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from local rivers), atmosphere and human milk samples have been studied to
determine the exposure levels of PCBs for local residents and e-waste workers in Guiyu, a major electronic
waste scrapping center in China. The source appointment and correlation analyses showed that homologue
composition of PCBs in 7 species of fish were consistent and similar to commercial PCBs Aroclor 1248. PCB
levels in air surrounding the open burning site were significantly higher than those in residential area.
Inhalation exposure contributed 27% and 93% to the total body loadings (the sum of dietary and inhalation
exposure) of the local residents, and e-waste workers engaged in open burning respectively. Total PCB
concentrations in human milk ranged from N.D. to 57.6 ng/g lipid, with an average of 9.50 ng/g lipid. The
present results indicated that commercial PCBs derived from e-waste recycling are major sources of PCBs
accumulating in different environmental media, leading to the accumulation of high chlorinated biphenyls in
human beings.

© 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Electrical and electronic equipment waste (e-waste) has contrib-
uted to the fastest growing waste problem in the world (Halluite et al.,
2005). According to UNEP (2005), at least twenty to fifty million
tonnes of e-waste are generated worldwide every year, and the
amount is expected to increase by at least 3–5% per annum
(Commission of the European Communities, 2000). Approximately
50 to 80% of the e-waste collected for recycling in the U.S. was illegally
transported to Asian countries, such as China, India, and Pakistan, for
recycling and disposal (BAN and SVTC, 2002). In China alone,
approximately 4 million personal computers are discarded per year
(UNEP, 2005). Guiyu was one of the most famous e-waste recycling
centers in China, and has a population of 150,000 including 100,000
migrants. At least 50% are labourers, and more than 300 companies
and 3000 individual workshops are spread over more than 20 villages
of the total 28 villages engaged in e-waste “recycling” work (Xinhua
Net, 2005).

Primitive methods used for e-waste recycling included mechanical
shredding of electronic equipment, open burning of plastics andwires,
and acid leaching of printed circuit boards. These have contributed to
the release of hazardous chemicals including polycyclic aromatic
nmental Sciences, and Depart-
Tong, Hong Kong SAR, China.
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hydrocarbons (PAHs), polybrominated diphenyls ethers (PBDEs),
polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzo-
furans (PCDFs) and heavy metals (e.g. Cr, Cd, Cu and Pb), which have
caused severe pollution in air, dust, soil, river water and sediment in
Guiyu (Deng et al., 2006; Leung et al., 2006; Yu et al., 2006; Leung etal.,
2007; Li et al., 2007; Wong et al., 2007). Electronic waste recycling
centers have become hot spots for POPs and heavymetals (Leung et al.,
2007). It is expected that some of these chemicals will find their way
into the food chain from environmental media. High levels of blood
lead in children and PBDEs in the serum of e-waste workers, and
dioxins in the human milk of local mothers indicated serious threat to
the health of local people due to uncontrolled e-waste recycling
activities (Bi et al., 2007; Chan et al., 2007; Huo et al., 2007).

Polychlorinated biphenyls (PCBs), commonly used as coolants and
lubricants in transformers and capacitors contained in electric and
electronic products, and also as hydraulic and heat exchange fluids,
are also expected to be present in the e-waste stream (Menad et al.,
1998; Leung et al., 2006). Dismantling PCB-containing wastes could
release PCBs into atmosphere, and dioxin-like PCBs could be formed
during combustion processes (Tiernan et al., 1983; Ballschmiter et al.,
1987). Therefore, inhalation is a relatively important exposure path-
way for the residents in Guiyu, especially for the e-waste workers
conducting open burning activities, who may have more chance to be
exposed to high levels of PCBs through inhalation of vapors, in
addition to dermal contact (Freels et al., 2007). It is generally agreed
that food consumption, especially fish, represents the main route of
general population exposure to POPs (Liem et al. 1996; Moon and Ok,
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2006; Meng et al., 2007). A positive relationship between PCB
concentrations in human samples and dietary intake of fish and
shellfish is commonly revealed (Fitzgerald et al, 1998; Kostyniak et al.,
1999; Stewart et al, 1999). Monitoring of PCBs in food stuffs has been
used to assess human exposure in a number of countries (Schecter
et al., 1997; Nakata et al., 2002; Takekuma et al., 2004; Moon and Ok,
2006). However, there is a lack of information concerning exposure
and health effects of people engaged in e-waste scrapping, especially
with regards to data related to the levels of PCBs in human tissues in
mainland China (Wong et al., 2002; Hedley et al., 2006; Sun et al.,
2006; Zhao et al., 2006; Zhao et al., 2007).

