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01) ., B& Pb4b,Cd. Cr.Cu Ni F Zn BY¥REE S HIEAHLEK Fohr Bk & i A% 0 % IEAIDC (P<0.01) , T 580 & i 24k 2 7l
K (P<0.01), QT &40 AT R BN T4 Tolki& sh vl GBS 1S Cr,Cu Ni F1 Zn 1Y & 48 | RREL M A Ml it N0 Fnofe 24 48 FH vl e 25
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FREE, HoHr Cd I A M = 2 25 KU B R AE A LR 46.51% S il X R 4 8 15 e 1Y R B STk on 8, FRil R 7E /K 7= 35 30 AR
AP HEIX
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Abstract; The history and methods of reclamation are considered as the main factors that drive human to disturb the coastal
wetland ecosystems. In this study, a total of 129 samples were collected from the topsoil (0—20 c¢m) in Northern Liaodong
Bay, and were determined for their physical and chemical properties (including salinity, pH, soil particle composition,
SOC, NO,-N, and AP) and heavy metal levels (including Fe, Mn, Cu, Cr, Cd, Ni, Zn, and Pb). The heavy metals in

soils were studied for sources and spatial distribution by using multivariate analysis and Inverse Distance Weight (IDW)
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interpolation method, and were evaluated for the potential ecological risk by using Hakanson’s method. The results showed
that: The levels of six heavy metals were significantly positively correlated ( P<0.01) with each another. The Cd, Cr,
Cu, Ni and Zn (excluding Pb) concentrations were significantly positively correlated (P<0.01) with the SOC, clay, and
silt content, but were significantly negatively correlated (P<0.01) with the sand content. @The levels of Cr, Cu, Ni and
Zn in soils might be influenced by industrial activities ( chemical industry, paper, oil exploitation and processing).
Continuous use of fertilizers and pesticides might increase the levels of Cd and Pb in soils. () In the early stage of
reclamation (1990s) , soil erosion, leaching and desalination had significant effects on the distribution of heavy metals in
soils. Until the 1960s, continuous agricultural fertilization, industrial activities ( such as paper making, and petroleum
exploitation) , and urban expansion had greatly increased the levels of heavy metals in soils. @ Under the influence of
different reclamation methods, except that the levels of Fe standardized Cd and Pb were higher in the aquaculture areas,
while the levels of Cr, Ni, Cu and Zn were higher in natural areas ( marsh and reeds) than in human areas (aquaculture
areas, cultivated land and construction land). 3 The average value of the comprehensive potential ecological risk index was
325.69, showing a high level of risk. The Cd accounted for 46.51% as the highest ecological risk element in samples, which

was the major contributor to heavy metal pollution, especially in aquaculture and agricultural areas.

Key Words: coastal wetland resource; soil heavy metal; spatial distribution; source analysis; potential ecological risk;

Northern Liaodong Bay
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SELARIX, T EAS D il T % s MV e IR K SREE AN T B ST [ Vg 41 Ji 2 22 4 H SR 558 B 5 Rl
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Fig.1 Geographic location map, reclamation history map and sampling point distribution map of the study area
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R R U S 713 ST R U 24 MR AR , K5 T KB T 24 URR P & A Ry X — T & B B B AR S X 3 518
BB LA RITEB B (1990s—F 4> ) XU T AR A 22 17 = AR U I 1 b e B3 DX PG B 0, T I 30
WFILZRTE  Je— AT R AR VAR AN R U5 A Lo db . 1988 4FE 8 HEFIHE F A HRZ T (88)419 53¢
P, e EE SR LT, I ARYE DL E SRS IS SR B R A e B R (1) .
1.2 Bk 5
1.2.1 R

AR 2014 41 Landsat OLL 32 B2 AR5 , 1 567E ENVI 5.1 300F b 4738 I8 (R Ak 341 5 Lk R
T [ X 42 5 H LB AR S A 0 0 sEEAT ORI 2R AR 0 (14 Fh FH 2R AL  AniEl 1) s B, 38 IR 2500 B, 45
5 2015 FE PR EFAN B S id SR 189 ANHb TR a5, AT /3 2 I BUAE BE VAN , 45 SRR W 73 2645 B 1 Kappa &
By 85% LA 11 0.90 , 732K BE AU
1.2.2 - BERE SCR A 5 IS B

iz BERE St T ARAS M AR RPN A SN, 74375 R XS AS [R) A P R g sk R O o M i S
B AR, R LT 2015 4F 10 H R A OKREICEIHEAK JG ) #E47 R4, I IR 3—5 m 19 GPS ik 5%
SEHLARBR (1) o FEREASSRAFR S BFHT , BERS 50—100 m $E4THURE =R IFFTEAMR B T — 1~ 52 3 A T IEREAR
A T eRE SR R A e Rl A OGMR B (2R A+ 3828 MW 35 ) BFanic 5 Tk KA iy
M55 2 [ AR T KT IR R AR 129 D3R)Z (020 em) BEIHE &, Horb 33 MR OR H T 19308 1K
X3k, 27 AMEEA R BT 1960s & IX 8,33 AMFEASE A T 1990s & Xk, 30 AN ok | T 2 =5 TH PRI 1 LA
B 6 AFER H IR RER X

