5540 B 5 W) S &~ £ Eild Vol.40,No.5
2020 4F- 3 A ACTA ECOLOGICA SINICA Mar. 2020

DOI: 10.5846/stxb201901150120

BRREL MRS RANAK, B A =, PR, SCR ZR 2 5, IR O R AR A TE 4 SR BB AR A KU AN A A 2, 2020, 40(5)
1650- 1662.

LiJB,LaiYT, WuRL, Cao SY, Xie R R,Wen H, Qin A G, Sun Z G.Accumulation and ecological risk assessment of heavy metals in estuarine
intertidal sediments. Acta Ecologica Sinica,2020,40(5) :1650- 1662.

AOEEFLRYESERZRREESXE TN

ﬁ._1,2,5 F)F’ﬁ);] &‘,1 2 %_ﬁnﬁ?ﬁll, ‘éig,/-éi‘_zt,é’igi,%gl,z’i %1,2’%‘%%1,2,% VE 1:}3 -
Huﬁ%ﬂiajcsaﬂ BiRbee 5T, f 350007

2 A IS A A A V5 e 4 i 5 WU PR R B S0 00 =, AR 350007

3 A A A MR 5 T , Y00 7 A A 2 PR AR R SR & M 350007

4 PR A EAE B M 545006

5 e B S Wr e IR ST KRB, S H 70803

6 LS W LIRS KRF AT R, BFEEH 70803

FE . F 2015 45 7 A ARAE YT O % fa MR b A S 9 2R (TR T2) , IR0 BIEEL 5 A RAE SRV RES . WE SR Co
FV ST E A2 R — 5 &, LR YT B )8 Co A1V BORIFSE AL, U IR B L Co 1 V1028 ] 23 A 4R A0F LA 2 75
PR B S HEAT T ISE, B AEN Co BV IS ISR IR 0655 S5 R BRI Co F1 V P BE 4351 0 15.19 me/ke
102.94 mg/kg, ¥ T A B 50k, %/H\{mmﬁt Co FI 'V ¥ FEAL T & /K-, Co A1V By & rl i (6] 15 07 )6 T W
Hi BARFEEOE TS TURR P Co SRR S TG YIRS, V BB ISYUIRES . eAh, Co FIV AYTEHEE 6% RELE 735 K
7.24—14.85 F1 1.47—4.17 , T WA AL AE TR0, B VT F0E B3 DU Co ATV B TRETS YL,

SR O WA DU AR A KU

Accumulation and ecological risk assessment of heavy metals in estuarine

intertidal sediments

LI Jiabing'*®, LAI Yueting"*>, WU Rulin"?, CAO Shiyun®®, XIE Rongrong'”, WEN Hao'*, QIN Angui'”,

SUN Zhigao™ "

1 College of Environmental Science and Engineering, Fujian Normal University, Fuzhou 350007, China

2 Key Laboratory of Pollution Control and Resource Recycling of Fujian Province, Fujian Normal University, Fuzhou 350007, China

3 Institute of Geography, Key Laboratory of Humid Subtropical Eco-geographical Process ( Fujian Normal University) , Ministry of Education, Fujian Normal
Unaversity, Fuzhou 350007, China

4 School of Science, Guangxi University of Science and Technology, Liuzhou 545006, China

5 College of Agriculture, Louisiana State University, Baton Rouge 70803, USA

6 Department of Economics, Louisiana State University, Baton Rouge 70803, USA

Abstract; In July 2015, two sample strips (T1 and T2) were laid in the squid beach wetland of Min River Estuary, and
five sampling sites were selected to collect sediment samples. Due to the harmful effects of heavy metals Co and V on human
beings and animals, and few studies on Co and V in the intertidal zone of the Min River Estuary, the physical and chemical
properties, spatial distribution characteristics of Co and V, and the degree of their pollution were studied to provide data

reference for pollution research of Co and V. The results showed that the average concentrations of Co and V in the sediment
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were 15.19 mg/kg and 102.94 mg/kg respectively, which were higher than the background concentration in Fujian
Province. Compared with other estuaries, the concentrations of Co and V were moderate. The contents of Co and V
decreased slightly from the land to the sea. The ground accumulation index method showed that the Co content in the
sediment was slightly polluted, and V showed no pollution. In addition, the potential ecological hazard coefficients of Co
and V were 7.24—14.85 and 1.47—4.17 respectively, indicating that the potential ecological hazard was slight. Co and V

in the intertidal sediments of the Min River estuary were mildly polluted.

