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Fig.1 Distributions of measurement stations in the study area
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Table 1 Chemical composition of the Jiaozhou Bay

SH AR JRJZK FLBEK PRtk SRR PR XL5E
K* 398.92 44938 399 K*
Na* 10066 10057.54 10770 Na*
Ca™ 377.92 388.38 412 Ca™
A Mg 1265.5 1209.46 1290 o Mg?*
415y _ 415y _
(mg/) cI 18947 18275.38 19354 (mg/ke) cI
S0.” 2623.8 2630.38 2712 S0
HCO5’ 167.62 741.08 140 HCOs
TDS 33847 33751.62 35077 DS
As 1.13 12.93 1.7 As 8.17 1.81
T 5 Hg 0.06 0.09 0.001 Hg 0.07 0.04
L IR (e 4L
ik Cu 2.08 9.11 0.25 Cu 20.08 1.97
| 43 (mg/kg)
(ug/h Fe 513 2868 0.055 Fe 28244
Mn 53 6962 0.014 Mn 781
CcoD 1.209 0.75%* CoD
IR R T BOD 1.754 R R T BOD
(mg/ke) DO 4734 9.52%% (mg/ke) DO 23.534
Mn/Fe 0.10 243 Mn/Fe 0.028

T AR He il dR i AT R T R L+ 2K Y COD A DO #5185 1 X IS L

G JE A 3 e B B T AR K B IR 44 R B 4 0 Y B L HUIR
ZEKFFLBR K % AT AW AL 22 RR0F  RZ KT Fe &
LR T Mn, R i 42 8 41 43 9 B2 ¥ 918 Cu>As>Hg,, 1M
FLBRAK P Mn #& B3 R+ Fe, HR it 4 J8 4153 0 ¥R 3 7 51
As>Cu>Hg,

KA RGP UL AL LA Fe W JE 5 T Mn (8
SRR IR 4 JE AL 4 VR JEE 4 AR T BN Cu>As>Hg, 5%
2K AR TP FN A R, S5 FLBRK R TR, JEi8 J& Fe i /2
Mn GRS T Hg B2 A 7R BAR Y He KT

KA R G R F TR R | AR T %
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DO), WA FEIRZKPH 29 AURE SRR T 2 W44 (K,
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(I 2~13) , HoAts fb 2% 41 43 119 2 8] 43 A17 DA | A 45 L A 2 7k
B S
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J 1TSS N Sk N D ) RS A R gl T
HCO;/ CITHk i3 iZ AR AE SR FE S 0.007~0.052, KBS B
P VAT o A 35 1] 3 T 3o A 1 R A 90 ORI RIS 2 9 K AR
By RT3/ S TR I NS RS TR A E Sy NI LT 5y NS LR T I E SR 1 N
I ET SR SRR K

) IWEEH F k%3

o BT A LTS Gt B R TR S A ML G G o b
It 9% 38 5 TR SR T 5545 48 ok B 1| R 22 7 4]
it (COD) AT A it (BOD;) , H i A fb7s it (BOD) &
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W Z KR JF BRI OCOCR 08 I iR A i R
WO WA O 0 B A B LIS Y T Y K B T AL
B T T VA it SV A SR R AR AR AR A

N E3R 3 S8 S ELE T, TTRE R coD 5
BOD, M5 X A9 43 A A 3 — 30, HA S50 0.27~3.04
mg/1 Fll 0.16~5.71 mg/1, %M Z TR SR [TV 2105 F
R = N A B (B A A T e R O A VA
A (DO) W JE 43 A 5 B R 3.00~9.82 mg/1, 4- 1l a3 5 coOD
1 BOD; #H %,

PRL UG DA A e T 725 1 7 3 AR A 8 B e s e o O ELR
ZW VR

(3)IR () A o1k 24 35

T JZ AR (B0 ) e L 40 1 ik A8 A R, A ) AT A A
Z2JURSEIUA B 9, o T R IR ik 4 53 76 2 8] LA 43 A R
B 22 ) B A LR P (1] 2~4 ), P TR o 20 43 19 10 7% R e
L S35 Fe Al Mn % DIAH G 7E L — I I RAHE 4 |
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BE 43 AT T ORI AR | B KA A2 R AL R 3 A4S (E X
1) Al g SR /1

JEJZ K Mn W B AZ AL IR BE R 0.008~0.12 mg/1, BT X
AEAE P AR X 4301 43 A7 5 0k T 18 KT 11 4L | fy it
T B MV e R Ul /N | 5 B e B 37 A3 A LA A

