WK™ R

W12 61 Vol 12 Mol
20054 1] Journal of Fishery Sciences of China Inruaary 2005
ALEARYESRSERRESBE TN

E RFBT. SO EZH HEN BRE

(P& E R A BN L W0 266071

ME 8 03 O AN RLIDIRIA S S BRSO T Y W R AR T, R AIRAR
PR Hakounson 8500 05 SRR RGE 0 SRR B Tiveh, B0 I KBS RS S
HW He A VR RRHIE T 8 M4 ILRE &M Co 20 P COY YR RS AT RN, GREKES D catyikn
HEREABE S | VMo S SR 1.0, AV G Cd MR WE S D00 T A A RO Y

REZMAGERSE. AFRGMBARNERAIN.CAME MAFLRRSHNE . ItE RS Ko £ T
Flbessriscces 55740 0 DL B9 T i 00 " 5 0 06 P 0 0 O P P00 O 00 5 0 8 O o0 L7 L S R ML A

WK ERR O RN S FHERK H Cd He, As Ph Co 2o, %5570 b DI 1EE, QSO0 D Cd A RTHA
WLEK. AETREMM e E SN HRER, MY RN T 150 M FREMEERY,

*.‘:i#“ LB S LIl
hESRE. G5 TMERE:A

FLAe 7l A R 0, 4 ACH
FLUPS A1 PR Y LA IR
T TS, K R R, 0L R, R

JEH RRAYESTE NS> -, 1978 FHH#
e B R | TR RN, BN
BT 2 b A, B EF TR R B O
PO, L R R A
B T 00 ) A R I, 0 09 K O L M 3

TH - EREE R, W EE AR L
SR 20 HHE BO SEARIS 2018 % 10° 0 fa, S AE &

A A5 A RONY 19.8% , FE R R A
BOMEFEH. ML KD TeNy .
HER R W BRI R Y

TERAR A T4 I 5 e 4 A< DR . f L
A B AT MR TT S T ) LR AT
UAF 1AW UER L e R A L RS

W e TR s SRt A A O
LI PR AL R e TR ST L TR S

b e ey 1 BLR e FEITOB o ) O G % L LL M
A HIA ) 3 R, LB S S
- B R R T R R 2 ) .
TS RIEE G O ksl pH ARHE W1

SMEAM 2004 - 03 - 15 WETEM 2004 - 05 - 11

ETRMWE 005 87T (2005000 - 0083 - 08

RIS A W T AL E LTS Gt AR,
IO L A T G A UL B R RS

SREEEAL, B Sl At o A R L Ak
U & i R Ao — Sl ™ 1
WS DL Y B T 0O R ES R, RF R
(FEFY RERR Bl ol BB 1S MRIAERTR R
acid-volatile sulfide, AVS )65 LB 914 1 & L Ei6 1t
AL AE R RE AR S

3% Zf W& W (0 Cu.Zn P, Cd NI, Co) & N ik
LR LENTHES 5 AVS il S R M e

AL NN TS EEE (TR C i R & fiel i
HE SO R X — WA e R
BAELRARIE "

A7 0G0 o £ 78 P T B o et LY A
e AN E S S NIk D §3 B
AR RS AN REMD. HEFORT
1995 SEXHFL 1L A 150 O 5 00 36 e LKL By
S AV T WAL (00 R LR R

MR R A R B RS R A
T I 5 SRR T 77 48 4, W LI R
B CuZn Ph.Cd . Hg As (1% b5 % MR R
JURC AR E AT H- R A2 E Hakanson

SETE R A B eI R R R 0020100060 b Nk SRR R R ] (2001 -2- 5],

FERMA N B985 - ) VLN, MR Y SRR

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn


http://www.fineprint.com.cn

84 MK~ HT

mize

A BN R RDERTFRD © 0
Wit Sl OUBUR AP T T AR A

HATW LA E SRS AT
T4 T 0 5 MR

| HE55#

2005 5 5 Aep) 8 AP )iy 12 TRK
W, JERs RN HRBTIRSTEEN Y
Wit frirtr. FASaf M 1. R &R
REBEE MR SEHOT ENN

