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A B S T R A C T   

Prenatal exposure to polycyclic aromatic hydrocarbons (PAHs) evokes extensive concerns regarding public 
health. Monitoring the pregnant women’s exposure can be considered a suitable alternative to assess the fetus’s 
exposure. This study aimed to monitor pregnant women’s exposure (n = 126) to PAHs using a biomonitoring 
approach to evaluate effects on anthropometric indices and neonatal thyroid-stimulating hormone (TSH) in 
Shiraz, Iran. PAHs priority compounds were measured by gas chromatography-mass spectrometry (GC-MS) after 
separating blood serum and liquid-liquid extraction (LLE) method. Information on anthropometric indices, 
neonatal TSH levels, and data from the respondents was obtained from medical records and questionnaires. The 
mean PAHs concentrations ranged from 0.29 to 327.91 ng/g lipid. There was no significant difference between 
the measured PAHs in maternal serum at the seventh month and pregnancy termination except for ACY (p- 
Value<0.05). Regression analysis results showed a significant correlation (p-value<0.05) between exposure to 
passive smoke and total PAHs concentrations. There was no significant relationship between exposure to PAHs 
and weight, height, head circumference, and Apgar score of newborns. The results showed TSH decreased by 
0.99 units as ACE increased per unit (β = -0.001). This study is the first to evaluate relationships between 
prenatal exposure to PAHs and effects on newborn health indicators, including TSH levels in a Middle Eastern 
population. Future studies are suggested to perform detailed assessments of PAHs intake sources, especially in 
vulnerable populations such as pregnant women and children.   

1. Introduction 

Polycyclic aromatic hydrocarbons (PAHs) are a large group of 
organic compounds derived from the incomplete combustion of fossil 
fuels and other organic compounds (Hoseini et al., 2018). PAHs can 
enter the human body through ingestion, inhalation, and dermal contact 
and eventually accumulate in epithelial tissue, liver, and blood (Ke et al., 
2017). Studies on the PAHs’ potential effects on adult and children’s 
health have proliferated through recent decades (Koukoulakis et al., 
2020; Xu et al., 2015). However, maternal and fetal-placental blood 
circulation are critical aspects that need to be investigated because of 

their high sensitivity to exposure to environmental stresses (Crowell 
et al., 2013). The developing fetus is highly susceptible to toxins due to 
its patterns of physiological immobility as well as its fast growth rate and 
metabolic capabilities (Šrám et al., 2005). Exposure time and absorbed 
dose are important factors affecting biological effects in the embryo 
(Axelrod et al., 2001). Prenatal exposure to PAHs by the placental 
transfer or oxidative stress pathways may lead to adverse effects on the 
fetus, including weight loss, height, and head circumference at birth 
(Backes et al., 2013; Choi et al., 2006; Wilhelm et al., 2012a). Studies 
have shown that PAHs may be involved in the transcription of thyroid 
hormone-releasing and could inhibit thyroid function (Sun et al., 2008). 
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In addition to being potentially important indicators of neonatal 
health, pregnancy outcomes affect individuals’ subsequent health status 
by disrupting growth in the early years of neonates and increasing 
mortality (Osmond and Barker, 2000). PAHs in pregnant women’s blood 
provide evidence that PAHs cross the placenta (Tsang et al., 2011). 
Using blood volume, PAHs in the blood can be a more accurate mea
surement than urine metabolites. Therefore, measuring PAHs exposure 
in pregnant women can be an excellent alternative for assessing fetal 
exposure (Barr et al., 2005). Human biomonitoring has been used as a 
complementary approach in exposure assessments of various contami
nants for many years both in the general population and occupational 
settings using various matrices such as urine, hair, etc (Rafiee et al, 
2019, 2020). 

A few kinds of research have been conducted on intrauterine expo
sure to PAHs, including studies performed in the United States (Sexton 
et al., 2011), Poland (Jedrychowski et al., 2015), and China (Zhang 
et al., 2017). However, there is a lack of research on assessing exposure 
to PAHs in pregnant women in Middle Eastern countries, like Iran with 
different lifestyles affecting exposure to these compounds. . The present 
study aimed to evaluate the PAH concentrations in pregnant women’s 
blood and investigate the effects of prenatal exposure to PAHs on 
neonatal anthropometric indices and thyroid-stimulating hormone 
(TSH) in Shiraz, Iran. 

