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Abstract: Surface sediment samples at 12 sites of the eastern Jiaozhou Bay were collected in spring..summer.,autumn ., winter of 2009—2010.
The U.S.EPA analytical methods were employed to examine polychlorinated biphenyls(PCBs ), and the concentrations of PCBs were deter—
mined by GC/MS; The pollution level, distribution characteristics and pollution sources of the sediments were studied in this paper, so did the
potential risk. The results indicated that the annual average content of PCBs was relatively low, ranged from 10.39 ng-g™ to 22.26 ng-g™,
while the concentration was in high range which was varied from 1.84 ng-g™ t0105.22 ng-g™. The concentration of PCBs was obviously differ—
ent among seasons, which could be put into an order as follows: summer>autumn>winter>spring. The distribution of PCBs concentrations in
the study areas showed an increasing trend from the south to the north, and the concentration was in the order of Licun River>Haibo River>
Shilaoren Outdoor Bathing Place. The evaluation results of ecological risk assessment, effect concentration method and toxicity showed that,
the total potential risk of surface sediments was not high at Jinzhou Bay, it could not cause considerable impacts on the local environment,
however, Licun River should be given more attention for its medium higher level.
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% 4 5% & (Polychlorinated biphcnyls, PCBs ) & Bk
A BRI B E LR BE G 11 e A A
MLERB Yz — . BT PCBs B A M A feva i
SHHEEYENELE, BTlEETE®, HXELIRE
i, FIZ 5 I — RN XA S R G RE 7 A KA
mi , B e Xt AR R E KfaF , EEZZmA YR
R BT, MR Z E R S8 A=A

KBRS R K IR PCBs £ 2T 78
Z =P KA LG R R TE S AR T
Rt BT 2RBRNRBEEAETEREF I, W H
& BT MRS S WS PN T LR S B sk
WGBS, N T T IR EET5 LRI, 4R AR
R R EAEEE Y., Bl BENEZRES
XTI 2 @R R & B T, tind Bk
MO KSR JE T I A e TS K ISR R
TR vh 2 @R 23 A0 FRAE B ST 40 5 HoARARTT %
T — LR P AR, S T — e RS LR , s
Fe S r [ SR D PUERA) PCBs #E4T T8 TEAE
SRESAIEST , 7185 % R L RS 2 R AT
AR . EM R B, BRETRY 288k
AR RS TN A 5T TR B, 28 N A 1 SR i
TNRCRAL RTS8 BRI, B LASR AL , SRF
W BA A 8 M ) O BRSO AR S R G S H 4 o)

] BB AT , ASR H TUARY) 2 IR XS PN 2o
IEHIE R Lo

JEEH S R — > PR Vi, s B B A, A i
TARMY 3K, RIP U IR T By X ) R A &
RN BREILAAER, FEE SR Tl ALK i
PR, R A PLTE RSl S AR TR R
FEAIKIE, 3F BB A RRERZVURY P, 5 ESIH
St TS . B W B SR TR 25
BRIR AT KU PN SRaB B, 1 AN X T THI AR 25
H, A SR A A AR BUEAR BUR N B R = TR
LR, SR AR (GC-MS ) 73 A7 & £ R HK
KRG &R, TEX SRR TURY 2 8B
AR B UR , F X HAEAT T IAE XU PR

1 #RE5FE

1.1 HRHRE

REVIFWF 2009 FF5ZE(4 A ) ZZEQ H)
Z(10 A ). A&Z(2010 4F 1 A ) TRk A
JEHIVEZR R BITERE 1~2 cm b, REEXIHE
H5 K :120°15'~120°27' E,36°00'~36°15" N, BBk
WE 1 iR, B LC1,LC2 . LC3 F1 LC4 uf S for T2 4t
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Figure 1 Sampling sites of Jiaozhou Bay
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1.2 #miiaE

