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Fig. 1 Schematic map of sampling stations of surface sedi-

ments in Bohai Bay
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1.2 MERE HF %

B 0.3 g FH, B HNO;-HF-HCIO, 40 #% 5K
#, B 3L Z-8200 B KA TR T R 0 I RE 4 L 4 B
&M RS & A H,S0,-HNO;-KMnO, B ¥
#,NIC MD-1 & @ & % ® %: § H,SO,-HNO;-
HCIO, 87 1: W48, B 30 7-8200 B kM IR 7 IR Wi Bk

W R SR A R IE A UR.
2 HRE5W®

- T 2
BEERERBYPRIR. AL TRERZE
EHEREBERE QKN EZHRE RESR. &
NPRYELRNSRETUHNBARAXZHERORE
B REESRERIKFIA T LBERATRR,
THRAVHEEY. ERMEEL OBV RYES
REBKVFEZMBERT —MKHFFERBIR.
ARITR, A“2EBRTYERFEE" SR

2.1

H1 PRBRENAUTESRSBRSLHE

.S RERABYT R . ESB P HEBITHE,
HEBENHEMBE HATHEKR AHERE. H
FHg RARFESLRYZ -, HELHKHR 0. 25~
0.97 mg/keg, F¥{EN 0.57 mg/keg, BB HEN T A2l
YE{L B ARAE AL T ALL ¥4, B4R E L 100% ., Zn
B2 KSRy, RE KR 74 26~147. 64 mg/kg, ¥
¥{E% 98. 92 me/kg. BB (HAL F AS 3507, BARAE (L
F ALO S EBAREE 5%, Cu BRZ, REBEHH
24.70~32.04 mg/kg, FXHE N 27. 21 mg/kg, B &
B F Als &, BIRME L T A20 &, @B R &
12.5% . PbBFRE L0 15, 21~19. 41 mg/kg ., ¥
{ER 17.34 mg/kg, RBEERAGHEME, BHEM T
AS 5, BEMEMT A20 5., CAWEREWL R 0. 07~
0.20 mg/kg, FHM M 0.12 mg/kg, KB H BIFM
H, BEEMT AS & BRIKEAT ALl 5. As R #E
Fe 5.46~7.52 mg/kg 2 18], FH{H K 6. 67 mg/ke,
FEIHERAEE BEREMT A2l 8. BREMT
A20 5.,

Tab.1 The contents and distribution of heavy metals in surface sediments from Bohai Bay

TE REH(mg/kg) FHEmg/ke) HRER BIEA HRES R HE(E AR AR (%)
Cu  24,70~32.04 27.21 Al5 A20 22.1 30 1 12. 50
Zn  74.26~~147.6 98. 92 A5 A10 65.15 80 6 75
Pb  15.21~19. 41 17. 34 A5 A20 13. 96 25 0 -

Cd 0.07~0. 20 0.12 A5 All 0. 088 0.5 0 -~
Hg 0.25~0,97 0.57 A21 All 0. 05081 0.2 8 100
As 5.46~7,.52 6. 66 A21 A20 2 15 0 -

E PR RERACEEE R AERTRSE S AR AR

SEANREEMILIBENESRSELR
(RO, TAHBEREARYPELR Cu GRS
BEE KOOGS B8R THMEE . EET
BEMWE:Zn SR SEME KT OFBHY,. HEMK
FREBMKLO, B TRMERE;PLERE5IH
OEAOSEMY WERTHMEE;CIERS
aEE. I OFEMY . HERTRES . KILOM
BIO.BTRERS.

H 20 42 80,90 ERMBBBREVNFYES
BEBSAXBEHATHRGR 3 ARRYEE
REZVIRY P He & B HEH K, M 80 LK) 0. 065
mg/kg HMBIBAEH 0. 57 mg/ke, 3 10T 8 £¥. 80
290 £R . HBERBIAY S He FRELLIK,
REMN 9 FERZE IRy b He S REM, M,
In S RMAH —EHM, T As WA KEEB L, KA
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NEEBEEARK. RH. N80 FRLURKEHE
ERHHERBETHNER,B He.Zon BB RE
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£2 YERSEARGCREESESRLER

