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a b s t r a c t

To monitor the body burden of persistent organic pollutants in mothers and infants living in proximity to
a 10-year-old municipal waste incinerator (MWI), levels of polychlorinated dibenzo-p-dioxins and di-
benzofurans (PCDD/Fs) and polychlorinated biphenyls (PCBs) in the breast milk of mothers were eval-
uated, and the estimated daily intake (EDI) level of these pollutants in infants was assessed. In total, 14
mothers from the exposure area and 18 mothers from a control area were recruited for this study. In
addition, the levels of 17 PCDD/F congeners and 18 PCB congeners in the breast milk of the mothers were
estimated, and risk assessment for their infants by calculating their EDI levels was performed. The mean
levels of SPCDD/Fs and TEQ-SPCDD/Fs in the breast milk of the exposure group were significantly greater
than those of the control group (3.36 vs. 1.47 pg/g wet weight; and 0.24 vs. 0.12 pg TEQ/g wet weight,
respectively; p< 0.05). With respect to PCBs, the mean levels of the total PCBs (SPCBs) and non-dioxin
like-PCBs (SNDL-PCBs) in the exposure group were significantly greater than those in the control
group (269 vs. 141 pg/g wet weight; 230 vs. 115 pg/g wet weight, respectively; p< 0.05). The mean levels
of SPCDD/Fs and TEQ-SPCDD/Fs were positively correlated with the inhabit time of the exposure group
(r¼ 0.636, r¼ 0.629, p< 0.05, respectively). The mean EDI level of the exposure group in infants was
significantly greater than that of the control group (22.0 vs. 13.0 pg TEQ/kg bw day; p< 0.05). In
conclusion, mothers and their breast-fed infants living in proximity to the 10-year-old MWI located in
the Zhejiang Province of China exhibited a significantly higher body burden of PCDD/Fs and PCBs
compared to those living in the control area.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

For several decades, incineration has been demonstrated to be
an efficient technology for waste disposal. Compared to typical
waste treatments such as landfill, incineration exhibits clear ad-
vantages, including energy recovery and volume reduction, as well
as the elimination of pathogenic agents (Nadal et al., 2008; Zubero
et al., 2011). Hence, municipal waste incinerators (MWI) have been
widely applied worldwide. According to the Development Report on
Treatment Industry of Urban Domestic Refuse published in 2017 by
e by Charles Wong.
the China Environmental Protection Industry (2017), the number of
MWIs rose to 220 in Chinese urban areas by 2015, corresponding to
twice the number of MWIs in 2010. The Zhejiang Province accounts
for the largest number of MWIs. With the rapid increase of MWIs,
there is increased concerns for the population living near theMWIs.
A report (Industry, 2017) regarding the online data monitoring of
MWI emissions revealed that these emissions exceed the approved
standard by thousands of times in the first quarter of 2017 in the
Zhejiang and Fujian Provinces. Inorganic and organic substances
emitted by these MWIs may cause severe health issues in local
residents.

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/
Fs) are themost notable emissions released fromwaste incinerators
due to incomplete combustion (Zubero et al., 2011; Zubero et al.,
2017). PCDD/Fs were listed in the 2001 Stockholm Convention on
Persistent Organic Pollutants (POPs) as one of the ‘‘dirty dozen”
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Table 1
Demographic information of subjects in two areas.

Variable Exposure Control p

Number 14 18 -
Age (years) a 27± 6 28± 5 0.54
Height (cm) a 156.4± 3.3 157.2± 4.6 0.58
Weight 1 (kg) a e 49.8± 5.9 52.4± 8.3 0.34
Weight 2 (kg) a e 65.5± 9.2 66.8± 6.8 0.64
Inhabit time (years) b 8± 10 19± 7 0.00**

Smoking (Yes/No) c 0/14 1/17 -
Passive smoking (Yes/No) c 5/9 8/10 0.62
Drinking (Yes/No) c 0/14 2/16 -
Distance (km) d 2.7± 1.9 - -
Infants' age (months) 8± 3 8± 3 0.94