The objectives of this study were to investigate PCB concentrations
and congener profiles in environmental media, food samples and
human specimens from the e-waste scrapping center; and assess
human health risk at the e-waste recycling site due to exposure to
PCBs, including food and inhalation exposure.

2. Materials and methods

2.1. Chemicals and reagents

Acetone, dichloromethane and hexane were purchased from Tedia (Fairfield, USA)
of pesticide grade. Silica gel (100–200 mesh) and florisil (60–100 mesh) were obtained
from Alltech, granular anhydrous sodium sulfate from Merck (Germany), copper
powder and concentrated sulfuric acid of analytical grade from Sigma-Aldrich. Standard
solutions of PCBs and internal standards were purchased from Accu Standard (USA).
Fig. 1. Air sampling locations in Guiyu (OBS was Open Burning Site;
2.2. Sample collection

Seven species of freshwater fish samples commonly consumed by the local people
were collected from local rivers with a fishing net. They were stored in an ice box and
transported to the laboratory within two days.

Eighteen air samples were collected which included 6 samples from an open
burning sites (OBS), 10 from the residential area (RA) of 4 villages, and the remaining 2
from a reservoir (RE) located in the hills in the northern part of Guiyu serving as a
control site (Fig. 1). Sampling sites in RA were at least 50 m away from main roads. Air
samples were collected by active air samplers (XQC-15E, Jiangsu Eltong Electric Corp.,
China), each containing two cartridges with a pre-cleaned polyurethane foam (PUF)
(7.6 cm, L214, Supleco) and quartz filters (32 mm diameter, 21038, Supleco), placed at
1.2 m above the ground, to simulate the respiration height of people. Gaseous samples
were collected with PUFs at a flow rate of approximately 1.5 l/min (4 h), as well as
airborne particles. Prior to sampling, the weight of each filter was recorded. The 20
samples were collected on April 20–22, 2006, when the weather was sunny with a low
wind speed (b2 m/s). Field blanks were treated identically to those used for sampling,
consisting of a PUF and a filter except that no air was aspirated through them. Datawere
corrected according to field blank concentrations.

Nineteen human milk samples were collected from local donors using a breast
pump or expressedmanually to a 100ml sterile Pyrex bottle with a Teflon lined cap. The
bottles were thoroughly washed with detergent, rinsed and given a final acetone rinse.
The portions collected during each feeding period were added to the collection bottle
and stored in a freezer until the total volumewas collected (Liem et al., 1996; Yang et al.,
2002). All samples were kept frozen at −20 °C until analysis.

To obtain dietary habit and personal information of the local mothers in Guiyu,
questionnaires requesting detailed information on sociodemographic variables, life-
style, possible exposure through occupational and non-occupational contact, the
locations of former and present residences, and food intake patterns, were completed
during interviews with donating mothers (Liem et al., 1996; Yang et al., 2002).
Nanyang Town, Beilin Town, Jinma Town was residential area.).



Fig. 2.Homologue patterns of PCBs in fish and sediment of Guiyu (The data of PCB levels
in sediment was cited from Leung et al., 2006.).

