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ABSTRACT

In this study, we characterized the concentration of heavy metals in PM,; 5 in the community with e-waste dismantling,
Guiyu, China and assessed potential public health risk associated with heavy metal composition of PM,s for local
residents. Daily samples of PM, s were collected with Harvard Impactors on the roof of 3-story buildings from March
2012-April 2013 in Guiyu (n = 133) and seasonal samples were collected in a reference site, Haojiang (n = 33). The
concentrations of PM, s mass and heavy metals were analyzed gravimetrically and by graphite furnace atomic absorption
spectrometry, respectively. The geometric mean concentrations of PM, s, Pb and Cd in Guiyu were higher than in the
reference area (PM,s: 49.9 ug m™ vs. 37.6 , p < 0.01; Pb: 160 ng m™ vs. 69 ngm >, p<0.001; Cd: 5.7 ngm™ vs. 3.4 ngm™,
p <0.01), but Cr and Mn concentrations were not statistically different (Cr: 4.5 ngm™ vs. 3.8 ngm >, p>0.05; Mn: 17 ng m>
vs. 16 ng m>, p > 0.05). The metal concentrations in PM, s from Guiyu were also higher when compared to other Asian
cities. We observed higher heavy metal concentrations during winter and spring than summer and fall. Human health risk
assessment showed that the total potential cancer risk for both adults and children are higher than the safe acceptable range
recommended by the US EPA. Furthermore, the carcinogenic and non-carcinogenic elements in PM, 5 pose higher public
health risk to children than adults. The results indicate that air pollution emitted from informal e-waste recycling activities
might be affecting the health of local residents, especially children.
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INTRODUCTION

Electronic equipment production and consumption has
exponential growth in the last two decades, resulting in an
increase of electronic waste (e-waste). E-waste includes
end-of-life electronic products such as computers, printers,
mobile phones, television sets, stereos, radios that contain
persistent organic pollutants (polychlorinated biphenyls
[PCBs], polybrominated diphenyl ethers [PBDEs]) and
heavy metals which include lead (Pb), mercury (Hg),
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chromium (Cr) and cadmium (Cd) (Wu et al., 2010; Xu et
al., 2012). Guiyu, a southeast China town, is one of the
largest e-waste destinations and recycling area in the
world. It has a nearly 30-year history of e-waste recycling.
The recycling is often performed by family-run workshops
that use uncontrolled recycling methods which may pose a
threat to the environment and human health (Huo et al.,
2007; Hahladakis et al., 2013). Fine particulate matter (PM,s)
in the atmosphere of the e-waste dismantling sites raised
public concern in recent years. Many processes used within
the informal e-waste recycling sector, including grinding,
melting, roasting and open burning, release large amounts
of dust, fumes and smoke into atmosphere. These emissions
contain potentially carcinogenic and highly toxic metals
such as chromium (Cr) and manganese (Mn) (Zheng et al.,
2013a), which may adversely affect human health. These
metals, when deposited in the lower airways, can lead to
acute and chronic toxicological effects in the lung (Bradshaw
and Slater, 1998; Sobaszek et al., 2000; Zheng et al., 2013a).
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Cr and Cd contained in PM, s are carcinogenic and many
other chemicals in e-waste are toxic (Betha et al., 2013).

Pb and Cd are significant industrial and environmental
pollutants, which are highly toxic to human. Although Cr
and Mn are essential trace elements, excessive amounts of
exposure also have toxic effects in human. Several studies
conducted in Guiyu have reported high levels of toxic
heavy metals in samples of dust, soil, river sediment, surface
water, and groundwater (Deng et al., 2006; Wong et al.,
2007a, b; Alabi et al., 2012). Our previous studies showed
that children living in Guiyu had significantly higher Pb,
Cd, Cr and Mn levels in blood compared to the reference
area (Huo et al., 2007; Zheng et al., 2008; Liu ef al., 2011,
Yang et al., 2013; Zheng et al., 2013a; Xu et al., 2015).
Guiyu neonates also had higher Pb, Cd and Mn levels in
blood (Li et al., 2008a, b, 2011; Xu et al., 2012). These
findings highlight the importance of the assessment of
heavy metal exposure and risk for people living in e-waste
recycling area.

