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Spatial distribution and pollution assessment of heavy metals in typical
cultivated soils in southwest Zhejiang Province
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Abstract: [Objective] The heavy metal contamination of farmland in one town of Liandu District, was
comprehensively mapped through soil sample collection and analysis, providing a scientific basis for
subsequent comprehensive soil safety management and comprehensive pollution management. [Method] The
principal component analysis (PCA), single-factor pollution index method (P;), the Nemero index method (P,),
the land accumulation index method (/4,), the potential ecological risk index method (/z) and ecological risk
early warning index (/gg) were used to analyze pollution assessment, and source analysis of heavy metal
pollution in the study area. [Result] The exceedance rates of Cd and Pb (risk screening value) were 60.71%

and 39.29%, respectively, but both were lower than the risk control value of soil pollution on agricultural land.
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The average value P; of Cd was 1.31, indicating a slightly polluted level, while P; value of the other heavy
metals was less than 1, indicating in the clean. P value was 1.10, indicating a slightly polluted level. The /4,
value of Cd and Pb was 1.74 and 0.79, indicating in moderate pollution and no pollution-moderate pollution
respectively, the rest of the heavy metals was in the clean. The average potential ecological hazard coefficient
E! of five heavy metals was less than 40, indicating a slight ecological risk. The average value of Iy was 48.87,
indicating a slight ecological risk. /g reached the slight early warning. Hg and Cr were influenced by both
human and natural factors, while Cd, Pb and As were mainly caused human activities such as mining pollution
and livestock manure application. [Conclusion] The soil in the study area is generally slightly polluted. Cd and
Pb are the most important ecological elements in agricultural soils, and subsequent treatment and dynamic
detection should be increased to ensure the safety of agricultural products. [Ch, 4 fig. 6 tab. 37 ref.]

Key words: heavy metals in soil; spatial analysis; risk assessment; source apportionment
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1.1 HREXEER

5T X AL TV A Wi K T AR X K £ (28°32/287~28°38/28"N, 119°53'18"~119°59'45"E), i fL>
64.14 km?, XIS LTk, Bl s, MBIl g £ SR I Z XSRS, R
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5.06. HELER 166.59 mg-kg ', AR 51.98 mg-kg ', A 95.89 mg-kg .
1.2 HFmEERSH

AR5 DX b 0 TR A R A, ZERT O PR BB R (L 1), T D0 9 P 2 SR AR i o7 AN
ML 1 km, SAZEPEZY | kmo AR HEE SR T E O MARE, IS HEOR W X 8 A0 15 10 A5 1
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cm F T - SERER 10 6y o RORIE RIERES R IRYE, 76 5 mxS m IE 7B XS P R4 5~8 A AR g, HE IR
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Figure 1 Location of sampling points in the study area
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150.0. 1.3, 40.0 mg-kg ', pH<5.5)" HZM{A, RIS YFEEL (P) FINHGE FEEL (P o) XA IX
IS RIS YAEH, %S ISR [22] DAWITAS H TS RE (Cd. Pb, Cr. Hg. As ¥R
{H19024 0.07, 23.70, 52.90. 0.09, 9.20 mg-kg ) NS MEPT, R RIGE (Jgeo) W 1IEE SR
YR AR RAEE, T 0203 WOCH [24]. DL GB 15618—2018 H g4 FH Hb 5 e XU T 8121 Jy bm e
KPS AEAE S KBS AR5 [ e —F 4 )m WA AR G R B (ED) MZE G EAE S XS A8 5L (Ip)] PP 14
& Jm TS Y iV AE A A AUR 250, I P A A XU TR 8 B () HEAT 1 4 V5 4L 1 T P4, Horp
Cd. Pb. Cr, Hg. As FUFETERBUM I8 30, 5. 2. 40, 10, FEAZEHS 0 SCHE [16].
1.4 HiESH

K H] Excel 2016 #1 SPSS 22.0 Xf 1 d 4 J@ 1748115047, 12 H] ArcGIS 10.5 2 il 3R AE 5341 B A
H 4 @25 53 A 8], FIF Origin Pro 2021 2 il + 18 85 43 J& S A A AR U R (&1, 32 1343 Brids 3 i
e 4 Jm ok IR
2 ERGHH
21 BEESERESHEBUARTESH

% 1R FRXIX 45 Cd, Pb. Cr. Hg.