Table 1
PCB concentrations (ng/g wet wt) in muscles of seven fish species of Guiyu (n=4)

Common
name

Scientific name Feeding
mode

Food item Total
PCBsa

Indicator
PCBsb

Dioxin-like
PCBsc

WHO-PCB-TEQs
(pg PCB-TEQ/g wet wt)

Big head Aristichthys nobilis Filter feeder Zooplankton 58.43 2.76 1.80 2.02
Crucian carp Carassius carassius Omnivorous Plankton, insects, small crustaceans, excrement

material
26.78 7.61 3.64 0.72

Tilapia Oreochromis
mossambicus

Omnivorous Plant tissue, small fish, shrimp, detritus and
sediment

17.60 2.88 3.16 0.17

Mud carp Cirrhinus molitorells Bottom feeder Algae, phytoplankton and organic detritus 8.62 1.44 1.99 0.42
Grass carp Carassius auratus Herbivorous Grass and other submerged higher plants 5.49 0.70 0.62 0.18
Silver carp Hypophthalmichthys

molitrix
Filter feeder Phytoplankton 2.55 0.45 0.69 0.12

Black carp Mylopharyngodon piceus Carnivorous Insects and small crustaceans 1.95 0.27 0.19 0.04

a Total PCBs=sum of concentrations of 37 PCBs (PCB 18, 28, 37, 44, 49, 52, 70, 74, 77, 81, 87, 99, 101, 105, 114, 118, 119, 123, 126, 128, 138, 151, 153, 156, 157, 158, 167, 168, 169, 170, 177,
183, 187, 180, 189, 194, 199).

b Indicator PCBs=sum of concentrations of PCB 28, 52, 101, 118, 138, 153, 180.
c Dioxin-like PCBs=sum of concentrations of PCB 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, 189.
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2.3. Sample extraction and clean-up

Analyses of PCBs were conducted using well-validated extraction and clean-up
procedures for organochlorines. A procedural blank was run for every batch of twenty
samples toverify cross-contamination. Fish: Seven species offishflesh (n=4) togetherwith
skin were freeze-dried, pooled, and homogenized into powder prior to extraction. The
moisture contentsoffish tissuesweredeterminedaccording toweight lossbefore andafter
freeze-drying. Samples were extractedwith 100mlmixture of acetone and n-hexane (1:1,
v/v) at 75 °C for 18 h in a Soxhlet apparatus (USEPA, 1996a). Twenty percent of the fish
sample extractswere used for lipid content determination by evaporating the solvent until
constant weight. The remaining 4/5 extracts were concentrated into 1 ml with a rotary
evaporator (Büchi Rotavapor R-124, Switzerland) andfirst cleaned byamultilayer silica gel
column (glass column, 0.8 cm i.d.×30 cm), consisting of 1 g anhydrous sodium sulfate, 2 g
of deactivated silica (3% organic-free reagent water, w/w), 8 g of acidic silica (30%
concentrated sulfuric acid, w/w), 1 g of deactivated silica and 1 g of anhydrous sodium in
sequence (USEPA,1996b).N-hexane (160ml)was used to elute the column. The eluantwas
concentrated and passed through a florisil column (glass column, 0.8 cm×30 cm, 8 g) and
eluted with 160 ml n-hexane (USEPA, 1996c). Air: The PUF or filter samples were Soxhlet
extracted with 100 ml mixture of acetone and n-hexane (1:1, v/v) for 18 h. The extracts
were then concentrated to 1 ml using the rotary evaporator and further cleaned with two
micro florisil columns connected in series, each consisting of 0.3 g anhydrous sodium
sulfate and1gflorisil. Extract solutionwas eluted through the columnswith 25mlmixture
of dichloromethane and n-hexane (3:7, v/v). Milk: 25ml milk samples were denatured by
treatment with equal volumes of ethanol, prior to the addition of 125ml of the n-hexane/
acetone (3:1) solution. The supernatant was drawn off after the mixture was separated.
Fifty milliliters of n-hexane and acetone (3:1, v/v) was used for extraction twice. The
combined extracts were then concentrated and 20% of the concentrated extract was used
for lipid content measurement. The remaining 80% was passed through a Biobeads gel
permeation column (3 cm i.d.×30 cm; solvent: methylene chloride; flow rate: 5 ml/min)
(USEPA, 1994). Standard elution curve was obtained using CRM 450 for the GPC clean-up,
therefore thefirst 125ml containinghighermolecularweight lipidswasdiscarded, and the
next 175 ml containing the PCBs was collected and concentrated with the rotary
evaporator. The extract was then applied onto a micro florisil column for additional
purification and fractionation.

