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Abstract
In order to assess environmental exposure-associated human health risk of dioxin compounds for the population in the vicinity 
of a municipal solid waste incinerator (MSWI) in Shanghai, the atmospheric samples (n = 24) and soils samples (n = 96) were 
collected and analyzed to obtain the concentration level, pollution characteristics and seasonal changes of dioxin compounds 
in environmental medias. The toxicity equivalent concentration range of 2,3,7,8-substituted polychlorinated dibenzo-p-dioxins 
and dibenzofurans (PCDD/Fs) was 30.9–409 fg WHO-TEQ·m−3 in atmosphere and 0.362–8.55 ng WHO-TEQ·kg−1 in soil. 
The non-carcinogenic health risk and carcinogenic health risk from PCDD/Fs environmental exposure of people living in the 
vicinity of the MSWI in Shanghai were all within the allowable range of the US Environmental Protection Agency, which 
implied that the MSWI in Shanghai did not produce additional risk for the population living in its vicinity.

Keywords Dioxins · Passive sampling · Solid waste · Incinerator · Health risk

With China’s rapid progress in urbanization, many cit-
ies are facing the dilemma of garbage siege. As in 2017, 
Shanghai produced approximately 25,000 tons of municipal 
solid waste. Among these, 60% were incinerated, while the 
remaining was conducted with landfill and integrated treat-
ment. The land resources of the city are very precious, and 
incineration would definitely be the main disposal method 
for urban domestic garbage in the future. However, the sec-
ondary pollution caused by domestic waste incineration 
technology has become a great concern, in terms of the pol-
lutants of “dioxin” (Vilavert et al. 2012). In recent years, the 
Chinese government has given special attention to the emis-
sions of dioxins and eliminating the emissions of dioxins 
from municipal solid waste incinerator (MSWI), in order to 

reduce the influence of MSWIs on the surrounding environ-
ment, based on the Chinese standard in recent years (0.1 ng 
I-TEQ N·m−3) (Li et al. 2008). Besides the emission control 
by the standard, it is also vital to assess the environmental 
exposure-associated human health risk of dioxin compounds 
in the vicinity of the MSWI in Shanghai. However, due to 
sampling, analytical instrumentation and cost constraints, 
2,3,7,8-substituted polychlorinated dibenzo-p-dioxins and 
dibenzofurans (PCDD/Fs) data in environmental medias, 
especially in the ambient atmosphere in the vicinity of the 
MSWI in Shanghai remains very limited (Li et al. 2008; 
Ying 2010; Tian et al. 2015).

Shanghai is the political, economic and technological 
center of China, and is the most important region in East 
China, with a population of more than 20 million. The pre-
sent study area was in the vicinity of a MSWI, located at the 
center of Pudong district, with a daily capacity of 1000 tons. 
This plant officially began its operation in July 2003. South-
easterly or northwesterly winds prevail throughout the year 
in this area, which changes with the season. In the present 
study, 24 atmospheric samples were collected monthly for 12 
consecutive sampling periods at the downwind and upwind 
directions of prevailing wind directions of the MSWI, from 
January 2017 to December 2017 respectively. In addition, 
96 soils samples were collected from 12 directions of the 
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MSWI in May of the same year. The present study aimed to 
obtain the concentration level, pollution characteristics and 
seasonal changes of dioxin compounds in the environmental 
medias in the vicinity of a MSWI in Shanghai. These moni-
toring data can provide effective data reference for compre-
hensively evaluating the PCDD/Fs environmental exposure 
health risk of people living around the MSWI, and technical 
support for environmental waste management.

Materials and Methods

Two atmospheric sampling sites were established in the 
vicinity of the MSWI. According to the environmental 
impact assessment report of the MSWI, the predicted maxi-
mum ground-level concentration of PCDD/Fs was 714 m 
for typical days, and 1000 m for an annual average. And in 
our previous study, the maximum PCDD/Fs levels in soil 
samples were observed approximately at 1000 m from the 

MSWIs in Shanghai (Deng et al. 2011). And also consider-
ing the stability of the sampling site, as the sampling period 
was consecutive a year, Site A was established at the north-
west (downwind direction of the prevailing wind direction 
in summer) of the MSWI, with the distance of 900 m in a 
garden. Site B was established at the southeast (downwind 
direction of the prevailing wind direction in winter) of the 
MSWI, with the distance of 750 m in a garden (Fig. 1).

