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Abstract ; Although severe environmental pollution caused by the release of polybrominated diphenyl ethers (PBDEs) from inappropriate e-waste recycling

activities has been widely reported in Guiyu, scarce attention was paid to the migration and potential harm of these PBDEs on Guiyu downstream. In this
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study, 22 surface sediment samples were collected from the origin to the mouth of the Lian River encompassing Guiyu, and the contents of PBDEs in these
samples were analyzed. The results showed that PBDEs were detected in all of the samples. They demonstrated low levels at the origin (10.2 ng-g™"),
increased along the river (92.6~2120 ng-g™') , then rose dramatically to 7470~ 193000 ng-g~" in Guiyu, but dropped substantially upon exiting Guiyu,
and finally exhibited a fluctulation but overall declining trend toward the river’s estuary (734~11300 ng-g™'). This trend suggests that the PBDEs in the
Lian River arose predominantly from local discharges along the river, and Guiyu e-waste recycling activities were the dominant emission source. The
PBDEs in the sediments from Guiyu downstream were one order of magnitude greater than those in the sediments from Guiyu upstream, indicating that the
PBDEs in Guiyu might have migrated downstream. The results of principle factor analysis show three patterns of PBDE pollution in the Lian River: (D
Deca-BDE ( dominated by BDE-209) is the main pollutant in the sediments from Guiyu upstream and some downstream tributaries. This is a typical PBDE
profile found in China, and therefore is regarded as the background PBDE in the Lian River; @ Penta-BDE ( profound congeners BDE-47&-99) and 3
Deca-BDE debromination products ( dominated by BDE-197&-209) are present in the Guiyu samples. The latter two patterns were attributed to the local
circuit board recycling and high-temp plastic processing activities ( e.g. oven-roasting, open-burning, melting, etc.), respectively. The PBDEs in the
sediments from Guiyu downstream exhibited the three patterns, which further confirms the migration and influence of the PBDEs in Guiyu on downstream
areas. The hazard quotients (HQs) of the Lian River upstream and most downstream tributaries were lower than 1, suggesting that the ecological risk is in
the acceptable range. However, the HQs of Guiyu sediments were greater than 1 (1.09~63.9) , indicating that there are serious and unacceptable risks.
Moreover, the migration of PBDEs from Guiyu had turned some of its downstream areas into high-risk regions ( HQs: 1.34~3.38). Penta-BDEs were the
dominant HQ contributor, followed by Hexa-BDEs and Deca-BDE. Considering the persistence of PBDEs in environments and their high HQs and masses

in Guiyu ( (477+169) t) and downstream ( (152+£169) t), further investigation and appropriate remediation in Guiyu to its 20 km downstream are quite

necessary.

Keywords: brominated flame retardants; e-waste; Guiyu; persistent organic pollutants; emerging contaminants

1 5|5 (Introduction)

AR B 5 43— MORHAE 7 fil A PR
AN B 2 hRifE B H 25 4%, 4 BRBEER I T 37—
L2 PR AR R R A AR AR 22 B A BELA R S e
B ZR BHAAT] ( HFRs ) PRI BHAARIOCR 47 8 hin £ 20 Koxt
MRMERE S /NG L3 — ELAL T 1 5 0 e i for
BT TR AR A 478 BT R E
AT, JEH G2 TR R A ( BFRs ) (Eljarrat et al.
2011; FEH5%,2016). 881, K fFsE £, LR
(%% ( PBDEs ) 7SR ¥R %6 (HBCDs ) 55 % fin 7
BFRs 1% %) 75 H ™ it 9 A2 7 T | el ig ik 3ot 7 v
BB T, HRTC 9k ) 2 A Tk 2k
WAL AR AR, BRI AW 4
MM, EAR T TR R AL IR AT KRIE S 1T,
FH IS B0 A ¥ G S g R T 5 RS T [ PRt 2
B2 0 (de Wit et al., 2010; F I #EZE 2010,
Eljarrat et al., 2011; FHES, 2011; Yu et al.,
2016).2009 4F 5 A B A [E PR 5G] B (UNEP) #%
M- AL BDEs 1E X3 A £ A M B WIS G 9
(POPs) A 2% FH 44 5. Bt f5 , HBCDs | 0 B A1 5 AR
FEfl P i i K Y PBDEs 7 BX 2K ( Deca-BDE )
AHYETE 2013 41 2017 9451 A% 35 5 (www. pops.
int) . Ay o A 7 EOR HLAE B rp R AAF
FE S SERH SRR AE IR 58 h 1 IR B e Ak AT o AR IS
FEE RIS A DAL 2 [ PN 9 38 35 40 358 G 7 F 5% 1) T 22
2.