The exposure to airborne PM,s and heavy metals has
been shown to pose public health risk (Greene and Morris,
2006; Diaz and Rosa, 2009). Therefore, it is essential to assess
the human health risk of exposure to toxic metals in PM, 5
derived from e-waste recycling activities. Human health risk
assessment is a tool for determining the likelihood of adverse
health effects (carcinogenic and non-carcinogenic) occurring
to a wide population after chemical exposure. Although heavy
metals in some matrices (such as dust, water and soil) and
the associated health risk from e-waste locations have been
reported in studies (Leung et al., 2008; Luo ef al., 2011;
Fujimori et al., 2012; Zheng et al., 2013b), there is no
comprehensive research on the contents of PM, s and health
risk assessment for heavy metals. Hence, the monitoring
data on the contents of PM, 5 in our study are valuable and
significant to assess the potential health risks of heavy
metal exposure in PM, s in an e-waste recycling area. Our
major purposes of this study are as follows: (1) to monitor
the concentrations of heavy metals in PM, s in Guiyu; (2)
to determine the potential health risks of heavy metals as
cumulative carcinogenic and non-carcinogenic risks via
inhalation exposure for residents in the region.

METHODS

Sampling Sites

Guiyu town is located in Shantou, Guangdong Province,
Southeast China. Guiyu has a total area of 52 km® and a
population of 150,000 (Bi et al., 2010; Alabi ef al., 2012;
Ren et al., 2013; Xu et al., 2013; Liu et al., 2014). It is a
rice-growing countryside and its industry has been dominated
by e-waste recycling since the early 1980s. Eighty percent
of families in Guiyu are engaged with individual recycling
workshops, with nearly 160,000 workers involved in
recycling activities but without protective measures (Guo et
al., 2010; Wu et al., 2010; Liu et al., 2011; Wu et al.,
2011; Guo et al., 2012; Wu et al., 2012). The area has a
sub-tropical climate, with an annual average temperature of
21.5°C, relative humidity of 80% and mean annual rainfall
of 1721 mm (Deng et al., 2006; Wong et al., 2007b). The

prevailing wind is from the northeast except in the summer,
when it is in the southwestern direction. In the northern part
of Guiyu, there is a reservoir and a large area of hilly
woodlands. E-waste recycling sites are mainly located in
the residential areas and completely surrounded by farm
land in the southern part of Guiyu.

Air Sampling and Analysis

PM, s samples were collected on the roof of a 3-story
building located on a street in Guiyu where there are open
burning and other e-waste recycling operations (23°17'36.9"N,
116°22'14.9"E) (Fig. 1). For comparison, we also collected
PM, s samples on the roof of a 4-story building from the
reference area in Haojiang (23°2020.6"N, 116°40'13.7"E),
which lies about 50 km away from Guiyu and with no
record of e-waste recycling. PM, s samples were collected
on a 37 mm pre-weighed Teflon membrane filter (2 pm
pore size; SKC Inc, Eighty-Four, PA) using Harvard-type
PM, 5 impactors (MS and T Area Sampler; Air Diagnostics,
Inc, Harrison, ME) at these two sampling sites. The flow
rate was 10 = 0.5 L min!, which was calibrated with a flow
meter before and checked after each 24 h sampling. The
sampling period was 4 seasons from March, 2012 to April,
2013. In Guiyu, PM,s samples were collected every 24
hours except rainy or stormy days. In reference site, PM, 5
samples were collected 1 week for each season. Some samples
were voided, due to wet filters, torn filters, or unstable flow
rate outside of the 9.5 to 10.5 L min"' range. The Teflon
filters were analyzed for PM, s mass concentrations using
gravimetric technique. In addition, metals were analyzed
from PM, s filters using graphite furnace atomic absorption
spectrophotometry (GFAAS).

