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Abstract: The pollution and enrichment states of heavy metals in suspended particulate matter (SPM) , sediment core and
benthic organisms were analyzed and evaluated in Jiaozhou Bay. Results showed that; (1) The discharge of a large amount
of untreated effluents and the insufficient diffusion of the terrestrial contamination to outer bay directly led to point source
contamination, which caused the heavy metal enrichment in water and in benthic organism; (2) Anthropogenic activities
significantly affected the heavy metals enrichment in SPM. The anthropogenic factors ( AF) of sediment cores showed that
the pollution at the estuary was more serious than that of other investigated areas; (3) The concentration of heavy metals in
benthic organism had close relationship with the distance from the sampling site to the pollution sources. Venerupis
Philippinarum, a benthic organism, was estimated to have higher accumulating capacity to cadmium as compared to any

other tested heavy metals.
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F— BRI B AR KIS, T ST (ANE 7 x10°) Frf ¥ LS8 2. 5 km, DU 53 ARE . AV
PRHFIEA ZERHAT 28 LI 26 5 4R T0 B AR TR, P TP 2 RO T X VR K R AR 15 157K O HETS 1 3R o X M
B KR AP ES RS BE ALY . REVBYH Cu,Zn,Pb,Cd, Hg, Cr, As EH R
FERTERESE, B2 SIS R B A SRS X B IR AR TTR  A:
EHEEREEELROHE TR . FXHZA R, A SCIRE T BN 2B B iF BURLY R TURR Y R A= 4 (3E
HEI{T) P EBITK (Zn, Pb, Cd, Cu, Hg, As, Cr, Al, Fe, Mn) {9 & BIFITEE T B EE T, LUK E A RN
B RIRTE RN AR S SR ITR I H BRI, BRI IR HETS , A2 R P IS PR 4R PR RE AR TR
1 #R57EE

A YR N AT BRI RAF S LU 1 PR o REETESHTE 5 MW #EAT , K AR 3R SRR 28, 1B 2
SE 2 B 1000mL 7K F: G EARE B IR ( 2 W BRIR M, FL42 0. 45 um , A% 60mm ) $ili 8 , 13 385 AIUE BRAE
40 ~SOCTLRE NHET 6 ~ 8h, RJE FHIA R T4 IR A 6 ~ 8h ZJE AR, R IEA R AKX E MK E
FARETE(mg/L) o BIFBRMLE 105°C HLAEAHET I 2URIR - IR - = SRR IR R AT B I A I 7E Y1,
A3 B2 $iRERIZ 0 ~ 2em JRAE)5 HUAEYIRE o (BL FI#E /K e ) , 76 B6.C2.D4 . D6 3 FIAEIR R e 2w R 5
90cm K HIAERIERE , B V)73 EJZ (0 ~ 10em) (= (10 ~80cm) FIFJZ (80 ~90cm) , AL MWL EE T
RO 0 ~4CTRAF, HSLH R, H5IRAEFE 80°C HERS ML T 24h, F I3 B s WP I 30
id 160 H i, SE RS e BURE M RE o A WpRRIRse U KA, FRHIR L, T Ja A LA FF 72 80°C LK T4,
FEEARHTE. & TR IO TR , (A T T AR 28 Py A5 ) (e g B 5 B T5 , BURE RO R %
T ARSI s LA ) . Pb,Cd FIA SR TR BB B & 5 Cu, Cr, Zn, Fe, Mn LA KR 1R
WO E BRI , He IV IR IR ™ 5 AL RS BS TR R SHEIECIE " , As LAR F 300t 1k
B UURRPIIE AR T QB I RLTE )
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Fig. 1 Sampling stations in Jiaozhou Bay
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AT RIFA Cu IR TG FEI7E 26. 84 ~203. 00 mg/kg 2 [, YI{E K 69. 54 me/kg;Zn 7E 0.77 ~447.00
me/kg 8], #I{E )7 162. 16 mg/kg; Pb fIvk BEVE FEIZE 0. 36 ~ 160. 00 mg/kg 2 [A], ¥I{E %y 67. 32 meg/ke; Cd 7E
0.027 ~19. 81 mg/kg 2 Ji] , ¥{E % 3. 31 mg/kg;Cr 7 106. 00 ~6914. 01 mg/kg = [i] , ¥{E %7 906. 81 mg/kg; Mn
7£97.90 ~1879.02 mg/kg Z [, B{E K 1176. 63 mg/kg, FhEKILO FNE " Btk E 4R & B4
L MRS ) Cu S B S5 RILABFMAS Cu W& BAHY, & THMNE. BNEBRS Zn &8
162. 16 mg/kg FEIL(% T Homebush {31! By# (ks Zn )5 & 600.60 mg/ kg, i Cr ()& & W% F Homebush
. BMNERBFEHESRR Cd & BRI LA , FHEXF] 3. 31 mg/kg, HRILARBTFEMAF Cd ¥E
i 2 £, T LU IS BiF A Cd Bk BT . M B0RLZS Pb & B TRVL O AU, (B T
KA. Port Jackson 1] [ ) Homebush &, [&] 2 SASHFFE AP N 125 1 S8 i URL ) v 4 T & B 25 [ 20 A
Blo WA ERIREKFRE , BRF AT ESR S BERBWUEAM M H ARG, ZHESRKERE
B AR VS AR FRME IR 1 2R 1 28 LR O R S v AR, B B AR B T RS et
Ma, Cu,Zn,Fl Mn FJ¥E MR O 2SN A PR %, 7F Tamar, Beaulieu F1 Scheldt 25 {n] [ 538, 4 Bk S Zn
AT, EER B TR R N SRS R OY R 5EHESR & B IOTIB IR A M5
Ko BERJR Pb EE N B3 vt BIK B {E, BR T BNEHHNG K msh, iSRS A & B BRdR—
NEEFEA,

