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Abstract 

Adverse birth outcomes are a leading cause of mortality in children in China, but the environ-

mental influences of these conditions remain largely unexplained in this population. We aimed to 

evaluate the levels of polycyclic aromatic hydrocarbons (PAHs) in Chinese pregnant women and 

their newborns, and to examine the association between levels of PAHs and infant birth weight. 

We conducted a cross-sectional study including 81 pairs of mothers and newborns from four hos-

pitals in four different cities in China. High Performance Liquid Chromatography was used to 

measure the concentration of nine PAHs in maternal and cord blood and multiple linear regres-

sion analyses were used to evaluate the associations of these PAHs with infant birth weight. An-
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thracene (ANT) had the highest average concentration and detection rate (geometric mean = 

69.54 ng/g and 76.5%, respectively) in maternal serum samples, while fluoranthene (FLT) had the 

highest concentration and detection rate (geometric mean = 68.4 ng/g and 50.6%, respectively) in 

the cord blood. Most of the measured PAHs in maternal serum and three PAHs in cord blood were 

inversely but non-significantly associated with birth weight. The strongest associations were ob-

served for higher concentrations of benzo (a) pyrene (BaP) in maternal serum (230.7 g decrease 

for levels > median vs. < LOD; p = 0.151) and for ANT in cord blood (153.1 g decrease for levels < 

median vs. < LOD; p = 0.208). Ant and FLT were the predominant PAHs in the maternal and cord 

blood serum. Serum concentrations of several measured PAHs were associated with a decreased 

birth weight, although not significantly, suggesting that further studies with larger sample sizes 

are needed to validate our findings. 
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1. Introduction 

Polycyclic aromatic hydrocarbons (PAHs) are a large class of chemical compounds and are ubiquitous air pol-

lutants generated from combustion sources [1]. Inhalatory and dermal exposures to PAHs occur among workers 

in the occupational setting and also among the general population resulting from environmental exposure to to-

bacco smoke, air pollution, and dietary sources contaminated with PAHs. Some PAHs are human mutagens and 

carcinogens [1], as well as potentially reproductive and developmental toxicants [2]. 

As a result of the rapid industrial globalization in China, the annual PAH emission in China was ~114,000 

tons in 2004, accounting for 29% of the global total [3]. The air concentrations of PAHs reported in monitoring 

studies are reported to be higher in China compared to other developed countries [4], due in large part to rapid 

industrialization resulting in increased exposure to car exhaust emissions, coke production, and natural gas 

combustion [5]. Air monitoring studies have also indicated geographic differences in PAH concentrations within 

various regions in China, with some studies reporting higher PAH levels in northern compared to southern re-

gions of the country [4]. However, there is limited data on serum levels of PAHs in the Chinese population, 

which would provide important insight into the internal dose of PAHs in this population and would also take 

into account different routes of PAH exposure. 

Low birth weight and preterm infants are at greater risk for mortality and a variety of health and developmen-

tal problems [6]. In China, the leading cause of death for children under 5 years old is premature birth/low birth 

weight, and thus elucidating the environmental risk factors for these conditions is of great public health interest 

[7]. Preliminary epidemiologic evidence indicating that exposure to environmental chemicals, such as PAHs, are 

associated with the development of these birth outcomes suggest the critical need for continued evaluation of 

this relationship particularly in countries such as China with relatively high levels of exposure [8]-[10]. 

Recent cohort studies conducted in the United States and Poland have suggested that PAHs adversely impact 

birth outcomes, contributing to reduced birth weight and length [10], reduced head circumference, and intrau-

terine growth restriction [2] [9] [11] [12]. Associations between PAH-DNA damage and fetal growth reduction 

have also been reported in some studies [11] [12]. The levels of PAH-DNA adducts or air monitoring data were 

mostly used as an indicator of personal exposure to PAHs in these studies, whereas only a few studies have 

measured serum PAH concentrations as an indicator of exposure [13]-[16]. 

Only a few studies concerning prenatal exposure to PAHs and fetal growth have been reported in China [17] 

[18]. Findings from a study conducted at a coal plant in Tongliang suggested that high levels of PAH-DNA ad-

ducts in cord blood were associated with fetal and child growth, but the maternal adduct levels were not signifi-

cantly correlated with the cord blood adduct levels nor significantly associated with fetal and child growth [17]. 