REVIBRYEUR 5 37 BIFE-20 CT A%, 4Bt
BRTR B FETHTEE T 100 B,

Y B A S R S 100 g, TNAE &
2,4,5,6- PG 2R (TMX)/E R AR 1.0 g &1L
4R A 30 mL IEC L N ERIR AR (KRR
1:1), A #RY; 15 min, 22 3 YOG IHFEROR . We4E
2T, HIECHESZE 1.0 mL,

WA TN SE &t IR YR E AT RE AR Ak, A 20 mL
IECBEHRYE, FEEMBER, L 100 mL IEC Ae it
PCBs, WA PR, FF U M 46 = 1 mL; W 48 - H
TR A L, S5 P 25 mL IE S AR BERE, SR IES
SR (TR 1:1) BRI, F e Ak BB vk 4
F 1~2 mL, ZFESKE 1 mL, T GC-MS 4347,
1.3 BiE&H

AHTALEE A T890A GC-5975C MS( Agilnet /A7,
X E) SR AR HRRR PR 80 TR
1 min, A 20 C+min' FZE 150 °C{#%F 2 min, L) 15
C+min? FZF 240 C,FLL 10 C-min™ F}F 280 C, %
¥F 5 min, AOWHEAE, RIKETE 0.75 min, K&
20 mL-min™; #FFE IR EE R 260 °C., R F3&TiH
B R (ED #7871k, B FHEEE 260 °C,EI FLES
RN 70 eV  fEHIZIRE Hy 280 C, £,
Fl 30~550 amu,He K& 1 mL min™,

PCBs & 1 F 22K U5 Ak (R B BRI 9EA T, [RIA
S HREY) 5 4 5 i R R B i i A (NI ST) #E475%
R SR bRk RAREE S IR ) R LR IR IE 2Rk
TR E BT, A TR AR A I [ R
FeRYIbRAE (TMX) , DAFE A M A 19 [ml ke 28
PCBs [N 48R YA B3R 85.2% + 3.5%, Jrik
F14) 1] 5 23R s v i 22 F 7E USEPAG610 FRE (93 il 2
Mo
1.4 #i7 & AT IEIE

KA EZAREY T GBW (E )080540 i — 4
ASCH RS, GBW (E)080540 H PCB101,
PCB153 745 /e 2 {8, PCB118 . PCB138 NI #2 4t T 5%
. FB8 1.2 F0 1.3 kA TAL AN e , 4 D035 SR
SR E SRS EHET T R, R R 1, 1]
LI, 4 2 SR E Yy bn (B RN SN {E = (7]
HIFSTRZETE 0.67%~2.26% 2 8] , ITE AR F IR 2578
FEIZ PN, ZRBHA SO 5 B ERA AT AT o 1) R I i
# PCB1.PCB5 % 11 # PCBs, [FIEt B HEZ LC1 ££ 5

PEAT T ZEBOIAR [ AR A0 R SE e, 53R L3 2.
% 1 GBW(E)080540 H# PCBs & EMEL R
S RIEBRRMER LR
Table 1 Comparation of PCBs content between the results of our
method and certificate values

PCBs PCB101  PCB153  PCB118  PCBI138
B W {E/ng- g™ 3.00 3.10 2.00 3.10
W E /g - g 2.98 3.03 2.04 3.05

MXRUER /% 0.67 2.26 2.00 1.61

%2 LC1 ¥/ 11 F PCBs B ARE W ZE (n=3)
Table 2 Spiked recoveries of 11 PCBs in LC1 sample(n=3)

pop, TR BN R
g g ng:g ng:g b
1 3.45 4.00 7.30 96.25
5 0.45 1.00 135 90.00
52 0.1 0.50 0.5 106.00
87 1.66 2.00 334 84.00
101 0.1 0.50 1.09 108.00
118 1.32 1.00 2.20 93.00
138 0.52 0.50 0.88 88.00
153 113 1.00 1.98 85.00
183 0.32 0.50 0.83 102.00
187 021 0.50 0.76 108.00
199 0 0.50 045 90.00