Key Words: estuary; intertidal zone; sediments; heavy metal ; ecological risk
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i, R FH NG 25515 Y e B0 Fn AR SR A8 B0 PP i e v 4% H 4 i 15 e AR LI SR I LT e AR 5
GNP T 2R SR SRR B PRI R DORR ) T 4 TS YK AT T TR A A AU AN A5 B
T Cd {5y b, AN E 48 B Rl S E R 325N D 1K R 2 DU Y A i 55 X
%, MEE4)E(Co Pb As Cd . Cu FI Ni) & i, il i Hh BAFEECR PN AT 175 Y fi/ MY S Cu, T Cd 975 e
JE d5c R, 30 e XUBS DA S A L PEAE PR BE A2 As Ni A Ph 5 48/ s PIVERC 5 251 D)3 1ot 00 5 T 2R 41 1R 6 2 DT AR
I IR g e W T8 = WA e o 1 B N = NP B SR PACE =+ 1 Y € A ERAOS [ 1= R S 1 = R (93 | A RN
JRUIR: 75t 213 5 3R BT O R B4 A S A /N VPR R B A s IV e A5 2 3 0 T 1) V38T 1 LB Zn
Cr.Pb Cu Ni 5 FivE 4 J@ (125 () 43 A0 FEAETFPPAL T HOSFERE1E

ZE L RTIR , HRTE X A R 5 YR BT I A 8 GE— PR HE  BUA 1 F VR 7 i i SRR H0L R
TG Ye e g WA AR S E R BOE IS LA 15 YA Bk A s R TR A4S X eI A HLRR f (HLY
FHEA 4 0 SR BRI DRI 2R FH 22 0 12 DA A 5t P40 4 Y7 XURG 1) Shah 25 1) 1) I b AR
Bk K E AR IR AN B Tapti 1] 1 32 20T 5 4 @ (075 YL RE i, PR 5 ik vl LIAH BLAb FE FIfE 2, i 4F
ok, EAR BRSOk R DA 4R TS YRR I A 2 (R PN AT R TR 1 (R AR

http ; //www.ecologica.cn



1652 A E = 40 %

JEHIE Co TV BYT5 Je oA FAR S PPAG S A 4ial . AT B PR, B BAR R AW AR KT U DT R | 2 2 4
3R B R —Fh (ER AR B S T F Y, AR R 25 R A, #1 N RSEOR L HE 1 4 4 2
SR BRI, 51U MR R GBI | AN A PE R 20 AT , 56 22 50 b 0 s U S WD E AR 2 I
MR PRI, 7 U35 S R R SRR R R, AT RE 2 5 1R AR SV RORII A S8BT TR I P R R )
B F I, TR R AR AR Wb e N IR R AR AR T R, R B2 BB,

S, AR SCHE AT R ) VLI 1 [A) H 42 B T Co A1V 1928 (] 43 A R AIE LA K IO RR A 384 1 o 2R 47 4
AT, [7 B >R FH i, SRR 51 RV A A A XU 8 BUE X Co RV (85 G BE HEA T 2 5 04T, PP A XTI DX 35
R A 2 DU, 57 A A A B ] 0 ) PR IR B 75 0t LRI P 5 R S BRI R

1 HREE

o) YT VR T iR LU bk TR T 6 T e | 2 3R 1) AR B T T e R T, 3 AR A DRy £ 119°35751"—119°41"
12"E,26°01'07"—26°04'34"N, [HIFRZ) 878 hm® , 3= phy YN FI V0 U8 o0 e b T2 ok, 1] 70T 11 958 b Ay S0 A Vg
P2 KX, SR 19°C AR KR 153 d, AEHIREK BN 1300 mm,, FEBELLVS BB AR RAE 250
HARKEN A ISR SR A 2 S ) P i G A v sl £ X T Ak VTG 1T R R Y LT
e KA — B, H A R ik £, E SRR B R A A S AR RIS AR

2 HmREMFARTE

2.1 FEARCREE

2015 4F 7 H RIS 7512 AN 1 iz, 0 B VT R 165 #2081 p) 05 b B A B0 T AR
THRI BRI (T1 A1 T2) |, BIMRER TR 3 G A ) PR REAY BLBUREAT . R JRAEA 5 D s iR AR T A RAE
A FEEA Phragmites australis marsh belt(C1) 5 P35 FIA M ¥E X547 Phragmites australis and Cyperus malaccensis
marsh belt( C2) ; % M3 %47 Cyperus malaccensis marsh belt (C3) ; H ALK B HT Spartina alterniflora marsh belt
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Fig.1 Sketch of the Min river estuary and sampling sites
C1.3E7 Phragmites australis marsh belt; C2; /" 25 FI 4G M3 247 Phragmites australis and Cyperus malaccensis marsh belt; C3; % I ¥£ 2 47

Cyperus malaccensis marsh belt; C4; B ALK TR Spartina alterniflora marsh belt; C5 ; B FLAHF Cyperus compressus marsh belt
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FRELZ) 0.040 g KESL A PTFE P BE 1, SR J5 FEVEA 0.5 mL #ASHR 1.5 mL SRR G HE, wdkig A
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Table 1 The background values of heavy metals in Fujian province

