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a b s t r a c t

The contamination status of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and dioxin-
like polychlorinated biphenyls (DL-PCBs) was preliminarily investigated in surface sediments collected
from the East River during April 2007. The contamination levels of PCDD/Fs and DL-PCBs ranged from
2.1 to 9.8 with mean concentration of 4.5 pg WHO98-TEQ g−1 and ranged from 0.042 to 0.45 with mean
vailable online 3 May 2009

eywords:
CDD/F
ioxin-like PCB
ast River

concentration of 0.19 pg WHO98-TEQ g−1, respectively. All sediments were characterized by the elevated
levels of PCDDs, especially OCDD. Higher concentrations of PCDD/Fs were found in the sediments from
Guangzhou and Dongguan. Source analysis revealed that PCDD/Fs in the sediments from Guangzhou were
mainly from the secondary copper smelters and steel-making plants, and PCDD/Fs in the sediment from
Dongguan were mainly from MSWIs. PCP and paper mills were unlikely to be the main sources.
ediment
ource

. Introduction

The East River is the major tributary of the Pearl River, which is
he third largest river in China. It originates in Jiangxi Province;
ows through several cities in Guangdong Province, including
eyuan, Huizhou and Shenzhen, Dongguan and Guangzhou; and
nally enters into the South China Sea. In Guangdong Province,
he East River is 435 km long, with a basin of 31,840 km2. It is an
mportant source of water for drinking, agricultural and industrial
ses since the most drinking water for Hong Kong and Shen-
hen are abstracted from the East River. On the other hand, the
apid development of the economy and the explosion in city
opulation has lead to water pollution and shortages. From this
oint of view, the risk assessment of water quality deterioration

n the East River had been increasingly paid attention by Chi-
ese public. The water quality and river sediments of the East
iver have been investigated for heavy metals and organic chemi-
als, such as PCBs, PAHs, HCHs, PBDEs, linear alkylbenzenes [1–3],
et with few data of other POPs, such as PCDD/Fs and dioxin-
ike PCBs. In the East River basin, the main industries related to

ioxins are the mining industry metallurgy, waste incinerators,
lectrical and electronics manufacturing, and the paper-making
ndustry.

∗ Corresponding author. Tel.: +86 20 85290126; fax: +86 20 85290706.
E-mail address: pinganp@gig.ac.cn (P. Peng).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2009.04.072
© 2009 Elsevier B.V. All rights reserved.

The present study aims to assess the contamination status of
PCDD/Fs and PCBs in surface sediments from the East River, and
investigate the main sources of PCDD/Fs.

2. Materials and methods

2.1. Sampling

Sampling locations are shown in Fig. 1. Nine sediments were
sampled along the East River in April 2007. Surface sediments
(about 5 cm in depth) were collected using a grab sampler (Ekman
grab, Wildlife Supply Company, Buffalo, USA) and placed in pre-
cleaned glass bottles. The top 5-cm layer of sediments was expected
to represent the modern inputs. The samples were stored at −20 ◦C
until analysis.

2.2. Chemicals

All solvents were of pesticide residue grade and purchased from
Merck (Germany). Silica gel and glass wool were purchased from
Merck (Germany) whereas florisil was purchased from Fluka (USA).
All standard solutions of dioxins were purchased from Cambridge
Isotope Laboratory Inc. (USA), including 13C12-labeled PCDD/Fs

(EDF-8999), recovery standards (EDF-5999), and window defining
and isomer specificity mixture (EDF-4147). However standard solu-
tions of PCBs were purchased from Wellington Laboratories Inc.
(Canada), including 13C12-labeled DL-PCBs (WP-LCS), and recov-
ery standards including 2,3′,4′,5-TeCB (PCB70), 2,3,3′,5,5′-PeCB

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:pinganp@gig.ac.cn
dx.doi.org/10.1016/j.jhazmat.2009.04.072
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Fig. 1. Sampling stations in the East River, China.

PCB111), 2,2′,3,4,4′,5′-HxCB (PCB138) and 2,2′,3,3′,4,4′,5-HpCB
PCB170) (13C12-labeled, WP-ISS).

