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Abstract

This study systematically assessed the pollution characteristics and ecological risks of six heavy
metal elements (As, Hg, Cd, Pb, Nj, Cr) in the surface soils of the Dongting Lake area in Hunan Prov-
ince, China. A multi-methodological framework, including individual pollution index (P), geoaccu-
mulation index (Igeo) and potential ecological risk Index (Er), was used to assess pollution degree.
Moran’s I index was used to analyze the spatial autocorrelation characteristics of heavy metals. By
comparing the accuracy of four spatial interpolation methods, the optimal spatial distribution
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characterization method is determined. The absolute principal component score-multiple linear
regression (APCS-MLR) and positive matrix decomposition (PMF) receptor models were used for
source analysis. The results showed that Cd and As were heavily polluted in the study area, followed
by Hg, Pb and Ni, and Cr was slightly polluted. Source analysis shows that the major sources of pol-
lution include agricultural activities (which contribute the most), industrial emissions, and anthro-
pogenic activities. The spatial analysis showed that the distribution of cultivated land and grazing
land was significantly consistent with the concentration of heavy metals. Based on the research re-
sults, it is suggested that relevant departments should take targeted measures in the agricultural
production process to reduce soil heavy metal pollution and its potential ecological risks.
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1. 518

AR, PEBEM T AR IR 5t S 280 i AR, o [ RIS SR R AR R, R IR X
FERAIE. TR, FJ7 RR A IX S QAR R & 2 T AL S VU EE[L], LRl ey K HERE . AR AL
AR FEREFESIE. TS SAGEHRAE Z B K. Eemin i s . ik
Tl S B A S AR HE AN NAR, 0 A LA A B AR UM 2] DRI, O J 3 B e i e XU PP A
PREMTOT T, CRONTS GUR BB R R B 2L

RGP RS R TE . TSR IRNE LI BIAESE, OISR e L. SRR 2
JEEAFAE: AR IR (AR A 17 ) . SOEHRBG TR I [B1 A RNL BN fh [A1 IR S B 2 5
BREA 7o (A AR s, K2 LR G s e B HLE S 2 () S T, A RS A b B
T TR 5], HHEE SR LG(GIS)EIL A 0] 7 A 5 AT EOR, C ROV E G R TS Y= [0 B 7T A 0
TR[6], Horod B ik (Kriging) 58 A 22 18] F AR ORI B, 8 R XAl A DR L 3 . 1207 8%
CESR U AR X710 VLT3R B AT S8 A 25T 7T [8] h 45 2 A 2R IE

R B DA VD N AR S B, MR R 27 A A P DR S IR AE S RS
MG AE9] [10]. #RMD, LRI E S m o A ml B H 217 &, fifi(As). #R(Cd). #(Pb)5ETT
bR, ARG RO S RGN T R T [11]. AWTFT L 180 R IR R AL B AL,
iz v B gl B SO AT B e i S ) 70 AAR Ry, 58 R T SR AT J i el o b, B AR . 1)
ERITR VA MERRHE; 2) BRSOV T IE LS 3) HGE TSR R 5= 2% K R4 XN (38
PEVEAL o B FCRERAN AT iR B2 0 A BB R AR PERL 2t TR O R SRRt s i Geia PR 17
FARAE S . RIS R ] o AU S LR, AR A BT R - vRA - 2R ARk
PR R, NI S S i ik SRS HF

2. MMEHE
2.1 FIRESE
ARIRBE DX S T MR I, BT A S B TSP, AP A AR AL, T T
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Figure 1. Geographical location and soil sampling points in East Dongting Lake area
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2.2. TIMEFEAREMIHT

HRIFBE X K 2 FE, HBRIAEE ST %, DARFHO AN Ay R 22 LR R, SRR i %, S
FUANIR) 23 8] X I 4 S 15 Y IR A7 AE 8 22 57 o AR 0K — I L, AR AT 90 [ BA St 24 0] 0 X (53 M A e T
T KRN IAT T RGN TR AR o AR DX R FRFAE, K AR B 3 DX K1) 43 Dy 2 1 FH b (D)
RAFHAD AKHEAD) ARHIV) EHU(V) KRRV R ERA, 856 77 et s, d—24n
A3 NV (D) R R (D KT ARHIAV). 2B (V) ZRBMEVD ST MEVID A2 KIS (VI .
TERFESAT R b, LR E 180 ANRAE L, IWAEFH7 70 A 53550 o0 A JE U, RS b R I 2K 280 K% b 2 T
PR S B B R TR RS (VR FE G i b, A% FH 7K B R 200 m x 200 m 4% s #Rdh R 400 m x 400
m PG RS, e B A VR VD MESR I 500 m x 500 m A% . SERE S 2 2E i T GPS S ORI AE o

