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Abstract: In order to investigate the possible changes of enviromental persistent organic pollutant ( POPs) pollution properties during the
industrial restructuring in typical e-waste dismantling areas dioxins ( PCDD/Fs) co-planar polychlorinated biphenyls ( dlPCBs) and
polybrominated diphenyl ethers ( PBDEs) in surface sediments from streams in Taizhou were sampled and analyzed with gas
chromatography/high resolution mass spectrometry ( GC/HRMS) . In addition the possible sources were also investigated by principal
component analysis ( PCA) . The mean concentrations in Jiaojiang River and Jingingzha Harbor were 3. 18 and 1.91 ng/kg( WHO,s—
TEQ) for 2378 PCDD/Fs 0.26 and 0. 62 ng/kg( WHO,,s-TEQ) for dI-PCBs 22.5 and 19.7 pg/kg for PBDEs which were at the

medium level of POPs in surface sediments in China and the

world and much lower than those in heavily polluted places as

: 2014 -03 -10 © 2014 -06 - 04
(973) (2009CB1602) : other e-waste dismantling sites. The results show that PCDD/Fs in
(201109001) surface sediment in Taizhou mainly originate from coal burning.
(1970 -) tzhang@ cneac. com. d1-PCBs can be attributed to the residue of technical PCB products
* (1973 -) in the history or e-waste dismantling activities. PBDEs sources

chenshejun@ gig. ac. cn include the use of technical PBDEs products and the e-waste
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dismantling activities. YTZ site is close to a discharge port of a chemical engineering industrial zone; its PCDD/Fs and dlPCBs

concentrations were as high as 6. 54 x 10* and 7. 84 x 10° ng/kg respectively. The possible sources are the secondary metallurgy or

chemical waste recycling. This implies that new POPs emission sources may appear

and much more attention should be paid during

industrial restructuring in the e-waste dismantling area. Some surface sediments have total toxic equivalent quantities exceeding the interim

sediment quality guidelines ( ISQGs) suggested by Canadian Environmental Council and United States Environmental Protection Agency

indicating ecological risks in Taizhou.

Key words: e-waste dismantling site; surface sediment; dioxins; dl-PCBs; PBDEs

PCDD/Fs ( dioxin ) PCDDs
( polychlorinated dibenzo-p-dioxins - -
) PCDFs( polychlorinated dibenzofurans
) 210 . PCDD/Fs

A S

- ( )
PCDD/Fs. PCDFs

PCBs( ) . PCDD/Fs
12 .
PCBs 2
209
. 20
70 PCBs
. ¢ 17 2378-PCDD/Fs( 2378
) 12 dIPCBs(
PCBs) UNEP(
) WHO( ) 17
2378-PCDD/Fs  TEF( ) WHO
12 dl-PCBs TEF . PBDEs( polybrominated
diphenyl ethers )
PBDEs .
POPs(
) . PBDEs
* . PCDD/Fs.PCBs
PBDEs (
»
20 80—90

59

PCDD/Fs.PBDEs . PCDD/Fs.dl-PCBs

( PVC) .

PBDEs

. 21
POPs
POPs
( )
) PCDD/Fs. dl-PCBs
POPs
POPs
POPs
1.1
POPs .
JH(
) JJIB(
500 m ) JJIS(
200 m
( 500 m
) YTZ(
) \PSK(
2 km) .

