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Abstract Few studies have been conducted to investigate

the polychlorinated dibenzo-p-dioxins (PCDDs), dib-

enzofurans (PCDFs) and polychlorinated biphenyls (PCBs)

in freshwater since the volume of water needed for dioxin

analysis is large. In this study, 19 water samples from the

middle reaches of the Yangtze River were analysed for the

levels of PCDD/Fs and dioxin-like PCBs (dl-PCBs). The

results showed that the concentration ranges of PCDD/Fs

and dl-PCBs were 0.6–8.5 and 2.0–15.8 pg/L, respectively,

which were relatively low compared with those reported in

the literature. The WHO-TEQ concentration range of di-

oxins was 0.002–0.040 pg/L. The PCA results indicated

that the main sources of PCDD/Fs may be the applications

of pentachlorophenol or sodium pentachlorophenate and

domestic wood and coal burning. For dl-PCBs, domestic

wood burning and coal burning were the main sources.
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Polychlorinated dibenzo-p-dioxins and dibenzofurans

(PCDD/Fs) and polychlorinated biphenyls (PCBs) are

chemically stable and hydrophobic organic chemicals that

persist in the environment and are thought to be biomagnified

via the food chain (Binelli and Provini 2003). Due to their

inherent chemical and physical properties, bioaccumulation

of these compounds in aquatic biota is of increasing concern.

Sediment samples have been frequently studied because they

can reveal historical trends of dioxin accumulation (Chi

et al. 2007). The study of PCDD/Fs in water bodies is of great

interest because the food chain is the main pathway of human

exposure to dioxins. However, few studies have been con-

ducted on water because the volume of water needed for

dioxin analysis is large.

The Yangtze River is 6,397 km long and has a mean

annual water discharge of 29,400 m3/s (Zhang 1995). It is

the longest river in Asia and the third largest river in the

world and it remains to be the most important water source

in China. It originates in Qinghai Province and flows

through 11 provinces and municipalities, and finally flows

into the East China Sea. Industrial waste discharges, runoff

from land containing agricultural fertilizers, pesticides and

herbicides, as well as heavy metal pollution have resulted

in the Yangtze being one of the most polluted rivers in the

world. While there have been studies on dissolved inor-

ganic phosphate, dissolved inorganic nitrogen and trace

element (Pb, Cd, Cr, Ni, Cu et al.) levels in the Yangtze

river (Müller et al. 2008), to the authors’ knowledge, there

have been few studies on the levels of persistent organic

pollutants. The aim of this study was to carry out a survey

of PCDD/Fs and dl-PCBs in the Yangtze River water. The

levels, distributions and congener profiles of PCDD/Fs and

PCBs were investigated in this study. For providing helpful

information for reducing the levels of these compounds in

this area, the possible sources of PCDD/Fs and PCBs were

identified using principal component analysis (PCA).

Materials and Methods

Water samples were collected at 19 sampling sites located in

the middle reaches of the Yangtze River in June 2010

(Fig. 1). At each sampling site, about 20 L water was
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collected with a stainless-steel submersible pump and was

pumped into 10 L pre-cleaned brown glass containers. The

glass containers were returned to the laboratory within a few

hours and placed in a refrigerator until the beginning of the

pretreatment. During pretreatment, the water was suction

filtered through a glass-fiber filter (GF/C, 47 mm, glass mi-

crofiber filters, Whatman, England). After that, the water

sample was extracted using a solid phase (47 mm, Empore

C18 SPE, 3 M, USA) extraction apparatus. The solid phase

from the filtration process was air-dried. PCDD/Fs and PCBs

were prepared and analyzed following the method described

in our previous study (Hui et al. 2009). The solid phase and

the glass-fiber were then extracted by Accelerated Solvent

Extraction (ASE350, Dionex, USA). The extracts were

cleaned up with a silica gel column (treated with 44 % sul-

furic acid), a multi-layer silica column and a basic alumina

column. PCDD/Fs and PCBs were analyzed by high reso-

lution gas chromatography (Agilent 6890, Agilent Tech.,

USA) coupled with high resolution mass spectrometry

(HRGC/HRMS) (Micromass Autospec Ultima, Waters,

UK).

Field and laboratory blanks were taken with each set of

samples and processed in an identical manner to the sam-

ples. The recoveries for the surrogate standards of PCDD/

Fs ranged from 76 % to 120 %, which met the recovery

limit demand of US EPA Method 1613. Similarly, the

recoveries of PCBs ranged from 70 % to 128 %, which

also met the requirements of US EPA Method 1668. The

limit of detection (LOD) in this study was defined at three

times the signal/noise (S/N) ratio. The LOD ranged from

0.006 to 0.1 pg/L for PCDD/Fs, and from 0.007 to 1.6 pg/L

for dl-PCBs. When concentrations were below the LOD, a

value of half the LOD was used to calculate the total

concentrations.

PCA was performed using SPSS 18.0 (Windows soft-

ware package). When concentrations were below the LOD,

a value of half the LOD was used. Principal components

with eigenvalues greater than 1 were considered.

Results and Discussion

The concentrations of
P

PCDD/Fs in the Yangtze River

ranged from 0.6 to 6.8 pg/L (Table 1) which were com-

parable with those reported for ground water in Japan (Kim

et al. 2002). The
P

PCDD/Fs concentrations in samples

collected from industrialized areas such as the River

Kanzaki (Kishida 2013) were more than ten times higher

than those from this study. That indicated the levels of

PCDD/Fs in the Yangtze River were very low.