Atmospheric samples in the vicinity of the MSWI were 
collected monthly using an outdoor passive air sampler 
(Tisch, TE-200-PAS), from January 1, 2017 to December 
31, 2017, with polyurethane foam (PUF). Soil samples from 
96 sampling sites were also collected in May of the same 
year. These soil samples were collected at 8 distances (400, 
800, 1200, 1600, 2000, 2500, 3000 and 4000 m) and from 12 
directions (north, northeast, east, east-southeast, southeast, 
south-southeast, south, southwest, west, west-northwest, 
northwest and north-northwest) (Fig. 1). According to the 
reference data, the passive atmospheric sampling rate for 

Fig. 1  The sampling sites 84 in the vicinity of a MSWI in Shanghai, China
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PCDD/Fs was set as 2.0  m3·d−1 (Mari et al. 2008). The PUF 
cotton used for sampling was previously cleaned by Soxhlet 
extraction (Buchi, B-811) (dichloromethane: n-hexane = 1:1, 
16 h). Then, the extracted PUF cotton was dried and imme-
diately wrapped with tin foil, and stored at − 20°C in a sealed 
bag for later use. These atmospheric passive samples were 
spiked with 13C-labeled sampling internal standards prior 
to sampling. The soil sampling method and the analytical 
method was the same as the previous study (Deng et al. 
2011).

During the experiment, one program blank was analyzed 
each month. The blank control results indicated that there 
was no background interference in the experiment. For the 
atmospheric samples, the 13C-labeled sampling internal 
standard recovery ranged from 77% to 98%. The 13C-labeled 
cleanup internal standard recovery ranged from 76% to 94%. 
And these were all in line with the quantitative requirements 
of the EPA23 method. For the soil samples, the 13C-labeled 
cleanup internal standard recovery ranged from 40% to 
130%, and this was in line with the quantitative requirements 
of the EPA1613 method.

In the present study, the PCDD/Fs environmental expo-
sure of the people living in the vicinity of the MSWI include 
inhalation exposure from the atmosphere, and dermal expo-
sure and ingestion from the soil and dust. The PCDD/Fs 
exposure via inhalation from the atmosphere was calculated 
based on the most updated US EPA methodology (US EPA 
2009). The PCDD/Fs exposure via ingestion and dermal 
contact from soil was calculated based on the models in 
VLIER-HUMAAN (Van Hall Instituut 1997). The specific 
equations and associated local parameters can be found 
elsewhere (Nouwen et al. 2001; US EPA 2009; Zhao and 
Duan 2014; Duan 2016). The non-carcinogenic risk index 
and the carcinogenic risk index were calculated based on the 
technical method recommended by the National Academy 

of Sciences (NAS) in the United States (Van Hall Instituut 
1997; WHO 1998; US EPA 2005).

The SPSS Statistics version 17.0 was used to perform 
data statistics and plotting.

Results and Discussion

Figure 2 presents the TEQ concentration of PCDD/Fs in 
the atmosphere at two sampling sites in different months 
in the vicinity of a MSWI in Shanghai in 2017. From Janu-
ary, 2017 to December, 2017, a total of 24 samples were 
collected. The TEQ concentrations of PCDD/Fs at Site A 
and Site B were 30.9–195 fg WHO-TEQ·m−3 (mean value: 
113 fg WHO-TEQ·m−3) and 43.2–409 fg WHO-TEQ·m−3 
(mean value: 119 fg WHO-TEQ·m−3) respectively. The TEQ 
concentrations of PCDD/Fs in the atmosphere in the vicinity 
of the MSWI (passive sampling) in Shanghai were similar to 
those in Tianjin, China and Seoul, Korea (Ding et al. 2013; 
Yoonki et al. 2014); but they were slightly lower than those 
in the industrial area of Gyeonggi province of South Korea 
(Heo et al. 2014) and the industrial area of Bou-lsmail, Alge-
ria (Moussaoui et al. 2012); although, they were slightly 
higher than those in the urban background area of Shanghai 
(Tian, et al. 2015), and significantly higher than those in 
the area around a Spanish incinerator (Vilavert et al. 2015) 
and in rural and urban areas of Buenos Aires, Argentina 
(Cappelletti et al. 2016). In the study area, the MSWI rep-
resents the main PCDD/Fs emission sources, which is the 
normal situation in big urban areas. And in industrial area, 
where has more kinds of PCDD/Fs emission sources, might 
show a higher PCDD/Fs concentrations. As all the important 
PCDD/Fs emission sources are related to human actives, 
which may be the reason of lower atmospheric PCDD/Fs 
concentrations in lower population density areas.

