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Characteristics and Risks of Heavy Metals Content in Surface Sediment of Tldal

Flat Areas in Eastern China i

ZHANG Ming"? ,BAO Zhen-yu',CHEN Guo- guang YONG Tai-jian® ZHU Yi- -ping”, LIANG Xiao- hong 7
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Abstract To understand the heavy metals (Ontent Sv As Aé Cd Cr, Cu, Hg, P.b ‘and"Zn, as well” as their distribution feature@ in”
surface sedimens of tldal flat areas of Eastern Chma.. mat'fle'matl( al statistics, correlatlon analysls factor analysis and/other” ﬂtatlstlca].-'
methods are used: This' study collected 1906 surdee sedlmem samples of As, Cdy Cef Cu, HgF? Pb Zn were collected: as patt of a
systematic resefirch effort. These results show that ‘the ¢ stal tidal flats zone of Eastém' China contains jsurface sediment sampleszwith
heavy metal concentrations (As, Cd, Cr, Cuy Hg, Pb atid Zn) with is not high'but hassdncreased due|to anthropogenic sources. The
total pontent of hedvy metals in Jiangsu provinge is low howev‘er in Shanghai and Zhejiang provinees relatively high heavy metal
contents are | pregént. | In addition to natural “causes’ ' the~ hea_yy’ “metal content in coastal sediment in Shanghai and Zhejiang is
significdntly’ affected by human activities, while Jiangsu ¢éastal surface sediments has light impacts from human activities. Heavy metal
contamindtion in coastal areas Shanghai, Zhejiang, and Fujian provinces is particularly serious including Hg, Cd, and Cu
contamination. The results of an evaluation using the Marine Pollution Sediment Index and Mean Sediment Quality Guidelines show that
in Eastern China, the overall sediment pollutant ecological risk is low for Jiangsu and Fujian provinces, however, the ecological risk for
the tidal flats of Shanghai and Zhejiang provincial beaches is relatively high due to heavy metal concentrations.

Key words :tidal flat areas; heavy metals; ecological risk evaluation; Eastern China coastal area; factor analysis
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Jih: Ph e E 1T BbrifE R | X th R W AR AR
WEVR DX AR —E FRBE Y Ph 15 7%

ERITEMEIR X RZ DR P TR Zn & 2
TG M 9.30 ~431.0 mg-kg™', V3 EE 69.61
mg-kg ', HA LIV W MELR TP Y Zn & T
B AIK, 7 50. 86 mg-kg ™, WA T P [ 7R 5 41 °F
ey BT WA R A T MR T Y
Zn FECPRMEBON R CFAES T 91. 01 ~ 109. 3
mg-kg ' Z 8], KT | e Bk
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FEFRFE) Zn V5%,
2.2 WERDUERY) & 8 AH GO R o i

FIIH] SPSS Pearson AH A3 X HE AR I T 45 48
JERER DU Y) G 8 AT T AR OC O, 4 R R
(R5). SEREMRVIRYHE R ZE LR E
IEAHSE(P <0.01) , UL HI %8 R Z MER DU H &
Jam BAT— E AR .
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Table 5 Correlation coefficients for heavy metals in the Eastern €hina intertidal zone ] = i
X As cd . Cr Cu i Hg Ph © S
As 1. 000 0.482% 47 0.370™ 0.160 ** Lo.n7r 0. 643 ** 0,613 -
cd 1.000 ‘ 0.131* 0.3457 [ 1 0.393% 0591 1 007407
e [ 51,000 0.040 0,157 0.374" 0. 329 7%
15 Cu ¥, Ja r = 1000 [ o 0.192% W _lo.726* 0.362""
; . /) / ‘.--"'-‘.l’ .. 000 y & 0.380 o 548.:
" | # | TS i 1.000 £
sl ff ~ 1 Y, F o 7 -~ 41,000
As © 1.000 07022 ) 0.762% 0.889% %71 0,741 0.823 0. 868 1
J ¢d @ | 1600 '0.622 7 0.805 0.670 0. 668 0.802*
AN A W — ] J s 11,006 2 0.788 ™ 0. 657 ™ " 0.674™ 0.779 ™
B e A : p = 1..000 0.839 0.810* 0.980 "
N He . 1. 000 0.741 ** 0. 864 **
b 1.000 0.788*
Zn 1.000
As 1.000 0.569* 0. 806 ** 0.810™ 0.552* 0.837 ™ 0.850*
Cd 1.000 0.585* 0. 687 ** 0.720 ** 0. 684 ** 0. 656 **
Cr 1.000 0.848 ** 0.563 * 0. 809 ** 0.896*
WL Cu 1.000 0.593 ™ 0.846 ™ 0.915*
Hg 1.000 0.679 " 0.643 ™
Ph 1.000 0.894*
7n 1.000
As 1.000 0.480* 0.885* 0.752 " 0.288 ** 0.607 0.831*
Cd 1. 000 0.392* 0.585 ™ 0.567 0.734™ 0.662*
Cr 1.000 0.777 " 0.227" 0.481 0.845*
e Cu 1. 000 0.312™ 0.633™ 0.811*
He 1.000 0.521 " 0.424*
Ph 1.000 0.783 *
Zn 1.000