The concentrations of
P

PCBs ranged from 2.0 to

15.7 pg/L, and had a mean value of 6.1 pg/L (Table 1).

The concentration ranges of total PCBs in drinking water

from Japan (Kim et al. 2002) were comparable to those in

this study. Kumar et al. (2012) reported that total dl-PCB

concentrations were higher in surface water from various

sources in India than those found in this study. Compared

with other studies, the concentrations of PCBs in the

Yangtze River were very low.

Toxic equivalency quotients (TEQs) were calculated for

each sample (Van den Berg et al. 2006). The total WHO-

TEQ concentrations at all sites ranged from 0.028 to

0.177 pg/L (Fig. 1). Total WHO-TEQ concentrations of

dioxins were higher at sites Y2, Y4 and Y5 than at the

Fig. 1 WHO-TEQ

concentrations (pg/L) of dioxins

in the Yangtze River
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other sites. The highest WHO-TEQ concentration of total

dioxins was in water sample Y4 collected from Yichang, in

which the concentration was 6 times higher than that in

sample Y12, collected from Zhijiang. Sample Y2 collected

near Yichang also had a high WHO-TEQ concentration.

Sample Y5 was collected from the confluence of the

Yangtze River with the Xiangxi River (a highly polluted

river), which may be the reason why the concentrations

were comparably high.

The congener profiles for 2,3,7,8-PCDD/Fs were similar

at most sampling sites with the exception of Y19. The

dominant congener was OCDD, OCDF and 1,2,3,4,6,7,8-

HpCDF. These congeners comprised 34.4 %–95.8 % of the

total PCDD/Fs concentration. This result is comparable to

those reported for other studies. To further confirm the

pollution sources, PCA was conducted for the 19 water

samples and suspected PCDD/Fs sources. The congener

profiles that hepta- and octa-chlorinated dibenzo-p-dioxins

and chlorinated dibenzofurans are abundant at every site

correspond well with byproducts of PCP and Na-PCP (Bao

et al. 1995). Zheng et al. (2001) reported that waste water

from pulp mills was a source of PCDD/Fs. There are

numerous pulp mills in the middle and lower reaches of the

Yangtze River. Up until 2012, there were no municipal

solid waste or large-scale medical waste incineration plants

in the sampling region. Other combustion processes such as

domestic wood and coal burning may contribute to the

PCDD/Fs in the Yangtze River (Lee et al. 2005). PCA was

conducted for the seventeen 2,3,7,8-substituted congeners

in 19 water samples and suspected PCDD/Fs sources

(Fig. 2). The PCA results showed that PC1 accounted for

83.6 %, and PC2 accounted for 6.8 %, of total variability,

together accounting for 90.4 % of the total variability

among the samples. Therefore, most of the PCDD/Fs var-

iation in the data set can be explained by the first two

components. In the score plot, samples Y1 – Y18 appeared

to cluster together with PCP, Na-PCP and domestic wood

and coal burning, but were separated from the data point

for waste water from pulp mills. This suggests that PCP or

Na-PCP use and domestic wood and coal burning are the

main PCDD/Fs sources for these 18 water samples. The

Y19 data point was separated from other points because of

the high level of 1,2,3,4,7,8,9-HpCDF. Also, the dominant

congeners in the waste water from pulp mills differed from

those in the other samples. This explained why the waste

water sample from pulp mills was far away from the other

water samples in the PCA score plot, and suggested that

waste water from pulp mills was not the main source of

PCDD/Fs in the Yangtze River.

PCB118 was the major contributor to 12 dl-PCBs. The

other dominant congeners were PCB77, PCB81 and

PCB105. These four congeners made up 89.4 % of the

total PCBs. PCA was used to identify the sources of PCBs

in water samples in the Yangtze River for the 19 water

samples and suspected PCBs sources. Of the 12 congeners,

concentrations of some of the lower chlorinated congeners

were much higher than those of the highly chlorinated

congeners. This suggested that dl-PCBs in the Yangtze

River water may be derived from the use or production of

Chinese technical products PCB3 and PCB5 (Jiang et al.

1997). The dominant congeners in dl-PCBs from domestic

coal and wood burning were similar with this study (Lee

et al. 2005), so domestic coal burning and wood burning

were possible sources of PCBs in the Yangtze River. PCA

was conducted for the twelve dioxin-like congeners in 19

water samples and suspected PCBs sources (Fig. 3). The

PCA results showed that PC1 accounted for 76.2 %, and

PC2 accounted for 10.5 %, of total variability. Together,

these two PCs accounted for 86.7 % of total variability

among the samples. Therefore, most of the PCBs variation

in the dataset can be explained by the first two compo-

nents. At least three clusters can be identified in the score

plots. Most samples were grouped in cluster 1 and were

separated from Y12 and Y15. Y12 and Y15 were grouped

with PCB3 in cluster 2, and with PCB5 in cluster three.

For most samples, contamination of PCBs did not corre-

late with the use and production of PCB3 and PCB5,

which were the main source of PCBs in samples Y12 and

Y5. On the contrary, based on their proximity in the PCA

score plot, domestic coal burning and wood burning were

the main sources of PCBs.

Fig. 2 PCA score plot of the PCDD/Fs in water samples from the

Yangtze River and suspected PCDD/Fs source (BDC buring of

domestic coal, BDW buring of domestic wood, WPM waste water

from pulp mills, PCP byproducts of PCP, NaPCP byproducts of Na-

PCP)
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