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(1. FIERERFIKE S4B 2013065 2. FEUKERIAIIEBE AR =H5E 0 B 200090)

E A 202259 AL 12, 2023 4% 4 A7 A AT G R £ S (Meretrix meretrix) i i
FAEX 4 MR AR E, WETRENBRDF Zn, Cr, Cu, Pb, As, Hgfn Cd W4 &, A
BEEBSBBETRTRENPNES B NG LRGN, 207 T JRAR S BSR4, 27 T AR
NHELRBTLEESREH NPT NN KR, ERET, RENPHTELELETFHEERFZ
K%k & Cr. Zn, Pb, Cu, As. Cd #2 Hg, Zn. Cu. Pb. As, Hg 1 Cd L& & M IR 4 R
EFH—Xik, RENELBEGERN, Cr TERGHEMEZTHEBL T HBFARI R E—
KAirk, REBENBYWRE_LRE, RENBUTELBETEN2FTHBELSNRIHY
90.49~145.78, FHE N 110.68, S BEAELESRNGELX 2, NBRMWERLTHERNGAT. &
EFALBETLEWNETBAE LSRG EE KA N Cd, Hg. As. Pb, Cu, Cr #1 Zn, 4 KR XH+,
ERER KB KT 68 M, AR F FEIEE dIEEY 0.74~5.01 (SD=+1.19), H47 Z 4%
J9E B 4 0.25~0.92 (SD=+0.15), % #FE45% H'BY 36 B 4 0.99~3.79 (SD=£0.65), J& AT 54 4 % # Pk 1%
B HHEHAE 2~3 28, £ EHFURABTRFEAF, EFFALT “—H" KF, K
FLEXEESL Cu, Pb, Cr. Cd E2 B T REHMAIEH RI AV BN AR X R, KA
FEEHRBMAEPh, Cr. AsEL BT ERUEAAHRHAMR X R, R G RN 0K i ik XX ob ik
RERBRXERSRAELRB T LN S EERET AR,
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Sh % 5% (Geng et al, 2024; Lu et al, 2019). BE&E ] DL I — R 5 4 BRAR AL G | AR *ﬂ%ﬁk puy
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IREERF A | BRI RETE « BRRCME AR W mT R S R
M, BOANEEHFEMEN KB REY(AL et al,
2019). UUFRY)E 4 Jm 15 YL 00 08 16 A A8 0a B XU — B
2 [ N A2 2 AT #4405 (Angon et al, 2024; Ali et al,
2019; #xB45E, 2019; Wu et al, 2017),

TREE KRR s i H ADTRR ) h B bE, B
AWt 2 . TGS E/INYR A MR RIZ DU
RSN R AL RS Al SRR AL 135 B
XA BN 0 7 B . A S A T L R B B A
SR o AR S0 R T g iiuak, HRP S 4 il REL
AR E AR I FR R AR, W AR TS Y e
74 W (Armitage et al, 1983; Di et al, 1996)., i1 /+ L
W 4 JE 0 AR SO0 5 RS AT AR B VR 2 R i AR A %
PIAHSG, RE WA YRR A M RE 2 B8 . i
BELWEE . SAYEEZEERNE N, HES)EE
S M) JECAVG 25 W A i 245 0 R D) i 1) i BV AE TR 3R (SR,
2014),

MAIEIN (1 9T  a  A a Rl E5 a2 A I
PO ERRIR, W RR A, WER TE M F R I A,
2021), J2& 3 A SO (Meretrix meretrix) = i 2
— BEE MR R X B E AR, RENT
S T A4S 3T oSG IR RV 3 A7 B[R] R B A 75
LW FECCG R EFRBET, R ilJE 2002 47 10 H a4
AR TNV AN Y WA EPNEZ S PN - E '
&, 2003) . SCHEMELR FRAH X UURR Y I 45 1 4 JE 45

1:3300 000
W GS(2017)12685

VYRS HRT, XTI A0 AR MR DORY) o 4 ¥ e
[ F 5% K 22 46 v 7E 55 4 I 0 2R R RN A 0 B M VTN
(BH, 2012; Z=455%, 2012; JA#EFLEE, 2022), 47 60T
I AN 2R M U 4 U 0 A R AE 5 RS G 3 4 43 A R AE AR
A3 AT BB 18 A DA G o AR SO T VLR AR
SO MEVR FRAE X UURY) 7 Fh R 4R 0 A4 A RRTE
Jof FH U A A 25 RV 8 B0 D 77 78 X UL AR ) B 4 R
FIREE RS o [RIEE, JFJ T AT sl 4 0 A e ik 5 o 4
Ja& 5 YRR AR S AT, B A R VL IR AN AR DR
1) A 25 PR 058 LA R SRy SO e VA R VR 1 T Rk R A it
%%,

1 #RE5FE
11 AEXE

AT 2022 4E 9 H (BKZE) . 2022 4F 12 H (&%),
2023 4F 4 H(HEZ). 2023 4 7 H(EZ)IEVLH WA L
AER SR X AT R FE AT, L B 12 (8 1),

12 HEmERESKHIE

121 ARG FRERZVBY(0~15 cm)Ff
i, RO ELS RS, KT, BRI A ok,
Jo, WS 160 Hadifi 5 15T . A BRI 2 B A A
PR L T [ Joi o s B A Ry T P R A R 3R S
Wk DU ) (GB 17378-2007)H A AH G HL &

