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Concentrations of polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins and dibenzo-
furans (PCDD/Fs) in sediments from Bohai Sea and Yellow Sea coastal waters and lakes in Shandong
Peninsula were determined. The total PCB concentrations of the measured 50 congeners (ZSOPCBS)
in the sediments ranged from 273.7 to 644.5 pgg~' dw (dry weight). The PCB congener profiles in the
lacustrine sediments were different from those in the marine sediments. TriCBs and TetraCBs were the
dominant homologues in marine sediments, whereas in the sediments from the Nansi Lakes, contri-
butions of PCB homologues were similar. The total concentrations of 2,3,7,8-PCDD/Fs ranged from 6.2
to 27.4pgg-! dw. The congener profiles of 2,3,7,8-sustituted PCDD/Fs for the sediments were generally
similar for both the lakes and the coastal sea areas in Shandong Peninsula. They were characterized by
high OCDD, followed by 1,2,3,4,6,7,8-HpCDD and OCDF. The congener profiles of PCDD/Fs in the sedi-
ments were consistent with the profiles of main dominant PCDD/Fs in pentachlorophenol and sodium
pentachlorophenate products in China. PCDD/F-TEQ ranged from 0.11 to 0.80 pg TEQ g~' dw. The dioxin-
like PCB-TEQ had concentrations ranging from 0.03 to 0.08 pg TEQ g~! dw, mainly from PCB126. PCBs and
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PCDD/Fs concentrations found in the sediments were from background to low polluted levels.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-
dioxins and dibenzofurans (PCDD/Fs) are three families of global
contaminants. Some dioxins have highly toxic carcinogenic, or
endocrine disrupting effects [1]. The most toxic member of these
families, 2,3,7,8-TCDD is known to have potential health effects at
very low doses [2]. Concentrations of 17 PCDD/F congeners sub-
stituted with chlorines at 2, 3, 7, 8 positions of benzene rings are
routinely converted to TCDD equivalents (TEQs) using the World
Health Organization (WHO) toxic equivalency factors (TEFs) [3,4].
The WHO has identified 12 PCBs including 4 non-ortho (IUPAC Nos.
77,81, 126 and 169) and 8 mono-ortho (IUPAC Nos. 105, 114, 118,
123, 156, 157, 167 and 189) as dioxin-like PCBs that could have
similar toxicity to PCDD/Fs [5]. The 7 PCB congeners (IUPAC Nos.
28, 52,101, 118, 138, 153 and 180) belong to the US EPA priority
pollutants in the environment [6].
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PCDD/Fs can be released to the environment either as impuri-
ties of chemical products or by-products of incomplete combustion
processes. The sources of PCBs are coming from commercial prod-
ucts as coolants and insulators in transformers and capacitors in
electrical industries and as anti-corrosion materials as well as in
effluents from paper mills, chloralkali industry and products of
combustion processes [7]. Sediments become the sinks of PCDD/Fs
and PCBs due to their lipophilic property and easy adsorptions on
particulate materials [8]. PCDD/Fs and PCBs can be taken up by
aquatic biological species and transferred through food chains and
deposited by sedimentation processes.

Compared with Western Europe, Japan and the United States,
relatively few studies on PCDD/Fs and dioxin-like PCBs in sediments
from lakes and coastal seas have been reported in China, especially
in northern China. Most studies focused on the large lakes in south-
ern China, such as Dongting Lake and Taihu Lake in which sediments
might be affected by pentachlorophenol (PCP) and sodium pen-
tachlorophenate (Na-PCP) since it had been widely used during
the period of 1960s-1990s to control snail-borne schistosomia-
sis in South China [9,10]. High concentrations of OCDD, followed
by much less OCDF, and 1,2,3,4,6,7,8-HpCDD were found in PCP
and Na-PCP samples [9-13]. In the present study, four areas were
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Fig. 1. Sampling locations in the Nansi Lakes (N1 and N4), the coastal waters of the
Bohai Sea (Y4) and the Yellow Sea (Q1 and R5). The arrow shows the Yellow Sea
Coastal Current.

chosen, including the Nansi Lakes in the southwest of Shandong
Peninsula, the coastal seas in Yantai (the Bohai Sea), Qingdao, and
Rizhao (the Yellow Sea) (Fig. 1). The Nansi Lakes are well-known
river-originated shallow-water lakes in northern China. It is formed
by four connected lakes (i.e., from north to south, Nanyang Lake,
Zhaoyang Lake, Dushan Lake, and Weishan Lake). The Nansi Lakes
are therelay in the eastern network of the “Southern Water to North
China Project” whichis based on the Grand Canal linking Beijing and
southeastern China.

