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KiaiiBR BN EE R T HEERTEIEN
OB DR, RRET, R KL L K, BER?

(LA EEFE R I S TEMARHFTHERALRE, IR H 5 2661005 2.4 EHEFRL T2 RERLRE,
INARAE WV PR S ESIRE G LR R, PEVKREEDE BB =0T, IR 75 266071)

i B RMEERHAEE, KA IREE 355, Z AR AN, 54 B I E , @8 KGR AR R R RS54
By G BN IS AR B, ARYE KIAFME , T 2009 4E 2.5.8.11 AXFAIHANEH 48 N RkE SR ZTARY F ) Cu.Zn Pb.Cd,
Hg As APk BLEHATIE , 1 T EHER S BANGIHES S8 0k BLEE B9 R , R A TS PO A A A S AU TR A i

TTIB YIRS AT - 5 R R B M B KB R Z U E £ R & B R, K S5 AF 518 TR B & (GB 18668—2002)
I 255 W ZR RBVIRYIH Cu.Pb.Zn & 8 A 2 AMRZ.5 A &fk.Pb.Hg As 3 ELB S B 2 AHHEH.Cu.

Pb.Zn fl Cd ELBZ MFERE FMRXRKR  Hg 5 As FFEH B AR R B Cd T As MY 4 BES B SUTRYRS - Ak

RZ AR E AR . EL R R E T IEE MERR , B TREEUKE, SREERKA Hg>Cd>Pb>Cu>As>Zn, K

A0 R R BRI E £ R e A S AU BARAL THHRAKE , RS K IR 9 Hg>Cd>Pb>Cu>As>Zn,

KR RTRNE D KRBV EEJE ; BV R E s IR S XS T

hE4SHE.X8204  TEEREM:A  XE4HS:1672-2043(2012)06-1209-08

Distribution Characteristics and Pollution Assessment of Heavy Metals in Surface Sediments in Dagu River
Wetland

XU Yong™, MA Shao-sai?, CHEN Ju—fa®*, ZHAO Jun® XIA Bin? CUI Zheng—guo®

(1.Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education,Ocean University of China, Qingdao 266100, China ;
2.Key Laboratory of Sustainable Development of Marine Fisheries , Ministry of Agriculture, Shandong Province Key Laboratory of Fishery Re—
sources and Ecological Environment, Yellow Sea Fisheries Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)
Abstract: Jiaozhou Bay is a semi—enclosed bay of weak water exchange capacity, the pollution is increasingly heavier for the rivers into the
sea, the account of river runoff, sediment and dissolved pollutants into the sea through Dagu River are the first in all the rivers for Jiaozhou
Bay. According to the characteristics of Dagu River, the contents of Cu, Pb, Zn, Cd, Hg, As, clay and organic carbon in the 48 surface sedi—
ments samples in the wetland of Dagu River were measured, in February, May, August, November of 2009. Firstly, the content and distributed
characteristics of these heavy metals, and the relevance with different particle size and organic carbon were discussed, and methods of pollu—
tion assessment and the potential ecological risk assessment were used. The result indicated that the average contents of heavy metals were
low, and most of them were lower than the first class of GB 18668—2002. Surface sediments of Cu, Pb, Zn had a similar seasonal variation, its
highest level was in August, followed in February, the lowest levels in May. The highest concentrations in three heavy metals of Pb, Hg, As
were in February. The Dagu River wetland surface sediment contents of Cu, Pb, Zn and Cd were controlled by clay and organic carbon . The
single—factor of heavy metals in surface sediment indicated a lower pollution degree, and the descending order was Hg>Cd>Pb>Cu>As>Zn. A
low potential ecological risk assessment in wetland of Dagu River was showed, and the descending order was Hg>Cd>Pb>Cu>As>Zn.

