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gl FH AW ekt , 285 B F 600 °C 1Y S it
K 6 /INEF, T MR T AL DR A A ) s B AlK (4
MILLIQ 7K &lifk & Geglifb., L BH %4 18. 1 MQem) ;
fit )& ( Merck, Darmstadt, Germany ); R b &E %
(44 % BRlR , w/w) ; 22T EERS (3.3 % H,0, w/w),

SOM S = T DU R FF B Bk H AY Varian
CP3800/300 GC — MS/MS, it % 30 m VF -5 — MS
(5 % phenyl/95 % methyl silicone, 30 m, 0.25 mm
i.d., 0.25 pm film, Varian, USA) fl 15 m DB -
5MS (0.25 mm i.d., 0.1 wm film, J&W Scientific,
USA )., i 3 o il 2 H X
( ASE300, Dionex /A ) , Bt 100 mL (%5 B,
2.2 HRRESLE

WAER R Z DI (0.2 kg) , R T BFE
A i e 25 . MERIARE 10 g HFEFT 20 o Ak £
FEOTIRA] PR R 2 2 O 4% B DLR SR AT
ASE ZEHU, 2 B 70 1F & b/ & W b (KRR EE A
1:1) iR 100 °C,JEJ5 217.7 kPa (1 500 psi) , &
ZSE] 5 min, WRBEIAF Sy 60 % MR A& AW I I
] 8 90 s, WRASZEEL 3 K, ZEBUR ATk a5, &
R A fE A AiAL fEAE R 2 PRI A 5 ¢
TCKBRBREN, 1 ¢ %7K 3.3 % By EIGHERE, 15 g BRIk
RERE (44 % BRERFRAL , w/w ; SEURHI ) i 75 ZEAR 4 2
PR EIARE BOIR B AV B AT ) 2 ¢ /K 3.3 % Y
EIGRERS AN S g JoARBRERAN " e & I 2 Bk
Iy 2 R A AR 125 mL IE & %%, 125 mL
ZHEMBL ECKE(1/9) VR, TR G P ER 43 10 e
7 550 mbar 1 60°C Y55 F T e W4 2 1 ~2 mL,
FIRE IS 8 o A R 4R E I A9 3 T #E 43 B PBBs,
PCBs 5 PBDEs, F'FEJ5 H 60 mL 1E C B Ve 2 50K
AR5y, 100 mL 1E Cobe/ S FLE (98 12, v/v)
TR A VAR VAR S 2R A 2 IR BOR 4 4y, e 75
100 mL IE e/ S HEE(90 1 10, v/v) IR A H R
VRN Z TR O Bk 20 43, WCEE 19 45 21 43 3l Wk 4 |
HZE100 pL T T AR HT
2.3 {UEESH

Varian CP3800/300 GC — MS/MS S AH {8,31% 5% J1]
oo iR =, A = 4l He, fH L. 5 mL/min,
PERES 1wl B F RN 11 TR 4301 200 °C
250 C, PCBs R H M F 3% i (EL) £ & 5 Wil
(MRM) #3730 47,30 m VF -5 - MS {3kl | 785
FH .90 C A8 1 min, UL 4 °C/min M HE T} F
250 °C, 4R J5 LA 25 °C/min B3 Z M 250 C F+ &
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300 °C 5% 5 min, PBBs fll PBDEs % JH B T4 K 111
B B (ECND) 84047, LAss Br Fll, Br h 8
WS E 7, PBDE209 [ 28 1 5 T8 m/z 484. 6 Al
m/z 488. 6, 15 m DB - SMS {4, i% 4, 90 °C {4 &
1 min, PA5 °C/min AT % 290 CIFE 5 min, HL
TR AR HL R E O 1250 V.,
2.4 RERIESEH