Tab.2 Comparison between contents of heavy metals in Bo-

hai Bay and those in other sea areas mg/kg
BEEMO  Cu Zn Pb Cd SCHR
Wl 2721 98,92 17.34 0,12 30
PaR: 3t 14.1 69. 8 41,5 0.16 [7]
K 18.0  124.4  40.4 0.04 rs]
EHE 42,0 89.0 — - 9]
jisbins] 31,9  105.6  27.0 0.27 [4]
B 24.0 54.0 46,0 0.30 r1o]
LEn 14.6 48.4 18.1 0.18 [11]
HIL O 22.4  89.7 23,7 0.21 r12]
#En 21.5 71.3 21,6 — [13]
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BRkE REAS

x3 BSARERVYESREIBSHEHBEALER
Tab. 3 Comparison between the content of heavy metals from

Bohai Bay and historical data mg/kg
TR 20034 90 AT 80 pMNY B LS
Zn 98.92 73.6 95
Cu 27.21 32.5 26 45
Pb 17. 34 14.6 22.4 20
Cd 0.12 0.16 0.15 0.3
Hg 0.57 0, 068 0. 0650181 0.4
As 6. 66 - 15, 30173 13
* AW
2.2 HAKE

MEZWEK XA X TR TH, KB &P
B9 124 % o 3 0 R 0 1 2[R K R L O L MK Bk 7R
.M ARER. B mE. EXHFRIE
FEKXHE D, BRE R ARG RERHERE W,
ZEBIBAYTESRERYELUER—EAEN
SHERE A BRHEMCERNBAYPE LY ERAE
S5ERTAERFHEEE. BEXEASENMAN
WA R EERRS N IAREARR. D XKBHE
ML Hg I, LA AS S5 PR, MR 0 52) PR L
BIRIE R, R EISMAE A9.A10.A14,A15,A20,
A21, EFRIL M3 S IR NR M AE ALL, H 3
FERBASESBAKRSBRAEATEEGSTE
8. NPT R EEEEENBRYTES RS H
BT 24 : (1) Zo,Pb,Cd 55, # O >HE
I >4 g8 (2) Cu, He, As IS ¥ i 8838 >
a>AeE. BARER. ZERESRISRYKRER
iR S
2.3 MMEHSW

MESBILRERERANYHTHES K, FKBA
XEABEREEONZLITR, HEEXENRAY

R4 BERRERRYPELRNBAXIN

ESRIANYEA T AR
(1) Cu 5 As,Cd,Fe,Mn 8 £ #%,5 Pb,Hg

REMX, MSHVELHERL,

() Zn 5 CI.EHHHBEEMK, 5 PbREH
X,M45 Fe,Mn LAX.

(3) Pb 5 Cd,As S E# %, 5 Fe,Cu,Zn K F
X, M5 Mo FIBEHLEEAHX.

(4)Cd 5 Cu,Zn,Pb BEHX,5 As,Fe f1
LY REMRX, TS Mn THX,

(5) Hg 5 Fe,Mn MIBHF S EHMAE, 5 Cu, As
REMX.

(6) As 5 Cu,Pb,Fe 8 E#%,5 Cd, Hg K F
X, M5 Mo RIBHLREME.

(7) Fe 5 Cu,Hg,As,Mn §E#%,5 Cd,Pb
REHRX, MSEHEEAHE.

(8) Mn 5 Cu,Hg,Fe BEM X, SHNRME
%k, Fe,Mn ZAMAXMEEE . H5 Cu, Hg XK
HWRE,XEH Fe.Mn HTTEEREFEH Cu. Hg ¥
ERER. BHEEY AP ESRIIENR
FROEXFTENERESMEERESHEER
. ATHRESESREAREDIREAD, RIS
REFRBEFERLST . MEEHXRESEAR
FHERESHEERFER BRKEARSREF
Cu, Hg MR 48 .

MM EZ, REE&ITEEF A L X HIE
FHE, RBRTXEESBTRALEIFEHBIRL
ERH.

Tab.4 Correlation analysis of elements in the surface sediments from Bohai Bay

T Cu Zn Pb Cd Hg As Fe Mn BUIE
Cu 1

Zn 0.236 1

Pb 0. 459 0.491 1

Cd 0. 544 0.747 0.764 1

Hg 0. 367 —0.181 —0.108 —0.017 1

As 0. 568 —0.110 0. 645 0.393 0. 300 1

Fe ~—0.934 —0. 089 ~0.330 —~—0.370 —0.567 —0. 646 1

Mn 0. 650 0.095 —0.073 0.171 0. 802 0.169 —0.690 1

BHLE —0.016 0.510 0.110 0. 444 —0.628 —0. 287 0.174 —0. 455 1
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2.4 RRAKRERERN
2.4.1 Hakanson BEA BB ERREE

BEASEEERTOBENKNZUTILAE
EWEW.(D RERFONEE: (D) BEL&BMNRH
;D EERNBHAE: WD KENELBHE
B, L BHEARE.