.3. Sample analysis of PCDD/Fs and DL-PCBs

Detailed descriptions of the sample extraction and fractiona-
ion procedures have been reported elsewhere [4]. Briefly, sediment
amples were freeze-dried and 10–30 g dried samples were spiked
ith 13C-labeled surrogate standards prior to the 24-h Soxhlet

xtraction with toluene. All extracts were concentrated to 1 mL with
rotary evaporator. Sample cleanup was accomplished successively
ith acid silica gel slurry, multi-layer silica gel column. Florisil was
sed for separating the analytes into two groups. The first fraction
ontained PCBs; the second fraction contained PCDD/Fs. Recovery
tandards were added prior to GC injection.

.4. Instrumentations

Identification and quantification were performed with
RGC/HRMS (Trace GC 2000 and Finnigan MAT 95 XP). A DB-
ms column (J&W Scientific, CA, 60 m, 0.25 mm ID, 0.25 mm film)
as used for PCDD/Fs and PCBs. For PCDD/F analysis, the oven

emperature program was: 120–160 ◦C at 20 ◦C min−1–220 ◦C
held for 16 min) at 7.5 ◦C min−1–235 ◦C (held for 7 min) at
◦C min−1–320 ◦C (held for 6 min) at 5 ◦C min−1. For DL-PCB
nalysis, the oven temperature program was: 120–160 ◦C at
0 ◦C min−1–220 ◦C at 7.5 ◦C min−1–300 ◦C (held for 2.5 min) at
◦C min−1. Twelve DL-PCB congeners were analyzed, including

,4,4′,5-TeCB (PCB81), 3,3′,4,4′-TeCB (PCB77), 2′,3,4,4′,5-PeCB
PCB123), 2,3′,4,4′,5-PeCB (PCB118), 2,3,4,4′,5-PeCB (PCB114),
,3,3′,4,4′-PeCB (PCB105), 3,3′,4,4′,5-PeCB (PCB126), 2,3′,4,4′,5,5′-
xCB (PCB167), 2,3,3′,4,4′,5-HxCB (PCB156), 2,3,3′,4,4′,5′-HxCB

PCB157), 3,3′,4,4′,5,5′-HxCB (PCB169), 2,3,3′,4,4′,5,5′-HpCB
PCB189).
aterials 170 (2009) 473–478

2.5. Quality assurance

Quality assurance and quality control were conducted with the
method blank, the ongoing precise and recovery (OPR), the initial
precise and recovery (IPR), and the duplicate sample. There were
no detectable PCDD/Fs, yet a small amount of PCB77, 105 and 118
with the average blank of 0.10, 0.13 and 0.60 pg �L−1, respectively
(final volume for injection = 20 �L), and the experimental values
were corrected by deducting blank values. The recoveries of all
the labeled compounds were 50–110%. The detection limits were
quantified as three times of the standard deviations for the mean
concentration in the blanks, which were 0.1–0.8 pg g−1 for PCDD/Fs
and 0.05–0.6 pg g−1 for DL-PCBs, respectively.

3. Results and discussion

3.1. Concentration levels of PCDD/Fs and dioxin-like PCBs in
sediments

The concentration levels of PCDD/Fs and dioxin-like PCBs in
sediment samples are shown in Table 1. The total concentrations
of seventeen 2,3,7,8-substituted PCDD/Fs and twelve dioxin-like
PCBs in the surface sediments of the sampling sites were found
to range from 1200 to 5300 pg g−1 dw and 48 to 270 pg g−1 dw,
respectively. The concentrations of total tetra- to octa-PCDD/Fs
(�PCDD/Fs) were found to be in the range of 1400–5400 pg g−1 dw.
The total TEQs of PCDD/Fs and PCBs were respectively in the range of
2.1–9.8 pg g−1 and 0.042–0.45 pg g−1 based on the WHO98-TEFs [5].
PCBs contributed only 2–9% of the total TEQ (PCB + PCDD/F). I-TEQ
for PCDD/Fs was also calculated and shown in Table 1. In addition,
total WHO05-TEQ for both PCDD/Fs and PCBs calculated based on
the updated WHO05-TEF [6] were also listed in Table 1. Higher con-
centrations of PCDD/Fs were found at sites 1–3, which are located
in the downstream of the East River.

