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Abstract: Aquatic species easily accumulate persistent organic pollutants( POPs ). Bioaccumulation is important to transfer behaviors of
POPs in tissues of aquatic species. Polychlorinated biphenyls(PCBs) are typical POPs. The concentrations of PCBs in muscle of eight fresh—
water fish species from Baiyangdian Lake were determined by gas chromatography coupled with mass spectrometer(GC/MS ). The composi—
tional patterns of PCB congeners were observed, and the toxic equivalent values(TEQs) were calculated for these freshwater fishes. The con—
centrations of PCBs in various fish species were in the range of 55.85~1 485.74 ng-g™ lipid weight (lw). The order of PCBs concentrations
was as follow: yellow catfish ( Pelteobagrus fulvidraco )>ricefield eel(Monopterus ablus )>northern snakehead ( Channa argus )>loach (Misgur—
nus anguillicaudatus )>common carp(Cyprinus carpio)>bighead carp(Aristichthys nobilis )>crucian carp( Carassius auratus )>oriental sheat—
fish ( Parasilurus asotus ). PCB profiles were dominated by congeners of Tetra—CB and Penta—CB, which relative abundance accounted for
52.0% ~84.3% of the total congener concentration. The compositional patterns indicated that regions around Baiyangdian Lake have been
contaminated by PCBs commercial products used previously. The TEQs ranged from 0.10 to 1 412.90 pg TEQ - g™ lipid weight. The highest
and the lowest TEQs were observed for bighead carp (A ristichthys nobilis ) and loach(Misgurnus anguillicaudatus ), respectively. The results
suggested that part of freshwater fish from Baiyangdian Lake were contaminated by PCBs to some extent. The residents and government
should be pay attention to contamination of PCBs in this region.
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B AMAB YIS YY) (Persistent organic pollutants,
POPs ) 2451 1 & IR E A0 it (R K 355 ) BE
R IE B IR IR AE T b, W AR @R FIER
FEHRATEAEFNRARRAN TSR A G EY R,
BAMERE AR A BTN R SR A, X AR
DIEEFINSS B 1 AR R T 232 R TE, 2R
BXZK (Polychlorinated biphenyls, PCBs )&% A (i &5}
IRBEN L) R B MR AR NI Y. ZRLEY
e NTA R ERG RS, G Z0 T2 RS X
FHL A A 4 250  BELBAR] v T 15 98 5] 6P, PCBs
HA RN, REAY RN EN, @i B aeeis™
YRR . PCBs SBUNFFEETS YL B X A A fEERR
B E 25 ) 12 KT, iR EIAE 7R . PCBs
BAZEME i N T AT R
MEFEMHEESY, HE A 1965 FIF AR R
PCBs, 1974 SE 28T & 2457 3 FF I 8 AL
i, 10 47 (B EiH4 7= PCBs 2 10 000 t, Horp = S&HK
9000 t, FLEHKEAE 1 000 1, —LL3 A7 AR IH L
%, A PCBs 544 T 2R

KPRFE POPs ST RS R4 RO B 23R8 40 Jo, K AR A
Yyv] 2k SR EE R R MK IR B 52 POPs, JRild &4
HEAR A E A e T AR . BV TE R E AL
JF_E B K IRKIING , AERE B BOK AR BGE
B R Rk e S5 07 T A5 T EEAEM i8R
“JEEVLRS” CHEILBAZR ZFR. KT BRI R
HE 4 JE 1 POPs FBF 5 A iRIE"™ M, (HEXRFH
HEVEAIAN PCBs TRRMIPFFR TR . A SCESE
EIVEVE 8 e ZRAE MBI ST 4, W25 43 #T PCBs 7E7K
A AW RN )5 B S RURHAE , WD 2B R PCBs /975
YRR, FFR BT IEM, LU B TE A B35
BRI AR