2.4. GC/MS analysis

All the eluants were concentrated to 200 μl by a rotary evaporator and gentle
nitrogen flow. PCBs were quantitatively analyzed by GC–MS (Hewlett Packard 6890 GC
coupled with a 5973 MS selective detector), with a fused silica capillary column (5%
phenyl, 95% methyl silicone, 30 m×0.25 mm×0.25 μm). The column oven temperature
was programmed from 100 °C (initial time, 2 min) to 270 °C at a rate of 5 °C/min, held
for 8 min, and then ramped from 270 °C to 320 °C at a rate of 2 °C/min. The total GC
program was 44 min (USEPA, 1996d). Samples were injected in splitless mode (1 μl).

Thirty-seven congenerswere detected in the samples collected, including six indicator
PCB congeners (PCB 28, 52, 101,138,153 and 180) and twelve dioxin-like PCBs (PCB 77, 81,
105, 114, 118, 123, 126, 156, 157, 167, 169 and 189). Identification of PCB congeners was
conducted by comparing the relative retention time to PCB standards with internal
standards deuterated PAHs (phenanthrene-d10, chrysene-d12 and perylene-d12) and
PCB209. The total PCB concentrations were calculated by summing the concentrations of
individual PCB congeners. Measurement values below LOD were recorded as zero.

2.5. QA/QC

QA/QC was conducted by performing method blanks, field and laboratory blanks,
and GC/MS detection limits. Method blank procedures consisting of sodium sulfate
were found to be very low in contamination, lower than the limit of detection. In
general, duplicate measurements differed from each other by 15%. Standard reference
material (SRM 1945 and 2978) and certificated reference material (CRM 450) were
analyzed for selected PCB congeners to obtain recovery percentages which ranged from
65 to 120%.

2.6. Data analysis

Toxic equivalence (TEQ) to 2, 3, 7, 8-TCDD were evaluated according to toxic
equivalency factors (TEF) defined by the World Health Organization (WHO) (Van den
Berg et al., 1998). Analysis of variance (ANOVA) and Pearson's correlation were
calculated using the SPSS 11.5 statistical software.

3. Results and discussion

3.1. PCB levels in fish samples of Guiyu river

The residue levels of PCBs in 7 species of freshwater fish with their feeding habits
are shown in Table 1. The mean concentration of total PCBs of all the fish samples was
17.27 ng/g wet wt, with a range of 1.95–58.43 ng/g wet wt. Big head carp, crucian carp,
tilapia and mud carp were highly contaminated, followed by grass carp and silver carp,
and PCB residues were comparatively low in black carp (pb0.05). In general, higher
levels of PCBs were found in non-herbivorous fish, though accumulation of PCBs by fish
was also affected by factors such as size or age of the fish (Zhou et al., 1999; Cheung et
al., 2007). In terms of TEQ values, the average WHO-PCB-TEQ was 0.52 pg/g wet wt.
Congeners PCB 105 and PCB 157 contributed tomost of the TEQ value (N70%). For all fish
samples, PCB residue levels were lower than EU's maximum limit in food (4 pg WHO-
TEQ/g wet wt) (Council Regulation, 2001) and USFDA's federal tolerance level in fish
and fish products (2000 ng/g wet wt) (USFDA, 2001). However, the levels of total PCBs
were at least one order of magnitude higher than those in fish collected from other
locations in China (Nakata et al., 2002; Jiang et al., 2005; Yang et al., 2006; Meng et al.,
2007), with lower background level of PCBs (Xing et al., 2005; Ren et al., 2007), except
for Luqiao. Luqiao (located in Zhejiang province, China) is another e-waste recycling site