**p< 0.01.
a t-test.
b Non-parametric test.
c Chi-square test.
d Distance away from the MWI.
e Weight 1 means weight before parturition; Weight 2 means weight after

parturition.
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contaminants due to their well-known toxic properties, persis-
tence, and bioaccumulation capacity (Nadal et al., 2008). Poly-
chlorinated biphenyls (PCBs), which are often used in plasticizers,
transformers, and lubricants, also can be released during combus-
tion as by-products (Schuhmacher et al., 2013). In 2012, the Inter-
national Agency for Research on Cancer (IARC) classified two PCDD/
F congeners (i.e., 2,3,4,7,8-PeCDF and 2,3,7,8-TCDD, respectively)
and one PCB congener (PCB-126) as carcinogenic to humans, and in
2016, they added PCBs and dioxin-like PCBs (DL-PCBs) as carcino-
genic (Agents Classified by the IARC Monographs, 2016). PCDD/Fs
and PCBs exhibit stability and lipophilicity, permitting their ag-
gregation in fatty materials such as adipose tissue and breast milk
in humans via the food chain (Ulaszewska et al., 2011).

Breast milk is a primary source of intake for infants. Therefore,
compared to adults, infants exhibit higher levels of these persistent
organic pollutants on a body-weight basis (Lu et al., 2015). A recent
study concluded that the levels of 2,3,7,8-TCDDs and TEQ-PCDD/Fs
in breast milk are good indicators of their levels in the cord blood,
indicative of transfer from a mother to a fetus before birth. The
monitoring of breast milk provides an opportunity to estimate the
postnatal exposure of infants to contaminants such as PCDD/Fs and
PCBs. In addition, sampling breast milk is a convenient, non-
invasive route to evaluate the body burden of contaminants in
adults and infants.

An MWI located in the Zhejiang Province of China has been in
operation for more than 10 years. Previously, our group has
revealed that the serum levels of SPCDD/Fs and TEQ-SPCDD/Fs in
local children living within 3 km of the MWI are significantly
greater than those living in a control area (3.10 vs. 0.85 pg/g wet
weight; 0.36 vs. 0.08 pg WHO-TEQ/g wet weight, respectively).
Moreover, the levels of SPCDD/Fs in eggs and soil from the expo-
sure area were statistically greater than those from the control area
(31.08 vs. 4.02 pg/g dry weight; 1026.00 vs. 291.78 pg/g dry weight,
respectively). This study is a continuation of our previous study
with focus on the dioxin exposure of the susceptible population,
including parturients and their infants. In this study, the levels of
PCDD/Fs and PCBs in the breast milk of mothers living in proximity
to the 10-year-old MWI is reported, and the exposure of infants via
the calculation of the estimated daily intake (EDI) of PCDD/Fs and
PCBs by breastfeeding is assessed.

2. Materials and methods

2.1. Study population

The exposure area of our study, which was in the central Zhe-
jiang Province of China, was an agricultural town nearly 1100 km2,
with an MWI operating for 10 years. The total evaporation of the
MWI was 135e165 tons per hour, and the total power was 24MW.
The feedstock of the MWI was mostly unsorted household waste,
and the waste capacity was 800e1000 tons per day. Notably, no
other industries were emitting PCDD/Fs or PCBs in the exposure
area. The control area was also an agricultural town located in
western Zhejiang, which was nearly 2200 km2, and it was located
about 187 km away from the exposure area. The populations, life-
styles, and cultural backgrounds of these two locations were nearly
identical. Both these populations were located far away from in-
dustrial areas. In total, 14 mothers from the exposure area and 18
mothers from the control area were recruited by local township
public health centers. When mothers returned to the township
public health centers for physical examination, an informed con-
sent was obtained. Mothers met our standards for recruitment in
this study. All of the recruited subjects were physically healthy and
non-occupationally exposed to PCDD/Fs and PCBs; in addition, they
had resided there for at least 4 years, with a time span ranging from
4 to 42 years. In addition, all of the subjects in the exposure area
were residing within 3 km of the MWI. Table 1 summarizes the
characteristics of the two groups.