B2 e 11| R N [N G ERET LG T LRV 311 NE B 8
BT KBRS FEHIMRRE T, 5 10 DRSS II—
s AR P2 Ry S is 4, VIR R0 &%
"€, ~PBDEs (10 ng)ifkBAHIAIE A 75.2 % ~96.5 % ;1]
WSS /"% TMX, PCNB FI PCB209 Y [EISCR N 70.4 %
~92.5 %, 81.6 % ~107.4 % F190.8 % ~112.6 %,
PCBs & brifEth Ze iy ik FE 245 1.0, 5.0, 10.0, 25.0,
50.0,100.0 nge mL ' ;PBBs il PBDEs & bR £k 1)
WeREAI45 0.1, 1.0, 5.0, 10.0, 25.0,50.0 nge mL™'6 4~
W PEGL  LMAR SR BTy 7 > 0.99 FEA: A ARAG
FR(LOD) LA 3 f5{EME L (S/N) KI5,
2.5 SZitaH

FE 5 PBBs, PBDEs 1 PCBs 4 ¥ BE K T LOD
BF, R 172 LOD SkiffTge it it 58, Geit o Hr i
N SPSS(ver. 11.5), JUf[ P (e i B 55 S 1
1845 AR PBBs, PBDEs 1 PCBs 7EFE & iy v
FE o TEMIL 50 % BARE ARG HH R EAE o 0 A 0
TG 5T

3 #£R
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AR R A G R AR > 55 9% , i g BRAR X 2R 1Y
PBB153,155 1209 [k R A4 <22 % . PBDEs MK
HHREE ] 1.78(nge g+ dw), PBDE28 Fl147 J&f H
SRR A [RIEAR , 7390 5 X PBDES (1) 16 % 121 % ,
1M PBDE209 A g #6 (WL 3% 2) . RIZVIAY iy
PCBs S35 Yy, W B 20. 57 (ng» g« dw), H
H1 PCB28,52,66,138,156 F1 170 J2 A6 Hi e B AH X448
TRl (W3R 3) o
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Table 1 Statistical results of PBBs

(inng+ g '+ dw) in the surface sediment

KIZVBY (n = 45)
JUT 1 e fi ] for th =%
PBB1 N.A. N.A. 0.01 ~ -0.31 44.4

5 YY)




- RVLB (n = 45 = RULRY (n = 45
75 Y iy RIZVIEY (n ) = KIZUEY (n )
JIRGEZRE EREiE T [l R JUAf ¥ (e ERRiEd 31 [l [
PBB2 N.A. N.A. 0.01 ~0.07 1.1 PCBa4 N.D. N.D N.D. 0
PBB3 N.A. N.A. 0.01 ~0.39 44.4 PCB66 1.18 1.16 1,11 ~1.30 100
PBB10 0.02 0.02 0.01 ~0.03 100 )
BB 002 0 02 0.0 ~0.03 556 PCBI101 N.A. N.A. 0.25 ~0.91 22.2
PBB9 N.D. N.D. N.D. 0 PCB81 N. D. N.D. N. D. 0
PBB7 N.D. N.D. N.D. 0 PCB77 1.01 1.23 0.20 ~1.32 88.9
PBB15 N.A. N.A. 0.02 ~0.04 11.1 PCBI123 N.A. N.A. 0.25~1.16 33.3
PBB30 0.03 0.04 0.02 ~0.06 66.7 )
PBBIS N.A. N.A. 0.02 ~0.07 33.3 PCBIIS N.D. N.D. N.D. 0
PBB29 N.D. N.D. N.D. 0 PCB114 N. D. N.D. N. D. 0
PBB26 N.A. N.A. 0.02 ~0.04 1.1 PCB153 0.97 1.33 0.30 ~6.48 66.7
PBB31 0.07 0.07 0.06 ~0.08 100 PCBI10S 0.00 0.00 0.25 ~1.37 33.3
PBBS53 N.A. N.A. 0.02 ~0.05 44.4 )
- 0 0 o 0 0,00 -0 08 6 7 PCBI38 1.56 1.42 1.41 ~2.19 100
PBB52 0.04 0.05 0.02~0.11 66.7 PCBI126 N.D. N.D. N.D. 0
PBB49 N.D. N.D. N.D. 0 PCB187 N.D. N. D. N.D. 0
PBE103 0.06 0.06 0.03~0.31 100 PCB128 0.76 1.29 0.25~1.42 66.7
PBB101 N A. N.A. 0.03 ~0.06 44.4 )
PRBLSS N N 003 -0 10 o PCB167 0.61 0.79 0.25 ~0.80 77.8
PBBI153 N.A. N.A. 0.03 ~0.06 22.2 PCB156 1.29 1.29 1.28 ~1.33 100
PBB209 N.D. N.D. N.D. 0 PCBIS7 0.94 1.30 0.30 ~1.32 77.8
PBBs 0.47 0.42 0.25~1.17 100 PCBI180 0.84 0.85 0.30 ~1.45 88.9
> ~
1 :PBBs = polybrominated biphenyls; & & i ) PBBs 1 4 it 7 PCB169 N.D. N.D. 0.25~0.30 22.2
) ‘ ) o PCB170 1.90 2.55 0.30 - 10.31 88.9
Hrist 120D R8s 78 8 3 50 % B9 RE 5K IR AT 0E 47 48 300 7
it o PCB189 N.A. N.A. 0.35 ~2.57 44.4
N.A. . REEFN.D. s KA
" e PCB195 1.02 112 0.35 ~1.44 88.9
®2 RETRARYH PBDEs £ 8 PCB206 0.93 1.13 0.40 ~1.32 77.8
(nge g '+ dw) I ER PCB209 N.D. N. D. N.D. 0
Table 2 Statistical results of PBDEs 2PCBs 20.57 18.77 ~ 15.06 ~34.35 100