KEMEHEIEEARNTE, ZBRIRA . WRSESR, 1 20 HE Wi, 1055 RE &R 1Y 4312
AER, HAPG AT I pH A BHE PR E Rou R A S ENE ST H—tid 60 B kiE, H
TARAFRE . LHENR LS FESETH S FR—mid 100 B, HTFRSoiEesEsi.

2.3, TMESRISERITEMS

2.3.1. BISHRIER(P)

BRI Y FR HOE 2 B I PR AR AE XS IR AR AT B M i, SR, S R ok
T NFEARL ST G R . TR ] 1, THSEARIE, AT LAt AT 1 O A R A 5 PR b i T B
ERFR, B HHIWPFO X 25 Qe 1 5 GeRt

R :Ci/si @

Ah: B ONRIG Qe 8G CONEBES RMSENRIEZ; S, NS MM dE(E S 5. B <1, &
AT Y: 1< P <2, FoRBEMIGY: 2< P <3, XRBEIGY: 3< P <5, LS P >
5, RoNHEEIGG.

2.3.2. MiIFRRIEH(1ge0)

Hi 5t ERFEHOCRR Muller 3550, AMUHEFE T B RM TS PR 0 SHE A0, T 7 T
NGBt B 4 @5 Y sem, DRk, AR BSOS I T G o A 6 E SRR A RRAE, T HL AT BARELA
NGB BRI, X o N AT SR S 4 [12]. HAT, Igeo O 4 Zig Tt & &R 4E
TEJ ARG R, FRAE) N T R VD XM TIE B 2% 7 1k e A 200 31 B 4 R AR 1) | AR R (05 %)

l o = l0g, (C,/1.5B,) 2
X C, ——FRdh n IR
B, — 1 SR
15— B IE4RHEL.

ZAREWE N T A
2.3.3. £EBREEF(Er)

A 25 AU R 7 f 2 FH Hakanson $2H 9, & F A SRS 0 — AN 230, BT IR Ts a4 25
KRG KIM RV EVBEARI RN, MHER T SFHE, AR5 RN REMRE RN
U, Er FECE) s T LR E S R A M A, JRESRPUEF Matehuala R0 IX AP
B, SRAPTZN X R Z L E SR 2 /5 A46[7]

E, =T, xCif (3)
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K T ——FrE & B A O R T
Cif — V5 4[AF.
Hrb, Er 9 NEANA RIS

24, TIMESBZEEHERX(Moran 1IEH)

B 2L FRH(Moran’ 1) & —Fi s 8] A OG5 ik, At T DA 270 8 7 () — A DX 3 Py F S U4 2 ] g A
FLARAE , P TR 2 (R HOHE AR ARR BE (R Ge T H A o DT B e 1 23 BT Hh 32 s [X 4k o 46 o 5 4% 14 J& BRI [13]
[14]. =518] H A0S 20 N4 =25 18] E M 5% (Global Moran’ 1) Fl & #4525 18] H A1 9% (Local Moran’l). 4R 524 5%
YO LR (-1, 1) 1 AR DG st i, T = 5025 1) 1 AR S I R Y B WA BR T~ (=1, 1), LBRok, T2 [a)
MR, HAT, Moran ¥ iz H WA LR SRS A, JRAEBR TG A I X A
F HAAIE B 7 VR 28
L2 (X = X)(X; - X)

Szzinﬂz?,jﬂwu

(4)

A 1— 2R E ARG
W, —— %% [ B 5
Xiv X, ——RFEA A LRI R
X ——Xi WP 351 ;
SP——Xi 7 %
21> 0 RTINS R ERIEA, BADBK, MBS, BAA MR REE
—Hg; M 1=0K, RRTHEANEEMECE; M 1<0r, RoRBEESN RS, BERDN, Z5
PERRA S, HA 2 e SRR — .
FEAR (8] H AR A b, W AR T R IR S (Z), WA A SR R S e (B B HA R AR
P, A