HRBITER GE Rl HREITER HEESE
Heavy metals Average background value Heavy metals Average background value
H Co 7.41 v 78.3

x2 NAMESEMRRIEHMSLEENS R

Table 2 Geoaccumulation index of heavy metals in sediment sand grading of pollution levels

b B R 245 15 Y Hi SR PUR AL il VYT

lg(,n Levels Pollution degree Ig(,., Levels Pollution degree
1., <O 0 ToiE Y 1.5< 1, <2.0 4 SR gL
0<1,,<0.7 1 IR E i 2.0< 1, <25 5 SR A0 5 V5
0.7< 1, <1 2 o B ¥ e Ly Z2.5 6 A5 8 75
1<1,,<15 3 SR TS g

1 o ? b BFHEEL Index of geoaccumulation

233 WHEASEEREGE
AR SCR FH His B8 25 58 Hakanson $ HY BV A 2506 8 B0k v 10 VT IR 0 URR ) o 4 8 A7 040 1),
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. R l l ] . Table 3 Toxicity coefficient of heavy metals in sediments
S RE L5 A E A A KR A B2 M 4 T 7 T . o
SR T TR A A G AR R R (R 3) PR BT 5 2

Cl%{ﬁjﬁ[{% EF‘E:_{TIZ\E i?ﬂ]ﬂﬂ?ﬁ ( mg/kg) 5 Cln ﬂ‘:’i—[‘%:@?%? Ti R R Biotoxicity coefficient
LR RS H H (mg/kg) . IR &8 i1
A GRS BRI PRI 4 R

R4 ZERETEEESKEIENIEHS S RInE

Table 4 Comprehensive and single potential ecological risk assessment index and grading standard

A S ERE L2 g i AR5 5t
Degree of potential ecological harm Slight Medium Strong Very strong Extremely strong
e SR T (ED) Ei <40 40<FE'<80 80<FEi<160 160<FEi <320 E =320

ELBAEA S XL FF Potential ecological risk

3 HEROH 140 —8— Co(Tl) —o— Co(T2)
R —A— V(Tl) —&—V(T2)
3.1 e E SR é" 120 L
3.1.1 HEERAERZTURY b Bk A £ ol
I 2 B B RZIB SR Vs 3
Co, TILRIT2 HEHRBURM 2 MESEA AT 52 %)
BT IR BRI E TR TR E3
BN CLREAE) C2 FERIDA R €3 BERUE) CA BERL Co
RV A Fr i RS N €2 RESE €3 RES UK C4 g
FI| C5 FEA, Co AV I Fr ik 5 3 3 ~
312 FAJREVURY T I 5 T e & a o
Hﬂ @ 3 ﬁ%ﬂ ,CO %E T1 ﬂl T2 ﬁ%l@% C5 ﬁl\,ﬁ\:é‘i‘lﬂ]/l\ Ktk Sampling points
P T4 B T S 2 5, 72 3 Ik 1iE B2 RETL R ST

ATV IER AR 0—30 em IR 42 8 Wk 7 Fig.2 Distribution of heavy metals in surface sediments
AR FEAAHE] M AE 30—60 cm WREE B MAS  Co(T1) 1 S S5 Cobalt of 1 transect; Co(T2) :2 SHEH 4
(A M R 3 AN, AL A B CS BE S Wifh 4 i Cobalt of 2 transect; V(T1) ;1 SHEH HL & & Vanadium of 1
TR 7R 77 161 B B A HEL s 4 ANKE T Ok % transect; V(T2) ;2 S Pl A& Vanadium of 2 transect

) YL U ] DLAR P v PR Co A1V I b 485 T
JCR Pearson MHICHEIIHTAE RUNE 5 7R, Co FI V 5 B IEAHIE(P<0.05) ; iX W43 8 5 HL 55 pH KR
W TEARSC(P<0.01) , Skt AP R T EIEMIE(P<0.05) , SRS /KEE R EAMIE(P<0.05),5
SR BV IEAEE

x5 S&EREHMTRAYESETERMBLEREXES

Table 5 Correlation analysis of heavy metals and petrochemical proprieties sediments of Shanyutan wetland

BA . HHLB HL -
A, o o 6 * o Ak
& #Hl Total RifE Organic Electrical .
. Total sulfur . .. Power of Volumetric
Co A% nitrogen (TS) Diameter matter conductivity hyd ter content
(TN) (SOM) (EC) ydrogen water conten
i Co 1 0.943 " 0.502 0.396 0.864 " 0.896 " 0.937*" 0.784"* -0.867 "
iR 0.943 " 1 0.759 0.224 0.727" 0.851" 0.478"" 0.947 " -0.794"

# o AE 0.01 ACF (BN b\ EAEIE; + 76 0.05 /K- (W) I g 4 ¢
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HEEWKE
Concentration of heavy metals/(mg/kg)
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Fig.3 Vertical distribution of heavy metal concentration in profile