Given the limited number of studies that have evaluated this association in China, and the significant contribu-

tion that adverse birth outcome has on mortality in Chinese children, we evaluated the distributions of PAHs in 

the maternal and cord blood serum and examined the influence of these exposures on infant birth weight in a 
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study of 81 mother and infant pairs from four cities in China. 

2. Materials and Methods 

2.1. Study Design and Subjects 

Mothers and newborns pairs were randomly selected from hospitalized pregnant women from June to August 

2010, a total of 81 pairs of mothers and newborns were enrolled from four hospitals in four different cities of 

China, including 20 pairs from Beijing, 20 pairs from Lanzhou, 20 pairs from Taiyuan, and 21 pairs from Xia-

men. All mothers were interviewed at the time of delivery by a trained interviewer using a standardized ques-

tionnaire to collect general information on demographic characteristics (e.g., age, age at menarche, self-reported 

weight before pregnancy, and height), history of hypertension and diabetes, and lifestyle factors during preg-

nancy (e.g., smoking and passive smoking, alcohol drinking). Information concerning the mothers’ history of 

congenital diseases, history of adverse pregnancy outcomes (e.g., miscarriage, stillbirth), maternal weight at de-

livery, and information on the infants’ birth date, gender, gestational week, placental weight, and birth weight 

was obtained from the medical delivery records. A 10 ml sample of peripheral venous blood from the mothers 

and a 10 ml umbilical cord blood sample was obtained at birth and serum samples were stored at −70˚C until 
analysis. Each of the mothers and their husbands provided informed consent for participation in the study after 

receiving a detailed explanation of the study. This study was approved by the Human Investigation Committee 

at Yale University. 

2.2. Measurements of Polycyclic Aromatic Hydrocarbons (PAHs) in Serum 

Nine PAHs were measured in the maternal and cord serum including anthracene (ANT), fluoranthene (FLT), 

pyrene (PYR), benzo (a) anthracene (BaA), benzo (k) fluoranthene (BkF), benzo (b) fluoranthene (BbF), 

benzo(a)pyrene (BaP), dibenz (a, h) anthracene (DhA), and benzo (g, h, i) perylene (BgP). A detailed descrip-

tion of the measurement methods for these PAHs was previously reported [19]. Briefly, 5.0 ml of methanol and 

5.0 ml of high purity water were used to activate the Solid Phase Extraction (SPE) cartridges, and then the 1.0 

ml serum sample was loaded on a cartridge and extraction solution (1.0 ml ultrapure water) was aspirated 

through the cartridge, dried by nitrogen for 20 min, and then eluted with 2.0 ml ethyl acetate. The mixture was 

then concentrated (Concentrator, Thermo Fisher Scientific) at 35˚C for 1 hour, diluted with methanol to 100 μL, 
and centrifuged (centrifugal machine, Sigma) at 5000 r/min for 10 min. The resulting supernatant liquid was 

analyzed using High Performance Liquid Chromatography (HPLC). 

The aliquot of the final sample extracts was analyzed on an HPLC system (2695 series; Waters, Milford, MA, 

USA) equipped with a fluorescence detector (Model 474; Waters, USA), using an automatic solid phase extrac-

tion apparatus (Gilson GX274) for all PAHs. The solvent system that constituted the mobile phase was acetoni-

trile (A) and water (B) and was run in gradient mode. The detection wavelength of excitation and emission was 

345 nm and 425 nm, respectively. The elution conditions were as follows: 0 - 20 min, 60% A; 20 - 40 min, lin-

ear gradient 60% A - 100% A; and 40 - 45 min, 100% A isocratic. The flow rate was maintained at 1.0 ml/min 

throughout the analysis and the injection volume was 20 μl. The limits of detection (LOD) for the serum con-

centrations of each PAH are listed in Table 3. 

2.3. Measurements of Lipids in Serum  

We report the total lipid calibrated concentrations of serum PAHs, which were expressed as ng/g of lipid. The 

blood lipids were measured using standard enzymatic methods, and an established summation formula was used 

to calculate the total serum lipids of each sample [20]. 