MW S BSr DU AT ) (GBITATS. 5 - 1998) B
WEMEEmORNEETS 2 P Cu. ¥,

Pb.Cd 5B 5 A JO0 B T o e M B i
He RIS I FRACHE, As (ME R 28 W0
S N S AP B

! BR5iITE

1.1 RENRNENERNTESSH

FULP AT R TR M TR R I |
S 3 SRR DTS T4 W 5 AT TS LI 2
(EM A A B, AL KRS R,

O P I B AT I Cu KO BRI, R4
L2 S g LR ADT P LR ADER
MO 2o WO CER TR M ERS N,
SRR O R, PRI i
Fel A0, 79 1 O O O A o LA e AR

Ph MR E M R O K A R, BT
AAEHY e R B AR NRUAE SR
SAEL IR VS S8 £ PNy B L BAL S

A e T BN Cd e AR
AR DO N, o O R, A K T
SR R R E AL E RN EY He el
HANRE SRR RBE SRS

_Hr'SZ'HIr

36T 50N

AR N

. E04
Sarmpling wnt

Mah'N

Bl e 12I"Y'E 1 1YE

M1 e
Fg | lovestigaing sintems in Rushan Bay , foh
Sen

M o A L e O 5% T A S
E5); A (678 LUFOSERS R L DOMUY SR, BRI
T Y X R, S A0 D o M

I O A B Y A
& H DTSR AP S b O R 3, Cu
R ¢ PR iy toEal B ATSTENE B

ke 06 0 D5 b 7 A,
MERUK AR S I RN Zn (EMOT Y
W PO SRR, MIE AT I L0 X M, I
B S AL ol T R A 5 A s P LA
LI, SRR R Y MO, IR R

SRR AL o R A Cd R
B MR . IR MIE O M T e, ST
i Hg EREEL KRN KT HRE, SN8i

LE p T WIS s GRAET B
R h AR R R RAE % As EMATEN
POMR TISAL AR A DO, (I o A L
PR,

X1 AENENEERIRIER( <107
Tab. | Comparson on besvy melal in sedlment of surface laver| X 107"

L3 5 My p— BN At -

Element R Runge XS X WM Range NS
Cu 15.89-23.43 19.41 + 2.51 E.41-20.93 12.86+ 4%
in 59.36- K267 0.55+0.04 .29 6540 £7.76 ¢ 1058
L5 H.O-1.75 M.+ 3.97 12,48 - 36.92 19,87+ &0
Cd 0.13- 2.% 1.56 ¢ 0.85 0.51- 1.73 098+ 0%
Hg: (.018-0.036 0,025+ 0.01 (L0029 -0, 04 42 0,
s 6.8~ 7.8 .01 #0350 6.7 - 10.33 .44t |17

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn


http://www.fineprint.com.cn

wmam IR LD P M 75 0 B R 8

652N TSN

I6"S0°N

N

M4E'N I6748'N

a'46'N 16746 N
12 29E 1IrWE RrIVE 12r35E 12r7E ur

I6°ITN W3'N

16°50'N a"i0'N

In'4E'N n4RN

a4 N
ATE 12r

16" 52'N

ELE L
12r

In"5E'N

ITE

36"50°N 16 30N

I0T4EN ISE'N

BT T J&T48'N
I2'N'E 1IFICE 12rN'E 1IFISE 127E 1IIFSE I2I"I'E 12I"33E 121°35°E 11°YE
® FIEA = Sampling spot
M2 AWlmkm s H RETHERER TR S8 (<10
Fig.2 Horimntal dissrbution of hesrvy metal content in surface sedirment m Rushan Bay in Mayd = 10 %)

1.2 RENBWRSRIBOMATLSSANE  AHEAR, TR0 R, KERFE" &
1.2 RETRHESKEROMBEL &5 REROMASRB ARSI RN, S5
ARSAMANMITES P TE R RERE. B S, e e M I, Exis

