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Fig.l The sampling sites around the Jiaozhou Bay
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Tab.l The elemental contents and the determining method of some GBW in 1997
. mEIEGBW 07604 B0l GBW 08571 *HEFGBW 08572 TN

WE A EEE WEME EEM WEHE EEME
Al 1010 1040 272 231 143 131 IINAA
As 0.39 0.37 5.78 6.1 1.52 1.42 INAA
Au 0 0 0.01 0.1 0 0 INAA
Ba 222 26 2,65 2 4.41 +.29 ICP-AES
Br 7.2 7.2 87.7 90 13 13.5 INAA
Ca 19 100 18 100 930 1110 3050 3040 INAA
Cd 0.34 0.32 3.87 4.5 0.025 0.023 ICP-AES
Ce 0.55 0.49 0.32 0.3 0.2 U INAA
Cl 0.23 0.23 0.96 0.9 0.3 0 INAA
Co 0.47 0.42 0.85 0.94 0.029 0.029 INAA
Cr 0.71 0.55 0.62 0.57 0.38 0.24 INAA
Cs 0.05 0.053 0.05 0.03 0.03 0 INAA
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gx1
. %R GBW 07604 5 )L GBW 08571 T EFGBW 08572
TE ] W&k
& 5 WA {6 B W8 KEWH
Cu 7.48 9.3 6.17 7.7 4.62 4.66 ICP-AES
Eu 0.008 0.009 0.048 0.08 0.018 0 INAA
Fe 274 274 258 221 25.6 19.8 INAA
Hf 0.021 0.026 0.04 0.01 0.01 0 INAA
Hg 0.025 0.026 0.035 0.067 0.222 0.201 AFS
K 13 200 13 800 5000 4240 6 600 5970 INAA
La 0.26 0.26 0.26 0.2 0.05 0 INAA
Mg 6 490 6 500 1820 1970 1 670 1 600 INAA
Mn 45 45 9.1 10.2 1.8 1.96 INAA
Na 210 200 5600 5820 3100 3810 INAA
Ni 1.73 1.9 0.78 1.03 0.26 0 ICP-AES
P 1 700 1 680 11 600 11100 7 840 8 450 1ICP-AES
Pb 1.39 1.5 2.26 1.96 0.239 0.298 ICP-AES
Rb 7.4 7.6 2.1 2 1.7 0 INAA
Sb 0.045 0.045 0.024 0 0.007 0 INAA
Sc 0.069 0.069 0.054 0.05 0.006 0 INAA
Se 0.15 0.14 4.08 3.65 1.71 1.52 INAA
Sm 0.04 0.038 0.031 0.02 0.006 0 INAA
Sr 155 154 23.1 12.8 32,7 40.6 INAA
Th 0.079 0.07 0.058 0.06 0.011 0 INAA
\' 0.53 0.64 0.51 0 0.7 0 INAA
Zn 42 37 147 138 62 60.8 INAA

21 BRFREBRMERERNIETEY

R, NG DUAD AT R RO B AR A Y. PR R 5 T DUR R X A4 4 45 F0 85
F, LB {F4E A Al As. Ba. Ce. Co. Cr. Ni. P, Sb. Rb. Sc. Se. Sr. Sm. Th. V EF K T X
MEBYE THS &MY, H Cufl Zn #I5 (B 22), HLEIE R T 4 SRR X A4 45
1f, FEEEBBFIERR KRS HITEN S E, I Al As. Ba. Br. Cd. Ce. Cl. Co. Cr. Fe. Mg.
Mn. Na. Ni. Pb. P. Sb. Sc. Se. Sr. Th ¥ & TH A AN K & & (B 2b), THEBMEEH
110 Mg B SIS, A SRIB2STE 2.3.4.5. 6.7 S5 I8 &R BT 24 17, T 44 45 #0105 0
HA R B, 7T LG A7 B2 4T 5 A1 G DU E 43R A7 7, R BN T B oK B9 I P B UR, R A R AR AR
BE 1o 0 B2 A PV 4% DX B SR B R 0, T B3R AT LAFE A e M ¥ VLo L 78 O AT VS AR 3R I T
R /R, UL T DA, S PR M B R BB F R A Y. IR B T LB AIUR
FEERAER T, (AR S FICR ARSHES, HEEHMIMI A X HRIE (Sukasem er al,
1993), M DU/ 3235 38 HY SRR 95 78 AE 4, 3X B 0 i D547 — 6400 28 49 23 #T4RY .
22 BRFHETRTHLIMIUERMAIRERSR
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The comparison between the elemental contents in oyster and clam in 1997
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Fig.3 The comparison of the elemental contents in clam from Hongdao and Shuangbu in 1997
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HOtH, MR/ ML M FRm & A, TERE, ARER. NEEIMTESER
(& 3)RE, DUB AR KL L E, I Al As, Au. Ba. Br. Ca. Cl, Cr. Cu. Hg. K. Mg.
Na. P SeHF S RYBFTUARBEMN, AHEAS TR HEH, VEBTFHEAN H &8
(0.212pg/g) LT B AR I RIHg & & (0.031 3ug/g) B 6 1%, Cr. Cu. As 4T B 1 5,
ARG KM KR A B ELZ &, REFEHE, TR TUEEETRETHESN
ETUXMBOMX, AEAEEEM KA T Sisfdll, M S FRMEILE, 2
—HAREH, RERAE R T AL, KR FERE L E T,