_1-E(1)
2= AR(1) ©)

A E()——4 5 Moran $8%1) 312214

VAR(I)——F1 /M4 5 Moran 8501 75 7% »

R, RN E R RS R FAR G R, 42| > 2.58 B, UEBH 2 AT IR AR E AR A ) b Rk
e
2.5. BESHBERAR

2% [A) 47 2 ) FH AE FCAR LI 5 2 2R WSO B9 21 11 B 802 ) 0 SR HE TR R ir B AR s . H IR
W C R S RIS T C R, Al h sl HeAh A B AR, S TR EE B T NMRE 2 A B SER
T A S R 25 (B A AT, 7R 2RI 5 P A 25 (R B2 B I IX 180 AR A5t BT SR HDCELH S H By A~ [X 3k
HEERKE ARG BT, RERTHERECH: il 5 B 432:(0K) W B InBUE(1DW). J&# % 1
3L (LP) . 256 ULk v B 42 (EBK).

2.5.1. £ M5 B & (EBK)
2256 DU 3 o7, B 4y (EBK) AN R T 8 50 R e vk FIE ., 4806 DL 3 50 B Sy R (EBK) A&l i 1,
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SRJEAE A BT Z R, AR AN Ty 2 AR A o R DU S v B A T B 2 TR AR
KA G A, CAHR o RE AT VRl T I A0 62 B B[ 7] EBK BRI RE 4R T4 B 28 g 2 s (] A 70
AR 5 H bR AR A O [15] -

25.2. B EREEEOK)

AR SCKE R e B Al (Kiriging), %07VE 3 T G0 iE 2 R B G 7 3%, A% R T s I HE
] AR S, X 2 () AR S BRGS0 B E, R RS THE S 2E[7]. B S VR RO IR
JE ) FH PR TRE AR B SRS B, 7R e L SR VA TP ER, BB TR ESER
P b Z R (A B DG ZR, A5 JERE A 2 I (1 2 1) o7 8 0 2 DS IX 34 7 i 4 [ 43 A7 [ G5 A RS E 257
IR 2o o0 B AR VR (A% O A T X R B 738 4 R R B, T s D) & 5 br . ARSI AG 1T,
ZITIEA DL R AR

Z(x)=2AZ(x) (6)

Rt 7 (x) ——x S FE
Z(x)——x ARSI
i T Z (x ) BB

2.5.3. WEEEMMBLE(IDW)

PR B IR (IDW) & —Fh 28 R A (R 1, e 38 I 740 B 7E Bl 0 07 B I P 3ME, SRl A8 B AE
RENLE HE, eSO AL B B 5 AR R E 5 O B 2 AR 25 R HE[16] o X R B 1)
S0 B L A () LA B A T R S K. SR, IDW A — AN EEE AR R i, AR S A
JK[17].

2.5.4. BEBZINAE(LP)

JRy ¥ 22 Ui (LP) R — 2 (8] B U7 i, B iRl —A> 2 I R Hdl & B © b B A A
RAMGTHRFA B RE. SHMBREREHAIEETEARF, LP 1HE%EEHE /M. LP %
ARAEFINRLR N =30y %, AR R T B bn iy B 5 A A s w2 R 18] i 4 2 10 ek £cad
BB AR TR, LP J B S AR M R R B S R AR [ 7]

2.6. BURAMES 4T

FIF Microsoft Excel S 4y A SR HEAT Frik I s, DI R % 50R, FE0 8 4Bk #7453
FISEHES T R Arcgis FEEKI & FhIhAE, HEAT SRRE IR HE LA Kriging #8828 (43 8 & Fh 42 B 1)
23 )0 At e L. A8 FH Origin A R B HEAT SR ATk, BIERT R, ARG B, W B0 kAT 1
—BT
3. &R
3.1. ESBHR NSRS