The objectives of the present study were to measure and com-
pare the concentrations of PCBs, PCDD/Fs, WHO-TEQ in marine
and lacustrine sediments in Shandong Peninsula to understand the
background pollution levels of these contaminants in North China,
and to evaluate the possible sources of these contaminants to the
regions.

2. Materials and methods
2.1. Sample collection

Surface sediment samples were collected using a grab sam-
pler in Yantai, Rizhao and Qingdao coastal seas, and the north
(Nanyang Lake) and the south (Weishan Lake) of the Nansi
Lakes (Fig. 1). The sampling locations are shown in Fig. 1
(Q1—Qingdao coastal sea: 35°58.62'N, 120°27.13'E, water depth:
9 m; R5—Rizhao coastal sea: 35°27.31'N, 119°58.82’E, water depth:
10m; Y4—Yantai coastal sea: 37°06.08'N, 121°27.57’'E, water
depth: 9m; N1—Nanyang Lake: 35°04.43'N, 116°43.19'E, water
depth: 1.3m; and N4—Weishan Lake: 34°38.47'N, 117°16.00'E,
water depth: 1.5m). The selection of sampling sites avoided the
navigation routes to ensure the samples were not disturbed due to
marine traffic. Immediately after collection, samples were stored
in a freezer at —20°C.

2.2. Chemical analysis

All the reagents used were of HPLC grade: silica gel 60
(0.063-0.200 mm, Merck Co.); anhydrous sodium sulfate (79%,
Sigma Co.); alumina (Alumina B-Super I, ICN Biomedicals Co., Ger-
many); Bio-Beads S-X3 (200-400 mesh, Bio-Rad Co.). PCDD/Fs
standards and !3C isotope labeled PCDD/Fs and PCBs internal
standards were all from Cambridge Isotope Laboratory, USA. The
total organic carbon (TOC) of sediment samples was measured
by a TOC/TN analyzer (multi-N/C 2000, Analytik Jena AG, Ger-
many).The extractions were performed in Lancaster University,
UK and the method details have been previously reported [14].
Briefly, 5g of freeze-dried samples were weighed and spiked
with 13C-labeled PCDD/Fs and PCB internal standards and was

Soxhlet-extracted with toluene. After extraction the solution was
evaporated and passed through a multi-layer silica gel column,
followed by a gel permeable column. The target analytes were
further fractionated using an alumina column. PCBs were eluted
by 12 mL of 7% DCM-hexane solution, and dioxin-like PCBs were
eluted with 6 mL of toluene. Finally, PCDD/Fs were eluted with
30 mL of 1:1 DCM/hexane solution. All the eluants were concen-
trated to 0.5 mL and the solution was micro-concentrated to 25 pL
after adding 37Cl4-TCDD injection standard for instrumental anal-
ysis.

2.3. Instrumental analysis

PCDD/Fs and dioxin-like PCBs were analyzed by using a HP-6890
high-resolution gas chromatograph coupled with VG AUTOSPEC
PLUS high-resolution mass spectrometer. The column was DB-5
MS (60 m x 0.25 mm x 0.1 pm). The measurement was under con-
stant pressure mode with 10 psi. The injection inlet temperature
was 280°C. The GC column temperature program for dioxin-like
PCBs and PCDD/Fs was from 110 to 240 °C at a rate of 20°Cmin~!
and then to 300°C at 10°Cmin~! with a final hold time of 5min.
The ion source temperature was 280°C. The HRMS was oper-
ated in an electron impact (EI) and selected ion monitoring (SIM)
mode at resolution R> 10,000 (10% valley). Other PCBs were deter-
mined by gas chromatography coupled with electron impact mass
spectrometry (GC-EI-MS, Fisons MD-800) using a DB-5MS column
(30m x 0.25mm x 0.25 pm).