For the metal analysis, the filters were placed in
digestion bottles, and high-purity HNO; (3 mL 65%—68%)
and HCI (1 mL 36%-38%) were added. The mixtures were
left overnight in a fume chamber and then digested using a
microwave digestion system (WX-4000, Shanghai Yiyao,
China). After microwave digestion, the digested solutions
were heated to almost dryness to remove acids. After the
bottles were cooled, 1 mL of high-purity HNO; was added
to the solution, filtered into 50 mL glass bottle and then
rinsed with deionized (Milli Q water) water. The filtrate
was diluted to 50 mL and keep at 4°C until analysis. The
total concentrations of Pb, Cd, Cr, Mn in the filtrate were
determined by GFAAS (Jena Zenit 650, Germany). The
operating conditions for GFAAS are presented in Table S1.
Ten percent (10%) of the samples were laboratory blanks
and another 10% were field blanks to assure the validity of
the sample results.

We compared the PM, s mass and Pb, Cd, Cr, and Mn
concentrations between the e-waste recycling sites and the
reference site using t-tests after natural logarithmic
transformation. We conducted a sensitivity analysis of
concurrent air samples collected during the sampling period
of reference site. Further, we compared PM,s and air
metals between the two sites for each of the four seasons
during the sampling period. All statistical tests were two-
sided and the significance level was at 0.05. SAS 9.4 (SAS
Institute Inc., Cary, NC) was used for all statistical analyses.
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Fig. 1. Air sampling locations in Guiyu.

Human Health Risk Assessment for PM, 5

Health risk assessment of respiratory exposure to PM; s
was carried out for residents living in Guiyu (See and
Balasubramanian, 2006; Betha and Balasubramanian,
2011; Betha et al., 2013). The chronic daily intake (CDI,
mg kg' day ') of each metal was calculated from the
following equations,

CDI(mg kg™ day™ ) =
Total dose (TD, mg m> ) xinhalation rate (IR, m’ day’l)
Body weight (BW, kg)

(1
TD=CxE @)

In the Eq. (2), C represents the geometric mean of the
metal concentration in the PM,s samples. E is the
deposition fraction of particles by size and was calculated
using a computer-based model, LUDEP 2.07 (ACJ and
Associates, Inc., Richland, WA; ICRP, 1994), separately
with parameters representing 5-year old child, 10-year old
child, 15-year old boy and 15-years old girl, adult male and
adult female. For calculation of the inhalation rate (IR), it
was assumed that the subjects spent 80% of their time
indoors and 20% outdoors. For the body weight (BW), we

used values given by the International Commission on
Radiological Protection (ICRP, 1994) for Chinese population
(Table S2). The assessment of the non-carcinogenic risk,
hazard quotient (HQ), was made using the equation,

HD = CDI % RfD 3)

where RfD is the reference dose (mg kg ' day ') for metals
that are non-carcinogenic calculated from reference
concentrations (RfC, mg m ) provided by the United States
Environmental Protection Agency (USEPA). If the HQ is <
1, then noncancerous effects are unlikely. If the HQ is > 1,
then adverse health effects might be possible (U.S. EPA,
1993). If the HQ is > 10, then it suggests high chronic risk
(Leung et al., 2008).

The assessment of the carcinogenic risk, excess lifetime
cancer risk (ELCR), was made using the equation,

ELCR = CDI x SF (4)

where SF is the cancer slope factor, expressed in (mg '
kg day). Cancer risk less than 1 x 107 is considered
negligible (U.S. EPA, 2012).

