
Introduction

PCBs were commercially produced since the 
1930s and had been widely applied in capacitors and 
transformers, heat exchange fluids, paints, and some 
other industries [1-3] Owing to their persistence, 
toxicity, high ability to undergo long-range atmospheric 
transport, bioaccumulation, and adverse ecological  
or health effects, their production and usage were 

banned in the 1970s and have been designated as 
persistent organic pollutants in 2001 by the Stockholm 
Convention [4, 5]. Although most PCB-containing 
equipment have been carefully disposed of since 
the banning, PCB emissions have still been noted in 
the environment [6]. Besides, fuel combustion and 
some industrial thermal processes may also produce 
PCBs unintentionally [7]. Therefore, PCBs are still 
frequently detected in the environment today. In 
the aquatic environment, sediments are vital for the 
cycling of environmental contaminants and they are 
often considered as the ultimate reservoir for many 
anthropogenic pollutants such as PCBs [8].
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SIP is a national eco-industrial park situated in 
Suzhou City, Jiangsu Province, China and was set 
up in 1994 on the cooperation between Chinese and 
Singaporean governments [9, 10]. The major industry 
of SIP are machinery manufacturing and the electronic 
industry, and there are other three characteristic 
emerging industries including biological medicine, 
artificial intelligence and nanotechnology. With the 
development of urban services, SIP has become 
complexes of residential communities and industrial 
manufacture step by step [11]. In addition, the 
industrialization of Suzhou has developed rapidly since 
1994, many factories, such as steelworks, petrochemical 
and electroplate factories, were set up [12]. Under 
the collaboration model, SIP adopted knowledge on 
planning and management from Singapore, which has 
obtained a favorable environmental situation since 
its establishment [11, 13]. Nevertheless, the urban 
development also made the land cover of the SIP change, 
and most natural and arable soils have been replaced 
with impermeable artificial surfaces, such as roads. 
These impermeable surfaces may generate more runoff 
which will carry pollutant loads of human origin into 
urban streams and rivers [14]. The urban streams and 
rivers in the SIP are well developed and crisscrossed 
(Fig.1), but the occurrence, sources and potential risk 
of PCB residues here have not been figured out up to 
date. The objective of the present research is to fill in 
the information gap.

Experimental 

Twenty-six urban stream surface sediment samples 
(0-10 cm depth) were collected from the SIP in 2018 
(Fig. 1). The sampling process, sample preparation, 
extraction and purification, GC-MS analysis and the 
QA/QC were similar to our published research work 
[5, 10]. Briefly, the sediment samples were spiked with 
PCB 30 and PCNB (surrogate standards) and were then 
extracted by a mixture of hexane and dichloromethane 
(1:4 v/v) using an accelerated solvent extractor. The 
concentrated extracts were added into pre-cleaned 
multi-layer columns packed with anhydrous sodium 
sulfate, acid silica gel, deactivated silica gel and 
deactivated alumina, and then were eluted with a 30 mL 
mixture of dichloromethane and hexane (1:1 v/v).  
The elutions were spiked with a known amount of 
TCMX (internal standard) and further concentrated 
to 100 μL. The PCB analysis was conducted using 
an Agilent 5977B mass-selective detector linked to 
a 7890N gas chromatography and the separation was 
accomplished with an HP-5MS capillary column.  
A total of twenty-six PCB congeners (tri-PCBs to deca-
PCBs) were quantified, including PCB 28, 52, 44, 66, 
81, 77, 101, 123, 118, 114, 105, 126, 153, 138, 128, 167, 
156, 157, 169, 187, 180, 170, 189, 195, 206 and 209.  
The recoveries of PCBs from spiked anhydrous sodium 
sulfate (n = 3) ranged from 80% to 120%. The average 
surrogate recoveries were 79±14% for PCB 30 and 

Fig. 1. Sampling locations of urban stream sediments in Suzhou Industrial Park, China [10, 15].
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73±12% for PCNB spiked in all the sediment samples. 
All the PCB concentrations in the paper were calculated 
on a dry weight sample basis and were not corrected for 
surrogate recoveries. 