2.4. Quality Control 

Recovery experiments were conducted to check the analytic quality control, using 10 calf serum samples that 

were spiked with mixed standards of PAHs at 1 - 10 ng. The average recoveries for the nine measured PAHs 

varied from 91.4% to 99.8% and the relative standard deviation ranged from 2.88% to 12.70%. The limits of de- 

tection in spiked samples ranged from 0.05 to 0.10 ng/ml for nine PAHs during HPLC analysis. The maximum 

linear range of 0.10 - 3.0 ng/ml was found for nine PAHs, and the correlation coefficient ranged from 0.9941 to 
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0.9999. A blank sample was prepared and run with each set of samples during PAH analyses by HPLC. 

2.5. Statistical Analysis 

The geometric mean (GM), median, minimum, and maximum values of the lipid adjusted concentrations of each 

PAH in maternal and cord blood serum were calculated and used as summary statistics, and the differences in 

concentration between the maternal and cord blood serum for each of the PAHs were analyzed by the Wilcoxon 

matched-paired signed-ranks test. PAH values below LOD were replaced with 50% of the LOD value in the 

analyses. The concentration of samples above LOD for each PAH was divided into two groups based on the 

median, with values below LOD used as the reference. Multivariate linear regression models were utilized in 

order to evaluate the associations between the concentrations of each PAH and infant birth weight. Potential 

confounders were included in the multivariate models if they were related to birth weight or if their absence sig-

nificantly affected the estimated PAH effect (≥10% change). Maternal age, BMI, gestational week, and infant 
gender met these criteria and were adjusted for in the final models. The regression analyses were only carried 

out for PAHs with detection rates > 15% in the maternal serum and cord blood serum. All data analyses were 

carried out with Statistical Analysis Software version 9.3 (SAS Institute, Cary, NC), and a two-sided p < 0.05 

was considered statistically significant. 

3. Results  

3.1. Characteristics of Participants 

General characteristics of the 81 healthy mother/infant pairs are shown in Table 1. The median age of the moth-

ers was 28 years old, ranging from 18 to 44 years, and the majority of mothers were not exposed to passive 

smoking (~89%). None of mothers smoke themselves or use alcohol. 63% of the newborns were female and  

~86% of infants were born after a full-term (i.e., ≥37 weeks) and had a birth weight of 2500 - 4000 g (Table 1). 

3.2. PAH Detection Rates 

The detection rates for each PAH in the maternal and infant cord serum are shown in Table 2. In the maternal 

serum, ANT, BkF, DhA, and FLT were detected in more than 40% of the samples, with the highest detection 

rate observed for ANT (76.5%) followed by BkF (60.7%), DhA (48.2%), and FLT (46.9%). Detection rates of 

the other measured PAHs were all >10% in the maternal serum samples. 

In the cord blood, FLT had the highest detection rate of 50.6%, which was slightly but non-significantly 

higher compared to detection rates in maternal blood for this PAH. Detection rates of >20% in the cord blood 

samples were similarly observed for BkF (44.4%), ANT (37.0%), and BgP (21.0%), while only a few cord blood 

samples had detectable levels of BaA (n = 1, 1.2%), BbF (n = 3, 3.7%) and BaP (n = 3, 3.7%). Compared with 

the detection rates in the cord blood, all of the measured PAHs were statistically significantly higher in the ma-

ternal serum, with the exception of FLT (maternal: 46.9%; cord blood: 50.6%; p = 0.637) and BgP (maternal: 

23.5%; cord blood: 21.0%; p = 0.706). 

3.3. PAH Concentrations in Maternal and Cord Blood 

The GM, median, minimum, and maximum values for each PAH concentration are shown in Table 3. Of the 

measured PAHs, the concentration of ANT was the highest in maternal serum (GM for lipid adjusted 69.54 

ng/g), followed by DhA (40.5 ng/g), BkF (30.0 ng/g) and FLT (30.0 ng/g). FLT had the highest concentration in 

cord blood (68.4 ng/g) relative to other PAHs, followed by ANT (50.40 ng/g) and DhA (50.20 ng/g). Except for 

FLT, all of the PAHs measured in cord blood had median concentrations below the limitation of detection. 