Fig. 3. Relationship of PCB patterns in fish and sediment of Guiyu (Tri-PCBs (indicated as dotted circle) in all fish species were excluded; the data of PCB levels in sediment was referred
to Leung et al., 2006.).
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with a 20 year history in recycling of transformers and capacitors, leading to higher
levels of PCBs detected in fish samples from local fish pond (Xing et al., in press). The
present results were also comparable to others studies on freshwater fish conducted in
USA (Schecter et al., 1997), Vietnam (Schecter et al., 2003) and Korea (Moon and Ok,
2006). PCBs were not detected in other food samples (e.g. chicken, pork and vegetables)
obtained from the local markets, probably because other foods were commonly
imported from other unpolluted places.

3.2. Factors affecting PCB composition in fish

Concentrations and PCB congener profiles were analyzed to provide insight into the
sources and uptake of PCBs in freshwater fish. In general, PCB compositions in fish from
Guiyu were relatively consistent, with tri-, tetra- and penta-chlorinated biphenyls the
most abundant congeners, accounting for more than 80% of the total PCB concentra-
tions (Fig. 2). These were comparable to the pattern of PCBs in sediment of the fish
sampling site, which was reported in detail elsewhere (Leung et al., 2006). There was a
slight difference when compared to that in fish collected from three coastal cities
(Dalian, Tianjin and Shanghai) in China (Yang et al., 2006), where hexa-chlorinated
biphenyls contributed the highest portion. Our results verified the existence of fresh
input of PCBs in Guiyu, as light chlorinated PCBs are known to degrade relatively easily
(Breivik et al., 2002). Since target compounds were not the same, this may be another
reason accounting for the differences between our study and that of Yang et al. (2006).
There aremany factors thatmay affect PCB bioaccumulation. As commercial feeds
were not used in the fish ponds of Guiyu, the effects of three factors, i.e. PCB levels in
sediment, lipid contents of fish and physico-chemical properties of PCB congeners,
regarding PCB concentrations in fish were examined in order to interpret the results
of PCB accumulation in different fish. There was a significant relationship between
PCB patterns in sediment and those in most fish (pb0.05), when tri-PCBs was
excluded (Fig. 3), since tri-PCBs deviated from the general trend of other PCB
homologues for all the fish species. It appeared that sediment was themajor source of
PCBs exposure for fish. An elimination pathway (e.g. biodegradation) or a different
source (e.g. atmospheric deposition) would lead to possibly different characteristics
of tri-PCBs (Breivik et al., 2002; Carlson and Hites, 2005). PCB concentrations in fish,
excluding silver carp and grass carp (pb0.01), which were both herbivorous (Fig. 4),
were significantly correlated with fat content. This finding is in line with the results
obtained by Zhou et al. (1999), who revealed that feeding behavior and lipid content
could be the major parameters affecting the accumulation of PCBs in different fish.
Fig. 5 shows the same trend for the ratio of PCB homologue composition in fish to that
in sediment (RFish/Sediment). In general, the greater the chlorination of the PCB
congeners, the bigger the ratio was. However, the ratio was less than 1 for tri-PCBs,
due to relatively easy degradation of lower chlorinated PCB congeners (Breivik et al.,
2002). It indicated that physico-chemical properties also influenced bioaccumulation
of PCBs. Carlson and Hites (2005) found that feed was the major route for farmed
salmon exposure to PCBs, based on the consistency of the ratio of salmon/feed for



Table 3
Exposure to PCBs and carcinogenic risk of local residents in Guiyu

Exposure (ng/day) Inhalation Food Total Inhalation (%) Cancer risk (10−5)a

OBS 1900 264 2164 87.8 8.7
RA 390 264 654 59.6 2.6

a Averagebodyweight: 50 kg; slope factor: 2.0 permg/kg day (IRIS,www.epa.gov.iris).