(in ng- gf1 « dw) in the surface sediment

RIZVIBY (n = 45)

5 ey
UM T B i
PBDE28 0.28 0.25 0.08 ~0.97 100
PBDE47 0.37 0.38 0.02 ~2.68 100
PBDE100 N.A. N.A. 0.04 ~0.10 11.1
PBDE99 0.10 0.09 0.04 ~0.58 100
PBDE154 N.A. N.A. 0.05~0.08 22.2
PBDE153 N.A. N.A. 0.05 ~0.40 44.4
PBDE183 0.07 0.07 0.07 ~6.63 55.6
PBDE209 N.D. N.D. N.D. 0
3PBDEs 1.78 2.71 0.26 ~8.06 100

1 :PBDEs = polybrominated diphenyl ethers; & ¥ i} f PBBs 7
et 3 AT 120D AR s A 50 % B RE SR Y I A AT g i
il

x3 RERRYWP PCBs 2 &
(ng - g7'- dw) IR ER
Table 3 Statistical results of PCBs
(in ng- g’1 « dw) in the surface sediment

RIZUURY (n = 45)

5 ey
LB G S
PCB8 0.89 0.88 0.51 ~1.55 100
PCBI18 0.74 0.87 0.15~1.29 88.9
PCB28 1.26 1.19 1.01 ~2.07 100
PCB52 1.12 1.24 0.20 ~1.84 88.9

#.PCBs = polychlorinated biphenyls; K ¥ B PBBs 7E 43t 4
Hr it F 1/72L0D A0 E: s 713 S0 % (9 RE &l K M I A 38 A7 48 14

4 itig
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B H Y IR 2008 2 IRBOR B L= S E e
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BHUTRA) A GRS AT BE I A 2 LR R T HL 7
FLAS 7 i i FH PBBs 1 BRI, T 2 L R A JS IR
PRI, WHO I B i VR R I Rl 66 7 42
MR B L4 3 3 ) o foge o8 Bl A 0 e A AR
TRARI IR . Bl KA DR sl R AR, X AR IR
BEHE L UBUEVE X . Zhao 25" %R B T 1 I A
X3 )2 H 8P 1 PBBs 38 LMK IRACEE Sy 3=,
STi e 5 Nl NB Y T WL