2. Materials and methods 

2.1. Study subjects 

The present study was carried out from April to September 2019. 
Pregnant women (n = 126) aged 17–44 years and in the 24–32 weeks of 
their pregnancy were recruited for this study (Table 1, demographic 
characteristics). Maternal blood samples were collected from the par
ticipants in two stages; in the seventh month (refer to the lab for the 
pregnancy tests) and the end of the ninth month (refer to the hospital for 
delivery). The random points weighted based on the population plotted 
on the Shiraz population density layer using geographic information 
system (GIS) were used to select the subjects, and then, the nearest 
medical laboratory was individually chosen according to the points 
(Fig. 1). The pregnant women who were referred to the laboratories for 
their routine follow-up pregnancy tests, including Oral Glucose Toler
ance Test (OGTT) were randomly selected and interviewed. Data about 
volunteers were collected by interview (20–30 min) through a ques
tionnaire that includes demographic information, job, and work details, 
information on traffic conditions near the living area, lifestyle, eating 
habits, smoking status, history of PAHs exposure, and diseases, and use 
of certain drugs (Shahsavani et al., 2017). Inclusion criteria for the 
recruited subjects in this study were living in Shiraz city and were in 
gestational age of 24–32 weeks. Pregnant women who lived in the 
suburbs were excluded. 

2.2. Biological sample collection 

Fasting blood samples (4–5 cc) were taken from participants in 5-mL 
gelled tubes (BD Vacutainer® SST II Plus) and immediately transferred 
to the laboratory using a cool box. The specimens were centrifuged to 
separate serums from the blood cells and transferred to microtubes (2 
ccs) for storing at − 80 ◦C. Postpartum blood samples were collected 
from 39 pregnant women at the time of delivery to one day after that. 
The informed consent form was received from each subject. Besides, 
Shiraz University of Medical Sciences Ethics Committee approved the 
study protocol by the code of ‘I.R.SUMS.REC.1398.140". 

2.3. Sample preparation 

The frozen serum samples (165 serum samples) were thawed at room 
temperature and gently stirred several times to become homogenous. 

The extraction and preparation method has been described in detail 
elsewhere (Zhang et al., 2017). Briefly, 4.0 ml of glass vials were filled 
with 1 ml of samples. Then, 2 ml hydrochloric acid was added to the 
samples and placed in an ultrasonic bath for 30 min. The liquid-liquid 
extraction (LLE) was carried out for the quantitative analysis of unme
tabolized PAHs in blood samples. Before extraction, 1 ml n-hexane 
(HPLC-grade) was added to each sample, and the samples were mixed at 
750 rpm for 2 min. Then, the supernatant was collected and transferred 
to gas chromatography (G.C.) vials for analysis. The LLE procedure was 
repeated 2 or 3 times. 

Table 1 
Socio-demographic characteristic of the studied population.  

Variables N (%) Mean ± SD 

Mother (n = 126) 

Maternal age (years)  29.56 ± 5.4 
≤25 30 (23.6 %)  
26-35 81 (63.8 %)  
>35 16 (12.6 %)  

Gestational age in the first sampling 
(week)  

27.44 ± 2.33 

Pre-pregnancy body mass index (kg/ 
m2)  

24.39 ± 4.31 

underweight (<18.5) 10 (7.9 %)  
normal weight (18.5–25) 59 (46.8 %)  
overweight (>25) 57 (45.2 %)  

Weight gain from the seventh month to 
delivery (kg)a  

7.88 ± 13.59 

Education level 
Less than a diploma 23 (18.3 %)  
Diploma 56 (44.1 %)  
Bachelor and more 48 (37.8 %)  

Employed 
Yes 18 (14.3 %)  
No 108 (85.7 %)  

Proximity to emission sources 
Yes 68 (53.5 %)  
No 59 (46.5 %)  

Food  
Rich PAHs level 5 (4 %)  
Low PAHs level 121 (96 %)  

Alternate the use of kitchen hoods 
At the Beginning 17 (13.4 %)  
Half of cooking time 41 (33.1 %)  
No hood/never/seldom 68 (53.5 %)  

Use household insecticides 
Yes 29 (22.8 %)  
No 98 (78.2 %)  

Exposure to secondhand smoke in the home 
Yes 38 (30.2 %)  
No 88 (69.8 %)  