Fig. 5. RFish/Sediment in different fish species.

Fig. 4. Relationship of PCB concentrations in fish and fat content (p value was obtained
with the exclusion of two kinds of herbivorous fish (grass carp and silver carp) indicated
by the dotted circle).

Table 4
PCB levels in human milk of Guiyu (n=19) (ng/g lipid)

PCB item Meana SD Range

PCB 18 0.06 0.17 bLOD–0.38
PCB 37 0.19 0.66 bLOD–2.84
PCB 44 0.53 1.12 bLOD–4.51
PCB 49 0.46 1.40 bLOD–5.73
PCB 52 0.42 1.20 bLOD–4.77
PCB 70 1.28 2.12 bLOD–7.68
PCB 74 0.06 0.16 bLOD–0.59
PCB 77 0.11 0.36 bLOD–1.49
PCB 81 0 0.00 bLOD
PCB 87 0.11 0.34 bLOD–1.26
PCB 099 0.76 1.41 bLOD–3.47
PCB 101 0.01 0.05 bLOD–0.24
PCB 105 2.24 2.94 bLOD–11.15
PCB 114 0 0.00 bLOD
PCB 118 0.57 0.95 bLOD–3.20
PCB 119 0 0.00 bLOD
PCB 123 0.01 0.03 bLOD–0.15
PCB 126 0 0.00 bLOD
PCB 128/158 1.85 2.94 bLOD–12.17
PCB 138 0.01 0.06 bLOD–0.26
PCB 151 0 0.00 bLOD
PCB 156 0.10 0.27 bLOD–1.12
PCB 157/153 1.34 2.06 bLOD–8.47
PCB 167 0.01 0.03 bLOD–0.11
PCB 168 0 0.01 bLOD
PCB 169 0 0.00 bLOD
PCB 170 0.16 0.37 bLOD-1.44
PCB 177 0.02 0.08 bLOD-0.33
PCB 180 0 0.01 bLOD-0.05
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most congeners. The different trends of the PCB homologue profiles of the present
study could be explained by the fact that the fish in Guiyu did not feed on sediment
directly.

Since there is still fresh input of PCBs in Guiyu, PCB congener profiles could indicate
the original sources to some extent. As there is little information about detailed pattern
of domestically produced #1 PCBs and #2 PCBs, the PCB congener distributions found in
the biotawere compared to those found in themost widely used commercial mixture of
Aroclors PCBs. There was a significant correlation (pb0.05) between the composition of
Aroclor 1248 and PCB compositions of all the fish samples. Although in general there
was a similar trend in the distribution patterns between the fish and sediment, a
significant difference (pb0.05) in source apportionment to commercial PCBs was
revealed, whereby the PCB profile found in sediment was similar to the concentration of
Aroclor 1242, and the PCB profiles found in fish were similar to the composition of
Aroclor 1248 (Breivik et al., 2002). Therefore it appeared that the higher chlorinated
biphenyls tended to accumulate in fish tissues whereby lower chlorinated congeners
(tri- and tetra-PCBs) were predominant in the sediment.