N
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8
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Fig.1 Location of sampling stations
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$A7. Cu. Zn Fl Cr R JIE T E B
(Sollar M6 JRFWOLIEAL, FEBR CHE/RBHE AR
M, #RHC0.3 g FEah T, A 10 mL HCI,
T30 JXUBEF P HL BB B 90~100 C AN, (AL 540243
i, FEHMBREEZERARY 3 mL B, A 9 mL
HNO;, Jnzs 2 Joi W50k, A 5~8 mL HF,
F 120 ‘CHI#4 30 min, A 1 mL HCIO, F 150~170 C
TNIEE F, IR RS . A 3 mL
HNO;, JRAGHE TR HES . Pb Ml Cd
SR TG K DT W43 6 6 BE T (MARS Gl T i
1, EE CEM ArDIE, FREL 0.1 g MIFES:, Kiffi
F) 0.1 mg, MAWEIEMREN, A 8 mL iR, 4t
20 min FHE 2 190 C, {RFFEEE 25 min, 58S
BN E 50 mL B, 4iKEZ, 5,
Hg 1 As R R 98k (R 2 6615 AFS-680,
A5 F A 43 A A A B W) AE |, B 0.5 g TR AE i
BT R VU R AT e, A 6 mL HCL Al
2 mL HNOs, #iR¥%GHE4]), CE —BntE, SOV 45 G
BEH AR, AR IS TR . THAR R RN E
FR L R EE, 4 CUKEE AR,

122 JERMEHHAER JIERRFEHEW0.5 mx0.5 m)
TEREA BN H 4~8 DRETT, BEANEETT B SR AR AL
0.25 m’ B EEAN Sl 3 22 R SR B AR R B 0 —
ARES, O e e B PR e, W2 06 64T
VE(FRFLH 1.0 mm)o JEEAE ) P 5 25 B AR 2 53 i)
PLind./m® il g/m® 35, EARANBEAL BRI S B4R A
R T ] o WA I A 3 S Sy (T T A R 6
B MR YA ) (GB12763.6-2007)#E17 .

13 EsRBEETSKEEHITE

KMl Hakanson (1980)4& i %1 78 A& 2 XU 48 2L
BT ES BRI . HIFR AR

ci =cl/cCh (1)
El =T, xC} (2)
RI=3E =xT'xCL/C! 3)

A, CLoNH | FELBITTRRIG R, CLAUT
T | FhE 4 ) & 5 0 92 (mg/kg), Cl AT
SH, E N0 A E GBS R R, T R
B0 Fh 4R MR Y R (T =40, TY4=30,
TA=10, TP=T"=5, T =2, T =1), RI AU
Yy ZF0E S JE e A S S AR B AR —5 %
(Q015) R A 73, X A 285 XU 25 2 &) s o 0 7 30
R, BRI RARAEIL R 1,

R1 BEESKEELXS

Tab.1 Classification of potential ecological risks
. al LR
Ecological risk level
<40 <110 7% Slight
40~80 110~220 F 4 Medium
80~160 220~440 ok Strong
160~320 =440 1R 58 Very strong
=320 58 Extreme

AHIFFE LI 1980 4E VT IR TR MELR (IR AR S, 1985)
4 R 0 3 W AR S A0 2R T U A P R AR
(Cl), Cu. Pb, Zn., Cd, Cr. As fl Hg %4351 H
15.02, 11.4, 47.15. 0.04, 60.11. 7.38 F1 0.023 mg/kg.
ZTT s E O )Tz W TR OG5 (R LA,
2022).

1.4 =¥z S HEEH

K FCH SRR YR s d. P
ZAEVERE HAY RN 5 BERREL 343 BT SCIG MR 77
B X R AR JECAR 20 R T4 R AIE

YA LA R BT

y="fixp 4

Py = BERE AL d SR AR N R R T
B IS S SR (IR RIS 7 ) WV A
PRI HE ) (GB/T 12763.6-2007) Margalef #8431«

S-1
d= log, N )

Yy Z AR R H R T AR N R ] o 4 1
BRI R AR 7 5643 PR A
ORI A HL ) (GB/T 12763.6-2007) Shannon 5 %514 .

H =% [%Jx log, (%J 6)

PyFp 5] BEHR B0 3R T vh AR N R L ] 5 e
BRI R CPAA S 7 35 R
YRS ) (GB/T 12763.6-2007) Piclou F840 18 .