Exposure to passive smoking/minutes  11.92 ± 26.01 

gestational age at delivery  38.46 ± 0.91 

Newborn gender 
Male 71 (56.3 %)  
Female 55 (43.7 %)   

Reference values 
(average)  

Birth weight(g) 2700-4200 (3400) 3358.27 ±
371.17 

Birth length (cm) 45-55 (50) 51.92 ± 2.34 
Birth head circumference (cm) 32.6–37.2 (35) 34.74 ± 1.17 
newborn TSH Hormone (mIU/l) <5 2.62 ± 0.62 
Average Apgar score 5 and 10 min >7 8.92 ± 0.58  

a By the end of the seventh month. 
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2.4. Instrumental analysis of PAHs 

Quantification of PAHs compounds in serum was carried out by a Gas 
Chromatography-Mass Spectrometry (GC-MS). The Agilent 5975 Series 
Gas Chromatograph/Mass Selective Detector (GC/MSD) system includes 
Split/Splitless Inlet, quadrupole mass filter, and MSD Interface (7890 
GC/USA) and ultra-high purity helium (carrier gas) (99.999 %, flow 
rate: one mI min − 1) was used in this study. The Chromatographic sep
aration was conducted by An HP-5MS capillary column coated with 5 % 
Phenyl 95 % Dimethylarylene siloxane (30 m × 0.25 mm I.D., 0.25 μm in 
film thickness). The Selective Ion Monitoring (SIM) technique was used 
for analysis. Temperature programmed gas chromatography (TPGC) and 
different carrier gas flow in the range of 60–290◦c were utilized to 
obtain the best outcomes and separation between any two peaks. The 
gas chromatography setup was performed in splitless mode. The 
measured PAHs compounds included Naphthalene (NAP), Acenaph
thylene (ACY), Acenaphthene (ACE), Fluorene (F), Phenanthrene (P), 
Anthracene (Ant), Fluoranthene (FL), Pyrene (PYR), Benzo (a) Anthra
cene (BaA), Chrysene (CHR), Benzo (b) Fluoranthene (BbF), Benzo (k) 
Fluoranthene (BkF), Benzo (a) Pyrene (BaP), Dibenzo (a, h) Anthracene 
(DBahA), Benzo (ghi)perylene (BgP), and indeno (1,2,3-cd)pyrene (IND) 
are 17 PAH standards were purchased from Dr. Erendhtofer (Germany). 
Hexane and Dichloromethane (Merck, Germany) were of analytical 
grade and were distilled again before use. The samples were injected in 
the splitless mode (290C ◦). The column temperature program was as 
follows: 1 min in 60C ◦ and then the temperature rise at 5◦ per 2 min to 
290C ◦. 

2.5. Quality assurance and quality control 

Biphenyl was used as an internal standard to evaluate the accuracy of 
the method, as well as to calculate the efficiency of recovery. For this 
purpose, 5 μl of this standard was added into each sample, and after 
extracting all samples, the recovery rate was obtained, ranged from 73 to 
103 % in the samples. Serum samples of pregnant women who lived in 
the suburbs, who had no cigarette and tobacco exposure, no consump
tion of foods with high levels of PAHs, and lived far away from emission 
sources were collected as blank samples and used to calculate the limit of 
detection (LOD) and limit of quantification (LOQ). The LOD and LOQ 
were calculated as the concentration equal to three and ten times the 
noise of the quantifier ion. The accuracy of the present study was 
increased by running each test twice (errors of less than 20 %). The 
results of LOD and LOQ are provided in Table.S1. 

2.6. Neonatal health indicators 

Neonatal and maternal records, including date of delivery, gesta
tional age at birth, type of delivery (cesarean section or normal vaginal 
delivery (NVD)), baby gender, Apgar score, weight, height, and head 
circumference at birth were retrieved from medical records. TSH con
centration (mIu/L) was measured in the dried blood-spots collected 
from heel-stick on the filter paper (Thyroid screening/hypothyroidism), 
3–5 days after birth. The results of this analysis were collected from 
medical records the second week after delivery. We examined fluctua
tions in the hormone TSH as an indicator of hypothyroidism, which 
occurs in one in every 4000 newborns. 