Fig. 2  The TEQ concentrations 
of PCDD/Fs in the atmosphere
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The TEQ concentration of PCDD/Fs in the atmosphere 
in vicinity of the incinerator was the lowest in autumn 
(Sep, Oct, Nov.), similar in winter (Dec., Jan., Feb.) and 
spring. The average TEQ concentrations in winter were 
142 ± 47.1 fg WHO-TEQ·m−3 (Site A) and 121 ± 27.5 fg 
WHO-TEQ·m−3 (Site B), which were slightly higher than 
the TEQ concentrations of PCDD/Fs in spring (Mar., Apr., 
May) (127 ± 49.3 fg WHO-TEQ·m−3, Site A; 100 ± 6.81 fg 
WHO-TEQ·m−3, Site B), and were higher than that in 
autumn (Sep, Oct, Nov) (85.0 ± 40.7 fg WHO-TEQ·m−3, 
Site A; 48.0 ± 7.00 fg WHO-TEQ·m−3, Site B). The data 
in summer (Jun, Jul, Aug) showed great deviation and Spa-
tial difference. The TEQ concentration of PCDD/Fs in the 
atmosphere was 99.3 ± 71.2 fg WHO-TEQ·m−3 (Site A) and 
205 ± 180 fg WHO-TEQ·m−3 (Site B), respectively.

It was found that the average TEQ concentration 
of PCDD/Fs in the atmosphere at Site A in summer 
(99.3 ± 71.2 fg WHO-TEQ·m−3) was slightly lower than that 
in winter (142 ± 47.1 fg WHO-TEQ·m−3), but there was no 
significant difference (P value: 0.606). This seasonal trend is 
consistent with most studies (Gao et al. 2014). The average 
TEQ concentration of PCDD/Fs in the atmosphere at Site B 
in summer was 205 ± 180 fg WHO-TEQ·m−3, which was sig-
nificantly higher than that at Site B in winter (121 ± 27.5 fg 
WHO-TEQ·m−3)(P value: 0.048). This seasonal trend was 
different from that obtained by active sampling technology 
in most literature, but was consistent with the seasonal trend 
obtained by passive sampling technology in some literature 
(Hao et al. 2017). Firstly, the passive sampling rate would 
be susceptible to environmental factors such as wind speed, 
temperature and particulate matter. The difference would 
be even greater in urban environments with high atmos-
pheric particulate pollution. Since dioxins are semi-volatile 
persistent organic pollutants, the distribution of dioxins in 
the gas–solid phase would be greatly affected by climate. 
In summer, due to the high atmospheric temperature, the 
proportion of dioxins in the gas phase would be higher than 
that in winter. The passive sampling results are mainly rep-
resented the dioxins concentration in gas phase. This char-
acteristic, together with the rising dioxins concentration in 
winter, may lead to the difference in the seasonal characteris-
tics of passive atmospheric data. The difference in PCDD/Fs 
concentrations between sampling points was not significant 
except for a few months. In urban areas, due to the barrier of 
buildings and traffic trunk lines, the dominant wind direction 
had little influence on PCDD/Fs concentration at sampling 
points. In summer (Jun., Jul., Aug.), the TEQ concentra-
tions of PCDD/Fs at Site B (Atmospheric data) were higher 
than those from Site A (Atmospheric data). The PCDD/Fs 
concentration in soil at sampling Site B was 5.86 pg WHO-
TEQ·g−1, which was obviosly higher than that at sampling 
Site A (1.58 pg pg WHO-TEQ·g−1). The average highest 
temperature were 33.4 °C, 39.6 °C and 38.1 °C in June, July 

and August, respectively (Shanghai Pudong new area bureau 
of statistics 2018) in Shanghai. The higher temperature in 
summer may induce PCDD/Fs to evaporate into the air from 
the soil.