BIEABHMPORRHRENRFENLREESRBAYNES LIFRERELY
i DAEVRHEBITHER (R 2) RN, BRXFHIREAM AR, BERE (mg/kg) 5 TEXK
B g/ ZRGEE —ENREEY, BRSRAFWERNEZHNREE, FUTHT—E
BILLES., R 2WTH, SUBIFHR As.Cr S EEBE &% DA, CuHe. Cd S TR
MEEEHEEEM DAEREN LR ASBFN CdSERE T RN DANE. #—4
RAE NN, &R AR He. Cr.Cu As SEEN T ERE R TORFREM T
WESET . ERB ST ESIEN. FTERENE A8BFEAN A E
(2.19pg/g) B T XURISFARME Cd & & (1.30pg/g) , HRHE M F it — B 5.

R 4B WEMBBFENESRTRESREETIRANILE

Tab.2 The elemental contents in clam from Hongdao and Shuangbu and some standard

TR Cd Cu Pb Zn Hg As Cr
A5 (wyeTHE) 2.19 6.4 1.38 83 00313 1118 1.59
I (ug/g TE) 130 7.8 112 84 0.212 16.65 3.88
— R A Y B B SRR 5.5 100 10 250 0.3
(mg/kg'BE)"
& DAERE (mgkglBE)” 20 10.0 2.0 0.3 1.0 3.0

1) 5IBREBEEH0981); 2) 318PEHBFEBERIFELSE (1997)

23 BRUETFTHLCRBMADZHFERR

C5R F RO 8 R A T BN W B R I, TSR 0 O LU o Al 49 R W b IXC, T B % 4 ik i
ITHET - AEEBEER LEFEHBENIANNTIESR, XHHASBENERY
Cd(2.07pg/g). Zn(294pg/g) . Cu(ll.6pg/g) T BB/ TILR AR AN HK Cd(1.34pg/g).
Zn(142pg/g) . Cu(O.5ug/g) S B, TUELEA SN KERHEBRTFICRAAN KK, HHBIE
NN EEREESTH DAREER2)UR, TULKABASIENAERN Cd.Cu s &
CHEEEM PAERE ZnEEEL - REMEYN RS AFKRE, ITIELTHEX
B (RS, 1993 KK, 198 e W & DB EE. Kk /N /K Cd. Cu. Zn
FLRCH TARBRERISE BMNBRE-FHIENEL BT EERIASBRATE
M, BAAAH A EEGBRSET RS BT D EEET SR Cdis W
FEFEHE M BT B BT ETETE S5 T REIE CukER G, 8
BOFATZ WANE FR ZIn5ENEERE, U, ENERENELBIS L
RIEER S RANMER. ICRAMIIEN He §& 0.622ug/e) WER TEH BH TN
AP He &8 (0.110pg/g), KEEAHFH# L TR,
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BICE, I As.Cd. Co.Cr. Fu. Se ¥ ARAFT W IN(E 4). FEHRBHE, As #1996
FER) 2. U pg/ S ME 1997 4EH) 16.65ug/g, B T 8 15: CA TE 1996 FF FE H 1.07ug/g,
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Fig.4 The comparison of the elemental contents in the clam from the low
intertidal of Shuangbu in 1996 and 1997

FL#2 1996 41 1997 4E R AL R AR XM IE AN TR & & (B Sa), K3 1997
SEH#) 15 LKA Y As. Au, Ba. Br. Ca. Ce. Co. Cr. Cs. Eu, Fe. Pb, Rb, Sb, Sc. Sr. Th. Zn ¥ kX %
BrENGENS T 199 FM &8, FATUEN 1997 EHSHEXIEINEHNE As.
Au. Br, Ca. Co, Cr, Eu, Mn. Rb. Sb. Sc. Se. Pb. Sr. Th. Zn ¥ KZH T EN S E AR T 1996
FEWEE (B 5b),