Fig. 1. The sampling points map based on the population density of Shiraz.  
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2.7. Calculations and statistical analysis 

Total cholesterol (T.C.) and Triglyceride (T.G.s) of each sample were 
measured and recorded by enzymatic colorimetric methods using 
commercially available kits (Pars Azmoon, Laboratories, Iran). Total 
lipid (T.L.) was calculated to normalize the contaminant concentration 
to report the concentration of samples in terms of PAHs (ng) per lipid 
(gr). The used equation to calculate T.L. as follows (Covaci et al., 2006):  

TL (g/l) = 1.12*CHOL+1.33*TG+1.48                                                    

The Wilcoxon Signed-Rank Test was used to determine the signifi
cant differences between the measured PAHs in 39 samples collected in 
the seventh month of pregnancy and immediately after delivery. Mann- 
Whitney U and Kruskal-Wallis tests were applied to compare the values 
of measured variables between different groups based on exposure. 
These exposure groups included passive smoking, proximity to restau
rants, car mechanics, bus terminals, workshops or factories, type of 
heating device in the house, kitchen hoods, and traffic around the living 
place. As the distribution of PAHs measures was skewed, an inverse 
Gaussian generalized linear model was fitted to measure the association 
between PAHs and the measured independent variables (i.e. mother age, 
education, gestational week, exposure to household insecticides, 
employed, average working hours, exposure to secondary smoke, traffic 
at the place of residence, heating devices, proximity to emission sources, 
use a kitchen hood, food). The analysis was conducted using the “stats” 
package. Linear regression was used to explore the association between 
neonatal TSH, weight, height, and head circumference at birth (as 
dependent variables with normal distribution) and PAHs concentrations 
in the study population. The variables were included based on the model 
fit. All analyzes of the study were performed using R software (version 
4.0.2). The significance level in this study was set at (p-value <0.05). 

3. Results 

3.1. Characteristics of the study subjects 

The volunteers’ demographic characteristics (126 participants/39 
were surveyed twice) are summarized in Table 1. The youngest and 
oldest participants were 18 and 44 years old, respectively. The collected 
data (a Questionnaire/at the seventh month of pregnancy) showed that 
two volunteers were smokers, and the analysis was run without them. 
The common mode of transportation included traveling by taxi and 
private car. Besides, 11 % of subjects used buses and subways for trav
eling. Data on PAHs exposures (48 h before sampling) were obtained 
through a questionnaire that asked about consumption of foods high in 
PAHs (grilled, and so on) or being near fire smoke. More than 80 % of 
pregnant women used flame heaters such as fireplaces, gas heaters, and 
oil heaters (during the cold months of the year. More than half of the 
subjects were lived near PAHs emissions sources, including factories, 
bus terminals, restaurants (like PAHs emissions of charcoal combustion 
in barbecue grills or fast-food restaurants), car parks, and auto repair 

shops. Medical records illustrated that four of the newborns were LBW 
(low birth weight). 

3.2. Distribution of PAHs in maternal blood serum 

Descriptive statistics of the PAHs compounds biological monitoring 
results are presented in Table 2 and Fig. 2. 

The mean PAHs concentrations ranged from 0.29 ng/g lipid for FL to 
327.91 ng/g lipid for NAP. Lower concentrations of PAHs with higher 
ring numbers were observed in maternal serum (Fig. 2). The serum 
percentages of two-ring (NAP), three-ring, and four-ring PAHs at the 
seventh month of pregnancy were 69.76, 20.78, and 2.52, respectively. 

Results of PAHs concentrations at the beginning and end of the third 
trimester (maternal serum/n = 39) are shown in Table 3. A significant 
difference between the measured PAHs concentrations in these two 
sampling periods was only observed for ACY (p < 0.05). 

The correlations between the PAHs measures in the maternal blood 
serum in the seventh month of pregnancy are shown in Table 4. CHR did 
not show a significant correlation with any of the other PAHs. 

3.3. Health effects of prenatal PAHs exposure on the neonate 

NAP (p-value = 0.041), ACE (p-value = 0.013) and PYR (p-value =
0.016) were significant based on passive smoking in volunteers. Besides, 
a significant relationship was observed between NAP (p-value = 0.011) 
and ACY (p-value = 0.043) and the proximity of PAHs emission sources 
to the subjects’ living area. The total measured PAHs of exposed and 
unexposed groups with cigarette and waterpipe smoking is shown in 
Figure S1 (p-value = 0.015). The association of total PAHs concentration 
with the proximity (resident and nonresident) to the PAHs emission 
sources is shown in Figure S2 (p-value = 0.036). 