3.3. PCB levels in air samples of Guiyu

The PCB concentrations detected in air samples in OBS, RA and RE of Guiyu are
shown in Table 2. Differences of total PCB concentrations in the gaseous phase and
particulate phase among different areas were examined. The mean concentration of
total PCBs in gas was 414.8 ng/m3 air at OBS, which was significantly higher (pb0.01)
than that at RA (4.7 ng/m3 air) and RE (1.1 ng/m3 air) by a factor of 2. PCB levels at RE
were comparable to that at RA. This indicated that large amounts of PCBs were released
Table 2
Total PCB concentrations in gaseous phase and particulate phase of Guiyu

Total PCBs (ng/m3) OBS (n=6) RA (n=10) RE (n=2)

Gas 415±355 4.7±4.2 1.1±1.3
Particles 57.3 ±50.1 14.8±7.9 17.9±3.0
from the open burning of circuit boards and cable wires, and atmospheric transport
could be a possible source for PCB pollution in the vicinity. When the data were
compared with PCB concentrations in other regions, PCB levels in the atmosphere of
Guiyu especially at OBS were much higher than those in a number of cities, such as
Birmingham, UK (0.23 ng/m3) (Harrad and Mao, 2004), Milwaukee, USA (1.9 ng/ m3)
(Wethington and Hornbuckle, 2005), Tainan, Taiwan (3.48–7.83 ng/m3) (Chen et al.,
1996), and Guangzhou, China (0.16–2.72 ng/m3) (Chen et al., 2006). This indicated
PCB pollution in the atmosphere of Guiyu was very serious, exceeding hundreds of
times of other cities.

The congener pattern was dominated by tri- and tetra-chlorinated homologues for
all the air samples and PCB 28 was themost abundant congener. The congener profile in
particulate phase was substantially different from that of the gaseous phase. Heavy
PCBs, such as PCB 128/158, 156, 170, 183, 189 and 194 were found in the particulate
phase at OBS. The fractions of different congeners generally increased with increase of
the number of Cl substituted in the biphenyls, related to the increasing partition
capacity. On the contrary, the major congeners in airborne particles at RA were light
PCBs, e.g. PCB 28, 37, 49 and 77.

3.4. Daily dietary and inhalation intake of PCBs

Estimated daily intake of PCBs via fish consumption was calculated by multiplying
the average PCB concentrations in all freshwater fish species and the amount of fish
consumed by the local people in accordance to our survey, which was 176±113 g/week
freshwater fish for a mother in Guiyu.

Total inhalation exposure can be estimated by using the combined measured
concentrations from OBS and from RA, together with an average respiratory rate of
20 m3/day according to USEPA (1991). For example, it was assumed that e-waste
PCB 183 0.43 0.56 bLOD-1.15
PCB 187 0 0.01 bLOD-0.02
PCB 189 0 0.00 bLOD
PCB 194 0 0.00 bLOD
PCB 199 0 0.00 bLOD
Total 9.50 15.72 bLOD-57.56
Total PCB-TEQs (pg/g lipid) 0.68 1.01 0.00-4.11

a Values below the LOD were set to 0 in calculation.

http://www.epa.gov.iris


Fig. 6. PCB homologue patterns in different media.
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workers were engaged in open burning activities at the OBS for 4 h a day, and spent the
remaining 20 h at RA,whereas the non-e-wasteworkers, whowere not actively engaged
in any e-waste activities, spent 24 h/day at RA. The difference between PCB
concentrations in indoor air and outdoor air was ignored because air exchange was
typically adequate between indoor and outdoor environment at the local site. The mean
exposure for total PCBs via gaseous phase and particulate phase was 1461 ng/day and
438 ng/day for the e-waste workers working at OBS, respectively, which were
significantly higher (pb0.01) than the corresponding mean exposure for the local
residents living in RA. The results indicated that the exposure level via inhalation of PCBs
for the e-wasteworkers engaged in e-waste open burning activitieswere about 30 times
higher than that of a typical resident living 500 m away from the OBS.