For each subject, 50mL of breast milk was collected from
September to October 2013. All of the samples were collected using
unified breast pumps in the morning. These samples were deliv-
ered in sterile glass containers and stored at �20 �C until analysis.
The baseline data for age, gender, occupation, smoking and drink-
ing habits, and other characteristics, such as the time they had been
residing in the area, were collected via a questionnaire. Appropriate
informed consent was obtained for all subjects. This study was
approved by the Ethics and Human Subject Committee of Zhejiang
Provincial Center for Disease Control and Prevention.

2.2. PCDD/F and PCB determination

The PCDD/F and PCB congeners were determined in accordance
with the U.S. Environmental Protection Agency (EPA) 1614 and
1668Amethods (EPA,1994, 2003). The experimental procedurewas
identical to our previous study (Shen et al., 2012; Xu et al., 2014).
Briefly, breast milk was weighed and freeze-dried for 36 h, followed
by crushing it into a powder using an electric disintegrator (IKA,
Guangzhou, China). Then,10 g of milk powder was spiked with 1 ng
of 13C12-labeled surrogate internal standards (Wellington Labora-
tories, Ontario, Canada) and extracted using a mixture of n-hexane
and dichloromethane (1:1, v/v) in a Soxhlet apparatus for approx-
imately 12 h. Then, the extracts were purified and fractionated by
using sequential multilayer silica gel and acid alumina chroma-
tography columns, followed by the separation of PCDD/Fs and PCBs
using an automated pressured extraction acid alumina chroma-
tography column system (Power-Prep™, Fluid Management Sys-
tems, Inc., Waltham, MA, USA). All of the evaporated fractions were
reconstituted with 30e50 mL of nonane for analysis. Injection
standards were added to each PCB and PCDD/F fraction before
instrumental analysis. Finally, quantification was performed by the
isotope dilutionmethod using an Agilent 6890 gas chromatography
system (Agilent Technologies, Palo Alto, CA, USA) coupled to an
Autospec Ultima mass spectrometer (Waters Micromass, Man-
chester, UK). The method detection limit was 0.07 pg/g wet weight
for PCDD/Fs and 0.05 pg/g wet weight for PCBs.

2.3. Estimated daily intake

The daily intake of PCDD/Fs and PCBs by infants via
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breastfeeding was estimated according to previous studies (Chan
et al., 2007; Deng et al., 2012) with some modifications. The EDI
was calculated by the following formula:

EDI ¼ concentration* daily milk consumption/infant weight

EDI: estimated daily intake (pg TEQ/kg bw day)
Concentration: levels of PCDD/Fs and PCBs in the breast milk

samples (pg TEQ/g wet weight). As the lipid levels were not
determined, the lipid content was not included in this formula, but
the EDI level was not affected after unit conversion.

Daily breast milk consumption: 750mL/day (780 g/day) for 0e6
months, 600mL/day (624 g/day) for 7e12 months, and 500mL/day
(520 g/day) for 13e24 months, according to domestic publications
(Society, 2016; Sun and Yang, 2013).

Infant weight: mean values of body weight in different age
groups from the Reference standard for growth and development of
children under 7 years old in China, published by the National Health
Commission of the People's Republic of China (to be observed in
Supplementary Material, Tables S1 and S2).
2.4. Statistical analyses

