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Pollution Characteristics and Ecological Risk of Polybrominated Diphenyl Ethers

(PBDEs) in River Sediments from an Electrical Equipment Dismantling Area

CHEN Xuan-yu'?, XUE Nan-dong®, ZHANG Shi-lei*, LI Fa-sheng’, GONG Dao-xin' ,LIU Bo> ,MENG Lei
(1. School of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2. State Key Laboratory of
Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: Polybrominated diphenyl ethers (PBDEs) were determined in sediments collected from a river which through an electrical

equipment dismantling area. The results showed that concentrations of PBDEs ranged from 101 to 20 400 ng-g~' with an average of

3700 ng-g™", and BDE209 was the most dominant homologue accounted for more than 94% of all detected homologues. The
concentration of PBDEs was higher in the middle of river than that in upstream and downstream and the average concentration in
downstream was higher than the upstream, with a peak of concentration in the area near by dismantling industrial park. PBDEs
pollution in this region is relatively serious compared with other regions. It was estimated that 0.39 t PBDEs (including 0.36 t
BDE209 ) was discharged into the river as a result of dismantling industrial activities in last 40 years. A preliminary ecological risk
assessment for PBDEs in sediments was conducted by hazard quotient method, the results showed that the OctaBDEs and DecaBDEs
were in a low ecological risk, while the PentaBDEs was in a particularly high risk and could cause great harm to the environment.

Key words : polybrominated diphenyl ethers( PBDEs) ; sediments; ecological risk ; Pollution characteristics ; waste electrical appliances
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Table 1  Concentrations of PBDEs in sediment/ng-g~

1

i BDE28 BDE47 BDE100 BDE99 BDE154 BDE153 BDEI183 z 7PBDEs BDE209 Z PBDEs
D1 0.34 1.19 0.37 2.21 0.79 1.34 2.51 8.74 440 448
D2 0.25 0.78 0.42 1.32 0.55 4.11 1.71 9.12 456 465
D3 0.23 0.74 0.34 1.08 0.4 0.41 1. 46 4. 66 179 183
D4 0.31 1.23 0.31 1.96 0.53 1.46 2.29 8.08 342 350
D5 0.16 0.69 0.33 0.4 0.23 ND 1.31 3.12 626 629
D6 0.35 1. 11 1.24 1.67 0.49 2.91 1. 61 9.37 401 410
D7 7.55 45.4 15.2 51.8 5.43 21.4 28.7 175 4300 4480
D8 6. 68 9.08 4.62 10.6 2.21 14.7 12.9 60. 8 1610 1670
D9 0.75 3.06 1.92 4.95 0. 89 3.94 6. 86 22.4 936 958
D10 1. 66 7.46 6. 14 9.37 2.07 6.55 6.61 39.9 591 630
D11 1.69 18.3 8.46 44.1 71.6 278 1670 2100 9730 11 800
D12 21.5 95.7 65 108 24.8 154 424 893 11 600 12 500
D13 4.4 34.1 10.5 41.2 16.7 74.6 333 514 5950 6 460
D14 10.7 110 48.6 159 89.1 104 244 765 19 600 20 400
D15 4.27 7.61 16.9 16.5 15. 4 19.2 56.3 136 3620 3760
D16 0.81 4.35 0.98 6.25 7.28 3.16 6.25 29 554 583
D17 9.92 60. 2 8.05 70.3 14.1 36 61.1 259 3500 3760
D18 14.7 68.2 29.3 89.3 20.8 31.3 60 313 4500 4810
D19 10.2 48.3 15.7 56.4 10.9 23.7 40.6 205 2330 2540
D20 9.72 68 6.41 74.1 11.5 26.3 49 245 1830 2080
D21 3.36 19.6 2.36 20.6 6.52 10. 8 28.3 91.5 1350 1440
D22 22.1 128 20.9 165 32.1 53.2 174 595 4030 4620
D23 0. 06 0.25 ND 0.27 0.13 ND 0.63 1.34 100 101
i Hl 0.06~22.10.25~128 ND ~48.6 0.27 ~165 0.13~89.1 ND~74.6 0.63 ~1650 1.34~2100 100 ~19600 101 ~20 400
¥E 5.73 31.9 11.5 40.7 14.5 37.9 140 281.92 3420 3700