The environmental quality guidelines (EQG) in Canada and the
USA for dioxins in sediment, quoted as TCDD toxicity equivalents,
were 0.85 and 2.5 pg TEQ g−1, respectively [7,8]. Using these guide-
lines, our sediment samples collected from all sites were found to be
higher than EQG established from Canada and the USA and posed
a risk of causing deleterious effects to sensitive organisms at all
trophic levels. The Canadian guidelines also specified a probable
effect level (PEL) of 21.5 pg TEQ g−1, and the American guidelines
specified a value that was a ‘high risk to sensitive species’ of
25 pg TEQ g−1. Using the less stringent American value, no sites
were above these guidelines and it can be predicted that adverse
biological effects were not likely to occur.

A comparison between our data and the previous reports about
PCDD/Fs and twelve toxic PCBs in other river sediments are listed
in Table 2. The levels of PCDD/Fs in the East River were found to be
lower than those found in the Haihe River, Hyeongsan River, Nile
River in Egypt, Hyeongsan River and southern Mississippi River, yet
higher than those found in the Yangtze River and rivers in Akita
(Japan). The lowest level of PCDD/Fs detected in this study was rel-
atively higher; possibly indicating the background level in the basin
was relatively higher. Although higher concentrations in atmo-
sphere and higher fluxes in atmospheric deposition of PCDD/Fs
were found in Guangzhou, Guangdong Province’s provincial capital,
the level of PCDD/Fs in sediment and soil was not higher [16–18].
DL-PCBs concentrations were found to be not high, which was con-
sistent with the previous study on PCBs in the Pearl River Delta [1,2].
3.2. Profile of PCDD/Fs

Similar congener profiles were found throughout sediments
from the East river, in which OCDD was the most abundant con-
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Table 1
Concentrations (pg g−1 dw) of PCDD/Fs and dioxin-like PCBs in sediments from the East River, China.

Location S1 S2 S3 S4 S5 S6 S7 S8 S9

2,3,7,8-TCDF 1.9 2.1 4.9 0.41 0.41 0.50 0.56 0.25 2.4
1,2,3,7,8-PeCDF 2.2 2.8 4.0 0.39 0.51 0.50 0.57 0.30 1.5
2,3,4,7,8-PeCDF 3.0 4.9 6.6 0.58 0.67 0.94 0.90 0.37 1.6
1,2,3,4,7,8-HxCDF 3.8 3.9 5.8 0.70 0.87 0.96 0.99 0.46 1.6
1,2,3,6,7,8-HxCDF 3.6 3.8 4.8 0.57 0.71 0.85 0.82 0.38 1.0
2,3,4,6,7,8-HxCDF 4.4 4.8 5.5 0.73 0.91 1.1 0.96 0.44 1.3
1,2,3,7,8,9-HxCDF 1.3 1.4 2.3 0.18 0.23 0.23 0.24 0.17 0.48
1,2,3,4,6,7,8-HpCDF 18.9 12 17.5 3.8 3.7 4.0 4.0 3.0 4.2
1,2,3,4,7,8,9-HpCDF 2.2 1.7 2.2 0.37 0.35 0.35 0.43 0.32 0.52
OCDF 101 18 61 15 7.8 2.3 3.3 6.0 3.9
2,3,7,8-TCDD 0.16 0.22 0.21 0.065 0.094 0.0 0.038 0.051 0.090
1,2,3,7,8-PeCDD 1.1 1.3 1.8 0.37 0.56 0.51 0.41 0.24 0.60
1,2,3,4,7,8-HxCDD 4.4 1.4 1.3 0.77 1.0 0.61 0.48 0.64 0.72
1,2,3,6,7,8-HxCDD 4.6 2.4 3.0 1.3 2.1 1.2 0.76 1.3 1.4
1,2,3,7,8,9-HxCDD 4.9 2.5 3.8 1.9 5.6 1.9 1.1 1.8 1.9
1,2,3,4,6,7,8-HpCDD 170 54 56 61 69 37 26 55 42
OCDD 3350 1600 3600 3060 2600 5200 2690 4600 2400
Total 2,3,7,8-PCDD/Fs 3700 1700 3800 3150 2700 5300 2730 4700 2500
WHO-TEQ (PCDD/Fs)a 8.1 7.2 9.8 2.4 3.2 2.7 2.1 2.1 3.4
WHO-TEQ (PCDD/Fs)b 8.1 6.5 9.1 2.8 3.6 3.5 2.4 2.9 3.5
I-TEQ (PCDD/F)c 10.6