1 #RFF*E

1.1 HEmHIRE

2007 4F 7 A, TEEHERE X R XA AT E
HORAE 8 Rk, AR MM B S b
B BRI AR E D VeI A K, H
Se Y e R T ARE DL, RS TERE X N T RE I
LR G | D )G A A 2 T | B
AR 3 DX P U R P 2 T R BT 3K o R R A
BN 1 fizs, BURER BRFE HE KBS,
ARG TEOI A BB, R 5 e KR &
WHLKE ., ARMERERTRE RERE, KK,
T IR aRIE %, s, KRR s, B LM R B %
WUAIFE Ve VR T4 BHES , 20 CIRFE& H o
1.2 FEmBribE

HERRFREURYY 1.0 g DLPAAHEREG, A EER
5751 (PCB65 ), A1 180 mL & & ¥ 5 (1F & e/ Bl =
11, V/IV) RIKH$R 48 h, HRBFHIENIDER s =
10 mL, B 1 mL YU E LA HR P AR & & FIFBER
B3 G (GPC) AR e [ #H 2% BUHE (Isolute, Inter—
national Sorbent Technology, UK )43 4lifk ., SR)5 F1E
SR A P LeiR S RIS AR E R E 50 plL,
R, AER P ATRT S I ARE &%) PCB82,
1.3 {(FHT

R ZFERSAREIE B AL (Agilent 6890
5973) WAREEE BT PCBs, AiE+E 4 DB-ms(60
pm x 250 pm x 0.25 pm) BEH ; BN HLAAS;
HERE O FIR DU 8518 BE 4351 280 CAl 300 °C; FHREAR
JF#:120 C4AFF 1 min, SR/5 A 6 C-min™ F+F 180 C,
1 Cemin? F+ & 240 °C, HJFA 6 C-min! F+ZF 290
C,#%F 15 min, #HEEHR 1 pL, TTHFFHFE

®1 AXREAHFELER(EHEARES)
Table 1 Basic information of freshwater fish samples from Baiyangdian Lake , North China(Mean+SD*)

4 P F4 AR /g fEK/em B/ %
g common carp Cyprinus carpio 4 882.1 + 152.0 350 £3.1 10.6 + 2.4
fifi crucian carp Carassius auratus 4 2445 +21.3 23.7+0.8 9.1+1.6
i bighead carp Aristichthys nobilis 4 614.6 + 102.6 37.8 2.6 45+1.0
=y northern snakehead Channa argus 12 440.7 + 189.4 357 +4.8 92+ 1.3
fik oriental sheatfish Parasilurus asotus 5 524.6 + 55.4 438 + 4.4 383 +7.6
EH yellow catfish Pelteobagrus fluvidraco 4 70.1 + 43.9 16.2 + 4.0 4.6 + 1.8
g ricefield eel Monoperus ablus 4 36.1 £ 8.7 358+33 93 +£0.7
ek loach Misgurnus anguillicaudatus 2%% 17.7 + 4.0 120 + 1.1 104 + 2.1

¥ : ¥SD:; Standard Deviation ; ** JE&#¥ , pooling samples.
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1.4 REEFIFRERIE

F R A a8 FE IR 5B IAR-EAT
FEHEAT IR RS, R, 762380 BT A A s in i
RIGYINAEE . TEFTA RS, EIRCRTE Y 75.8%~
112.0%, 75 JhnbR FE B Az 5 B Antb G4 i
435K 61.6%~107.5%F1 63.5%~97.7% . #5347
GEIRARZ VSR IE o AERRIFR (LOD ) e XL R 3 %
5L (S/N),LOD<0.003 ng- g™ fEITE .
L5 iR

