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Abstract: The concentrations of 41 polybrominated diphenyl ethers (PBDEs) in the river sediments from Lugiao were analyzed by
GC-NCI-MS. The objectives of this study were to understand the contents, spatial distribution and sources. The Z4OPBDES

(excluding BDE209) concentrations in sediments sampled were in the range of 0.177 to 161 ng - g™', with a mean of 22.5
ng - g¢”',and the concentrations of BDE209 were from 0. 36 to 958 ng + g™, with a mean of 148 ng - ¢”'. Deca-BDE was the most
predominant in 9 PBDE homologues in most of samples, accounting for 38. 4% -96.0% , with an average of 74.4% , followed by
nona-BDEs and hepta-BDEs, accounting for 3.3% -25.8% and 0.01% - 14. 1% , respectively. Significant correlations were
observed among all of PBDEs congeners, which suggested these PBDEs might have the similar sources. The homologue
composition of PBDEs and hierarchical cluster analysis (HCA) showed that most of sampling sites were mainly polluted by
deca-BDE formulation, and others polluted by deca-BDE and octa-BDE formulations. Compared to other studies from different
countries and regions, the PBDEs concentrations in the present study were at a medium-to-low level. But it should be concerned
that a few of sampling sites were highly contaminated by point sources.
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Fig.1 Schematic graph of sampling sites of sediment in Luqiao

1.2 ARAEYIR SRR
SLHG B AR — 5 e I e MR ot 2 A
srpral (B2 ) R B R 5 K

IR P2 ORI T . B (100 ~ 200 H)
A AL AR (100 ~ 200 BH) WK HNER , =% H
Bt M 0F © B S 76 130°C R %Ak 16 h. BE i 4 W
TEALBE (44 g HEBRER /100 g REFR) , BALBIMA 6%
B Atk L TE AL, Fe o0 Wk 1 I S, % B ORAEAE
TR, A5 24 h. g 5% 25 KA R-215 (FE L
BUCHI) , Milli-Q #A4li/K#L ( 32 & Millipore A ] ).

PBDEs #5FE ; 41 F PBDE [R] 28 9 b ofi i (45 —
¥ PBDEs (BDE7, 8, 10, 11, 12, 13 fil 15) . =&
PBDEs (BDE17, 25, 28, 30, 32, 33, 35 #137) .4
# PBDEs (BDE47, 49, 66, 71, 75 #1 77) . fi iR
PBDEs (BDE-85, 99, 100, 116, 118, 119 fi1126) .
7NTR PBDEs (BDEL38, 153, 154, 155 #1166) LR
PBDEs (BDEI81, 183 # 190)., /\ {%® PBDEs
(BDE203) . JLIR PBDEs ( BDE206, 207 #1 208) i
1% PBDE(BDE209) ( 3% [#l Accustandard 2 H]),
[l & N r BDE5SO H1"°C,,-BDE209( 3£ E CIL 2
Al , HEEEN AR PCB209 ( 3£ B Accustandard 24 A)) .
1.3 FEahmrab e

HEFRFRIL 10 ¢ DIRRIAE AL , 5 10 g To/K B AR 4
WFEE 5] A — & & W2 N Ar, I 150 mL 74 i
FIECER AR (ARBE N1 1), RIKHEE24 h.
i ST 8 RS I A S5 3% AL R R IBOR Tié e 7
BACHR AR W 15 5 4 Ry 1E O %t I o ik i/ SRR
BEREE. FES A, JEH 40mL IE C Rk
VeI LV, SR 5 A 50 mL A H bE / 1E O ke
RAER(RBIEA 1 1) P, TR, I+ &
SR AR RS A BERE AR SR e A
% 0.2 mL,f§ GC-MS 43#7r.
1.4 FEMISHT