Keywords: Dagu River wetland; surface sediment; heavy metals; spatial and temporal characteristics; potential ecological risk assessment
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JENE JR— 2B AR RIS, AR 374.4
km?, SEH7KEE 7 m, B RKIKER 64 m", Jp IR3A1 PR K
T SRR | U 2R R T A 12 S5 EK
RUFRIRE AR HAR T F & WEFRY R, R
R T B A B8 V5 Y m) B H 25 28 H o RIT R AR
BB KRBT, WA AR 7 511.5 km?, JWASK I
B, B RRERN 6.31x10° m’, FEKAFEPREE
B, TEEPTF 5—9 A, HEREKERN 80%4
L ZFE KRR 734.24 mm, 383 KA
AR VD B RN TS Ye ) o BN TS AT
HIE DL, RN B E SR LR B 25 AR,

ELERIENFFAERAEY ZREEREY, HTA
AR, BT EE, ARG MM, REE S YL
T E NISRER , B AR I ) E B e
£, BRI ANEGHEER Y A2 fA: YE
AT, BEEE TRy, 45 LEKZE &)
BV, MR R AT, IR st S 8T
i, VIR MES R AOKMR, F L, A BEK
ANCRWNE RN EES BN P B A EE
YERR DIBRIE KA T 4 B 1 R BB FE, 40 F
Y~ AR LT RS AL , ST TR R A SRS RS R
GRahiy S A S RS DI REAR A B AR o A RS
AR EIEN 58 BRI ERY R )
TR E AR5 Y H R BB R S RE,

1B _ESRBE ST A PR T S 7K R R A DX S B M
ARAER R DX 38K, A SR T it X S U
BEE B FWR BTSN RS
ST DR TE o A SCHI 2009 4 4 275 48 ubif
HIAZETOR, NIRRT R E SR B Z= 12 A
TBRPHN 3 MR R E &R 15 Rt T4 &
GEWEST , X TR ZURIP ORI D IR RIS A A5 IR
HAREF .

1 #M#BEF*®

L1 #FmRESLE

IR AR i R 5 TR IHATAIE 93 (8] 7 71 -6 m
FIRE L, EE I X, SREER 6 48 ~(1&] 1), Horp
RIGFGE 6 1~(1~6 5 ), WlEH 21 1~(7~27 5 ), &
T X33 21 1M(28~48 *5) o SRAL I E] 2 2009 4F 2.5.8.
11 A o AR IEASRETURYY , FIZR AT B
REZFIHARE 0~2 cm BHEFTRZIFHEF,0~4
CHRAE, [0 S22 Al o R ifp R 22 28 3R O A 7E 80
CHEA LT 24 h, I ES SR ER HAT #  2 i i
160 B ¥ , 78718 53 5 BURE AN %E (A 38 S b it %
595 BURE e A 55 TR Redn LAY S e LA 3 ) , T
BRI . DR e RS R A S R
TR I I AE , 5 B KA SR Tt
TEEEBEIRE , KR FVe BT W ek il , B R T2

3625} WEH
) Intertidal Zone
1 333 /
36.20 akh
Hongdao Island

A47
36.15 A48

A45
36.10

BT

Shallow Sea Jiaozhou Bay
36.05 L . . . . f . /
120.10 120.15 120.20 120.25 120.30 120.35

Figure 1 Surveyed area and sampling locations of surface sediments
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(GB 17378—2007 )1,

LB RE : FREL 20 g 22 A BT AUTRRRE i, 10
BB 54, 0w B ER4RIR L 8 h J5 i K, SR L
BEIHENE o

BB WU RE DU S BT, B 2B S 2
Y1, FAMREHSEHE D 80 HIf, HERRFRIUEE S
100 mg, Al 10% i £E BR 12 W9 Z: BRICHLAR , 105 CHE 5 h
J& , FITEE EA2000 T3 44000 % , W) X AH X e
TRE/NF 2%,
1.2 MARMEBEESREENFE

KT ES B ISRTN TR L, AR
R TS AT [ E S 2 T g
TEAEDEERBOLS A SCE R E WANTRY &P
B Ak 2 5 i—Sn B 4% 5¢ Hakanson /Y
BEASEERERHTESBEDEETEM, K
HEARXN:

