest and the pelvis was measured from the 
deepest portion, and BMI was calculated using the formula 
of weight (kg) divided by square height (m2). The WHO 
AnthroPlus software was used to compute the BMI z-score 
for children and adolescents based on their age and gen-
der. The BMI z-score is used to compare BMI under the 
same conditions and to determine how much a data point 
deviates from the average in terms of your criteria. Based 
on the growth charts provided by the Centers for Disease 
Control and Prevention (CDC) for children and adolescents, 
the BMI status of this age group from the percentiles used 
by this committee includes the following: underweight < 5th 
percentile; normal or healthy weight: 5th percentile to less 
than the 85th percentile; overweight: 85th to less than the 
95th percentile; and obese: 95th percentile or greater (Amin 
et al. 2018b).

Sample preparation

Researchers mentioned the process of analyzing urine sam-
ples in a prior study, and it is briefly detailed here (Nasab 
et al. 2021). Urine samples were kept at − 20 °C in sealed 
15-mL Falcon glass vials until the experiment. The Jaffe 
technique and a Hitachi 704 auto-analyzer were used to 
quantify random creatinine.

Five milliliters of urine was extracted using the dispersive 
liquid–liquid microextraction (DLLME) technique to assess 
TCS, MTCS, TCC, and 2,4-DCP concentrations. After that, 
the extracted material was transferred to a dedicated gas 
chromatography (GC) vial, where 5 µL of MSTFA derivative 
was added. It was then heated for 1 h at 50 °C before being 
injected into an Agilent (USA) Model 7890 gas chromatog-
raphy-mass system fitted with an MS Detector Model 5975 

in Split/Spitless mode. According to Table 1, the selected 
ions with the greatest frequency were chosen to enhance the 
sensitivity of the device and provide a more accurate analy-
sis of the analytes using the selected ion monitoring (SIM) 
mode (Amin et al. 2018a).

The carrier gas was 99.99% pure helium with a flow rate 
of 1 mL/min. Various temperature schemes for the column 
and carrier gas intake velocities were utilized to achieve the 
optimum separation and segregation between the acquired 
chromatogram peaks.

Statistical analysis

For statistical evaluation of the data, concentrations below 
the detection limit (LOD) were considered half of the LOD 
(Amin et al. 2018b). SPSS software was used to analyze the 
data. The means were compared using an independent t-test. 
The association between TCS, MTCS, 2,4-DCP, and TCC 
and the examined factors was investigated using univariate 
and multiple linear regression analysis. By reducing possi-
ble confounders, linear and multivariate regression analyses 
were performed to evaluate various TCS, MTCS, 2,4-DCP, 
and TCC with anthropometric and demographic parameters.

Results

According to the descriptive data in Table 2, 42 of the 79 
children and adolescents evaluated were boys. The majority 
of the participants in the research were youngsters aged 6 
to 11 (50.6%). Boys were more physically active than girls, 
with a significant difference (p-value = 0.008), according to 
the findings.

Table 3 investigates the association between analyte con-
centrations (µg/L) and demographic variables in both girls 
and boys. According to the findings, the MTCS rate in girls 
exposed to secondhand smoke was 0.98 higher than that of 
nonexposed girls, while the TCS rate in boys whose parents 
had a college degree was 1.80 and 2.27 points higher than 
that of other boys. Furthermore, the TCC rate in boys with 
greater family income was 1.42 points lower than in boys 
with low income.

Table 1   Selection of main ions for the quantitative analysis of ana-
lytes

Analyte Quantification ion (m/z)

3,4,4-Trichlorocarbanilide 302, 253, 219, 198, 174, 161
2,4-Dichlorophenol
Triclosan
Methyl triclosan
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The geometric mean concentrations of urine analytes 
TCS, MTCS, TCC, and 2,4-DCP in the two age groups of 
6–11 and 12–18 years, with and without creatinine adjust-
ment, are shown in Table  4. The geometric mean con-
centration of triclosan (μg/g.cr) in girls aged 6–11 years 
(6.86 ± 5.37) was greater than girls aged 12–18  years 
(4.21 ± 1.09) (p-value = 0.03), whereas the geometric mean 
concentration of triclosan (μg/g.cr) in boys aged 12–18 years 
(4.36 ± 1.02) was higher than boys aged 6–11  years 
(3.95 ± 1.43) (p-value = 0.03). In addition, boys and girls 
aged 6–11 years had a higher mean BMI z-score than boys 
aged 12–18 years (p-value = 0.02). All of the participants 
had TCS, MTCS, TCC, and 2,4-DCP pollutants.