IR TS T S S AR B s . AWFAU6E As. Hg. Cd. Pb. Ni. Cr. Cu. Zn. Mn. Fe } pH %
ARHAT M. AREKH, LIETEE R PRI As (87.71 mg/kg) > Mn (77.82 mg/kg) > Zn (75.63
mg/kg) > Cr (49.19 mg/kg) > Ni (40.98 mg/kg) > Cu (25.29 mg/kg) > Pb (22.02 mg/kg) > Fe (1.16 mg/kg) > Cd
(0.99 mg/kg) > Hg (0.46 mg/kg). A B & @ Ik B3y a T akbniiEE, o As. Hg. Cd. Ni. Mn.
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Zn Sy AN E 4 3RS 5 6.27. 4.6, 14.14. 1.46. 1.00 Al 1.00 f%, FRWIKHE /T FEMNZ B EE RIS
e, KIZLIES 35N As (14.00 mg/kg) . Hg (0.10 mg/kg). Cd (0.07 mg/kg)« Ni (28 mg/kg). Mn (77.77
mg/kg)~ Zn (75.59 mg/kg) (¥ 1).

ARIFBEHIX +-3 pH B0y 7.15, BEFUME -SRI TIRAL Ty . bRl BN H R IR R B O
IR N: As (32.82) > Zn (24.79) > Mn (21.55) > Cu (16.02) > Cr (15.92) > Pb (7.13) > Ni (7.00) > Fe (0.25) >
Hg (0.08) > Cd (0.06). W48, Hg. Cu R IEUEEE, HAHAHXIEME; As. Cdv Pb. Ni. Cr. Zn,
Mn. Fe 2HUERE, AT TH, WESHTE2R, As. Hg. Cd. Pb. Niv Mn. Fe 2Ff@/%, Cr. Cu.
Zn 2w, LR REKE, As. Cr. Hg. Ni A5 % (10%~100%), Cd. Pb. Cu. Zn. Mn. Fe Ay
S92 5 (<10%) . KJZETIEEGEKREE G, e 5K EBHE LN NG K.

Table 1. Descriptive statistics of heavy metals
#* 1. EERMAMRIT

As Hg Cd Pb Ni Cr Ph

Mean (Measured) 88.71 0.46 0.99 22.01 40.95 49.33 7.14
Standard Error 2.45 0.01 0.00 0.53 0.52 1.19 0.06
Median 93.44 0.48 0.99 23.23 40.56 47.85 7.22
Standard Deviation 32.82 0.08 0.06 7.13 7.00 15.92 0.84
Sample Variance 1077.34 0.01 0.00 50.83 48.98 253.49 0.71
Kurtosis —-0.43 3.42 —-0.45 -0.25 —0.48 -1.28 18.03
Skewness -0.59 -1.78 -054 -0.59 —-0.46 0.06 -2.74
Range 131.04 0.41 0.28 31.59 31.14 54.35 7.679
Minimum 17.91 0.15 0.80 3.98 23.09 22.19 7.21
Maximum 148.95 0.56 1.08 35.57 54.23 76.54 8.40

Sum 15880.72  81.49 17743  3939.73  7330.378 883042 1278.846
Coefficient of Variation (CV) (%) 36.99 17.39 0.61 0.32 17.09 32.27 0.12
Count 180 180 180 180 180 180 180
Confidence Level (95.0%) 4.84 0.01 0.01 0.01 1.03 2.35 0.12
Toxic Response Factor 10 40 30 5 5 2 N.A.

3.2. iISRIKFEITFMN

AH3 MG AS %, THRZRIARE M X 3% 5 46 8 FR 05 4efa 4. As. Hg. Cd. Pb. Ni. Cr. Cu.
Zn WIS AR 500y A 6.34. 4.60. 9.91. 0.81. 1.28. 0.73. 0.97. 0.80, #F/¥*y Cd>As>Hg>Ni>
Cu>Pb>Zn>Cr. Hr, Cd. As NEEGH, Hg ARG, Ni MBS, HARITRG R8N T
1, faFERU/N. Cdv Asigidafi & m T HAGR, TFEAHE.

