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Spatial differentiation characteristics, pollution evaluation, and source analysis of heavy metals in farmland
soil in a county in northern Zhejiang Province , China

LU Yue—feng, SUN Hua"

(Department of Resource Environment and Urban and Rural Planning, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The evaluation of heavy metal pollution and spatial pattern characteristics on cultivated land is of great significance for regional
farmland protection and agricultural product safety. Five kinds of soil heavy metals, As, Hg, Cr, Cd, and Pb, from 267 soil samples in a grain
producing county of northern Zhejiang Province were analyzed. GIS technology, the single factor and Nemero indexes, and an improved fuzzy
comprehensive evaluation method were used to analyze the spatial differentiation, pollution assessment, and source analysis of heavy metal
pollution in the study area. The results showed that the average contents of As, Hg, Cr, Cd, and Pb were 8.17, 0.211, 67.03, 0.224, and 37.26
mg - kg™, respectively, which were all in line with the secondary grade standard of national soil environmental quality. The soil heavy metal
block ratio of semivariance function fitting results showed that Hg>Pb>Cd>As>Cr, where Pb, Cd, As, and Cr were moderately related. At the
same time, Hg showed a weaker spatial correlation, which is greatly influenced by human activities; the soil in this county was pretty clean
and only a few samples were polluted. Pollution mainly occurred in the surrounding areas of the county town, and existed in the form of Hg—
Cd multiple contamination. This pollution was mainly due to dust settlement caused by long—term coal combustion in local industrial and
mining enterprises, as well as the development of the local battery industry.
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Figure 1 Distribution of soil sampling points in the county area

FEAS I 2 KT 5 A HEBR %, {1 L 425
1t 2 mm R BT G SRR A . As He & 543
M R 194 66 1% 1 (GBT 22105—2008) ; Ph . Cd &
o AT A B R WOOR 35 (GB/T 17141—
1997) 5 Cr & 12 40 B F M i W O 35 6 (NY /T
1121.21—2006)""", 5 1 F2 vp , Bir A5 #3240 4 730
55 2, HARXF R 2P HITE 5% S BN B PR 52 Jr 45
B
1.3 TtESESETLETENAE
1.3.1 7 RN 5 Y a2k

A 4 ST R T YT R L T
TS YFREGE . Ha AT

P=C./ S (1)
KPP REESE TR I WIAR R EEEG N
15 YIS FE 5 SO0 - R BE T AR i

PALTR 15 48 B R S L BRAS Gk 1Y
15 YRR N RELE A S B b A RS YR B T
LR TS AR BOE (RN E 25515 Yt 808 ) BE %
JE TR IS AR B - EHE DL S e, RS
MGG A ER . LR a5 AR BT A
wre

Ps=\/(PL. + PL.) /2 (2)
K P A NR LR B TR AL, Puc T Pon 53 AN LR
HRARECP R E S RRME . SRA TR R ST g



EBURL, 4 - WU S B - T 4 6 25 ()40 SRR 35 P SR IR T 971

PRERLR L, HIEE SRR E LR 2. 43RR
1.3.2 Bt RO 2R 53k 0 Xi<8ij-1,Xi 2 Sija
LI A R T P AR A M SR T = (X = S0 /(S = Sua) S < XSSy (4)
W25 A PEA V5 REBSAR S T4 B 15 s X 7 ) A B A (Sijer = X) 1 (Sijer = 8ij) - Sij < Xi < Sijs
FHA SR Y TR ZEFE WA, IR I AR 2 s T LR 5 PR BE R B LA S -
PRV R E SR Y b o th TSR 0 Xi<Sij-
WA TTMEE N NI ENETH SR ESEE =) (K= S50/ (55 = Si-) Sij-1 <Xi< Sy (5)
e oy, LIRSS , L J0 Tk P W B AR v 8 v i 1 1 Xi 2 S
T QR SE N R RES R, AT S L AR (R A F K 25 B TR A A SR B 4R D TR R
TR AR RS TS A PER
FARCG A I S A B 25 G WAL, i Z B T T
2 T 5 2 S B R B Ry oo (6)
BB 25 G PN DT i R A T o
()38 BRI 2+ A SO P R 2 BT A0 i 1 5 AP o P AN ES RN TS B SEE ;S
S B s R R PR R R A I R AR VRN X N RO ES § AR AR R s m
LT A R R R R m T Y BOERVEER L I<m<e IAS BTG X £ R 5
N (B R AR ™ it ™ MU RIS B i PN AR UE) (HJ-233
| X, <8, —2006) FI{ L HEERIE BT bR ifE) (GB 15618—2018)fF
ro=t (St = X0/ (Suer =Si) Sy <Xi<Sya(3) N EEIPMRIE A TR U G T R =2
0 X:> S PR, Bl =3,
VEY DT M 2 G5 4% 1 S R B BT AR A 5t (2) U o) 2 B < 75 R B AL RE A% MR 40 D5