The regression analysis results showed that there was a significant 
relationship between passive smoking and increasing the concentration 
of the total PAHs (B = 381.28, CI%95 = 695.68 to 146.02, p = 0.003) 
(Table S2.), also passive smoking showed a significant relationship with 
NAP (p-value = 0.005), and ACE (p-value = 0.02). The regression 
analysis results did not show a significant relationship between the 
measured PAHs concentrations and height, weight, head circumference, 
and Apgar score (p > 0.05). Adjusting for other included variables, the 
results of multiple regression analysis revealed a significant association 
between ACE (B = − 0.001, CI%95 = − 0.0017 to − 0.0004, p = 0.001), F 
(B = − 0.004, CI%95 = − 0.007 to − 0.0009, p = 0.01), P (B = − 0.0009, 
CI%95 = − 0.0017 to − 0.0004, p = 0.007) and TSH (Table 5). Finally, 
the results of regression analysis showed a significant relationship be
tween exposure to total compounds and TSH levels (B = − 0.0005, CI% 
95 = − 0.00071 to − 0.00031, p < 0.001). 

4. Discussion 

Prenatal environmental exposure to PAHs could affect women’s 
pregnancy and infant health. Specific mechanisms may be associated 

Table 2 
Descriptive statistics of biomonitoring exposure to PAHs (ng PAHs/g lipid).  

PAHs Mean ± SD SE Minimum 25th P Median 75th P Maximum 

2 ring NAP 327.91 ± 230.91 20.57 135.76 214.5 265.94 341.32 2242.96 
3 rings ACY 34.34 ± 27.83 2.48 1.43 17.97 30.14 40.67 221.24 

ACE 186.92 ± 157.27 14.01 28.41 73.46 143.17 230.09 958.66 
F 55.42 ± 33.22 2.96 14.12 37.33 49.86 62.58 219.93 
P 167.69 ± 146.52 13.05 0.00 96.13 138.82 194.68 1125.28 

∑
3 rings PAHs  88.87 ± 122.99 4.9 0.00 17.72 47.94 121.88 1125.29 

4 rings FL 0.29 ± 3.32 0.29 0.00 0.00 0.00 0.00 37.33 
PYR 42.48 ± 81.81 7.28 3.29 15.628 27.77 44.757 885.08 
CHR 0.33 ± 3.19 0.28 0.00 0.00 0.00 0.00 35.16 

∑
4 rings PAHs  10.78 ± 44.77 1.99 0.00 0.00 0.00 4.7 885.09  

Total 815.42 ± 504.39 44.93 276.25 541.738 681.97 911.856 3657.3  
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with ambient air pollution and adverse reproductive outcomes. In this 
study, biological monitoring of exposure to PAHs is of major interest. 
Then, the relationships between prenatal exposure and pregnancy out
comes such as neonatal height, weight, and head circumference at birth 
as well as thyroid hormone were investigated. 

4.1. Distribution of PAHs in maternal blood serum 

In this study, the detection rates of various PAHs were different, 
which related to the divergence of uptake, metabolism, and distribution 
of PAHs (Gao et al., 2018; Lee, 2010). The predominance of NAP con
centration over other PAHs compounds was observed in the present 
study. Besides NAP, ACE and PHE had the highest concentrations among 
PAHs, respectively. NAP had a high concentration in samples due to 
some specific characteristics, including lower particulate affinity, high 
solubility in water, and adipose tissue independence (Liu et al., 2016). 
These results are consistent with the results obtained by Zajda and 
Gregoraszczuk, who reported the higher concentrations of two and 
three-rings PAHs in maternal serum and neonatal umbilical cord 

samples (Zajda and Gregoraszczuk, 2020). The results of the analysis by 
Yu et al. (2011) showed that the level of low molecular weight (LMW) 
PAHs (with two to three aromatic rings) is higher in umbilical cord 
blood, while high molecular weight (HMW) PAHs in the placental act as 
a placental tissue barrier. Nevertheless, the outcomes were inconsistent 
with Kumar et al. results, which showed that the concentration of 
HMW-PAHs compounds was predominant compared to LMW PAHs. This 
discrepancy in the results was probably due to the differences in sources 
and pathways of exposure to these compounds (Kumar et al., 2020). In 
Shiraz, about 90 % of trips are made by car, which can be considered one 
reason for increasing this pollutant’s concentration (Kamrannia, 2016). 
The results of the conducted studies in Shiraz illustrated the high con
centrations of PAHs in the air (Shahsavani et al, 2017, 2019), road dust 
(heavy traffic) (Soltani et al., 2015), soil (industrial activities) (Kafil
zadeh et al., 2011a) and water and sediments (Kafilzadeh, 2015; Kafil
zadeh et al., 2011b). 