BT AL &8 4 Agilent 6890N < AH (1,3 -5975 J&i i
A (35 Agilent). (35 45 1. HFAF DI R
280°C, HA M EA A, HHHE 1.5 mL - min™',
ANordeRE. M PBDEs ~ LR PBDEs Hl DB-5MS
% F (30 m x 0.25 mm x 0.25 pm, J&W
Scientific) 4. R FHR M. WIERIEE 100°C
P52 min; L120°C - min~" F} & 200°C 14:+5 10 min,
P2 C - min”" FF & 250C, {£4#F 5 min; FHLL 5
C - min" F}F & 290C, %+ 15 min, &J5 U 20
°C - min~" BYE R T F 300C, £FEF 15 min. AR
PBDEs ~ | — 2 ( BDE209) fii I} DB-5MS {13
H (9m x0.25 mm x 0.25 um, J &W Scientific)
A, TR AR P 90°C A HE 1 min, R LL 10
C - min" W EFAFE 220°C, {445 3 min, FLL 20
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M BR (LODs), —¥% PBDEs ~ JUIR PBDEs i J5 V: 46
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ng-g . B [ I R 38 R 4 BDESO
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Z R IE, BT A S5 R LT H IR,
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YRR R N 25. 6% ~ 100% ,FI1H K 61.9% . 1
W22 41 Fl IRl 258 ¥ BDE47 BDE49 BDE99
BDE153 BDE183 .BDE203 .BDE206 .BDE207 .BDE208
1 BDE209 £ HH3% > 90% , H:# BDE203 .BDE206 ,
BDE207 .BDE208 F1 BDE209 5 ! 8 100% | T
BDE7 .BDES .BDE10 .BDE11 .BDE12 BDE13 .BDE30 |
BDE32 .BDE33 .BDE126 #il BDE155 (45 Hi % < 50% .

> PBDEs (R4 BDE209) 7EHT R ) 7 ik
H0.177 ~ 161 ng - g™, FHHH 22.5 ng- g,
BDE209 % 4 0.36 ~ 958 ng - g, FIHH N
148 ng « ¢7'. WZS I3 A 1B, 7T REERI(6.9 .18,
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ng g7, BN EERAE AT AR L B L R W PR A S, 2
FL T 2 W % 0% Bl 0 s e /s (RSRBE A 17 AR %
RN TR EI KN, > PBDEs ¥
JEAL R 3.56 ng - g, BT K AU AT BOR R
FNPURRYD 025 B KA SR i, 7E e i R A (AR i Bk
ZAREME. FHAY 20 A RAE ST R A T UL E 2
FhdgE B Z 1\ (10 ng-g' < ZMPBDES < 258
ng + g™'), PTREREAZ LA b SR Y 5 1 AR . AR F
98 XU AR FE S PBDEs & EEAFERE R 22 5, Ik
TS X5 P HL R ) T A A T S 3R B
2.2 PBDEs [ABAK M4 AR IE S PBDEs K I 534

PBDEs Tl & 59 4% Bl 20 43 £ A8 77 R A o A%
TR DURE R JE L SR B v, IR PBDEs [W] 2 48 5
IR REE, — B ABISEEA O, T R i
fl2F B CREff VAR W B A 0 O A S A AR
TN KT PBDEs [[I269 1), BT AAE BRBE A o
WA R 2 2517 19 £ Fh PBDESs [F 28 ¥ ] & 3. DR
WIkE SR 9 B PBDEs [R] 1A 14 B 43 4 B an 1 2 BT
. IWE 2 AT LUE AN PBDEs [A] AR 76 T A
s b A o3 & A AN AHE, IR R ik (BDE209)
SR BRI, 4 38.4% ~96.0% , FH{E N
74.4% ,16 DR FE b BDE209 &9 1 4 & B T
80% , Hovh 6 NIt T 90% , 94.5% WK FE S
BDE209 W sk it 50% , (LA 2 A RAE S (14
27) BDE209 By AHXT & 5K T 50% , 5351 4 49. 9% #
43.4% . H R JZJLIR PBDEs [F Gk, & 3.3% ~
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2.49% ) AL, AT X BT YRR S P B LR
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Fig.2 Relative compositions of PBDEs homologues in river sediments
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F1 octa-BDE Tl i, 26 3 25 R34 penta-BDE Tl
b A5G AT PBDESs [A] 75 4 41 B R AE /) 23 A7 o]
551 2R 24 SRS EE S RIS PBDEs, 2 A
5 deca-BDE Tk S AHAL, VaBHX 24 AL B 7
#| deca-BDE Tl {59, 55 2 J5h 0 15 MEE G
BT %% 3| deca-BDE Tl /i )75 4L 4, 18 32 3|
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VORE MR R A1 F NN
2.3 PBDEs [FZ5¥ 5 TOC WA K53 Hr