2 HFREWE

2.1 HFYFE
2.1.1 #H AFE

M 2 AT IS, BN TR M H PCBs 4431
BRSO — SRS I SRS A AR>S N A
R, P @ R LB 5 T R Y 78.37% , HA
BB R 11.72% , SEHIR G T 9.91%, NEBKAKER
iz  BE& BB, R, @ =TE(E 3)
ATLAUE S A IR E TR PCBs 23 H
FE B R B RAE, RIS TR 1
FHAS/NEBIE, XTRERFEARAREN & PR
B B PR Ao 4 A T PR S A M AR A A R R
2R B RE R A S AR TR TER
REI3L5S , T & BHAEE R B X RETTRY &
BB PR 51 2B R KSR EDT
Y PCBs i e % B A RIFH— B, %%
H 158 B fige M VS 2 AR Y PCBs 5 4% £ BRI F 1Y
AUTBRAERRETTY .
2.12 REIRE

—AEd, RHIBARIIEFKIERZ VTR PCBs
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sor WEREREL, BT —RINARBEN TR (B

wl m 4), T EL PCBs Wk B 5 A L P 402 th BUAE 2R 1

n%l H OB LCA vl i FER BT RE L P R i

g 30r BI(F3), FZ,PCBs W EH LC4 /) 29.03 ng-g™' [
Z 20} 53] SL1 # 2.30 ng- g, T ALZEMHBALERIE — 1~

E B0, fEAEGSEIET O 258N, B,
1or H H ﬂ ’_‘ PCBs ¢ i LC4 f) 105.22 ng- g FEfIE] SL2 #9 2.32

0 ] ] ] ] ' ng g, AZE NG 5HAT DR ZFIA K, HB2 3

1l 2c1 4cl 5Cl 6Cl
ZRPHEZRT

B2 RS TARMESRS PCBs ZIIMENENSE

Figure 2 Relative percentages of the PCBs serials in the sediment

samples from Jiaozhou Bay
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Figure 3 Relative concentration distribution of different components

SEER, BV, B O RS R =
Y] PCBs & BEMR. A ANBRFUTRY PCBs & &
A, R Eh B, T E N 1.63~5.46 ng-g ™3 1§
16 O YTRR Y WA AR Ho A B B 81, 78 2.94~
18.75 ng- g™ Z A5 s 254 LAY PCBs 4F AR
WK, 1E 3.59~105.22 ng* g™ Z A} BN(FK 3),
2.1.3 KKKz [E oA

—AEH RMHIE KSR ZTURY + PCBs &2
PR p GBS A RATR] 1 3 52 ) B AR TS E 7 Tl B
Hrg/ NS . PCBs W E FELIL - FATTHL

FBRAL; BKZE,PCBs ¥R H LC4 (1) 95.91 ng-g P&
|| SL3 9 1.84 ng- g™, BBt A E NGB AEIAR O H
B/NEERZR 2R 16.38 ng-g™, B mE 2 B Ak
fH/Y 9 52, LC1 ¥ 5 PCBs & EFIA#Z NBEHR
Beif; &2, PCBs YR 1 LC2 /9 30.37 ng-g FAKZ]
SL3 1% 1.63 ng-g™, IKAT LC1 F1 HB2 3 S 0S5 F A%
NBG & B ZRARK, ol S B A 2 A8
Y B2,

B, 2R 0 R 2 VY PCBs & &
e 1, ORI O, A N & B EL,
FRTE 5.46 ng-g' AT ; BEMBRZUIFY PCBs Mg
Oy A B AR R AR O > VAT O > 6 2 A B
(% 3). XFERF AR REEE NIRRT 1Y
AR, HE AT IS Je ) BB AR R, B &
TR IR X AN Tk B , TC5E X AATRT SN 1 60 faf Ay e
U85 ME T A T AR R ER 2D, A A T IR A
HYIR A NG KT B A1, JR s B KA
H T RAEMTEKHER O, AESh A, 2K
UTVE S R RN, ARG T PCBs 154,