As 3 R 800 0 039, 69.41, 4038, 0.10
336 mg-kg'. 54k HPFE A bR (GB 15618 —
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Table 1 Descriptive statistics of heavy metals in soil

T T /04U (g kg )

Gk
2018) LA, BHEKAHA LECr. e, AsE " T w o B s
BEOMEOIE T 095 Y WU T (5 43 Cd il Pb Il 039 6941 4038 010 336
BRERAM 5 60.719% F1 39.29%, {EIE T4 T Hb + AME 015 1899 607 005 071
HETE e KU A (. FHE Cr A As -3 B i 40 Ok SEONIEL 139 21045 28720 026  30.67
. bR 22 022 3679 49.72  0.05 4.19

BRI LIRS =(E, Cd. Pb fil Hg ‘F#4 &
BB 0N SEAY 5.63. 2.93 A1 111 1%, M .

. . i B2 2.11 1.61 3.88  1.55 5.27
SPESENTTRECEE, CrflAs TENER A e
BKRT 100%, J&Fids, RHZRARTINK
K; Cr. Hg, Pb A% RECH 10%~100%, J&THEAZR, 3 Cr Al As 090 B R BOMIE B R0 3%
T HALHIEE 4R, (HPE R B 15 Y XU T el , M 38 Cr Ml As 78 eyl X dai 52 71 i 22

TRZEH% 5561  53.00 123.14 47.08 124.69

6.83 3.61 16.65 2.62 33.53




41 55 2 ) FoRAE WY R R M R S 2 ) A B A 399

BURZS

K2 R0 By L3 Cd B9 BR80T LA LIRSS (R, P8 o o MO Ao XU B B 1
{EUAR T XU A 0 r%%¥ﬁﬁiﬁﬁmTM&éi%HR%%ﬁ (RS oA T - 498 35 e JXURS:
TR #8oFEAh Pb iR 40 T XU i (IR T XU A P . #8703 e ke Hg Jo 0 e T
TR S, (R T XBR I L . AR Cr Ml As BTt 73 MUK T As LR S

2.0 500 900 15 50
400 - - — - = V1) | S
15k -cen-
‘ 600t 1.0}
- 300 - 0 o T30k e
B o 2 k] k]
=) 1.0} &n .DD W
£ . | E .| E £ £
3 <200 1 5 S %20t
© & . 30F =05 <
05| ¢
100 | 0L ____ _
L _ | 1 F----- )
() ol — 0 % 0 0 i

ARIRWIT A LIRS TS Rl SRR 2R 5 HI4R GB 15618—2018 A< FH Hhy - 38 [RS8 42 o v 07 e B AN 42 (L o
B2 MRRIEELESHHIKE
Figure 2 Box plot of soil heavy metal content distribution
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Figure 3  Spatial distribution of heavy metals in surface soils

22 TEESEIHEEHE
MIE 4 AT DL 2% 25 428 Cd B /- BC e &y P2, P3 Ml PS mifi4 )2 35 Cd i i HibE +



400 WroIL R R K A R 2024 4E 4 F 20 H

HEUR RGN FRAR, PL. P4, P6. P7 Ml P8 fifiie% /2 +- 4 Cd it /3 b + 2 R EE (s imi . PO A
P10 507 ]2 Cd T 4 BUIR TR Z AR )E 3. RFETREE 3 Po i A8 fb#a %l . PL. P4, PS5,
P8 s o7 T Pb [t 40 A0k 1+ JZ IR B RGBS i s4 i, P2, P3. P6. P7 Ml P10 s +HE Pb i 44kt 1
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Figure 4 Vertical distribution of heavy metals in soils
SN AR B BB S AR T B R m . T i 2 DEEN R, HIEAIN SRR AR
THISAERRIGY, AT YORIR, R G R RO AR A LR R TR BN E s B
PRHERGIE, LI i o i 1 2 00 4 s e 3 MR D e ey 2 A9 B e R R R
HERE R R 05 Y DTk R . AMIEIE YL Cd. Pb Ml Hg 4 AT 3875 YL STIkRE 20 2 12.0%~65.7%
8.2%~42.6% # 18.3%~62.3%.

23 EERERTETEEN Fx2 TESESETHIEH
231 B iFLIH I N T AT I HEN Table 2 Heavy metal pollution index in soils

o ) o o o N LATGS YR RL(P) P el

LI GB 15618—2018 4 J Hb XU 07 356 {5 g #s 14 GeiHHhn R o e ECay

T BT Y Y 48 B (P AN MG 25 505 YL 45 Bl Tl 31 099 027 008 008 "
(Prir) +HECd. Pb. Cr. Hg Fl As 9 P FH{E5Y /IMA 0.50 027 0.04 0.04 0.02 0.38
Bk 131, 099, 0.27. 0.08 F10.08 (% 2), H+ Cd Z N | 464 301 191 020 0.77 3.40
i P>1, JBEMIGY, HARESE P<1, Jjsj,  WiEE 073 053 033 004 010 056
(Pu:r) N 0.38~3.40, SEXJ(H 1.10, BTG AERFEU% 5561 53.00 123.14 47.08 12469  50.57