SHOTE! S He A S MERROE F 8 AM DiBSd WEAFSSRoMAREMSNET. S HAolb
CoZn P .CdSHMEMIMS ABNTFEH(MS), HeAHIRETsH, TXEEERIRS AT

ICBUAOTRES S HABIEMRAT 8 L WARENT 8 A, SOIAMMEMG R B, SHEANRY
.50 AL BRI RL S IR ST A REB S S K I He A,
SPRERLEIML PP SR AR T AR RS S AR T 1997 SER W A 18
RETEPER TR MR LR TR SHERRMES R 2n.Cl A T RE TR
FEOERE. R RILMARERRAET 1 RS 8 T Cu.Pb. g ELAFRRME™

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn


http://www.fineprint.com.cn

EE™RE miLn

MTITN
J8TS0'N

bT4EN

a4 N
ki

In"S'N
1SN
YA N

LEE T ]

M

.
» Sumpling sput.

Ir

W'N

ELR N

L

ARAO0T Comem

WE 2IIE 2INE 125E 2OTE

in

3&T30°N

IhTAR'N

!."i'n [y
|l Sampling spat

irE

368N

AN

- il Sampling spot
2FXE 12UWE 12r5E 12I'%E 10 E
16"52° Ny

Ll

ww's

RN

M3 AUMEME HREHAE P RSN YA 8 =1 %)
Fig:}  Honaminl distribuotion of heavy metl content in surface sabment in Rushan Bay in Aspwal = 100 %)

In P Cd Mg As
EE Elemem

M4 A R TR Y L
Fig.4 Companson of heasvy memal content from

agrince

wetimientt in different momth

112 RENRSEsRLsENSRSE L
IR EM R A5 Afs HAKER
RIS REEWS, Cd HisRREARL ¥
Bl 2,54, 05 A6y 1 5K Cd AR T

LOM JE/E &Mk Cd i Wi R Sema it 1.0,/
P T T R R AL, TS Rl

L0, i i e A DT e G A AU
BR.5 H:0d.CuPh.2n As Hgi8 H :CdAs (o
Ph.#n.Hg

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn



http://www.fineprint.com.cn

i R FLEOUE TS S R R S N Ly

%! AUARETRRSRERTROSREN
Tab.2  Hewyy metal contents and palbution index in surface sediment from Rushan Hay

- _ Shwm
e ol
Cu 19.41
in .55
P .64
Cd 1.5
Hy 0.02%
A T7.00

_ Bl A
o3t Al <0 Wl il
Prallaiticnry inubies Comitent Podlusion imdes
.55 12. 560 0.37
.47 47,760 0,32
0.48 19,870 .33
112 ] 1.9
0.13 0042 | |
0.35 B 40 0.42

o 0o e I O T L B D (GHERG6S - 200200 - AR LE B
o Pelismion mdex shows the rati brtwen boal determined valos and fira stndned of manne sedamemt guality

2.3 MEMMNEESRERH

AR SRR O b R R R
P 15 0 0 A, o 3 SR M O AR Rk i 47 B 1M iR
sl (1}, R 1205 1 B & BERCE el
A 9, AVE A MR DO A TS QAR o T R
{64 WA RRE & B S i T E R R
M AT A T et DLBHE ORI,

o A AT B T O 2 2 i R B
[ et R N S A i (2 e OF (R DUB M

SEEPNE A NARTR™

A BRI 5 B2 & Hakanson &4 B9 0
EERFIERRDE T RN, R - Hik,
M RTTE SR o W AR BN R
WE) RS &5 W &M oO8EaKER
(RI) e[ 4 B

E=T -

RI= \‘P \‘T t*u"*‘ Tie
('I

K0y ‘h#-'i‘l&lhk:ﬁﬁ.u‘ = C/G)G
HRBEILESTEK i RIEN LM, C, Bt
PRI P B, A9 R 1L 7 1 50 R B

GO My PACE R eIl SRR

iR, AEEM HEEEN, L EER
e T N 0 905 1 A 0 B T T S R

HE AN T TR o A SR R K 4 R
W, Hakerson R T WM EERLRE
k- DUE -~ =t A% AT
TCRC A U iy AE MR Hg Cd A (P
b Cu) Zn, Wl RBIEM ARG A X T, &
% 3.