The t-test, chi-square test, and non-parametric test were
employed to compare the demographic data of the subjects be-
tween the two groups. With respect to the data obtained for PCDD/
Fs and PCBs, the typical method to deal with values below the
detection limit is to substitute a fraction of the detection limit,
especially one-half fraction. However, these fabricated values were
reported to render poor statistical estimates, as well as obscure
patterns and trends in the data (Helsel, 2006). Hence, according to
the Helsel (2006), the Regression on Order Statistics (ROS) model
by script, referred to as Nondetects And Data Analysis (NADA), is
used in the R statistics package to predict the values under the
detection limit in this study. Then, the normality test was employed
to assess the distribution of the PCDD/F and PCB levels. If the data
fitted the normal distribution, two independent sample t-tests
were performed to compare the mean levels of the two groups.
Otherwise, the non-parametric test was performed.Meanwhile, the
Pearson correlation was utilized to evaluate the levels of PCDD/Fs
and PCBs associated with subject characteristics, including the time
they had resided in an area (inhabit time) and the distance of their
residence from the MWI (inhabit distance). For PCDD/F and PCBs
data, the R statistics package version 3.5.3 was used. For other
statistical analyses, the Statistical Package for Social Science version
16.0 was used. A p value< 0.05 was statistically significant for all
the tests.
3. Results and discussion

3.1. Subject characteristics

In this study, 14 mothers and 18 mothers were recruited from
the exposure and control areas, respectively. Table 1 summarizes
the demographic results of the subjects. Significant differences in
the age, height, and body weight before or after parturition, or in
passive smoking status between the two groups (p> 0.05), were
not observed. However, the inhabit times of these two groups
differed (p> 0.05). With respect to smoking and drinking habits,
the number of subjects was limited to make a comparison. Within
the exposure area, the mean inhabit distance of the 14 subjects
residing from the MWI was 2.7 km. Furthermore, the age of the
infants did not exhibit significant differences between the two
groups (p> 0.05).
3.2. Levels of PCDD/Fs and PCBs in breast milk

The levels of 17 PCDD/F congeners in the breast milk samples
were determined. A majority of the PCDD/F congeners in the
exposure group were significantly greater than those in the control
group (p< 0.05). With regard to the mass concentrations, the mean
levels of SPCDD/Fs and TEQ-SPCDD/Fs in the exposure group were
significantly greater than those in the control group (3.36 vs.
1.47 pg/g wet weight; 0.24 vs. 0.12 pg TEQ/g wet weight, respec-
tively; p< 0.05). In addition, the major congeners in the exposure
group were OCDD, 2,3,4,7,8-PeCDF, and 1,2,3,4,6,7,8-HpCDD, while
those in the control group were OCDD; 1,2,3,4,6,7,8-HpCDF, and
1,2,3,6,7,8-HxCDF (Fig. 1). In addition to the PCDD/Fs, the 18 PCB
congeners were determined, and the levels of 4 of these congeners
in the exposure group were significantly greater than those in the
control group (p< 0.05). With respect to dioxin like-PCBs (DL-
PCBs), the mean levels of SDL-PCBs and TEQ-SDL-PCBs did not
exhibit statistical differences (38.8 vs. 26.0 pg/g wet weight; 0.05
vs. 0.03 pg TEQ/g wet weight, respectively; p> 0.05). The major DL-
PCB congeners were PCB-118, PCB-105, and PCB-156 in the expo-
sure and control groups (Fig. 2). However, the mean levels of the
total PCBs (SPCBs) and non-dioxin like-PCBs (SNDL-PCBs) in the
exposure group were significantly higher than those in the control
group (269 vs. 141 pg/g wet weight, 230 vs. 115 pg/g wet weight,
respectively; p < 0.05). The mean levels of S(PCDD/Fs þ DL-PCBs)
and TEQ-S(PCDD/FsþDL-PCBs) in the exposure groupwere greater
than those in the control group, but only TEQ-S(PCDD/Fs þ DL-
PCBs) exhibited statistical significance (42.1 vs. 27.5 pg/g wet
weight, p> 0.05; 0.28 vs. 0.16 pg/g wet weight, p< 0.05; respec-
tively). The correlations between the levels of PCDD/Fs and PCBs in
the breast milk and subject characteristics, including the inhabit
time and inhabit distance from the MWI, were analyzed. The mean
levels of SPCDD/Fs and TEQ-SPCDD/Fs positively correlated with
the inhabit time in the exposure group (r¼ 0.636, r¼ 0.629,
p< 0.05, respectively), but not in the control group (p> 0.05). Sig-
nificant correlations were not observed between the SDL-PCB or
TEQ-SDL-PCB level and the inhabit time (p> 0.05). Furthermore,
the correlations between the contaminant levels and inhabit dis-
tance were not significant in the exposure group (p> 0.05).