3 6 AT LU T C5 FESHL R ER(EC) 78 5 AMRE AU B R By, i L I YL 7R] 198 1 4 S8R 2 K, i DA
pH X H 4 i vk B s R 25 20

W) YT 1 ) A U R v 4 JR 2 & B Co 4 15.19 mg/kg VN 102.94 mg/kg, SHEEA B4R &Y
S (E DML, IR ES ST R E TR, Co S R AR 2 5,11 VS L S R
1.3 £, an3% 7 Fivn 5 1 A AT R B AR RIS IR RR P v Co & SARFUEiL M IEAMIBOR R AR
ST 11 LA R A g 2 S T v AT 1, VO A AR UL N A MBI IR AR A R DL R R T
SR U e LA 1 AR T AN AT, Co 2 T Qua Thoe estuary i Ik T HABI 11, V 7R & T
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*o6 WMEHTSAREARENRY(0—I10 cm) BIBL IR

Table 6 Physical and chemical properties of surface sediment (0—10 cm) in five marshes of the two transects

. KRR S HE . HifE Diameter/ % KR S
FEHF A Bulk density Electrical
Sampling Water pH ..

Transects . (BD)/ conductivity

points (&/em?) <4 pm 4—63 wm >63 wm content/ % (EC)/(mS/cm)

T1 Cl 0.82+0.03 28.14+0.91 57.26+1.78 14.59+0.90 54.69+3.57 5.94+0.31 2.33+0.60
Cc2 0.79+0.06 25.38+0.56 70.55+1.60 4.06+2.15 56.79+4.23 6.08+0.06 3.08+0.09

C3 0.89+0.10 27.07+1.50 68.56+0.89 4.37+0.64 52.46+5.58 5.98+0.17 1.94+0.09

Cc4 0.84+0.09 29.99+1.45 67.90+1.99 2.12+2.23 59.85+7.67 5.82+0.06 1.90+0.04

c5 0.83+0.14 34.95+0.12 63.54+0.56 1.51£0.17 58.27+7.12 6.12+0.03 3.87+0.43

T2 Cl 0.90+0.01 29.39+0.68 58.34+3.73 12.27+4.25 51.85+4.25 6.45+0.49 2.36+0.11
c2 0.86+0.11 31.99+1.08 67.38+0.15 0.62+0.05 52.61+7.76 5.75+0.14 1.69+0.05

c3 0.90+0.01 12.27£2.55 58.34+7.41 29.40+9.58 54.82+1.36 6.12+0.07 1.60+0.19

C4 0.90+0.09 29.87+0.28 68.58+0.12 1.56+0.14 55.08+0.42 6.21+0.22 0.67+0.28

c5 0.91£0.19 26.41+0.11 71.67+0.60 1.92+0.10 57.89+4.70 6.26+0.04 2.61+0.30

T1:1 SEEHF 1 transect; T2:2 S FEHF 2 transect; C1: 17 25717 Phragmites australis marsh belt; C2. 3 R e M A Phragmites australis and
Cyperus malaccensis marsh belt; C3 . B3 4545 Cyperus malaccensis marsh belt; C4 : HAE KR4 Spartina alterniflora marsh belt; C5 ; i FEVS AT Cyperus

compressus marsh belt

x®7 BIIAOMEMAOESESEMEE/ (mg/ke)

Table 7 Comparison of heavy metal contents between Min river estuary and other estuaries

W5 X 3, Study area 4 Co LV

4] T3] 15.19(5.97—31.13) 102.94(29.41—225.85)
SR % B T 12 11.14(10.14—14.43) 80.41(62.96—100.80)

By 22 12.53(10.53—15.14) 70.11(48.66—119.00)

PETL T B A Byl L2 15.40( 11.66—18.02) 103.60( 76.32—128.20)
P il 16.20( 13.40—21.60) 103.85(84.00—123.00)
i — 88.49(66.31—105.14)

Ha ) i (2] 20.48(19.45—21.33) 134.75(128.13—139.93)
T T T ST 101 L2 12.21(10.00—14.80) 126.80(51.10—197.20)
Dhamara! %] 347.04(298.00—416.10) —

Ganges % 67.00 —

Qua Ihoe estuary >’ 0.15—0.53 2.90—9.30

" R R 2R T SR P ) e AR B fe S (R L — TR 32 TR T < e R S

3.2 EEES Y RES KB
3.2.1 BB EOEN

W] YTI0] 1 3 0 ) O RR ) o 4 b SRR 1, R RS SR N 8 P, AW AT LR 31, Co 3 2
FREEAN T 0.17—0.70 Z[0], 76 P SR JE AT S B0 A2 B V5 YR 255 10 VA st B BB B T -0.70—
—0.052Z [8] , 7E WU 25 FEHF AR S TO 5 YR 2