N T VFHY LIRS JA AT AN K S W R R R, VR 2 0 1 BRI R A BT B AR R B IR T R WAL
Fto BFEE B TR AB R R AR e, F B U R AR I M BE 5 2 AH EL R BEAT 1 BA 1R, IR D R 7E
HARF & RBR, BAANMA BT BAX o R A T, — N X R R R IE T
ARFRKWTIRESRITR MEILR W EMIZEL N HE R R 1 AT RN E R Z K b BTk
V&R ABEFEY P ERITRWESHITRKENLE, NERPRUE N, A M6 7 FhaR TR
FIERTCER VR L PR AN 2 W 8, R BN I T B P OB S & 8 SR IR BR T B RO, A N5 R 2 3L
HESNEERE YR, KEFFRSSREERBRESER/DREFEREIET KN, 45REW, &%
R A R E S KR P BIF AR & B 2 AURE, KA L& 8 40 Pb, FE AR BAR S O 82 PEAR ¢ (&
3) o XHBTA BT AECARYI & , BDA¥5 Y B OB 1 SRR FE T B A K A A R R 3,
LRI RS BRERR, A E RSB EET .

F1 BRMEZREFRZFTMARE (ng/L) REFSERTESBITRIRELE
Table 1 Total suspended matter (TSM) and ratios of particulate trace metal concentrations/ Al concentrations from Jiaozhou Bay

V{7 Station SS Cu/Al Zn/Al Pb/Al Cd/Al Cr/Al Fe/Al Mn/Al
A10 86.41 29.52 0.79 0.37 0.028 724.79 0.10 466. 00
Al 26.70 17.61 1.88 21.71 0.16 50.48 0. 062 267.10
A3 16.12 7.98 23.69 9.79 0.099 26.67 0.50 271.25
A0 28.40 6.62 24.72 9.03 0.019 0.45 368.68 192.72
AS 7.53 13.50 20.23 9.09 0.72 57.59 0.58 359.93
BO 8.11 32.90 116.14 14.74 0.55 272.59 0.32 31.58
B1 56.80 4.85 13.43 6.00 0.31 45.50 0.36 136. 64
B3 6.90 8.38 20.77 23.24 0.22 50.71 0.51 294.02
C3 8.12 9.86 25.65 13.32 2.41 21.64 0.45 250.71
D5 2.50 12.26 23.77 23.77 0.47 1027.34 0.82 279.20
YO 53.01 49.15 108.23 12.13 1.55 44.05 0.16 184.52