MU E BT AR B, 1996 £ 11 H—19974F 11 A, BMBHBF MBI AN ES R
TEWGER TARBEMRS M, AL E8m T 8. S8 XERIES 90 FRYIBEK
MEEY RGP AR LR (R AU RAERZREN 7 F9, BKMNBELI TIRKH
Ti, B2 ROUTUERN SRV B M. D& TESE A, 1997 £8 As, Cd. Cr.
Cu. Hg.Pb. Zn & 247 52 1990 FEM £ 9.6.8.3.205. 2. 3 i MR A XL T EH &
B,1997 F3 510 1990 1Y 6.11.23.8.366.4.6 5. ELRITEMN BT AED A
KM B A SAEIT YR TN DN EERS, Y58 AN EEEN,

BEM RN SN AR A SX EREA LR TERR, W F X5 R
EAEELE R RN RE X EE.C. B OMEABRS A, XERSELE MR
M KIEAIT Y. M 1996 FF1 1997 A WAR A 4 T EUIR K F , M BB A S IR K
AEFR AFEFRRBER TAREBEENESZRIGRAR. ATRPBMIH ERFE,
H (R Wl 3% SR T A BT R & R, 4R 50 AR U0 B R 55, BOAT AN ARER L 1 SR MR B R,
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Fig.5 The companson of the elemental contents in the mussel in 1996 and 1997
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Tab.3  The companison of the elemental contents in the bivalves between 1990 and 1997
T £ As Cd Cr Cu Hg Pb Zn
AT 1.61 0.310 0.352 2.83 0.000 6 0.57 33.88
19904" 4t 85 1.47 0.048 0.218 0.54 0.000 2 0.37 545.9
(mg/kgi2 &) TG 0l 1.65 0.150 0.133 1.28 0.001 0.38 37.42
T 13.92 1.75 2.74 7.2 0.123 1.25 83.5
19974 iy 3.07 1.76 1.48 272 0.052 1.43 887.5
(ng/g TE) & 0 10.52 1.71 2.99 10.6 0.366 1.69 218

1) 1990F MBS A KA HF (1991)

REFE S B, L [RHA B AN B0 BN V8 B R AR
2 £ X &

BB EREE, 1999 BB N 2EEA 20 T RS BMSTBR. w#HE 5 1217
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STUDY OF ENVIRONMENTAL ASSESSMENT OF THE JIAOZHOU
BAY USING BIVALVES AS A BIOMONITOR

WANG Wen—qi
(Institute of Oceanvlogy, The Chinese Academy of Sciences, Qingdao, 266071)
ZHANG Pei—qun

(Insnitute of High Energy Physics, The Chinese Academy of Sciences, Beijing, 100021)

Abstract The Jiaozhou Bay, located among the areas where industries and agriculture are
developing fast recently, is subjected to pollution from many resources. In this paper, we selected 4
different sites around the Jiaozhou Bay to monitor the environmental quality: Hongdao, Shuangbu,
Tuandao and Huiquan Jiao. Hongdao is a typical fishery village; Shuangbu is an area with heavy
industry and densely population; Huiquan Jiao is a tourism point; Tuandao is an area with factories,
transportation and tourism.

Instrumental neutron activation analysis (INAA), atomic emission spectrometry with inducuvely

coupled plasma (ICP-AES) and atomic fluorescence spectrometry (AFS) are used for marine living
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organisms to determine the elemental contents in their tissues. To select the suitable biomonitor, three
species of bivalves (clam Ruditapes philippinarun, oyster Ovstrea denselamellosa, mussel Mytilus
galloprovincialis)y were collected at each site. 34 elements in these collected organisms were studied,
including biological essential elements and toxic ones, such as As, Cd, Cr, Cu, Hg, Mn, Pb, Fe
and Br. By companson of the elemental contents, we suggest that the clam was the most swtable
biomonitor for the Jiaozhou Bay.

The preliminary results indicate that some elemental contents (Hg, Cr, Cu, As) in the clam
from Shuangbu were much higher than those in the clam from Hongdao; for example, the Hg
content in the clam from Shuangbu was 0.212pg / g, almost 6 times higher than that in the clam
from Hongdao (0.031 3ug/g). This shows that the environmental quality in Shuangbu was worse than
that in Hongdao. The environmental quality in Tuandao was worse than that in Huiquan Jiao. The
elemental contents in the mussel from Tuandao were much higher than that in the mussel from
Huiquan Jiao, for an instance, Cd (Tuandao: 2.07pg /g, Huiquan Jiao: 1.34pg /g), Cu (Tuandao:
11.6pg /g, Huiquan Jiao: 9.5pg/g) and Zn (Tuandao: 294pg/g, Huiguan Jiao: 142ug/g). The inter
annul changes of the Jiaozhou Bay were significant, the concentration of heavy metal elements (As,
Co, Cr, Pb, Zn) in the clam of 1997 were obviously higher than that of 1996.

From the preliminary results, we suggest that heavy metal pollution is becoming one of the
most concerns of environmental quality monitoring in the Jiaozhou Bay.

Key words Biomonitor INAA Elemental contents Environmental quality monitoring
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