Bl P 22 T 1 e R R A SRR = 1 2
JRIRE A, H - HL 7 it S 4 A B b B
AR B ECE DLV EAR 3% ~ 5% 1Y 1R TR
K, 2017 4E 4 3k 46 & 6540 J7 Wi ( Breivik et al.,
2014) . HLF B3 b & A KA M E AR, {3 [Tl [
-t 23 A H DR a7 ) I, AR ] T TR S T
— - aEk a3 FT2ERY 80% 1 HL - b O
KR B R A6 7 sCHR A TR0y, He ot i ol Y
Hb ™ Y PR TS Y RN AR A5 R /6 % ( Greenpeace,
2002; ¥ OF % %, 2009; i HE & 2011,
Sthiannopkao et al., 2013). 3 [E /%) 57 I Hl X & 5 -
A 2 fe B 51 [ PR oG T 0 I 3R i X
( Greenpeace, 2002; 2003) .78 H 1980s FFimvH &
IH L&A A 2, B TR R 22 A7 Ml B AR B
Wy, 20 4D 90 AR EAE A i s 0k,
>80% N FZHENEY; 2 50k  FRARYR i 52> 100 J7 1
PR A Tl B P2 E 90% LA b B 454 72k 43
TR FEAR AR RIS O SRR A I TR TR
PEAR PR AR R A | R R A A A S
DT TERB AR S JUAR DL S Fg BH A5 2 B by S i
FEDCHL, W W AN AN LA RN
IHERHET (B 1), AN T RS A B Ak D s e A6 31 55
& RAE B, N 3 ™ 5 ) IR 5% 75 42 ( Greenpeace
2002;2003; 3455, 2009; i # 5 4E, 2011).
2015 4F, Sl EBUN 237 4R T R Tk e, 3205
PR AR K IE AT “ i R, AR RS HEdE
SEFHTHE T YL B A BRI A T G A R A L
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L 777 i H 1) HFRs, PBDEs & H i 5 15
H X iR iE e 2 A IS Yo 2 — CA SRR . 5t
15K PBDEs ¥ 34 21.5 ng-m ™ | Fb 24 i 428
B H B M MR B 7 100 £5 L) (Deng et al., 2007) ,
2 T A i ALY T ( Deng et al., 2007;
Wong et al., 2007; Chen et al., 2009) ; 7% W57 i &5
SRLEE e A1 HE i+ 3 Y PBDEs Wk B2 R 1160
ngeg”' O Y I 4 BR - 58 iR E VR E B = (E (Wong
et al., 2007 ; fHEEFES: | 2011) ,2006—2008 45 1% e
FEILF] 2910 ng-g™' (Gao et al., 2011) ; StU5FARAE
Pig AR 22 %) PBDEs ¥R BE 43 5134 31 ( 14800 +
5130) M1 (24900 + 31600) ng + ¢~ ( Leung et al.,
2011) ; SUGUCAY) B HGE 1Y PBDEs f5 i e ok
280000 ng - ¢, L HE M X & 3 ~ 4 DR K
(Labunska et al., 2013) ; 55 1) SHAH YA 5 oA
H T R EE () PBDES , He Ao A i v %) S v VR B
} 244 ng- g (Liu et al., 2008) , /K4 5h#H) K 2690
ng- g M EE, LU S IR o B B i (Luo et al.,
2007) , SR U5HE e K N Y PBDEs ¥ B ( A 444E BDE-
209) J& EL A7 TR /K A 2400 v fie s 19, Y A B S A
REXT BDE-47 (AR 2 36 E EPA & H 2 %1
A 6 £ (Chan et al., 2013) ; Srib5 AAK I 7/ )
PBDEs ¥ J& J& HJH i M IX 19 3 £, BDE-209 ¥ J 1=
1K 3100 ng-g ' JEEE (Bi er al., 2007) , S5 A4 L

et al., 2010).

JKIRSE: PBDEs 452/ ME3E & P POPs 1T Flfif
FEEE A ORI, BARYR PBDEs 23 H 3098 19 A
YIS TERIK AR A M EEE ( E P84 | 2010; Eljarrat
et al., 2011; FFHEEL, 2011) , %275 4L W IR
U B R X A A AR G RN AR A B 1 5 R 2 2
P SR0G HIAL ZRIT K ZR (1), R EZ) 30 km BNy
GRIT R TR 1B, 2 8 LA b AR IR K S5 N
SCREPAE, A PHEAEE 5 4270, M E GO s T
AR R FHME— X /M5 5 O, B &
BT & X A 52 5 b s AH H A A B 5
BLAR PR DI i DX A IR A T, R T 5 Y R
WG Y A VR KR ] R A O AR AR A
BRI FEAR D S F 1l ABFSE A GRSk 2 A
HATRZ VIR SRR 30T, H R G058 T Hop
PBDEs 175 YL FR-IE SRR B RS AT 0 RN 72 KU, OF:
HR i RS R (B S RV T35 PBDESs 5 4 i KUK [X
SRR ¥ Yl WA AN B (LR} 22 A A

2  SLIEERSY (Experimental )

2.1 RAFIEXEE

PBDEs Fl4X % HEAE P FR 1 58 Bk 28 ik ( Deca-
CDE) #1HEEW ( Accustandard, Inc., U.S.A.) ; B
IR C-2,2",3,4,5,5 N EBEA (P Ch-PCB-
141) f1° € ,-2,2",3,3",4,5,5",6, 6'-JL A& BE oK
( PC,,-PCB-208 ) #5 #E % ¥ ( Cambridge Isotope
Laboratories, Inc., U.S.A.) ; {63 4l of 4 5% 2 FY s
Eoke, AP LEMNENE B Merck ( Germany ) 1§
J.T. Baker(U.S.A) ; H P I8 (0. 063 ~ 0.2 mm,
Merck, Germany ) ffi FHH7 T 180 C{%fk 12 h JGINA
3% (W . W) 821 7K I3 1 5 TR M ek I H v o e 7 Ak
JE A 509% J5 f2: b iR B R TR 20 5 Bk e Je iy P
EEIEALIE A 33% T & H 1 mol - L' 1 NaOH ¥
WIR A, P E AL S (~0.106 mm, Sigma-Aldrich,
U.S.A) i HIHG T 250 CTG4L 12 h J5INA 3% it [
AR R 5 A AN AU A AR DO TS P48 12 b,
ANIEC BRI & T TS th IR .