J'=H'/log, S 7
X, f O EREE S B BUR g oA R R4
PRE S B ARB EE, N AEYAMEE, SRR R
FIFP2EEEL, n RS | R MAEL . y>0.02 B, EN
PR T

15 ZHEMEEHETME
Z IR A N RN AR 28 PR o Ol 2 T S A 358
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WEMERTE ) (HI442-2008) 71 (194 M) 22 REVEFS B0 b
TR PR A= 355 I B ZE (3R 2)

1.6 #HFEAIE

K F 29 %8 HE # (constrained  ordination) /7 72 43 #t
SCHE YR FRGH XK AR A Sh A R i S 4R T
RIEBHICR, YR MR 4, X 12 A RAE R
B 7 NEASEICRIGECN 4 KRR E YR (2
B ARSI . WS KO S )i AT 3 A .
T8 3 AR A B A AT (DC AR @R AL, Tk 4 il
MY KA EE>4 D07 >R P PRI ASE AR (ML X6F 1 43T
CCA)HATA T AR RMEEE<3, W FR L PR
RIOUARSHT, RDA); i e KB EE AT 3 Fil 4 Z 1],
W] 2 P RIS AT, 5 4 Jm O R A8 B0 W 52
FER P BRI 0 2 (/N F S, 2022), SRHIAEE:
Gt M4 Canoco 4.5 #E47438T

% Ffl CoreDRAW Graphics Suite 2024 # {4 /E
sz, RH SPSS 25.0 {447 L gk i i Se it o3
#r, K Origin 8.0 Al Surfer 25 42K,

2 #R

21 MAYHESENIERTESM

RIZVIBRY 4 E 48 TR 15 A8 s 5 W
%3, Zn, Cu., Pb. As. Hg Ml Cd JLR L& Ehn
Hh A N B L] [ 5 o W 6 R Sy (Vg T
YT ) (GB18668-2002)FF il —2shrifl, R ¥
&JE SR, Cr TR SEMEZFERES T
T PEUUR Y T — bR, R AR DT o — 2%
brifE . RIZTORY) b 48 e V-4 & 1 i i LK
KA Cr, Zn, Pb, Cu, As, Cd fl Hg, HItELER R
e FRAKYK & Hg, Cd. Cr. As. Pb. Cu Fl Zn,

R2 ZHUEHSBTENIRE

Tab.2 Diversity index grading evaluation criteria
TEEGLH ) PR A3 AR
Index range Level Evaluation of status Habitat quality class
H>3 F & Abundant YRR EER, MRS i K. Excellent

2<H'<3 #FH Rich Yt R, MRS ) — it Average

I<H'=<2 —JB Average Yrh 42w BRI, A LA 2 2% Poor

0<H'<1 %1 Z Poor YIFPE R AR, A AT %22 Highly poor

H'=0 %% = Extremely poor YR e —, ZRErE AR $#2 Extremely poor
*3 MAYEESETERSETNL
Tab.3 Changes of heavy metal elements in sediments
JCZ Element Cu Zn Cr Pb Cd As Hg

H% = Maximum/(mg/kg) 10.40 48.20 106.00 17.50 0.12 8.15 0.060
/K Minimum/(mg/kg) 6.30 30.50 48.00 7.40 0.01 3.92 0.010
F Z= -1 Average in spring /(mg/kg) 7.21 41.63 53.50 10.79 0.02 5.37 0.030
H I Average in summer/(mg/kg) 8.50 37.41 87.67 15.04 0.08 5.93 0.016
FkZE -1 Average in Autumn/(mg/kg) 7.83 41.38 61.00 12.73 0.09 5.17 0.021
4 Z5 W45 Average in Winter/(mg/kg) 9.39 40.55 60.00 13.38 0.09 5.02 0.021
441 Annual average/(mg/kg) 8.23 40.24 65.54 12.99 0.07 5.37 0.022
FrifE2: Standard deviation 1.05 4.57 14.21 1.80 0.03 0.98 0.01
Ap 5% Z 4 Variable coefficient/% 12.76 11.36 21.68 13.90 41.49 18.31 55.44
¥ 5t{H Background value/(mg/kg) 15.02 47.15 60.11 11.40 0.04 60.11 0.02
PR Y e — 25 2R U 35/100 150/350 80/150 60/130 0.50/1.50 20/65 0.20/0.50
Marine sedimentary evaluation
criterion (I /1T )/(mg/kg)

TURRYy v e 4 e O A B 8 S iz [X el 53 IRMEVRRIZDUR P20 T 4 Jm & A 25 0] 20 A1 LR 2.

TG K, P A IR OO RE RS I 2% DX I Y B 4
JEARIR, IEE— P ERIZTS PRI RS B . VIR

AR L, A DFEPLHRMAMRRZVRY T Zn, Cu,
Pb. As. Hg. Cd il Cr (& gt oA aF Ay i £ X
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[EEEIR | N =N AR AR B L B e S (A W 3
ARMETRDURI T Cu 55 Rl 725 i 1% 8 o 55
M9s/D o PR X R AR Zn B ks, AR B0 &t
MRUIEAR . Cr 5 i e ) DAz T 98 A5 DU R R
PEREER B Cr & (e AL, PR DX g 2L 5
MRUCERAR . Pb 4 d g 19 DXL T 9 A DX 0 74 e

mg/kg
N 9.1
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Fig.2 Spatial distribution of average heavy metal content in sediments
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22 MAYHESREEBEESKE TN

LA MARMER R ZVIBRY) P E 48 Cu. Zn, Cr,
Pb Fl As I BTGV AR AR S KU 8 2035/ TF 40 (3R 4),
B XU, Cd N Hg B BRIV 7 A 25 XU 15 50 B 4%
B, SRk 45.00~65.63 . 24.35~76.09, FrATubfi Cd
R AR, I 33% A He J& TR KU, Hidy
S AR RS o 25 T 4 S 1) P 34 BRI A A S XU
$(E! 24 Cd>Hg>As>Pb>Cu > Cr>Zn,