Table 5 displays the results of correlations between the 
analytes (μg/L) and other factors (age, sex, WC, BMI, and 
BMI z-score). The association between TCS and MTCS and 
BMI was found to be significant. Between TCC and 2,4-
DCP and BMI, there was a moderate mean positive associa-
tion. There was also a positive and significant association 
(p-value = 0.01) between all analytes, which was with the 
highest correlation (p-value = 0.01, r = 0.74) between TCS 
and MTCS.

The association between the concentration of ana-
lytes (μg/L) examined with the BMI z-score and WC is 
shown in Table 6. This association was investigated using 

univariate and multivariate regression models (adjusted 
for gender, age, and physical activity). According to 
Table 6 in model 2 (adjusted for age, gender, and physi-
cal activity), a unit increase in BMI z-score raises the TCS 
by 0.58 units, the MTCS by 0.28 units, the TCC by 0.49 
units (p-value < 0.0001), and the 2,4-DCP by 0.02 units 
(p-value = 0.01). Analytes and WC, on the other hand, were 
shown to have no significant relationship.

The results of Table 7 show the mean concentrations of 
TCS, TCC, MTCS, and 2,4-DCP (µg/L) according to the 
weight status of individuals. The number of obese people 
was more than other people studied (n = 32). The mean con-
centration of all analytes was higher in obese people than 
other people, and this value was 5.47 ± 2.99 for TCS and 
5.50 ± 2.20 for TCC, 2.32 ± 1.04 for MTCS, and 0.29 ± 0.13 
for 2,4-DCP.

Discussion

EDCs have an impact on the onset and progression of obe-
sity. These substances, known as environmental fatteners, 
disrupt lipid metabolism and cause the body to accumulate 
fat inefficiently. By activating nuclear receptors, environ-
mental fatteners promote fat cell development from stem 
cells. They can attach to particular receptors in the target cell 
and inhibit cell signaling by blocking signals in the body, 
similar to the body’s endogenous hormones, such as sex and 
thyroid hormones in the human body (Buser et al. 2014; 
Kabir et al. 2015; Chavoshani et al. 2020a).

Because most EDCs are highly lipophilic and may be 
stored in adipose tissue, increased levels of these chemicals 
may imply an association between obesity and their accu-
mulation in the body. Obesity and associated consequences 
have also been associated with a delay in the metabolism of 
endocrine-disrupting substances, as well as an increase in 
their half-life and blood or urine levels (Ribeiro et al. 2020). 
By altering the endocrine system, these drugs also induce 
alterations in hemostatic systems (such as adrenal glands, 
hypothalamus, and pituitary gland) of weight regulation 
(Grün and Blumberg 2009). TCS may potentially raise the 
risk of obesity by changing gut flora or causing endocrine 
disruption (Kalloo et al. 2018a).

The urinary TCS, MTCS, TCC, and 2,4-DCP levels were 
4.32, 1.73, 4.27, and 0.19 (µg/L), respectively, as indicated 
in Table 4. The investigation on the association between 
anthropometric parameters such as BMI z-score and WC 
(cm) with pollutant concentrations discovered that there is a 
significant relationship between TCS, MTCS, TCC, and 2,4-
DCP (μg/L) concentrations and BMI z-score but no signifi-
cant relationship between WC and pollutant concentrations 
(Table 6). So, when the association between demographic 
factors and pollutant levels was evaluated, it was shown that 

Table 2   Distribution of variables according to gender

1 Physical activity: low = less than 5  min, moderate = 5 to 30  min, 
high = more than 30 min

Variables Boys n (%) Girls n (%) All n (%) p-value

Age groups
  6–11 years 17 (40.5) 23 (62.2) 40 (50.6) 0.05
  12–18 years 25 (59.5) 14 (37.8) 39 (49.4)