ZPPe E500 & GPS 5E A (MiTAC Inc., U.S.
A);ZYQ-WN 2 304 AW RAESS (ALt is 5
W B IF KA FD) 5 HEAS 7890A-5975C AL AH
k-t Ak 27 UR B % B A ( GC-NCI-MS,
Agilent Technologies Inc., U.S.A) ;Eltra CS-800 %%
BT (Eltra GmbH, Germany) .

22 HmRE

ZRIT.(23°13' ~23°22'N, 116°9' ~116°37'E) &
JEF AR 7 K g Ll 2R VY e RE A 1 B 1Y
FIKES, i BRI VAT, A6 35 77 I 3 3% 5 S F 3
A A R RFRGIL, TR AR 71 km, K/ 17
A T kM, T TSR (E 1),
LI FR 1347 km®  BE RN 0.89% , AFF- IR IR
} 1156 mm , - P-H42 3 50 5.87x10° m* Gy LI
ik Z BRI, HA R A2 5 0F IR T &
JEIGIR SR 52 Mkke B EAET A A, Tolk 1k
TR #5107 2014 AR 2RV B P2 3k 21 210 23800
(ARG, 2015).

AW FRAELRILRY LR S sl Be ki & 22 4
AL SO (B 1), Horp sl B E T E 6 A
(SY-M1~SY-M6) ; 5t Bt 5 4, Hob £ +if 2 4>
(GY-M1 ,GY-M2) , %% 3 N (GY-T1~GY-T3) ; 52l
TUE 1A, o FE 58 6 S (XY-M1~XY-M6) , 3%
Wi 5 A (XY-T1~XY-TS) JUERPIFEN (0~ 15 em) R
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AN IN ) RAEA R AL, GPS E N AN & 446
B CRFERTE] S 2013 4F 1 H 25—28 H.FEACRER
HATEARE WAL R O % LS E A7

TFokBerhIf Rz [v] 9256 25 B T - 20 °C vkAR 44
T RERB TG R T, ZSBR A 2 e
WFEEIA AT 55 0.5 mm ANEE .

SUGHEFEX © EEFMH
® ETFERAER ® KA
—> W
AN o
s &
( A %,
l'li;i ;\';’ "5“;/““‘.. -
Bl S L
‘:j ~ Au""'" [‘b‘{f'”
{ &
}«\fk
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e GY-T3 A »
SY-M3 AL A
SY-M5 ®
® - GY-12' @
syms @ A
GY-T1 54
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N SYM6 A" v Micnr e XY-MI 0 xyMm3
B GY-M2 S )
XY- T’). ~evema X Y-M2 ® XY-M4 A
YT .
A XY-T4 T FH X
WMEX  XY-M5 @ XY-M6
{ ]
°
XY-T5
AN BB
. 0 45 9 km A
Al [ — A -
i

Bl ZIRESRRISHNEBENERRELSH

Fig.1 Locations of the Lian River, Guiyu Town and sediment sampling sites

2.3 HmETaiE

PBDEs 73 #7: FRHL 20 ¢ #F & T4 A 40 ng
f9°C,,-PCB-141 F1" C,,-PCB-208 , ¥ & V-1 J5 5% M
TAM R [CHIER 48 h HhAR Wk 4 IS R H 2 Bokk
JBE-EAFRAE (L em ind., H PR KK N 6 cm HE
EARER 2 em HPPERERE 5 em BRPEREE 2 em HPE
ERE 8 em MRPERERE AN 2 em JC/KAREREN ) ¥rAk | A
b AR AR 10 mL IE S %ERT 70 mL 1E CbE: —
S BE=1:1(V V) PR, W B2 5 — 20 4 DR W OO vk
45 E 25 100 pL, il A 50 ng DCDE HEFTXE 7.

SAMK(TOC) FREL 150 mg A A7 HE 5 BT 0]

B BRI ARG ER R (MR R KT oK =
15:85(V:V) ) BT, Ak S Nk IR B+ b
FM IR 12 h 5T 80 CAMH P 1 h, B4
IR I LS ke i 2= rp i, T 100 CHELT R
AL
2.4 B

J\-HIRAE PBDEs: 15 m DB-5-HT MS EZ4045 4
(250 wmx0.10 um; J&W Scientific, USA) ; #: 7
M 110 CA£4F 5 min, 20 Cemin”' FF & 200 °C,
#4545 min,7.5 Cemin ' F £ 300 C ,1%%5 16 min;
PERE T A4 £ B 1 VR RN DU S AT IR % 40 1 A 260



4 1 KT B4 SR IURR Y h 22 TR A 75 G AR AE SR IR AT TE A2 25 XU AT 72 1313

280,250 1 150 C; fb &P MM =+ (m/z) A7 C-
PCB-141. 371.7/373.7; " C-PCB-208 : 473.7/475.7;
J\-JLIR 1% BDEs: 408.7/406.7/79/81; BDE-209.;
486.7/488.7/79/81 ; Deca-CDE : 264.8/262.8.

=74t PBDEs:30-m DB-5 MS column (250
pm X 0.25 wm, J&W Scientific, USA) ; #: THEFEF
#7110 C A5 1.0 min J§ 8 Comin™' 7+ & 180 C, i
% 1.0 min,2 Cemin"' F} ZF 240 C JARHE 5.0 min, 2
C-min~' F+ 2 280 C, f&FF 15 min, )5 10 Cemin™
T2 300 °C 4845 12 min  FEFE T fEHLk BT IR
PULEATIREE 43591 49 280,300,200 F1 150 °C ;L&)
W ES T (m/z) 9 =-E 4% BDEs:79/81; " C-PCB-
141 371.7/373.7; " C-PCB-208 . 473.7/475.7; Deca-
CDE: 264.8/262.8.