1) ND FmRAKH

WF ORI PBDEs A 25 4 K, Bk 2
P BRI, bl s o kg BN IR E
R B R R (AP 2) . AR R A T S B A T B
i, PBDEs V& BEAHXT 241K, 2 J5 FF 4 38 7 i, 7E4F
i ] X T 30T 3% 2] % 785 ¢ EE20 400 ng-g ' R 1k X R
RUMREE Y 200 £, RBIZ W B e 32 2] PBDEs 1™
FI5Ys. TR PR bl X5 K6 PBDEs &%
A I REAR AT LR 7 5 w8 K OF T B RV i 3R
#4810 ng-g ™', FRIAYFME .0 X PBDEs (15 A ff

BHAERPR P AW R, IR 1 T, 72T
Ui 3k 2 2 Y5 e i rp A SR KRR I X, A A
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2.2 H5HEMXUTEY T PBDEs & & X)L
TERF 58 DX 8 3 YUY > PBDEs Al
BDE209 1 & & /K *F- 35 Fl 4> 4 2 1.34 ~ 2100
ng-g ' F1101 ~19 600 ng-g~'; MHEILHALE 101 ~
20400 ng-g ' Z ], FIJUEE N3 700 ng-g ™, X5
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Table 2 Comparison of PBDEs levels in sediments from the studied area with those from other areas around the world/ng-g~

1

WFFEHb S (%) > PBDEs (A4 BDE209) BDE209 > PBDEs (427 BDE209) SRR ] (48 ik
Hadley W ( 3[H) 5.2~37.6(13.9) 19 ~36(28.8) 2004 [16]
Tees VAT 1 (P E) 0.6 ~339 1.3 ~1271 1999 [17]
Scheldt ] (i 2%) 0.6 ~17.6(2.4) 4 ~510(22) 2003 [18]
Viskan {0 ( Hfi#) 8 ~50 68 ~7 100 1998 [19]
Cinca 11 (PG HET) 0.4~34.1 2.1~39.9 2004 [20]
Tl el (BRAFIE) 12 000 2007 [21]
ZRYL, BRYL(PE) 1.1~94.7(20.7) 10.5~7341(1198) 2005 [22]
ERYL (R 0.33 ~21.8(3.1) 0.6~112(18.5) 2005 [22]
B (D) 0.04 ~4.5(0.46) 0.41~9.1(2.7) 2005 [22]
IR (PR 0.074 ~5.24 0.3~2776.5 2008 [23]
SR B (R E) 4434 ~16 088 2010 [24]
SRS (P ) 3.35 1.41 ~125(16.5) 0.43 ~141(9.26) 2007 [25]
J AR (D) 56 ~337(171) 62 ~349(178) 2012 [26]
W LARER (HE) 1.34 ~2100(294) 100 ~ 19 600(3 567) 101 ~20 400 2013 AW

1) 355 AR08 P Bk i

2.3 PBDEs ¥R R YA =X SRR 53 Hr
5 PBDEs [R] 22 9 14 43 A A 2 5 R U5
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Fig. 3  Distribution profile of PBDEs in sediments from different sampling sites
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Table 3 Use of commercial PBDEs in polymer products
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PP BFRE Vv
PS/HIPS INABER Vv vV
PVC M, i vV
R FHE . RREEL Oi AR vV
K feaily | AR vV vV
ke B RR vV vV

1)V #5 PRDES A5 T BHRH A L

X 5iZH X P PBDEs 1 [ 2 4 40 B SE =X A
— 35, W B O TH H 2R R 0 0 2 i X S T R
Yrh PBDEs 15 441 T ZRE.
2.4 PBDEs &FUEANHA

H T PBDEs HA BiACEEYE, RBAE T i 2
TR F 2 BAEDUR Y 8w DU A
JEFSE T PBDEs BY— & B, I, XF Uiy h
1) PBDEs & U #EAT A 530 0] LURLE T fif i X S 2

TREEZEBEA M AT DL, o PBDEs PREE A4S BHEL (L HI5
X HF.
AR Zou 28 WY HF ST, LAY T Y PBDEs &
FE AT DU o A0 A A 5
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oA, 1o IR I E TR, BN ke ¢ A IX IR
WUTERPIRE i b B AR P i35 5 2 (dw) |, 37 R
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3736 AN 5%