Smoker family
  Nonsmokers 33 (78.6) 31 (83.8) 64 (81.0) 0.55
  Smokers 9 (21.4) 6 (16.2) 15 (19.0)
  Father’s education
  Illiterate 6 (14.3) 5 (13.5) 11 (13.9) 1.00
  Nonacademic 32 (76.2) 28 (75.7) 60 (75.9)
  Academic 4 (9.5) 4 (10.8) 8 (10.1)

Mother’s education
  Illiterate 3 (7.1) 4 (10.8) 7 (8.9) 0.71
  Nonacademic 31 (73.8) 24 (64.9) 55 (69.6)
  Academic 8 (19.0) 9 (24.3) 17 (21.5)

Household income (US $/month)
  ≥ 599 24 (57.1) 23 (62.2) 47 (59.5) 0.77
  ≤ 600 18 (42.9) 14 (37.8) 32 (40.5)

Physical activity1

  Low 10 (23.8) 9 (24.3) 19 (24.1) 0.008
  Moderate 10 (23.8) 20 (54.1) 30 (38.0)
  High 22 (52.4) 8 (21.6) 30 (38.0)
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there is a strong relationship between MTCS concentration 
in girls and smoking in the family. In addition, a substan-
tial association was discovered between the boys’ parents’ 
educational level and TCS, as well as a positive relationship 
between parents’ academic level and TCS concentration. On 
the other hand, there was a substantial negative association 
between boys’ parents’ income level and TCC but no sig-
nificant association between other demographic factors and 
pollutant concentrations (Table 3).

According to the findings, the volume of urine excreted 
during sampling had no influence on the concentration of 
this; and therefore, instant sampling can be used to monitor 
the urinary levels of TCS and TCC, that these findings are 
comparable to those of Iyer et al. study (Iyer et al. 2018).

Chlorophenols, on the other hand, are compounds that 
are employed in pesticides or as intermediates in medi-
cines and dyes, the most prevalent of which are dichloro-
phenols. The conversion of TCS to dichlorophenols is the 
cause of this contaminant in the urine of children and ado-
lescents, and as a result, there is a significant relationship 
between the concentration levels of triclosan and dichlo-
rophenols, indicating that triclosan is the main source of 

dichlorophenols. TCS and 2,4-DCP concentrations were 
8.26 and 2.60 (µg/L), respectively, in research on Brazil-
ian children done by Rocha et al., which is higher than 
the concentration reported in this study and might sug-
gest reduced exposure of children and adolescents in Ker-
man, Iran, with products such as toothpaste, detergents, 
soaps, and personal care products are the primary sources 
of these pollutants (Rocha et al. 2018; Iyer et al. 2018). 
2,4-DCP is less harmful than TCS in terms of toxicity 
(Surampalli et al. n.d.).

Han et al. investigated the association between TCS and 
TCC concentrations in schoolchildren’s obesity and over-
weight. These youngsters had TCS and TCC concentrations 
of 0.32 and 0.33 µg/L, respectively. Furthermore, the find-
ings of this study revealed that there is a substantial positive 
association between these pollutants’ concentrations and 
obesity and overweight. Lankester et al. found a significant 
association between urinary TCS and BMI in the sample 
population (r = 0.3) in cross-sectional descriptive research 
by the National Health and Nutrition Examination Survey 
(NHANES) (Lankester et al. 2013). In a study of children 
and adolescents aged 6 to 19, Buser et al. discovered a linear 

Table 3   Association between demographic factors and concentration of urinary analytes (µg/L)

a Physical activity: low = less than 5 min, moderate = 5 to 30 min, high = more than 30 min
*p-value ≤ 0.05

Variable TCS (µg/L) MTCS (µg/L) TCC (µg/L) 2,4-DCP (µg/L)

