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Abstract; To understand the influence of shellfish culture on the distribution and speciations of
mercury in surface sediments in Jiaozhou Bay, a total of 55 sediment samples in four culture places,
including Hongdao, Huangdao, Jiaonan and Yinghai were collected from May 2012 to May 2013.
The mercury content of sediment samples was measured by cold atomic absorption spectrometry, and
the mercury speciation was measured by the method of the continuous chemical extraction. Results
showed that the range of mercury concentrations in the sediment samples in Jiaozhou Bay was
0.037—0.228 mg-kg™', and the sediments from Hongdao had the highest average mercury content in
all samples, with 3.2 times higher than the environment background values of the local sediment.
The vertical distribution of mercury in sediment section showed an increasing trend from the bottom
to the top, indicating mercury enrichment in the surface sediments.By analyzing the data of mercury
contents in the sediments from different areas and periods in Jiaozhou Bay, it was suggested that the

shellfish culture could aggravate the mercury pollution in sediments. Moreover, mercury in sediments
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existed mainly in the residual fraction, accounting for 31.46% , and the proportion of exchangeable
and soluble fraction had the lowest value, only accounting for 9.06%. The order of risk level of
mercury contamination in sediments from this several target regions in Jiaozhou Bay was Hongdao >
Yinghai> Huangdao > Jiaonan. The evaluation results of the potentially ecological risk index for
mercury pollution in the sediments indicated that there was a higher ecological risk to the sediments
from shellfish culture regions in Jiaozhou Bay.

Keywords : Jiaozhou Bay, shellfish culture areas, sediment, mercury.
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WU ok A & & B 50040, X T BEAR K AR AR 28 R ST R O BRIRE R Al i e B o 2 5 L

IS PH 25 51 A 75 B B ) DL SR AR, i e L 1) DL R0 L 2 X DA W B Al R A ) 2 e
FEEETRZI RN K P2 SR B 2 ISR AE DX IR J2 DR PP 5 R A PR B <6 i 140 5 S A At ] et 52 i
AP B EURGR A B YD R 4 A B RIS Th KR 467 - d T ISR LRI AR AR
2512000 t-d™" AR A58 Ao DL B A HE A T TORR B0, [ I ) K ORI 16.4 1 d T RS AR
7.2 t-d T TEHUBE Y K FRIE T S5 R A BT h AT DR 3R A U SR 23S R R AE LR T i TR AF
A FIL R F AL e A BRI 5 TR FRFE AR ok & B R WA I 7 | 8.8 3R BE 3 8l AR 1 A )
B B TR I 2B ) HE ) AS (LU b SR (0 ok FEE B8 o 17 LS AR IR P 653 o O 2 i i L 49 T
I FREE A f DL P EOR B i S DU Fh ) oK 5 I 25 AR G T #0714 9 A A RO S I 2 J= DA
PR ROR SR B IR T AT UL Y SR RN SRR G PR R I A R A AR AR SR AE TR
I3 A B SR R R AN R 9. 58 T M B DU RO SR W R AE & @ U &R h BAT fe 1 AR 25
SRR B2 RS Y SR IS TS 7 Y Y DU 7 Al 52 B — RS e 3

AWFFE L DL SR v SR B 1) TR S SR E 5 X8, SRAR RS DLARIIRE b, 0028 20 M 1 DL 2657 FR IR Hh ok
1825 6] AR MR FIRAE A 285, % T 1 ik DL 23 R DUAR PR b oR RO PRI i e LA 2008 S g g Oy D12
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1 L5 7 ( Materials and methods)

1.1 e XA

JEE PV T LU 2R 2 B 5 (120°04'—120°23E, 35°58'—36°18N)) |, 2 LR~ 35 P41 FRU 025 25 A 5 )
AN SRR PO VA SIS A 7 Sl )| e e (S P WS T s DA (W R =2 S BN = R I - Vi | = NE B NS
T, DL FRAE A S M T 11 3 7l , FR 58 P 2 B AR 0T i DL R 4 i 45 AR R IR AT 9%
B R R K, 3K 20 2T RT, 5 DU ESRF IR FR Y 93.2% . 218 ¥ 1 R LA K i 2 e M 725 st o f D1 2
TR X, P 21 5 SR A A G B, b R 22 T8 188 LA SR B AR A s I AT 32, M i B U5 Ml X 2 97
D1 AR EEUGAT , SR A HUAAH X /.
1.2 FERRE S A1