Results and Discussion

Concentration and Spatial Distribution of PCBs

The individual concentration of PCBs in urban 
stream sediments of the SIP can be found in Table 1. 
Except PCB 195 and PCB 209, the rest of the targeted 
PCB congeners were all detected here, indicating the 
ubiquity of PCB distribution in the SIP. Among them, 
PCB 52 was 100% detected. The other major PCB 

congeners with high detectable frequencies (>75%) were 
PCB 66, 101, 81, 77 and 118, which belong to tetra- 
and penta-PCBs. Concentrations of ∑PCBs (Sum of 
all the detectable PCBs) varied from 0.13 to 4.7 ng g-1

(Mean: 1.7±1.2 ng g-1). These values were higher 
than that of the coastal East China Sea (Range:  
0.024-0.34 ng g-1, Mean: 0.127 ng g-1) [6], Liaohe Estuary, 
China (Range: 0.11-0.27 ng g-1, Mean: 0.19 ng g-1)
[16] and Makran region in Chabahr bay, Iran (Range: 
“not detected” -0.49 ng g-1, Mean: 0.11 ng g-1) [17], but 
much lower than that of the highly urbanized regions 
such as Shanghai (Mean: 6.01 ng g-1) [18], the Yangtze 
River Estuary (Range: 2.2-40 ng g-1, Mean: 14 ng g-1)
[19], the Pearl River Delta (Mean: 122 ng g-1) 
[3], Potomac River in mid-Atlantic USA (Range:  
1.8-158 ng g-1) [20], San Diego Bay in South California 

PCB congeners Range (ng g-1) Mean±SD (ng g-1) DFb(%)

PCB28 NDa-1.8 0.25±0.47 42 

PCB52 0.039-2.0 0.62±0.53 100 

PCB44 ND-0.37 0.039±0.087 50 

PCB66 ND-0.29 0.044±0.062 88 

PCB101 ND-0.22 0.026±0.044 88 

PCB81 ND-0.31 0.085±0.096 85 

PCB77 ND-0.21 0.062±0.065 77 

PCB123 ND-0.067 0.013±0.017 54 

PCB118 ND-0.38 0.040±0.073 85 

PCB-114 ND-0.085 0.017±0.021 54 

PCB153 ND-0.061 0.014±0.018 62 

PCB105 ND-0.31 0.029±0.062 62 

PCB138 ND-0.13 0.026±0.036 73 

PCB126 ND-0.23 0.030±0.058 42 

PCB187 ND-0.061 0.0060±0.012 38 

PCB128+167 ND-0.20 0.055±0.057 69 

PCB156 ND-0.25 0.033±0.052 62 

PCB157 ND-1.3 0.078±0.25 35 

PCB180 ND-0.029 0.0052±0.0083 27 

PCB169 ND-0.86 0.17±0.27 35 

PCB170 ND-0.028 0.0047±0.0078 23 

PCB189 ND-0.022 0.0015±0.0044 8 

PCB206 ND-0.18 0.017±0.036 54 

∑PCBs 0.13-4.7 1.7±1.2

∑ICESPCBs 0.088-3.4 0.98±0.79

∑DL-PCBs ND-1.4 0.56±0.46

ND: not detected; b. DF: detectable frequency

Table 1. Concentrations of PCBs in urban stream sediments of Suzhou Industrial Park, China.
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(Range: 23-1387 ng g-1) [21] and a Southeastern 
European river in Northwest Romania (Range:  
2.7-253 ng g-1) [22]. Owing to the similarity in 
the toxicity and chemical properties between 
polychlorinated dibenzo-p-dioxins/furans and some 
PCBs, twelve PCB congeners including PCB 81, 77, 
123, 118, 114, 105, 126, 167, 156, 157, 189 and 169, 
were listed as the dioxin-like PCBs (DL-PCBs) [23]. 
Concentrations of ∑DL-PCBs (Total concentrations of 
all the detectable DL-PCBs except PCB 167) ranged 
from “not detected” to 1.4 ng g-1, with an average value 
of 0.56±0.46 ng g-1. Concentrations of ∑ICESPCBs (Sum 
of PCB 28, 52, 101, 118, 138, 153 and 180) [5] varied 
from 0.088 to 3.4 ng g-1(Mean: 0.98±0.79 ng g-1). 

Fig. 1 and Fig. 2 illustrated the spatial distribution of 
PCBs in the SIP. The highest concentration of ∑PCBs 
could be found in Site 5, followed by Site 6, 7, 8, 14  
and 4. The lowest concentration of ∑PCBs was observed 
in Site 9, followed by Site 25, 24, 26, 18, 23 and 22. 
Among these sites, Site 5 and 4 were mainly distributed 
in the northern industrial area of the SIP, which might 
be related to the surrounding industry. However, the 
interesting thing was Site 9 and 18, which had low 
concentrations of ∑PCBs, but were also located near 
industrial areas. In addition, Site 6, 7, 8 and 14 were 
mainly distributed in the residential area, which might 
indicate that PCB contamination was closely related 
to the human activity intensity, but low concentrations 
of ∑PCBs were observed in Site 22, 23, 24, 25 and 
26, which were also located near residential areas. 
Therefore, no correlation was found between land uses 
and PCB concentrations in the present research work, 
although PCB concentrations have been reported to be 
closely associated with land uses by many researchers 
[24]. 