1) * % 7R 0. 01 KT W EAHH X

5 2o AT R0 JT 2E MR AE S Te R | AR A A
REAMIRRZVIBWE S IROCRAES EH T L

7 (R 6) , 1145 E N T AR [ 23 a0 | 2 ~
4 A FEHTE LA B AR S B 85% .
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3 2R PR32 S AR AR R (AR T 38 4 0
KT 0.5 BIATE, EREV/IES) . L4 XHE i K
/MRS

B 38 %
F2:Cu, Pb, F3:Hg, F4;Cr. {57135 2%

DU H As-Cd-Zn-Pb #I07 T55 1 W+, Mk
ZBEBKT 0. 48 ) X &R, Hg, Cr 5HAh

VLN R ZMER VI F1:As | Cd, Zn, Pb,  JCEAMSCREER/NT 0. 4, B G R MRS
F6 ERGERRRRENRYPESEREFHT
Table 6  Factor loading of heavy metals in the Eastern China intertidal zone
g i3 WL e
F1 F2 F3 F4 F1 2 F1 F2 F1 F2 F3

As 0. 859 0.072 -0.138  0.328 0. 766 0.532 0. 876 0.289 0.901 0. 260 0.122
Cd 0.782 0.207 0.358 -0.129 0.301 0. 891 0.375 0. 841 0.231 0. 854 0.302
Cr 0. 150 0.037 0.094  0.958 0. 881 0.293 0. 885 0. 301 0. 965 0. 130 0. 087
Cu 0.118 0. 980 0.080 -0.033 0.674 0.703 0. 850 0. 407 0.768 0. 467 0. 056
Hg 0. 145 0. 100 0.949  0.087 0.561 0. 682 0.319 0. 876 0.114 0.313 0.941
Pb 0. 596 0. 690 0.195 0.283 0.693 0. 542 0. 802 0. 487 0. 385 0. 809 0.237
Zn 0.755 0. 261 0.464 0.178 0.653 0.719 0. 882 0. 404 0.782 0.526 0. 186
FFE(E 2.333 1. 565 1.316  1.163 3.129 2.932 3.938 2.214 3.159 2.061 1. 092
FEAE( A 4L/ % 33.322  22.359 18.805 16.614 44.700 41.891  56.251 31.624  45.127  29.443 15. 602

G R ERERTIRY) FL:Cr, As, Pb, Cu,  C OWFEE: AL(ALO, Y i, 5% /B, N B HE 4
Zn, Hg,F2:Cd, Zn, Cu, Hg, Pb, As. 7& FigiTifF Efm%‘f/‘\i Hfiimg-ket ', B HZ L Al(A] O')/E‘ﬁ‘
MR R BV P E 4R OCRAE FL, F2 PR & . | “ "