Qualification was carried out using retention times and mass
ratios. The retention time of a component peak should be exactly
equal to that of corresponding standard, and the mass ratio
between the two single ions of a compound was within 0.8-1.0.
Quantification was carried out directly using each !3C-labeled
internal standard. As there were no corresponding 3C-labeled
internal standard for each PCB isomers, the isomers belonging to
the same chlorine-substituted PCB homologues were quantified by
the corresponding '3C-labeled internal standard (e.g. 13C-PCB28
for TriCBs, and 13C-PCB52 for TetraCBs). Chlorine natural isotope
abundant ratios were used for supervision of congeners in PCB and
PCDD/F measurement. All the results were corrected for blanks.
The recoveries were in the range of 39.2-93.8% (mean 79.6%),
40.7-93.8% (mean 73.2%) and the blank were <0.39, <15.0pgg™!
for PCDD/Fs and PCBs, respectively.

3. Results and discussion
3.1. PCB concentrations and homologue profiles

The concentrations of individual and total PCBs detected in the
sediments are summarized in Table 1. The total PCB concentrations
of the measured 50 congeners (ZSOPCBS) in the sediment samples
ranged from 273.7 to 644.5pgg-! dry weight (dw). The highest
concentration of ZSOPCBS was observed at the sampling site N4
at Weishan Lake, which is connected to the Great Canal in the south.
The ZSOPCBS concentrations in the sediments were in the order of
Nansi Lakes (N1 and N4) > Yantai (Y4) > Qingdao (Q1) > Rizhao (R5),
suggesting that PCB levels decreased from inland to the Bohai Sea
coastal water, and the lowest was in the Yellow Sea coastal waters
of the Shandong Peninsula.

ZSOPCBS in both the northern (N1) and southern (N4) Nansi
Lakes sediments were similar (631.5 and 644.5 pgg~! dw, respec-
tively), whereas those in the marine sediments were lower (347.6,
273.7 and 367.9 pg g~ dw for Q1, R5 and Y4, respectively). The PCB
congeners at higher levels were the EPA priority “standard” individ-
ual congeners (PCB28, 52, 101, 118, 138, 153 and 180). PCB28 was
the highest PCB congener detected in all samples. E7PCBS (PCB28,
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Table 1
Concentrations of PCBs in the marine and lacustrine sediments from the Shandong
Peninsula (pgg~! dw).