2012 45 A #2013 4F 5 A (I CRIZUIRYRAE SR AN IS 215 g o 5 Bt DL
FA XA HISRAE 16 .6.2.20 1 0—10 cm FZVIFPIEES, , [FIBFTELT 5 2 s (A VB FH DR AR B
FERSRAE T 11 Oy RE S SR BE 20510 50 em 160 em , 43BN 10 em K5 R AR U PR RE A2 A
R ONEIBRAS  HERR 2 A, 12 0560 2 R R T B AL, BRI 1 DL 5T FEP AR AR TR A4
HARX 5, IS SRR | Fiad 80 HJE TR TR L% A 48 b5 AR
1.3 FebRiE
TURR R D 2 R FH A TR - B R - o AU A LR A T TR A, TR F732-V ¥ T - Il 5 430 5 25,
R A R UL Y R B B S T VA AS (Hg-EX) (BRIREL 45 474 (Hg-CAR) JBFIREE B

A
IK
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(Hg-HA) 58 AHLEE A (He-EORG) MEA LA HLLE A 75 (He-DORG) LA K 5% i 45 ( Hg-RES) K.
DUBA HILITE 5 £ AR SE 2 S 7 391, SR FH 4% T B 25 o R A 00 6 ) 0 R FH L G e /U
DA B T - e S R A Sy 10 foe A 2R . T 1980 000 2 SR FH A6 TR - o SRR VS A2 RN AR B b S 0 0 7 P B T c e i
(CEC) By 2 2R F EDTA-%4 Mk 32, A EDTA- B2 £ 18 A A8 4 7). B R AR 5 1 178 I 2 2R
EDTA [RIFE45% 50 2 1. R B 388 FE AR 0 e O pHL L (IR LR 1:5).
1.4 FraEfE

S PR UEI S 25 S A HERA M D /INER 25 FE I A ROR RN [R) 25 A A ORI, AR 41 B0 AR i o &= /0 3 A2
F BB, 76 AR A S 56 P BEATLE U A S ASOSOTA T 52 | (052 2550 FBl/IN T 5% . 5256 v BT 24 3 il
Gl THBRT FORE TR T, Bt B 2 MUAA7E 1:3 AR A R R 1 . F732-V 28030 SR ASC Aty il
JERI 0—10.0 pg- L7 K2 H R A 0.003 we- L7, REGEA/NTF 0.05 pg- L' RH E KU YIAR HEY) 5
(GB W07433) #F47 i & #2 l, b 25 (U (E A9 IROG B 2 0.003—0.008, il b 181 1 24 il oy 96. 5% —
102.1%.
1.5 kb a

4 A5 R T SPSS18.0 B A1 T BG40 4, I HI ] Excel2003 47 EIE AL 3

2 5 59798 (Results and discussion)

2.1 TS FRFE X GUAR B A BT

HRYEFE S E AT S A (3 1), BN TS F2 58 X DU AR W) 52 55 01, 394E R 7.93 , v 8% 1 35 A IX TR
W) pH {5 e DURU TN (8 S5 s (L HE BRAE A7 T MM 5 L3 A Vi F5 9 X (1.12+0.26 g-kg™' ) , I AIRAE
AR, TV BB B SR A 1X.(0.12+£0.024 g-kg™') X AT RE b FR 58 DS AU RR 2 SR A8 45 PR A4 5 e
T NS 1 K SCAE AR TR G X i 5 BT B Ao 45 S — B0 B M T8 95 X LA P AL o
IR 6.94 g kg™ T ARAEIABE] 12.80 g-kg™ AP 2 i 5w R Vi 5% 5 X UAR A vh A DL 25 £ 43 31
1 1K 17.3% 35.2% F11 12.4% 3% 1T 68 f1 - D1 2SR5 DX 14 S5 16 ol K b i AE sk ik AR =9
SN TUURYRIZ AR R, i TAESHEEN MRS RGBS AIIRe 0, D2
P AR T SEEDUTUE AR WG D284 A7 4wk 2

R RINEFRZ DO BALPE R

Table 1 Physical and chemical properties of the surface sediments in Jiaozhou Bay