Quality Assurance
The accuracy of the methods was checked by using both
external assurance reference materials and internal quality



Zheng et al., Aerosol and Air Quality Research, 16: 388-397, 2016

reference samples (Table 1). The method used in heavy
metal analysis of PM,s filter samples was validated by
determination of Pb, Cd, Cr and Mn in the Standard
Reference Material, SRM3100, obtained from the National
Institute of Standard and Technology (NIST). There was an
excellent agreement between the experimental and the
certified values for four metals in standard reference
material, SRM3100. The recovery for the Pb, Cd, Cr and
Mn in the certified standard reference material by GFAAS
technique was greater than 95%. The precision for spiked
filtrate with Pb, Cd, Cr and Mn was expressed as the
relative standard deviation (RSD), which was less than 5%.
The recovery for Pb, Cd, Cr and Mn in spiked filtrate also
was greater than 94%.

RESULTS AND DISCUSSION

Air Monitoring

Table 2 presents concentrations of the four metals as
well as PM,s. The geometric mean (GM) of PM;s
concentrations in Guiyu (49.9 pg m™) was significantly
higher than that in the reference area (37.6 pug m™). The
GM PM, 5 concentrations obtained for both Guiyu and the
reference site exceeded the current World Health
Organization (WHO, 2014) 24h PM, s ambient air quality
guidelines (25 pg m ) and Chinese 2012 National Ambient
Air Quality Standards Level I (NAAQS I, 35 pg m°) (GB
3095-2012), but were lower than Chinese NAAQS, Level
IT (75 pg m’3). The GM PM, 5 concentrations in both sites
also exceeded WHO annual ambient air quality standard (10
pg m~) and Chinese NAAQS annual standards (15 pg m*
and 35 pg m* for Level I and Level II, respectively). The
metal analysis of the PM,s showed significantly higher
values of Pb and Cd in Guiyu (160 ng m > and 5.7 ng m~,
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respectively) compared to the reference site (69 ng m > and
3.4 ng m, respectively). However, the GM concentrations
of Cr and Mn in Guiyu (4.5 ng m” and 17 ng m”,
respectively) and in the reference site (3.8 ng m™ and 16
ng m, respectively) were not significantly different. The
high values of Mn and Cr in the reference area might be
due to extensive use of coal by thermal power plant in this
region (Jamil et al., 2009; Pandey, 2012; Tian ef al., 2012;
Duan and Tan, 2013). In order to gain a better understanding
of the correlation structure between the heavy metals in
PM, s, Spearman correlation coefficient matrix was calculated
(Table 3). The concentrations of Pb and Cd in PM, s were
strongly correlated (Spearman r = 0.683, p = 0.000). The
correlation coefficient was more evident in Guiyu (r = 0.723,
p = 0.000) than in the reference area (r = 0.305, p = 0.085),
suggesting a common source or dependence of Pb and Cd in
PM, s samples in Guiyu.

The sensitivity analysis by comparing the same sampling
days between Guiyu and the reference area is shown in
Table 4. It is a quality control check in order to eliminate
the effects of uncertainty in different sampling dates by
comparing data collected on two areas sampling at the
same time. We analyzed the days that overlapped in both
two groups and found that PM, 5, Pb, and Cd are significantly
different but not Cr and Mn, which is same as the results
using data from all sampling days shown in Table 2.

Table 5 shows the comparison of metal concentrations in
PM, 5 between Guiyu and other sites in Asia. The geometric
mean PM, 5 concentration in Guiyu was higher than several
Asian sites. Among the four metals, Pb concentrations in
PM, 5 of Guiyu were much higher than in some other Asian
areas. In our study, the concentrations of PM, s mass, Pb,
Cd, Cr and Mn were lower than the results presented by
Deng et al. (2006) for Guiyu. The difference may be

Table 1. External quality assurance and internal quality reference data for Pb, Cd, Cr and Mn.