Figure 3 presents the TEQ concentrations of PCDD/Fs in 
soil samples in the vicinity of the MSWI in different wind 
directions in Shanghai in May, 2017. The TEQ concentra-
tions of PCDD/Fs in soil samples were ranged from 0.362 to 
8.55 ng WHO-TEQ·kg−1 (mean: 2.08 ng WHO-TEQ·kg−1), 
which is consistent with the PCDD/Fs level of the back-
ground agricultural field in Shanghai (Deng et al. 2008). 
The statics showed that no significant variations in PCDD/Fs 
concentrations were observed among the different directions 
(P value: 0.299). Due to the barrier of buildings and traffic 
trunk lines, the dominant wind direction had little influence 
on the PCDD/Fs concentrations at the sampling points.

Soil samples from three of these 12directions of the same 
MSWI were also investigated in 2007 in our previous study 
(Deng et al. 2011). The TEQ concentrations of PCDD/Fs in 
soil samples in the vicinity of the MSWI in 2007 and 2017 
were shown in Table 1. When compared with the previous 
study in 2007, which we investigated the soil samples from 
west, northwest and southeast directions of the same MSWI, 
there was no statistical difference between the PCDD/Fs 
concentration levels in soil samples from sampling period 
in 2007 and 2017 (P value: 0.535 (W direction), 0.583 (NW 
direction), 0.448 (SE direction)).

According to the seasonal average TEQ concentra-
tions of the PCDD/Fs in the atmosphere, the PCDD/Fs 
inhalation exposure of people living in the vicinity of the 
MSWI ranged from 9.13 to 39.1 fg WHO-TEQ/(kg·d) for 
adults and 18.5–79.1 fg WHO-TEQ/(kg·d) for children, 
which was in good agreement with those in other parts of 
China: the corresponding data in Beijing ranged from 1.8 

Fig. 3  The standard box-plots for the TEQ concentrations of 96 soil 
samples in different directions
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to 38.4 fg WHO-TEQ/(kg·d) for adults, and ranged from 
3.2 to 68.0 fg WHO-TEQ/(kg·d) for children (Hao et al. 
2017); the corresponding data in urban areas of Shenzhen 
ranged from 2.0 to 97.0 fg WHO-TEQ/(kg·d) for adults, 
and ranged from 2.0 to 147.0 fg WHO-TEQ/(kg·d) for chil-
dren (Peng et al. 2015); the corresponding data for adults 
in Guangzhou ranged from 5.27 to 35.5 fg I-TEQ/(kg·d) 
(Liu et al. 2016); the corresponding data in the Shenyang 
urban area ranged from 1.0 to 86.0 fg WHO-TEQ/(kg·d) 
for adults, and ranged from 3.0 to 197.0 fg WHO-TEQ/
(kg·d) for children (Zhang et al. 2013). In China, the gov-
ernment document about the management of the environ-
mental impact assessment of biomass power generation 
projects (Huanfa [2008] No. 82) indicated that the tol-
erable PCDD/Fs inhalation exposure of people around a 
MSWI should be below 10% of the WHO recommended 
tolerable daily intake of 4 pg TEQ·kg−1 body weight/day. 
The PCDD/Fs inhalation exposure of people around the 
MSWI in the Shanghai area was far below the tolerable 
PCDD/Fs inhalation exposure of people around a MSWI, 
which indicated that the PCDD/Fs inhalation exposure of 

people living in the vicinity of the MSWI in Shanghai area 
was at an acceptable level.