TG RBRA IS 1L 0 . 5340 b i —3 40 AR SL E AT A0 5 EL 2 AT LA i 0.149 mm (92 Je
ik 1k, IR H M E . T REAS IR 4 T A AR AR SO IR - B T - R AR
3L 14 MEER R E SN S NARZE G 07 ATl i, L ER43 (Soil salinity) \pH 43l F1| 7K £54% ( SDI-
12/RS485  JIHIY 7= ) 4438 pH J1iEA 7 Se i &, 33500 20 5 ( B5KE : clay ; Kok silt; BORE : sand ) SEEG 2
K HIHOCHREFE 53 BT A ( Microtrac S3500, 32 8 A= 7 ) #E4TI 2 . & Xt - HE 5% 73, A SCHE X+ 58 A HLAK ( Soil
organic carbon,SOC) fHAZ (NO;-N) M HE (AP) 3 M 8tr, HH,SOC HELMR Bk M IRES )5 , >R
SE LR B AL (HT1300, 18 FE S &) JEA7 00 E . NOS-N R F 480 66 Bk 5 . AP SR DG HE (a1
M7E

4 B AR E 8 N5 AR, 20 BSR4 (Mn) Bk (Fe) 4 (Cu) B (Cr) 4B (Cd) B (Ni) 5% (Zn) FIES
(Pb) Pk 2z A RV E T, & e HAR R T 5 0, e Ve I B A SR
X 4 R 2 [A) 3 S M R AL T T 485 0.149 mm JE R 7 0 1B L ok B 1 HEAE B et iR LA TR N
AR AP R IRIE 6 h )5, R BB A 55 IR R T £ 4G (HITACHI P-4010, H ACAH: ) 4T
PEDS S XTI E S5 T, SR F AT R 6 A b o ot B (b R R 2E 5 BE GBW —07401 ) i J5 2 A5 Al
FEHEAT TVEM U TSCR A 95.12%—104.47% , 53 BT 25 T A7 A Bl R IR AR P 6 Jm) A S 3458 W 5 AR
JEYH]/T 166-2004 HIAREE K
1.3 Rk
1.3.1 ARG BTk

IR PG AT AR 1 SRR At B R0 45 IR oo R g iS40, LIPS B0 19 23 A R 4E . Kolmogorov-
Smirnov ( K-S) K56 FH R 56 UE + 3848 EEMEA /0 A 1 IE A M . X 2B AR 7 0.05 B MEAKCOF BN i IE A 5
B, 352K X BUAE 40 58 Box—Cox FeAf i AT & IE A0 A o B2 SR FRAH G 43 A7 A1 R 43 B R PE AN - 1 AL P
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1.3.2 +3EHE &R EEA SR

Hakanson''®! E@(%Edﬁ%&ﬂﬁﬁ*&ﬁ/ﬁ%%%fﬁTgﬁié‘z\}%ﬁ?ﬁ E@%iﬁ%%ﬁ \%@U@ﬂ_\i%@l J%élféﬂ(qz
DA KA SR 2R R 2 2 H AT N AN G 4 @ AR S XU B i F OB s, Ha P A =00

PERI= D Ei =) T xCi= ) Tixgi

A PERI WEZEEWEASKIGIRE B M HIEP E SR ICR | PRI S KGIEE; T v ESJE TR
i IEEMEm LY R E(Cr=2,Cd=30,Cu=Ni=Pb=5,Zn=1)""; C; W EEJBICEK i W5 RAEE; CHE LB ICE
i SN (mg/ke) 3 ) MEETRICE @ D FME™ (Cu.Cr,Cd Ni Zn F1 Pb 43514 19.8.57.9.0.11,
25.6.54.2 21.4mg/kg) . AWFFTHG 308 4 JE WA AR KU S 0 R it an 26 1 fioo . Hodr ) B2 70 g 5 A%
g% ,PERI 230 4 R

(1)

x1 ESRBEEESRBERYDIRE
Table 1 Classification standard for potential ecological risks of heavy metals

XU FEBE Risk level

THEL
Index AR IR rh A XU A5 KU SR RS e 58 XL
Low risk Moderate risk Strong risk Stronger risk Strongest risk