Measured Certified Recovery (%) RSD (%)
(A) External quality control®
Pb (ng) 25.7+£0.3 25.0+£0.5 102.8
Cd (ug) 9.7+£0.5 10.0+£0.2 97.0
Cr (ng) 10.4+0.6 10.0£0.1 104.0
Mn (ug) 10.1£0.2 10.0£0.1 101.0
(B) Internal quality control”
Pb (ng/L) 66.7+0.8 80.0 107.7 2.7
Cd (ug/L) 2.1+£0.1 1.0 94.5 2.1
Cr (png/L) 342+0.5 30.0 129.8 32
Mn (ug/L) 23.5+0.8 20.0 103.7 34
“Certified values are referred to NIST filter SRM3100;” Determined concentration in filtrate samples.
Table 2. Concentrations of PM; 5, Pb, Cd, Cr, Mn in Guiyu and the reference area.
Pollutants Guiyu (n =133) Reference (n = 33) P
(Unit) Geometric Mean Range Geometric Mean Range
PM (ug m™) 49.9 11-160 37.6 11.3-83.0 0.0088
Pb (ng m™) 160 9.1-1000 69 9.1-290 0.0000
Cd (ng m™) 5.7 0.40-56 3.4 0.28-23 0.0015
Cr (ng m™) 4.5 0.01-380 3.8 0.01-26 0.6750
Mn (ng m°) 17 0.71-140 16 0.71-85 0.7570
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Table 3. Spearman correlation coefficient values between
heavy metal concentrations in PM, s.

Pb Cd Cr Mn
Pb 1 0.683" 0.019 0.420"
cd 1 —0.071 0.3217
Cr 1 0.324"
Mn 1

"p<0.01.

because the study by Deng and colleagues collected air
sample from an open burning site of e-waste recycling, but
our study collected ambient air samples from the community
setting. Therefore, our study can be used to represent the
exposure of general population in the e-waste recycling
community and the reference site.

Daily average PM, s concentration ranged from 11 pg m™
to 160 pg m™ in Guiyu. Concentrations ranged from 9.1 to
1000 ng m for Pb, from 0.40 to 56 ng m for Cd, from
0.01 to 380 ng m* for Cr, from 0.71 to 140 ng m for Mn
in Guiyu (Table 2). The variation in PM,s and metal
concentrations throughout the study may be due to
meteorological conditions, gas to particle conversion process
favored by the high relative humidity and varying
anthropogenic sources (Kulshrestha et al., 2009). Seasonal
variations were investigated with the sampling period
spanning 4 seasons: spring (February—April), summer (May—
July), fall (August—October) and winter (November—January).
Variations among the seasons in the PM and heavy metals
as presented by Duncan’s test are shown in Figs. 2 and 3.
The PM, 5 mass obtained in winter and spring were similar
but significantly higher than summer and autumn, with the
lowest value observed in summer (28.4 pg m ). Observation
similar to our study was reported for PM, 5 in the e-waste
area of Taizhou (Gu et al., 2010). We obtained the lowest
and highest Pb, Cd, Mn values in summer and winter,
respectively, while those of Cr were obtained in summer
and fall, respectively. Cr was also found the most enriched
metals in PM,s from Guiyu during August to September
(Deng et al., 2006), which may indicate more e-waste items
containing Cr during this period. The average metallic
species concentrations in PM,s have been found to be
higher in winter season compared to summer seasons also in
other studies (Srimuruganandam and Nagendra, 2011; Duan
et al., 2012; Duan and Tan, 2013; Wang et al., 2013). The
low concentrations in summer may be mainly attributed to
the high temperature, rainfall and typhoon (Ho et al., 2006;
Duan and Tan, 2013; Wang et al., 2013). Rainfall and

typhoon bring precipitation at high volume and frequency,
then increases the wet deposition of atmospheric particles,
thus providing effective self-purification of the air. So good
atmospheric diffusion conditions decrease the concentrations
of the pollutants (Wang et al., 2013). Furthermore, seasonal
industrial production and human activities contribute to the
high concentration in winter (Wang et al., 2013). Previous
studies have shown that the PBDE concentrations in the
gas and particulate phases of air samples in Guiyu are
extremely high in winter, which may suggest more e-waste
recycling in winter (Chen et al., 2011).