8.0 12.2 4.9 5.3 7.1 4.3 6.1 5.2
TCDF 51 75 123 9.4 12 20 18 8.8 36
PeCDF 40 67 91 8.7 10 13 12 5.1 31
HxCDF 40 48 57 8.2 9.1 9.9 9.5 5.9 13
HpCDF 43 24 31 10 5.7 6.4 6.9 7.6 7.2
TCDD 22 25 60 6.5 9.6 8.0 6.9 3.7 13
PeCDD 26 29 62 8.1 13 9.5 7.7 4.1 14
HxCDD 68 61 67 30 44 19 17 17 29
HpCDD 330 155 130 144 170 84 58 110 100
�PCDD/Fs 4100 2100 4300 3300 2900 5400 2800 4800 2700
�PCDDs/�PCDFs 14 8 11 63 64 103 56 143 28
PCB 81 0.40 1.9 2.4 0.35 0.38 0.42 1.1 0.52 0.65
PCB 77 20 22 25 5.5 5.8 7.3 11 11 15
PCB 123 7.9 13 15 3.0 6.1 3.1 7.9 3.9 6.9
PCB 118 54 96 110 18 37 25 34 37 69
PCB 114 1.8 4.7 6.0 0.34 1.2 1.3 1.5 1.3 1.8
PCB 105 28 49 55 8.2 16 10 16 17 31
PCB 126 1.4 3.5 4.0 0.35 1.1 1.0 1.9 0.36 1.3
PCB 167 8.4 27 30 8.8 8.3 6.3 13 6.0 6.5
PCB 156 10.6 13 18 2.4 7.5 5.9 11 3.3 9.7
PCB 157 3.0 3.0 4.5 0.63 2.5 1.1 1.9 0.78 3.1
PCB 169 0.31 0.84 1.0 0.13 0.34 0.64 0.40 0 0.39
PCB 189 1.4 1.8 2.2 0.31 1.2 1.1 3.2 0.28 1.1
Total PCBs 140 240 270 48 87 63 100 81 150
TEQ (PCB)a 0.16 0.39 0.45 0.042 0.13 0.12 0.21 0.046 0.15
TEQ (PCB)b 0.15 0.39 0.44 0.041 0.13 0.12 0.20 0.039 0.15∑

TEQ (PCB + PCDD/F)a 8.3 7.6 10.2 2.4 3.3 2.8 2.3 2.1 3.6
% (TEQ-PCB) 6 5 4 2 4 4 9 2 4

a WHO98-TEF [5].
b WHO2005-TEF [6].
c I-TEF.

Table 2
Comparison of the concentrations (pg TEQ g−1) of PCDD/Fs and dioxin-like PCBs in sediments from some rivers of the world.