T AEAE S8 ( EL

MR ENBIER(E, ) < 40 40—80 80—160 160—320 =320

Single potential ecological risk index

g/’i:A“#é v :#5\)( o Fe ok

FE WA N 15 8L (PERT) <50 50—300 — 300—600 =600

Comprehensive potential ecological risk index

R Y A 4 VA A A AU, 1 3 T A R AR TR % v (A, A58 S R B A (Inverse
Distance Weighting, IDW ) J7 3% T4 ME, DL ArcGIS 10.1 34 B HBSE 11538 ( Geostatistical Analyst) fEEFT
SE BRI A

2 HR545%

2.1 HHEEIRHA ST

SR ORN B 4 R R R AR RS LR 2, R A R A Gl SR R A A XA b
BB R R YD B+ 2H 8 5 pH (AR IE I 6.65 3] 8.80 , 5L 55 R 2 55 B ; S5 ER BE AR AR I Fil N
0.01—0.62 ms/m, 8 55 R IK 97.33% , 25 (128 S48 h Wb 25 5 I Wl - S35 156 O 1) 19 LA s 785 20 sl
Bl 12 A L3 0 0.05%—2.88% ,0.25—10.72 ,0.72—26.46 mg/ kg, AR 4f 42 [ 45 — Yk T 384 554301 )
BRI, BIFFE DX 3855 00 RV AL F AR 10 T L5 e 8 42 JR T K Cu  Cr Cd \Ni Zn FI Pb [ &35 [
Wk 4.55—31.67 .50.65—275.79 .0.26—3.46 20.87—59.34 53.40—149.50 .2.95—19.57 mg/kg, Z: MRl T4 +
BB R MER —GhrfE™ | 1 Ph (S EM T £ R, Cu Cr.Cd Ni M1 Zn ¥ 15 Tl T4 -5
B AH, bR Cd = F E AR, HA AL F R R Anif . HIRE SR TR WA S REE 12.63%—58.23% 15 Fl N
Ak, Hrr Cd Cr,Cu,Mn Fl Pb B4 & 0 & MW FE AR A B IR 55 R 5 (>30%) , R BN nT gz
NAIEENSENE , Fe,Ni Fl Zn JTCR BA BN E S R E0(<30%) , R EANTTEV R X 3 A 15 5 4 5) Al BE
T IEARRAE A K
2.2 IR A G

HRAEFE 3 iR, 6 R EE 48 (Cd .Cr.Cu Ni Pb Zn) 20 R 0% Y i 3 1 AH 56 ( P<0.01) . Hith Cu 5 Ni,
Zn MM E YA 54(0.52 F10.71) ,Cr A1 Ni, Cr A1 Zn A K Ni A1 Zn FOAHSE R 043510 0.71 ,0.52 F10.57 , =1
XS B A RER A AR A IS S, Pb 5 Cu Ni Al Zn 5 B F MK (P<0.01) ,{HE5 Cd F1 Cr RH N5
BIFHIEAE K78 Cd Cr F1 Ph A BEA ARIRIACTE . Turer 252 BF 58 £ B RS TTFEE B3R b Ph (1) F %
s, Fe Al Mn BV E /37 52 0 35 IE A5 (P<0.01) , R IR T 2 HA AL L2417 0, 78 A SR Bk oy
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Table 2 Descriptive statistics for soil properties and heavy metal concentrations in topsoil

- BOME e BRI PHE e ;;;'f* o ITAIREY g

Variable Minimum Median Maximum Mean Star'lda'lrd Variable Backgro.und. National
value value value deviation coefficient value of Liaoning standard level