X} PBDEs 45 [RIZE¥) F1 TOC #E47 T 2 IR b #H 5%
I3, 5B, 4% PBDEs [a] 254 2 6] i 2 1 AH 56
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HToC Z AR B EEM K (a = 0.05, p < 0.05),
HAth PBDEs [ 28%) 5 TOC 2 8] G i 35 48 M1 &1k
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HRKOE 55 T B A Tokyo 151 gk 4™ J 1]
UEHE KT =AY S eEE Busan 351 13 [

*x1 ERMRENERY S PBDEs WEE (LT HEIT)/ ng-g™!

Great Lake ™ ™2 (1975 4L 7K - 4H 4. RO, AW
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Table 1  Concentrations of PBDEs in sediments all over the world(dw)/ ng+g ™"

T 5 4 27 RS/ > PBDEs" BDE209 Sk
Clyde ] [T (B2 [H ) 16 1 ~307 1 ~2337 [14]
Scheldt 1] [ ( faf %) 15 14 ~22 240 ~1 650 [15]
Vero 1 (FE L) 23 2.60 ~1936 (402) 7.46 ~12459 (4542) [16]
Tokyo & ( HA) 10 0.051 ~3.6 0.89 ~85 [19]
Busan ¥ (¥ [H) 20 (1.8) 14.0 ~2248 (283) [22]
Great Lake( 25 [#) 9 0.49 ~6.33 4.3 ~211.2 [23 ~25]
i 14 0.07 ~5.24 0.30 ~2776 [3]
BRI 11 34.1 ~444.5 792 ~4137 [17]
RYT. 10 0.78 ~49.28(12.87) 27.23 ~3575.3(890.3) [18]
ARIT 10 2.21 ~94.72 (26.92) 10.46 ~7341 (1441) [18]
[EpAN 10 0.13 ~0.59(0.36) 1.95 ~77.4(16.06) [18]

SR 1) i 8 0.27 ~76.54 (16.31) 0.10 ~70.11 (14.94) [20]
KL =4 13 nd? ~0.55 (0.15) 0.16 ~94.6 (13.4) [21]

B M EE AR 41 0.177 ~161 (22.5) 0.36 ~958 (148) ARWF5E
1) > PBDEs A4 BDE209, 5 P4 F- 141 ; 2) nd R0 KR

(2] B, BT, R, 5. WS XU Y A0k

3 #ig

(1) TEFEAT BT A VLA AR b Hp, B A A I 2]
PBDEs, szBDEs(;F@% BDE209) 1 & & N

0.177 ~ 161 ng - gfl, SE Y E N 22.5 ng - gfl,
BDE209 )55 40.36 ~ 958 ng - g™, F-H{EH N 148
ng * g_l. Liﬁbﬁ%ﬁ%ﬁﬁﬁ%%ﬁiﬁk, i A7
TR RE Y.

(2) PLAHYIRE S T PBDESs [a] 1A 2 s E Ky
ZBORE S B £ B PBDEs [ 1 44 & 1 1R — Ak
(BDE209) , i 38.4% ~ 96.0% , ‘F-YJ{H } 74. 4% ,
94.5% HYFE S T BDE209 By 57 Bk #8 i 50% , JLIR
PBDEs - PBDEs IR Z , 4335 3.3% ~ 25.8%
O0.01% ~ 14.1%.

(3) IRl AR 20 BRI R 25 43 BT R B, T A R A
¥ 5 deca-BDE Tl il (75 4 | 5 A — L2 R AR S BR
%% deca-BDE Tk i 975 44 4F ,octa-BDE Tl
WA —E M BTHK. PBDEs [F] 2 AH & 1 4 b R BH .
KZ % PBDEs [R1 2R YA AL i A& 42.

(4) SEWNINLE WG L, BF 58 X 8N TR
Yrrh PBDEs V5 44 b F IR K- B A B FE 45 52 AU
e AL ONRIEEES e
5% 3.
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