B % 35 %

BE B my p AT IRUTEY 3%, Hifiikgom .
S T HE D A B R SR
I = keAdp (2)
b kAR BE=107 1, ¢, d. p BIERLIAM5
HFt,ng-g™' . em Flgeem 7 THIFLEANAS A km?.
TEARWF T REEIREE N 15 em, TR TR A F
IR 1.6 g-om ™ XX 0. 42 km®.
K (2) MTHEZE SR R DURAE I 1 i) PBDEs
0.39 t, " BDE209 ffifit 4 0. 36 . R, i Aix
WBRZE 15 em LAY & U PBDEs K24
0.39 t. TEBLBIFSE b, T T R 5 0 T IS U 1)
ERE R RF RS KCRER R, F T i S 80U 5
(%) PBDEs # F 0 S bR & B EL R AR, 0 4h, R4
PBDEs 7EMEEN it % 2l Pk 22 HME RS A, (H A A HE
Badin A EII 3 B9 PBDES 35843 T Bk nh &) R i, 1
TP RS BITTRRZ 8 0 O 2w i, BRI,
AT LA S 1 [ 20 {122 70 4ECHI T4 24 40 a
14152 1H) Fl, £ i 0% 8l s e g 32T 9 v 28 D HE T

0.39 t PBDEs.
3 iRFR4F PBDEs 894 SXE TS

B TR 2 AR ZE DU h 0 I A= Py R Ak T
TK B £ Wi i B RS S, PBDEs X B 13 il 1Y) 16 2 A7
Al g B e m K AR S S SR N E & R —
FERRE L R KA RS ARG H B AR (E .
B, A L ZEXS A5 XS K AR TR Y PBDESs 1]
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Table 4  General compositions of main commercial PBDEs/%

T, 5T

4 5 6 7 8 9 10
PeBDEs 24 ~38 50 ~60 4~8 — — — —
OcBDEs — — 10 ~12 44 31 ~35 10 ~ 11 <1
DeBDEs — — — — — <3 97 ~98

®5 Z=Z@A A PBDEs FEARRAETARY PHIRE /mg ¢!
Table 5 Concentrations of three commercial categories of PBDE

in sediments form different sections/ng-g ="

KA S PentaBDEs OctaBDEs DecaBDEs
DI 4.10 4.64 440
D2 2.75 6.37 456
D3 2.39 2.27 179
D4 3.81 4.28 342
D5 1.58 1.54 626
D6 4.37 5.00 401
D7 120 55.5 4300
D8 30.9 29.8 1610
D9 10.7 11.7 936
D10 24.6 15.2 591
D11 72.6 2020 9730
D12 290 603 11 600
D13 90.2 424 5950
D14 328 437 19 600
D15 45.23 90.9 3620
D16 12.4 16.7 554
D17 148 111 35 000
D18 202 112 4500
D19 131 75.2 2330
D20 158 86. 8 1830
D21 45.9 45.6 1350
D22 336 259.3 4030
D23 0.58 0.76 100

KT PBDEs A& 25 KU DT Ak it b 53 40 XT38 2
HAT, — 222 % 2% PCBs £ & KUK 3T 19 7
PR f R B0 Sk R AE PBDEs AR S K
x>0 o 2 O R AR B Y 2R S A2 A
NGB E R, X B AR TS e 3R AT 6 R AL
(HQ) By IF MR U8 HQ X5 v 7 KU 2 77 3 A
M) —Fh 7 . AR 58 B IR AR 37 38 (US EPA) I
& K 3 85 3 ( Environment Canada) #2& it 19 75
VR R T2 A AE T ORI A 4 1
B 3 %118 R 4 M ( Lumbriculus
variegates ) YE R AW 58 (%) B 5 A= A5 52 /& X PBDEs
(04 390 2 i KU (B #1735 PBDEs 1918 35 R 4L
(HQ) AT .

HQ

C

CpNE

CNoE

CpNe = AF
A1, ¢ iy PBDEs 7ETUER Y il 45 (%) S5 Bk BB ( UL
#25) ; cpy (predicted no effect concentration ) A Fit il
TCEANHE E 5 o (no observed effect concentration )
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Sk SIZHG I R (%) BRI TG 2 W %) PBDESs Iifs Sk B
AF R PR B0 N R AL
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5, IR XU AN F AR B 1 0 X PEAN IR T AF B9 EL
EZ I T s RS (IR 6). T HRECT
PBDEs (REHEEIE 3D, FUA N R IR $ it
PBDEs Xf B 4F 40 1Y B 1k £k 9, PentaBDEs

OctaBDEs il DecaBDEs ) NOEC $({H 4350 3.1,
1 340F114 536 mg-kg ™', XFHAFR 6 Fr 54 Bl ol %0, A<
WF5 I8 T4 — A AE B, B BOE A I F R 100,
PentaBDEs . OctaBDEs £l DecaBDEs (1] PNEC %{{H
W43 4 0. 031, 13.40 F145.36 mg-kg ™' Hi%%k
EITAAR A KR TTE 9 T PBDEs 1145 35 1 BU(EL
mk 7 PR,