H I 4 0] & B R I BRREC P E AR Co BRT CL HESAMIR G EHZEER, HER VIR T
C4 FEsTAM AR 55 o 258 S AR fb AR
3.2.2 IBTEAERGEFETM

Fie OB TR A G F TN DR Y 2 R & R s R AT G5 R LR 9, UIRRMTS Se(E R RS
IR ES BT RE(ERL),

2 9 WU 2 P 4R TR T A S KSR R Co>V, Hodr, Co MM EA S K F4F
7.24—14.85;V W AE A A5 KU T F A T 1.47—4.17 ; AR08 B PR Pl e AR 28 XU D7 T T, Co A1 V78 R 45k
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R BT A S RS R 72/ T 40, HL 4 Jm XU TR RT AT 8.82—15.08 Z [H] 7R AR S a H 4R

F8 &R RRBHTNER
Table 8 Assessment results of Shanyutan wetland by geoaccumulation index
- i Co BV
sﬁj 'i'fg I 1B TI 2 SR T2 1SR T1 2 SREHE T2
points Depth/em iy %’iaﬂﬂ g DR/ %FD gl HH f%f,ﬂ\ gl Y ﬂﬁ%ﬁﬂ %9 bep/S
EiER R EE BE R BE R i)
Cl 0—10 0.38 1 ® 0.37 1 % -0.09 0 J -0.22 0 ¥
10—20 0.32 1 % 0.35 1 % -0.09 0 ¥ -0.11 0 &
20—30 0.18 1 % 0.46 1 7 -0.05 0 J -0.10 0 X
30—40 0.45 1 % 0.43 1 % -0.16 0 ¥ -0.10 0 &
40—350 0.70 1 ® 0.63 1 ® -0.05 0 G -0.09 0 &
50—60 0.51 1 ® 0.51 1 ® -0.38 0 Jc -0.16 0 ¥
C2 0—10 0.58 1 % 0.57 1 % -0.10 0 ¥ -0.29 0 X
10—20 0.35 1 ® 0.52 1 ® -0.06 0 T -0.19 0 ¥
30—40 0.52 1 % 0.43 1 =3 -0.15 0 Xk -0.16 0 X
30—40 0.56 1 ® 0.44 1 % -0.20 0 T -0.18 0 ¥
40—50 0.57 1 % 0.42 1 % -0.16 0 ¥ -0.39 0 &
50—60 0.44 1 % 0.35 1 % -0.26 0 ¥ -0.19 0 ¥
C3 0—10 0.40 1 % 0.29 1 % -0.19 0 ¥ -0.44 0 &
10—20 0.34 1 % 0.51 1 ® -0.12 0 ¥ -0.24 0 ¥
20—30 0.57 1 % 0.46 1 % -0.15 0 ¥ -0.49 0 &
30—40 0.17 1 % 0.44 1 % -0.17 0 ¥ -0.30 0 ¥
40—50 0.46 1 ® 0.40 1 ® -0.28 0 T -0.23 0 ¥
50—60 0.42 1 % 0.49 1 % -0.12 0 ¥ -0.26 0 ¥
C4 0—10 0.50 1 ® 0.28 1 ® -0.21 0 T -0.14 0 ¥
10—20 0.47 1 % 0.45 1 % -0.33 0 J -0.43 0 ¥
20—30 0.48 1 ® 0.43 1 ® -0.11 0 T -0.25 0 ¥
30—40 0.51 1 % 0.48 1 % -0.22 0 G -0.22 0 ¥
40—50 0.48 1 % 0.52 1 ® -0.19 0 ¥ -0.25 0 ¥
50—60 0.58 1 7 0.49 1 % -0.10 0 G -0.37 0 o
c5 0—10 0.37 1 % 0.44 1 % -0.34 0 ¥ -0.42 0 ¥
10—20 0.43 1 7 0.55 1 % -0.50 0 i -0.24 0 o
20—30 0.38 1 % 0.48 1 % -0.33 0 ¥ -0.25 0 ¥
30—40 0.37 1 B 0.61 1 % -0.70 0 G -0.39 0 o
40—50 0.44 1 % 0.64 1 % -0.33 0 X -0.36 0 ¥
50—60 0.41 1 B 0.62 1 % -0.32 0 G -0.17 0 &k
®9 EINEMEBEEESEEEETNER
Table 9 Evaluation results of potential ecological hazard index of Min river estuary wetland
1 SHE T 2 ST T2
7T<+$|5 . ’iﬂ@?’%ﬁi @»LH@?’%?F& S 8 f F I %Eﬁﬁi*iﬁﬁi @-Lﬁ’ﬂiéfﬁi RLB’;‘%%I &
Sampllng Depth/em @JﬁLBﬁl% %ZEKMW¥ Rl Extent of ﬁlﬁmlﬂ? %SREMW? Risk index Extent of
points Ei(Co) EL(V) hazards Ei(Co) E{(V) RI hazards
cl 0—10 9.74 2.82 12.57 21 9.67 2.57 12.24 21
10—20 9.39 2.82 12.21 B 9.60 2.79 12.39 B
20—30 8.49 2.90 11.39 2% 10.35 2.81 13.16 21
30—40 10.30 2.70 12.99 i 10.09 2.80 12.89 B
40—50 12.18 2.90 15.08 i 11.68 2.83 14.50 B
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1 SHET T1 2 ST T2