Cu/(mg/kg) 4.55 15.65 31.67 17.23 6.05 35.10 19.8 50

Cr/ (mg/kg) 50.65 153.43 275.79 154.95 52.16 33.66 57.9 250

Cd/ (mg/kg) 0.26 1.63 3.46 1.41 0.82 58.23 0.11 0.4

Ni/ (mg/kg) 20.87 39.33 59.34 40.71 9.13 22.44 25.6 70

Zn/ (mg/kg) 53.40 99.59 149.50 102.21 19.44 19.02 54.2 200

Pb/ (mg/kg) 2.95 11.26 19.57 11.97 3.66 30.54 21.4 100

Mn/ ( mg/kg) 25.78 96.42 211.90 100.46 30.94 30.80

Fe/(g/kg) 0.63 0.93 1.18 0.93 0.12 12.63

+ 343 Salinity/ (ms/m) 0.01 0.11 0.62 0.15 0.14 97.33

pH 6.65 7.95 8.80 7.89 0.48 6.07

SOC/% 0.05 0.84 2.88 0.93 0.48 51.81

NO;-N/(mg/kg) 0.25 1.56 10.72 2.35 2.23 94.68

AP/ (mg/kg) 0.72 5.61 26.46 7.23 5.41 74.80

FHkI Clay/ % 1.04 2.83 6.02 3.04 1.04 34.09

kL Silt/ % 9.59 37.19 66.58 37.63 10.46 27.81

kL Sand/ % 25.60 59.07 89.25 58.72 11.63 19.81

SOC ; H3EA ML Soil organic matterAP ; 45 AU Available phosphorus

T HEAT LT pH AN M R LB B 1 B B OB T T 4 R e R AR R A AR Y L A
KHEE IR (32 3) BR Cr(P<0.01) Fl Ni b (P<0.05) , A7 HoAlb 4 8 U 3R 5 #h B R B 2 O AH DG
Cd .Cr.Cu Ni Fll Zn( Bk Pb M) ¥k 5 5 LR Bk By kL & i S 2 35 1B A6 (P<0.01) , T S0 & & 2
e 35 UG (P<0.01) , AHSCHFIE R B, 38 AL RN 40 A50RL ( Bk F1RY L ) 1958 I IS BE A Al T B 48 oo
FRICAE) ) SRIMT, Fe Mn Al 564G HURK 2 [0 A 35 H 51 | 26 01 A HLER A% A nT BEJE 32 24P IR &

A

R3 ITENRSESERENERHFEXSHF

Table 3 Person’s correlation matrix for soil properties and heavy metal concentrations

HHEE _ i kL [z
Cu Cr Cd Ni In Ph Mn Fe Sjnil? pH o S0C NON AP i‘i ﬁf: 5/3 f h
Cu 1
Cr 047 1
Cd 0.22** 0207 1
Ni 0.52** 0717 030" 1
In 071" 052" 019" 057" 1
Ph 043** 025" 023" 035%" 0377 |1
Mn 0.29** =0.11 0.05 -0.10 0.16 0.13 1
Fe 0.57** 035" 024" 027°" 028"" 020" 039" 1
Salinity 0.03 0.25*  0.07 0.20%  -0.02 0.07 0.01 -0.03 1
pH -0.14"  -0.09 -0.13 -0.17 -0.04 -033"" 0247 018" 038" 1
S0C 0.32*" 024" 034" 020" 025" 013 0.02 007  -030  -032%" 1
NO3-N 0.01 -0.07  -006  -0.07  -0.08 0.18 009 =005  -026"" -0.22% 033" 1
AP -0.10 -0.01 0.12 -0.06 -0.05 0.16 -0.03 -0.01 -0.09 -0.10 0.05 0.15 1
Clay 0.29** 037*" 013" 029" 023" 013 0.20" 0.16 027" 0.18 037*" -021* -0.22" 1
Silt 035" 043*" 023" 035°" 032" 005 0.17 0.06 0.13 0.05 0.23**  0.04  -022% 078%" 1
Sand -0.377" -0447" -0.15"" -036"" -0.27"" -0.06 -0.17 -0.12 -0.07 0.01 -0.26""  0.03 028" -0.82"* -0.99"* 1

# P<0.05; #* P<0.01
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2.3 HEEEURM T AT

XA A I E 4B TR A S H u RN I TAR A AT LI B B AR R 2w, DT Al R R
RES W e R, Fe ROk A TA A M LA RALIER @ w50 Z 8 g7 RG22 3 3 s,
Fe MM EEA BRI 5 280, 00 H 5 HAh e 4 Jm 52 0 35 IE M 56, R W Fe nT 1 R bn AL 50 19 2 % e F 0+
HABEA IE RS X  Ja o A B2, PRIHOX IR B A1 Fe AR AL R ( Cu Cr ,Cd \Ni Zn 11 Pb 435 5
Fe MY LUAE) 4T 5007, DL — 200 L IEREPE B S 4 8 Z M A OC R DA K G JB e R 1k I (1 2, 3R
4)

1.0

Salinjty © SPb
0.5 05 |
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San Mn %d ocroNi oCr Lo 7 oCu
o o Fe Qilt - Salinity ©,, |0 Sand oFe
E 0 AP o> P~ 0 Ni ¢ Cl
oPb oCu soc o it Mn
-0.5 1 S0C -05 |-
S
NO(-F)
—10 L ] —I.O I |
-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0
Fl1 F3
—_
1.0 7 - CgFe 1.0
e e Pb(Fe
CufFec Ni/Fe QAP Ld/Fe
0.5 | SOC 0.5
<l Salinity . Zn/Fe
PB/Fe "o Sllto Cu/Fe < ©Cr/Fe S pH
Cd/Fgo o NO;-N & | o Sand 0.
a Fs Clay oo : TFeT o \oatiity
@ o APMI eNO{—N \_/ Mn/Fe GS>iltl € Clay i
© pH soc
-0.5 |- —0s L
-1.0 | | -1.0 | 1
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Fig.2 Scatter plots of rotated component matrix for soil properties and heavy metals ( Raw data and Fe-normalization)