PBDEs

) JJIX



1542 27
4 : HL1 -
4 km 5.0 m; HL3
7 km 6.5 m; HI4 N N
6 km 6.0 100 mL
m; HLS 2 km 5.0 m. 200 ml
1. 200 mL 25%
2012 9 / (VIV) (
N PBDEs dI-PCBs ) 250 mL
. ( PCDD/Fs
dI-PCBs ). Bc
-18 C PCDD/Fs. dlPCBs  PBDEs 3
1.2 N 1.4
( GC 6890 Agilent Corp. USA) / 17  2378-PCDD/Fs V12
( Autospec-Ultma NT Waters Corporation USA) dl-PCBs 33 ~ PBDEs
. PCDD/Fs ( EPA4613LCS) .PCDD/  1.4.1
Fs ( EPA6131SS) \PBDEs ( BFR- 280 C 35 eV
LCS) PBDEs ( BFRHSS) 650 pA 8 kV 10 000.
Wellington Laboratories ( Canada) ; dl-PCBs 1.4.2
(EC5324)  dI-PCBs ( EC-5325) 2378-PCDD/Fs  dI-PCBs DB-
Cambridge Isotope Laboratories Inc. ( USA) . 5MS (60 m x0.25 mm 0.25 pum
J & W Scientific CA USA)
2378-PCDD/Fs 140 “C
2 min 20 °C/min 200 C 1 min 5C/
min 220 °C 16 min 5 °C/min 235 C
7 min 5 °C/min 310 C 9 min.
dI-PCBs 140 C 2 min
20 °C /min 185 C 3min 2 °C/min
245 C 3 min 6 °C/min 290 C
6 min.
PBDEs DB-SHT( 15 m x
1 0.1 mm 0.1 pm J &W Scientific CA USA)
Fig. 1 Sampling map for surface sediments from Jiaojiang - PBDEs 100 OC,
River and Jinqingzha Harbor Taizhou 2 min 25 C/min 250 °C 1.5 C/min
260 °C 16 min 25 °C/min 325 C
1.3 5 min.
HJ 77. 4—2008 { 1.5 /
/
p) dlPCBs  PBDEs . Pe PCDD/Fs 42% ~
141% HJ 77.4—2008 PG
N v Imm . dl-PCBs 70% ~ 130%
2 16 h POPs L 5G 3~10  PBDEs
e 61% ~150% US EPA
PCDD/Fs.dlPCBs  PBDEs 3 ( ) 1614
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. w( 2378-PCDD/Fs)  0.80 ~ 2.00 ng/ke 1 2378-PCDD/Fs
w( dlPCBs)  0.72 ~3.65 ng/kg w( PBDEs) 0.80 ~ ( WHO,y,s-TEQ ) L1l ~
24. 00 ng/kg (w( BDE209) J w( BDE209) 435  6.54 x10* ng/kg 3. 18 ng/kg
ng/kg. (1.08 ~2.80 ng/kg 1.91 ng/kg) ;
1.6 dI-PCBs 0. 26 ng/kg( 0. 01 ~
SPSS 19.0 PCA( ) 17 7.84 x 10" ng/kg) (0.42 ~1.20
2378-PCDD/Fs ng/kg 0. 62 ng/kg) ; YTZ
2 YTZ dI-PCBs
2.1 w(2378PCDD/Fs)  w( d1PCBs) PCDD/Fs.
1 2378PCDD/Fs  dl-PCBs
Table 1 2378 PCDD/Fs and dlPCBs concentrations in surface sediment from Jiaojiang River and Jinqingzha Harbor Taizhou  ng/kg
HL1 HL3 HIA HLS5 YTZ 1S JIX JH JJIB PSK
2378-TCDF 1.94 2.00 1. 86 1.87 1.94 x 10° 5.82 1.87 nd 1.97 nd
12378 PeCDF 1.97 nd 1.94 nd 4.33 x10* 7.79 1.97 1.89 1.93 nd
23478 PeCDF nd 1.90 1.76 1.97 4.32 x10* 7.76 3.94 1.99 nd nd
123478 -HxCDF 1.95 2.06 1.91 3.94 4.47 x10* 9.70 3.99 1.93 1. 87 2.04
123678-HxCDF 1.97 1.99 1.92 1. 96 4.16 x10* 9.70 1.97 1.87 1.93 2.01
123789-HxCDF nd nd nd nd 6.71 x10* 1.94 nd nd nd nd
234678 -HxCDF 1.96 2.00 1. 96 1.97 3.22 x 10* 7.76 1.97 1.99 1. 94 4.08
1234678 -HpCDF 5.90 3.99 7.87 9.84 4.13 x10° 25.22 7.89 5.98 5.80 10.2
1234789-HpCDF nd nd nd 1.95  90.00 1.94 1.97 nd nd 2.04
OCDF 5.90 5.99 7.85 5.90 1.17 x10*  13.60 7.89 9.97 7.73 8.16
2378-TCDD nd nd nd nd 6.90 x 10° nd nd nd nd nd
PCDD/Fs
12378-PeCDD nd nd nd nd 1.03 x 10* 1.94 1.97 nd nd nd
123478-HxCDD nd nd nd nd 5.59 x10° 1. 88 nd nd nd nd
123678-HxCDD nd nd nd 1.97 5.88 x10° 1.94 nd nd nd .04
123789-HxCDD nd nd nd 1. 94 7.05 x 10° 1.97 nd nd nd .05
1234678-HpCDD 9.83 10. 00 11. 80 15. 80 1. 83 x 10* 19. 40 15. 80 17.90 13. 50 24.5
0CDD 195.00 248.00 296.00  299.00 1.43 x10* 398.00 440.00 451.00  304.00 614. 00