El=TixC}

C i N iy O TEXCE
RI:ZE,:Z (T,xcf):z (Z5)

i

XA RINTAEEGEBEESRNEREECE A
EJE @ BRI A S I R B T O B R B Ak i i
RE, R E &R K AR X S R TS
I BURFRE , 0518 Cu=5.Zn=1.Pb=5,Cd=30 Hg=
40, As=10; C; N EEBEER R (C;=CI/C.);CH
REVIRY T EEEERELIE;C. AT E R
1B, A SCRABA DAL RTR Y F E SR IER
REHREGEER D,
BAE GRS EASKNEIFIER IR 2,

R1 ESESEYSE(mg k)

Table 1 Background reference values of heavy metals(mg-kg™)

i X Cu Zn Pb
ERTIERT 30 25

Cd Hg As SCHER
80 05 02 15 [11]

2 HR5itie

21 KiGAORENBRMESESERN S SIS

JENE R RE R EL BN & E
KR ABNE 3. HRRBERENHEYHESE
Cu.Pb.Zn.Cd Hg fl As {98 B/KFE BABAL, BRI
Suifr Cu Fr B —ARESN, KA STES B
BYRE GBHFETITRY R E ) —RIrERNER, 5
S BRESRE Cu S EMNERZBKT 50%50, Hi 5
MELSBESENESREIIE/N(16.61%~41.86%)
VLEAH A BRI KIS 22 BN i3 3
ATLAR B, FEZS B 4045 b, RZVIRY) Cu Zn 35
B TR BRI A K3t Y Ja ) o > V4 ¥ DX 3> [
7 Pb As 348 5 i = BRIBUT S 8 18] 3 > K T
S B> HE X 3 ; Cd JHeg 2 ME & B P& BT
TR B AT B W R VR X 0 E AN
EH A LA, KRR Z VTR Cu Pb Zn,
Cd .Hg Fl As FIEIE T [E A S M0,
B NPT TRIITEDS il Sy e SR I Hs VY
REVIFYESBEO LS E, HNTE, BMEK
MMBHRETIFRYES R AR ERR,

MR X IR ZVIRY) Cu.Zn.Cd FEL 8 A&
.11 ARZ,5 ABAR(3R 3) WMHACRA(FEK
B AR R KT R T E SR ET
MR RN R, [ e KR E pH. 3 E XA L
e RERRRSNTTRYES R & 'SR, F
KEA(8 A R BT IR U S5 ey it 2 ek W 4 iy A
T K I, AR R B TR Cu Zn Cd PRk
BHE. REVIFRYH Pb Hg As S E7E 2 A,
BMEHIES A5 8 A, REVIBYHESJE Pb.
Hg . As & & Bl % B (8] (4 3 R AR L 4RAE 7T BB -5 7K MR
B . pHAE IR AR & B UL ERESFER
HAFYIRR  NEAEZF W, KEZREH AR
o sh e IREF R A A TR EEE M
KR BIER A SRETR , pH {ELE) 7 AR o e 2 1

R2 FMERSSRAEENMBEESNREENXR

Table 2 The relation between evaluation indexes and the contamination degree and potential ecological risk

C; BN FERERE Ca GARTGYEE E; AR F A SN Ey RSB S NS

<1 3 <5 & <40 & <150 &

1~3 H 5~10 s 40~80 H 150~300 H

3~6 =3 10~20 = 80~160 = 300~600 =3

=6 JEE =20 JEHE 160~320 e =600 JEE
=320 =&
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R AN S A DE SR WS R, T
VIR E LR S ENECEE T EERBERYHE
W AR A TS —5 53 B 4R & AR R e A5 2 [R] B
KEiE EEAKF,
22 BRMBRENBHMESESHHIESHE .G
X RDH