Salinity ; j:iﬁﬁ';ﬁ;Clay; FhBL; Silt, kL Sand ;. WKL ; SOC ; H3EAHHLT Soil organic matter; AP, R Available phosphorus

X F E AR, S USRI, o5 SO 2209 61.69% , ek T S FE R 2 1H 5 — N R 7 (F 1)
di ST 21 19.61% ,f04E Cr Cu Ni \Zn AR AT 0 A 1A HLAs | 31X — 45 5t BIE 1 R DG B 43 B 1) 485
Ro BT (F2) FEAAFEERE pH AR, B F A H KT 0.60, Fe Fil Mn J25 =K (F3) ) F ¥ H
T, AT R KT 0.7, %8 Fe F1 Mn W4 8 0K 0 RESZ R HERE AT, 7 807 22 11.12% 955 WA+
T UG HE AR A 48 Cd, Pb Al MR (K717 far 435014 0.64,.0.78 1 0.64) . X T Fe FrifEfb 2L
i EREAAG POAS PR TR B B I LR A 7 2519 60.12% . 55 —ANPRF A 4E 30k 4% (ffai> 0.80) , 45 —
AN FAUFE Fe ArEALEY Cr Cu Ni il Zn, UK T 0.60, X EH, Fe bRl T T HERAR T 8 4R 1Y 520 28
AN, AT RECEAFE B Fe bR L5 T HR I SE = ASFNEE IO B Ir 6 & (9 48 5 -5 D s 25 s
HR BRI S NS DU B AL S AR R ARG . RMAORE |, - 3ERIURE A 43 XoF - 49 A ORI °E 4 S 11
MEA BEFMW, — B S, Cr A Ni EZR T AR B, (ARFFE X Cr A1 Ni (9372 & i i1 T8 15
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S(E, AR R R 720 Hr 8 SR AT Cr Cu Ni Al Zn E2Z AN R, 1L AR 1S J0 X B4R A K1k
T UG AT FF R BN T2 T B PR KA, NG sl e TolkiG sh il RE R vt X 4 &R TR E
SR EBFHZ— ) Cd Pb R O 2 8] 1 5 28 2 W, 9F 53 IX A FIE e 24 A% £ FE ] R 184 i 4 e o
Cd.Pb FrE M FEFRE 2 —"7 FERRIEH o Kk B, B0 v 4 g 7 vk B, I RS2 i & A e
Jih FF 5 T s s SR, 30 T A W P A A2 B P A s 8 At R o A R e ) AR T
LM G AR B R ,2011—2017 4F1L T4 RAEHE I i 20 425 T5 va, LA B 36 43.5 77 va, He I AL
SR B AT 8 T i TR AT (U AT — T A A B A I it FH B 238 261—274.05 kg, B AF BMGE R T 2
fil BB, XFFICE Ph, R A TTRER INR)ZE T E 4R Pb ROV (EURREE B B[R] (38 m , JE 7K
HIHEE 2 5 S BOZOC R K AT R, b 2 130 P SR, X SR ST Ph & R T 5
[EGNERES /RN

x4 TEEREESERETAHEHNEM
Table 4 Rotation sums of squared loadings for soil properties and heavy metals

JEUEEE Original data

i/
Cofp],im HEAE(E HRA % FRTA %
Characteristic value Contribution rate Accumulating contribution rate
1 3.14 19.61 19.61
2 2.96 18.53 38.14
3 1.99 12.43 50.57
4 1.78 11.12 61.69
o Fe FRfEALEE Fe-standardized data
Compnent HEE (i Tk % RRITRE %
Characteristic value Contribution rate Accumulating contribution rate
1 2.90 19.31 19.31
2 2.63 17.51 36.82
3 1.86 12.43 49.25
4 1.63 10.87 60.12