Comparing the lipid adjusted concentration of each PAH in the maternal and cord serum, the concentrations 

of all PAHs were higher in the cord blood except for ANT, for which the GM concentration was significantly 

higher in the maternal serum (maternal GM: 69.5 ng/g; cord blood GM: 50.4 ng/g; p < 0.001). Conversely, the 

lipid adjusted GM concentrations of FLT, PYR, BaA, BbF, BaP, and BgP were all significantly higher in the 

cord blood samples. 

The lipid adjusted concentrations of all the measured PAHs in maternal serum were significantly correlated 

with that in cord blood, except for FLT (r = −0.06, p = 0.593), PYR (r = 0.13, p = 0.263) and DbA (r = 0.2, p = 
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Table 1. General characteristics of 81 pairs of mothers and newborns.                                     

Characteristics N Median (min - max) or % 

Maternal parameters   

Age (years) 81 28.5 (18.0 - 44.0) 

BMI (kg/m2)   

Pre-pregnancy 81 20.6 (15.6 - 35.3) 

At delivery 81 26.7 (18.9 - 39.6) 

Smoking 0 0 

Alcohol drinking 0 0 

Passive smoking   

Yes 9 11.1% 

No 72 88.9% 

Menarche age 73 14.0 (11.0 - 19.0) 

Infant parameters   

Sex   

Boys 30 37.0% 

Girls 51 63.0% 

Term (weeks) 81 39.0 (31.0 - 41.0) 

<37 11 13.6% 

≥37 70 86.4% 

Birth weight (g) 81 3300 (1400 - 4450) 

<2500 8 9.9% 

2500 - 4000 70 86.4% 

>4000 3 3.7% 

 
Table 2. Number and detection rates of PAHs in maternal and cord blood.                                  

PAHs 

Mother (81) Newborns (81) 

χ2 p r p 
n Detection rate n Detection rate 

AnT 62 76.54 30 37.04 25.76 <0.001 0.22 0.049 

FLT 38 46.91 41 50.62 0.22 0.637 −0.06 0.593 

PYR 21 25.93 10 12.35 4.83 0.028 0.13 0.263 

BaA 9 11.11 1 1.23 6.82 0.009 0.29 0.009 

BbF 15 18.52 3 3.70 9.00 0.002 0.33 0.002 

BkF 50 61.73 36 44.44 4.86 0.028 0.39 <0.001 

BaP 14 17.28 3 3.70 7.95 0.005 0.24 0.030 

DbA 39 48.15 11 13.58 22.68 <0.001 0.20 0.069 

BgP 19 23.46 17 20.99 0.14 0.706 0.37 <0.001 
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Table 3. Lipid-adjusted PAHs concentrations (ng∙g−1 lipid) in maternal and cord blood.                       

PAHs Limit (ng/ml) 

Mothers (81) Newborns (81) 

p value 
GM Median Max GM Median Max 

AnT 0.07 69.54 84.57 887.09 50.40 <LOD 320.29 <0.001 

FLT 0.05 29.73 <LOD 891.14 68.44 37.73 1301.57 0.004 

PYR 0.07 20.96 <LOD 484.33 36.64 <LOD 560.40 0.012 

BaA 0.09 20.96 <LOD 616.45 37.90 <LOD 136.52 <0.001 

BbF 0.05 16.04 <LOD 1005.16 22.94 <LOD 553.25 0.007 

BkF 0.05 29.95 33.25 389.50 38.96 <LOD 208.68 0.609 

BaP 0.10 22.59 <LOD 200.58 43.07 <LOD 96.51 <0.001 

DhA 0.10 40.49 <LOD 393.09 50.20 <LOD 486.54 0.825 

BgP 0.07 18.37 <LOD 875.79 43.01 <LOD 700.18 <0.001 

 

0.069). The correlation coefficients varied from 0.22 to 0.39 (p < 0.05) (Table 2). 

The descriptive statistics of each PAH concentration separately for the four cities are shown in supplementary 

Table 1 and Table 2. 