H BAREOE IR, Cdy As b T R EGJOKT, Hy ARG, & RAEnl s R 2 3,
159K N R I 04 - 1geo {5 R0 F: As(—0.23~2.83, JH 2.07). Hg (0~1.90, ¥J{H 1.62).
Cd (2.45~2.85, 31H 2.72). Pb(-3.35~—0.19, #%{f—0.88). Ni(-1.06~0.18, #J{f—0.23). Cr(-2.20~—0.41,
HJ1£-1.05). Cu (-1.87~0.03, ¥J{E—0.69). Zn (—2.17~—0.30, #J{t—0.90). Cd. As ¥MH AL T & E WIS Y,
Hg NEi54, Pb. Niv Cu. Zn NEEG Y, CroNREE PSS, 5 16 1geo LT 0, HRE
3% Cd 1) Igeo H & & T HAME LB 2. & 2).
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Figure 2. Box diagram of Igeo values of heavy metals in surface soil of East Dongting Lake
B 2. REEHRETIRESEN Igeo ERFHEE

Table 2. Single pollution index of heavy metals
*2. EERBIUSHEH

As Hg Cd Pb Ni Cr Cu Zn
Prmean 6.34 4.60 9.91 0.81 1.28 0.73 0.97 0.80
Prmin 1.28 1.50 8.0 0.15 0.72 0.33 0.41 0.33
Prmax 10.64 5.60 10.80 0.82 1.96 1.13 8.54 1.22
Pstd 0.17 0.06 0.04 0.17 0.02 0.02 0.05 0.02

3.3. ESR=ESHEHE

LT R K AR R, RS M 52 fm X 38, A8 7 sk B4, SRA Arcgis H11 Kriging 4
B3R HIEE SR A A0 4. K 3 JE/R T Cdy As. Hg. Ni. Cr F1 Pb FIASIAI0A6, H%ik %14 v 10
ANEY, KHJUFIX LS. Asy Niv Pb 240k A0, Cd. Hg. Pb EE /AL PG &, As. Cr.
Ni £ 7EF . Cd {5 ™, EhFARILES. FifmEs, JGMEE LAY 2. NJE3hD, 55
B VEEAN R RN SRV . R R IR VE ) S ECE SRR, R RS AR R IR R
AR B RHPRIFRIE G B 5 68 25 7 73 A b = i 2 ZEIR B R 3

N E B LR 7 i, BT GIS SRfE A . B T8 57 REU(CV). 7 R Z (RMSE) FIF- 25 AH X %
Z(MRE) VAR RS 1 o 25 SR, Ml 77 BL 400k (OK) RS BRIk, 456 D17 50 L 492 (EBK) i) RMSE %
%, REEEIALZE(IDW) K MRE 1%, Ni #1 Cr Y] RMSE &, Hg Si%. 255800 S 8 BT ik,
A 772 2 R FH AR R AL SN ARRAE . CV s T 2R mfl, KT 2RRMEAM, MRE B CV K
MG K. EBK &AM EEA, Q&AM EE, BT A2 Rl
N IDW BCE A ZIX Ak, (HARRF TR EBK FIFERILR4F. IDW T4 CAME R INBCE35, RB4RIE
AR EBK B RE A 18] HAH G, SRAEAHRE AT, SRR A hH IR R DR S TS . IDW &
T ERAEEAT %, EBK GG E A5 . sl E I T BARER AT 55 75 K (35 3).
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Figure 3. Distribution map of heavy metal concentration in East Dongting Lake

E 3 FRESXEESRKRESHE

Table 3. Comparison of the four interpolation methods

3. MR EE R TUBIELLR

.29 - 0.36
.37 - 0.41
.42 - 0.45

.46 - 0.47

.5 - 0.5
.51 - 0.53

.54 = 0.56

Psos-1216
Bz -ne
[ 17.23 - 2035
[ 20.36 - 22.20
[]22.3 - 2349
[]23.5- 2024
[] 24.25 - 25.4
[ 25.45 - 27.38
P20 -0
I 052 - 35,57

l 22.19 - 32.55
I 32.56 - 40.87
. 40.88 - 47.55
D 47.56 - 52.9

Heavy Metals Predictive Errors OK IDW LP EBK
RMSE 12.92 15.22 13.37 11.84
As MRE 0.20 -0.66 0.14 0.00
CcVv 0.02 -0.04 0.01 0.00
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RMSE 0.07 0.07 0.07 0.06