EBOT I A0 e Jr ik IR ARk 15

2.4 [ By st 4 e 4 JE R B RS

P A Tl A 30 S it 8% it 8 15 S5 R JELUAR 0% 35k B (X 388 R, ThE B i 22 [ R U g L X R A T R 1)
HHERK IR B T A R TG YL I > Aol PRl B X e |+ 398 T 4 i vk 3 — i 2 It 255 PRl 2 i 1] i B < 1 3% 47 434
Tt ARJERRSE X IF A& AT T4 8 ot R AR B A R A A A R A, AN T B 7 s IX P, Fe A ifEAL A T 4
JEWFE AN L 22 AN 3 s, RT Fe AnifEALAY Cd .Cr A Cu =FP 48 0K, 75 Bl B W1 (1990s ) 2 &8
N T R TREIEF(P<0.05) , TH7E 1960s A1 1930s A B X M B W38 ke st . Rl TF BAF R 1) 3%
T, Fe FRUELLAY Ni 2800 T B3, I HLAETR -5 B R X (1960s F1 1930s ) HAF7E B & 22 5% (P<0.05) , Xt
T Zn F1 Ph, D101 0 9 b BB B2 3] 1960s B B2 DXt 52t [ FHa e SR Zn F1 P B9 & HE7E 1930s Bl B IX A1 (P<
0.05) Z1 4 R, BFFE M, Cd Zn F1 Ph ¥ BE 5B AC it A 50, Bl B 7 b 454 A DX 38 (1930 ) s 4
T AR, FEOX— X Zn 1 Pb AW EE AR, AL, RIS TE AR AL U - 4 T 4 B R 2 1) H IR 2 T
B, iR Z i Ph, ikl 7ot

£ 1990s Bl R X 1,6 Fll Fe AR b E 42 @ MOV B BT R AR X, 2 B LT B Ho A B 35 5%
M, A R AT, K328 R R AR A R 35T |, L R o0 FH K™= 9580, sl B 5. PSS 1E R 5
ARl SR E AR A RO T Y T, W T — R R E SR TR, SR,
FAOM T RS RN AR 0 A5 20 R -3 g PRk Bt 46 o i, SRRV b b ) 4 s A L R D R R O
&K, FECA VAT E SRR L B R R DT L A (1960s —1990s ) , iR 1L FE B AR AR ER 1Y
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Fig.3 Multiple comparison analysis of ANOVA and box plots for Fe-normalized heavy metal concentrations in different zones

2.5 [R5 00 1 4w vk B s

B 378190 DN =3 ) N1 IV LS R U T AN e e T DN L s s L DR = W i = = R ST
N, PR, 36T bR R D s B2 AT, AEAS TR R 773, 6 i Fe ARiEAL A 38 4 Jm vk B DL R i M 22 57
mE 4 R, BHACRE  Cr RIS A A 8UE , HUOR Zn (Ni Cu Pb Fl Cd, SR, S48 Fe FrifEALEY Pb
TEZK 7 35 5 b 8 e JC 32 i 3 A b 3 A O =X B2 07 22 3 W R B Fe ARVEAL Y Cu Zn 1 Pb BUVRETE 6
it R FH AP Z [ AT & P22 57 (P>0.05) o Fe ARifEALHY Cr 7EMEIR HLIX Oy 229.52 mg/g, .35 1= T X
FHHBAY 110.99 mg/g, [RIFE Fe brufEfLAY Ni ZERER (56.98 mg/g) .38 2 TAO AR IX (41.17 mg/g 1 36.84
mg/g) o KT Fe bRiffbnly Cd, 7E/K = F5 58 XMk B 55 55 (2.48 mg/g) , W ik i b (1.52 mg/g) Fl i F b
(0.76 mg/g) . EMAKF BR Fe trufEfbiy Cd F1 Ph 7E7K )™ I3 58 XA 38 i W BE A1, Fe ARifEALAY Cr Ni Cu F
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Fig.4 Multiple comparison analysis of ANOVA and box plots for Fe-normalized heavy metal concentrations in different land use
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LI 5 5 V£ 5 XU B B DI (3R 5) , Cd S R s, IO 302,56, KL =320 MR A
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Table 5 Single Potential Ecological Risk and comprehensive Potential Ecological Risk of heavy metals
5 F SRR S B B, RV A A5 KRR FE AL
Item Cu Cr Cd Ni Zn Pb PERI
K ME Maximum value 11.43 10.17 1854.85 14.57 3.35 6.38 1880.51
#z/IMA Minimum value 0.56 0.03 0.08 4.54 0.81 0.62 13.07
SEH{E Mean value 4.78 4.97 302.56 8.89 1.90 2.59 325.69
FRifEfR 2% Standard deviation 1.93 2.07 247.87 2.05 0.42 0.93 249.82
AR 5% Z B Variable coefficient/ % 40.31 41.60 81.92 23.04 22.09 35.77 76.70
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Fig.5 Spatial distribution of single potential ecological risk and comprehensive potential ecological risk ( PERI) of heavy metals