Total exposures includingdietaryand inhalationexposurewere 2163and654ngPCBs/
day for e-waste workers engaging in open burning activities and the local residents,
respectively. Respiration exposure contributed 87.8% and 59.6% to the total loadings for
these two cohorts, respectively (Table 3), which showed the importance of inhalation
exposure in Guiyu. It should be noted that the use of data generated in this survey to
estimate dietary exposure to PCBs would likely overestimate the actual dietary exposure,
because the data was based on raw fish samples. Cooking processes have been shown to
give rise to losses of 30% for total PCBs, via the loss of fat (Fitzgerald et al.,1998). In addition,
freshwater fish imported from other places can also be provided in the local market. They
have lower concentrations of PCBs, and therefore the level of dietary exposure would be
overestimated if theywereomitted fromthe calculation. Inhalation exposure toPCBs could
also be overestimated to some extent, because PCB concentrations in particles (i.e. TSP)
would not be fully available for human inhalation (Li et al., 2007).

3.5. PCB levels in human milk samples of Guiyu mothers

PCBs levels and dioxin-like PCB TEQs for human milk samples are presented in
Table 4. The mean concentration of total PCBs in human milk samples of Guiyu was
9.50 ng/g lipid, and 0.93 pg WHO-PCB-TEQ/g lipid for TEQ level. The results did not
exceed the US Food and Drug Administration's (USFDA) recommended tolerance for
total PCBs in commercial milk (1500 ng/g lipid) (USFDA, 2001). The present value was
lower than those found in industrialized countries (Korrick and Altshul, 1998; Yang et
al., 2002; Schecter et al., 2003), but similar to Hong Kong, Dalian and Shenyang in China
(Kunisue et al., 2004). Themost predominant PCB congeners contributing toWHO-PCB-
TEQs in human milk samples were PCB 105 and 157, with their concentrations
accounting for more than 80% of the total WHO-PCB-TEQs.

It has been reported that PCB concentrations in human milk samples were
significantly correlated to the frequency of fish consumption of the donors (Fitzgerald
et al., 1998; Kostyniak et al., 1999; Stewart et al., 1999). Due to the fact that e-waste
workers in Guiyu have a low living standard, the consumption of fish is low resulting in
insignificant correlation (pN0.05) of PCB concentrations between human and fish
samples. As most donors were not primiparous mothers (only 3 of the total 19 donors
were primipara), a decrease of the PCBs accumulation in human bodies could exist due
to fore lactation (Fitzgerald et al., 1998). In addition, none of the women ever worked at
the OBS. Therefore, PCB levels in human milk were not as high as expected. This finding
was similar to the results about PCB concentrations in serum from residents of Guiyu (Bi
et al., 2007). Furthermore, no associations were found between PCB levels and age, and
residential time, which were consistent with other studies (Minh et al., 2004; Yang et
al., 2002). Narrow age range (24–32 years), recent exposure of the contaminants, and
limited sample size were possible reasons for the results obtained.

3.6. Bioaccumulation from environment to the human body

Changes in congener pattern may reveal information about the relationship between
PCB structure and environmental fate. It was apparent that low chlorinated biphenyls
tended to decrease along the bioaccumulation sequence, in other words, high chlorinated
biphenyls tended to accumulate in the human body (Fig. 6). This can be explained by the
fact that lipophilicity of the PCB congeners increases with the number of chlorine atoms
substituted to the hydrogen atoms in biphenyls rings (Martin et al., 2003).

4. Conclusions

Human exposure to PCBs is rather complicated at the e-waste
recycling sites, which is dictated by many factors. On one hand, the
release of PCBs to the environment is a consequence of the amount of
e-waste products, PCBs content in environmental media, and disposal
pathways (e.g. thermal process or dismantling); while on the other
hand, possiblemulti-exposure routes also contributed to these results.
PCB level in the fish of Guiyu was not very high; while the level in
human milk was moderate. Inhalation exposure was more important
compared to dietary exposure, and would impose more severe effects
on human health. The present results demonstrated that from the
source to the top of the food chain, low chlorinated biphenyls tended
to decrease along the bioaccumulation sequence, and high chlorinated
PCBs, which are more toxic, tended to accumulate in the human body.
Further detailed investigations on human exposure and epidemiolo-
gical studies of health impacts due to PCBs released in e-waste sites
should be carried out.
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