H T 22 TR R ik 1) LR A% R, T L7 A A
FRAH 8, BT LA B )37 b R T SRR 0 ABS
il IR BRI i 55 A M R T, T 3R
ARG BB I AN T 2R G 5 A ] A I £ BEL R
| << s = 5 071 B 4 3 T Bl P9 . B = 0 .o
75 R BRI ot R PR A S P SO
FET RS N R 7R & R B R AN 2 A
R B R] A7 EL A K R A AR Y PR B R L R
FH PBDEs AW R ZALFELL T = Fh . AR /TR A
T IRECIKEE, PBDE4T7 78 T8 B AR Bk 09 B IR & 4
A R Y 28 % X — S SRR I R Z VTR
o PBDE47 A5t vk B AH XA R R 42 . PBDE28
VTR R R b A, {2 PBDE28 7£ ik
AR IR A AR IR T L IR A
H0 % ~1 % W4, Li %" J2 1% PBDE2S J&
PBDE47 752 1 1 1 77 i e 32 2 0 B A 7= 4, 3K 10
A PBDE28 il fi% DA B 5 VLA I B 4 Fik 58 7 1717 OF | Jiao
2 % B PBDE2S 25 I AR I 2 Bk 2 1 X ) A0
TRV R Z DI ) E 25 Je ), A R X Se i B 1
A X 5 ik PG TR I A i 2 IR T R DI, R R
IR AW AR B A — B, b e IR AR [
AHY B iR DL B R R0 B J2: T B S B AL R

k4 KRBT PBBs, PBDEs #1 PCBs(ng: g '

PBDE28 7 A XF 4 = 1 3 Al

FKETF 1965 4EFF 54 7™ PCBs, 2 1974 4EF Afi {5
2B 72 10 4EN AR PCBs K294 10 t, Horp 20
9 000 t JEZMHH 24T Aroclor1242 1) =4I AR IR A
(PCB,) , BT H 2R I TR AE TR A 46 23 5
T 1000 t ZE45 A0 A 24 F Aroclor1254 1 LA BKAR
FOIRAPI(PCBs ) , EERVEMZEA NG, PCB28,52,
66,138,156 F1 170 J2& U7 SR A DR ok Hh e B AR X
BE R AR, PCB52,66 Fl 138 1E Aroclor1254 1A
PG MY 5.4 % ,1.0 % 1 6.0 % ;PCB28,
52 F1 66 7E Aroclor1242 i & ¥y v 43 5] o i 4k 119
6.9 % ,3.5 % M13.4 % ,HILFFP PCBs R IR A
HATEYEFECREM UYL A PCBs 15 4k
TER IR

ST G A Y M ORR A Y PHAHs 75 4L 31
AR KR IE 45 55 P A1 3530 A i (DL R [ B b
HEBR(EAE L3 (AN 3k 4 i) . HETHE PR Lid A
KT PBBs Fl PBDEs A9 3T F W ot £ b 1 BR1EL, A Utk
XA G W) 32 B 5 fe s v B 4 T (B A H, 25
Won UL ALY PBBs Ml PBDEs [ 15 4t /K
(EPBBs 0.47 ng» g '+ dw, SPBDEs 1.78 ngs g '+ dw)
RECT PR - 4 38 B0 1 IR K TR v
(3 PBBs0.02~0.33 ng+ g '+ dw, X PBDEs 0.06
~3.97 ngs g '+ dw) &b F—KF, PCBs TR
H RS R K 20. 57 (nge g '+ dw) fE T US EPA
(3T AR Jo B A% BB ( TEL) 34.10 nge g '« dw,
Al L PCBs XA 7K A= A 9 1) A 0 o PR Ry S AR
Af LAz . K, 5 PBBs, PBDEs il PCBs 1 & , 7
JITUSCAE 19 PR DX AR A v () G v 3 R X A1
Xof TG A 0 D Vs A DAL 2050 17 A A X A1

dw ') BIEBREL 3T

Table 4 Levels of PBBs, PBDEs and PCBs (in ng- g'1 cdw ") among sediments in various localities in other countries