®1 SHRITFMIEBS Rirk

Table 1 Comprehensive evaluation index grading standard

15 YA TS TFERE 5 ek P HEHL Evaluation index
Class of pollution  Degree of pollution Pollution level p. P
I YA HIE P<1.0 P#<0.7
B IR 1.0 < P<2.0 0.7<P4<1.0
Il BRIy -3 YW i SR AE I IR 52 25 G 2.0<P<3.0 1< Pu<2
I EREES 45 AR B TS Y 3.0< P<5.0 2<Py<3
v WGy 4 AR B G Y P.>5.0 P5>3

K2 TESEETEMRXIRME(ng ke)

Table 2 Soil heavy metal elements related standards(mg-kg™)

[ 25D T CRIAR T b7 PR B2 ST BERE A i) 125 (GB 15618—2018 H —Zhrifi)
Heavy motal Grade [ Grade II (Environmental quality evaluation standards Grade Il (The standard of level two in
cavy meta (Background value ) for farmland of edible agricultural products) GB 15618—2018)
As 7.59 30 40
Cd 0.152 0.3 0.5
Cr 717.55 150 250
Ph 30.35 50 80
Hg 0.16 0.25 0.5

VE - i FREA S pH {ETE 3.86~7.27 Z A1 43 Aii , BB AR, WOt I CED R A ™ ™ L B8 540t DA o ) p L BT o % i 25 s o LA B (L S8 3R
B BT RIE) pH (A B PN R e IR, OB IR SF R 22 57

Note: Due to the sample pH value distribution between 3.86~7.27, The total span is large, so we choose the highest standard in the range of pH of the
environmental quality assessment of edible agricultural products, and the minimum standard in the pH value of soil environmental quality standard, so as to
form grade difference.
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Table 3 Descriptive statistics of heavy metal elements in the study area(n=267)

. 7N 1 ~IE " S FA Y Y A Ha
FARLE f}S‘LJ H 1‘&_?({5 SfiEl i i zE A5 Y TS QR B
Minimum value Maximum Mean value/ . . Standard Average Background
Heavy metal . . . Median/mg-kg .. B . o
/mg-kg value/mg-kg mg-kg deviation/mg-kg pollution degree  value/mg-kg
As 3.66 29.9 8.17 7.65 3.04 0.37 1.14 7.59
Hg 0.061 0.944 0.211 0.192 0.11 0.52 1.50 0.16
Cr 28 109 67.03 65.8 12.79 0.19 0.84 77.6
Cd 0.024 1.41 0.224 0.212 0.14 0.63 1.59 0.152
Pb 23.0 81.5 37.26 36.5 7.39 0.20 1.28 30.4
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Table 4 Soil heavy metal content data distribution parameter and K-S test pressure
R J i Kot X Bl 46t o
Heavy metal T Uiz K-St PA Pz iz K-SH82 P pigyribution type
Skewness Kurtosis L-K-S test P value Skewness Kurtosis L-K-S test P value

As 3.35 21.06 0 0.75 5.96 0.062 X HOERS
Hg 2.83 16.70 0.001 0.24 3.78 0.667 X HOERS
Cr 0.05 3.16 0.396 — — — IEZ
Cd 3.98 29.77 0 -0.54 5.60 0.010 XHE S
Ph 1.83 9.78 0 0.69 5.11 0.009 XTHE A