SR A B A5y Cu Hg M1 As 38 5o i O @ fE AR AE 3
AR . DIKEK Cu MREAEIRE N 0.96~3.63 n g/l , H A
7 5 AR AL R TG 0 g5 el O 1) G Al v R e (P 2) L QR K
Hg W 22 AR B 0.0106~0.0982 i g/1, HAr i MY Cu
—H(F 3), QIRZEK As HEAELIREE N 0.675~2.61 pg/l,
L dge = (B 43 A0 1 B8 KT A 2RI 1A | Y e a5 53 A 1 R
AP T A | b 1) Al SRR (D 4)
222 LKA F

FLB K S TURR B BTRR N it A T T RR ) 0k 22 ) 9 i )2
K A TR W AT B A o R v OB ) AR 1 ke
U, FLBR K Ak 2 B3 14 5 i DF 90 2 103 AT B KO B FE 8 5%
4 A AR 0TI R B LB K SR I DS R A A= 4 LA A=
A —AE IR R REWA Y R EGE N B,
A ik ) 0T DA i 3 T 2 B ORI T, G L R 7E R AR
BB, B LG AR Al R A 3 PR I A AR T S U
R, R B SO BIF T SR 5E ) 00 A A RO Y — A
WA,

() mdl kg

FLBER K 75 1 20 43 0 53 A A S BT ] I A S e T
W41 Cl S5 HCO;/Cl 1Y 43 [ 43 A 46 7R T 2% 1 V5 52 Bl 2 4
ASEMIHRE £, HCOS/CIEAZZ IR 0.014~0.140, 2 7R
oo G AR I 23 A 47 A5 EVE R rh AT — A e A, R R 40 AT 4R

i, EH IS L BERZ WK L % S B R g H
el (L DX 1 437 ) 7R 9 1) B8 8

AR RE R OILBURAR R TIRZEK B
SRR MK 5 U & A K A AR S 7 @FL BK
27 35 1) 25 18] 4375 52 B0 L B0 R 52 2 25 9, o B AH 41 IX 4
L2 T REAFFE R R 22 5 I {5 B 7T ) xR B oo s
V¥] 3 A F) B

(2) FLBRAKIR (1) 7 40 53 W 2 %)

FLBRIK Fe ¥ H A AL IR A 0.05~12.3 mg/1, H = (i 53
A - 55 BT 00 TE AR 1) R R R 1A |l ot g R A L
JRJZ G IK Y Fe R &

FLBRAK Mn W B2 A LR R 0.24~25.2 mg/1, HEfE
3 AR AT X PGS 1) AR ad , HU IR 2 K 3 100 £, B
[ (T NS TR LI I

IR 1 4 43 L T3 67 19 RS 2 K 4 T 44 21 4 240 7 AR R UL
ARG, ARG (8] 5 A RRAE | TR H A B 2 T T AR
RAARRE VLAY | B A4S Fe Mn As Al Hg, 300 HAT I
i Vi B2 o B AE S BN Cu, W 8 TR 30 T SR e85 i AR
[HER RS L HE S A e 1 2 3 N o Y w973 (T

Cu MBI R 0.97~4453 p g/1, H=sE o mAAS
JICJZ K B ) 48 2153 43 A AH R, BEEEIR)Z K & 29 10 5 () 5)

As & it B AR 1.75~43.1 p /1, B E X 50 TR
ROy S R TIRT R/ = [T R RER TN ¥/ S NN S R TIE
T3 1) 5 PR REAR (] 6) . SRZOKAA L, B A
BB R AEE —EWER R ERIKZ KW
210 1%,

Hg WAL IREE 7 0.010~0.209 p g/1, He i {5 5317 75 &5
I 1 R ZE R (7)) HR R K I i | 3 o AR LA
BAR—H