R (M) AF 0 BIF 5 X350 PBBs PBDEs PCBs % % 30k
China 2008 Baiyangdian 0.47 1.78 20.57 ZAF 5
Canada® — 11 Midlatitude and Arctic Lakes — — 2.4 ~38.5 [19]
Canada” 1999 Lake DV09 — 0.17 2.56 [20]
Canada® 2004 Lake Ontario — 2.8 — [21]
Chile? 2001—2002 4 Chilean lakes — — 1.2 ~64 [22]
Germany® — Elbe <0.1 <0.17 —

Netherlands’ — Western Scheldt 0.024 0.42 — [23]
Norway® 1999 Lake@yangen — — 6 [24]
Norway" 2001 Lake Ellasjgen — 0.73 46.4 [25]
Norway' 2006 Ny — Alesund Lakes — 0.25 (0.056 ~0.6) 3.3 (0.18 ~13) [18]
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gk

ER (HIX) DY F 58 X 48] PBBs PBDEs PCBs 2% 3k
Poland’ 2006 The Sulejowski Reservoir — — 2.8~5.2 [26]
UK/ 1995—1996 Mersey 0.33 — — [27]
USA* 2001—2002 Lake Superior — 0.49 -3.14 1.99 ~27.48 [28]
USA! 2002 Lake Michigan — 1.67 -3.97 18.3 ~41.7
USA! 2002 Lake Huron — 1.02 -1.87 7.8 ~18.7 [29]
USA™ 2003 Lake Erie 0.04 1.1 — [30]
USA™ 2004 Lake Michigan 0.05 2.6 —

90 PCB congeners;bi PBDE: not available; PCBI1, 3, 4/10, 7, 6, 8/5, 19, 18,

17, 24/27, 16/32, 26, 25, 31, 28, 33, 22, 45, 46,

50,49, 47,48, 44, 42, 41/71, 64,40, 74, 70/76, 66, 95, 56/60, 91, 84/89, 101, 99, 83, 97, 87, 85, 136, 110, 82, 151, 144/135, 149
118, 134, 114, 131, 146, 153, 132, 105, 141, 130/176, 179, 137, 138, 158, 178/129, 175, 187, 183, 128, 185, 174, 177, 171, 156, 201/
157, 172/197, 180, 193, 191, 200, 170, 190, 198, 199, 196,203, 189, 208, 195, 207, 194, 205, 206, and 209;°: PBDE28, 47, 49, 99, 100,
116, 153, 154, 181, 183, 196, 197, 198, 201, 203, 204, 206, 207, 208, and 209;¢: PCBI8, 22, 28, 31, 41,44, 49,52 54,56, 60, 64, 70,
74, 87,90, 95,99, 101, 104, 110, 114, 118, 123, 132, 141, 149, 151, 153, 155, 156, 157, 158, 167, 170, 174, 180, 187, 188, 189, 194

199,

and 203 ;°:

Decabromobiphenyl; tetrabromodiphenyl ether;/: Hexabromobiphenyl; tetrabromodiphenyl ether;€: PCB101, 105, 118, 138, 153,

156, and 180;": PCB28, 52,99, 101, 105, 118, 126, 128, 138, 149, 153, 156, 169, 170, 180, 183, 187, and 194; PBDE 28, 47, 71, 77, 99,

100,

138, 153, 154, and 183 ;"

PBDE3, 7, 15, 17, 28, 47, 49, 66, 71, 85, 100, 119, 138, and 154; PCB 18, 28, 37, 44,49 52,70, 74,