L= T.C,/C,

Hep, T hEESRBOEHWN RABEEMN R
ERFBITHEMER. NEL B AEKNEE M
KEEBRRENBE. 23— RN EMBENLE,
EB4S R WEEKFIMAE N He>Cd>As>Pb=Cu>

Zn. XT4& UMW AR BRI AL B S K R AE
% Hg=40,Cd=30,As=10,Pb=Cu=5,Zn=1;C,

A20,A10,A21 3z, § & F A9 50% , A1 T
BEE.EABRBMESEE 2651 <525 Ik
R 34, 5B R Al4,A5,A15 35 6:, 5 &I K
3.5 L FEBEMB O, ZRRESEE 135<
Ip<{265 WIEPIA 14,0 ALl 3501, S &R A1/
12.5% L FHNBR . AR P EESEE. HHTM,
Bk 1z s YR B R IE > S e A,
EMERE ANAUER . ZBSNTARYTEE
BYRTER Hg, BF U MEMNEABRBHES
BE KM TEISEBE NPT % :Cd>Pb>Cu>
As>7n,

%5 Hakanson BEERBEEMEANTLBERNYS
Tab, 5 Partition of pollution degree with Hakanson potential

ecology harm exponent method

IRBVFEVMESREENLWMEC, HHEHA E, Ir GRRE
B‘J%ttfﬁ(ﬂii%ﬂ%ﬁ?&iﬁiﬁﬁ’éﬁ{ﬁ%?wﬁ) . <40 <135 PE———
B IE 4R Hakanson ﬁi{?'&f@%%ﬁi?‘jﬂ E.. 40~380 135~265 AT
WELSEEERGERELNUSREIL pest2 ik b
SHARBEEREELSRERIRLIHE . AR
HABRYTPESBERENIFRER(GEK . LS >3320 WS A
6 ATEH, r>525 MYALAE 4 . 25 A9,
%6 MEERENMRYBSRERRENY
Tab. 6 Ecology harm exponent of heavy metals in surface sediment from Bohai Bay
E,
L E DA Ix
Cu Zn Pb Cd Hg As
A9 6.71 1.52 5.95 32.27 530.32 4. 38 581.16
Al4 5.62 1.52 6.15 32.11 354. 00 3.97 403. 37
A20 5.59 1.52 5.45 66. 44 582. 48 3.64 665.11
A5 6.12 2.27 6. 95 28. 88 240, 96 4. 44 289, 62
Al0 5. 60 1.14 6.55 59.15 509, 44 4.96 586. 84
Al5 7.25 1.51 6. 88 50. 45 452. 40 4,87 523. 36
A21 6.74 1.52 6.21 24,88 775. 44 5.01 819. 80
All 5.63 1.15 5.55 29. 33 196, 08 4.27 242,01
2.4.2 BETFITPHASETTIM S Se=Sw.p,
2.4.2.1 BETEH =1

BRAFINKERE S BEERELT, HHE
RH:P.=C/Coo o P; Ry ISR LIEHGC
HiBRYHLMKE C.h i TR RHEE. &
HWHEBEHEEREFHSEEREGE D,
2.4.2.2 ZHETFIEN

ZHEFIENRAMAENEX, PEEBRE
FHRESIEEEUEE FHORNEME, BEGHRR
REFERE SER REHTESR. HitELR:

Marine Sciences/Vol, 31,No. 12/2007

R, S ARAMMFFERB SIHEGW, R FEE
FHREME P R SRUNERIER.