Hg MRE 0.00 0.00 0.00 0.00
Cv 0.05 0.02 0.01 0.02

RMSE 0.05 0.05 0.05 0.02

Cd MRE 4.33 0.00 0.00 0.00
Cv 91.88 0.00 -0.01 0.00

RMSE 4.82 5.42 5.43 5.14

Pb MRE -0.02 -0.22 0.23 -0.04
Cv 0.00 -0.04 0.04 -0.01

RMSE 4.98 4.69 4.65 4.40

Ni MRE -0.01 -0.77 -0.10 -0.01
Cv 0.00 -0.17 -0.02 0.00

RMSE 7.59 7.83 8.03 7.92

Cr MRE -0.14 -0.19 0.13 -0.11
Cv -0.02 -0.02 0.02 -0.01
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Z B HAH R RBOAIE, WA AT e IX e 38 & HAT A AL R)RVE, A BT, IR AH F] 9 R-E. Cd-Pb. Hg-
Zn. Ni-Zn Z [ BEAHOG, AT R Rl — ki .

“, k

Hg o027 // 0 0.6
cd // @ 0.4
/

Pb 027 Sz .
N // @ 02
Cr // 0.4
Cu // 06
Zn oar //

o &R

Figure 4. Pearson correlation diagram of heavy metals
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AWFIT 6 FhHIEE L B4 ER Moran SRR R, Moran $850358:8 T 1, REM AKX T ELE
BFAEIE S (MAE G, ORI E /N, T8 AT e SR 4E/E— 2. P-value <0.05, z Score > 2.58,
YR ESEICR B &R E S B, AR AR S MR R . IR % 4 v LIS
t Moran 5% M As | Cr. Ni. Pb. Hg. Cd {fk#ifi®. As Fl Cr ) Moran fE8U =, 7S [BIAHOC I 22,
HE B SRR — E AR5 QLR sTEkAE R K, As #l Cr Al RE2 R —i5 3 E. T LIRES)R
(R RIE AR X B A4, V22 DR 22 o] RS L2 A1 A2 i, SR 45 SRR - BT SR T — 8 B R e 45 SRR B, 24 Moran
FREAN z-Score FETUER [A] AL — S, HOoRJE—FL.

Table 4. Global Moran index of heavy metals in soils

F 4. LIBPEMESERILTX Moran 153

Heavy Metal Expected Index Variance z Score P-Value Global Moran Index
As —0.005587 0.001764 20.210682 0.000000 0.843246
Hg —0.005587 0.001726 9.054839 0.000000 0.370652
Cd —0.005587 0.001764 7.338859 0.000000 0.302657
Pb —0.005587 0.001762 13.980142 0.000000 0.581264
Ni —0.005587 0.001764 14.64871 0.000000 0.609728
Cr —0.005587 0.001772 18.319007 0.000000 0.765597

412 ZHERB R

FVEAL TG RR TR, SR APCS-MLR #1 PMF B RS2 AR BEAT 70 B, R0 H B4 J v e =Kk
J5(E 5. % 6). APCS-MLR %5 %575, Factorl %f Hg. As. Pb fITTHAZR =, 705N 75%. 71%. 59%:;
Factor2 Xf Ni. Cr [TTBkR 73514 77%H1 62%; Factor3 Xf Cd [TTHRE A 51%, Xt Hg. Ni HITTRARIL
A 2%. FIR KT TR 3 A Factord (45%) > Factor2 (37%) > Factor3 (18%). PMF ff 4k 5 5 APCS-MLR
—3{, Factorl %} As. Hg. Cd. Pb fITT#R %5 7N 72.43%. 61.60%-. 59.09%. 47.60%, Factor2 X} Cr ff]
TR %N 68.30%, Factor3 TTkFHK. PMF B2 ih Y5 (1) T35 DTk %6 Ay Factorl (48%) > Factor2 (33%) >
Factor3 (19%). PIFMERL S REA ROR A Gl .