7}#5 i ié@?ﬁ*ﬁ# %ﬂﬂ@?ﬁﬁcd% rr— foE R %ﬁﬂ@?’%ﬁﬂz %ﬂﬂ@i%&d: JX'U@'E.;F&( 1 BE
Sam.phng Depth/em ,uJX_LBu? %&Jﬂ[&% R Extent of JIXLIK’J% 75)%[@% Risk index Extent of
points Ei(Co) Ei(V) hazards E(Co) E{(V) RI hazards
50—60 10.73 2.35 13.08 B 10.76 2.68 13.44 B2

2 0—10 11.24 2.80 14.05 LI 11.14 2.45 13.60 L

10—20 9.56 2.88 12.44 B 10.72 2.63 13.35 B2

20—30 10.74 2.70 13.45 2% 10.13 2.69 12.82 L

30—40 11.06 2.62 13.69 L= 10.15 2.65 12.80 B2

40—350 14.85 4.17 19.02 %% 10.05 2.29 12.34 2%

50—60 10.21 2.52 12.73 B 9.71 2.63 12.34 LR

3 0—10 9.91 2.63 12.54 i 9.20 2.21 11.41 2%

10—20 9.50 2.76 12.25 L 10.65 2.55 13.20 L

20—30 11.17 2.71 13.87 i 10.35 2.14 12.49 2%

30—40 8.90 2.67 11.58 L 10.17 2.43 12.61 L

40—50 10.29 2.48 12.77 B 9.93 2.56 12.49 LY

50—60 10.05 2.75 12.81 7 10.54 2.52 13.06 LE

C4 0—10 10.60 2.59 13.19 i 9.15 2.73 11.88 B

10—20 10.40 2.38 12.78 %% 10.27 2.24 12.51 7%

20—30 10.45 2.79 12.34 Bl 10.07 2.53 12.60 B

30—40 10.66 2.59 13.25 %% 10.45 2.58 13.03 7%

40—350 10.47 2.63 13.10 2% 10.73 2.53 13.27 2%

50—60 11.24 2.80 14.04 %% 10.53 2.31 12.85 2%

c5 0—10 9.67 2.38 12.04 2% 10.17 2.24 12.41 2%

10—20 10.09 2.13 12.22 %% 7.24 1.66 8.90 2%

20—30 9.79 2.39 12.18 7% 10.45 2.53 12.98 7%

30—40 7.35 1.47 8.82 %% 11.45 2.31 13.76 2%

40—50 10.18 2.40 12.59 B 11.68 2.35 14.03 B

50—60 8.28 2.13 10.41 i 11.51 2.66 14.17 B

RI. X354 Risk index ; E’r( Co) &Ry VEAEAE S XU A7 Potential ecological risk of cobalt; Ei( V) LY VAR 2R S XS K F Potential ecological

risk of vanadium

4 Tig
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1P 2 m] I SRR R IRV Co RV A 85 i DR M T ¥ 9 07 1) D B sh X R I, HL C5 ME R E
W A AR AL A 5E 3 W), 3t X T 4 SR SRS %A S 3 (s 0 52 I V47 e ) 14 3
— L < SR A L A T KU A B A 3t s A R T < R ORL AT, C1 R C2 R LT R R A
LTy, R TR i B R R R g A S B B, T C3 . C4 R C5 A AR B SRRV | 28 e IR0 F) Al A i v
B, B, A CL B CS Ty, I3 B BT RE AL, 2 U0 ok 1 3 o 358 A R F 48 i #g Y (i)
REDIDLER WA s B i B AT, 380 Co ATV B 35 0 BT A

MIE 3 FHE 4 D AT RESE i T C3.C4 . C5 0K 3 M SR BESSSE T IR, 32 W00 VR T W AR, S 30M 4%
R A R AR T B0 AR A RBUE RO AR 22 5 . T C4 AR R AL BN AT RER T C4
R AT N B ALK B, M AR BRI JE 3Rl , A RE 1 A 58 S IS I, (A X 2 Jm o BAY
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HRFHEEL (Teo)
Index of geoaccumulation
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Fig.4 Vertical distributions of 1, for heavy metals in the five marshes of the two transects (T1 and T2)