A=} . . ’ jH. 1. N °

M6 3 %0 39.29% s i)t Cd 1 P<1, MFRSNI A7 60.71%, HbhRias e REEE YL,
ohRE VS YL I S HL A R 44.64% . 14.29% F1 1.79%. 60.71% B 507 148 Pb 19 P,<1, #BARSNI 5
39.29%, H a5y, BEEIS YL . T RET YR 0y S0 5 EL iR 33.93% . 3.57% 1 1.79%. 96.43% I 55,
4 Cr i i<, MARASDL A EE 3.57%, B TRRMI5 Y. He fl As 2350 Pi<1, &S, H
UCHEWT Cd RN P 2SR X IS e B ENE SR . N Pua®B, Pra <07 05005 ALK
23.21%, MRS 76.79%, Hrpig s . BTG L b TS gL . E RS Y s g S R
28.57%. 42.86%. 3.57% 1 1.79%. SMAKE, W8 X AR5 Y™, 2R BUB B 1, 15
o SRy Y
232 MARZIMHCEIFH MEAFH: HHECd. Pb. Cr. Hg 1 As (B BIEEL (o) “FIIMEST 51 R
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Table 3  Distribution of heavy metal pollution points based on the pollution index method

WA IR Y SCW% Tfiifj VRSN AL
T Hg As ]
P<I1 PREES 3929 6071 9643 100 100 Ppy;<0.7 i 23.21
1<P;=<2 BRIOSY 4464 3393 3.57 0 0 0.7< Pyp<1.0 I 28.57
2<P<3 BEHE 1429 3.57 0 0 0 1.0<Pup<2.0 BETGY 42.86
3<P;<s5 RS g 1.79 1.79 0 0 0 2.0<Pyn=<3.0 rpEE TS g 3.57
P>5 WG 0 0 0 0 0 Py >3.0 CiRCEA 1.79

1.74, 0.79. —1.49. —0.56. —2.49, 1 +3 Cd 1 Pb (1 Ie,>0, 43k P BE VS YL RN TC IS Ye - 5 G 5
Cr. Hg Ml As ) Lo <0, JCI5%%. 13 Cd [ Iy, WAL awRMENR, HrpJolsde-pEETs e, hEmae, H
TS Yo SR T5 Y . BRI5 Y4r R 16.07% . 55.36%. 25.00% Fl 3.57%. + 4 Pb Y L., A5 AR N
85.71%, HpJoisye-hgisye . gl Y . PTG Y5075 Y 7 BN 46.43% . 33.93% 1 5.36%, + 1
Cr. Hg Fl As ) Lo, RUOIABARRA BN 8.93% . 17.86% F 1.79%. ST, BFIEIX A AT 3 A9 52 i
T, BHECAMPb EMmEEE; 14 Cr. Hg Ml As fA7Efe il s 4,

F4 TEERHRRBBERALST

Table 4 Statistical table of evaluation characteristic values of accumulation index of heavy metal elements

AR (Ugeo) AR R EL (o) AL L %0
AL IE SEYME FrifE2E Loy <0 0<Ipeo<1 1<Ipe, <2 2<]pey <3 3< ey <4
cd 0.51~3.73 1.74 0.69 0 16.07 55.36 25.00 3.57
Pb —-0.90~2.57 0.79 0.71 14.29 46.43 33.93 5.36 0
Cr -3.71~1.86 -1.49 1.13 91.07 5.36 3.57 0 0
Hg —1.53~0.94 -0.56 0.60 82.14 17.86 0 0 0
As —4.28~1.15 -2.49 1.03 98.21 1.79 0 0 0

233 HEASRIERECERESRERE X FN MESTH: £ Cd. Pb. Cr. Hg fil As IIEAE
A B SE EFLR (ED) S IME 4> 58 39.45. 4.96. 0.54, 3.09 F110.84, +3E Pb, Cr. Hg Ml As i fIF A S A
EI<40, AbTRHOKFAK: . 3 Cd WES®m, PR 39.45, ZALIREEROR, KK 139.30, /N
14.94, 35 31 v 85 RN 5 AR 2 RUBS AR 550 7 L 20501 R 26.79% i1 3.57% . 1 IX 38, Iy 2l 18.80~149.55, V-3
H 48.87, BF REZEFMREK, (ARSI I <150, TR, EZoEtH 7 15 Cd.
X IR g H-3.99~1.21, F38-2.26, AbT IO 500 BB . R FHUEAE A= 25 KUK 8 Bl Ak 28R
B PR BUA IR . WFSE X 4 4 AL TR0 S Y g

x5 TEESEEEESKEITMN

Table 5 Evaluation of potential ecological risks of heavy metal elements

BT AR RU(EY) TR T R MU(ED AL LR %
L , _ A
Ak R AR bRz AR R R% Er=<40 40<E; <80 80<E;<160
cd 14.94~139.30 39.45 21.93 55.61 69.64 26.79 3.57
Pb 1.36~15.03 4.96 2.63 53.00 0 0 0
Cr 0.08~3.83 0.54 0.66 123.14 0 0 0
Hg 1.43~7.97 3.09 1.45 47.08 0 0 0
As 0.18~7.67 0.84 1.05 124.69 0 0 0