SURE R, MBI R RZTIRY $ PCBs —4F
PR E A —B
2.1.4 =354

HEIAUEHY, —FZH,HE PCBs F &
EEWABR, ZIEERK, M 232ng-g" %
105.22 ng- g, FH{E N 22.26 ng- g, B RHEHSL HAK
fH Y 50 £ ; HUCRKEMAZ  FIH 3712 15.77
ng-g” F112.24 ng-g” , FRAWAN TR, FIIE MBI
i, 91039 ng-g s RIZVIERY F , ARIFEAI AL, 43

=3 —EMNSKiLE PCBs iRE (ng-g™)(n=3)

Table 3 PCBs concentration of each site in all the year round(ng* g‘l)( n=3)

Y SL1 SL2 SL3 SL4 LC1 LC2

LC3 LC4 HB1 HB2 HB3 HB4 ¥y

5% 2.30 243 5.46 3.44 10.13 27.14
kS 5.12 2.32 4.23 4.85 38.82 35.73
= 2.20 221 1.84 2.10 3.95 32.18
£ 2.63 224 1.63 2.10 6.99 30.37

24.63 29.03 6.95 5.26 4.64 3.30 10.39
53.92 105.22 6.46 30.70 3.76 2.94 24.50
4.39 95.91 18.48 7.38 13.07 5.54 15.77
25.31 30.09 18.75 7.59 13.29 5.84 12.24
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Figure 4 Concentration distribution of PCBs(ng-g™)

B R HADL 3 A7) PCBs [JREWE 2, 4%
BURR T 25401 11 480 5 () PCBs 22 {E 2 N IE(EAM, 1
2 NFIMEIE 1 453 5 IE SRE IS, 3K Ud B AR 2R AT
O, BEZXREVTHY PCBs S BEER THAM 3 1M
o SR, BN RZVIEY PCBs B Z2H F>
IS BSHZE,

K7 PCBs &&= THMZEAT, 22 H R kiR
MARZSR . BZEEWNSATE RN, KERK,
MRS EFELEMSFEEFEE RBRAN R LI
PCBs 275 Yu iy B T I, 4k i — 2 M ABMIE , /5
N 1t — RFNE 21 A Wyt L K W fR 1 R B & 00
FEAERBUIBY Y F LFEWHAMKS, TRV
K B HE & 15 K HERUHS R () PCBs 2875 Yu ) - B25%
IR b, NS R R, L HR A2, A2
TENA AT INE, XD T A5, &
FREAYITFIRE HHIATERE , @it — RFEY
W% B0 = 0 ) SR AR T R I A BB A Bl 7T g
¥4 PCBs (A, HEE AL T &2 PCBs S &1
F&ZE, RERWTIINARD, BN ERUKREEI 1R

W/, TR AT PR wh st Sk B LTS G T ah i)
BAAREBRYRRET WK L, BREAD
PCBs JT5 4L rh 2 T i, & ARk 2= PCBs & AK
TEEMRTE AZF. WHEAMEEHERR, &
BT PCBs & BEZ>HE>LT>FFNR/M.

PCBs & B ik 5 R YR FA K, PCBs %
AYLERYE SeHEEIR R, BER iz sh &2
M bz, Zad R EERE B W R A,
TERETRAE AT, UURER G, kT TR 2
TRIRVE s B kT, MR BZ KIS BN S, X i3
Y PCBs MR SUIFHEARZR, B4 PCBs [k R
TR, A& R FKZ 1 PCBs &R T
2.2 PCBs BERB M