3.4. Associations between Maternal and Cord Serum Concentrations of PAHs  
and Birth Weight 

The associations between infant birth weight and concentrations of each of the PAHs in maternal serum and in 

cord blood samples, adjusted for the gender of the infant, maternal age, gestational week, and maternal BMI, are 

shown in Table 4. No significant associations were observed between these PAHs and birth weight, however, 

we found inverse associations with birth weight for concentrations of all but one PAH in maternal serum (reduc-

tion in birth weight (g) compared to the reference group with concentrations < LOD: FLT 71.4 g (p = 0.486), 

PYR 71.6 g (p = 0.586), DhA 65.6 g (p = 0.536), and BaP 230.7 g (p = 0.151) for the greater than median group; 

BbF 179.7 g (p = 0.197), BgP 68.0 g (p = 0.611), and BaP 37.5 g (p = 0.818) for the less than median group). 

Concentrations of ANT, FLT, and BkF in the cord blood samples were also inversely associated with birth 

weight, although these reductions were not statistically significant. Specifically, a 49.6 g (p = 0.646) and 75.7 g 

(p = 0.496) decrease in birth weight was observed in infants with concentrations of BkF less than the median 

and greater than the median, respectively, compared with the reference group. We further observed a 153.1 g (p 

= 0.208) decrease in birth weight for infants with ANT levels less than the median and a 48.3 g (p = 0.675) de-

crease in birth weight for infants with FLT levels greater than the median, compared to the reference group with 

levels < LOD. 

4. Discussion 

A few previous studies have evaluated the serum concentrations of PAHs among mothers and their infants in 

China [13]-[16], and related these exposure levels with infant birth weight [17]. The results of our study sug-

gested that the detection rates of most measured PAHs, with the exception of FLT and BgP, were significantly 

higher in the maternal blood than in the cord blood, and that ANT and FLT were the predominant PAHs in the 

maternal and cord blood serum, respectively. Further, we found an inverse relationship between all measured 

PAHs in the maternal serum, except for ANT, and infant birth weight although the associations were not statis-

tically significant. 

Studies have found that PAHs can cross the placental barrier and can cause adverse health effects in the fetus 

[21] [22]. In particular, epidemiologic studies have suggested that PAHs are significantly associated with low 

birth weight, reduced head circumference, preterm and intrauterine growth restriction (IUGR) [9] [23]. Among 

these studies, measurements of personal exposure have been estimated by either air monitoring or measuring le- 
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Table 4. Multiple linear regression analysis for birth weight in relation to PAH concentrations in maternal blood 

and cord blood.                                                                                 

PAHs 
Mother Newborns 

 Beta† 95%CI p value  Beta† 95%CI p value 

AnT <LOD 1 1 1 <LOD 1 1 1 

 23.3 - 130.5 26.8 (−183.4 - 236.9) 0.800 64.7 - 131.7 −153.1 (−393.4 - 87.2) 0.208 