http ; //www.ecologica.cn

1065



1066 H

&
H

iz 41 4%

3 e

BRI LA TIL T A2 SR AR 28 2 M, L35 3t DX ARl T ARAR 356 95 K L3 R HET, 511
T UURY I BTG JR EAE  JFOHAT AR S IR A R I SR BRA2 B IR B, 20 1 g
AR L SR e PR 4 2% 11 2 i AR R I BT D AR W v 9 2 BRI DR 3K T 0 98 2 DX 36 e 98 5 % 1
DR B e JRe TR SCHL R, LR BR A DAY S5 S BE A 26 T4, 2 S 0 it -+ 98 v ) 3 Jm SR AR B 1K
S, DT 36t B J B J58 FEE RRE A 1 DR XU, e 2 582 M DX I8 1) AR 0 ) ml Hp e ) 22 A e TRt 5 8258 AR 1)
W, PRI FEASR BB ST R 2 S D PR ) Tl A= = 16 30 05 30N H e G @ OAE R 52 5 0, iz H
SONBRFE AR AT 705, BIB9S SRk | DU 7% B O i £ 40 3 AT
DR S SR IEA MR A2 %

4 Zhig

(1) BFE AR 6 FpAlS e s )&, A Ph (I (EAL T 1 5898 5 (8, Cu . Cr .Cd \Ni Fll Zn 75 T
T TS SE, B Cd = T E bR, AR T B K bn i, UL 20 p e 2 ) o 4 Wk B8 0 A 1) 2
BB ZE , Cr.Cu Ni 1 Zn I REA FLRI K IE SR I8, R B TAk G s sgm . FeEe £l i A vl i &
Hafn 43 g cd Pb S,

(2) [BI B3 0 RS A byl o W T 45 i vl 3 () A A B B T 401 (1990 ) , 3945 il R bR o Mo 6 X £ 358
TR EA BB, FEETTRAERNIEK (1960s) , Hremy el i il . Tl i 3 (& 4% A mIr=R) #l
W RN T R R A B

(3) AR R 5 R0 R, 55 Fe bRufEALAY Cd F1 Ph 7E/K 7™ 35 8 XA 55 B9 BE A, Fe ARifEAL B Cr
Ni Cu 1 Zn (R BETE B AR KB CREH AN 45 ) 5 T A6 3l X8k (K7 5250 Bt @ i) |

(4) Cd AR i A 25 RUBSL 230 AR VS G IX e 7™ W EE 4 R 5 Y B 2, B A B 3 5 25 5 T 7 AR B KU 48
) 5347 T — 3, R AE K= FR B AN ARO DX 38 0 A= 25 F b, & S AR Al (AN s 8 57 5 ) |, i i b DX gt
W E RGP IX 0 0 V22 V) R A 1 e T LA A0l 4 S 0 VAT AL 1 T RE A, DA T U /D 4 R G BIF 9 X K BR
BRI B, S A0, i Cd B E RV RE S SR A8, B e B T R, NIRRT B Cd DR AR R
i KA R B A s 4

22 3L HR ( References)

[ 1] dkbede, 2508, 2590, 1Rk, hENRER LT B0R S . R, 2005, 23(1) : 87-95.

[2] ZEgEME, REH, RSH, ER, SEA, E8L, B, RRRR, KRR, XU, SRR B R A RO i S LA & 40
Al PIVTHA AR E R IX . +HEER, 2018, 49(3) : 552-559.

[ 3] BaiJH, Xiao R, Cui BS, Zhang K J, Wang Q G, Liu X H, Gao H F, Huang L B. Assessment of heavy metal pollution in wetland soils from the

young and old reclaimed regions in the Pearl River Estuary, South China. Environmental Pollution, 2011, 159(3) . 817-824.

[ 4] W], B0, 29w VORI 32 Ui iR R 2 DU AR B 4 25 18] S0 A FRAE S B AE AR 2SR PP, IR TR AT , 2018, 34
(9): 51-59.

[5] XuLQ, Yang W, Jiang F, Qiao Y J, Yan Y E, An S Q, Leng X. Effects of reclamation on heavy metal pollution in a coastal wetland reserve.
Journal of Coastal Conservation, 2018, 22(2) : 209-215.

(6] Jm, Bef. IWARE Ges T s G mRIR J A BAS M. BRBTIE, 2019, 38(2) : 414-426.

[ 7] Abdallah M A M. Ecological risk assessment of heavy metals from the surficial sediments of a shallow coastal lagoon, Egypt. Environmental
Technology, 2011, 32(9) . 979-988.

[ 8] WuG, Kang H B, Zhang X Y, Shao H B, Chu L 'Y, Ruan C J. A critical review on the bio-removal of hazardous heavy metals from contaminated
soils; issues, progress, eco-environmental concemns and opportunities. Journal of Hazardous Materials, 2010, 174(1/3) ; 1-8.

[ 9] W#, &5, Y, REESS. VLRI Al Rl B X 13 o 3 A0 A5 R E BOR IS, VR BREE AL, 2016, 35(6) : 915-919, 925-925.