H LB K A 5 37 4 A AR T R LB K R e 5 0
14 RS 2% 98 K S8 2ok T K 0 A% 3 | T HEAT B B A 4 | RS TR
RG] i 4Ly (I Hg M1 As) 5 %2 K 19 IR 44 4153 7%
A #E A5 BIE S, AL KR 8 4 Jm 440 e LU IS 2 K
AR 5 06 2 K 5 8] o3 A EAFAE 0 22 S v R 0T FLIBUK AL 27
oy 5 H e FA DU B KA T KA R U R =
6 3 1 ) FLBR K BT, 3 2 OB RS e AR — A R e
62 1) b Bk Ak 2 5 L
223 R ERBRHILFEY

lF 53 26 )2 VTR Ak 27 3 S A0 6 AF 95 0 K FLBRUK % 01
Pt /R IR L e (1 s i I

(1) A HLER (OrgC) e Ji

F )2 VTR A HUBR e B2 78 A0 R Ry 0.228%~1.82% , 15
{H DX 43 A T K] ZR R T Ak | R 43 A T I B e
BRI Fh A 1] 5 7 e 3 A

(2)JE () B4l k243

Fe W B {H A AL IR BE S 1.29%~4.01% , He @i {5 53 A1 T 2R 4
WA M 2L TS, i1 7Y 1a p s, RIZUVURY) Fe ik
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Fig.2 Contour diagram of Cu distribution in bottom water
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Fig.4 Contour diagram of As distribution in bottom water
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Fig.6 Contour diagram of As distribution in pore water
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Fig.3 Contour diagram of Hg distribution in bottom water
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Fig.5 Contour diagram of Cu distribution in pore water
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Fig.7 Contour diagram of Hg distribution in pore water
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> 3
= By
36° 16'F = 7 o
3]
36° 08'f 3 B
As(mg/kg) ie @l
@ 4.92~6.27 B lJ
* 6.27~17.75 I8~
e 7.75~9.4 il ia
® 9.4~1491 ) LE ] LT
120° 00’ 120° 20’ i
10 DUFRY As 5 55 A S5l 2 Bl 11 A0S Cu & & 50 A S 4 K
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Table 2 Linear regression equations of trace metals in different media
JLHR B Epaps FIE BB R
Cu C 1 =121X10°C zs+3.48C ns-4.42 X 10°C g +7.97X 10° 0.187
Hg C 3 =-3.53%X 10" C ek +3.79X 10* C 51mx+3.69X 107 C s +37.53 0313
As C 1t =1.86X 10° C g2x-40.65 C 1x-2X 10" C ey +8.2X 10° 0.155

T FE R R R RBLT [l U RS R T B A PR AR B AR S T LE . R2BOR LR MRS AT I 2 R2=1 I 3R BT A LI
HATRETERNH EL b R=0, 8% A B SRR LR R CanfURE QIR | FARR S BT,

VI 43 A 5 RS2 A FL B K B9 R — 3,

Mn i BEEAZ AR BE R 185~1 032 mg/kg, & fH X 434
AR VG AT 11 BRI R 2T Hi k) S A, K2
YUY Mn &2 508 2K 1 36 A — 30, 5 ALK —3,

FEIR A B A P Fe Y5 Mn B0 AR A —801, EE R
XS, Fe FEU SN B RARMES S T RERELT W10 E
BT Mg F1Fe 90 A0 38 AR A7 08 4 55 | T
b IR T 3 S i R W B E AT L LR KO
P B M E5E R W Fe Min FE 5 R £ 5 DU HT 2B 1 it AR
TR AR 3 Fe 56T 2T Mn SF&JRA A DM
Yo DA GURR D P B TR AR R A AR AR

Cu WA B SRR 6.57~79.5 mg/ kg, H i EX E
SO A T U A ZE R (] 8)

Hg W AR SR A 0.01~0.26 mg/ kg, HomH X &
SEAYAT T VD AR ZE A AL T YT (R X 40 A 20 5 12k A
T SR (B 9)

As W BEAE 1975 SO IR B R 4.92~14.9 mg/kg, 5 Hg W
o3 i 26 (K 10)

FAVURRY A= 24053 e 5 1 /s . LU 2 K 1 [) 2 41 4
1R 3~ B GL, BOR IR K (0 3 5 1R RN T I Y
HARSA 10 2 8] 53 75 47 R Z IR P2, R 2 DU AL
Y 55 LR K A 2 3 25 ) 43 A B 9 AR — S50ME B2 T TR IR IR
PR K A ZR 8 A 00 W R AR A I AR R E AR T B X S 3%
K FR G R ik BN G — (AR
224 AR EESNFEY

N SCHE W AR T 2H 43 e R AR AR 2 (A 1 T 43 T A5
ML IR BE(E, HsS A T

Cu VR AHZ S IR B 1.19~15.54 mg/ kg, Ho & (H 217>
AT I KGE R RS AR (& 11), TR 4K | L FLBR K 1 1=
2910 5L L HIRE KR 2 MR,

Hg W AE 2 3 IH 4 0.015~0.184 mg/ kg, i i mi fi
F1 55 B VG BT R R T (L 12), H DA A [ 44 44
I%, FEALBROK JRJZK M3 3 SR,