(a) (b)
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Figure 5. Contribution rate of heavy metals from different sources (APCS-MLS model and PMF model) (Factor
1: Agricultural activity Factor 2: industrial activity Factor 3: human activity)
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DOI: 10.12677/gser.2025.142033 326 PRI


https://doi.org/10.12677/gser.2025.142033

[ Factor 1 [ Factor 2 I Factor 3

48%

Figure 6. The average contribution rate of the source

6. SFRIRH) P DIRRER

Factorl TTHRZ I 45%, FESARMIESNIAHIC . AR FEW DX BE RO 7R 5 5 3 498 o 4 g ™
b, Cd EEARIATE SAEM 64.2 £, EEJE IR X2 A0 T Ao A . Factor2 5 TOiEshARE,
W JH B VT ARER ) 28 7K RIS 0 A Kl NG Ak, AR B T R S8R F LR
FEJi. Factor3 TTHRRALT 20%, EE 5 TR 2 K A8 8 2 S HE 5%

72 5 {78 APCS-MLR il PMF HE8Y f FiE 5 SEE T G o S TME 5 SEfE 2 th(PIM)#2iE 1 B
R2>05 I, 45BN NaTEE. AT, B REW AT 0.8, KUK 7 oiik 5 E 4@ IR L amek ik
#. APCS-MLR ] PIM (B SEPR{E, KEREA AT EEMEE o R P AR R 2 A G 2o 2Ry5 L, (2
APCS-MLR 7RI/ BC LB RSN SE F o S [RIBET 4 8 1A S AR R 2 5

Table 5. Compare the accuracy of receptor model compatibility
5. tEERFHMREEARERMY

Heavy Metal Measured APCE-MLR PMF
Predicted P/IM R? Predicted P/IM R?
As 15967.08 17324.26 1.08 0.97 15791.70 0.99 0.96
Hg 81.97 79.36 0.97 0.92 74.94 0.91 0.94
Cd 178.41 185.39 1.04 0.89 186.13 1.04 0.95
Pb 3962.8 3879.16 0.98 0.91 3598.00 0.91 0.93
Ni 7376.79 7236.84 0.98 0.85 6771.15 0.92 0.88
Cr 8854.93 8296.26 0.93 0.82 7637.17 0.86 0.85

4.2. BTG

AH SO T e SOE A B SR T, VAl 3R )E T e I AR A KU [ T (B R A A 3 XU
FEH(PERI). As. Cd Fl Hg ) Er f4r514: As (12.79~106.39, 18 63.36). Cd (240.00~324.00, #J{H
297.35). Hg (60~224, #J{H 182.16). As [¥] Er {HALT 80~160 2 [f], JEsmAZ& KK Hg # Er K344k
T 160~320 Z i), JEIRGERAEZS K Cd (1) Er AT 240.00~324.00 Z [H], JEIRHEFEALGRA B RE . As,
Hg A1 Cd % B3RS 835, TR se . RIFREW X R Z S E & )8 Er ¥EHT Jv: Cd>Hg>As>
Ni>Cu>Pb>2Zn>Cr, HEHEERE Er [HH/0T 40, BRMAESKE.

W 9¢ X 38 PERI 3548 4 554.79, R IIAA{EIRAAS KK . PERI 2% 8] 4 A 5 5 4 & =y R B X ek 3 i — 30
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ARIFBEHA X PERI E N 353.23~641.20, HjhbT5mZ RS2 /], HrdE ILIX PERIEHEUE, 7.22%H1X
R RGR X, 92.78% @3 K& . T Hg. Cd. As [t 23 = (20518 40, 30, 10), HREEKP
BE, EENREK, TRAHE. HAE SR A S KIS BRSSO (% 6. F 7).

AW 5T R H Hakanson AR 1 TH 50715, (HR 0T I E &R IR, S2br K 5 4001 T REA7E
—EMNRZE . AR R X BRI T AR e, 295 e R K R AR, SRR SR R
R, SRR SEA) P K o

Table 6. Ecological risk factors and potential ecological risk factors of heavy metals
6. EERIVESNEREFABEESKEEF

As Hg Cd Pb Ni Cr

Efmean 63.36 182.16 297.35 4.08 6.34 1.19

Ermin 12.79 60.00 240.00 0.73 3.61 0.65

Ermax 106.39 224.00 324.00 6.59 8.47 2.25

Ersw 1.68 2.48 1.29 0.10 0.01 0.01

Ermedian 130.82 192.00 297.00 4.30 6.34 1.14
PERImin 353.23
PERImax 641.20
PERImean 554.79

RI

[ 1353.45-400
[ 1400.01-500
[1500.01 - 600
I 60001 - 700 ) km

Figure 7. Spatial distribution of potential ecological risk index in topsoil
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