TOC . FE b _EIA1E 55 1 ATERE R 2 ATES (B
#1) ,1300 CHRIBERE S A LK, I COo, ™=
P i
2.5 RERIE/REEH(QA/QC)

SRAE AR LA AT /S 4R A SRk e gk | H
Wt | PN TRV O B g e LL {6 FH T T 450 CAEBE 4 h LU
FBRE S5 Y A LR FRTH 500 mL Ve 45 Jf 2
IS HT BRI B AR YA IS 5 G IR AR IR AE 53
SR B PO S e AR 24 h R BT E
FH.PBDEs % tt it [ B 1 J2 - (DL B8 B ) 5 7 e i 22
AR 22 AT 0.1 ming @ [ R &7 FJF e
WAE£15% 5 F N ; @fF M b (S/N) = 10. 4 5 il 48
FIEIA R3S 7R 9 LR 43 B i AR, AT 58
3¢ ,-PCB-141 F1C,,-PCB-208 Y [Al i 38 Fil (°F
M8 + b5 I 22 ) 43 B4 60.5% ~ 140% ( 81.1% +
18.0% ) 1 64.7% ~98.1% ( 82.2%+9.5% ) K& & 43 Bt
[ B 5 B S 0 28 4 1 (D4R W25 AR (B 4K+ 50
ng BFRYY) FEFUMPR (GIERPIAE 5 +50 ng BARY))
FGURRYIRE S 8 5 R AT o e 4 ) AR 9 v BT
EEE A [ BRI AR K (S/N<3) sk T
IR (S/N < 10), HEr® 25 F1 0 ds 9 150 R 2k
64.3% ~120% , B bR 5L B nbr iy [N 47.2% ~
136% , V- 17 ¥ 43 #1 45 S A5 XF b5 1 fl 22 (RSD) R
0.356% ~ 17.6% ; A i 55 B i v B2 R 2R A7 [B1 Wi 58 A0
25 FARCIE IR T i BRI R 0, AT 4 dl R F 34
EAE N B MR B B 42 1153 BT R L SPSS 13.0 4K
1, B 2K B p<0.05.
2.6 AESXKITR

FR A BR 2 XUBS: PF- 4 42 A Fi§ 2 T ( European

Commission, 2003a) , YTFRH v ¥5 Y ¥ ity JXUBS: 75 L
(Hazard Quotient, HQ) PR A (1) #1718
C sctiment

He= PNEC, e =
A, Coien H 75 F W) 1 VLR W) P B W
(pg-kg™") ,PNEC, e N5 S 72 DT vh (1) T30
TCR N M FE ( Predicted No Effect Concentration,
PNEC) (pg kg™ ) . HQ<1 FIARFG AT #2352 , HQ>1 3
AR AN AT 4652, e it — 208 Ay SR R R . 75
P PNEC {8 7T 38 2 HH A A8 4 1) B R B v
JE (LCyy ) /2 Je KB W B (ECy, ) B JC R0 vk S
(No observed effect concentration, NOEC ) 4% 5 1 4
I R B A 5 R YRR XU DF- Al 4k & (EU Risk
Assessment Report) 1T &1 PBDEs ) PNEC,

sediment

HHEATIHE, R 45 Penta-BDEs . Hexa-BDEs . 7 k.
5k 1.55 mg-kg™ T H (#% 5% A HLEK % 1 H—1k)
( European Commission, 2001) .2.7 mg -« kg™ i &
( European Commission, 2003b) .49 mg - kg ' 2 &
( European Commission, 2003b) Fll 384 mg- ke ' T
( European Commission, 2002 ). 2% fiff 57 th —=-F JR
BDEs >R J{| Penta-BDEs [¥) PNEC {11755, H.Yk &
17 TOC KL IEJFIH—L & 5% TOC; 75-L I8 BDEs Al
J\-JUIR BDEs Ak & W5k B2 22 K i 257 10 R AL IE 238
R E )5, 47 59 % A Hexa-BDEs 1 Octa-BDEs
PNEC {H 11 % ; BDE-209 W £ $% % Fl Deca-BDE 11
PNEC {E#EATIH5.