R TG T B, AR OC R R T 0. 60, 1X i
ED%iZﬂﬁ[X‘HE%%%%F?R%”%EPE%E‘,EJ@%‘%JJ tl:aé

Z, BAT BT 0. | |/ Y

AT R TR P, Zn/&s eu,
Pb,F2.Cd. He. Tﬁﬁ‘/ﬂ%@ﬂﬁ‘/ﬂf%}:‘m} %EPED%E
/\WWAE%ZHAC%?E Bl Cr- ZniAs{ . Pb *éﬂé

?%ﬁﬁ?o SO,E-&,)Q] AR, Qd- Hg *Hﬂél‘

-
=

S I CUEYESS . =
ARG E R TR FL.Cr. As. Zn. Cu,
F2:Cd. Pb, Zn, F3.Hg. fEAGEITIEMEGRFZGIM
VIR TETE 3 AL R A4, B Cr-As-Zn-Cu FH K1k R
BEKT 0.75, AU L FR; Cd-Pb-Zn KPER
BARKT 0. 65, BB IR He SHABITE M
P GUNE L T R
2.3 MERUUERYE 4 R U5 AL A
&R TR N TR ML E 4 R TS
YePi | X4 H AR B sk (H R TS B
Biirse 3 oyl I Wi N 53 Sl s (1w [ N
HEFIA ARG, PRI R T o oA ) ) L 4 R R
U5, o BERR I AR IR S & S TR
W, 45 A AN KRBT, AR EE Al
(ALO ) fE RS IR,
c/C,
B,/B,
Kb, C, MEEREESE TR & &, P fimg-kg ',

EF =

L 1 FF > L EDT&%/%%H%*E%E;&U
N K5 na@%um PEE™ %Jﬁ%ttm?%ﬁmmﬁﬁf
i éﬁ%ﬁﬁkﬁ ﬁvjdy EF>1.1 —IU\%%/TUL
W b i 408 Z 8 N\ i shigm 8 —

ﬁﬁ?)ﬁ'ﬁ%&’ﬂﬁ@uﬁﬁ'%ﬁé% BF > [ L%
7) LI R B R TR T 4 8 32 A K
K/NIFEH Cr > Hg > Cd 5As > Cu>Zn >Ph. |1
TR 2 MR OB v 5 48 52 AR e R/ NI
4 Cd >Hg >Cu >Zn >Pb > Cr > As. WiILIHEFERZE
WEVR TR b 5 4 I8 32 NN s i KON IUT >4 Cd >
Hg >Cu >7Zn > As > Cr > Pb. @& Wi 32 2 W IR T

T 1 4 S 32 N RS2 R/ INIUT R He > Pb > Cu
>Cd >Zn > As >Cr.

Vg W R EMER DU A R N R A
K,90% L) bk SR s Cd, Hg 2 %) A NG shie
Wi ,80% LA 13 45 Cu Z B A N6 shsg . A d i
MR Z ORI 80% LI Lk s He 2 B A& )

S 45% Ll P, Cu 2R AN S, YTk
n%%};mi\%qﬂ 36.70% Lk b3 55 Cr 52 2] H
T sh R, HA R 42 I8 OC 3 52 AN S R A

R BT, 3 W NER R E TR
WE AR T AR, 52 N R 6 shsg i K, 1
TR A MR UUR 2 N i sh A ez, Hovh He
e WL AR AR 2 AN T Sl e G
Cd ., Cu 7€ g | WV TRER 2 NG sl i i 7™ .
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Table 7 Concentration coefficient of heavy metals in the Eastern China intertidal zone
HERE H X As cd Cr Cu Hg Pb Zn
LI 126 146 443 92 192 26 34
EF s 1 L 11 101 17 86 96 23 36
Wit 95 248 81 227 247 15 159
Py 6 40 3 162 295 191 30
Hpi 1073 1053 756 1107 1007 1173 1165
—— L/E} 91 1 85 16 6 79 66
Wi 157 4 171 25 5 237 93
pinyes 347 313 350 191 58 162 323
2.4 WERUIFRYIE S S 15 TN 17. 47% 1) MPST 85045 41 ~ 50, MPSI F5 50K T 61

i i 3 A5 ﬁ‘*ﬁiﬁﬂxT“ﬁ%ﬂ/&/’mﬁﬁ%ﬁ/\E
PCA G5 R WLE 8, 5 — M HFEEILEN As,
Cu, Hg, Pb, Zn, 55 — N FEEILE K Cr. TETE
MPSI A 3R BT A8 75 W T i Uk IX 3R 2 1 48 MPSI
RAK.