G AR O B 25 A U AR A SRR 48 B 90.49~
145.78, F-II{H N 110.68, Z:BEMSTE Az 25 KU 25 2 %)

g%, DU AR AL T 45 KU Ko 12 ASRAEE A7
dr, 9 Sl XU TR AL(E RT f i (145.78), AbTF %
K5 11 53 1 U 8 50 (. R 5 415%(90.49), 4k
TR K- o 45 5 4 Jim 0 B0 v A A S XU 8 4k
E' % Cd > Hg>As>Pb>Cu > Cr>Zn,

A4 SRS (07 v T 4 R B0V 1 AR A5 KU 1 4 E)
di RI MY LB LI 3. £ RAFEul or A= 28 XU 22K A
Cd. Hg fl As. 4 JCREEH, EAJE Cd RUNAR MR
DURR s A A 25 AU fe i 1 R Dimkoe &R, 2 AR
MEVR UL IS Y ) EZ LR .

x4 EERTENBEESKEIEH

Tab.4 Potential ecological risk index (RI) of heavy metal elements

i E, RI A A5 IR 230
Station Cu 7n Cr Pb As Hg Ecological risk level
1 2.53 089 220  5.54 5438  7.20 38.26 110.99 H1 45 Medium
2 2.66 091 213  5.04 5438  6.42 54.78 126.32 F 25 Medium
3 2.61 095 209 577 50.63  6.97 42.61 111.62 H 25 Medium
4 2.85 084 196 530 58.13  6.46 29.57 105.09 24 Slight
5 2.80 083 216  5.81 5438  8.45 30.87 105.29 273 Slight
6 2.90 093 234  5.69 65.63  6.39 30.00 113.87 H1 % Medium
7 2.75 0.90 230  6.02 46.88  8.57 28.70 96.10 B Slight
8 2.34 077 229  5.55 56.25  6.92 28.26 102.37 1279 Slight
9 2.80 0.87 224 580 50.63  7.37 76.09 145.78 H145 Medium
10 3.03 087 222 587 56.25  6.43 49.13 123.79 H 25 Medium
11 2.60 070  2.09  6.02 45.00  9.73 24.35 90.49 243 Slight
12 3.02 079 216  5.94 50.63  6.46 27.39 96.40 %15 Slight
S5 Average 2.74 0.85 218  5.70 53.59  7.28 38.33 110.68

CEA TR AR KBS AR B 25 [0 7 A WLIRL 40 F 2,
KESFEBUE RI 2 Sufifiei(108.64), AL 12 Sk
(72.55), HARWAIIIALFRMAR KT B2, 105
UG S50 RI f sl 116.82, Hivk g 1 53i(111.49),
HA i O IR F RO A 5 BBEMA S, KT
BE RI e Em 3 Ak 9 Suk>10 Suh>2 Sl
(143.62), FKEMEE5A 8 ulifr ko 45 KUK K- o
AT A R 5 B Y MH 4 ZE e =5 (125.32) . B
ZEH R (123.90), Ab T & KUR K P 2 FRAR
(105.98), HEHAK®7.51), AT K.

TLIR AN IR e U T 3 255 v A AR 8 XU RS 1 B0 2
15175 7 TN B 8 3 2 o Y SN A 3 @ <
IR . PO RS AR AR R E X TR A Xk
A rRR SRR B AE IR A X P e

2.3 WS EMERNNES %
4 YCRAE R HRAR BRI H) 68 Bh (5% 5),

WAEZEIE 30 B, ARSI 18 Fl, W 14 F,
W zhy 4 Fh, A 1 Fp, BESHY 1 R, Hid,
4 SUCREFINFEEZ, 22 f; Hik 35Uk
LHN 18 Fh, 75U RERNFIA D, H12F0, &K
Rl 7 & BEFR AL d JE A 0.74~5.01(SD=+1.19), 15
AIREFE R TGN 0.25~0.92(SD=+0.15), ZREMEFE 5L
H'BYTE N 0.99~3.79(SD=%0.65).

S Y VAR R B X R AV Bh 4 A 0 FE A s s o A
6 . HEEFERE Jd YN 4.28, HWLF
FEECIF-IME R 0.50, ZFEMEFREC HAERME D 2.54;
BRLEEEREdTER 1.50, W5 IV
EH 0.66, ZFEMEFEE HAEE R 2.10; BEEH
FEFEEL dSEYI(E N 3.57, ¥ ) BEHR K I HI{E R 0.56,
LRSS R HOE YA Ry 2.65; &3 5 BE48 % d By
B 3.77, BI5IEFEE I FHME N 0.49, ZHEMEFEEL
HEME 232, Hip, 3 SuiFEEEES d. £
BEPEFREC HEOR, 8 SuliIy s s Ik, 11 5
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Fig.5 Spatial distribution of average comprehensive
potential ecological risk index in Rudong
tidal flat of Jiangsu Province
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Tab.5 Species list of macrobenthos in Rudong mudflats, Jiangsu, China