Location PCDD/F range (mean) DL-PCBs range (mean) References

Dongjiang River, China 2.1–9.8 (4.5)a 0.042–0.45 (0.19)a This study
3.5–12.2 (7.1)b

Haihe River, China 1.4–19 (8.3)a 0.07–0.53 (0.27)a [9]
1.3–26 (8.6)b

Yangtze River estuary, China 0.29–0.78 (0.54)b [10]
Pearl River Delta, China 0.6–17.5 (6.4)b [11]
River Nile in the Cairo region, Egypt 1.8–38.1 (9.1)a 0.08–1.3 (0.34)a [12]

1.8–35.4 (8.6)b

Rivers in Akita, Japan 0.022–5.3 (0.81)b [13]
Hyeongsan River, Korea 0.38–1037 (222)a 0.05–3.7 (1.4) a [14]
Southern Mississippi. USA. 0.41–33.3 (10.5)b [15]

a WHO98-TEQ [5].
b I-TEQ.
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ig. 2. Homologue profile of PCDD/Fs in sediments from the East River, China.

ener, which constituted 91–99% of the total concentrations of
eventeen 2,3,7,8-PCDD/Fs, followed by 1,2,3,4,6,7,8-HpCDD, OCDF,
nd 1,2,3,4,6,7,8-HpCDF. The congener profiles of PCDD/Fs in the
ast River were in accordance with the profiles reported the sedi-
ents and soils from the Pearl River Delta [11,17] and in Lake Erie

ediments [19]. The main contributors to WHO98-TEQ (PCDD/F)
ere 2,3,4,7,8-PeCDF (range: 9–34%, mean: 20%), 1,2,3,7,8-PeCDD

range: 12–19%, mean: 17%), 1,2,3,4,6,7,8-HpCDD (range: 6–26%,
ean: 16%) and OCDD (range: 2–22%, mean: 10%).
Furthermore, OCDD was predominant in the homologue pro-

les in sediments from the East river, which constituted 76–97% of
he total amount of tetra–octa PCDD/Fs (�PCDD/Fs), followed by
pCDD (Fig. 2).

The ratio of �PCDDs/�PCDFs was a valuable parameter for
ource identification. The ratio was lower (generally, <1) for indus-

rial and combustion sources, including secondary aluminum
melters, secondary copper smelters, electronic waste dismantling,
unicipal solid waste incinerators (MSWIs), medical waste incin-

rators (MWIs), industrial furnaces, burning hazardous waste, and

ig. 3. Dioxin isomer profiles for different environmental media from the East River basi
ites 1–3; atmospheric deposition: 13 atmospheric deposition samples from Guangzhou [
olid waste incinerators).
aterials 170 (2009) 473–478

coal-fueled combustors [18,20,21]. The ratio was high in some
chemicals; it was in the range of 2–83 (mean 24) in PCP and
30–590 (mean 270) in CNP [22]. The ratio was also very high when
PCDD/Fs formed naturally in ball clay [23,24]. The ratios in this
study were in the range of 8–143 (mean 54). It is interesting that the
ratios were relatively low (8–14) and the concentrations of PCDD/Fs
were higher at sites 1–2 in Guangzhou, and at site 3 in Dongguan,
which is consistent with the high level of industrialization at these
sites.

3.3. Source analysis

Generally speaking, there are two categories of PCDD/Fs sources,
e.g., byproducts of chlorinated chemicals and combustion, such
as PCP, CNP, MSWIs, IWIs, and MWIs. Congener profiles of the
seventeen 2,3,7,8-PCDD/Fs and homologue profiles of PCDD/Fs
were usually adopted to identify the sources. However, for homo-
logues have different physical properties, the profiles will change
when photodegradation, biodegradation, phase partition, sorp-
tion/desorption, dry/wet deposition and other processes occur. On
the other hand, as isomers of the same degree of chlorination
have similar physiochemical properties and therefore they trans-
port in a similar manner. Thus isomer composition was suggested
to be used as the basis for source identification [25], although
the isomer composition may also change when biodegradation is
involved.