AR BB BR L Z R A PR B AR v
T B DR PP LA B 3 2 B TR Tk S M S 45
MEFHT I . REFE Long MG EXHL
Seltg AN DU T RERIEGETT TAE, T
THRAEY AR, B TR & PR
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Mo A SCHR PR ERET HURT, S8 N
PCBs WTE X IBOL , 45 R N3% 4, HoA ERL R ikEE
PERLAE, HUTRRY) o 2 EIBCE/N T ERL, A Z5 X
Kr/NT 10%; ERM S2rn Bt 18, SRy £
REIERT ERM, AR KT 50%, Mk 4 A
M, A NB A U PCBs & BEEENERIRA
it ERL {8, GAIH Z0A S 5 R B 5 M I T T
FRY ) i 7~ A 8 430l 5. PCBs &5 &g ERL {H,{H
WEBA B, FIHR R BT HAE SN R T
AENEG, LT A R TR R 2R AR
JZUTRYH PCBs V-3 BEISB I ERL{H, B fH
2 ERLE 4 52, LB NE KT 50%, )8 T &
PRUSEHBIX , 107 245 | A GBI T AI A . BN S
PRI UL, PCBs & BFIS{ECY 12.63 ng- g, SR
BAMGS ERLAE, (HR N 2R EBGE X iR i A T
AR, LA IR FRSRAR ST AL

&4 BMETRY T PCBs FHETA (ng-g")

Table 4 Toxic evalaution of PCBs in surface sediments from
Jiaozhou Bay(ng-g™)
BEARE ARARY RO e ERE ]

ERL ERM VIH BXME VIl RAE FIE Bl

2 PCBs 227 180.0 220 546 27.73 105.22 9.62 30.70

3 : ERL FOR RS0 E , ERM Fon B R0 HE.

H T PCBs 7E UMY H (0 5 1 LR 32 SC I 45
VISR Z AR, A BER, XL E™,
MacDonald S5 15 %A R PFAN J7 b AT P74l 4 2
RIS NI A 80N 5 & (TEC, 35 ng-g™) .
SERLN 2 B (MEC, 340 ng- g™ ) iR 3m280 0 75 & (EEC,
1600 ng-g™) o WA B BA T TEC, AR T
B, IR BT EEC, ] I B RS , A
FHIE Z A MEC XUS B L2 KT 50%. AREXAS
FRESEAT VRN, BB R ETIRRY) PCBs & AL TR
BHEGYRAE, ([HREZA LC4 ¥ 5 PCBs & BB
#id TEC, MR L KT 50%, Rtz ,
L EEREPEIH Ah (Aryl hydrocarbon re—
ceptor) ZARFE L AL , B FEMERIR A — 24 PCB
2430, M RA RIF RIS H) PCBs, [RIFEEA Ah
ZARAETURTE M, R R 255 BT, A
A3 T PCBs Y 25 M 24 & [ 7 Toxic equivalency
factor( TEF ) SRARSEIFAN M R ZVTARY) PCBs )3
P, T X F )7 B B Tanabe 5819 R A58 TCDD
R R ISR EERE S b PCBs (M Bl ., n=X(1)
FiRo %A TEF 3¢5 PCBs AHX#Y 2,3,7,8-

Bs

TCDD ( Tetrachlorodibenzo—p—dioxin, TCDD ) 2 14 24 &
BT, C; Ayx i AT PCBs BTk .

TEQp=2 TEF;- C; (1)

18 XA BN B FAT VA, G5 2R gk 5 B
N A BN Y PCBs i) TEQ {EYEFEZE 0.179x107%~
0.472x10° ng-g* Z[8], AZNBHRZIIFEY) TEQ
(B AR, HUCR AT O, 2R 0 sy , FREUE I 2=
FHAT O RURE R, 5 FITCRR I PEAN R AR R 2518
HH—E

WA A, BARMERETIRY
PCBs & W5 EOIS1EE P E N, XKAHER N (B2 2E
AR X HAt e UG M 5 e, (B 2R 1 , LAt i
BN T R R FE, B T PCBs RIZIE B TR
e A=) R AR, LA B XERE R , (45 T B Bl 1R 4 55
AR EANIR , BT R E

x5 BRMEREINAY PCBs H14HEE(TEQ,10° ng-g™)

Table 5 PCBs toxic equivalence in surface sediments from
Jiaozhou Bay(TEQ, 10 ng-g™)