As WRIEAE B SR EH 0.92~3.83 mg/kg, How{H A 010
F il T KGE R S 0 PI, AE AT 50 R IR R Ko 2 (&
13) , Fomm i L O 14 ) 44 240 5011 (R B AL BR K TR 44 41 43k
FEME 5 1~2 ECRE L, LR WK 1 e 3 A B4,

WEMEE JEESEALY Cu Hg Ml As 1A Y IR Y

%3 TENRARAELE T FRE
Table 3 Standardized regression coefficients in

different media

_ iR ACIIEES 3
JLHR o
JRJZ K FLEEK TR
Cu 0.487 0.044 -0.288
Hg -0.516 0.393 0.193
As 0.420 -0.105 -0.028

TE AR oA 1m0 28 B X EDBOR | 3% WG kb o

B AR T UL B TALBUK 2 & TR Z K 0 H =
BB 3 DB, AEWIRTIR S )R A Y SR AR TR AR
WFW, HOF IS A R w0 A S5 UL FLBR K LR
JE KT 44 20 53 43 A B G
2.3 REK FLEEK AR Y 5 A Wy i B £k 1 [ V3 53 4R

VL BB TR JZE K FLBRK  DLRR ) B e ) 55 2 )2 WA
St PR S e O A 1 A8 )20 A LR A W A PR B Jm 4Ly
19 70 A1 3R B B T ARAE 9 A R i R AL e
— Bk 4 R EICR AR AR W R T S kA
BT A 27 20 2 OC R ANART 9 S MR A A BT Ak 25 20 20 X A= 0 AR Y
TUHREE R 7 2 3 2 7R M I SR A 1 47 A TR 3 32 22 A o
() R 9 BORFIEAT 22 0 [MH e A i R I IE . 227G 1A 3 M A2 4
WA 2 A~ 1 78 1 0 5 O 2 e 3 1] 0 5 R R TR0 R 2 4 1
[, 72 B3 B b R SR AT 3R AR (R e 1 A2
R E A T JSSEAY ) of i AR B 2 A E B SER (K 2) .

LU R B AL 7R 25 A B P P R (R
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Chemical field of trace metals in the aquatic system
of the Jiaozhou Bay, Qingdao

YE Si—yuan', ZHOU Yong—qing', DING Xi—gui’

(1. Qingdao Institute of Marine Geology, CGS, Qingdao 266071, Shandong, China;
2. Shandong University of Science and Technology, Qingdao 266510, Shandong, Shandong, China)

Abstract: By using the total chemical concentration of the macrocomponents, microcomponents and trace metal
components as well as the environmental factors, the paper discusses in detail the general biogeochemical
characteristics of trace metals in different media and areal distribution of trace metals of various media in the
Jiaozhou Bay and reveals the response of the aqueous system of the bay to the terrestrial material input. Viewing
the aquatic system as a whole, vertically, the surface sediments are the concentration zones of all trace metals and
the organisms in the system have obvious bioaccumulation effect compared to their aquatic surroundings. The
bioaccumulation factors of clams are 1385 for Cu, 93 for Hg and 725 for As. Laterally, the total amount of trace
metals in both bottom water and sediments are mainly controlled by the proximity to the estuary, i.e. the high
concentrations are generally distributed in various main estuaries in the Jiaozhou Bay. Especially, the high value
areas of trace metals in the sediments mainly occur in the east of the Jiaozhou Bay. The high content of the metal
Cu in pore water is mainly restricted in hydro —dynamically quiet areas, e.g. at the frontal edge of Hongdao
Island. However, the distribution pattern of the chemical field of the trace metals in organisms such as clams is not
coincident with that of the above—mentioned various media, i.e. the concentrations of trace metals in organisms
are not related to the concentrations of the same metal in the ambient sediments or seawaters. Therefore, the
authors believe that the accumulation of a given trace metal in organisms does not simply depend on the total
amount of the given metal in the ambient media, but that there is selectivity. Organisms have their own choice to
accommodate trace metals. Moreover, regression analysis shows that bottom water makes an appreciable
contribution to the enrichment of Cu, Hg and As in organisms.

Key words:trace metal; bottom water; pore water; sediment; variegated clam; aquatic ecosystem; Jiaozhou Bay,

Qingdao
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