[10] mhantfe, XVB, BITH, HAkA, EH—, BRAMT. B ML X 2R/ NE RGP E B I5 Y L%, BT, 2013, 32(4);

http ; //www.ecologica.cn



3

FIesE A5 o R BT 1RV o e Tt i - S o < i 5 B OS2 i S AR 2 KU A 1067

[11]

[12]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

645-652.

Ramachandra T V, Sudarshan P B, Mahesh M K, Vinay S. Spatial patterns of heavy metal accumulation in sediments and macrophytes of Bellandur
wetland, Bangalore. Journal of Environmental Management, 2018, 206 1204-1210.

Hu J, Zhou S Q, Wu P, Qu K J. Assessment of the distribution, bioavailability and ecological risks of heavy metals in the lake water and surface
sediments of the Caohai plateau wetland, China. PLoS One, 2017, 12(12) : e0189295.

LiC, Sun M H, Song C W, Tao P, Yin Y Y, Shao M H. Assessment of heavy metal contamination in the sediments of the Shuangtaizi estuary using
multivariate statistical techniques. Soil and Sediment Contamination: An International Journal, 2017, 26(1) : 45-58.

BT RSB T S 2. BEARTITKAAE (1451-1990) . A0 . BERTIIKFIRREZ R &, 1994.

SRR B T B R e, KR TR R AR, 1998.

B O REDNAE. FOTE. Lt hEr SRR R, 2004,

Duan D D, Ran Y, Cheng H F, Chen J A, Wan G J. Contamination trends of trace metals and coupling with algal productivity in sediment cores in
Pearl River Delta, South China. Chemosphere, 2014, 103; 35-43.

Hakanson L. An ecological risk index for aquatic pollution control, a sedimentological approach. Water Research, 1980, 14(8) : 975-1001.
Delgado J, Barba-Brioso C, Nieto J M, Boski T. Speciation and ecological risk of toxic elements in estuarine sediments affected by multiple
anthropogenic contributions ( Guadiana saltmarshes, SW Iberian Peninsula) ; I. Surficial sediments. Science of the Total Environment, 2011, 409
(19) : 3666-3679.

R, B, TR ALTH LPOURIT RN, Ut EIRER AR, 1994,

E RIS, FRHEA YRR, GB 15618—1995 +IIREFitmbrifi. Jbat. hERAER R, 2006.

Turer D, Maynard J B, Sansalone J J. Heavy metal contamination in soils of urban highways comparison between runoff and soil concentrations at
Cincinnati, Ohio. Water, Air, and Soil Pollution, 2001, 132(3/4) : 293-314.

Chapman P M, Wang F Y, Janssen C, Persoone G, Allen H E. Ecotoxicology of metals in aquatic sediments; binding and release, bioavailability,
risk assessment, and remediation. Canadian Journal of Fisheries and Aquatic Sciences, 1998, 55(10) . 2221-2243.

Jiao W, Wei OY, Hao F H, Liu B, Wang F L. Geochemical variability of heavy metals in soil after land use conversions in Northeast China and its
environmental applications. Environmental Science: Processes & Impacts, 2014, 16(4) : 924-931.

Laing G D, 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.

Han Y M, Du P X, Cao J J, Posmentier E S. Multivariate analysis of heavy metal contamination in urban dusts of Xi'an, Central China. Science of
the Total Environment, 2006, 355(1/3) : 176-186.

Shan Y S, Tysklind M, Hao F F, Ouyang W, Chen S'Y, Lin C Y. Identification of sources of heavy metals in agricultural soils using multivariate
analysis and GIS. Journal of Soils and Sediments, 2013, 13(4) . 720-729.

FEM, KR, HEIF, TR, TR 0T M1 H D E SR OTR 2 25T, BUCHFT, 2016, 30(6) : 1294-1302.

FRARMG, 45 TRE. MOLRIT 1 I MM MR SR ORI L R 25 ) 0 A R AE B A S RS BT AR, IR AEAS 224, 2016, 27(9) + 2884-2890.

Jiao W, Ouyang W, Hao F H, Wang I L, Liu B. Long-term cultivation impact on the heavy metal behavior in a reclaimed wetland, Northeast
China. Journal of Soils and Sediments, 2014, 14(3) . 567-576.

LiQS,LuYN,DuYF, CatZH, Shi L, Wang L L, Li H J. The behavior of heavy metals in tidal flat sediments during fresh water leaching.
Chemosphere, 2011, 82(6) : 834-838.

iR, s, XN, i, M. AR E IR LIRS T E SR AR KR Rl TR, 2017, 33(23):
164-171.

http ; //www.ecologica.cn