IUPAC no. Q1 R5 Y4 N1 N4
77 3.6 2.8 20.0 7.0 4.8
81 0.11 0.12 0.06 0.29 0.20
126 0.27 0.71 0.48 0.46 0.54
169 0.09 0.26 0.08 0.14 0.21
105 9.2 5.9 3.8 15.9 10.9
114 n.d. n.d. n.d. n.d. n.d.
118 134 11.5 7.5 30.6 24.7
123 43 n.d. n.d. n.d. n.d.
156 n.d. n.d. n.d. n.d. n.d.
157 n.d. n.d. n.d. n.d. n.d.
167 n.d. n.d. n.d. n.d. n.d.
189 n.d. n.d. n.d. n.d. n.d.
18 27.0 19.7 39.0 239 225
22 20.5 13.2 235 16.3 13.8
28 45.3 32.1 58.2 53.6 49.0
31 37.7 235 333 32.7 34.1
ZTriCBs 1304 88.5 154.1 126.5 1194
41/64 17.6 103 18.4 25.4 17.9
44 12.9 8.7 11.0 20.5 14.4
49 10.5 6.8 10.0 18.5 13.2
52 15.0 10.0 12.5 31.7 21.6
60/56 18.1 123 12.4 25.0 17.2
70 18.1 124 42.0 30.1 17.2
74 10.8 8.0 8.7 185 13.1
ZTetraCBs 102.9 68.5 1149 169.7 114.5
87 6.9 4.5 3.1 18.5 10.7
90/101 9.5 7.6 6.6 25.0 254
95 7.8 5.7 5.7 153 17.9
99 3.5 4.3 3.2 16.7 13.0
110 12.8 11.3 7.7 30.9 29.0
ZPeCBs 40.4 334 26.3 106.4 95.9
132 n.d. 4.0 1.7 104 6.3
138 16.4 14.9 9.6 313 447
141 n.d. n.d. 2.5 2.9 2.6
149 6.9 6.7 6.5 17.9 26.2
151 n.d. n.d. n.d. 5.7 10.0
153 141 9.7 8.4 26.0 411
158 n.d. n.d. n.d. 1.9 2.4
ZHXCBS 374 353 28.6 96.0 133.1
170 n.d. 4.6 2.5 11.3 213
174 n.d. 3.7 1.8 94 16.3
180 5.5 7.8 3.9 25.0 44.6
183 n.d. 1.4 0.7 4.8 7.5
187 n.d. 3.8 3.1 12.2 213
ZHpCBs 5.5 213 12.0 62.8 1109
194 n.d. 2.8 n.d. 8.0 13.7
203 n.d. 2.8 n.d. 7.7 15.6
OctaCBs n.d. 5.6 n.d. 15.7 293
PCBs 347.6 273.7 367.9 631.5 644.5
7PCBs 119.2 93.6 106.7 2232 251.1
Dioxin-like PCBs 30.9 213 32.0 54.4 414
Dioxin-like PCB-TEQ 0.03 0.08 0.05 0.05 0.06
TOC (%) 0.41 0.72 0.44 517 2.28

Z7PCBS (pgg~' TOC)
n.d.: not detected.

85,827 37,783 83,363 12,208 28,293

52,101,118,138, 153 and 180) from the 5 sediments in the present
study are in the range of 88-117 pgg~! dw.

Reports on PCB concentrations in sediments samples from
lakes in North China are scarce. In comparison, our data for
Nansi Lakes were lower than those in surface sediments of Taihu
Lake (3 19PCBs: 890-29,700 pgg-1dw) [9] and urban lake sed-
iments from Wuhan city () 39PCBs: 900-46,000pgg='dw) in
South China [15]. In Lake Ontario in North America, the average
> 7PCBs concentration in sediment was 64,600 pgg-ldw[16,17].
The less industrial activities in the vicinity of Nansi Lakes might
resultin low PCB level when compared with those previous studies.

Our data on marine sediment samples were lower than those
in surface sediments in Jiaozhou Bay, the Yellow Sea (ZSOPCBS:
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Fig. 2. PCB homologue profiles in (A) marine sediments (Q1, R4, and Y5) and (B)
lacustrine sediments (N1, N4).

646-32,920pgg~! dw and  7PCBs: 178-9031pgg~!dw) [18].
ZZ7PCBS concentrations in the surface sediments of the southern
Yellow Sea were reported as 518-5850 pgg~1, with average value
of 1720pgg~! [19]. The > "12PCBs in sediment of Bohai Bay was
reported as 340-35,000 pgg~! dw (average 4400 pgg~! dw) [20].
Through the above comparisons with the nearby marine sediments,
it is apparent that the PCB levels in coastal marine sediments of
Shandong Peninsula were comparatively low, while significant dif-
ferences between the sediments in the bay areas and in the open
seas were found.

The total concentrations of dioxin-like PCBs in N1 and N4 were
similar (54.4 and 41.4pgg~! dw, respectively), whereas those in
Q1, R5 and Y4 were lower (30.9, 21.3 and 32.0 pgg~! dw, respec-
tively). The results suggested that dioxin-like PCBs in sediments
from the lakes were higher than those in the coastal sea sediments
of the Shandong Peninsula. Except for Y4 site, the concentrations
of mono-ortho PCBs were higher than those of the non-ortho PCBs
that dominated by PCB118 and PCB105. In the case of non-ortho
PCBs, PCB77 was the dominant congener.