2K Group 4% Species LT 44 Latin name % Spring X Summer X Autumn % Winter

L% B &
Polychaeta bt
SETH YU 4
Wl v e
T Wb dx
I
Jr i B
/N R —Fif
B &
N U
ARG AL
Hh ] £ 5
BRRR I I
H ] v ] el
ARG EAL
gk e
P P 55 i
RV 147 H
=M R
ledi
A H
FLRF RN
K FC A A
WU SUE
Z KW
i I D A i
TP
H A g 5ty
DU
SR M
Biksh FLATESE S
Mollusk Y Y A B
TR i2
VY £ e
g
R LR
JEER
ESAILG
FER ST
T e
i IR
IR
FE IR IR
H A Gy
SIS
KA
I A% 4R
R AR

Diapatra chiliensis
Ophelina acuminata
Glycinde gurjanovae
Glycera subaenea
Nephtys californiensis
Scoloplos armiger
Laonice cirrata
Capitellidae sp.
Tylonereis bogoyawl eskyi
Scoletoma impatiens
Scolelepis daphoinos
Armandia intermedia
Scoletoma impatiens
Mediomastus chinensis
Scolelepis daphoinos
Phyllodoce chinensis
Sgalion asiatica
Prionospio pacifica
Diastylis tricincta
Owenia fusformis
Aricidea fragilis
Phyllodoce papillosa
Phyllodocimorpha
Lumbrineris cruzensis
Nephtys polybranchia Southern
Pseudopolydora kempi
Cossurella aciculata
Shenolepis japonica
Linopherus ambigua
Sthenol epis japonica
Nassarius festivus
Retusa borneensis
Bullacta exarata
Mactra veneriformis
Periglypta petechialis
Nassarius semiplicata
Neverita didyma
Nuttallia olivacea
Ruditapes philippinarum
Iridona iridescens
Terebra koreana
Terebra

Umbonium tomasi
Dosinorbis japonica
Meretrix petechialis
Solen grandis
Tritonoharpa leali
Nassarius semiplicatus

+

+ o+ o+ o+ + o+ o+ o+ o+ o+

+ o+ o+ + o+ o+ o+ +
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HgR5
2B Group 4 Species 7T 4 Latin name % Spring X2 Summer #X Autumn % Winter
A K B =PER T4 Portunus trituberculatus +
Arthropod AT KHREF  Ogyrides orientalis + + +
i INEA MR 4 MF  Eohaustorius cheliferus + + +
45 5 KIRME  Macrophthalmus dilatatum + + + +
ZT4EALIME  Matuta palnipes + n
[ Bk %74 % Scopimera globosa + +
I MR Callianassa divergens +
WL £  Amphibalanus reticulatus +
&L IR 445 Monocul odes koreanus + + +
W R AR Melita koreana +
ZKHREF  Ogyrides orientalis +
TS H4HF  Eohaustorius cheliferus + +
FAIRAL S % F  Mandibul ophoxus uncirostratus + + +
)T RHEF  Urothoe orientalis + +
I W Eh T MEEE R —Fh Virgularia sp. + + n i
Coelenterate HARZ[CIFZE  Edwardsia japonica + +
#WY¥EH—FP  Actiniariasp.
RKITMiEYE  Cerianthus orientalis
%E.ijj% PEWE R 2F  Lingula anatina + + + +
Brachiopoda
éﬂjﬁiﬁa 214 Nemertinea + +

Wish¥h ZERHBES Cu, Pb. Cr. Cd BB ILE
FREOR RT BA B3 AU OE R (r= —0.343, P<0.05;
r=-0.546, P<0.01; r=-0.463, P<0.01; r=-0.460,
P<0.01; r=-0.301, P<0.05). JEWish¥F = EHR%d
5Pb. Cr. As EEBIICRIBEHEA WEMMHCKR
(r=-0.733, P<0.01; r=-0.861, P<0.01; r=-0.355,
P<0.05), JEMishY) ZFEVEFR S H'S Pb., As 4 BT
RIEBEA B E MK LR (=-0369, P<0.01;
r=-0.297, P<0.05).

G DCA 2558, 2 HEF il B Rk B /N T
3, WEHGMERIUARAHT, RDA) M KB KA 8h
YIME SRS FER, SR WK 7, @ik s
FEBER A A Sh 2% B RN o 4 J@ JC E R B A T e e
JZ SRR Y B L, kA A RN ESE
W, Bk Cr (BEMAKT P=0.004, F i
i og=7.1). Cu (P=0.19, o¢=1.7). Zn (P=0.276,
or=1.2). Cd (P=0.366, 6e=1.0) . Hg (P=0.416, 6¢=1.0) .
As (P=0.57, 6¢=0.6). Pb (P=0.648, 6¢=0.5), KH&IJiE
Wi sh ¥y B e 1 55 2 ARBERA N 16.65% .
5.25%, ZiHmBEEN 21.9%., HEPELKENE
i, A JE BT R T AR R sl 4 28 B A S P
KENPNMEKIK K Cr. Pb, Cu, Hg. Zn, Cd il As,