 >130.5 148.1 (−68.5 - 364.6) 0.177 >131.7 104.2 (−110.6 - 319.1) 0.337 

 p for trend   0.172 p for trend   0.590 

FLT <LOD 1 1 1 <LOD 1 1 1 

 20.0 - 154.0 112.8 (−100.7 - 326.3) 0.295 37 - 202.6 67.4 (−165.0 - 299.7) 0.565 

 >154.0 −71.4 (−275.0 - 132.1) 0.486 >202.6 −48.3 (−277.2 - 180.7) 0.675 

 p for trend   0.686 p for trend   0.485 

PYR <LOD 1 1 1     

 31.0 - 148.8 24.8 (−239.2 - 288.8) 0.852 - - - - 

 >148.8 −71.6 (−332.5 - 189.4) 0.586 - - - - 

 p for trend   0.674     

BbF <LOD 1 1 1     

 64.0 - 310.2 −179.7 (−455.0 - 95.6) 0.197 - - - - 

 >310.2 44.6 (−246.0 - 335.1) 0.761 - - - - 

 p for trend   0.809     

BkF <LOD 1 1 1 <LOD 1 1 1 

 19.9 - 84.0 81.7 (−134.3 - 297.7) 0.453 42.0 - 99.7 −49.6 (−264.3 - 165.0) 0.646 

 >84.0 52.2 (−151.1 - 255.4) 0.610 >99.7 −75.7 (−296.3 - 144.9) 0.496 

 p for trend   0.585 p for trend   0.452 

BaP <LOD 1 1 1 - - - - 

 58.0 - 83.4 −37.5 (−361.1 - 286.0) 0.818 - - - - 

 >83.4 −230.7 (−547.8 - 86.4) 0.151 - - - - 

 p for trend   0.169     

DhA <LOD 1 1 1 - - - - 

 47.4 - 121.7 144.6 (−64.7 - 354.0) 0.173 - - - - 

 >121.7 −65.6 (−275.9 - 144.7) 0.536 - - - - 

 p for trend   0.829     

BgP <LOD 1 1 1 <LOD 1 1 1 

 26.2 - 87.4 −68.0 (−333.2 - 197.2) 0.611 56.0 - 185.3 188.6 (−77.2 - 454.5) 0.161 

 >87.4 17.9 (−272.0 - 236.1) 0.888 >185.3 37.6 (−259.2 - 334.5) 0.801 

 p for trend   0.766 p for trend   0.429 

†
Adjusted for infant gender, maternal age, gestational week, and maternal BMI. 
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vels of PAH-DNA adducts. In the U.S. and Polish cohort study, the average PAH concentration in Krakow es-

timated by personal monitoring was 39 ng/m3 (range, 1.8 - 272.2 ng/m3), and 3.3 ng/m3 (range, 0.3 - 36.5 ng/m3) 

in New York City (NYC). A significant reduction in birth weight was found both in Krakow and in African 

Americans living in NYC [10]. In Beijing, the average air concentration of PAHs in the spring, summer, autumn, 

and winter was 46 ng/m3, 16 ng/m3, 52 ng/m3, 268 ng/m3, respectively, which are higher levels compared to 

those reported in the developed countries, but this previous Chinese study did not evaluate the effect of PAH 

exposure on birth outcomes [24]. 

For the lipid adjusted concentrations, all of the PAHs were higher in cord blood than in maternal serum except 

for ANT. Other studies have also found higher concentrations of PAHs in cord blood, which could be because 

PAHs are generally bound extensively to lipoproteins [25] [26] and, as levels of these have been reported to be 

higher in newborns than in maternal blood [27], PAHs may accumulate more easily in infants. Another potential 

reason for this observation could be that PAHs are metabolized slower in the fetus due to age related differences 

in enzyme function [28]. 

Recently, several studies conducted in China have assessed PAH levels in the general population [13]-[16] 

(Table 5). It is difficult to compare our data with those from other studies due to the presentation of the results 

in different units (e.g., ng/g lipid vs. ppb). Some notable differences in the concentrations of specific PAHs were 

observed in our study compared with a previous study conducted in Hong Kong [13]. Specifically, whereas BaP,  

 
Table 5. Comparisons of PAHs in maternal serum and cord serum of different studies in China.                

 Sample Study 1 Study 2 Study 3 Study 4 Study 5 

Reference NO.   13 14 15 16 

Location  Our result Hongkang Guiyu Chaonan Beijing Taiyuan 

Sample size  81 21 103 80 40 271 

Unit  ng/g ng/g ppb ppb ng/g μg/L 

  Mean (Median) Mean ± SD Median Median Mean ± SD Mean (Median) 

Ant 
Maternal serum 69.5 (84.6) 48 ± 25 - - - - 

Cord blood 50.4 (<LOD) 37 ± 27 - - 117 ± 104 - 

FLT 
Maternal serum 29.7 (<LOD) 128 ± 90 - - - - 

Cord blood 68.4 (37.7) 89 ± 46 - - 283 ± 355 - 

PYR 
Maternal serum 21.0 (<LOD) 154 ± 137 - - - 0.56 (0.34) 

Cord blood 36.6 (<LOD) 98 ± 88 - - 236 ± 271 0.58 (0.34) 

BaA 
Maternal serum 21.0 (<LOD) 63 ± 34 0.83 0.43 - 0.88 (0.64) 