There was no significant difference between measured 

Fig. 2. Mean and S.D. for maternal serum PAHs (seventh month of pregnancy).  

Table 3 
Maternal serum PAHs (ng PAHs/g lipid) in the 7th month of pregnancy and at 
delivery.  

PAHs First sampling (7th month 
of pregnancy) N = 39 

Second sampling (Immediately 
after delivery) N = 39 

P-value 

NAP 304.95 ± 170.13 308.1 ± 169.21 0.79 
ACY 34.73 ± 35.67 88.21 ± 72.64 <0.0001 
ACE 198.02 ± 154.92 296.76 ± 160.06 0.08 
F 56.85 ± 38.82 65.39 ± 73.04 0.86 
P 120.64 ± 52.84 95.81 ± 63.66 0.05 
FL 1.12 ± 7.04 6.88 ± 17.12 0.05 
PYR 55.08 ± 137.87 30.34 ± 36.11 0.05 
CHR 0.19 ± 1.19 0.33 ± 2.06 0.65 
Total 771.61 ± 444.18 891.84 ± 311.06 0.07  

Table 4 
Correlation between different components of maternal serum PAHs (ng PAHs/g lipid) in the 7th month of pregnancy.  

Correlation NAP ACY ACE F P FL PYR CHR 

NAP 1.00 <0.001 <0.001 0.006 0.002 0.24 0.11 0.97 
ACY  1.00 <0.001 <0.001 <0.001 <0.001 <0.001 0.98 
ACE   1.00 <0.001 <0.001 0.13 <0.001 0.49 
F    1.00 <0.001 <0.001 <0.001 0.46 
P     1.00 <0.001 <0.001 0.12 
FL      1.00 0.43 0.91 
PYR       1.00 0.59 
CHR        1.00  

Table 5 
Association of serum levels of PAHs and TSH using generalized linear model\.  

n = 126 TSH 

В* CI95 % p- 
value 

Mother 
education 

Less than a 
diploma 

Ref – – 

Diploma 0.11 − 0.169 to 0.391 0.435 
Bachelor and 
more 

− 0.14 − 0.427 to 0.142 0.323 

ACE − 0.001 − 0.0017 to 
− 0.0004 

0.001 

F − 0.004 − 0.007 to 
− 0.0009 

0.01 

P − 0.0009 − 0.0017 to 
− 0.0004 

0.007  
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concentrations of Nap, ACE, F, and CHR in the seventh month and the 
end of pregnancy (Table 3). Therefore, it was possible to generalize 
concentrations at the beginning and end of the third trimester to the 
whole third trimester (Choi et al., 2012; Wilhelm et al., 2012b). These 
findings could increase the confidence of the regression results between 
infants’ biological indicators and prenatal PAHs concentrations 
measured in the seventh month. 

The correlation of the PAHs showed a significant correlation be
tween the major PAHs. However, CHR did not show a correlation with 
any of the compounds. There was also no statistically significant cor
relation between FL and NAP, ACE, and PYR. PYR and NAP also did not 
show this correlation. In other studies, the association between FL and 
PYR was not significant (p-Value = 0.19, 0.93, respectively) (Ho et al., 
2002; Ho and Lee, 2002). This may refer to vehicle emissions and 
evaporation of petroleum, gasoline, and crude oil from vehicles (Ho 
et al., 2002). 