The dermal exposure and ingestion level of PCDD/Fs via 
soil and dust for the population in vicinity of the MSWI 
ranged from 2.38 to 8.71 fg WHO-TEQ/(kg·d) for adults and 
from 10.3 to 37.5 fg WHO-TEQ/(kg·d) for children, accord-
ing to the maximum soil concentration at each direction as 
the worst scenario.

The non-carcinogenic risk and the carcinogenic risk 
were calculated according to the maximum PCDD/Fs inha-
lation exposure, dermal exposure and ingestion level of 
people living in vicinity of the MSWI. It can be observed 
in Table 4 that the daily average PCDD/Fs exposure of 
children in general was higher than that of adults. Further-
more, inhalation exposure was the main way of PCDD/Fs 
environmental exposure of residents in the survey area, 
accounting for 67.9% and 81.8% of the PCDD/Fs environ-
mental exposure of children and adults, respectively. And 
this is consistent with the results of most related surveys 
(Table 2). The non-carcinogenic health risk of PCDD/
Fs environmental exposure for the people living in the 

Table 1  The TEQ concentrations of PCDD/Fs in soil samples in the vicinity of the MSWI in 2007 and 2017

Directions Year 2007 (Deng et al. 2011) Year 2017

Distance(m) 
from the MSWI

Soil Con Mean and SD Distance(m) 
from the MSWI

Soil Con Mean and SD

ng WHO-TEQ·kg−1 ng WHO-TEQ·kg−1

West of the MSWI 400 2.48 Mean = 1.82 SD = 0.871 400 1.19 Mean = 2.26 SD = 1.64
700 1.25 800 1.96
1000 3.29 1200 0.509
1500 0.751 1600 1.91
2000 1.28 2000 1.41
2500 2.16 2500 5.57
3090 1.53 3000 3.82
– – – 4000 1.73

Northwest of the MSWI 400 1.55 Mean = 1.73 SD = 1.86 400 0.87 Mean = 1.34 SD = 0.472
724 1.61 800 1.72
1000 0.813 1200 1.03
1500 0.55 1600 1.14
1900 0.83 2000 1.25
2500 5.85 2500 2.34
3100 0.878 3000 1.28
– – - 4000 1.12

Southeast of the MSWI 300 1.2 Mean = 1.46 SD = 0.830 400 2.65 Mean = 1.77
SD = 0.727700 0.907 800 2.91

1000 1.73 1200 1.81
1500 0.651 1600 1.78
1500 1.68 2000 1.79
2400 0.92 2500 0.836
3000 3.1 3000 0.984
– – – 4000 1.4
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vicinity of the MSWI in Shanghai was 2.92E-02 for chil-
dren and 1.20E-02 for adults, which was way below the 
acceptable level “1” (US EPA 2018). The carcinogenic 
health risk of PCDD/Fs environmental exposure for the 
people living in vicinity of the MSWI in Shanghai was 
1.75E-05 for children and 7.18E-06 for adults, which was 
also within the allowable range of EPA  (10–6 to  10–4) (US 
EPA 2018).

Compared with the environment exposure and healthy 
risk value of people living in vicinity of the MSWI in 
China and abroad, the PCDD/Fs environmental exposure 
and health risk value of the people living in vicinity of 
the MSWI in Shanghai in the present study was at the 
same level as those in Zhejiang Province (Xu 2009), Bei-
jing (Hao et al. 2017), Belgium (Nounew et al. 2001) and 
Korea (Lee et al. 2007), and were higher than those in 
Spain (Rovira et al. 2015).

In conclusion, without considering food exposure, 
inhalation is the main way of PCDD/Fs environmental 
exposure for residents in the survey area. According to 
the calculation results of these three exposure routes, it 
was found that the PCDD/Fs environmental exposure of 
children and adults in this area is in an order of magnitude 
with that of domestic and foreign studies. The non-carci-
nogenic and carcinogenic health risk of PCDD/Fs envi-
ronmental exposure for the people living in the vicinity 
of the MSWI in Shanghai was all at the acceptable level. 
These long-term results provide very important comple-
mentary information for PCDD/Fs emission monitoring 
for the government.
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