234 E oo Gl ERT (R 6) B aIA LI S FhE 4 09 BAOR TR, R 3 AL
4y, BHTTERVE N 69.037%., 45 1 F M4 (PCl) 2R TTHRAR N 25.899%, Hg Fl Cr BA 8K EF, 439
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7 0.749 1 0.668, 45 2 F i (PC2) BFHTTHR R K 22.636%, As il Cd ELA K7, 200k 0.887 Al
0.505, %5 3 FSr (PC3) ZFTTHRZ N 20.502%, Pb ELAB KM, M 0.891,

®6 TEESEIMASNW

Table 6 PCA result of heavy metals in soil

FON BIRRFAEE PEUFJr R it o3
FRIERE  TTRR%  BBUITRCR%  RHE( st BRUGTRSv%  E4E PCL PC2 PC3
1 1.295 25.899 25.899 1.295 25.899 25.899 Cd 0.446 0.505 0.440
2 1.132 22.636 48.535 1.132 22.636 48.535 Pb =0.079  -0.017 0.891
3 1.025 20.502 69.037 1.025 20.502 69.037 Cr 0.668 0.178  —0.263
4 0.862 17.230 86.268 Hg 0.749  -0.273 0.151
5 0.687 13.732 100.000 As —0.100 0.887  —0.046
3 7tk

310 TESEEFLEENSH

AR FRHZF LIEE SRS RN L, B TENTFNERAEE - E X5, UGB
15618—2018 H {14 KBS 0 S AELAE R 75 Se (iR, BAIs Jedg Bk 45 R on CdJRBRiis iy, WP LG5
AR BB RIS Y . RN T SUE bR EE AT IR B, MR B8 BOL 45 R B Cd b 5 4L,
Pb JBICT5 44-rh EETS e . DL GB 15618—2018 Hvif U Tl BEAELAFE 5 BB, WA A 28 XU $8 B0 o0 it
ER IR 5 FE &R MR MUK, Az S K R R TE RS AR R T . DI as SRk E, e
B P £ 0 T Cd Ny LU R A, MRS Jedig Bk . AR HE B0k Fb R R AR B0 X 5 R 4 JE 1 L
R, X EZIEARF LM E 5 AN W S EBE R S5 R0, IR 18 B0 Bl 4 T s 4% T 4 R X
AR RIVER, Dl i TP 31E 85 K S R AE IR W &k A, 8.5 52 K E s ARk S R 1Y
o AR BRI IR T RUAAE I TR SE A, H RS A R SRR A R 1T et
B, TCHAT TR )l X R P BT i A T LA AT W A A IR i i B A A XU T 8 B e A
B AN SR B ROk, (A 20 T 4B A 15 YRR 4 8 =2 8] B A s s e/ B
3.2 TESEEIRMGN

MAFFSE X A 35 T 4 Y S R T s ok R, B3 He AN Cr 7658 1 £ BA R . A5
K& 135 Hg F1 Cr (B 0 B T IR 5o, (B8 Cr B R RBUR K, R Cr ZFIA
RGN K, WAAZIEMEA . & &2 EHRE AN F R, 6 58 Cr 32 ) - ek b 24 1E
A5, 5 R AR 2 B TR OC . R RIBEZ h He g 0 BB b S IR L, X SR
Az = Hp R B AR (A LA S LR K A 5, e, 3 He AN Cr 2 B KN A SR 0L K3
Sp=A 08

AHFGE 35 As PR TR BUR T WA AR Rl (1 As B R REK, 22 A hEm
R 8 Cd P s o e TWiis DI E, RAURNEERIS, JREE 20 a2 se IF
R FEAEAEAE CdI5 Y, CAMREY, 3 As & As REGAAHUE R, 29 70% KL
A2 Bl FRK B B3 -8 As Al Cd K RABPP, J5 KR . 07 LR R AR T B T = AR 1)
Cd &+ Cd EERIEN L, Hk, +3 As fl Cd Sl . S5 FFREA 5,

15 Pb PR A B T WA DI A, B X Pb 2 A E L, H M Pb HImmH
RAL S SR A . BILFECT W R BAREE T Po AR RIUA 2.58%, {H Pb EAE
PERE R, [Al— XIS i i T8 2, s 13 Po 2R, R, 1338 Pb 325 & & 2808 it 1 19 5200

4 Hip
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