TR E AR S BERERTIRYESE
SRR EZE PSS E, K 2 FE 3 2K
TR E TR R E A MLk & B K,

SRR , KGR 2R E U R 433 457 LA
bR =, DE 7 AR R 3 R B B Rk
BHEZTURYIA YLK & B TE 0.25%~0.79%2 [ .
E 3 ATLAE H,26 S v A WLk & 2 s , HO=R
ARSI H X (25.27 Sulify ), Hofth XIS & 25
o MR ATTLIEW ,BRT Hg As 5HAM 4 FELE
HH KA B34, Cu . Pb Zn Cd 1 I 2 8] 2 3 1E 41
% ,Hg 5 As TFE B IEAH% R, CuPb.Zn.Cd
SES5HL&ETE 0.01 KF EEEIFME, Hg As
5+ EBZMAFEBEMLKR, Pb.Zn.Cd 5
AWK & BTE 0.01 KF LB EIEM, Cu 5H PR
FETE 0.05 K B EIEAHR, He As 5A YRS

BZRIANFAEREMEER. LA, LS
AU S EEESREBHREFRYELSE T
% Cu.Pb.Zn.Cd M FERE,

Hg As S5+ B2 MAFAEMENE, FEA L
TIRE. 28 BARRE TR I8, EEET
RS RS , EZH05 02 m, DU A N
ANEEBRAFES THARETREMLEEET
JURE T HL 2 5 AR K3 /B R R i, Has
)43 A 22 TR . SRRk A5 b R 22 M AR
oL i G 20 432 B AR M ULAR Y , BRI 78 A9 X IR
A, HESBETESEHAHELER OB, AT
KRS HESBILESTRZANNELBIER, (M
HZ R A,

SAYURRZ M XEE SR ITR AN E
BEHE,EEA YRR IIEE T TE E
&, HAARFRNESEFERE 25, X
Hr A AL B —E R, B R 5 bk
JEAHVCEC A AR & ZibEm , TSR TR
5 BAYURFE S AFE_E IR —EA DR AVER R . A
WHEFE R Heg As TR S BA VRS B3,
JE R AT RERRAE T I

RI AGTEMRERAVESESERITR

Table 3 The content of the heavy metal in surface sediments in wetland of Dagu River

ELR & E/mg-kg!

12 XI5, Surveyed area ing ]
Cu Zn Pb Cd Hg As
R T B T B 2 A 26.80 63.44 15.93 0.100 0.089 1.79
Tidal reach of Dagu River 5H 14.07 44.00 12.40 0.090 0.063 1.23
8 A 2243 57.51 12.85 0.113 0.039 1.24
117 25.72 69.99 13.53 0.086 0.071 1.38
T 22.26 58.73 13.68 0.100 0.070 1.41
W iE] % Intertidal zone 2 A 16.91 51.09 13.19 0.12 0.099 1.54
58 21.53 47.96 13.10 0.098 0.050 1.26
8 A 25.81 55.73 14.63 0.125 0.051 131
117 14.67 46.96 13.21 0.096 0.070 1.32
S 19.73 50.44 13.53 0.110 0.070 1.36
H¥F X I, Shallow sea 2 A 16.16 53.92 16.15 0.109 0.090 1.56
58 14.07 49.57 12.26 0.097 0.073 1.26
8 A 18.36 56.62 15.19 0.122 0.070 1.38
118 15.15 50.17 13.46 0.098 0.067 1.44
SEHE 15.93 52.57 14.26 0.110 0.070 141
TR [X 38, Wetland area il 5.40~86.71 19.45~128.65 4.82~22.43  0.03~028  0.01~0.16  0.86~2.37
T 18.38 52.01 13.84 0.11 0.07 1.39
IR 10.43 15.24 3.86 0.04 0.03 0.23
AR RB% 56.73 29.30 27.87 41.86 37.80 16.61
TR 1711 B hnaE™ 35/100 150/350 60/130 0.5/1.5 0.2/0.5 20/65
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Figure 2 Distribution of the particle in surface sediments in Dagu River wetland
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Figure 3 Distribution of the organic carbon in surface sediments in Dagu River wetland
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Table 4 The revelence of heavy metals, different particles size and organic carbon in Dagu River wetland

Cu Zn Pb cd Hg As TOC Rt
Cu 1
Zn 0.731%* 1
Pb 0.643%* 0.639%* 1
cd 0.642%% 0.535%+* 0.424 1
Hg -0.111 0.006 0.107 0.145 1
As 0.011 0.060 0.233 -0.048 0.335* 1
TOC 0.430* 0.573%* 0.665%* 0.690% -0.023 0.040 1
Hh+ 0.618%* 0.528%* 0.607%* 0.5517%* -0.117 0.224 0.6817%* 1

o FR7E 0.01 AKSECRUN) L B, * 7E 0.05 KB L B A .