AEANRY  FRWO OEANE BONE
&F 0.019 0.088 0.072 0.179
ES 0.094 0.237 0.142 0472
*E 0.012 0.063 0.045 0.220
&% 0.011 0.062 0.143 0.215

2.3 S5HAfthigEitb

F 6 I T RS 53 E L7 Wi Ba iR
Yy LA B g A S TR A PCBs M R4 3R i X LE
TEL . AT HETT LU , ZRIRARTE YK B = 2
I HES A . BRI O > EVT O >SRN SR IT A >R
>4 NV > 5 i g >PE 4R O > &> H 1R
W, MBI PCBs YR B & B (UK FRRIT O F
BJYL I, & T AT K8 B4R O B 5y g A
B REEME, BRSSO &’ B, 7
0.20~0.90 ng- g™ Z [A1W 3N, X S5HLESE Tk FH,
JAFEEFEE R, AES T HUR DB R KR B
AR 20l 55 & BB g R Y 1SQG fE.(21.50
ng-g”), MR E FHEL TE KT (15.165
ng-g), Bl ISQG B, Ui Bl — A I F e —E )
EYAEN, T A
2.4 PCBs FE3kiF

ARPTE SN, TERR B AR Y B R 2 AR
Bivh PCBs M EZORIEZ —12 BRIk 2 51 PCBs 3k
VR EFE SR AR SR B!, 48 AR — e B RS,
PRP, B BB HEBCARRY, K PR A = HE SR, i
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% 6 FEETLAYH PCBs iREKFE(FE ng-g)

Table 6 PCBs level in sediment of bays and ocean areas

(dry weight ng-g™)
=301 v B PV EZ PGS

s ek 15.165 2.20~105.22 &3

BN 5.84 0.60~32.60 [25]
W& I 0.35 [26]
L plin 4.86 0.65~32.90 [27]
H HGE Y 0.27 [26]

HRILH 52.20 0.10~461.00 [28]

KT 8.83 0.85~27.40 [29]

Ko 9.30 3.0~28.60 [30]

CaraNS} 19.18 4.70~57.90 [31-32]
[LEe AN 0.40 0.20~0.90 [33]

A SR N VAW S . PCBs 15 YL TR AR 5 J FRI 33
24 4 K SCHb BT AR 25 1 A R R AR B DA S BURE BE
FEBRKRKR,

JRe M Rl Tk & i, Tl HERC o B9 A ez
B HL2ETE e 2t HES D HER % S A
MG PR AT, AT 1 BN T E RS
e, TR R EE NIRRT IR, HEAR
BIG YY) B BAREK, il L RAREZ WX A Tk
FEl, 3K TCEE XA T S AR T N T £ g AE YL K
W AT IR A — S TV X, BRI Z XigEs >,
B R A 2RI Lo ARSI ML
FET R, S EBIE N R, R TRMEE—1p
HPEE  KESS BN, HARIKREZ LR,
BYIFR R B , X TOEE 44 S RIS YR 13t
T — N BRI

PCBs BB S NAMHEAYEHERR, i
b X2 AR TV X P 8 22 B F PCBs R0
1518 S BU™ HE V5 Ye ik & 4 ; PCBs B S /AR5
EITEA M AT 2% PCBs MR , AT 722 4 H = &
475 e, 36 i A S TR A R B A RS
A Hb DX 3 77 SR AR BB AR R B 45 (4N TRI T A A
MR ZES:, — Lo I 77 i M 1 B R AR, S RE T e
RE, BB RAEARNBRE. BMNERER
T 5 E S Tolk X3, 3% S6 X 3% 377% PCBs [
WHEARZ G RREREAAEEE, BES T
MR , X 2 B M B PCBs 75 L il — > B TER
i 3/ 08

3 #ig

(DB AR R RZ VIR PCBs 5 2R 7E 1.84~

10522 ng-g™ Z[8], AEWEIZEY &EAHE 25,
BB B H ESKESLZ>5F2  PCBs 31k
FEHE B BRI, £ S BN
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