To monitor the body burden of persistent organic pollutants in
mothers and infants living in proximity to a 10-year-old MWI in the
Zhejiang Province of China, the levels of PCDD/F and PCB in the
breast milk of mothers were evaluated, and the EDI level of their
infants was assessed. To comprehensively compare these results
with previous studies, the levels of PCDD/Fs and PCBs in mothers
living near MWI in different countries were investigated (Table 2).
Owing to a design deficiency in this study, the lipid levels of the
breast milk were not determined; hence, the TEQ levels of PCDD/Fs
and PCBs are expressed by pg TEQ/g wet weight. To compare these
results with others, the results were multiplied by 25 to transform
the TEQ levels into pg TEQ/g lipid based on our previous experience
that the level of lipids in breast milk was approximately 4%. Thus,
the estimated level of PCDD/Fs in the exposure group was 6.0 pg
TEQ/g lipid; this value is considerably less than those reported in
most of the previous studies conducted in Spain (Schuhmacher
et al., 2004; Schuhmacher et al., 1999; Schuhmacher et al., 2009),
Portugal (Reis et al., 2007), Germany (Deml et al., 1996), and Japan
(Tajimi et al., 2005), but it is greater than that in one study con-
ducted in Spain (Schuhmacher et al., 2013) and another study in
Italy (De Felip et al., 2008). Furthermore, our results were compared
with a national survey of PCDD/Fs and PCBs in human milk in
China: The obtained result was greater than the level indicated by
the survey, which was 3.12 pg TEQ/g lipid (Li et al., 2009). Different
from two earlier studies (De Felip et al., 2008; Reis et al., 2007),
mothers living near the MWI exhibit a significantly higher body



Fig. 1. PCDD/Fs congener profiles in breast milk from two areas (%) a.
a 0.00 means not detectable or predictable.
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burden of PCDD/Fs than those living in a non-exposed area. The
discrepancies between the as-obtained results and others were
most likely due to regional differences, subject diversity, and
various technical differences. Another important reason was the
sampling year: Most countries exhibited a strong downward trend
for these POPs. Notably, the data demonstrated that the mean level
of PCDD/Fs positively correlates with the time spent living in the
exposure area, indicative of the cumulativity of PCDD/Fs in local
residents. In this study, OCDD accounted for the majority of PCDD/
Fs, which was in agreement with most of the previous studies (De
Felip et al., 2008; Deml et al., 1996; Schuhmacher et al., 2004;
Schuhmacher et al., 1999; Schuhmacher et al., 2013; Tajimi et al.,
2005).

Regarding the PCBs, the estimated level of DL-PCBs was 1.25 pg
TEQ/g lipid in the exposed mothers in this study; this value is less
than those in previously reported studies in Spain (Schuhmacher
et al., 2009, 2013), Italy (De Felip et al., 2008), and in Japan
(Tajimi et al., 2005). Compared to the national survey (Li et al.,
2009), the mean level of DL-PCBs in this study was nearly the
same as that reported previously (1.46 pg TEQ/g lipid). Further-
more, PCB-118 and PCB-156 accounted for the majority of PCBs in
our study as well as in previous studies (Table 2).