The homologues of PCBs in the marine sediments were also dif-
ferent from those of the lakes (Fig. 2). Locations Q1, R5 and Y4
were dominated by lower chlorinated PCBs. The TriCBs contributed
to > PCBs in these samples were in the range of 32.3-41.9% and
the TetraCBs had contributions ranging from 26.1% to 36.7%. In
comparison, in the Nansi Lakes the TriCBs (18.5-20.0%), TetraCBs
(18.6-28.0%), PeCBs (20.5-24.3%), HXCBs (15.2-20.7%) and HpCBs
(9.9-17.2%) had similar contribution, suggesting that PCBs in the
coastal seas and the lakes might originate from different sources.

3.2. PCDDJF concentrations and congener profiles

Concentrations of the total PCDD/Fs (> PCDD/Fs) and 2,3,7,8-
substituted PCDD/Fs congeners (_2,3,7,8-PCDD/Fs) for the 5
sampling sites are summarized in Table 2. ZPCDD/FS varied from
47.7 to 147.0pgg ! dw and >°2,3,7,8-PCDD/Fs ranged from 6.2 to
27.4pgg-1dw.

Limited number of reports on PCDD/F concentrations in sed-
iments samples from both lakes and coastal seas were available
in China [13,21]. In comparison, our data for the Nansi Lakes
were lower than those in surface sediments of Taihu Lake
(22,3,7,8-PCDD/F: 120.1-1315.1 pgg~' dw [9] and Jiaozhou Bay
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Table 2
Concentrations of PCDD/Fs in the marine and lacustrine sediments from the Shan-
dong Peninsula (pgg~! dw).

IUPAC no. Q1 R5 Y4 N1 N4
2,3,7,8-TCDF 037 067 015 055 1.3
1,2,3,7,8-PeCDF 029 060 014 024 073
2,3,4,7,8-PeCDF 022 022 003 017 049
1,2,3,4,7,8-HXCDF 031 101 014 02 0.51
1,2,3,6,7,8-HXCDF 027 045 007 029 060
2,3,4,6,7,8-HXCDF 011 023 008 022 015
1,2,3,7,8,9-HxCDF 011  nd. nd. 005 004
1,2,3,4,6,7,8-HpCDF 1.00 241 048 nd 2.86
1,2,3,4,7,8,9-HpCDF 017  nd. nd. 011 021
OCDF 182 190 049 111  nd.
2,3,7,8-TCDD 004 003 001 002 006
1,2,3,7,8-PeCDD 023 017 001 009 010
1,2,3,4,7,8-HxCDD 017 010 001 008 008
1,2,3,6,7,8-HxCDD 015 029 005 009 013
1,2,3,7,8,9-HxCDD 025 050 012 021 030
1,2,3,4,6,7,8-HpCDD 084 263 046 092 156
0CDD 555 162 395 924 142
2,3,7,8-PCDD/Fs 119 274 62 136 234
PCDD/Fs 477 1410 778 1091 147.0
PCDD/F-TEQ 059 072 011 039 080
S TEQ 062 080 017 044 086
PCDD/F-TEQ/Y TEQ(%) 950 905 689 880  93.1
0CDD/ > "2,3,7,8-PCDD/Fs(%) 467 590 637 680 609

>72,3,78-PCDD/Fs (pgg~! TOC) 2938 3782 1405 263 1027

n.d.: not detected; ZTEQ: PCDD/F-TEQ + dioxin-like PCB-TEQ.

(3>°2,3,7,8-PCDD/Fs: 4.1-232 pgg-1dw [11]). The concentrations
of PCDD/Fs in sediment cores from Bohai Bay were reported to
be 500-3500 pgg~! dw [21]. The concentration range of >°2,3,7,8-
PCDD/F was 2.33-253pgg~!dw in sediments from the Yellow
River Estuary and the Yangtze River Estuary [22]. Thus, the PCDD/Fs
in sediments of the Shandong Peninsula were at a relatively low
level.