2.2 HRHFHESEMNTESESR
HERAE REAS S R 2 1 DX R b2 TR . A& 3h 23R B AR R E AR TUAR M B 2w mT LR A 5%
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Fig. 2 The distribution of metals in SPM from Jiaozhou Bay
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Fig.3  Changes in total particulate-bound trace metal concentrations in relation to SPM concentrations in Jiaozhou Bay

MEREE, ENE THPESBERNERE(R3),IHRE LRAXHE THRABRYHESER AF H(ER
4) , Ikt B GRS BRI P BB S B S BRI, WK 3 LA, 72 D B6 1R
HTRIRY P ESE Cu,Zn,Pb,Cd,Hg, Cr &R SHBEMWMAHZERS K, H ERETARY P X EESRNS
BN RETHEMN, HRTTRYH Cu,Zn,Pb,Cd,Hg, Cr FXFP2S A0 A RE ORI T AT G Xt AR A
MRS TE . 3R 4 T, BRERAN B6 35BN A T EAK FHE &I, Seefer ™ 151, £BITE
) AF fH/NT 3 BRI R & B P EEE RT3 W™ EEE . FrlaE B&  BRMEHARTT
BPREBELBR TRES P EESE,H B6 3K Cu.Zn,Cd, Hg 1 D4 35 Hg N & £ L™ E
(AF >3),

®3 HERABHTFESEHEE(ng-kg™')

Table 3 Concentrations of heavy metals in sediment cores

Y Station Cu 7n Pb Cd Cr Hg Fe As Mn AL, 0,
B6 )2 Surface layer 79.78 150.30 34.91 0.16 128.80 5.79 3.13 4.19 269. 80 8.49
H1 )2 Middle layer 68.18 117.91 29.31 0.087 123.21 1.01 3.00 3.12 307.40 7.25
T )JZ Deeper layer 18.34 44.07 19.30 0.047 55.00 0.87 2.09 3.69 229.21 6.61
C2  I)Z Surface layer 33.11 84.31 26.30 0.013 88.50 0.79 3.11 5.18 549.70 9.05
H1 )2 Middle layer 31.71 100. 51 31.64 0.011 84.01 0.26 2.78 9.71 534.71 8.95
T JZ Deeper layer 30. 80 141.30 23.10 0.023 75.68 0.87 2.88 5.56 519.24 8.42
D4  |)Z Surface layer 20. 66 42.49 21.62 0.013 38.70 0.62 2.15 4.19 343.20 6.71
H1 )2 Middle layer 25.22 52.00 19.24 0.026 81.12 1.39 2.33 4.28 386. 84 6.84
T JZ Deeper layer 18.89 40. 87 18.71 0.014 68. 66 0.20 1.91 4.91 299.72 6.33
D6 )2 Surface layer 25.69 47.80 19.10 0.014 83.79 1.16 2.43 5.08 512.60 6.95
12 Middle layer 29.16 88.97 21.91 0.013 89.59 0.80 2.75 6.31 505.80 7.77
T2 Middle layer 32.40 40.95 20.24 0.012 93.94 1.29 2.69 4.37 491.31 7.98
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x4 BMNZERTBYHESEHOANAZEETF AF
Table 4 Anthropogenic factors for heavy metals of sediment cores from Jiaozhou Bay

{57 Station Cu Zn Pb Cd Cr Hg Fe As Mn Al, 0,4
B6 4.35 3.41 1.81 3.47 2.34 6.63 1.50 1.14 1.18 1.28
C2 1.08 0.60 1.14 1.17 0.91 0.91 1.08 0.93 1.06 1.07
D4 1.04 1.04 1.16 0.93 0.56 3.06 1.12 0.85 1.14 1.06
D6 0.79 1.17 0.94 1.17 0.89 0.90 0.90 1.16 1.04 0.87