3 it
31 RAYFEEREIEFT TR MERXEITE

4 WAL R IR, TR AR MERR DUy vh 82 4
JBAEFY SR ARk, Cr LR S EME
PHE L TP TR i m— bR e, 7 Al DR
Yy —hRifE. Heg MRS REUR K, 15 55.44%,
HRE Cd, ZRRBCN 41.49%, XEH Hg M Cd
(1) F et 25 [ A0 AR AR AN 5, BB ROR, B2
FIX 2 o R AEWE LR P a8 b DX A2 1) 5 e ok U
ROFE . BH4JE Cu, Zn, Cr. Pb il As 2855 A%y
INT 40%, FIHS B A AT 45T, PR
FE/N, ULRATEMERR KB 1 5500, HAE RS R I 30
B[R R 3R TR 5

AR ESE Cu, Zn, Cd il Hg Y Z 1
Sam TEE, 5E%Q016)i i 5L I kR T
T SR A DT R Y B T 4 B T 1L 7 K R R
S5O — 2, T S AU h 4 JE 1) KA
ERS , 250 1 ) T B AR AL S X T AR ) vh E 4 1 R
SO P A R o BIAR U A sl o7 T AR SRR Sk B
Cd.Hg Al As, iX 3 Fi i 4@ & Tk HEVS B9 284,
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Fig.6 Temporal and spatial distribution of benthic biological indicators
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Tab.6 Correlation between sediment heavy metal element index and benthic animal characteristics
Cu Zn Pb Cd Cr Hg As RI
F W RS d -0.225 0373”7 -0.733"  —0.270 -0.861"" 0343  -0.355"  —0.009
YIS IR EL Y -0.073 —0.183 0.154 0.107 0.437"  -0.265 -0.032 -0.121
LR R H -0.208 0.079 0369 —0.030 -0.222 -0.019 0297 —0.077
EAE ISl )y -0.343"  -0.136 —0.546"  —0.463"  —-0.460"" 0.159 0.120 -0.301"
Polychaeta density
WK Sy i -0.017 0.004 -0.165 -0.235 —0.245 0.238 -0.103 -0.023
Mollusk density
5 ik 3 T ~0.061 0.301°  —0.142 -0.102 -0.216 0.447"  —0.067 0.277
Arthropod density
HAb % E Other density 0.020 0.252 -0.179 0.010 -0.227 0.183 —0.143 0.147

. "P<0.05; "P<0.01(BURKE two-sided test)o

0.6 F

Mollusk E

Polychaeta

Arthropod £ i As 4 Pb
-0.4 b I |/n 1 ! 1 . L 1 Cr 1
-0.8 1.0

K7 RERNSh YR S G R RS B s
Fig.7 Correlation analysis results between macrobenthic
communities and heavy metal environmental factors

ol VR i A S a8 44 2 H 2 EORJE (Lin et al, 2021), As £
HARABE D, & R AR AE AR 24 Y 2 225 4 (Tang
etal, 2019), WLk D127 5 XA A 2 11 2% D1 260
YA IE As 15 50 FEZORIE DU H K &R 4 Pb ok A
KAVIKE, H Pb 55 DX P et i An 475 G HEilcf ¢
(Saeedi et al, 2009). WF5EERY], Zn 5PEHE Tl FIHL
PR ME AT OE, T Cr 0K I A6 Tl Fg % T
Ar A, 2013), VA X80 RN W & B AL T
Jots TGS AT Y A i S 4 Jm SR AL 1 Bl I A\ 42 o
AW SR T A 4 R O R i i R 1) AR A A
K, HEEESE(1992)HF 5T A MER TR H 1) E 4 )8
By i 170 7 BH SO0 i 45 SRR — 30, T RE S AN ARk
R WP 7 SN - 5T N o 3 B Q1 8 2.0 N a3 -
TR, N AR A — R A T A (R 55 U
252010 54, Al IZIX 0126 AN T RAGE s h 4%
FEHUBR IR £ 17 ok 1 I TS IR 2 5 30 4R o0 A R AR &
AR, TR I 4R AR SR AR
FEAF T X IR 5 el XX E(Fk 7), Al
PIE ALK | AN R 2SR 2 6] ) B 4 J 5 i 22 AR

Ko ARUFFEXIL Cr He 5 Py At s X FEAS R4 —
B, HBEESTEIAMNER, HRREE RS Bk Cr b,
HA 6 ME4SE(Cu. Zn, Pb, Cd. As il Hg)ik ¥y
b T AR K- ABFSE X I, 4 ## 4 )8 (Cu. Zn. Pb
1 CAYVR B B AR TS . X H TR iy, A
T X IR BR Cr LIS 6 Fh e 4 @ & b R AK, wiilan
IRMEVR TE VLN IR M DR R 32 B & B 15 e B
DX 35, o AR IR A DX 3k LD 5 RS 0 o 3 (BT AR, 2020),
JERUIAR st AR S R e RO L
PR, HAeES RGP RS, 2017),

32 XERWEHMEFEZTHEN

4 AZ=Trh, RBYURW S Y YR Bk & 22>k 5>
HBE>EHE, AAZENTHUZLERYMEERL, Bk
SR, KRBV 3 FhZretkdatioh, +
W d B Eom, AR WAEREIE S
e, ZAZBEAL; ZREMRE HKERS, 25K
Ko AwiEA , BELIMMZEEMERE HEY
INT 3, AR RESYCN—ROKT, FEEHRTHESE
SO R, KA BIATE Sl 26 2 M DT R ER B8 i BRI 24
AP RAR SN , X RS S 9 A B 3 1 T — 5 R
INCT AR, 2020), F34b, SCIG BYFRGE TG 2% KA
JEMG S S RGEA PEERT, SCis B B r9ug & FE
Pt S5 BN XIS U AR ) A s = A e B