4.2. Health effects of prenatal PAHs exposure on the neonate 

The relationship between selected neonatal health indicators and 
measured concentrations of PAHs compounds were examined in the first 
sampling stage (the seventh month in 126 pregnant women). including 
TSH levels, Apgar score, weight, height, and head circumference at 
birth. However, after comparing the measured PAHs levels in maternal 
serum of 39 randomly selected subjects in the seventh month and 
termination of pregnancy, there was no significant difference except for 
ACY (Table .3). Therefore, it can be concluded that the results of pre
natal exposure to PAHs measured in the seventh month, could be 
generalized for data obtained in the last trimester of pregnancy. The 
regression analysis results showed no significant relationship between 
prenatal exposure to PAHs compound and neonatal weight reduction. 
PAHs could pass through the placenta and reach umbilical cord blood 
(Gladen et al., 2000). There is some evidence that NAP or its metabolites 
could cross the placental and caused fetal toxicity (Panel and Institute, 
2007). Also, the dose-response curve of NAP showed that human um
bilical cord blood did not express enzymes involved in NAP metabolism 
(Cyp1A2 and Cyp3A4 family of cytochrome P450) (Croera et al., 2008). 
However, our results are consistent with those observed by Agarwal 
et al. (2020), Lamichaane et al. (Lamichhane et al., 2016), and Jedry
chowski et al. (2012) and did not find a relationship between prenatal 
PAHs exposures and statistical adverse effect on anthropometric in
dicators of the neonates. In contrast, Suzuki et al. (2010) reported the 
negative effect of prenatal PAHs exposure on neonatal birth weight by 
1.45 and 0.605 g decrease in neonatal weight for FL and F, respectively. 
In this study, a reduction in neonatal weight was reported in association 
with the consumption of foods rich in PAHs during pregnancy, such as 
grilled and grilled meats (Chen et al., 2014). The absence of coordina
tion may be attributed to different exposure conditions between various 
study sites in countries and specific vulnerabilities to these compounds 
among a diverse population (Wang et al., 2015). Differences in exposure 
pathways and methods used to estimate PAHs exposure might also be 
the reasons for the analytical difference (Bocskay et al., 2005). However, 
the exact mechanisms by which the PAH exposure affects fetal devel
opment remained unclear. Cell membrane disorders and enzyme sys
tems or suppression of uteroplacental blood flow might induce apoptosis 
in endothelial and syncytiotrophoblast cells (Dejmek et al., 2000). Be
sides, the estrogenic effects of PAHs (Boonen et al., 2020) or the in
duction of oxidative stress (Agarwal et al., 2018) could impair placental 
cell proliferation and lead to fetal growth restriction (FGR) in our 
studied population. 

Our result did not support a relationship between prenatal exposure 
to PAHs and neonatal height and circumference variation. The results of 
a cohort study of African-American women also showed no significant 
relationship between head circumference and air monitoring and air 
reported of PAHs compounds (Choi et al., 2006). However, in the study 
by Perera et al. (2004), PAHs-DNA adduct compounds were associated 

with a 3 % reduction in head circumference. Also, according to the study 
conducted by (Perera et al., 2003) on the effects of transplacental 
transmission of environmental pollutants, neonatal height, and head 
circumference were reduced due to environmental PAHs exposure. The 
resulting discrepancy between the results of previous literature and this 
research in the statistical significance of the effects of PAHs exposure on 
neonatal health can be considered due to the previous study’s large 
sample. 

The results of the regression analysis predicted the effect of ACE, F, P, 
and total PAHs on the reduction of neonatal TSH hormone. It should be 
noted that among ACE, F, P concentration, ACE had the most impact on 
declining TSH levels. TSH decreased by 0.99 units as ACE increased per 
unit. There is also some empirical evidence for a possible association 
between exposure to PAHs and thyroid effects in non-occupational 
considerations (Kim et al., 2020; Zhu et al., 2009). Some PAHs com
pounds like NAP (Yarahmadi et al., 2016) and PYR (He et al., 2012) 
reduce the metabolic rate by destroying the thyroid hormone (Schraplau 
et al., 2015). Exposure to PAHs involved the complex mixture of specific 
compounds that might induce synergistic or antagonistic effects (Sev
astyanova et al., 2007). PAHs acted as endocrine disruptors by 
mimicking endocrine hormones in the homeostasis of organisms. In 
studies on induction of cytochrome P450 (CYP) and their associated 
7-ethoxy-resorufin-O-deethylase (EROD) activity (Mohammadi-
Bardbori and Mohammadi-Bardbori, 2014), lysosomal membrane 
destabilization, DNA damage, and endocrine and reproductive effects in 
fish and invertebrates in aquatic environments with High PAHs con
centrations in water and sediments have been examined (Zhang et al., 
2016). Interactions between aryl hydrocarbon receptor (AhR) and hor
mone signaling pathways, including thyroid hormone signaling path
ways (Ohtake et al., 2011), Proved the involvement of PAHs in the 
mechanisms of endocrine disorders’ action because the AHR signaling 
pathway is critical for regulating the immune system function, cell cycle 
growth and regulation, and reproductive system regulation (Denison 
and Nagy, 2003). The anti-thyroid effects through a pathway involving 
inhibition of human thyroid peroxidase (TPO) (as a sensitive indicator of 
the potential effect on thyroid hormone synthesis by certain PAHs) were 
likely to create weak potential (Jain, 2016). Besides, TPO is a critical 
enzyme that is regulated by the expression of thyroid-stimulating hor
mone (TSH)., and is responsible for the deodorization of tyrosine to form 
mono-, di-, triiodothyronine (T3) and tetraiodothyronine (T4) (Song 
et al., 2012). 