Ly it BFFEEL Index of geoaccumulation
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W) FE 4 B R IR — SRR, B TR G 35 AR, R Z I A A e, ol e AT A
AFTR] A SFe Yl ) A S mi [R5 R 1 3 ) OAR A R B R Co AV PR EE 42 JB UL K Pearson M G4
MreB 5 s pios, Co AV W 48 5 W] 1) A5 4k , D6 26 HORIE A% | 3 SR AUURESE Jy i EL A LA 1k
St R Co WAERIE IR A 4 it ARG SE R O TR B R R P ST, TV — A
a4 Tl Ak TS ™ IR Co F1V ATREH T4 Co A1V (/K HERL 2 B TT, W25 7K 37 22 90 11 Ak, 26 A
H—E R 2 NS, Hh BARFEEOE — R 8 A A 2R MR ), DR B HPAL 25 SRS E T
X—JE R BARAR SO B YT T Co ATV Y5 Yo e B AR 6, (0 P P 4 T A T M, LTS e 107 A 9k B
16T ARSI E

5 #ig

(1) BT ) ORI v Co AV SE- YR BEAEL 533104 15.19 mg/kg A1 102.94 mg/kg,

(2) BiZFEAT Y Co MV S 7E/K - LA K TR By ) A 0 35 1 2 5, DA i by ) Vi 35 7 [l B B, CS
FE B3k,

(3) Hb EFHEHOE FVETE A= S KU TR 45 5L . Co I Hh RS EA T 0.17—0.70 Z 1], P Sk Ja A
R IR VS YIRS 1V B9 REHEEA T-0.70—-0.05 Z [], 9 SRR 24 5 V5 JR &, Co AW EE
BB HFAF 7.24—14.85,V BT LEA S HFAF 1.47—4.17 ; A HE S RE AT 8.82—15.08 Z i, %
ARG ER AR, PREN Ity SR 2o X I 4 8 175 YR BE h Co>V, H. Co A V ZEBFSEIX
W5 YRR

5% 3L HK ( References)

[ 1] FESCHA. JLRR S a) s o w5 Qe ORI A [ D], BT )P be, 2016.

(2] A, B, Al PHOUURYI SR 75 Qe A TE AR S ST . TLPG R “#4% , 2018, 30(9) : 108-111, 116-116.

[ 3] YiY]J, Zhang S H. Heavy metal (Cd, Cr, Cu, Hg, Pb, Zn) concentrations in seven fish species in relation to fish size and location along the
Yangtze River. Environmental Science and Pollution Research, 2012, 19(9) : 3989-3996.

[ 4] OMEHS, skal, B[, BRHh, 8. ) ARLMERZVIPWE SR & it 19258 04340 RAE 5 75 YR B0, A8 PREE 24, 2017, 26
(5): 843-849.

[5] FESE. /NERGORYE SR A S PEH S A XTI D]. Prr . IiZRR%:, 2018.

[ 6] Salas P M, Sujatha C H, Ratheesh Kumar C S, Cheriyan E. Heavy metal distribution and contamination status in the sedimentary environment of
Cochin estuary. Marine Pollution Bulletin, 2017, 119(2) . 191-203.

[ 7] Nethaji S, Kalaivanan R, Viswam A, Jayaprakash M. Geochemical assessment of heavy metals pollution in surface sediments of Vellar and Coleroon
estuaries, southeast coast of India. Marine Pollution Bulletin, 2017, 115(1/2) : 469-479.

[ 8] Abadi M, Zamani A, Parizanganeh A, Khosravi Y, Badiee H. Distribution pattern and pollution status by analysis of selected heavy metal amounts
in coastal sediments from the southern Caspian Sea. Environmental Monitoring and Assessment, 2019, 191(1/3) : 144.

[ 9] Kanat G, Ikizoglu B, Onder Erguven G, Akgun B. Determination of pollution and heavy metal fractions in Golden Horn Sediment Sludge ( Istanbul,

Turkey). Polish Journal of Environmental Studies, 2018, 27(6) : 2605-2611.

1 R T U AR R E DU R 0 A B AR DL PR IR, 2014

1 BEE, SROCHE, WIRAR, Wi, BRI W2 SR T A 1 e LA S R IR PO BREE, 2018, 37(4) : 162-168.

[12]  HRoude, Rwese, IRTh, BRI, mod. SLIIMI DR I8 B 6 R 15 YRR DUITAG. ZRURER 241, 2018, 45(4) : 690-695.

1 akaE, RS, S B ETOKRERZ TR T SR 15 YR ST 0. PRBE TAR, 2018, 36(1) : 134-141.

] SunZ G, LiJ B, He T, Ren P, Zhu H, Gao H, Tian L. P, Hu X Y. Spatial variation and toxicity assessment for heavy metals in sediments of
intertidal zone in a typical subtropical estuary ( Min River) of China. Environmental Science and Pollution Research, 2017, 24 (29):
23080-23095.