Although the levels are different from site to site, the con-
gener profiles of 2,3,7,8-sustituted PCDD/Fs for the sediments
were generally similar for both the lakes and the coastal sea
areas in Shandong Peninsula. They were characterized by high
OCDD, followed by 1,2,3,4,6,7,8-HpCDD and OCDF. The average
relative abundance of individual 2,3,7,8-sustituted PCDD/Fs in the
sediments and in PCP and Na-PCP products used in China were
presented in Fig. 3. The congener profiles of PCDD/Fs in the sed-
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Fig. 4. Linear regression of concentrations (pgg~' dw) of Z7PCBS, Zdioxin—like
PCBs and » ~2,3,7,8-PCDD/Fs with total organic carbon content (TOC, %).

iments were consistent with the profiles of dominant PCDD/Fs
(OCDD (76%) as well as OCDF (10%) and 1,2,3,4,6,7,8-HpCDD (10%))
in PCP and PCP-Na [23] (Fig. 3).

OCDD was predominant in sites of N1, R5 and the Bohai Sea
site Y4 and contributed 68.0%, 60.9% and 63.7% to the » 2,3,7,8-
PCDD/Fs (Table 2). The two lake sampling sites were both at the
downstream of the Grand Canal flowing from South China, where
the PCP and PCP-Na have been used for three decades [24]. PCP
and PCP-Na have been manufactured for nearly half a century in
the industrial city Tianjin in western coast of the Bohai Sea and
similar congener profiles of 2,3,7,8-sustituted PCDD/Fs for the river
sediments in Tianjin and sediment cores from Bohai Bay to those in
PCP and PCP-Na were reported [21,24]. This observation suggested
that PCP and PCP-Na might be possible sources for the sampling
sites of the present study.

3.3. TOC normalized concentrations of PCBs and PCDD/Fs

Linear regression concentrations (pgg-!dw) of > 7PCBs,
> dioxin-like PCBs and 3 2,3,7,8-PCDD/Fs with total organic car-
bon content (TOC, %) are shown in Fig. 4. It can be seen that
the concentrations of » 7PCBs and ) dioxin-like PCBs were pos-
itively correlated with TOC, suggesting that the PCB distribution
is mainly governed by the distribution of organic particles. When
the concentrations were normalized by TOC, the marine sediments
showed higher Z7PCBS and Zdioxin—like PCBs concentration lev-
els (mean 22,177 and 5940 pgg~! TOC, respectively) than those
of lake sediments (mean 7669 and 1435 pgg~! TOC, respectively).
These results suggested more enrichment of PCBs by the organic
matter in the marine sediments than in the lake sediments.

The >"2,3,7,8-PCDD/F concentrations were not correlated with
TOC, suggesting that the PCDD/F distribution might not be governed
by the distribution of organic particles. Just as the case of Z7PCB5
and  dioxin-like PCBs, the marine sediments showed higher
TOC normalized 22,3,7,8-PCDD/F concentration levels (averag-
ing 2710pgg~! TOC) than those of lake sediments (averaging
645 pgg~1 TOC).

3.4. TEQ contributions of dioxin-like PCBs and PCDD/Fs

Total WHO-TEQ (3 TEQ=PCDD/F-TEQ + dioxin-like PCB-TEQ)
values were calculated using WHO 1998-TEF for dioxin-like
PCBs and PCDD/Fs [3,4]. The ZTEQ levels ranged from 0.17
to 0.86pgTEQg ! dw with a mean value of 0.52pgTEQg ! dw
(Table 2). The lowest and highest ZTEQ were found from Y4
in the Bohai Sea coastal water and N4 in Weishan Lake, respec-
tively. In comparison, the concentrations of total WHO-TEQ were
0.83-17.7 pgTEQg~! dw in sediments from Taihu Lake [9] and
0.11-1.01 pg TEQg~! dw in sediments from Yellow River Estuary
and Yangtze River Estuary [22].
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Fig. 5. The contribution of non-ortho PCBs, mono-ortho PCBs, PCDDs and PCDFs to
the > TEQ.