M MPSI G A4 SRR B, A AR I M U DX I
15 QB2 (£9) 5 MPSIAEEUTE O ~ 20 MR IETEHE A
5 BRI 16. 05% ; MPSI #55U7E 21 ~ 40 ¥ ik kE
At i B Y 63, 85% 3 MPST 35 501 41 ~60 554

— B B i H?u#nn EI’J 20. 04% ﬁ'ﬁﬁqj r'?/uﬁénn ;

o

| £8 @i PCAﬁ:%:}ﬁ*‘}'F“:n,ﬁﬂ’ﬁ“%i}:,n%ﬂ%qliﬁﬁﬂ’lﬁif*ﬁ” R~

lable I.S" Calculated weighting for” seléetod varidblesdfor thé PCA found in the Eastern; China' 1nter§.1dal zone surface sedlment%

(A5 Y i A 1 A

VLI 199 RER SR IZ VTR A 1 196
F MPST $8507E 0 ~ 40 Z [a] s s g . Wi, R
A 3 1F MPSI 8507E 41 ~50 2 [a]; [HETHT 102 £
RRIZVIBWIA 74 PF (T REAS 72, 55% ) MPST 45 %%
1621 ~40 Z IR IS 27 18 RERT 2647% )
— 2%, MPSE $550 15 41, ~ 60 =[], MPSI é’giﬁfj:?
61 15 HebEN LA 1 1 BIITA 252 1%‘&?%%%’):'
A 75 1 (R 2. 76% ) MPSI #4504 214
Z 1) ¥ i 2 rMPsH'ﬂ%zﬁmwozlﬁI ﬂﬁﬁﬁé

=

22 LA T zm" * s Gy
Tl . 4.506 0,829 As 0.:839 0. 168 0. 14
2 . “ J JCd 0.774 0.455 0.129
? # g A =g 0.779 0. 156 0.13
BN o = 0.792 0. 159 0.132
Pb 0. 845 0.17 0. 141
Zn 0.951 0. 191 0. 158
JEas 4.98 1
2 0.932 0.171 Cr 0.744 1 0. 171
Bt 5.438 1 1
1) 5358 = AHXTRFAEA x AH X 2
9 ERABEMRARENBRYNESETLIEL
Table 9 Metal contamination index for sediments in the Eastern China intertidal zone
MPSI 5 424344 Wi i s — 15 B Y
Fa i RAREL <20 21 ~40 ~50 51 ~60 61 ~80 81 ~100
SRR A 306 1217 333 49 1
53/ % 16. 05 63. 85 17.47 2.57 0.05
VLI A 265 931 3 0 1196
A/ % 22.10 77.65 0.25
AR A 74 17 10 1 102
53/ % 72.55 16. 67 9. 80 0.98 26. 47
VLR S A 75 158 19
HA /% 29.76 62.70 7.54
e R 41 137 155 20
53 % 11.61 38.81 43.91 5.67




4522 2N 5%

B 38 %

iR 17T GRS 70.24% ) 5 FRERAS 353 1FREIR
RIZVURWIA 41 R CARERh 11.61% ) RIS TS,
137 PFCERER 38. 81% ) MRS, 175 18 (A kR dh
49.58% ) Bt i — e, Horb MPSI #8407 41 ~ 50
ZIARE i Bk 155 1.

M MPSI 855053 A 5 [ R &, VL9048 W Uk DT AR
Y5 YRR B Fe 11K, 99. 75% FE b Y MPST 38 508 /N T
40, W VLA MEVR DOBU) TS Yo R B e, LA 29. 76 %
FESh A MPSI #5500 T 40.