Cord blood 37.9 (<LOD) 80 ± 32 - - 73.4 ± 120 0.82 (0.71) 

BbF 
Maternal serum 16.0 (<LOD) 

BbkF 

16 ± 10 

- - - 0.25 (0.16) 

Cord blood 22.9 (<LOD) 51.99 40.09 214 ± 450 0.32 (0.16) 

BkF 
Maternal serum 30.0 (33.2) 

BbkF 

20 ± 26 

- - - 0.27 (0.31) 

Cord blood 39.0 (<LOD) - - 85.5 ± 181 0.34 (0.36) 

BaP 
Maternal serum 22.6 (<LOD) <LOD - - - 0.16 (0.15) 

Cord blood 43.1 (<LOD) <LOD 2.14 1.64 16.2 ± 39.3 0.19 (0.15) 

DhA 
Maternal serum 40.5 (<LOD) - - - - 0.03 (0.02) 

Cord blood 50.2 (<LOD) - - - - 0.03 (0.02) 

BgP 
Maternal serum 18.4 (<LOD) - - -  0.11 (0.03) 

Cord blood 43.0 (<LOD) - - - 10.3 ± 27.9 0.16 (0.03) 
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DhA, BgP were detected in around 20% of samples in our study, these PAHs were not detected in the partici-

pants in the Hong Kong study. Moreover, the average level of ANT (maternal serum: 48 ± 25 ng/g, cord serum: 

37 ± 27 ng/g) in the Hong Kong study was lower compared to in our study, while the concentrations of Flu (ma-

ternal serum: 128 ± 90 ng/g, cord serum: 89 ± 46 ng/g), PYR (maternal serum: 154 ± 137 ng/g, cord serum: 98 ± 

88 ng/g) and BaA (maternal serum: 63 ± 34 ng/g, cord serum: 80 ± 32 ng/g) were higher than in our study. 

Previous studies have reported a reduction in birth weight associated with exposure to PAHs. For example, a 

significant reduction in birth weight was previously associated with barbecued meat consumption, an important 

dietary source of PAH exposure, during pregnancy [29]. PAH exposure has also been identified as an inde-

pendent determinant of birth outcomes based on results from a US cohort study [2], as higher exposure to PAHs 

in African Americans was associated with lower birth weight (p = 0.003) after adjustment for other confounders 

associated with birth weight. Further, results from a cohort study of 344 healthy pregnant women reported that 

prenatal exposure to PAHs during the first trimester was associated with the largest decrement in the fetal 

growth ratio (FGR) and birth weight, relative to subsequent trimesters, suggesting that exposures early in the 

pregnancy may be the most relevant window period for resulting effects on birth outcomes [30].  

Despite this suggestive evidence, reductions in birth weight due to prenatal exposure to PAHs have not been 

apparent in all studies [2] [10] [17]. The inconsistent associations may be due to differences in susceptibility to 

the adverse effects from these exposures and/or due to differences in PAH exposure levels across populations. In 

addition, due to the variability of the exposure route, the levels of personal PAH exposure may be biased by the 

method used for the measurement in different studies. For example, PAH exposure in humans mainly occurs 

from intake of food contaminated with these chemicals, and as a result exposure levels estimated by air moni-

toring might not reflect the true body burden of exposure. Some internal indicators of exposure, such as meas-

urement of PAH-DNA adducts or metabolites detectable in blood or urine [17], may be useful in improving the 

PAH exposure assessments. 

5. Conclusion 

In conclusion, a decreased infant birth weight was associated with increased serum concentrations of several 

PAHs measured in our study, including FLT, PYR, BbF, BkF, BaP, DhA, and BgP. However, due to the limited 

sample size of the present study, we did not find a significant association. Therefore, further well-designed 

studies with large sample sizes are needed to verify our results. 

Highlights 

Prenatal exposure to polycyclic aromatic hydrocarbons was shown to affect fetal growth. 

Serum levels of 9 PAHs were measured in 81 mother-infant pairs. 

Ant and FLT were the predominant PAHs in the maternal and cord blood serum. 

FLT, PYR, BbF, BkF, BaP, DhA, and BgP were associated with decreased birth weight. 
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