Total Girls Boys Total Girls Boys Total Girls Boys Total Girls Boys

β β β β β β β β β β β β

Age groups
  6–11 years Ref - - Ref - - Ref - - Ref - -
  12–18 years  − 0.40  − 0.84 0.12  − 0.34  − 0.65  − 0.02  − 0.32  − 0.39  − 0.35  − 0.05  − 0.05  − 0.04

Smoker family
  Nonsmokers Ref - - Ref - - Ref - - Ref - -
  Smokers  − 0.72  − 1.35  − 0.20  − 0.45 0.98*  − 0.05  − 0.30  − 1.54 0.54  − 0.03  − 0.07 0.007

Father’s education
  Illiterate Ref - - Ref - - Ref - - Ref - -
  Nonacademic 0.88 0.37 1.30* 0.02  − 0.14 0.15 0.06 0.19  − 0.04 0.01  − 0.04 0.05
  Academic 1.10 0.27 1.80* 0.21 0.02 0.36 0.17 0.66  − 0.27 0.003  − 0.09 0.08

Mother’s education
  Illiterate Ref - - Ref - - Ref - - Ref - -
  Nonacademic 0.41  − 0.48 1.54*  − 0.15  − 0.38 0.15  − 0.70  − 0.26  − 1.33  − 0.01  − 0.07 0.08
  Academic 2.03* 1.96 2.27* 0.25 0.24 0.30 0.007 0.51  − 0.66  − 0.03  − 0.15 0.11

Household income (US $/month)
  ≥ 599 Ref - - Ref - - Ref - - Ref - -
  ≤ 600 0.17 0.42  − 0.05  − 0.007  − 0.06 0.01  − 0.74 0.13  − 1.42*  − 0.009  − 0.05 0.02

Physical activitya

  Low Ref - - Ref - - Ref - - Ref - -
  Moderate 0.58 0.74 0.15 0.03 0.12  − 0.09  − 0.48  − 0.48  − 0.49  − 0.03  − 0.07 0.02
  High 0.27 0.23 0.34  − 0.01 0.43  − 0.20  − 0.45  − 0.71  − 0.36  − 0.02  − 0.06  − 0.03
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connection between 2,4-DCP levels and BMI z-score, WC, 
and obesity (Buser et al. 2014).

TCS and MTCS were shown to have a significant positive 
association (r = 0.74, p-value < 0.0001) in this study. This 
might be since MTCS is the most common metabolite of tri-
closan, which is made by replacing the hydroxyl group with 
methoxy. Methoxy triclosan loses its antibacterial capabili-
ties when the hydroxyl group is replaced with methoxy, but it 
has better fat solubility, bioaccumulation, and stability than 
triclosan (Li et al. 2019, 2020; Wang et al. 2019). MTCS is 
another type of triclosan that comes from triclosan meth-
ylation. Because MTCS is more lipophilic than its parent 
compound, it has a strong resistance to breakdown and can 
accumulate in human and animal adipose tissue (Surampalli 

Table 4   The geometric mean concentration of urinary metabolites of TCS and MTCS with and without modulation by creatinine and mean age, 
creatinine level, and anthropometric parameters

Analytes Total Boys p-value Girls p-value

6–11 years 12–18 years 6–11 years 12–18 years

Geometric mean ± SD
(μg/L)

Geometric mean ± SD (μg/L)

TCS 4.32 ± 2.08 3.95 ± 1.43 4.36 ± 1.02 0.96 4.65 ± 3.41 4.21 ± 1.09 0.42
MTCS 1.73 ± 0.88 1.71 ± 0.63 1.67 ± 0.64 0.90 2.01 ± 1.23 1.44 ± 0.72 0.07
TCC​ 4.27 ± 1.93 4.49 ± 2.13 4.26 ± 1.75 0.58 4.26 ± 2.22 4.05 ± 1.66 0.55
2,4-DCP 0.19 ± 0.14 0.21 ± 0.12 0.16 ± 0.10 0.19 0.22 ± 0.19 0.17 ± 0.13 0.51