77,101, 114, 119, 126, 153, and 167;/: PCB28, 52, 101, 118, 138, 153, and 180;*: PBDE28, 47, 66, 85, 99, 100, 153, 154, and 183;
PCBS, 18, 28, 44,52, 66, 77, 101, 105, 118, 126, 128, 137, 153, 170, 180, 187, 195 and 206;': PBDE28, 47, 66, 85, 99, 100, 153, 154,
and 183; PCB1, 2,3,4,6,8,9,16, 18, 19,22, 25,28, 52, 44, 56, 66, 67, 71, 74, 82,87, 99, 110, 138, 146, 147, 153, 173, 174, 177,
179, 187, 180, 194, 195, 199, 203, and 206;™: PBDEI7, 28, 47, 49, 66, 71, 85, 99, 100, 138, 153, 154, 183, 190, 206, 207, and 208
PBBI153

5

2R

PBBs,PBDEs £l PCBs 7E H ¥ 1€ X iF % 4 19 11

FR e (R 1 58 R Xk 5 AR, X A A 9 1) s A R
oy SRR PO S
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PHAHsS in surface sediments from the

Baiyangdian Lake and their potential risk

Zhao Gaofeng1 , Zhou Huaidomg1 , Fu Yuqin2 ,

.2 o2 : .2
Zhao Yueqian™ , Jiang Jinjie” , Cai Weiwei

Lu Xiaohong2 , Yang Xiaoman’

(1. Department of Water Environment, China Institute of Water Resources and Hydro—power

Research, Beijing 100038 , China ;2. Yantai Institute of Coastal Zone Research for

Sustainable Development, Chinese Academy of Sciences, Yantai,Shandong 264003, China)

45 surface sediment samples (at the top 0 ~5 e¢m layer) were collected from the Baiyangdian

Lake. The contents of 22 PBB congeners, 8 PBDE congeners, and 28 PCB congeners in sediments were measured
using Varian CP3800/300 GC-MS/MS technique. The measured level shows that PCBs have the highest concentra—
tions in the sediment samples among the three PHAH subfamilies, with Geometric Mean 20. 57 ng-* g4 o dw.
PCB28, 52, 66, 138, 156 and 170 are the most predominant PCB congeners. The levels of PBBs and PBDEs are

lower than those of PCBs in the sediment samples, with a concentration of 0. 47 and 1. 78 ng- g4 o dw,
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respectively. PBDE28 and 47 are the most predominant PBDE congeners, with their concentration accounting for
16 % and 21 % of the total PBDEs concentration observed in the sample, respectively. The PHAHs levels moni—
tored in the present study were compared to those reported recently for districts located in other countries. The con—
centrations of PHAHs in the sediment samples were in the same order of magnitude of those reported on background
levels in remote lakes sediment in these European and American countries, which shows toxic biological effects on

aquatic biota and potential risk are negligible due to PHAHs contamination in sediments.

[ Key words] Baiyangdian; sediment; PBBs; PBDEs; PCBs

( B340 1)

Study of the ecosystems degradation and its driving mechanism
based on ecohydrological process evolution
in Baiyangdian Lake Basin

Wang Liming, Zhu Xiaochun, Han Donghui
(The Haihe River Water Conservancy Committee MWR , Tianjin 300170, China)

[ Abstract] The Baiyangdian Lake is the largest freshwater lake and an important aquatic ecological function
region in north China. Under the natural and artificial influences, its ecosystems has being obviously degraded. This
paper discussed the ecosystem degradation and its driving mechanism based on the evolution of the ecohydrological
process in the Baiyangdian Lake basin. The climate aridity is the natural background of the ecosystem degradation,
but upstream water interception , hydraulic engineering and the utilization of water resources are the inducing factors
to accelerate the wetland degradation. Finally comprehensively considering the present state of ecosystem degrada—
tion and its driving mechanisms, measures and proposals are put forward to protect the Baiyangdian Lake from the
perspective of ecohydrology.

[ Key words| the Baiyangdian Lake; ecohydrology; ecoenvironment degradation; driving mechanism
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