In 2011, another national survey (Zhang et al., 2016), which was
conducted in 16 provinces of China, reported that the mean levels
of SPCDD/Fs and TEQ-SPCDD/Fs in breast milk are 133.3 pg/g lipid
and 4.9 pg TEQ/g lipid, respectively; these corresponding values
increase to ~32.6% and 99.9% during 2007e2011. However, the DL-
PCB concentrations did not exhibit any statistical difference be-
tween the two surveys. As that study calculated the TEQ levels by
TEF 1998, which differed from our study that was calculated by TEF
2005, this study was not compared with this national survey, but
instead it was comparedwith the first one (Li et al., 2009). The rapid
increase of PCDD/Fs in breast milk revealed that mothers and their
infants in China are subject to considerable health risks. Further-
more, previous studies reported that the general population is
considered rather than the population living near the MWI. In
future, more attention should be focused on the PCDD/F pollution,
among residents living near MWIs.

3.3. Estimation of the daily intake of infants

In this study, the infant EDI levels in the exposure group ranged
from 11.0 to 45.7 pg TEQ/kg bw day and from 8.35 to 19.4 pg TEQ/kg
bw day in the control group (Table S3). The mean level of EDI in the
exposure group was considerably greater than that in the control
group (22.0 vs. 13.0 pg TEQ/kg bw day; p< 0.05).

The EDI level was 22.0 pg TEQ/kg bw day in our study, which
was considerably greater than the tolerable daily intake (TDI) of
4 pg TEQ/kg bw day as proposed by the World Health Organization
(WHO) (van Leeuwen et al., 2000); this value is also greater than
the TDI proposed by the Scientific Committee on Food of the Eu-
ropean Commission, which is 2 pg TEQ/kg bw day (EC, 2001). As the
studies considering mothers living near MWIs seldom report the
associated EDI levels, this study has to be compared with those



Fig. 2. PCBs congener profiles in breast milk from two areas (%).

Table 2
Mean levels of PCDD/Fs and PCBs in the breast milk of residents living near incinerators a #.

Country Year Group Sample
size

PCDD/
Fs

DL-
PCBs

PCDD/F major congeners DL-PCB major congeners References

Spain 1998 Exposure 15 11.82 b / OCDD; 1,2,3,4,6,7,8-HpCDD; 1,2,3,6,7,8-HxCDD / Schuhmacher et al. (1999)
2002 Exposure 15 11.9 / OCDD; 1,2,3,6,7,8-HxCDD; OCDF / Schuhmacher et al. (2004)
2007 Exposure 15 7.6 4.8 / / Schuhmacher et al. (2009)
2012 Exposure 20 4.79 2.48 OCDD; 1,2,3,6,7,8-HxCDD; 2,3,4,7,8-PeCDF / Schuhmacher et al. (2013)

Italy 2008
e2009

Exposure 21 3.78 4.87 OCDD; 2,3,4,7,8-PeCDF; 1,2,3,4,6,7,8-HpCDF PCB118; PCB170;
PCB156

(De Felip et al., 2008) N

Control 1 22 4.67 5.27 OCDD; 2,3,4,7,8-PeCDF; 1,2,3,6,7,8-HxCDD PCB170; PCB118;
PCB156

Control 2 16 4.70 6.28 OCDD; 2,3,4,7,8-PeCDF; 1,2,3,6,7,8-HxCDD PCB118; PCB170;
PCB156

Portugal 1999
e2003

Exposure 73 9.5 / 1,2,3,7,8-PeCDD; 2,3,4,7,8-PeCDF; 1,2,3,6,7,8-
HxCDD

/ (Reis et al., 2007) N

Control 108 9.1 / 1,2,3,7,8-PeCDD; 2,3,4,7,8-PeCDF; 2,3,7,8-TeCDD /
Germany 1993 Exposure 7 12.4 b / OCDD; 1,2.3,4,6,7,8-HpCDD; 1,2,3,6,7,8-HxCDD / Deml et al. (1996)
Japan 1999

e2000
Exposure 240 14.9 10.6 OCDD; 1,2,3,6,7,8-HxCDD; 2,3,4,7,8-PeCDF PCB118; PCB156;

PCB105
Tajimi et al. (2005)

China 2013 Exposure 14 0.24 c 0.05 c OCDD; 2,3,4,7,8-PeCDF; 1,2,3,4,6,7,8-HpCDD PCB118; PCB105;
PCB156