UL 3 A R A T A LS AR R B
RAE FR25°F-J5 R RSS S 128 R G o A - P A 75
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TS ) 55 A0 O , J2s 0] 48 57 A2 B AL IR 5% 1 f 2, 3%
5 5% B ANETG Y I3 . As . Cr.Cd . Pb iy B3k b 34

AbF0.25~0.75 Z (1], IX 35k N X SE H 4 B O R BR T 32
WTER i Z b, iz 8 T — e AR 5 (B
PE AR A G ) AR X 2
23 TESERETEFN

M4 458 pH 5 o 4 s W B0 ds , 455 AH OC 12l
FTE TN AR, AR 2 B 15 AR Hak 5 A
BERA TR B T s YR U (R 6) . M Hmgs R AT
A R AR RPN T 1, BREINIUT A He>
Cd>Pb>As>Cr; BAR N M LG 1850 P+ 0.631<1, BfF
YK 4 O AR, RS G A - A o i
TR UE B TR B K s X He TS e S AT T, As
Hg.Cr.Cd . Pb M bR S8R 73518 1.26.0.16 .01,
15 L) Heg Cd o 5 LB T5 YA v 1, 5 e &
BN Y SRR R . SRR AR A Y

RS TEESEMNFFERYRBLXBRSY

Table 5 The type and parameters of the semi variance function model of heavy metals in soil

Th R WABR  Belic, EAMCG JOELCI(CHC)  Fm BGER G T Iy FIRSS
Heavy metal Theoretical model Nugget Sill Nugget per sill Range Coefficient of determination ~ Residual error
As Exponential 0.040 6 0.1152 0.352 37470.0 0.964 1.67x10™
Hg Exponential 0.076 5 0.098 1 0.780 65 850.0 0.955 1.053x107°
Cr Exponential 0.008 5 0.027 0 0.315 20 100.0 0.950 1.55x107
Cd Gaussian 0.132 8 0.3216 0.413 23451.9 0.980 1.195%x107°
Pb Spherical 0.015 1 0.034 0 0.446 15 950.0 0.943 2.768x107
xo ETRRTFESNETEMNENEERTEITMNER
Table 6 Evaluation of heavy metal pollution based on single factor and Nemerow index method

PR bR /M SN " LB/ % BMIGI% gm0 BTG % TG %
: . - : HiE : X . REEG U %

Evaluating Minimum Maximum Point rate exceeding Minor . . Moderate Severe
L Mean value . Mild pollution . .
indicator value value standard rate pollution pollution pollution

BT As 0.122 1.196 0.284 0.4 0.4 — — —

o

G Hg 0.098 3.103 0.651 9.7 8.2 1.1 0.4 —

Cr 0.112 0.436 0.261 0 — — — —
Cd 0.080 3.180 0.624 6.0 4.1 1.5 0.4 —
Pb 0.146 0.863 0.384 0 — — — —
Py 0.236 2.354 0.631 6.0 5.2 0.8 — —
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Figure 2 Spatial distribution of Nemero exponent
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Figure 3 Different grade point distribution of fuzzy

comprehensive evaluation method
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Table 7 Heavy metal correlation analysis(n=267)

As Hg Cr Cd Pb
As 1
Hg 0.058 1
Cr 0.076 -0.087 1
Cd 0.167%* 0.121% -0.031 1
Pb 0.240%*  0.140%* 0.101 0.480%* 1

T+ FORTE 0.05 7K CBUID ARG , ##7R7E 0.0 LR CRUID FESE
Note: * indicated significant correlation at the 0.05 level (bilateral )
correlation, ** indicated significant correlation at the 0.01 level(bilateral ).
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Table 8 The rotation component matrix of the soil heavy metal

maximum variance method

JLE H— W EE W

Elements First principal component Second principal component

As 0.297 0.682

Hg 0.516 -0.564

Cr 0.374 0.561

Cd 0.792 -0.155

Pb 0.909 0.001

(A 1.948 1.121

B & 38.97 22.42

By el 38.97 61.39
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