Sk A SPSS1L.5 B4, FIH B R Z 448
(ANOVA) LL# PCBs ZEARBARAENH T EEZR, B
EHEKIEH 0.05,

2 H#R5itie

2.1 PCBs & EKF

ABIE ARG FURTHOR [, 454t (A P A6 I 3]
PCB [f] R ¥ B SL PR 0L, K PCB 4) R BE %
(DiCB), =4HKZK (TriCB) . UK #E (TetraCB) . FL 4%
X2 (PentaCB)., NHEIKE (HexaCB) Fl-LEBAE
(HeptaCB), iX $E 7] ZY7E H - IE A R IK N AR R 2
BERR ), A BRI R BALE (ng- g ) Fm , 40
2 i,

e 8 Fhf K Ik N PCBs & BV B R
38.38~2 198.31 ng-g™ Iw, Sii4MMi B, HBilkp
PCBs ¥ & (1 485.74 ng-g ™ Iw) B3 & T HAh etk
I PCBs [ 4 & (P<0.05); il fa & Py PCBs H L1 &
B, P T RN 55.85 ng- g lwo PCBs VX &

TR BRI Sy B 500> 8 f > 5 > Yk > £ > Bl £ >
i ta>hhth . M PCBs M R BRE , it Bl 2
S, B R A A IO SRR (TetraCB) &5 BB , 43 9 0
155.10,129.87.739.94 472.09 ng-g™ lw; T £ .
fig | mhEFEMIAN LR ESBERE, 20HR
59.65.85.01,22.70.117.76 ng- g™ lw, A[RIZKAE: A Hr%t
PCBs K EEREI AR . AR5 A IEBRER
OB E R RN LR ERAR Y, X FE
RRARERBE S TEB B MAEYR R, &
FARBE R BARR IR . K FIER 1 W (Y
P XSRS E o 51, m AR T AR 77 2
SFTEMRKR, NGt A B ALY, B
7= A BRI o075 S Bt A m T RETE A= iR AR
A SRR BURSEA Y . BFSTBERLE R . PCBs
EKEAYENEERESHAET M EER LY
LKA, PSR TIAR R R EEM AN E
EH TR TRE SRR TR PCB FRY™M, &
SCHRIRF R G REAR AT G X — A, Qe AP LI
F[MILFBUH) PCBs RIRYI N . B KAEHILE
Yt R A PCBs BB EMEGR ., FRTRER) AR
RIS AR N L @A PCBs y EE R RZYM, X
5 PCBs TEA YA NI X . mA PCB TE R4k
&3 A R IR I BT AR MR (L RE ) et &
REVFBG , REIEAL T EWEE T A Y ik
Ho

MR GB 2762—2005C & i Fh {5 YL FRE)MLE",
PCBs TEHF ™ (26 | D128 MF K2R i il KR

R2 BFREREN PCBs RERFHYE

Table 2 Concentrations of PCBs in muscles of freshwater fish from Baiyangdian Lake ,North China

PCB & & /ng- g™ lipid weight

WHO-TEQ/pg TEQ-g!

DiCB TriCB TetraCB PentaCB HexaCB HeptaCB > PCB lipid weight

M 1001~17.50  9.16-27.49  116.16-217.10 27.98-68.76  0.63-8.96 nd~693  181.80-342.67 14.62
(13.89) (15.53) (155.10) (46.86) (5.70) (2.57) (239.66)

Wifa 6.40-8.95 7.14~978  116.52~156.62  6.20~7.94 0.25~0.58 nd~1576  148.92~199.29 700.39
(7.35) (8.36) (129.87) (7.14) (0.41) (10.58) (163.71)

Bifa  1074-2597  13.87-20.12  2122-91.09  30.95-74.63  7.14~23.09  24.45-36.54  162.23~226.64 1412.87
(1631) (17.27) (43.78) (59.65) (15.97) (32.43) (185.40)

48 3127-86.82  7.58~22829  11.98-42033  11.75-278.07  12.20~142.70 nd 116.39~830.47 0.35
(54.87) (31.03) (67.02) (85.01) (40.40) (278.33)

fifn  254~1459  5.11-21.63  521-1361  1564-36.02  1.01-3.24 162-500  38.38-80.25 14230
(7.54) (12.41) (8.64) (22.70) (1.75) (2.82) (55.85)