23 WERKNSLN(CIOBERR(T)
Tah.3 Reference values (€5 ) and toxicity coefficient | T} ) of heavy metals ™"

]
& Cu In Ph Cd A He
l'lﬂlnl'lrr T N
[ 0% 9.5 LS 46 0.50 10 012
T. 5 5 1] 10 4

B Hakorson > M ES EEH EH(E).
e SENER (R S50 A a X RTS8
MITES TS RS G RER R (R4,
o B e L T A

25 P TR & Mas TS & Wil (e
feWEN,CA0 E HATICRE MM E, (i, It
oo B A R Cd, Hg. As, Ph,Cu Zn, It
Hg 0 E; (i Cd 89 E, (U024 6 8. A< 19 E) IIE

Cd 49 8, Ph i E, fLL Cd A5 28 5. Cu B E,
it Cd A% 37 1. #n M E; ffite Cd A3 107 .
W) Cd of RI A Em BRI AN T TEK.
il 5 B TR WA B B IR SR
ol S b o (0, 80 FL L I DB B b R Cd R
a0 XK (4 (oY on e q MUE JaE
12 9ME CAM E il 40 K4 MEBR Gl LS

k.S SN E (Y 0=E <80, K+H 0%

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn



http://www.fineprint.com.cn

Bs EE*RE LA

SEA% JEMSCAMNE MYB<E <160, ME & muME R BT 150, M FRERNEAT
SEGE. NCIHSME BB ALNRPS FHSANRIBHXFSH A ARITUN
CAESRE. BETRSMOMEESENSGER % R 150=RI<300, ik B ELK
B4 F.RESFSLEENDEE
Tah.4  Helatiooship between £, R and pollution kevel

A Indes. rnge ORNE Pullution degree
2 <40 ar RI< 150 BMAESEN Lght vakaneal nsk
A0 1 < 8 or 130 R1< 300 ALY Maddk ecodegnenl sk
B B < 160 ar 300<2RI< 600 Wiyt SN Senows scokogival risk
160 B, < 320 aor RIZ=600 MEMNESRE Vay serous eologion] risk
=320 BAMNESAE Extnoney senous ecdogical ok

/S AUARFANCONENOREENER | E )& msEm m)
Tah.5  Potmniial ecological harm factors | F} ) and risk indices | K1) of heavy metabs in surface sediments from Rushan Bay

Hl% -E.‘r.. ———— s T T————— HI
_ Sistum Cu n L0 Cd Hg As _
I 1.97 0.73 2.4 4080 13.%  1.% T
2 .68 0.87 384 %.70 10.08 7.97 .12
3 1.7 0.58 2.68 9360 13.56 7.08 na
4 1.56 0.68 2.40 %% 11,04 808 7%
5 1.68 0.53 1. 1E 62 .40 7.3 7.04 R 13
B 2.44 0.82 315 BA_TH G 4% 8.52 Ly.os
7 1.7 0.63 L 8. 10 9.02 6.90 113,52
§ .1 0.79 2.7 10110 10,85 5. 78 LM.45
F 5N Average 2. 0.7 1.64 7h. 16 10.58 LR .