3.3.1. Isomer profiles
The isomer profiles of PCDD/Fs in the sediments were not com-

pletely similar. The sediments from sites 1 to 3 with higher level
PCDD/Fs were selected to identify sources with the isomer profiles.
Although many kinds of sources were reported to be characterized
files were scarcely reported. Thus the influence of the combustion
sources on the sediments was illustrated by comparing the isomer
profiles of PCDFs in the sediments and the ambient atmospheric
deposition and air (Fig. 3), for PCDD/Fs from combustion sources

n (isomer profiles are shown in percentage composition in each homologue. S1–3:
17]; air: 6 air samples from Dongguan; MSWI: 17 flue gas samples of the municipal
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ere diffused easily and transported via ambient air. Atmospheric
eposition of PCDD/Fs in Guangzhou has been studied in the previ-
us study [17]. The profiles of PCDD/Fs from four districts were very
imilar ever spatially or temporally, indicating that the sources of
CDD/Fs in atmospheric deposition in Guangzhou were very similar
17]. The average isomer profiles of PCDFs in atmospheric deposi-
ion in Guangzhou were compared with those in these sediments
rom sites 1 to 2, which were located in the east of Guangzhou. Air
amples from two northeast towns in Dongguan were collected in
anuary, July and December in 2007. Flue gas samples were collected
rom MSWIs in Guangdong Province. The average profiles of PCDFs
n air and MSWI flue gas were compared with that in the sediment
rom site 3, which was located in the north of Dongguan.

As shown in Fig. 3, the isomer profiles of PCDFs in the sediments
rom site 1 and site 2 were very similar to each other and to those
n the atmospheric deposition, indicating the PCDD/Fs in the sedi-

ents were mainly from combustion sources. The isomer profiles
f PCDFs in the sediment from site 3 were very similar to those in
he air and MSWI flue gas, indicating the PCDD/Fs in the sediment
ere mainly from MSWIs. Furthermore, the profiles of TCDF, PeCDF

nd HpCDF from site 1 were different to those from site 3, indicat-
ng the combustion sources were different. The profiles of HxCDF

ere less variable in all samples in the study.
In Guangzhou, PCDD/F concentrations in air (total suspended

articles) were found to range from 0.10 to 0.77 (mean 0.37) pg
-TEQ m−3 [16], and the deposition fluxes of PCDD/Fs were 2.1–41
mean: 20) WHO-TEQ m−2 day−1 [17], indicating that the contam-
nation level was a bit serious. A survey project to obtain the
ioxin emission inventory in Guangdong Province in 2006 was con-
ucted jointly by Guangdong Environmental Protection Bureau and
uangzhou Institute of Geochemistry. TEQs were measured based
n the throughputs and the emission factors reported [26]. The sur-
ey results showed that the total PCDD/F TEQ in Guangzhou was
31 g in 2006, and the secondary copper smelters and steel-making
lants were the main sources, contributing 38% and 28% of the total
CDD/F TEQ, respectively. Sites 1 and 2 were located in the east
f Guangzhou, where there were several large steel-making plants
nd secondary copper smelters. These industries might emit quite
bit of PCDD/Fs, for scrap steel and copper were the main materials

21]. Higher PCDD/F level was found in the metallurgical industrial
ark (including sinter plants, electric arc furnaces and secondary
opper smelters) [21]. Both from the comparison of isomer profiles
nd from the result of the dioxin source inventory, it was shown
hat the secondary copper smelters and steel-making plants were
he main sources of PCDD/Fs for the sediments from sites 1 to 2 in
uangzhou.

In Dongguan, the PCDD/F TEQs in air were 0.11–2.3 (mean:
.97, n = 6) pg WHO98-TEQ/m3, which showed the pollution level
f dioxins in the air was high. The dioxin emission source inven-
ory showed that the total PCDD/F TEQ in Dongguan was 18 g in
006. In addition, the main sources in Dongguan were the paper
ills and MSWIs, accounting for 68% and 21% of the total TEQ,

espectively. Most of PCDD/Fs from the paper mills exist in wastew-
ter effluent and pulp and paper sludge. In sludge and effluent,
,3,7,8-TCDD and 2,3,7,8-TCDF were the main congeners of seven-
een toxic PCDD/Fs, beside OCDD, 1,2,3,4,6,7,8-HpCDD and OCDF,
ther congeners were nearly absent [20]. However, the percents
f 2,3,7,8-TCDD and 2,3,7,8-TCDF in the sediment were not higher
ompared with other 2,3,7,8-PCDD/Fs (Table 1). So it would seem
hat the paper-making industry was unlikely to be the main source.
oth from the comparison of isomer profiles and from the result