23 KB RENBMESRESTLEESHT RE, [HEEEAEE KL T EKEHER, 284

x5 5MERER, NEBENMEAEXBEERE, TR 57K ()2 83 22 , B0fs Kk g b iy
H4JE Cu.Pb.Zn.Cd Hg As LR FISRAZFCYEH  BHYSEARRIGIN, JUHE 20 FRMEE T & TR
NF LB FRBYOKE BRRFERRE/ME Stk RE, BSRERMELESE . 5 1990 44
WA Zn>Cu>Pb>Hg>Cd>As, K, Zn Cu Pb ZHEA k., 2000 4FEREIREA VLR 69%~77% T+ Z 93%2",
KB AR R RIS LB T A 2004—2007 AE[A], MV A BB SRR, Cu Zn,
TR AT B V()T X R XS A A Ui Pb S ESBHREPROMAEN O X, e SR
HEERGATFRER CA¥/NTS, BFREEE  FIAFEBRENEIE=>, FHit, £ W5 RTE
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TR Z IR E S R 15 PR R 2T AR,
VS RGP XIS E &R A1 R E
FH 5 2 AR IR Sy Rt i R i B> Y8 ) o X 3> e v
DX 3, Tt B e v DX 3, L R e B AT Bt /& Cu\Zin \Pb
Hg As .Cd %) FZ R iYL AER A 4310 L, 'SR
EATE YR8 B0 R R B R« O K o) B T BE A 2
A>11 A>8 A>5 A ;@E+H -k 8 A>2 A>5 A>11
H;@®igREN 2 A>8 A>11 A>5 A, BiAiE#E,
RIGTIEH X IR E & B LR AT R 2 A, 5
A Bk,
24 KihimiBitRENBYEESEBEESKE TN
X KB R BT ELS BIREES
KRBT PR , 15 2 5 4R T AE AR S KUK R BRI XU
FEEPIIER , BAAZE R LR 6.
MWEANEEXEEE,6 HWELSBES WA
TEASIE REE/NT 40, HEFFEH 0.55~19.76,
TELEAE A XU R BOME R 2/IMRIK & Hg>Cd>Pb>
Cu>As>Zn, K it Hg & K3 VE i F B AEAE S
DU R o & il 01 B 42 SR 2R B IR TR AR S KU 5 55/
F 150, )& FAREAEAEDREIKE, FXIBESET
TS E ERE B RE/MK RN : OK T
W Bt . Hg>Cd>Cu>Pb>As>Zn ; QW a4 X 3, : Hg>
Cd>Pb>Cu>As>Zn ; @& ¥ X I, : Hg>Cd>Pb>Cu>As>
Zn, HILFT L, Hg TTR A S E R B A AR
W, W Zn TR WA DSEE R B HER

B BRAK . X T RE -5 4 IR BT B B R 75 Ge i i 1 i
DA SRS AR AR 2 8 M A Y b BRI # A 1
ERAXP, FEREIS M L, FXIRE L BT AE
FE A A6 ERR R B R B/ IMK IR A« O I 2
B2 A>11 A>5 A~8 A; Qe+ X .2 A>8
A>11 A>5 A ;@EXIE2 A>8 A>5 A>11 A,

3 #ig

(1)Bk Cu &b, KItig R Z VT E 48 Pb.
Zn.Cd.Hg fl As M & BB HF TR RE—K
PRERIER, 5 E LA VE S OAE HAb FEARK
Fo CuZn.Cd & ETE 8 A/ ,2 ARZ,5 A&lK;
Pb.Hg As 3 MEERE S &7 2 A&,

(2K + 5B MR & B4R HI R 3R 20T
B ESLEITEK Cu.Pb.Zn . Cd /3 EZHE  He,
As oA FEZ NONHES OKShIERER R,
T LAARARL G20 43 Sk 32 H 4340 AE X 34957 B TORRARRAE X
Hymmmgmi/N, HZmRARGEE R, 4
W Hg As TTR 5 BAPURIHEARBE