MR TFRSHE.S AmS AFLMET MR8 H SRR RS> 110,80
GHEAONRER. S A MELBEANPEEE FKEMEILETNES R WBIE(<60), MR

PUIEMARR O R (RG> 140) O RIGE  RE (ki P00 4 JE 0 0, S8R A RI (B Sty
BEEEC <300 P EE R (O by S ) A A, ol B ) JEFE RN 70— 80, I A 8F R 00K &R it
Fib e AL, MK RIMASRS SAEE RANEBN T Has(Es),

WAT'N "IN

I6"30°N 56'50°N

b 4N BHARTN

» Sampling spot » Sampling spot
354N LU
II'N'E 12I'JI'E 12I"D'E 12I'M'E 121I"MYV'E 2I"WE 12I'ME 1213 1203 12

BS T M OTR S e o B R T
Fig.? Horaonesl distribution of potential soologienl hanm indes of hesvy menal of sediments in Bushan Bay

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn


http://www.fineprint.com.cn

fil 8% L OUBI T S R R SN W

B LR R L A SRR L e W

MMk 2R G4 SHEE N MR, %)
OUEA S Cd & W 7 o 000 10 I 5 2 T8 i

BN HY R BT 150, 0 FEMnts
Ml . WL R 1 M I o 2 PRE B Cd M.

As P Cu Zn, i B TLL M 4R Cd T By By
X,

Lt

¥
L]

[4]
[5]

[&]

Pl

[13]

PN LEMEND PN LBNR M L
PR 1990, 3 - T2

ELE WU N DO W P LB T S L
R R[] T R 1T IR 1A - E

I MPE. SR, R FEMEFE M. T R L.

1987

BEBE R SRR M SO T, 1990,
Forsneer U, Wirtman G T W Mewsl poliusmn in spsiic emdiron-
eemt| M | Herlin: Sprisger Verlag, 1984

Burton | 1. Lios 1. 5. Equsrine chemistry[ M. London: Acs-
deyroc Press, 1970, 49

K e AOREReNnS SinRas) . §77F
#.1 10(6):TH - T2

I JansUS L. Kemed ¥ T Migrstom of trece svemds ie bnverinees

ol seawenter ared pollmed surlical sedemems| | | Ervironmental
Sowrae mnd Techmokogy 1977, 1120174 - 182

| Bockley I E. Srudth | N, Winter (G V. Accumudation of ocontamd-

mane mcists 10 manne sodimrems of Halifar Harbour, Sova Soon
oy emvimantvend lactors oo histoneal i | 1. Applied Geo-
cherngmry. 1995, 10: 175~ 195

PSR s RS G ke

(). MR 1991, 1005) 04 - T1.
Ankley G T, Phipy= G L, Leonard E M. o al . Acad-vedmile sylfche
an s factor needisting cadmivm and micke] Fio-avmilabiliny in oon-

tnmmirmtod sediments] || Emviron, Tomiool Chem, 1991, 101 299
-1 307,

Toeo 1 M IN, Maboey | T, Hansen [ ], ex ol Ackd volstile sul-
fide prodicts the acuse waiciey of csdmumn mod micke] = -
et ) | Ervviron S Towhwnl, 1992, 26,96 - 101,

Casas A M, Crecelius E A. Relarionship berween acid volatile sl-

[14]

[31]

fidke e the voodcity of gine . lemd ard coppes i marine sebmee
1], Envirom Temiool Chem, 1994, 13; 525 - 536,
Brovwer H, Murply T. Volatile sulfides and their tonity =

treshwter sediments]] |, Eminon Toxiool Chem. 1995, 14,30
- 208
BN, WA EE.T REALESHEN PN

TR )] MR, 1999, 18(3) 116~

OB EFE RSN N s NN

W R AT ARGELD ] Py, 1993, 1205) . 280 - 285,
W, FEN RRE. ALY R ReEES
Wbyl 1] SRR 20012002059 - 61,

|ON R AT N SR Y] MR S,

2002, 180107 :1 = 5.

WA BT R, W b IR 1 R
G S R L) . A O 1Y A, 2003, 201);
-4l

B OE.EETEE. S IS SRS AR E R
W AR ] R L 197,182, 39 - 45

| Hakarsen LAPS. An el rok oy for et pofiien

antrol — A slment kgical approach [ ] ] Wister Rerch,
1980, 14475 = | 001

0 B ML PN AR S MM R

FEdm, 1990, 188 - 170
CHITATE. S ~ 1998, U8 5K [5]
(FHIB66E - 2002, AT ITEWE R[S

BUENTL SRE SreEESnDaRere))
MR 1997, 16(4) .26 - 31

TRACMY R TR B S M SR TR R
1998, 286 - ING.