> PCDFs 110. 00 70.00  183.00 126. 00 2.59 x10° 446.00  178.00 16.00  119.00 160. 00
> PCDDs 255.00 298.00  371.00  394.00 5.75%x10° 519.00 531.00 535.00 364.00 781. 00
> PCDFs/ Y, PCDDs 0.43 0.23 0.49 0.32 4.51 0. 86 0.34 0.30 0.33 0.21
2378PCDD/Is 1.08 2.06 1.75 2.80 6. 54 x 10* 9.12 4.61 1. 64 1.11 1.76
PCB81 3.90 nd 5.90 20. 00 nd nd 2.00 2.00 1.90 1.20
PCB77 1333.00 2141.00 294.00 394.00 2.26 x 104 nd 89.00  163.00 54.00 213.00
PCB123 18. 00 4.00 14. 00 16. 00 7. 68 x10° 19. 00 3.90 14. 00 33.00 3.30
PCB118 747.00 156.00 1 134 3 505. 00 6.05x10* 153.00 175.00 307.00  180.00 59. 00
PCB114 22.00 nd 27.00 100. 00 1.23 x10* 1.90 3.90 6. 00 1.90 1. 00
PCB105 324.00 54.00 449.00 1 529.00 4.23 x10* 74.00 57.00  102.00 54.00 21.00
PCB126 3.90 2.00 5.90 9.80 7.50 x 10* 0. 00 3.90 2.00 1.90 2.40
dI-PCBs PCB167 43.00 16. 00 51.00 159. 00 1.29 x10* 16. 00 16. 00 20. 00 14. 00 3.50
PCB156 106. 00 34.00 128.00 409. 00 3.49 x 10* 35.00 37.00 48.00 3 100.00 7.50
PCB157 24.00 6. 00 29.00 98. 00 1.16 x 10* 3.90 7.90 10. 00 5.80 2.40
PCB169 nd nd nd nd 1.10 x 10* nd 2.00 nd nd 1. 00
PCB189 7.90 6. 00 7.90 22.00 1.07 x 10* 5.80 5.90 6. 00 5.80 1.20
> dI-PCBs 3268.00 2 889.00 2 874.00 7 947.00 3.30 x10° 742 948 1206.00  812.00 375.00
dI-PCBs
: 0. 56 0.42 0. 68 1.20 7. 84 x10° 0.01 0.47 0.23 0.21 0.29
1. 64 2.48 2.43 4.00 7.33 x10* 9.13 5.08 1.87 1.32 2.05
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/ YTZ w( dI-PCBs)
w( 2378 PCDD/Fs) .YTZ w( 2378-PCDD/Fs)
. 11-12
; ( 2).
2 w(2378PCDD/Fs) .w( dI-PCBs)
Table 2 Comparison of 2378-PCDD/Fs and dl-PCBs in stream sediments from Taizhou with those in other regions  ng/kg
w( 2378-PCDD/Fs) 2378-PCDD/Es w( d1-PCBs) dIPCBs
505. 00 3.18 880. 00 0.26
(340.00 ~4.89 x10°)  (1.11 ~6.54 x10*) Y (375.00 ~3.30 x10°) (0.01 ~7 840.00) V
307.00 1.91 3.078.00 0.62
(226. 00 ~348. 00) (1.08 ~2.80) " (2 874.00 ~7 947. 00) (0.42~1.20) 1
4.5 0.19 14
(2.1~9.8) 1 (0.042 ~0.45) D
120.1~1315. 1 889.7 ~29 747.8 15
7.45(0.28 ~29.01) 16
667 +978" 17
4.5 8
(0.7~11)2
1.3 ~26% 0.07 ~54Y 11
201 290 525.7 )
(1962 ~556 961) (19 ~1 264) 8.1(1.2~21) i
0.54(0.29 ~0. 78) 19
2794
( 2003 ~ 4 314) 5.31(0.45 ~9. 46) 21
131 (23.2 ~368) 0.6 ~10.5 2
263
11 900 23
Mondego
Estuary Portugal 109.7 24
0.07 ~5.53" 0.01 ~0.23" 25
. 1) WHO,ps-TEQ ;2) I-TEQ
2.1.3 PBDEs 3 w( 3 PBDEs)
3 w( Y PBDEs) Table 3 Comparison of PBDEs in stream sediments from
w ( 2378-PCDD/Fs) Taizhou with those in other regions
w( dI-PCBs) 10 YTZ wi/( pefke)
SPBDEs 22.5 (4.6 ~52.4)
w( X PBDEs) 3 PBDEs SPBDEs 19.7 (6.76 ~178)
2378-PCDD/Fs.dl-PCBs BDE 209 56. 64 26
( ) SPBDEs 2.87 (1.2 ~12.1) 17
BDE209 2.4~30.5
" BDEA7 0.124 27
( N ) ! BDE99 0.279
3. PBDEs 5.5~300.7
2.2 BDEA7 0. 044 .
2.2.1 PCDD/Fs BDES9 0.03
BDE209 5.22
2 2378 PCDD/Fs
S PBDEs 55 ~445 13
10 3. 1 Shihwa . PBDEs 1.3 ~18 700 29
( HL1.HL3.HIA4.HL5 ) JIXLJH. 3 PBDEs 0.83 ~3 140 30
JJB PSK 0CDD PCDFs LPBDEs ~ 0.25-~188 31
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2 2378-PCDD/Fs
Fig. 2 Homologue profiles for 2378 PCDD/Fs in surface sediment from Jiaojiang