AU AR LI QAR SO EVR T4 AP 24 8 B
N 231.2 ind./m?, AEEHMEA YIRS 404.3 g/m?,
5 IGE A VLIRS AR ME LR R A X R A (K PR 4F, 2009) . TL
T g R L (R PR, 2014) LA B KT 11 b Sk
)7 (% RGO SE, 2006)FH EL, AU A V750 Q1R SO fE
R IR B DX AT Bl A e R 2 8 FE B v T AR
LR A Py R A R B, DA X A IR R
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Tab.7 Comparison of concentrations of heavy metals in surface sediments of tidal flats in different areas (mg/kg)

i Sl P
aiata o~ Cu zn P Cd  As Hg 22Ok
Survey area Type Reference
VT LT Y 3 3 T ey
/_Iw\m iR ;&@ﬂ[ﬁ 18.82 60.8  60.8 1438 0.12 129  0.010 TRERA,
Jiangsu coastal beach Agricultural and fishery area 2023
N B vl s s
HE{ID, @L(Xﬁ{ﬂ&, . 51.6 2827 783 28.5 3.67 LS,
Pearl River estuary Reclamation of tidal flats 2007
Y,IW‘E;F\ . &@ﬂg 21.69 6346 40.63 22.13 0.19 8.39 0.022 JATRI, 2023
Jiangsu, Qidong Agricultural and fishery area
Asalouyeh Town, Al X Arfaeinia
Persian Gulf Agricultural area 116.84 247.88 11.09 164.89 5.06 etal, 2019
A NET 5%
{‘Ij] L) DISTFARIX . 823 4023 6554 1299 0.07 537 0.022 Z",‘Ebh
Jiangsu, Rudong Shellfish farming area This study

33 MRYMPEERTHRSRFENY 5T HINR X R

JECAT S0 1) A= 3 s 5 R R TR A 7R 2% VI C Bk,
MG . RE . SR A DL S A
TG o AR EGER A it B AR R 2 DU s i IR s
EmE RPN ERKEES S, YES
JE TE AT 0 4 A PN 5 L B 3k ) — a2 BRI, 3l 2t
M AR AR AL | SRR R R AR L BBRACE . AT
75 A AR 7 A EE RN, SR A S R LA
T V& S5 1 8 8 R 2R (H ST, 2022)

ARSI 2 EXREHEE Cu. Pb, Cr.
Cd 4R ICE LM R B4 W B AR R, 3
HESEASKNE RSN TN EEZEBRYE
Fo RNRPZELIYHES Cu, Pb, Cr, CdHE
& JBICRIGEUN RI AW B HAMELR, Bl
VbR R, S S RRL, SET
SR REAETE, ISR E R (AT 4, 2010), 0
AP h 2 B BRI R A B, AP SRS
KA A (2012) KAz R 252005 B BT 57 45 A — 2L

AT S S Hg A BT RIS E
P IEASE R R (P<0.01), 5 Zn HAEJRICRIER
B F AL R (P<0.05), AIfeE i T3 Bshd A
AEGRIGTT Z M. PEREFE, ST LU 2l
Wi R 5E . P R A SUR AN i A 4 HE AR AT
(ZEHESE, 2019), AWFFEE5 RS Wang X Z5(2019)F
TR, TR SUIERY Cr. Pb WD
FEAH I 25 A — B ANFEFSE R S P AR TR 28
5 4 Jm A SR o T U BH 2 2R T EE 4R B IR
SIYITERETE S5/ AT BE LT e & & 4R — R0k, 4
T T 2H AN B (R 5k, 2014), X R AH G PRt 722
54 (2016)H B ) 5 ERICW I EE S HER S
RO S IE A OGBS T A B ERIE o AR ST A

Y FEEIERd 5 Pb,

Cr. As E&JE U RIBEHHA

AR AR, ZHMIRBHS Pb, As HE
JEICRIEBEA W B TARSC KR, W DURY) E 5
Jig 5 R X TR AT Bl 4 2 R PR A A O BT
Wi, 5y B FR R— L (TR FRAREE, 2011),

4 it

AR FE 38 30V L 5 AN 7R EL SO ME VR SRR X 7 PR
EJRITTRIGRFEMA LI, Zn, Cu, Pb. As. Hg
Fil Cd TTE BT A QBT i ) (GB18668-2002)
) —2KbnifE, RN ESE S EER. Cr TEK
e (B A 2 (R T I DU o i — 2SR o
FEE T PE DU o — 2R hR e o A X P 3 27
WRTEAE S X T 4L R A a2 b & . VU Rg
TR AR A o 5 T 4 1) BRIV A A 25 XU 48 K v 3
MM Cd. Hg. As. Pb, Cu. Cr fl Zn, 4 17
W, ZREHTREC HIETE 2~3 ZI), YAt
¥E FREEKT, ERSRLT “—8” KF, K
Wish¥ b ZERHE S Cu, Pb, Cr, Cd 4B ILEK
RO R A B AR, FEERNdYS
Pb. Cr. As &R ICRIEEA W W AR
LR H'S P, As &R U R A U E
KR