Passive smoking can cause exposure for people who are not in direct 
contact with PAHs (Taioli et al., 2007). The results of regression analysis 
showed that secondhand smoke was associated with an increase of 
381.28 units in total PAHs. 

4.3. Strength and limitations 

This study is the first to evaluate relationships between prenatal 
exposure to PAHs and effects on newborn health indicators, including 
TSH levels in a Middle Eastern population. However, studies that 
consider excessive exposure may ignore major health consequences, 
which are more typical in the general population (O, Administration, 
2018; Rafiee et al., 2018). Identifying the “window of critical vulnera
bility” to air pollutants, including PAHs, is challenging (Choi et al., 
2012). In the present study, biological monitoring of PAH compounds in 
the two stages (with a difference about three months from gestation) and 
their correlation with neonatal health indicators were examined, which 
play a critical role in increasing the confidence of results. Biological 
monitoring integrates all exposure routes and can contain unexpected 
sources of exposure in results. The plasma water is easily exchangeable 
with body cells and balances with the tissues in which chemicals are 
stored (Esteban and Castaño, 2009). Further, the fetus’s hypersensitivity 
reaction is associated with less development of the newborn’s immune 
system, rapid body growth, epigenetic mediation, and high exposure (by 
considering their weight compared to adults) (Choi et al., 2012; Kelley 
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et al., 2019). The potential link between PAHs and neonatal weight loss 
and low TSH levels was determined by examining prenatal exposure in 
this research. Our study’s limitations are mainly related to the small 
sample size in different population groups (especially for rare abnor
malities such as hypothyroidism). Therefore, these relationships should 
be interpreted with cautious to be corroborated by other studies. Future 
studies are recommended to get more accurate statistical results with a 
larger sample size, especially on neonatal TSH levels, weight, head 
circumference, and height. PAHs in the environment may be exposed to 
humans through different pathways and lead to different biological ef
fects. In this research, estimating the potential exposure through skin 
contact, inhalation, or food consumption was evaluated only through a 
self-report questionnaire. Therefore, future studies should survey the 
contribution of emission sources due to pregnant women’s different 
dietary and lifestyle compared to other people. 

5. Conclusion 

This study was undertaken to assess intrauterine exposure by bio
monitoring the levels of PAHs in the blood serum of pregnant women 
and to investigate the association between the levels of thyroid- 
stimulating hormones and anthropometric indices at birth with the 
concentrations of these compounds. Findings showed higher maternal 
blood serum concentrations of NAP both at the seventh month and the 
end of pregnancy. Our results indicated the relationship between pre
natal exposures to environmental PAHs concentrations and its adverse 
effects on neonatal health indicators. This exposure might lead to an 
increase in the chances of low TSH levels in infants. No significant dif
ferences were found between the concentrations of NAP, ACE, F, and 
CHR at the beginning and end of the third trimester of pregnancy. 
Moreover, the generalizations of these compound levels at the beginning 
of the seventh month to the third trimester of pregnancy demonstrated 
the crucial role of environmental exposures to PAHs on neonatal health. 
The relationship between PAHs and hypothyroidism and LBW at birth 
was not observed but decreased TSH levels, and neonatal weight sug
gested a possible association. This study showed that the contribution of 
exposures to low concentrations of environmental pollutants may affect 
the health of newborns. Larger sample size is needed to strengthen this 
association in three trimesters of pregnancy and to examine the physi
ological mechanisms of PAHs as an endocrine disruptor, and other 
pregnancy side effects related to PAHs toxicity and its subsequent effect 
on infants and pregnant women. 
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