#H 29.13~111.16 4133-18329 426.00~897.54 193.77-883.54 31.55~231.10 nd 723.85~2 198.31 81.47
(60.49) (107.00) (739.94) (47159) (106.72) (1 485.74)

#i%  2640-68.80  45.12~10836 385.18-549.57 149.59-307.41  16.87-3041  7.48~10.71  646.61~1 070.43 45.60
(47.49) (68.15) (472.09) (24891) (24.56) (8.79) (869.99)

WK 33.56 33.14 56.25 11176 2023 13.66 268.59 0.09
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H 2.0 mg-kg'(FBEI), 4k 5263 ng-g Iw( I &
B AR IHE S R KME 38%11 R ) . FEARTFRM
S EE R, BT R P ) PCBs S BHARBH(E
i Y5 e B & ) FRE B BT HE(E (2.0 mg kg {REE
). SEMNAM A X £25PCBs & BAM L, AR
25 PCBs & 2K T 35 [ % AR M Ji 2035 5 14 1)
K AR T M K (k£ 2k PCBs &2 5
3% [ JE J& v 7P 3 v P R b R AR W A 2
PCBs & &40 ; B¢ TR K B AR M g™ >0
2% PCBs (& &, 13 3 Pivn.
2.2 PCBs B Z&ARK

A FEAEFEAE PCBs HA R [F B # 34k 2
P XFHE S PCBs [Rl R YA BT A —E TR EE
EFTPAT R IR . #8578 H PCBs(PCB28.PCB52,
PCB101.PCB138.PCB153 1 PCB180) & BE—E
FEEE I8 5T X3, PCBs (975 4Lk . 76 FIPETE
g, KB 5 Fds s PCB [F] & 4 (PCB28,
PCB52.PCB101.PCB138 #1 PCB153) A% B 4 & &30
Bl 1.5%~35.0%, AHRaHrRH 5 Ftg~ 1 PCBs
TE5 PCBs REERARIFHEHERXRZ (P<0.01,
R=0.802 8), 4Nl 1 fir7R . iXFREHHE % PCBs BB
B VR VEHLIX. PCBs BT YL 1B L . I VE 1A Y PCBs
HILH AR AN 2 s . FEfififa Bl A | B UM B g
H,PCBs [F] 2 P14 i H LA DU S0 A (TetraCB ) 4 £,
HARX B 735 BVEFER 52.9%~72.4% ; TE6H o, 68 |
fii £ F1 YR 8K H , PCBs [F] 2 4 20 B LA L S KR (Pen—
taCB )N, AR A 4+ & &H 31.7%~41.9%,

= 25001
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Figure 1 Correlation of indicator PCB congeners concentrations
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and total PCBs concentrations in muscles of freshwater fish from

Baiyangdian Lake, North China

g5 LRTR, BEETE 8 FiR/K A PCBs LAUS
EXZK (TetraCB ) Fl LK 2K (PentaCB ) Ry 3, HAEX B
RN 52.0%~84.3%, X —WHR RS R4
S PCBs (9T T 45 R A—3P, [k
HPCBs A4 AR AT BB S B T 1% XA PCBs Tk,
s s, T ELX 2 Tl ) R R R 5 SRR
FLAUTH PCBs [ &%, RN, PCBs Ay F 4 AR
)z B T F E 57 8 PCBs Bfd A R ELMEE MR R
Fo RATEFGRREHEEY T PCBs 4 AL
BEMANE, SaIKN PCBs A RERA 257,
X5 EMAEYEESRE I EBAARA X,
2.3 PCBs M1 FEH

BIE GB/T 5009.205—2007 (£ h i Az H

®3 ERIFEMEX SR PCBs SEHLE
Table 3 Comparison of PCBs in fish from different regions in the world