f the dioxin source inventory, it was shown that the main source
n the sediment from site 3 was from MSWIs. PCDD/Fs from com-
ustion sources are diffused easily and transported via ambient air,
nd are suggested to be the major source of non-point environ-
ental contamination; PCDD/Fs from chemical sources such as PCP
aterials 170 (2009) 473–478 477

and paper mills were relatively difficult to spread, and can cause
point-pollution.

3.3.2. The predominant of OCDD
However, the combustion sources cannot explain the predomi-

nant OCDD in the sediments. PCDD/Fs in PCP were characteristically
dominated by OCDD, and PCP was reported to be the main source
of PCDD/Fs in sediments from Tokyo Bay Basin [25], Dongting Lake
[27], and Gwangyang Bay, South Korea [28]. In Guangdong Province,
1500 tons of PCP-Na was used to control Ampullaria gigas in Guang-
dong Province, mainly in the North River basin, between 1960 and
1985. Although the profiles of PCDD/Fs in the tested sediments
were similar to the profile of the dominant congeners of impurities
(OCDD (76%), OCDF (10%) and 1,2,3,4,6,7,8-HpCDD (10%)) in PCP and
PCP-Na [29]. However, PCP was possibly not the main source in this
study. The reasons are as follows: (1) in PCP, 1,2,3,6,7,8-HxCDD and
1,2,3,4,7,8-HxCDF were respectively the main isomer of the toxic
HxCDDs and HxCDF [22]. However, in these sediments these two
isomers were not the main ones. (2) According to TCDD isomers,
1,3,6,8-TCDD and 1,3,7,9-TCDD were the indicators for PCP [22].
They contributed on average 58% and 38% of TCDD in PCP, yet they
contributed 18–38% (mean: 30%) and 11–25% (mean: 19%) in sed-
iments in this study, respectively. (3) Averagely, HpCDD contained
25% and 75% of 1,2,3,4,6,7,9-HpCDD and 1,2,3,4,6,7,8-HpCDD in PCP
respectively [22], yet 60% (range: 48–65%) and 40% (range: 35–52%)
in the sediments. In summary, PCDD/Fs in the East River sediments
were not mainly from PCP.

“OCDD abnormality” was found in soils and sediments from
many sites. To date, the sources of the elevated OCDD in sed-
iments and soils from Hong Kong [30], Mississippi [15] and a
range of other sites remain unclear. But some evidences indicate
there were some nonanthropogenic sources. Natural formation of
PCDD/Fs was found in American ball clay and in kaolin clay from
Germany and Spain [23]. The isotopic signatures of OCDD and the
occurrence of OCDD in ancient ball clays deposited in Tertiary
Era provide evidences for the in situ formation of dioxins [31].
Baker and Hites [32] suggested that the photochemical synthe-
sis of OCDD from PCP in atmospheric condensed water was the
most important source of OCDD to the environment. The elevated
OCDD and PCDD concentrations in sediments from Hong Kong
were supposed to be attributed to the nonanthropogenic sources
[30]. Considering that the predominant OCDD was found in many
sediments and soils in the Pearl River Delta, we suppose that the
predominant OCDD in sediments from the East River is attributed
to the nonanthropogenic sources. Further research is needed to
focus on the evidences of natural formation and the formation
mechanism.

4. Conclusion

The concentrations of PCDD/Fs and DL-PCBs in sediments from
the East River were found to be not very high. The profiles
of PCDD/Fs were characterized by the predominant OCDD and
elevated PCDDs. Source analysis revealed that the higher concen-
trations of PCDD/Fs in the sediments from Guangzhou were mainly
from the secondary copper smelters and steel-making plants, the
higher concentrations of PCDD/Fs in the sediments from Dongguan
were mainly from MSWIs, and PCP and paper mill were unlikely to
be the main sources.
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