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Source apportionment of heavy metals in farmland soil based on the APCS—MLR model

HUO Ming-zhu', GAO Bing—ho®, QIAO Dong—yun’, Sainbuyan Bayarsaikhan®, AN Yi', HUO Li-li"

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs , Tianjin 300191, China; 2. College of Land Science
and Technology, China Agricultural University, Beijing 100083, China; 3. Agricultural Environmental Protection and Rural Energy
Management Station in Jilin Province, Changchun 130021, China; 4. Institute of Geography and Geoecology, Mongolian Academy of
Science, Ulaanbaatar 15170, Mongolia)

Abstract: To analyze the source and contribution of heavy metals in the farmland soil of Xiangtan County, eight heavy metal elements
consisting of cadmium (Cd), mercury (Hg), arsenic (As), lead (Ph), chromium (Cr), copper(Cu), zinc(Zn), and nickel (Ni) in Xiangtan
County’ s farmland soil, were qualitatively and quantitatively analyzed using geostatistics and mathematical statistics including correlation
analysis, factor analysis, and the absolute principal component scores/multiple linear regression (APCS—MLR) receptor model. The results
showed that: among the eight heavy metals, only the average value of Cd exceeded the screening value for soil pollution risk control in
agricultural land (GB 15618—2018), and the spatial variability of Cd was very strong, followed by Hg, both of which were significantly

affected by human activities. Geostatistics and mathematical statistics analyses indicated that the eight heavy metal elements were
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primarily from three sources, with industrial sources predominant in the northeast of Xiangtan County, where most industrial and mining
enterprises are located. The contribution of industrial sources to Cd, Pb, Zn, and Hg was 65.36%, 49.21%, 43.43% and 22.12%,

respectively; agricultural sources’ contribution to As, Hg, and Pb was 59.20%, 24.97%, and 17.82%, respectively; and natural sources

contributed 86.73%, 87.87%, and 89.67% to Ni, Cu, and Cr, respectively. The heavy metal content in the study area was mainly affected by

industrial activities and natural parent materials. Therefore, it is necessary to strengthen the source control of Cd, as well as the

management and remediation processes, and reduce the risk level. The combination of the acceptor model and geostatistics can effectively

analyze the source and contribution rate of heavy metals in farmland soil qualitatively and quantitatively.

Keywords: heavy metal; cadmium; farmland soil; APCS-=MLR receptor model
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Figure 1 Map of study area and soil sampling sites
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1.4 HiRabE

AWK Excel 2019 X} HiEH £ 4 8 & &
B SEAT R PEGE T 20 B, A IBM SPSS Statistics
25 #E47 Person A 43 A F A 773 #7 , 7€ Excel R 17
PCA/APCS 3Z AR H 43 BT (A DG TH58 . ML e 1t 0 #r
K AreGIS 10.6 #1551 70 B A 5 (Geostatistical ana-
lyst) , R FH 5 B 4 o0 4% 8 4 8 O S (B R A 7 25 (Al 4
18, FF2ihl A

HR5iHE

2.1 TEBEEESEHIAESRITAN
k1 ros, M E 148 Cd \Hg . As .Pb .Cr.Cu,
Zn FINi 75 & B F 4 4E 5 5y 0.62,0.16., 14.21
43.77.73.59.26.63.78.38 mg - kg #127.30 mg - kg,
Hodr Cd . Hg 1 Ph (1 °F- 8 73 ) 2 8 7 44 8 SH(E Y

2

H 5
7.29.1.67 . 1.62 %, As .Cr,Cu . Zn Il Ni V- {4 32 T
FHSME. BRCdih, HAESR T BN FHEY L
AL (- R T A b - S e XU A s A v
(i17)) (GB 15618—2018) FIr #L 5& A4 Xt 1 T 43 Ji 1)
A FH 1 A 3 Y RURS O e (6 . 151 S REAS s v

Cd.Hg,As Pb . Cr.Cu.Zn FI Ni i 5 15 (14 5507 o5 BE
I35k 75.66% .2.63% .2.63% 1.97% .0.66% .4.61% .
0.66% 13.29%

VR B 3T 4 8 53 RO/ IMIR Ol Cd>
Hg>Cr>Cu>Ni>As>Zn>Ph, Hor cdZ 7 250k, H
UK He, 25 (8] 53 J0 Pk 405, 3 1T BB A& A T 2 1 i
(), FEAE RS
22 THEELESRIEMRHT
2.2.1 3EE AR 15 YR I PR

(DA BT

W2 N, W52 X 48 Cd-Pb . Cd-Zn . Hg-As .
Hg—Pb,As—Pb,As=Zn .Pb-Zn,Cr-Cu.,Cr-Ni,Cu—Zn,
Cu-Ni Z [ A7 7E M 35 A 1EAH 26 56 R (P<0.01) , Hi
Pb—Zn F1 Cr—Ni #H & £ B0 0.500 H10.605 ; #H K 7 £
AU BH 3 6 T 4 R 0 B P 2 A1 R , A nl
REHLA RIS Yo R

(2)HATF43Hr

T 2B A% P A AR TR R A
A3 TR X RF ST X P9 1) 45 T 4 B 5 s R TR T -
For T R AE R B R B A5 B LT 48—

x1 HEETHRESESERABMSRIT (n=151) (mg-kg")