3 R E5i7i8 (Results and discussion)

31 RESZHEHSH

VTR Y () PBDEs ¥k B & K ZH TOC
W5 1.PBDEs 7£ it A DU AL il b S8 8846 | e B
4 10.2~193000 ng-g' (T, FIAl). H A ik
LIRS T i) PBDEs ¥ B S % (SY-M1, 10.2
ng-g') ,iX 5 CRIE YT 5w Hh X vk KO —
H(n.d. ~<20 ng-g"') (de Wit et al., 2010; Yu
et al., 2016) ; FALTIH T W T A5 #E 5 B9 PBDEs ¥ &
IR EE T SY-MI1 (t-test, p=0.028) , Ji I RT3
JZUTRRY ) PBDESs 15 3k 5 S i i HEA. 25 (8] 7
fi b, A FAYTIHE PBDEs 199 BE /K 3t ) R S804
Kfa & SY-M6(2120 ng-g ') B3 & SY-M1 1
208 175, UL AT 2 PBDESs 5 YL HERCE #i . E A 5%
5 B S TR T i) PBDEs e 208 T, GY-M1 #k
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BERIIA 193000 ng-g ™", St B UTFY 1 PBDESs (1)
FESE (Y5 F ) A 56800 ng - g™' (7470 ~ 193000
ng-g '), IR TRV B (542 ng-g™', 10.2 ~ 2120
ng-g™") M T iF Hi X (2800 ng-g™', 280 ~ 11300
ng-g '), P St & 2R VT sk PBDEs 75 4% i1 & K
HEBC , 3% 5 24 MR %) fL T R Al A 6. 2
SHUGER R RS Y PBDEs 15 4L A i
BRI, 25 6] b A R ARAB R AR T B, 20t 1) BT
BV %R 734 ngeg™' (XY-M6) . ZRVL T liEBRdL
W AR (XY-T1) HE 3 9 PBDEs ¥ B (280 ~
3390 ng-g ') F VT _LUEAH Y, (7T T iiF = Tl
i) PBDEs #¢ J¥ (734 ~ 4660 ng-g™', ¥ i 2170
ng-g ) HINEE T40T FiE, U505 H1X 1Y PBDESs
O3l 2 /K A4 ) R RS FF 2 L PBDES 75 44537
SIS HEIT (XY-T1) 3 ARG ZRT 3 THE IR
Yyt PBDEs AU B2 AR ALk — 2P AIESE 13X —HEWT . 5t
W5 IL AT BE GY-T3 # PBDEs ¥ 4 31400 ng-g™',
XY-T1 5 H T ~ 7 km, PBDEs ¥ B [% 7 11300
ng-g” LT XY-T1 fifm 09 271 R i £ T DU
XY-M1~XY-M3 ¥ PBDEs HYJF )% & (JLFl) KN
1480 ng-g™' (951 ~1940 ng-g™') , XY-T1 fiy A J5 471
F i XY-M4 (3160 ng-g™') Fl XY-M5 ( 4660
ng-g ') [ PBDEs W& FE 334N 1 2 £5F0 3 %, =W
Tt PBDEs 15 O AL i B ik AT 05
S B B Y PBDEs 75 Y2 M HE , il i /K M i) R
liFiE# PBDEs s AHXT A FR. G140, 5 GY-M1 AH 1L,
FEHR U729 2.9 km 9 GY-M2 RAf &5 PBDEs ¥k J&F
(11200 ng-g ") TRET 29 17 %, XY-T1 5 GY-T3 4
L TR TR 3 5. 15 e il K IR 2 2 N &R
Soma AL TS YA B YAk BT TR TOC & &
FIK BN T3 460 CAnK e B2 0%/ KGR/ A iz ol
95 HARA A T 5E) (Wang et al., 2019).
PBDEs b4 W /K i 14 559, R IR PESR , &) W fff T 5
TEURL B TTCRE T R AT % 2l 32 BIR ;5 I A R VT S8
ERRHP IR PR A, RN 7l (A AR M IR, T
SRR R E R, R B K E LS TR
KNI K I K ] = A hb o e K S2 1]
T K], 3 LK 7]/ AN R BHL LR ) A, Al
PENIK IS (RBMLE~0.68 m™s™' , RWFFTHE
iR CLESE 3 AN H JCH, JR AKX K 5y
1AM T PBDEs 78 /K & H i B 77 P-4 Bid it
% A FIT PBDEs BUTLRE 7 A I GRVT I Y
W E PBDEs V5 Y 32 24 th e Bl 1) Be S 4K

25 LRI P, 33X R I 90 38 1 YT B 3 B RN AE A2 31 PR AL
R T HIS%.

H A2 T B LR L S S PR b (A 2R B
W5 i L 5 N ) BREE T PBDESs V5 4% A B 58 85
Z . sell5 F & M UTE Y ) PBDEs W FE S 4430 ~
280000 ng-g™' (Luo et al., 2007; Qin et al., 2009;
Labunska et al., 2013), 5 A& #ff 5% ¢ 5 B — 3L
(7470~193000 ng-g™") , HI/ T BRI i/ 13 2.
Wl e (n.d. ~16000 ng-g™") (Yu et al., 2016) .4
L F W i R R g X OB T Y PBDEs ¥k
JERAIG (483 ~5310 ng-g™") (Wang et al., 2015) Y
R B X Y 1% ~ 10% , 3% 7T BE-55 P9 b A BE L 1 457
WAV 7 225 A O W A b X 32 B (S NG
PRE TR0 T A4 26 R A A, S M DX 32
A 3 AK [ S e B A R S ), LA BB i 22 O A
PR b % 7, X 207 S R T N PBDESs
[n) 5% H ARSI ( Greenpeace , 20025 2003).
3.2 TSEMARKFHERIRE S

PBDEs [ FR{A ([7] R Y) 4 R AIF 2 H IR 5
YL Y5 AR EE A B8 4% (04T O 1 55 24K 4. PBDEs A4
3 PR A - FLBREE AR B ( Penta-BDE ) | /\ IR IK K ik
(Octa-BDE) Fl 1R BX K fiik ( Deca-BDE ) , 34 2k 22 Ff
PBDEs HUKMIE A Y, HARHE AR (FRD) 5390 h
BDE-47&-99 ( PU-H % BDEs ). BDE-183 ( /\ {&
BDEs) #ll BDE-209 ( 1J®& BDE) ( La Guardia et al.,
2006) .Penta-BDE % F R A BRI T, D&
FH T H B AR 0 51 S B, 26 1619 Penta-BDE FH 2
B AR 95% PL | (Hale et al., 2002) ; Octa-
BDE FZUINF] ABS ok IF T i L g g
Hhoe Bt BRI R REE T SE; Deca-BDE
P E B A R O BN TR TR
aA Tl , WA T A MUY 2 A s b B
(Eljarrat et al. 2011; F £ 85 2016) . FKFEZHE K
%) Deca-BDE A= F=Fifii FHE , {H Penta-BDE F1 Octa-
BDE 7E3& [ 1y A4 7 Fn i AR 2>, HLAE 2006 49 4%
1E(Ma et al., 2012).