Geometric mean ± SD (μg/g.cr) Geometric mean ± SD (μg/g.cr)
TCS 5.05 ± 3.41 3.24 ± 2.69 4.98 ± 1.13 0.03 6.86 ± 5.37 5.32 ± 1.64 0.03
MTCS 2.19 ± 1.30 2.19 ± 0.80 1.97 ± 0.76 0.39 2.74 ± 1.88 1.83 ± 1.06 0.07
TCC​ 4.94 ± 2.94 3.58 ± 4.27 4.87 ± 1.86 0.16 6.26 ± 3.00 5.12 ± 2.28 0.14
2,4-DCP 0.26 ± 0.20 0.28 ± 0.17 0.23 ± 0.14 0.41 0.30 ± 0.26 0.22 ± 0.18 0.60
Anthropometric parameter 

and creatinine concentration
Mean ± SD

Age (years) 11.36 ± 3.81 8.27 ± 1.88 14.39 ± 2.03  < 0.0001 7.90 ± 1.71 14.93 ± 2.33  < 0.0001
BMI (kg/m2) 22.76 ± 5.69 21.36 ± 4.91 22.75 ± 4.45 0.28 24.21 ± 7.41 21.92 ± 5.38 0.34
BMI z-score 1.38 ± 2.09 1.97 ± 2.21 0.70 ± 1.35 0.02 2.48 ± 2.31 0.14 ± 1.71 0.002
WC (cm) 68.30 ± 12.71 60.13 ± 11.30 75.84 ± 11.60  < 0.0001 63.27 ± 10.90 71.76 ± 10.42 0.02
Creatinine (μg/mL) 0.77 ± 0.12 0.70 ± 0.0 0.88 ± 0.12  < 0.0001 0.69 ± 0.07 0.79 ± 0.11 0.001

Table 5   Correlation between analytes with age, sex, BMI, and WC

*p-value ≤ 0.05

Variables The correlation coefficient (β)

TCS
(μg/L)

MTCS
(μg/L)

TCC​
(μg/L)

2,4-DCP
(μg/L)

Age (years) 0.002  − 0.08  − 0.06  − 0.14
WC (cm) 0.08 0.11 0.06 0.01
BMI (kg/m2) 0.78* 0.67* 0.47* 0.43*
BMI z-score 0.62* 0.56* 0.42* 0.41*
TCS (μg/L) 1 0.74* 0.60* 0.49*
MTCS (μg/L) 1 0.30* 0.49*
TCC (μg/L) 1 0.35*
2,4-DCP (μg/L) 0.51* 1

Table 6   The effect of the 
BMI z-score and WC on TCS, 
MTCS, TCC, and 2,4-DCP 
(µg/L)

Model 1: crude
Model 2: adjusted by age, gender, and physical activity

Variable TCS (μg/L) MTCS (μg/L) TCC (μg/L) 2,4-DCP (μg/L)

β p-value β p-value β p-value β p-value

BMI z-score
  Model 1 0.48  < 0.0001 0.24  < 0.0001 0.38  < 0.0001 0.02 0.004
  Model 2 0.58  < 0.0001 0.28  < 0.0001 0.49  < 0.0001 0.02 0.01

WC (cm)
  Model 1 0.009 0.62 0.005 0.56 0.01 0.56 0.001 0.68
  Model 2 0.01 0.46 0.01 0.15 0.02 0.19 0.003 0.06
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et al. n.d.). Because triclosan is the major ingredient of 
MTCS, there has been no research on MTCS biomonitoring 
so far, but this study supported the relationship assessment 
of MTCS concentration (Chavoshani et al. 2020b).

Physical inactivity is widely acknowledged as one of the 
key factors that contribute to childhood obesity and over-
weight, which is a major problem nowadays (Owen et al. 
2010). Other variables that influence obesity and overweight 
children include heredity, a high-calorie diet, and exposure 
to chemical compounds such as triclosan and its derivative. 
The term “physical inactivity” refers to activities that the 
kid engages in for an extended period, such as watching TV, 
playing computer games, or sleeping excessively (Kalloo 
et al. 2018b). Excessive physical activity has been shown 
in certain studies to lower the amounts of pollutants that 
disturb the endocrine glands, preventing them from accu-
mulating in the body (Arya et al. 2020). The current study’s 
findings revealed that there is no significant association 
between EDC concentrations and physical activity. Nassan 
et al. published another study in which they found that there 
was no significant association between TCS concentration 
and physical activity in males, which likely relies on the 
individual’s employment, the intensity of physical activity, 
and the length of it (Nassan et al. 2019). There was no asso-
ciation observed in this study because the youngsters did not 
participate in severe physical exercise.