River and Jinqingzha Harbor Taizhou

PCDDs

w( X, PCDFs) /w( Y, PCDDs) 0.5
PCDD/Fs . 2 YTZ
w( Y, PCDFs) w( > PCDDs) w( Y PCDFs)/
w( X PCDDs) 4.51 .
3 JIS 1 2
w( S PCDFs) fw( $PCDDs)  0.86 OCDD
PCDFs
+PCDDs

2.2.2 2378-PCDD/Fs PCA
10 2378-
PCA
(Al) . ( Cu) .
(CB) ™ . PCA 3
2 85. 4%
PCA 3 . 3
YTZ 9 ( CB)
2378 -PCDD/Fs
PCA

PCDD/Fs

( Pulp)

y YTZ

YTZ

35

*2013 4 10

YTZ w( 2378-PCDD/Fs)

D Al— ; Cu—
Pulp— D CB— .
3 2378-PCDD/Fs PCA
Fig. 3 Score plots of PCA for 2378-PCDD/Fs congeners

12 dI-PCBs
4. 10 PCB77.
PCB118.PCB105 PCBs
( KC300. Aroclor1221. Aroclor1232. Aroclor1242.
Aroclor1248) . YTZ
PCB126
PCBs o
2.2.3 PBDEs
5 10 PBDEs
BDEA47 . BDE9Y9
BDE153 w( BDE99) >
w( BDEAT) PBDEs ;
PBDEs HI1A BDE209
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4 dl-PCBs
Fig. 4 Congener profiles for dI-PCBs in stream sediments from Taizhou
5 PBDEs
Fig. 5 Congener profiles for PBDEs in stream sediments from Taizhou
80% PBDEs ( ) .
PBDEs ( BDE206 . BDE207 . BDE208)
PBDEs 2.3
PBDEs 1.32~7.33 x
10* ng/kg
031 . YTZ ~ PBDEs 1. 64 ~4.00 ng/kg.
( BDE183. BDE196. BDE197. BDE201 . BDE203 PCDD/Fs
BDE204) PBDEs 84.3% ~99.9% ( 89.6%)  70.0% ~
PBDEs PBDEs 83. 0% ( 72.7%) JIS
PCDD/Fs( 99.9%) .
PBDEs HI4 2 PCDD/Fs  dI-PCBs
PBDEs POPs
PBDEs HIA I1SQGs( )
( ) PBDEs 2.5 0.85 ng/kg *7 .
PCDD/Fs
ISQGs 4 ( YTZ.
PBDEs JIS\JJX  HLS) I1SQGs.
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( probable effect level for fish PEL 21.5
ng/kg )

( high risk to sensitive species

25 ng/kg ) YTZ

( )
2378-PCDD/Fs. dI-PCBs

PBDEs  POPs
3
a) 2387-PCDD/Fs
( WHOzoos _TEQ )
3.18  1.91 ng/kg dI-PCBs
0.26  0.62 ng/kg w( X PBDEs) 22.5
19.7 pglkg ( )
POPs
b) w( 2387-PCDD/Fs)
w( d1-PCBs) 2 w( PBDEs)
. 2 2387-PCDD/Fs+ dI-PCBs
PBDEs . YTZ
2387-PCDD/Fs  dIPCBs
2387-PCDD/Fs  dl-
PCBs
POPs
c) YTZ
2387-PCDD/Fs ; dl-
PCBs
; PBDEs
d) 2387-
PCDD/Fs YTZ. JJS. JJIX
HLS
2387-PCDD/Fs  dI-PCBs
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