This study P

Control 18 0.12 c 0.03 c OCDD; 1,2,3,4,6,7,8-HpCDF; 1,2,3,6,7,8-HxCDF PCB118; PCB105;
PCB156

#/means not available.
a pg WHO-TEQ/g lipid. b pg I-TEQ/g lipid. c pg WHO-TEQ/g wet weight.
NNegative: No significant differences were observed between subjects living near the incinerators and those living far away.
PPositive: Significant differences were observed between subjects living near the incinerators and those living far away.
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conducted on general population. The national survey conducted in
2007 reported a higher mean level of EDI (23.70 pg TEQ/kg bw day)
compared to that observed here (17.0 pg TEQ/kg bw day), ranging
from 11.8 to 40.7 pg TEQ/kg bw day (Li et al., 2009). Twelve prov-
inces of China were enlisted in the national survey, but the
provinces did not include the Zhejiang Province; hence, the back-
ground levels of PCDD/Fs and PCBs in Zhejiang have not yet been
clarified. Typically, the EDI level in this study was considerably less
than those in most of the previous studies, e.g., 60.3e80.4 pg TEQ/
kg bw day in Greece (Costopoulou et al., 2013), 48.2 pg TEQ/kg bw
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day in Shenzhen of China (Deng et al., 2012), 31.8 pg TEQ/kg bw day
for newborns in Taiwan (Chao et al., 2005), and 60 pg TEQ/kg bw
day in Korea (Yang et al., 2002). On the one hand, different back-
ground levels of PCDD/Fs and PCBs accounted for the discrepancies
between these studies. On the other hand, the parameters applied
herein were adapted to the domestic population, which was
different from other studies; this may have also caused disparities
between the results. However, compared to the control area in our
own province, the EDI level in the exposure area was significantly
increased, indicating that the proximity to the MWI increases not
only the body burden of PCDD/Fs and PCBs in mothers but also
health risks of their infants.

As has been mentioned in the introduction, the environmental
samples of eggs and soil collected from the same exposure area as
this study revealed significantly higher levels of PCDD/Fs than
those from the control area. Furthermore, the levels of TEQ-SPCDD/
Fs in the eggs, soil, and particulate matter less than 2.5 mm (PM2.5)
from the exposure area were significantly higher (4.54 vs. 0.45 pg
WHO-TEQ/g dry weight; 2.21 vs. 0.47 pg WHO-TEQ/g dry weight;
0.06 vs. 0.02 pg TEQ/m3, p< 0.05, respectively; data from another
study that are not published). The elevation of contaminants in
these environmental factors revealed that the dietary intake and
respiratory exposure can be potential exposure pathways for con-
taminants emitted by MWIs and affecting local populations.
Notably, in China, mothers who traditionally to eat more fatty
food, such as trotters, produce more breast milk. Due to the lip-
ophilicity of PCDD/Fs and PCBs, the mothers might consume these
contaminants more often than the general population. Undoubt-
edly, infants fed on breast milk exhibit an increased intake of these
contaminants.

This cross-sectional study exhibited several limitations. First,
the sample size was limited, possibly leading to sampling bias.
Second, the lipid levels of breast milk samples were not examined
due to a design deficiency; hence, the contaminant concentrations
are only calculated by wet weight. Third, a questionnaire about the
daily diets of the subjects was not included, limiting the assessment
of exposure to the contaminants. Finally, the information on the
infants was not adequate for further analysis. The second round of
investigation will start in 2019, still focusing on the body burden of
POPs in residents living in proximity to the MWI, but all of the
limitations mentioned will be improved.

4. Conclusion

In this study, the levels of PCDD/Fs and PCBs in the breast milk of
mothers living in proximity to a 10-year-old MWI located in the
Zhejiang Province of China was evaluated, and the EDI level of their
infants was assessed. In conclusion, mothers and their breast-fed
infants living in proximity to the MWI exhibited significantly
higher body burden of PCDD/Fs and PCBs.
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