2.3 RBEERMREEYENEEE SR KEN

FAWE WK ERA S Y IR B £ )8 & BITRRK AT REMI IR T EE 8 ZRA, B LEF
VL 2H DANE I ALARSE GRS P E N T R A BT st el K I E & RIS Y B 0™ o BT8R4
TURYIM RIS, 7E Y1.B2 fl A3 = RE R AE Y FER BT, ME HAKNESE S &, AW
Y& % [N T ( biota-sediment accumulation factors, BSAF) KiFM A YAN AT P ELE S E KX
R, HEARWT :BSAF =C,/C,. Kb M CAFIRE LW EFRUTEY & BT R FHWE.
RS, Y1 SiAEYEANRZE SR TRNEER T B2 Wik A3 o, lWZR 5 EiRRME Kk & E&EH
RVEARXTRL, BN R A AN ES BN S BES BT RENRIEA XK. N&&EITER K BSAF HX
&, IR E £ R TR, A 2 A58 6.26 3.47 2.07,F¥(EH 3.93, THEEEEK
BSAF {ENERHEE 1 Bi/NTF 1, BSAF {H/NT 1 ULBAAHX TR Y o B 4 )8 AVR BE /KA W 1R & 4 vl 1| P 7Y
HEJR BB B, F AT DALY, BN e A Y SR R in A B R R R R T E &R

X RZEC AN, BREHBEMN SRR FHRES R SESUNERRE  ARENEHEEE
Mo YL AL F 2T A, — 75 H Tk S A G HES BESE R T A YR N E S8 BRI, 55— J7 T A& T 7K 4R
FRIET IR B i5 Wy vhite , (SR iR i & JR R BN, Eh e AR IR (AR D EDRH B e A 194 e P 46 J8 ik B2 o A i
Hafm.

£S5 APGENESREIBEREN-NAYEERTF (mg-kg™)

Table 5 Concentrations of heavy metals in organisms and their biota-sediment accumulation factors

4> J& Heavy metal L B2 A3

EC i BSAF ECou BSAF ECopp BSAF
Cu 18.85 0.55 8.23 0.47 11.34 0.45
Zn 82.00 0.74 53.22 0.66 46.48 0.57
Pb 0.57 0.012 0.32 0.013 0.71 0.024
Cd 0.62 6.26 0.67 2.07 0.62 3.47
Hg 0.99 x10 -3 0.011 0.51 x10"3 0.021
Fe 1555.00 0.088 1130. 00 2012.00 0.11
As 1.19 0. 046 1.35 1.26 0.040
Mn 47.00 0.090 29.43 55.67 0.13

Owen 71 Sandhu"*! 3 1 2 7} fu, B B 455 R 75 3 P05 % 2 BE B T Ml BB 7K 45 2 6 15 7K 1l Bk 40 37T
Ry B B P o ARk, RAETEB NS AR T R A AT R T RE B im K8 HEET AT
TT AR 2 AT B KI5 7K HETR N o T B2 M S M 5 ¥ 7K 3 3 ) SE 2 IR R A, LTS PRk I o ok v
PRI (221 10. Tem/s) o BRI, BREATRAELRE L T It P00 o FF) 1) S8, T L K ¥ ik ) — 3 - TR S I
BUR R ARLTTAR IR , IR 1T L, 37 =¥ UK 3 0 A R AU R 3 X UORR , ik T R B g AR 2%, LA
BREE TS DR B MR IR R P o BTRL 15K B K B K RS A U B R B R TR
EARTRREX IG5, BIFNEN AT RN A AB WG, 2519 3 A7KE ST 8, 224
FAER AR R , TSR A P9 %) [ S 20 0 A5 48R (9 07 [0, TS A ¥ Y R W T I A 90 Jo
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JRIKG 7K BIHETBOA M B bR 90 [ 1k S0 A PR RO 8 UM B 15 B ) EE R IR AR IR £ Z A5
REXBEYPESRERT —ERENESE WHKERENAIZHETETHEEREX, KZUESR
J& TREER| P EEE 4, B6 Uil Cu.Zn ,Cd Hg I D4 %) Hg M B4 LB H . RMBRMEYENESRHN
HREEERENTEARR, FRERTHRRESRBRENILRRLESREN M,
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