B SERRIE SRR AR CEC/ iR
Study areas TN/ (g-kg) TP/ (g-ke™) pH Organic rrj?ner/ Cemol(+) kg Sulfate radljal/
(g-kg™) (emol-kg™")
_— PIE bR 2% 0.19+0.09 0.46+0.19 8.39+0.18 8.14+2.31 17.06+5.70 1.07£0.63
L 0.05—0.35 0.10—0.76 8.09—8.73 3.62—12.79  5.96—30.89  0.23—3.08
N Y AR E DS 0.33£0.24 0.810.44 8.3020.16 9.38+3.05 20.24+8.03 1.55+0.84
et BiEn | 0.17—0.75 0.56—1.69 8.14—8.58 6.71—14.61  14.99—34.24  0.63—2.54
. i AR ERE 0.12+0.024 0.48+0.04 8.5120.36 6.71+0.23 12.20+4.74 1.01£0.12
i BiEn| 0.10—0.14 0.45—0.52 8.26—8.77 8.20—8.30  8.85—15.56  0.92—1.09
s PIE bR fE2E 1.12+0.26 0.53+0.10 7.600.18 7.802.77 9.56+2.97 1.772.76
i BiE | 0.59—1.66 0.37—0.75 7.30—7.98 1.04—11.97  3.97—17.69  0.22—7.15
RME 1.66 1.69 8.77 12.80 34.24 7.15
M FRIEX R/ MA 0.10 0.10 7.30 1.04 3.97 0.22
¥iE 0.70 0.56 7.93 6.94 13.09 1.94

2.2 MY DRI X GURR) TR ok A 5 e 5 o A
2.2.1  RFTIRY T BORIKF- 5341

AR ST LA DUR ) A F e R 5 B S VR N N P U SR e R S S R E A B R G b A
AAEY BRUE YAV Ok BRI S ER, X AER RS E N AEREE. A 70 FRL
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S, J5E N VS ] L s K /Nl ) HE VS AR I HETS 5 SR VS e SR T Y L SR 2 FTUR,
I3 P ¥ 3 8 IX AR o R [T FE 0.037—0.228 mg - kg™ 2 0] IE K 0.085 mg kg™, i FLER LAY
ol 2.5 f5. 415 KRS S AEE TR TR B 543 3R 0.101,0.059,0.066,0.082 mg-kg ™', 415 FRAH
X R & R, AL R TY S 3.2 £5 AR G BE TUR R B FR1fE) (GB 18668—2002) , & BRI M 25
FEHE X GUR P TR B s LR LT 5 M X AR IR F] 20% , 1 oAt 3 4~ Hb XOR & f A AR

SOR 52 2P IR 2 A5 | DR SRE T 3l g eloAR DURR Y (R B BT, e S e K 5 i 7K
S AT JE B TR LR 2 B, LR IR (1 4 A A e T T — e R L R R SR AR A K M D
2 (g HE ) R ARk i o 4 AT — s MR P, RO SR 2R R BT R R B A
FER], IS IR T MG (RN DL 26 532 58 1 32 22 Bl ) FNVEAT P RD DOM RE 5t 25 $2 5 R 7E DRI
A I B AR ST, BOR S LR BB SE T R, P AT AR e TR A
TR0 AETE T 7KAoLl Bt 05 G 0y 368 o HE 5 0T AT 2 e M VS 5K T
B LR DR I P VS 33 5 DX TR SRk B B P RESZ AN TS G i A T VS R B K SCAS e S L R
HYZEA SE0 T HILIEE AN A2 52 e B V5 S 5 X UAR ) EOR & =) F R

£2 KB AR A (mg-ke )
Table 2 Total mercury content in the tested sediments of shellfish culture(mg-kg™)

o, I oM Hf B2 R
Study areas Maximum values Minimum values Average values SD Over-limit ratio
FAR 0.228 0.059 0.101 0.053 20.0
JligEd] 0.089 0.046 0.059 0.015 0

B 0.095 0.037 0.066 0.041 0

i 0.128 0.042 0.082 0.028 0

S ¥ 375 X 0.228 0.037 0.085 0.040 -

NP FR I H A — -~ 0.024 — —

T AR R AR LR DT T RRIE) (GB 18668—2002) —KARMEMEATIFAY , HeARIEN 0.15 mg-kg™".
Note: The over-limit ratio of mercury was evaluated according to the first standard request which is 0.15 mg-kg™' of the National Marine

Sediment Quality (GB 18668—2002) .