[15]  FEZx. HOMT R R D S8 i 5045 RIS B RUSIFA [ D). BT T PER%, 2018.
[16] Shah B A, Shah A V, Mistry C B, Navik A J. Assessment of heavy metals in sediments near Hazira industrial zone at Tapti River estuary, Surat,
India. Environmental Earth Sciences, 2013, 69(7) : 2365-2376.

http ; //www.ecologica.cn



1662 A E = 40 4

[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

GRALRL, ARWIRE  SZER, XA, eI, SRR, A0, RORE. AR ENS R B E U R, SRR, 2013, (7) : 222-223.
By, B, WAEDS, XIE T, WIS RV O R R TR B R A RIS (] 4 A . RRRRE AR, 2017, 37(10) ; 3780-3791.
s, PG, 2500, Wy, Y. VLT I = 5 v A A (] R AR - TR SR % i AR AR, RS IR, 2018, 38(5):
1607-1618.
PREHE, G0N, B, BROESE, WA, FERE, T2, KERIE. KRB LRHE G R & R ik gk, RHELRIHI R, 2014, 11(9) .
220-220.
WIAMAE, TRGE, WRIHE, skfar, WAk, SRS VO R RO R 8 15 Y. 59 A1, 2011, 31(1) : 109-115.
THE, 437, BIAME, SRR, EBEU. FVLR DIUBUW R G e 5 g SRR, BRI, 2015, 28(6) : 907-914.
F/NEL, S, kb, AR, RS, KA, W, TR DOV A BOR RUTER A I 4R 15 LR E. HhIRSE, 2016, 35(10) .
1887-1898.
B, B, BT, BT, TKRAG, BRI, BRTREL. AROPIERZ DAY B &R W AR RRIE RS I ETY. BRI TR, 2016, 34(4) .
146-150, 155-155.
FREE ) XIRE, SRR, REER, B RTTARY EGR W R E S ORISR R, AR, 2012, 24(1) : 59-66.
B0, HUKSE, XY, mAT. AR SR W R TUR Y B 4R e A A4 SO PR B . AR 2012, 33(9) : 3097-3103.
RO, R, B2, ThoRbk, SRR, SR AL JT SR O TR B 4 R T R A R AR R T . MR, 2011, 30(6)
644-649.
Asa S C, Rath P, Panda U C, Parhi P K, Bramha S. Application of sequential leaching, risk indices and multivariate statistics to evaluate heavy
metal contamination of estuarine sediments; Dhamara Estuary, East Coast of India. Environmental Monitoring and Assessment, 2013, 185(8) .
6719-67317.
Essien J P, Essien V, Olajire A A. Heavy metal burdens in patches of asphyxiated swamp areas within the Qua Iboe Estuary mangrove ecosystem.
Environmental Research, 2009, 109(6) : 690-696.
Du Laing G, Rinklebe J, Vandecasteele B, Meers E, Tack F M G. Trace metal behaviour in estuarine and riverine floodplain soils and sediments;
a review. Science of the Total Environment, 2009, 407(13) ; 3972-3985.
Sun Z G, Mou X J, Tong C, Wang C Y, Xie Z L, Song H L, Sun W G, Lv Y C. Spatial variations and bioaccumulation of heavy metals in
intertidal zone of the Yellow River estuary, China. Catena, 2015, 126 43-52.

EOR, BOH, TR1E. SRR HARK G G R B SR PERT ST . ARSI EEE ], 2013, 22(7) ; 1263-1268.
FAE, FOKLL, WM, WE, IR, BRI B G R A R AR IR R S R K B PRERL, 2019, 40(2) ¢ 625-632.
Du Laing G, De Vos R, Vandecasteele B, Lesage E, Tack F M G, Verloo M G. Effect of salinity on heavy metal mobility and availability in
intertidal sediments of the Scheldt estuary. Estuarine, Coastal and Shelf Science, 2008, 77(4) : 589-602.
XIERS, Ebd, RSO, R, 3 BT AN IR D Al D 8% A T 4 i e S A AR A XU, PRI, 2012, 33(1) ; 253-259.
XPJRPE, tRorgd, WA, tR4:, BKRDY, 24, AN, Beoa i JRoM v (o) 302 DO B B 75 Qe P IRERE L%, 2017, 37
(6): 2239-2247.
BT, RME, IR, I, XU, A, ARRA. RN R A TUR Y T G R TS R AR B AR S KU A, PREE TR, 2013, 31(5) -
151-155, 38-38.
W5, BIIL, MBePh, PMRAE, REA, T VLI R DU T 4R 25 (8] 4045 575 R M 00 PO AT B RRIMIE R 22 . AR
I, 2018, 39(5) : 62-71.

http ; //www.ecologica.cn