Bl PP Y AR Y MmN B
R AR & RN L AR 2000, 19010,
5257

L st LW I ST R EE S L] 8

(1] MG PESEA R 2000 .20 3):42 - 45

M) WU T T R RS ] AR

T 09970701081 - 86,

| Uhapensn ' M, Wang Feivae. Appropriste spplications of s

et quakiby vabues for mctals o metaliads] ]| Frovenamesal
Schence & Technokogy, 199933022}, 3 937- 3541,
AT s B o o 0 B I
BA M R PR R R, 1990, 326,

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn



http://www.fineprint.com.cn

1] Pk ™HT mag

Pollution of heavy metals in sediments and its evaluation of potential ecological
harm in Rushan Bay,Shandong Peninsula

CUI ¥i, XIN Fu-yan, MA Shao-ssi . SONG Yun-li. CHEN BHijuasn, CHEN Ju-fa
{ Yellow “en Fisherie Resenrch Institone, Chinese Academny of Fishery Soences, Chggdoo 266071, China )

Abstract ; Rushan Bay is located in south 10 Shandong Penmsula, which i divided into eist section and wist
soction, With s wide besch land . gentle slopes and fertile water and sedments, the shellfish resource i= nch in
Kushan Hay, which i one of the main shellfish culture base in the northern China. However, the water and
sediment enviromment of Rushan Bay has been polluted due to the cntinuous development of industry, agn

culture and squaculture in recent vears. For example, the amount of industry sewnge druned o this bay
through Bushen River was 2 018 % 10* o /s in 19807, acoounting for 19.8% of the total drainsge st

of Yantai area; the main pollutents were organic matrers, ol ,volatile hydmoxybenzene | cyamide, sulfide ad
hesvy metals. The death of shellfish culturing &t besch occurrad in varying degrees every vear. 5o, it 8 nic
esary 10 protect the ecological environment of Rushan Bay. The imvestigation was conducted in 2003 The
samples of surfece sediments were obrained with sediment ssmpler, stored and snalyzed in sdvenee with the
specification for manne momtoring Part 5 - sedimen analysis (GBITA78.5- 1998). The contents of cp-
per, sinc, bead and eadmium in sediments were determined by the method of flame atomic absorprion e

trsmetry , mercury by the cold stomic absorption spectmophotormetry snd sreenic by the method of alr d-
cthyldithiooarbamate spectmophotometry. The results showed that the average contenis of copper ., zine, losd

and cadmium in May were larger than that in August except mercury and srsenic. The ennichment degree of
cadmium was the langest in surface sediments; the pollution index was more than 1.0 m mest stations -
copt that in smtion No. | which was less than 1.0 in May. The horizontal distribution trend of copper,anc,
lead , mercury and arsenic in surface sediments were higher in mouth and bottom parts than other pans of
the Bay, while that of cadmium was lower in the mouth than in the other paris. The potential coologial nk
[actorl EL Mor single heavy metal showed that E| of cadmium was much larger than these of other henvy

metals which were much kewer than the standard of shight coologicsl harm plotted by Hakanson. This ind
cated that the potential elfect factor for ecologionl environment in this region was cademurn. The eelder of

pollution degree of these heavy metals in surface sediments follows Cd > Hg > As> Pb > Cu > Zn. Compared
with the historical survey data, the increasing degree of eadmium content in surface sediments was the high-
est smong the investigated metals. The sssesment of potential ecological harm index reveals that in most
stations RI is lower than 150 , which implies those station- located water areas have slight coological hamn
potentiality, except stations No. 3 and No. 7 in May where belongx to maddle potentinl eondogical hinm with
Rl of 150=RI<300.

Key words: heavy metal ; sediments: ecological assesament ; Bushan Hay
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