Human Health Risk Assessment

Representative elemental components of PM,s were
used to evaluate human health risk to trace metal exposure.
The pertinent information of the CDI and RfD, HQ, SF and
ELCR in female adults and 10 years old children are given
in Table 6 and for the other population groups in Table S3
and S4.

For female adults, the levels of non-carcinogenic risk (total
HQ) were estimated to be 3.6 x 10™" for Guiyu and 3.2 x
10" for the reference area while the levels of carcinogenic
risk (total ELCR) were 5.9 x 10~ for Guiyu and 4.6 x 10
for the reference area. It implies that 59—60 female adults
from Guiyu and 4647 female adults from the reference
area per million population can get cancer after exposure to
the toxic heavy metals in PM,s. For both Guiyu and the
reference area, total HQ was below acceptable levels (HQ =
1). However, total HQ was higher than 0.1, which has been
reported to have potential for adverse health effects for
children and adults (De Miguel et al., 2007; Kong et al.,
2012). In the case of total ELCR for Guiyu and the reference
area, the estimate risk was higher than the acceptable level
(ELCR=1x10"%),

For children of 10 years, the levels of non-carcinogenic
risk (total HQ) was estimated to be 5.5 x 10" for Guiyu
and 5.0 x 10" for the reference area. While total ELCR
was 9.0 x 10~ for Guiyu and 7.1 x 107 for the reference
area. It indicates that 90-91 children from Guiyu and 71—
72 children from the reference area per million population
can get cancer after exposure to the toxic heavy metals in
PM,;s. Total HQ in both e-waste exposed area and the
reference area was above 0.1. In the case of total ELCR,
the estimate risk was higher than the acceptable level
(ELCR = 1 x 10°®) in both areas. From the results it can be
deduced that the non-carcinogenic risk indicated by total
HQ and the carcinogenic risk indicated by total ELCR for
adults and children were higher in Guiyu compared to the

Table 4. The sensitivity analysis by comparing the same sampling days between Guiyu (n = 22) and the reference area (n

=33).
. Guiyu Reference
Pollutants (Unit) Geometric Mean Geometric Mean P
PM (ug m™) 53.0 37.6 0.0090
Pb (ng m™) 150 69 0.0012
Cd (ng m™) 55 3.4 0.0508
Cr (ng m™) 8.1 3.8 0.0865
Mn (ng m°) 24 16 0.2080




Table 5. Comparison of atmospheric concentrations of heavy metals between Guiyu and other sites in Asia.

Pb (ngm™) Cd (ng m™) Cr(ngm>) Mn (ng m>)

Reference Mass (ug m ™)

Character
Tropical jungle Maenhaut et al. (2002)

City
Bukit Tinggi

Location

Year

0.121

1.22

4.5

Indonesia

2002
2002

0.34

8.7
26
96.4

94
23.6

Maenhaut et al. (2002)

Rural

Pontianak

Fang et al. (2005)

Kim et al. (2003)

Hien et al. (2001)
Beguma ef al. (2004)

Rural

Pontianak

2002

39
52
6.7

13.7

Urban
Urban
Semi-urban

Seoul
Ho ChiMinh

Korea
Vietnam
Bangladesh

2005

73
89.4

32
22.4

2001

6.3

2002
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19.1

3.7
283.1

Wang et al. (2006)
Fang et al.(2003)
Fang et al.(2006)

Wang et al. (2002)
Ye et al. (2003)

Urban
Urban
Harbor

2006 Japan Kanazawa

2003
2004-2005

335
41.275
1.789

43

42.8

Taichung
Taichung
Nanjing

Taiwan

20.6
33.851

54
12.99
270
280
392

471

Urban
University

China

2001

2.4

6
6
6

Shanghai

2003

Ye et al. (2003)
Deng et al. (2006)

Urban
E-waste
E-Waste

2003

25.4

1152

7.3

2.1

Guiyu (Deng)

2006

17
16

4.5

5.7
34

160

69

49.9

Guiyu

Haojiang

The present study

3.8

37.6
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reference area. The results also showed that the carcinogenic
and non-carcinogenic elements in PM,s may pose more
serious public health risk to children than adults (Table 6,
Table S3 and Table S4).