It is difficult to compare concentrations owing to 
changes in age, sex, race, and pollution exposure, and 
people’s metabolisms may differ in various areas and 
depending on climatic conditions (Seo et al. 2020). How-
ever, when compared to previous research, the geomet-
ric mean of the analytes investigated in the current study 
(Kerman children and adolescents) is approximately low 
that of other areas. The concentration of these pollutants 
was greater in the age groups of 6–11 years than the age 
groups of 12–18 years, according to a finding reported in 
Table 4. In terms of gender, the concentration of pollutants 
was greater in the sexual group of girls than in the sexual 
group of boys, suggesting that girls and children aged 6 to 
11 are more exposed to products containing these pollut-
ants. Similar results were found in Iyer et al. and Rocha 
et al. investigations, as well as the current study’s findings 
(Iyer et al. 2018; Rocha et al. 2018).

It is worth noting that while the effects of one type of 
endocrine-disrupting compound may be minor, exposure to 
several combinations of these compounds might have sub-
stantial consequences. Simultaneous exposure to numerous 
endocrine disruptive compounds, on the other hand, may not 
simply enhance the effects compared to a single endocrine-
disrupting compound, as the effects of these compounds may 
be distinct or even opposing (Ribeiro et al. 2020).

Study strengths and limitations

One of the strengths of the study was that the effect of sev-
eral EDCs on anthropometric parameters was investigated 
simultaneously. The present study showed a good relation-
ship between TCS, MTCS, 2, 4-DCP, and TCC with anthro-
pometric parameters in children and adolescents. And that 
yet the relationship between TCS, MTCS, 2, 4-DCP, and 
TCC with anthropometric parameters among children and 
adolescents in Iran has not been studied. And more studies 
are needed on the impact of using EDCs in developing coun-
tries. One of the limitations of the present study is that it is 
cross-sectional, which does not show causal relationships 
well and only shows the relationship between the analyses 
and anthropometric parameters in children and adolescents. 
As a result, cohort studies need to be conducted in this field. 
Some information was collected through a questionnaire, 
and there is a possibility of error in collecting this informa-
tion, but this error in the questionnaires is inevitable due to 
the self-reported nature of the questionnaire.

Conclusion

The findings revealed that the analytes were found in the 
majority of the samples, indicating that the vast majority of 
children and adolescents were exposed to these pollutants 
and that the current study has a strong positive correlation 
between BMI z-score and BMI, and there was a strong asso-
ciation between analyte concentration and demographic vari-
ables. TCS, MTCS, and 2,4-DCP are the major indicators 
of overweight and obesity in children and adolescents; thus, 
the pathways of exposure to these analytes must be limited. 

Table 7   Mean concentration 
analytes (µg/L) according to 
weight status

Analyte concen-
tration (µg/L)

Mean ± SD p-value

Total (n = 79) Underweight and 
normal (n = 31)

Overweight (n = 16) Obese (n = 32)

TCS 4.62 ± 2.08 3.81 ± 0.54 4.46 ± 2.08 5.47 ± 2.99  < 0.0001
TCC​ 4.47 ± 2.02 4.06 ± 1.78 4.66 ± 1.64 5.50 ± 2.20 0.016
MTCS 1.91 ± 0.88 1.42 ± 0.52 1.91 ± 0.88 2.32 ± 1.04  < 0.0001
2,4-DCP 0.23 ± 0.14 0.17 ± 0.10 0.22 ± 0.19 0.29 ± 0.13 0.003
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Given that this is a cross-sectional study and that individual 
people may metabolize these chemical compounds differ-
ently, as well as the fact that it is unclear whether a single 
measurement reflects long-term exposure to these analytes, 
more research into the effects of TCS, MTCS, TCC, and 2,4-
DCP on the health of children and adolescents is necessary.
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