2.2.2 T FEAE X UTRR ) e oK 5 1 T 40 AR

15 J2 3R B A6 7 SR ) W v D12 SR B X, S A 58 AN R UR B O R oK & it i AR AL RRAE R T
A(121°20'38.5"E,37°11'19.1"N) .B(121°18’52.8"E,37°12'39.9"N ) W4 4™ BT 2 5l 5 07 47 R & & 19 351)
TR HE A 25 B R 1 s, A B SRR S 22 (0—10 em) PUERW ok & 40 914 0.103 mg - kg™ il
0.096 mg-kg™' K& i NIRZUTRW 2R Z BB B A, H e REVIRYRIZ X s £l
SREYEH A ECA & SR X P, 78 DS BB AN A A Sh VR, S O S )2 B4 5K F 3 A s
TR E A KRS S R B TR A 2 R R S5 1 FH A B R DR ) 2R 2. DL 2R 3R 58 7 3 i 77 4
X I R A 22 A SR S At A — e R E b R0 SR B E T A e . R ORI S B 0 e, Hh TR 2R
Y 7 BILAYD 5 R — S 2 ™ 4 AT e PR T SR 1) 65 5 R B AR SRR R (s 0 AU JKC U1 v ) 446 R 40 oK i
TR LR R ok [, S EUR T R 0] R iERS AR J108Es , [OK B AR E.

Mercury contents of profile A/(mg-kg™") Mercury contents of profile B/(mg-kg™")
0 0.05 0.10 0.15 0 0.05 0.10 0.15
0—10 0—10
5 11—20 § 11=20
2 2
s , % 2130
;2 1-30 ;
2 Z 3140
=} =}
5 31—40 153
8 8 41-50 [
4150 prans 51—60 [

B 2L T R 1 A A R

Fig.1 Vertical profile of mercury content in the columnar sediments in Hongdao
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2.2.3 YUY EOR & i 5 E MR A R L

Sk R J5 P T 33 4 DX TR A TR 5 YR B, K AR 55 245 R -5 30T A DR A T) X358 B e M ¥ R Tl AR AR 3 2
DUR BOR S AT T HUE AT (38 3) 45 R Wl AR S i M1 ¥ 3 2 DU v B R 2 (L 2003 4F
R 1.5 f5 A A WK BRI LAk, T M R AR T A ARG 3, 15 5 4 g V5 e R B i .
AN, TS R 2 A I 7 FRBE TG 3, 5 R TS Y W 2 e I V5 AR50 11 B AT K AR Ttk AT I, 35000 5 A R 1Y
BT VR I K A T A O B AR R, S OB N ¥ 2R R B R S N B X X EE T 4 AR R [ TR
BT T 45 5%, 1175 R DU A DORR ) 8 R B R ORI T I N VS R A X, (H HGRE 1 PR 05 15 54 3.1 £iF,
ARVTIRIKIT TR PR BE 75 5L{E 8.8 A%, 32 K & T A% B 1 e PV 7 301X i V8 U AR R 2
TR AR RS S 0 1 X HE R [ %0 X oe 8 SR e B, T AR R B T 3 B R 5 Tl LA
5 H 0.23 15, I VRV IR FRAE X R & i AR HH 8T 5, ok 5 e A8 B IR T e M8 DT 2 57 4 IX . 3 1] fig
FHRHHIX P AR T 58 DL SR FR A8 AF BR AT 25 A BT 2. 5 A0, S NS kg e P 20 S ¥ e [l AN TR
RE A PR, S B05 N5 e R E R TS Y Rl B4,

£ 3 RFHLDHUR A & T I (mg-kg™)

Table 3 Total mercury content in sediment from different areas(mg-kg™")

% BRI E %fﬁﬁ‘*i B
Areas Average contents Environmental Time
of mercury background values
JBE V25 5 X 0.085 0.024 2012—2013
S 25 P s 21 0.034 2003
JEE 25 A s 122 0.080 2002
L 2R A P 23 0.046 2015
RITPA T 24 0.430 0.044 2015
bt 2] 0.030 0.065 2015
IR SR e 1S 0.065 0.053 2010
JEE T e X 20 0.05 0.105 2007
TR 557 X (2] 0.124 0.2 2012

2.2.4  JEEMIE DU TRFE IXRIZ DU T MR A [ 45 & 2 1730 A

DURR b BRI S i S WO X 5 Y R (E AR W AR B TR MR A TE 25 8 2 Je
JBEPH S 2 JZ DRI R AN [ 45 5 25 B8 0 AR IR 0 M S 2R JZ DR B v AR 250Kk T 2, o EOR & Y
31.46% , HUCRBRIRELE G S T FHIRAS & 45, S S5 alE 0T 5 L Bl b A BOR & HEY 9.06%.
DU AT PP 8 HEM A AR YU SR R i DURR ) By AL 2 M T (BRI M SR B IX N, TORR
BARAE ORI AR 25 5 28R Z W) 0 AR G, PR PR AN JE R MR SR AN [R] 4545 25 0 A 0 2R I i
WA 255 250Kk & RN [ 3R A2 2R 24