H X SRR SRAE B 1] PCBs & # */ng-g” EZ BTN
X EIER 7 Bt 1998 <50 [21]
2 [E B fi 1996 1 450 [18]
XEEHD KIugfa 2006 53 [22]
Bt BB 1O 3 Fpfak 1998 337~1 514 [19]
373 2 IR A 2007 1 [24]
63T s 4 Fpeads 2006 8~62 [23]
PR 7 Fhfa s 2002 1.3~5.6 [25]
L 7 Pz 2002 0.8~11.4 [25]
I HRAE 13 Fpfa s 2004 0.02~7.6 [26]
I HRETFRYLEX 3 Fhfads 2007 8 338~16 512 [15]
WITLH F R & X 2 Fpeads 2006 270~903 [20]

WAL EEEE 8 Fha s 2007 8.4~80.9 AHFSE

I *PCBs FRELIBEIR .
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Figure 2 Composition patterns of PCB congeners in muscles of

freshwater fish from Baiyangdian Lake, North China

KW LB END, 7EHFTE 8 Ffiikny
R 7 Fih ZRESAE 2 EIHR (DL-PCBs ) , Hoh 45
3 #3E4R {2 PCBs(PCB77.PCB81 #1 PCB126) 1 4 #ir
H4Rf PCBs(PCB105.PCB118.PCB123 #il PCB167),
fife | Bl S G5 FIJRSRAIRIE] 1 Fp DL-
PCBs; it BEEEFIE S HIHMR] 2.4 Fpn 5 Fp
DL-PCBs, AR#E R T AHZ(WHO)2005 AT
PCBs 8 PE 2 & FF (TEFs ), 43758 HEETE 8
T PCBs BEEE & (TEQs), WK 2, H¥F
7E 8 Fh a2 PCBs 1 TEQ 7E 0.10~1 412.9 pg TEQ - g
Iw 2Z[8], AT B By i 0 >80 £ > ff £ > 285 550>
Bk > 0 > L B8 S YR B, 5 {R N PCBs R Y
BEE, HIRHKIKN PCBs WEEMMER 4 M E
Ko HTEE 8 R TEQ MR EMRAIIF 5 PCBs
BRI A—E, X ] BE 5 AR M8 SR A
2 ) DL-PCBs A 2%, 5 £ 1 67 £ {4 py #5463
PCB126, M Y2 1 fm (0.1) , AT T30 £ F
il A& N PCBs (O3 2 S5 5 T HoAth 6 R
7N [7] #2 BE 4 I &4 PCB77.PCB81.PCB105.PCB118.
PCB123 #1 PCB167, 7P 24 & 7 LA, 1T 33K
HAthfa 2R PCBs ARG FME Y&, TEEFM
g (K Py ,PCBs Y TEQ £ 23k HIE4R N7 Y PCBSI,
H TR 518 73.9%F1 85.3%, 1 H. PCB81 i TEQ
54 TEQ BA BIFIHZMEXZA(P<0.01,R=09349),
X Ui B PCB81 Xif # U1 B fif {4 N PCBs f75 4wk 10
B RIFHERMER,

(1) E¥ETE 8 PRk 23RN PCBs (& BHAIK,
HY¥HE& BT EE 55.85~1 485.74 ng-g' lw, &
GB 2762—2005( & & 5 Je M FR & ) A EEKR

(2)8 i {Apy PCBs [F] F 20 i LA DU S A1 L 5R
BAMZEBE N E, HAEMNE S SEN 52.0%~
84.3% . XFMLH AR B T B TE X A 2 @B
Tl R PIE

(3)8 Fli a2 —HEFLRE PCBs AT M 24 B K/
FEMR IRy 5 1 >0 £ > fafh £ > 5 551> B > 40 £ > 19, >
Ve, XU FPETETE XA fa 2R L 4% 3] PCBs —
EFREEYL, Y E RAR KBS RA S A IRE
PCBs ()28 , ] REXHEERR 7= AR 2, 0 5 A G
HM,
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