5T FUFDURY (SY-M1 ~ SY-M6) H /i) PBDEs
LA BDE-209( Deca-BDE) A ¥ (¥l 2,73.5% ~94.2%,
YIMH 85.3%) , X 538 it 4128 19 B =T H PBDEs
1544 L BDE-209 k3 (VR H1>70% ) DL R 3% 5 3=
ZEHF Deca-BDE J&— 301 5 27T A i AH
Lb, 505 BE TR h PBDEs 1% 28 B = A8 fh 35
HAFEEATELL BDE-209 R %, iX 5 ZHUHRGEFRHE T
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Fig.2 The relative abundances of PBDE congeners and homologues in sediments from the Lian River, Guangdong, China

5% * PBDEs DA Deca-BDE k3= —3 ( Morf et al. ,
2005) , {H H A X £ 5 Ui A R T B
(4.65% ~50.1% , {8 23.2%) , PUTE TR 1R
BDEs i b ] FF . Hob . GY-T1 F1 GY-T2 VR
BDEs A H1 40355 35.19% F1 42.0% , 5.5 5
THITHERES (0.769% ~ 8.46%, i-test, p <
0.001) , JLIR BDEs MYV EE LU (11.3% F1 14.1%)
W T RIT HE AL (0.808% ~9.48% | i-test, p<
0.001) ; GY-M1 I GY-T3 W LA PU-F 1R 1L BDEs Ky
3, HAR T =F B 43 B3k B 60.7% Fl 45.8% , i & T
BDE-209(4.65% F1 14.6%) , iX #' LA Penta-BDEs 15
ek R AE 515 K (Chen et al., 2009) (3R
JZ KR (Leung et al., 2011) ARG FHA TR Y (3T
GY-T2 >R Ff #1) # #f i 4 (Luo et al., 2007;
Labunska et al., 2013).Penta-BDE = %2 i FH i B &
BRI R TE SIS T A 22 0L, AE F B Al T A2 5% 5 ) 4
fiff 0l =z — , DAL A T B M P 58 v (R YR B Y Penta-
BDE V5 4% F2 223k [ T A B AR 1 [l alic 4 P A Gt
S Bt FRUE B M 48 b 45 ( Labunska et al., 2013).
SRR, 505 PBDEs 15 Y S BLAN R 45AE . O LIFR
FEl £ 7= F i FHAR 2 ) Penta-BDEs 1 Octa-BDEs
F, X5 HYF b ) 32 BOR IR T 45 Rl g 4 i AR T

i 3A7 5% ( Greanpeace, 2002; 2003) ;@ 45 KA A
PBDEs 1 A AFTE R K 22 57, i 5 HOA [F R 4R
AR TARAT (18 1) : GY-T3 Fr7ERY 5 FH
o AT T4 A oL 57 30OR R Ok flL B Al 3 2R
Penta-BDE 7505, GY-M1 i 3 — & B B A K
T L B I ) A0 R R R B e LA
Penta-BDE 1594 3 ; GY-T2 I ik A6 3 Fndb kS, 3=
B3 ) v T A e H B R i HES e , DA - IR
BDEs 15440 3 X AT BB A&7 & FR A Octa-BDE,
WAl BESE P S T Deca-BDE {H 15 i Ak F 5 H:
I TR R figt B\ - JL IR BDEs , ELAJ5 DU AR 5 T SCHY
FRF A EE R —P 18 GY-M2 F1 GY-T1 Frfe
AIANEZ RS LSRR AT T2k 3=, 280 3 Al
i 75 Qe HAE 2. Lunbunska %5 (2013) R T 5%
U5 35 R VTR R PBDEs 15 4e 35 2 B A7
1 2% 5 ( Site-specific ) & A Penta-BDE ( BDE-47&-
99) 1 Octa-BDE ( BDE-183&-197) g 3 HU4H1E.
%l R L W T XY-T1 ( BDE-209 . 17.4%)
A GRVT R I F B S (XY -T2~ XY-T5) UL i
PBDEs 173 Lk BDE-209 & 3, #H X% 4= B ( 70. 0% ~
91.1% , 3118 80.9% ) 5 Ll —B AR T i £ 11
DU (XY-M1 ~ XY-M6) H BDE-209 (1) A1 X} =F F&F
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(34.5% ~78.3% , ¥J{H 56.6% ) B BAK T b ¥, mifik
R4 BDEs ( =-7N) Ho il (15.8% ~ 61.3% , #4J{H
35.0% ) W T 3% (3.53% ~ 17.8% , #4118 10.0% ) ,
511589 PBDEs 20 iR EAR L, LBH 52 U5 A9 Penta-
BDE 75 4% T3 il /K AR R X R U™ A T RE ).

itk —2 AR VT UUR Y B PBDEs 975 ok
U5 K Bt5 PBDEs 15 42X} T Jie X i) BTk L i), A A
5% PBDEs BLARVE B T T £ -2 u gtk mlH
S3HT, SRR IR 3 AR5 1T A R 98.19% 11 B4 AR
#(Cl ~C3,% 2),Cl # BDE-209 18 7 & &
(4.162) , b & 5 T H B K (-1.172 ~ 0.285 , t-test,
p=0.000) , HAEZRIT_F 3% 3= 1 B F i 32 28 S0k i
R T AT R LI C1 AR R
ILA Deca-BDE b F 1 H5 5t15 4 6 C2 F 24557
1k4& ¥ BDE-47 . BDE-99 Fl BDE-28 45 =-Ti Ji
BDEs, 5 Penta-BDE B Mk it 41 B B 5K 2 3 ( La
Guardia et al., 2006) , £ GY-M1,GY-T3 F1 XY-T1
R b R A, AR BTG M by AR AR Y
Penta-BDE 15 42 P25 C3 DA 7~ 19 e 0 4 44y
BDE-197 (N -7154> 3.728) , Al figJi T L) BDE-183&-