_— — [3~3 (S8} 13 ) P
f=] W k=] W =] W (=}
T T T T T 1

w

The proportion of mercury speciations/%

Hg-EX  Hg-CAR  Hg-HA Hg-EORG Hg-DORG Hg-RES

B2 MU A R &5 A 0 L

Fig.2 Proportions of different mercury forms in surface sediments in Jiaozhou Bay
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RTRI A A G S8 IR b TR R TE A I BIFST 2 I 7= R X kA S Ak 02D 2 AR DT
T I S5 ORI B , RGN T 5k 250K 1 2 i Mo HLRR e PR TR LL AR b SO RR M vh ok 2 D) S #5 &
BRE, A BRI 449%—95% , HA TR LR TTER Y LAk i A5 Rk o 33X AT fig 5 £ AR T A 1)
i PN B A OGP I R 9 DX ) A A A A K SO S R H ] R TG AL R AN [ & A A Y o A R R
AR
2.3 RNV DI 2EFR5E X R IZ DU R 15 Y B S XU PE

e A S 38 B0k 8 B LR 22 K Hakanson T 1980 4F 42 Y B9 X DUAR ) 15 4 @ UG 2 B8 A9 9740
EOY WA A IR T AR R RIE R AR S RS Y A 25 A RS, RE RS R 43
IVBTEAE S FRRE . B T AR RIR PR WA G H , I H 5 4 e ok 75 YL R4 C TS TE
AT E. .

C,
Co="
F Cp
E.=TC,

K, € AME TR Y b B 4 R VR 2. C S B B IR AE DT Th i 15 5L T o & Jm 1 AR W st R 8
REEMEFBUR(E N 40.

R E AR A KBS AT R 43 (1) E, <40 R A SRR (2) 40<E, <80 Jy 45 A 25 KUK
(3)80<E, <1605 A AR 5 (4) 160<E, <320 HARGRATAES KL ; (5) E, =320 Sl iy A= 28 R0

ME SR ROETEAESH T ERE (R 4) 0058 KEORTS G018 E KV by £05 > B> T 5 > I
B, BN TS D2 330 X SR JZ DU h R B B v A5 DL A AR 8 e b e R 21 5 R0 X, W PR AR AR
T E S KAEN 3798, & TR 5 0 A8 2 XURS: i il 5 dme /M HH B 38 B SR8 X E R 61.8, )8 T Hh 4 AR
JAUR: 3

TR S REIR B b B B 45 B T T AR 2 5% 1 B i Jie , N R T Sl AN W T ], S0f it 1 RS
Wy B 22 1, BB BV 1 I T e A 25 XK. R AR ME A I A o Ik, 5 EL AT LAAE AR 0V R e fk
KA MR, W R A g Ve R R iz i 5 JE MR, REAE AR IR I A I & 46 7= AR i R
MK E T B ORI i 8 2%k AR = A R I 8 T e ok 2 A5 x5 B i B DU R
R i R A ) DUl 1 R & IR T 3R [ Gl (B35 B i L & I DL i A B B oK
5 505 R IR . DR) I A AR BB S 15 R 27 1% DL 2 330 'y ok R AR AR ) vh A IROK B AL HI 55 0K
15 Yo N a2 ARt B 1 75

R4 BINETUR TR AT A A S KBS 15 5K

Table 4 Potentially ecological risk index of mercury in the sediment in Jiaozhou Bay

HIX RS KGR EU(E,)

Areas B KA Maximum values B/IME Minimum values I Average value
.k 379.8 98.9 169.2

JE v 147.7 76.7 97.7
B 158.0 61.8 109.9
H 213.9 69.6 137.5

JBE V25 5 X 379.8 61.8 141.7

3 258 ( Conclusions)

(1) B DL 33 58 X PR h BOR & L H Y 0.037—0.228 mg-kg™', “F-3{E 0.085 mg-kg™;
TRV FRFE IR TR B e KV A 2105 > 858 > 8 5 > IS TR v OR 5 i 8 T T 1 S22 30 81 0350 348 Jon 14
B, R TTR i AT RZ.

(2) dabxd O HABAIT ST 45 R R, 22 4E 0 7 IR FE I S A I MV DL 2R SR A DR 15 YL R B i e

(3) IS R Z VTR h LIBRIE RN £, 5 BRI 31.46% , UL EL 25 5 2R 5 R 45
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35 %

AR, SRS ATE AR & R D A SRR 9.06%.
(4) RAYTEAE WU PO S5 2R W, N I OB v o A 98 1 A 25 S ey, AN R R IX i 2R S
KV < 215 > > B B > TR
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