Composition and Sources Analysis of PCBs

Tetra-PCBs (51%) predominated in the present study 
area, followed by hexa-PCBs (23%), tri-PCBs (14%) 
and penta-PCBs (9.4%), which were different from 
those observed in Chinese commercial PCBs: Ren et 
al. (2007) found tri-PCBs were the most produced and 
used PCB homologues in China and the next were 
tetra-PCBs [25]. This composition has been verified in 
transformer oil samples in China (Tri-PCBs accounted 
for 63% and tetra-PCBs accounted for 24%) [26]. As 
can be found in Fig. 3, tri-PCBs only predominated in 
several sediment samples in the SIP. The dominated 
tetra-PCBs might be originated from the recent 
inputs of domestic or industrial wastewater [3, 4]. In 
addition, anaerobic PCB dechlorination might occur 
in sediments, and tetra-PCBs were usually the major 
dechlorinated products of highly chlorinated congeners 
[27]. The abundance of tetra-PCBs in the SIP might be 
partly due to the PCB microbial transformation, and 
this has also been demonstrated by the phenomenon 
that the light PCB concentration (<5Cl) was higher than 
that of the heavy PCBs (≥5Cl) in most sampling sites in 
the SIP, which has also been reported as an indicator of 
PCB anaerobic microbial reductive dechlorination [28]. 
Furthermore, since low chlorinated PCB congeners 
tended to accumulate in the atmosphere, high fractions 
of low chlorinated PCB here might be related to 
atmospheric transportation and deposition [27, 29]. 
However, tetra-PCBs have been reported to be mainly 
applied in capacitor equipment in China before, so the 
leakage of capacitor equipment could not be neglected 
in the SIP, either [18, 25]. For the hexa-PCBs, highly 
chlorinated PCBs are less volatile and more lipophilic, 
leading them to be bound to sediment particles more 

Fig. 2. Spatial distribution of PCBs in urban stream sediments of Suzhou Industrial Park, China.
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easily and strongly [30]. Besides, Brož et al. (2000) 
found most hexa-PCBs were from gasoline engines in 
operation, and Huo et al. (2017) found they were mainly 
originated from imported electrical capacitors [31, 32]. 
Therefore, a portion of PCBs in the SIP was likely to 
derive from leakage of imported electrical capacitors 
and unintentionally formed local sources. 

Potential Toxicity and Risk of PCBs

To assess the potential toxicity, the TEQ (total 
equivalent concentration) of DL-PCBs was calculated 
using the following equation: TEQ = ∑iCiÍTEFi (Ci 
is the individual DL-PCB concentration and TEFi is 
the corresponding toxic equivalency factor) [33]. TEFi 
values of DL-PCBs were taken from the research of Van 
Den Berg et al. [33]. The TEQ of the ∑DL-PCBs in the 
SIP varied from “not detected” to 0.029 ng g-1 (Mean: 

0.0082 ng g-1) and was below the soil contamination 
intervention value (1×10-4 μg g-1) of dioxins in China 
(Fig. 4) [34, 35]. Among the detectable DL-PCBs, the 
TEQ of PCB 169 and PCB 126 contributed most to the 
PCBs toxicity in the sediments from the SIP, which 
accounted for 63 % and 36% of the total DL-PCBs, 
respectively (Fig. 4). In addition, the SQG (sediment 
quality guidelines) was also applied for PCB ecological 
risk assessment here [36-38]. None of the PCB 
concentrations in any site of the urban stream surface 
sediments in the SIP had exceeded the consensus-based 
TEC (threshold effect concentration, 29 ng g-1, adverse 
effects will not occur when the PCB concentration 
below this value) or the ERL (“effects range low”,  
22.7 ng g-1, adverse effects will rarely occur if the PCB 
concentration below this value), indicating the adverse 
effects of PCBs to the aquatic life might be negligible 
in the SIP, China.

Fig. 3. PCB compositions in urban stream sediments of Suzhou Industrial Park, China.

Fig. 4. TEQ (ng g-1) of DL-PCBs in urban stream sediments of Suzhou Industrial Park, China.
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Conclusion

In conclusion, PCBs were widely scattered in the 
SIP, but the contamination level was low considering 
the global comparison and ecological risk analysis. No 
correlation was found between land uses and PCBs in 
the SIP. Tetra-PCBs and hexa-PCBs predominated here, 
which were different from the composition of Chinese 
commercial PCBs, and might be mainly originated from 
other sources, such as the recent inputs of domestic 
or industrial wastewater, the microbial reductive 
dechlorination of PCBs under anaerobic conditions, 
atmospheric transportation and deposition, leakage of 
imported electrical capacitors, and some unintentionally 
formed local sources.
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