NEERREE I EFREFNFARREREWE
EMRESR. REETURESREEFHORHEY
BERREHE, HITERX N .
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R K Hi GRETFHFETEANR THENT BB S IARESRERRYESBOONBIE, k1
W(SHFEBRECHRBE, HHER N, EFEMHERNEH T A AR BAERE
K —Si=Ca EEIGERETHREMHERAERE SIS,

G R,

HETEHEFRETHRERGR O . REH

27 ARBRENRYRSRATRSEENFRRESEY
Tab.7 Quality branch exponent and environmental total exponent of heavy metals in surface sediment from Bohai Bay
P;
b7 Sq
Cu Zn Pb Cd Hg As

A9 0.99 1. 24 0. 66 0.15 3.31 0. 44 1.138
Al4 0.83 1.24 0. 69 0.19 2.21 0. 40 1. 049
A20 0.82 1.24 0.61 0.19 3.64 0.36 1. 090
A5 0. 50 1.85 0.78 0. 40 1.51 0. 44 1. 351
Al0 0.83 0.93 0.73 0.17 3.18 0.50 0. 945
AlS 1.07 1.23 0.77 0.35 2.83 0.49 1.160
A2l 0.99 1.24 0.69 0. 30 4,85 0.50 1.210
All 0.83 0.93 0.62 0.15 1.23 0.43 0.852

28 EFRETFHENNEESE
Tab, 8  Distribution of assessment weight value of every

pollution factor

by | Cu Zn Pb Cd
WE{E 0.306

BESRGLBESFIMERLELI. AR THEI
AEH, 1 0<So<L5M¥AH 6, FHE A9,
Al4,A20,A5,A15, A21 3 fir, & £FHH 75%,
L FEEBEMED, B RBIFREE0. 5<5<1.0
BIMBIA 24, B R AL0, AL S50, & W ALY
5% ABIEWMBE. hEAT M, Bi&EZEEE R
BRERIEBEBSHEE; AN NEELRBERERK
BERATURS, ZEEOARYTEEFELER
R Heg, HHE T5UMB B AES R, KT Ri5HR
BEME N : Zn>Cu>Pb>As>Cd,

R BRUTLBAEIRFA
Tab,9 Classification standard of pollutants’ pollution degree

Hg As

0.479 0.138 0.023 0.036 0.017

0.5~1.0 1.0~1.5 1.5~2.0 >2.0
¥w  BER  ER OEER

Sq <0.5
BREBE RF

2.4.3 BEERERFNITEHILE

BTN . ZETHENENRRINER S
BELATREHBINFTANEREBEYE . HE
HEBMTEYHNARKEAGTESRMF LR
PRHMARESREENESN TRERSHE
ERMESEERN . BAREMAEYHRBRH

R BOER. MEEESETFHAEELSEH
BESRENH EERENAYPE RN TIBELMR
# UREN RS ESR SRR FH 5K
FREHATHR EHRTXKRER R ARG EEN. B
TR K B R FRGURY Z H ST g

3 HiE

(D) A“2EBREEERITEE"S BT, 8%
BERRUIRYESRY R . GEE8HG . ERXRAH S
WA EER . GATSSAUBREEASBEEAD
LR, KRR B R R A .

O BEESBAGBEARBAE, LI
B . FEFRETERZEHNKIAEBRNERS
FEREHSREWESELZEBEESRITRA
BRI E >SN .

(3 Cufl Hg 5 Fe,Mn Z 6] & E AL, £
Fe.Mn HiAJfE R A, Cu . He W EERFMH. M
BELE. ZEBHESEREFHEREFAE. R
BT XEESBICEE I LA R R .

W KAARTEXNRERFEHT T M. &1
ZU AR TEHNINEREF - . 2 RERF
BEELABRHKCABSHEFNRBRNASEE.E
PHRBAYPEESERTRE He. E X E B LKA
WESRE  HUELBTEBRAR . BE ML
BRE.

FEXW:
(1] FREHFER.NEY. % HEERESRARYER
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Heavy metals and pollution assessment in surface sediments of
Bohai Bay
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Abstract; The contents of heavy metals in the surface sediments from Bohai Bay are determined by atomic
absorption spectrum (AAS) and two different methods of assessment of sediment quality are used to envaluate
the sediment environment of Bohai Bay. And the results of measurement show that the sediments are mostly
polluted by Zn and Hg, but the average values of the other metals are all below the standards compared with
“national coastal background standard value”. The spatial distributions of heavy metals do not form a certain
feature because of the different pollution sources from the coast. And the results of evaluation indicate that the
sediment quality is markedly polluted and Hg is the primary element of pollution, which is seriously harmful to

ecology.
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