197 HE ) Octa-BDE Fil i, 3 # Deca-BDE 1]
TR f#, {5 C3  BDE-183 A4 [ 1 15 7 #2 %
(-0.338) 1 BDE-209 N ¥ 7% 73 (1.114) LIk T
BDE-197, } ¥k J& BDE-196 ( 0. 911 ) #il BDE-207
(0.464) .BDE-209 F# AT EMEY, MR T
Gy A VR A= /- LR AR BDEs, BDE-197 Fi1-207
BEUE 52 2 BDE-209 119 3= 2234 f# 7= 9 (Li et al.,
2016) , 1M SelG P16 2 2 00 S B AGS 2 anvs i
JJE L AR, s Rl P A R ORE ) IR 3 SR R KRR AE
XL A] fff BDE-209 @M. F L L, B AR
C3 AT ZE GY-T1 1 GY-T2 —AMi T LA R
Rl AL [ SR EAANEZ R, — 0 TR S 19k
MRS 245 K 1) SRk i) ey Ui Ak B AR ik, Ak
octa-BDEs Fll non-BDEs RFIXT Y g & & T HE
H DR, A SR W E €3 IFAEf(ER Octa-BDE 1544
BTS2 Deca-BDE #fi# I 1475 Gy HR i =0, 75 %2
TR, B A PR G P AR SR D TR i SR
(XY-T1) S HIC A E B XY-M5 XY-M4 Fl1 XY-
M3 |3 H A 8 i PR A 2R AR, R UCIE S 5 I b
DX 15 Yl 3 K AR R X T Uit = AR T R

F2 LAY+ PBDEs BERENERFIHER

Table 2 The principal factor analysis results of the concentrations of PBDE congeners in sediments collected from the Lian River, China

o ERES - K R e e A et R
Cl C2 (0K] Cl C2 c3
BDE-17 -0.076 0.062 -0.757 SY-M1 0.998 0.082 -0.027 -0.041
BDE-28 -0.214 1.218 -0.693 SY-M2 0.997 0.084 -0.035 -0.039
BDE-71 -0.107 -0.110 -0.599 SY-M3 0.999 0.088 —-0.040 -0.048
BDE-47 -0.629 2.696 -0.052 SY-M4 0.978 0.100 -0.055 -0.074
BDE-66 -0.267 0.725 -0.423 SY-M5 0.997 0.082 -0.034 -0.036
BDE-100 —-0.188 0.025 -0.368 SY-M6 0.998 0.079 -0.024 -0.036
BDE-99 -0.572 2.120 0.169 GY-M1 0.952 -0.116 0.385 0.027
BDE-85 0.285 -0.753 —-0.744 GY-M2 0.993 0.055 0.042 -0.020
BDE-154 -0.152 -0.180 -0.323 GY-T1 0.998 -0.155 0.024 0.577
BDE-153 -0.287 0.441 -0.019 GY-T2 0.997 -0.194 0.013 0.676
BDE-138 -0.015 -0.573 -0.584 GY-T3 0.94 -0.053 0.312 -0.015
BDE-183 -0.001 -0.649 -0.338 XY-M1 0.996 0.082 -0.012 -0.055
BDE-190 -0.003 -0.808 -0.514 XY-M2 0.896 0.088 -0.030 -0.065
BDE-202 0.051 -0.906 -0.677 XY-M3 0.996 0.051 0.006 0.024
BDE-197 -1.172 -0.352 3.728 XY-M4 0.981 0.051 0.057 -0.024
BDE-203 -0.181 -0.772 0.192 XY-M5 0.913 0.024 0.164 -0.061
BDE-196 -0.379 -0.687 0.911 XY-M6 0.998 0.076 -0.018 -0.029
BDE-208 0.019 -0.837 -0.427 XY-T1 0.961 -0.084 0.309 0.096
BDE-207 -0.191 -0.669 0.464 XY-T2 0.997 0.080 -0.041 -0.022
BDE-206 -0.084 -0.647 -0.059 XY-T3 0.998 0.073 -0.034 -0.009
BDE-209 4.162 0.656 1.114 XY-T4 0.998 0.085 -0.039 -0.040
i H 3L 69.2% 16.4% 12.4% XY-T5 0.997 0.084 -0.039 -0.035
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¥ 40 &

DU ) TOC 25 i XAG HLTS Y (3 78 4
e A B A 55 0T T DU RE S Y TOC ¥k
B, IFXH 545 PBDEs fb & W E 4T T Pearson
AR E 40 Hr. 45 R R W, B 38 DU B & P 45
PBDEs Ff {4 2 [B] 52 804K 45 19 #H &% (R = 0.935 ~
1.000, p=0.01) , VLW HEA R AU, {55 TOC
PIARAEAE B EAHEE (R =0.462 ~0.530,p = 0.051 ~
0.096) , X Ui PBDEs 5 TOC HA A [F I, Hr ik
B A1 PBDEs i AR5 0T YA HLBTR 2 W [/ 53

T - £y
3.3 SERBEMNESXE

ARFFER A (2) RT3 AN BT
PBDEs (Y75 el & 1 (t) #E47 T8 (Ali et al.,
2016).

CA.dp

= (2)
K, C TG YIPFHREE (ng-g™") , A HFTAFFE X
BB R (RIS i 508 km® 5 SIS EL . 116
km? s ZRVT 505 T . 722 km?) ,p WU Y%
(1.5 g=em™) (Ali et al., 2016) ,d JUTFRY) AL
PR (~5 em) SFEEEREH . A LW F 3 ASE
UURLY) h PBDEs 1175 Y4 3 5 °F- 34 8 = b 1 I 22

(SD) (FE ) 43 54 20.7+30.3(0.389 ~ 80.7) t.
477+648(62.8~1620) t 1 152+169(15.2~609) t.