M MSG-Q 3BT 45 AT, HE AR UM L X AR
Yy ST e A S RS BAR (32 10) , BT A S
KUK MSG-Q<0. 1 FEMA 22 1F ( HFER 1.15%)
HRREVS YL A S XU 0.1 < MSG-Q < 1 B 51 88414
(5 98. 85% ), T H: H 7 Hh ARG BE 75 e AR 28 X
B 0.1 < MSG-Q < 0.5 # i A 1881 {4 ( i £ iy
98.69% ) , AT MSG-Q =1 Ay 5 B 75 YL A= 25 X
B i

VLI 1199 PEMERFIZTORMI A1 182 FEE R

F10 LRBERSRENVWHESRRITFNES | ) &7

J ¥ 1
Table 10 Mena Sediment Quality Guideline for sediments in the [East China ir}tertidal zone

(5 RE R 98.58% ) 1Y MSG-Q £ 0.1 ~0.25 2 Jal, 17
PERES (T RR R 1. 42% ) (1) MSG-Q 7 0.25 ~0.50 Z
6], A 2 HEES Y MSG-Q 7£ 0.5 ~ 1.0 ZJa].
BT 102 RER RIZUIRWIA 62 HFRER: (5
FESL 61.39% ) 1Y MSG-Q £ 0.1 ~0.25 Z[],39 {4
FEAh (A FERD 38.61% ) ) MSG-Q 7£ 0.25 ~0.50 2
B, A 1 NEERAY MSG-Q ££ 0.5 ~ 1. 0 Z[f].
WHITA 252 (R R ZUTRWIA 65 (RS (5
FEfh 25.79% ) ) MSG-Q 7E 0.1 ~0.25 Z[H],187 4
FEdh (A7 BE fh 74.21% ) B MSG-Q 7 0.25 ~ 0.50
Z [a].
MR 332 PRIER RIZUURWIA 22 FEL (5 FE
il 6.23% ) ) MSG-Q < 0.1, 158 FEE S ( 5 BE 5
45.04% ) 1) MSG-Q 7£ 0. 1 ~0.25 Z[a] 172 {4 FE &
( RESL 48.73% ) 1 MSG-Q 7E 0. 25 ~0. 50 Z[].
M MSG-Q A& SRR LI Mt A e LR
A 75 AR A, 1 0 20 A 2 R

—

4
d

T

AR 5 9 TCR ; R

MSQG-Q 434 <0.1 0.1 ~0.08 b 0.25~0.5 045 ~ 10, =1 wlfy
N Y T /) .“,"'”1/%8;_,;-’ a WS
HALL % o 1.15 WD 21.67 L0.16 -
ke ~ | +plis” 7 A A .

HIr % - £ o8B L42 ' g 0.17 =
VR J 62 [ 39 - 1

s | | ‘3 61,39, . . 38.61 0.99

TR | s~ 187

20 _ 25.79 74.21

TR S 2 159 172

B4y H/ % 6.23 45.04 48.73

3w (4) )\ MPSI Fll MSG-Q F3 TS Rk F , AR

(1) ERIFEMERRZVIRW As, Cd, Cr, Cu,
Hg. Pb, Zn %5 7 PP 4 JE B & B R E, (H )RR A7
FEN R YR S VLR AR SR A AL,
VR T A O AR

(2) HARUTIG A B MR RZ VIR As, Cd,
Cr, Cu, Hg, Pb, Zn %7 B4R LR SR EA —E
FRRIR IR (H R 43 20 5 AR A5 5

(3) i | WiiL i MR R 2 VTR & 4 8 b
T HRIA , 2 N Rl sh R K TR iR 2
WU 2 NN G sh A e, Horp He 76 B
WL, AR 52 N ONIE B2 Wk 8, Cd, Cu
P WTTLMER 52 N R Sl ek 7

TFRELR X R Z TR 48 SRS Qs AR
S A, VL8 WELR R R DU A o e fe i, L1t
ATV VR R B DR T B 2% 5 VL3 A4 F e
A WELRRJZ TR A= 25 KRS B A, b g T A VLA
TR A4 285 IR A R 50
B IR YT 25 48 Hb T £ 8 7E SR A TN S 5
J5 TR BEAE Bl 7E i — I B
S 2k
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