L % X M
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Distribution Characteristics of Heavy Metalsin Sediments and
Their Relationship with Benthic Fauna in the Clam M udflat
AquacultureArea of Rudong, Jiangsu Province, China
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(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China)

Abstract

They are an important spatial carrier for human survival and development and are notably influenced

Mudflats, located at the land-sea interface, are extremely rich in ecological resources.

by human activities. The rapid social and economic development of coastal areas has led to increased
pollutants being discharged into the coastal waters with water flow, which seriously affects the
coastal aquatic ecological environment. Sediment is the sink for most pollutants, including nutrients,
heavy metals, and organic compounds. Pollutants can be enriched in sediments through physical
changes such as adsorption, accumulation, and precipitation. When the water environment conditions
change, the pollutants in sediments are released into the overlying water, affecting the aquatic
ecosystem's health. Biological activities destroy the physical structure of the sediment-water
micro-interface, change the oxygen content at the interface, induce the movement of sediment
particles, bring the interstitial water out of the sediment interface, and promote the release of heavy
metals in the sediments. Heavy metal pollutants are inherently toxic, persistent, and difficult to
degrade, leading to many serious environmental problems and posing significant health risks.
Therefore, evaluating the risk of heavy metal pollution in surface sediments as an important reservoir
of heavy metal pollutants is necessary. This provides a scientific basis for the ecological management
and restoration of mudflats. Presently, most studies on heavy metal pollution in the sediments of
Rudong mudflats focus on the source of heavy metal elements and the evaluation of biotoxicity.
Studies on the correlation analysis of the distribution characteristics of heavy metals in the Rudong
mudflats and the distribution characteristics of benthic animals in the Rudong mudflats are scarce.

In this study, the distribution characteristics of seven heavy metal elements in the sediments of the
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Rudong Meretrix meretrix aquaculture area were analyzed, and the potential ecological risk index method
was used to evaluate the environmental risk of heavy metals in the sediments of the aquaculture area.
Meanwhile, the correlation analysis between the distribution of zoobenthos and heavy metal pollution was
performed to provide a reference for the ecological environment of the M. meretrix mudflats in Rudong
and the sustainable development of the clam mudflat resources. Four field surveys were conducted in
September and December 2022 and April and July 2023 in the M. meretrix mudflat aquaculture area in
Rudong, Jiangsu Province. The contents of Zn, Cr, Cu, Pb, As, Hg, and Cd in the surface sediments were
determined, and the characteristics of benthic communities were analyzed. The pollution risk assessment
of heavy metals in surface sediments was conducted using the potential ecological index method, and the
response relationship between heavy metal pollution in sediments and the distribution of benthic animals
was analyzed. The results showed that the average contents of heavy metals in the surface sediments were
in the order of Cr>Zn>Pb>Cu>As>Cd>Hg, and the contents of Zn, Cu, Pb, As, Hg, and Cd were in
accordance with the quality standard of one type of marine sediments. The highest value and summer
average value of Cr exceeded the first-class standard of marine sediment quality and met the second-class
standard of marine sediment quality. The annual comprehensive potential ecological risk index ranged
from 90.49 to 145.78, averaging 110.68. Regarding the classification of potential ecological risk, the
overall risk level of the M. meretrix aquaculture area was at the medium risk level, and the order of
individual potential ecological risk of each heavy metal element was Cd>Hg>As>Pb>Cu>Cr>Zn. The
ecological risks of each sampling station were mainly from Cd, Hg, and As. Sampling was performed four
times. The heavy metal Cd was the primary contributor to potential ecological risk and sediment pollution
in the Rudong mudflats. Cd, Hg, and Cu are important components of industrial sewage discharge, and the
land-based inputs and other pathways are their main sources. As is uncommon in natural environments, it
is a primary component of chemical fertilizers and pesticides. The use of pesticides in the mudflat
shellfish aquaculture area may be the main source of the As pollution. Most of the Pb in the sediments
originates from atmospheric deposition and is linked to the pollution emission of fishing ports and ships in
the region. Zn is related to the zinc plating and machinery manufacturing industries, while Cr is applied in
large quantities in the chemical and chromium-plating industries. A total of 68 species of macrobenthos
were collected in the four samplings. The richness index d ranged from 0.74 to 5.01 (SD=x1.19), the
evenness index J' ranged from 0.25 to 0.92 (SD=+0.15), and the diversity index H' ranged from 0.99 to
3.79 (SD=%0.65) at each sampling station. The mean values of the diversity index H' for spring, summer,
autumn, and winter were between 2 and 3, respectively. Compared with the biodiversity index evaluation
criteria, the biodiversity of the four seasons belonged to a relatively rich level, and the habitat level was at
a 'general' level. The density of polychaetes in the benthic animals had a significant negative correlation
with Cu, Pb, Cr, and Cd heavy metal element index and RI. A significant negative correlation existed
between the benthic animal richness index d and the heavy metal element indexes of Pb, Cr, and As.
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