R DR XU TP A 1 AR 45 5 T ( Technical
Guidance Document on Risk Assessment of the
European Union) ( European Commission, 2003a) , 75
GeM HQ<1 RIS AE 1] 45 32 Ju [ Y, HQ > 1 JUJ 3%
BIAEE T KU, | T 2 — 2D T A B 52 151 3 Oy
ZRILULRRYIH PBDEs B9 HQ . Hh BRI A1, 59T i
PR B HQ (34 <0.1, & B AR 8 KBS 78 T 257
R A 5 (H 5 0 B I AT A A Y HQ (B4 =1(1.09 ~
63.9, 18 19.0) , £ WL IX K ) PBDEs 15 YL 715 ™
AR ; 52 5 05 M X 75 L 3B 52, XY-T1
XY-M4 Fl XY-M5 %) HQ {& 537} 3.38.1.34 FiI
2.45 29> 1 AWAFAEA AT 32 WU 5 25 R G, T
HOZ XY-M4 il XY-MS5 £ 5% 37 9 [T 9 ) 80l 57 4
X BARZRL T e AR I HQ fH< 1, {BAE
0.1~1 Z[Al.%F PBDEs TIL4E AT IAEE AT, HAE
TRIP BFEAEIE 2 A SR B ACH4E ) i
BTG Qe i R F 27 7E , H PBDEs A MG R AP
PR RS M | 5 5 1l X vy ok 3 0 G i i 8 S I
Xof T i S ) e | A R T

o f — 0O Penta-BDEs B Hexa-BDEs
_ £ Octa-BDEs (] Deca-BDE
1.0x10' _
1.0X10° &
o M M =
jant = —
1.0X107!
1.0X1072 H H ﬂ ﬂ ﬂ
1.0X1073 D D - <+ v o - N —~ o — N o =+ un O — N o D 72y !
=22 3 2 =2 ZZ 5% g =32 >3 > £ 5 g R g
5% 55 5 b 55 0° 00 Xk kxox SIS
B3 ZTin#Y+ & PBDE Fik&H KK EE(HQ)
Fig.3 The Hazard Quotients ( HQs) of PBDE homologues in sediments collected from the Lian River, China

AR DT R EE 90 1T, A3 B F Octa-BDEs Fll
Deca-BDE , Penta-BDEs( =—-F.73/% BDEs) 3 H &
SE FR) 7K A A W mT R R SR, 2 PBDESs fi £ 8 )
HQ BTHkT5 YL, 5Tk L (9 208 (FE ) 53K 90.6%
(72.8% ~98.7%) , H: ¥k /& Hexa-BDEs ( 75—t AL
BDEs,0.635% ~ 18.3% , ¥J{H 5.36%) 1 Deca-BDE
(0.045% ~16.2% ,¥J{E 3.19%) , ik /N2 Octa-
BDEs ( /\-JL1% 1 BDEs, 0. 041% ~ 5. 52%, ¥J (&
0.864% ) .30 I TN R A T 2 Fh g

1YY AL [ VR F A 45 S AN AL HE A B 5T 4 B 1
PBDEs, iA 5 H & HFRs , WY 2 &K 23
JFIE AT A AR A P R R A R T
WA (32455, 2009; Bi et al., 2010; fHEFESE,
2011; Li et al., 2019) , 31X #6355 YL n] GE 12 5500 P
[F) S hnxt LA 7= A= 5200 ( Xu et al., 2015) A%
J& PBDEs Wi AR AL T 5l ST e dth XA AR 28
AU | %o 12 DX el T BT Je B 22 R A B AT 5
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4 2512 ( Conclusions)

1) 230D PBDEs 7625 [A] 43 A b 5 90
Sk <ZRIL 50 L << S5 Be>> 5215 T iiE>> 5t
TE AR, BRI ZRTT /K AR T ) PBDESs V5 4% 2K H
TR R HERC, Sl d DO 5 = 1% FL - 57 S5 B A 1 20
JEZRIT. PBDEs 15 44 1% e 32 ZEHERU.

2) GRS B Y PBDEs 1975 YL 4 Al
FIR SR/ [ AE R 2 5 R U1 Ui ST i
LR LA BDE-209 4 3, B2 Bl Deca-BDE ¥5 LA
3 Tl Hb DX 0 A7 A A K A5 A 25 55, 40 ) 2 B
Penta-BDE ( LA BDE-47&-99 } %) Hll Deca-BDE flii iR
Ff# (LA BDE-197&-209 A 32) BHFPREAT (975 G 24 A%
P S5 R UERE S P R AR 3 A IR S
G %) PBDEs L [n] FiifiE & Jf X1 H PBDEs 75 4441
B T R

3) A2 vl b XSS AR S, Sl &
R 20 km 0] BE TR Y PBDEs 15 4234 4b
TEEAE-H HQ #1>1, 5l B: HQ #: % /51463.9,
FAFFAEA T 2 B A 25 KU, 4 5 O 12 2 6
TR X, 2T PR E— 25T, I R ILA S
BT G g il R R it

EEEEFEN .22 (1981—) , L, A5G, B TheE
Vi S A S PRI A R B/ TR R S B, KON 2 KR IR R R
PELIR ) | o — v 4 L AL 5 X M AT ALY e 4 IR IRAT A
#REREFE 5, & R M %38 X 30 & . E-mail: huiru.li@ m.

scnu.edu.cn.
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