Table 1 Descriptive statistics of soil heavy metals content in Xiangtan County (n=151) (mg-kg™)

fFs I A M T2 ESRH AR
Elements Mean value Maximum value Minimum value Standard deviation Coefficient of variation/% Background value
Cd 0.62 7.70 0.13 0.69 111.29 0.085
Hg 0.16 0.77 0.01 0.11 68.75 0.096
As 14.21 37.00 0.25 5.33 37.51 14
Pb 43.77 88.00 21.00 12.95 29.59 27
Cr 73.59 295.00 6.40 36.82 50.03 68
Cu 26.63 96.00 9.10 12.81 48.10 26
Zn 78.38 215.00 29.00 2591 33.06 94
Ni 27.30 112.00 6.60 11.83 43.33 32
*2 HEETEEEEHEXES N
Table 2 Correlation analysis of heavy metals in Xiangtan County
Cd Hg As Pb Cr Cu Zn Ni

Cd 1

He 0.141 1

As 0.055 0.222%* 1

Pb 0.469%* 0.235%* 0.223%* 1

Cr 0.025 -0.041 0.122 0.082 1

Cu -0.064 -0.113 0.159 -0.058 0.292%* 1

Zn 0.437+%* 0.097 0.307%** 0.500%* 0.066 0.412%%* 1

Ni 0.082 -0.046 0.120 0.191 0.605%* 0.228%%* 0.121 1

2 R7E 0.01 K CBUR ) R e 3

Note: ** indicates the correlation is significant at the level of 0.01(double tail).
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FPIHERL , 23t KATRE AR | 11 1 57 5 2t A
+ 3 Cd . Pb Al Zn B AR T R SEIN I 4
XA -5 2 B, Cd  Pb Fil Zn 2R IR F
A 104 8 MRS Tl TR RN <2 3 YR S5 A S R R
Yang S5 7R W LR IA A & B, Cd Rk B Tl
Heflo 25 b, I LR A Tl .

T2 TTHRF R 20.54% , AT KBS R A
Ni Al Cr; K 3 0 BRI 17.56% , 2 of #6K 1 T 4
J& HA Cuo 122 1 A1, Ni B34 35 5w A% T390 i
B A, IF H Co Ml Cu 3 & i il 420 T &=
18,4350 R 15 5eE A 108 A5 R 1.02 1% o A G4
Ni Fil Cr 2hy i 3 M 1F 4 5¢ (P<0.01) , A1 5C R K
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SEMA RN A [ 434 ok, 3 R 4 R A
FEARL AR A3 A3 R AE FTRR AR L Cr Ni L Cu B4 5 {528 ) A
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T4 TR 15.84% , WA KR E4RA
He Fil As, 3f H W HoA B EAH M NS A R
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REA AL Z b A rfE 22 5% . tHIE 2 AT LB, He &
{E XA v, S ARME XA B B A PR, H 19 735 7 i
(B Y b TS B 1.67 %, Ul iZ B 3 He & A7
R VAT R B (XA T 3 A S R A 281t ]
T JE A7 E HE T Hg JE 7K A Al 3 0 s (L X -
Hg (1) 2FAT R KA IS HE RS B . As B S EIX
TEBEA BN A 43 80, 5 T Al 40 A X K35 E X
ToH 25 [0 B . wh B A Giersz FEMIF 5T B
He 1 As AR 25 1 B Z AL O 2, 2 Uit % As K 24
f) 1 HE As & FAE AT 3K 2 000 mg - kg™, & R it i 4k 24
) 200 A AFE. B He BUTCHL As R Y 25 2
HIZ N TR0 B iR T E 4R R tE, 245
WAE A T BB AR . BT 4 Al
222 3 A R TS YIRS AT

(1) APCS=MLR 2555 YL U 57 ik 2 1) ml S
A

HR A5 APCS-MLR 52 {45 BURE R 43 17 1 4 4> &
TR e o a3t 1 R FA54) , PR 4 Xt 32 115
5355 8 PhEE 4 J@ T % oy i EA T 2 on gt ml A
Mr AR50 5CF 8P E 4 R T R M Z ookt A 72,
R A& TR & R PLGE, 5 S A 1R A,
ZAE T 1 B 2 or 2Pk I )T 4L B A,
R 325 R Won , SLAE/SSMME Y R T 1. 5348, Cr,
Cu.Zn Ni &AM R EII KT 0.8,Cd . Hg As .Pb [
BHXRBIBKRF 0.7, 28 LW, APCS-MLR J5
ER ORI R

(2)2£F APCS-MLR 975 YL I 5Tk K115

WG IR AR S A R T4 A B ST A A
APCS-MLR 4347145 , 15 2175 YL IR 1R 51 R E & I b 45

®3 TEESERE TR 2 4ER

Table 3 Rotation matrix of factor analysis for heavy metals in soil

JLE [HF Factors

Elements 1 2 3 4
cd 0.859 0.010 -0.047 -0.048
Pbh 0.798 0.130 -0.016 0.256
Zn 0.651 -0.032 0.636 0.151
Ni 0.123 0.887 0.073 0.003
Cr -0.015 0.886 0.131 0.025
Cu -0.086 0.211 0.878 -0.039
Hg 0.157 -0.050 -0.259 0.786
As 0.040 0.085 0.371 0.746

LLENRIEN 1.848 1.643 1.405 1.267

TR 221% 23.11 20.54 17.56 15.84
RRRB ST 2% 23.11 43.64 61.20 77.04
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Figure 2 Spatial distribution of soil heavy metals content in Xiangtan County
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