F6 WESHNIHMERE (PNEC) BT BHTEMN EF (AF) MEE

Table 6  Values of assessment factor ( AF) for derivation of predicted no effect concentrations

b= PR T 1 1 AF
1 3AEFRHPEDA | RN AN L(E) Cy 55" 1000
2 1 FhA:= Wy 18 M NOEC ¥ 100
3 R 2 MEFRE 2 B AEY (— Mo BRI EE 2 #) 918 P NOEC i 50
4 2R3 AEFRHN 3 FpA Y (— O BERE) MY NOEC il 10
5 3178 BHry Mt NOEC $udi , Sk P4 Fh U 43 A i 28 (SSD) ¥ 5~1
6 BN 0 R S R G LA BT

1)L(E) Cso J2FEFE (B0 ) WS

®7 A PBDEs WREEHHE
Table 7 Estimated hazard quotients of three commercial

categories of PBDE in sediments

PRI PentaBDEs OctaBDEs DecaBDEs
DI 0.1323 0.000 3 0. 009 7
D2 0.088 7 0.000 5 0.010 1
D3 0.077 1 0.000 2 0.003 9
D4 0.1226 0.000 3 0.007 5
D5 0.051 0.000 1 0.013 8
D6 0.141 0. 000 4 0. 008 8
D7 3.869 4 0.004 1 0.094 8
D8 0.999 4 0.0022 0.0355
D9 0.3445 0.000 9 0. 020 6
D10 0.794 5 0.001 1 0.013
D11 2.3403 0.1507 0.2145
D12 9.3613 0.0449 0.2557
D13 2.909 7 0.0316 0.1312
D14 10. 590 3 0.0326 0.4321
D15 1.460 6 0.006 8 0.079 8
D16 0.399 7 0.001 2 0.0122
D17 4.789 4 0.008 3 0.0772
D18 6.500 0 0. 008 4 0.099 2
D19 4.2129 0.005 6 0.0514
D20 5.1042 0. 006 5 0. 040 3
D21 1.4813 0.003 4 0.029 8
D22 10. 838 7 0.0193 0.088 8
D23 0.0187 0 0

WU PR AE (95U, HQ < 1 B, o2k 28K
B, HQ N1 ~5 I S ARAE KBS, 5 ~ 10 i 4% XU
=10 Wk S K. 3R 7 AT LB T 3 O
1 OctaBDEs Fl DecaBDEs 14 1 % By $0(6 ¥ /N T
1, A4 2 KBS K SF 881G, T AE 23 SRR SR
PentaBDEs 4 WAk Ay iy 46 XUz, 3 Ak SRy 45 XU, 7

Ab SR AR A XU, FERT gL DB AR TR A T A B Y D7
STANHAB A TE AR 2 AR , AR 4 T 7 B 30 00 4y {1 4
JRUBE: , T HAE FE 48 113 37 B4 106 s e 24 i A 25 e e A7 A
—EfEE. ERAYRMRE X5 1 12 A RAFE S P bR
D16 s AN A A KU, b 3 i el X B3 ok
WS &7, Z 5 B WA PR, AR S IR e rh i
PBDEs 47 T A= & KBS VAR, 1 o 78— s 00
JRVEXE L5 M2 i, NAAR 2R 85 ACTHRAG, BRI AT
XF N R AU HEATPEAY . (B3 T il B YR R A7
FERE R R PBDEs , PR TR S A T 508 SR AERT
N2 AT Rk G B4 5T YR U A, v N ik 2
72 AU, U /D o A 2SR B B A B 1

4 it

(1) PBDEs 7 A7 LRI A fb R AT A 2,
W P BRI TE 101 ~ 20400 ng-g ™' Z [8], F- 2k Ny
3700 ng-g ™' ZXIUTAY T PBDEs ¥ B C AL T
BT 2 TH FE A P IR 15 Y 2k U5

(2) UL PBDEs & w22 F K, o0 A b
PRI FEAT R WEAR, i s BT
W EE LG b i . T[] R A 4N L BDE209 =,
H:¥x Jy BDE183 . BDE47 1 BDE99.

(3) KEAGFIZ B i 22 )2 DU h L &
ZRBZERE 0. 39 t, H:rp BDE209 4y 0. 36 t. @it #]
A 09 4= 75 XU PEAl & B OctaBDEs A1 DecaBDEs 4=
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