) LIEM A ZE R R, KT RE R E TR
¥ Cu.Zn.Pb.Cd .Hg As LR F5 4L ZRBOEHEH /N T
1, BFRIBEKE; SEBAEERFIRETEK
W, L5 AT Yeds Bt s BMIE A4 Yk Hg>Cd>
Pb>Cu>As>Zn, KIETWIBHL XIS E & B AT R E
2 AEE .S A&k,

RS> RAMHESRSHERFEMNER

Table 5 The results of single factor evalution on heavy metal pollution in sediment

FEKE e FEFTRANC GATIEN C,
Cu Zn Pb Cd Hg As
SR TR TR T 2A 0.89 0.79 0.64 0.20 0.44 0.12 3.09
Tidal reach of Dagu River 5A 0.47 0.55 0.50 0.18 0.31 0.08 2.09
8 A 0.75 0.72 0.51 0.23 0.20 0.08 248
1A 0.86 0.87 0.54 0.17 0.35 0.09 2.89
SFHE 0.74 0.73 0.55 0.19 0.33 0.09 2.64
WiA]%45 Intertidal zone 2 A 0.56 0.64 0.53 0.22 0.49 0.10 2.55
5A 0.72 0.60 0.52 0.20 0.25 0.08 237
8 A 0.86 0.70 0.59 0.25 0.26 0.09 274
11 A 0.49 0.59 0.53 0.19 0.35 0.09 223
SFHE 0.66 0.63 0.54 0.22 0.34 0.09 247
¥ XI5 Shallow sea 2 A 0.54 0.67 0.65 0.22 0.45 0.10 2.63
58 0.47 0.62 0.49 0.19 0.36 0.08 222
8 A 0.61 0.71 0.61 0.24 0.35 0.09 2.61
11 A 0.50 0.63 0.54 0.20 0.33 0.10 230
SEE 0.53 0.66 0.57 0.21 0.37 0.09 244
sy Nliy 0.64 0.67 0.55 0.21 0.35 0.09 2.52
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Table 6 The potential ecological risk factors(E; ) and risk indices( E) of heavy metals in surface sediments
— e B TR SN RS E EAWIEES
Cu Zn Pb cd Hg As KU 5% RI
I SRR B 2 A 4.47 0.79 3.19 6.00 17.76 1.19 33.40
Tidal reach of Dagu River 5A 234 0.55 248 5.40 12,51 0.82 24.11
8 A 3.74 0.72 2.57 6.77 7.81 0.82 2243
11 A 4.29 0.87 2.71 5.13 14.20 0.92 28.11
SEE 371 0.73 2.74 5.83 13.07 0.94 27.01
5] Intertidal zone 2A 2.82 0.64 2.64 6.71 19.76 1.02 33.60
5A 3.59 0.60 2.62 5.87 10.05 0.84 23.57
8 A 4.30 0.70 2.93 7.48 10.26 0.87 26.54
11 A 245 0.59 2.64 5.75 13.92 0.88 26.22
SERE 3.29 0.63 2.71 6.45 13.50 0.90 27.48
VXI5, Shallow sea 2 H 2.69 0.67 3.23 6.54 18.07 1.04 32.24
58 2.35 0.62 245 5.84 14.58 0.84 26.67
8 A 3.06 0.71 3.04 7.32 13.95 0.92 28.99
11 A 2.52 0.63 2.69 5.89 13.40 0.96 26.09
SERE 2.66 0.66 2.85 6.40 15.00 0.94 28.50
SR 3.22 0.67 2.76 6.23 13.86 0.93 27.67

(4)RWGTIRHRIZTURRY) 6 P 4 J8 X X 35,
A 25 XU BT P TE A 25 UG, XS 22 B o v IR A
KA Hg>Cd>Pb>Cu>As>Zn, HH Hg RITETEAE SR
KiK. 2 A& XIBESBRTRGESBEASEE
BERE.
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