The dioxin-like PCB-TEQ levels ranged from 0.03 to
0.08 pgTEQg~1dw. PCB126 had the highest contribution to
dioxin-like PCB-TEQ (88.1-93.3%). The highest dioxin-like PCB-
TEQ was observed at R5 (0.08 pgTEQg ! dw), followed by N4
(0.06 pg TEQg~! dw), N1 and Y4 (both 0.05 pg TEQg~! dw) and Q1
(0.03 pg TEQg ! dw), respectively.

The PCDD/F-TEQ concentrations were in the range of
0.11-0.80 pgTEQg~'dw. 1,2,3,7,8-PeCDD (8.71-38.9%) and
2,3,4,7,8-PeCDF (13.1-30.5%) were the dominant contribution
compounds to PCDD/Fs-TEQ. The ratios of PCDD-TEQ/PCDF-TEQ
ranged from 0.4 to 1.4, with a mean value of 0.8. Generally, the ratio
in sewage sludge samples was more than 1.0 [25,26]. However, in
the present study, only the sediment from Qingdao (Q1) presented
the ratio >1.0. Our previous work on PCDD/Fs in sediments from
Jiaozhou Bay in Qingdao City showed that the sewage sludge from
the Haibo River was a major PCDD/F source inside Jiaozhou Bay
[11].

The contributions of dioxin-like PCBs and PCDD/Fs to the  "TEQ
were shown in Fig. 5. The contributions of dioxin-like PCBs were
similar in sediments from Yellow Sea (Q1 and R5) and the Nansi
Lakes (N1 and N4). In contrast, dioxin-like PCB-TEQ in sediments
from the Bohai Sea (Y4) was as high as one-third of the > TEQ.
PCDD/F-TEQ has the contributions of 68.9-95.0%. The main contri-
butions from PCDD/Fs also showed different patterns. The first two
dominant congeners were 1,2,3,7,8-PeCDD (21-37%) and 2,3,4,7,8-
PeCDF (14-17%) for the Yellow Sea (Q1 and R4), 2,3,7,8-TCDF (9%)
and 2,3,4,7,8-PeDCF (9%) for the Bohai Sea (Y5), 1,2,3,7,8-TCDD
(20%) and 2,3,4,7,8-PeCDF (19%) for Nanyang Lake, and 2,3,4,7,8-
PeCDF(28%)and 2,3,7,8-TCDF (16%) for Weishan Lake, respectively.

4. Conclusions

PCDD/Fs and dioxin-like PCBs were detected in all of the 5
sampling sites, showing their ubiquity in lake and coastal sea sed-
iments in the Shandong Peninsula. The total PCB concentrations
were in the order of the Nansi Lakes>Yantai>Qingdao > Rizhao.
Compared with PCB levels reported in other areas of the Bohai
Sea and Yellow Sea, the PCB concentrations found in the sed-
iments from the Nansi Lakes as well as the coastal sea areas
in Shandong Peninsula were from background to low polluted
levels. The PCBs in the coastal sea sediments were dominated
by lower chlorinated PCBs, while in the Nansi Lakes the homo-
logue groups were at similar levels. Total PCDD/Fs found in
the sediments from Nansi Lakes and the coastal sea areas
were all at low polluted levels, with the order of the Nansi
Lakes > Rizhao > Yantai > Qingdao.

Contrary to the case of PCBs, homogeneity on 2,3,7,8-PCDD/Fs
pattern in all sampling sites indicates same sources affecting
all sampling sites. The congener profiles of 2,3,7,8-substituted
PCDD/Fs for the sediments are generally similar which were
characterized by predominant OCDD followed by much less
1,2,3,4,6,7,8-HpCDF and OCDF, resembling the pattern of PCDD/F
congener profiles of PCP and Na-PCP products in China, suggesting

that PCP and Na-PCP might be a possible source for our sampling
sites.

The lowest and highest ZTEQwere found to be in the sediments
from the Bohai Sea coastal water and Weishan Lake, respectively.
In sediments from the Nansi Lakes and the Yellow Sea coastal sites,
contributions of dioxin-like PCBs to ZTEQ were similar. In con-
trast, the dioxin-like PCBs contribution to ZTEQ from the Bohai
Sea sampling site was as high as one-third, suggesting a larger
contamination of dioxin-like PCBs in the Bohai Sea.
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