CONCLUSIONS

This is the first study that monitored PM, s for a long
period and assessed potential health risks of air heavy
metal exposure in e-waste recycling area. The concentrations
of Pb, Cd, and PM, 5 mass in an informal e-waste recycling
site were significantly higher than the reference site.
Several metal concentrations in PM,s from Guiyu in our
study were higher than other Asian sites. The results
showed high concentrations of PM, s mass and heavy metals
during winter months and lower concentrations in summer.
The spread in the heavy metal concentration over the
observation period suggests a high seasonal variability for
heavy metal content in PM,s. We compared our results on
human health risk to US EPA guidelines because there are
no guidelines for risk assessment in China currently. In
Guiyu and the reference site the total potential cancer risks
for adults and children are above the safe acceptable range
regulated by the US EPA. The results indicate that the
carcinogenic and non-carcinogenic elements in PM, 5 may
pose more public health risk to children than adults. The
risk assessment results also showed that exposure to PM, 5



Zheng et al., Aerosol and Air Quality Research, 16: 388-397, 2016

394

‘Aep 3y Fuwr |

', Aep, 8y 3w,
OIxTL=X 0l x0¢=X 0T x9Y=X 0l xTe=X
o 01 x T8 €9 o Ol x €71 o 01 x¥°G €9 01 x9°8 PO
<0l x €9 [4% o0l x &1 R 4 [4% 0L x L6 D
s[ejow o1uagourdIe))
Ol xyy 0l x¥'1 o0l x 19 0L x8C 0l x¥'1 o0l x 0% UN
0l xTS 0l x6T H0Ix¢ST 0l xege . 0Ix6T ,0IxL6 D
Ol xL'L  ¢0Ix6¢E  0IxLT Ol xT'6  0Ix6E 0l x81 qd
S[B1oW OTUOZOUIOIBI-UON
Q0ud19Joy (9)
O x06=X 0l x6e=X Ol x66=X 0l x9¢=X
<Ol x¥'1 €9 o 0l X TT 401 x88 €9 o O x ¥'1 PD
0L x9°L [4% o0l x 81 0L x0°¢ w o0l xT1 D
S[ejow o1ua3ouroIe))
0L x Ly 0l x¥'l 001 x99 0L xTe 0l x¥l o Ol x €% UN
0l xT9  0Ix6T H0Ix81 OIxTYv 0l x6T H0IxTI D
0l x 81 0l xG¢ L 0Ix¥P9 0l xT1 0l xG€ 0l xTP qd
S[B19W J1UISOUIdIRI-UON
ndmy (v)
MO odS OH g JAAD A0 oIS OH AR 1dD i
(sxeakQT)uRIP[IYD SINPY d[eWd

'sdno13 om) ur (s1eak (1) USIP[IYD PUE SINPE J[BWIAJ J0J SN[ UL S[EIOW 298I} JO JUSWSSISSE ISLI I[BIH *9 J[qBL



Zheng et al., Aerosol and Air Quality Research, 16: 388-397, 2016 395

emitted from Guiyu may cause higher risk than PM,;
emitted from the reference site. This study further shows
the potential risk to human health associated with e-waste
recycling activities. Limitations of our study include the
lack of measurement of other pollutants, such as Persistent
organic pollutants (POPs), which might co-exist in this
PM, s and could add to the potential risk. Beside this, the
risk was calculated only for inhalation exposure; if the
other routes of exposure are considered (cutaneous and
oral), the risk increases.
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