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Principal component analyses and geostatistical analyses to estimate source apportionment of heavy metal

(loids) in tobacco—growing soils in the Southwest region of China

WU Hai-wen"?, LUO Ting"", MA Jin*, HUANG Cheng-yi*, LI Wei—bo', CHEN Jun—pu'

(1.Water Resources and Electric Power, Sichuan Agricultural University, Ya’an 625000, China; 2.State Key Laboratory of Environmental
Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 3.Electrical and Mechanical
college, Sichuan Agricultural University, Ya’an 625000, China)

Abstract: To qualitatively and quantitatively analyze the spatial distribution characteristics and contributions of heavy metal (loids) in to-
bacco—growing soil in the Southwest region, 256 topsoil samples were collected and mathematical methods[correlation analysis, principal
component analysis(PCA ), and positive matrix factorization (PMF)] were used to analyze the sources of Cd, Hg, Ni, Pb, and Zn; previously
obtained results were verified by geostatistical methods. The results showed the following. The average contents of Hg, Pb, Ni, and Zn (0.19,
41.99, 38.43, and 106.66 mg- kg™, respectively) in tobacco—growing soils were lower than their risk screening values (1.8, 90.0, 70.0, and
200.0 mg- kg™, respectively). For Cd, the average concentration(0.66 mg-kg™) was equal to the local background value (0.66 mg-kg™") but
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exceeded the risk screening value (0.30 mg-kg™). The variable coefficients of Cd and Hg(81.21%, 84.21%) were big, clearly indicating

the accumulation of these metals. The three main sources of the metals were parent materials (Cd), transportation (Pb, Zn, and Ni), and in-

dustrial sources (Hg). PC1 metals(Pb, Ni, and Zn) were mainly accumulated in the east of the study area, which had a high volume of traf-

fic; the PC2 metal (Cd) was distributed uniformly, and the PC3 metal (Hg) was accumulated mainly in the northeast and southeast of the

study area, which have a high concentration of industry and mining operations. The degree of overall pollution of the heavy metal (loids) in

tobacco—growing soils was negligible; however, it was necessary to take appropriate measures to control the risk of Hg and Cd contamina-

tion. The systematic combination of GIS with multivariate statistical analysis proved to be an efficient method for determining the anthropo-

genic and natural sources of heavy metal (loids).

Keywords : heavy metal (loids); source identification; multivariate statistics; geo—statistics; tobacco—growing soil
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Figure 1 Locations of the sampling points
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Table 1 Descriptive statistics for heavy metal (loids) concentrations of tobacco planting soils (n=256)

WiH Cd Hg Pb Ni Zn OM/% pH

KA /mg kg 3.81 2.21 118.57 85.21 315.74 8.31 8.50

Fe/ME/mg kg 0.18 0.03 17.56 16.92 47.72 0.56 3.78

P/ mg- kg 0.66 0.19 41.99 38.43 106.66 3.33 6.50

Hil/mg kg 0.50 0.17 39.42 35.94 103.80 3.20 6.60

FrifE2/mg kg 0.54 0.16 13.46 12.62 30.15 1.12 1.04

75 S5 B K %o 81.21 84.21 32.04 32.85 28.26 0.34 0.16
B /mg - kg * 0.64 0.11 35.20 39.10 99.50
T SEA % 30.86 83.98 69.92 36.33 58.20
+ HE HE(E /mg - kg 0.3 1.8 90.0 70.0 200.0

I /mg - kg 2.0 2.5 500.0 — —

e AFAE X 1S SLE (CNEMS, 1990) 5" F PR it A% b 4= 8805 e XU A 455 1M G4 1) ) (GB 15618—2018) H1 5.5<pH<6.5 i il 1Y

Frif

Note:* Soil background values of the study area (CNEMS, 1990) ;" The standard of 5.5<pH<6.5 in Soil environmental quality risk control standard for

soil contamination of agricultural land(GB 15618—2018) was chosed.
A (2.0 mg-kg™") , fA7E—E N E 5
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A SR 1l K L 2 1] B AH G OC R /5 e 3 a3 o M it A
LB
222 EWA

F AL 43 T (PCA) S JE F 32 748 o Ay A% o 2 (]
PR B OC R AT R AR TH, oT DUAF € 80 %
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Table 2 Pearson correlation coefficients of the heavy metal (loids)

concentrations in the study area

Cd Hg Pb Ni Zn  OM  pH
cd 1
Hg  036% 1
Pb 021%% 031% |
Ni  030% 0.16%% 033+ 1
Zn 027 028+ 0.53%% 067+ 1
OM  023% 0.16% 005 0.13% 020% 1
pH 007 004 002 -007 004 0.12 1

T 72 0.01 7K ORI b 8 25 A5G 5 7 0.05 7P R 1
FR

Note : **Correlation is significant at the level of 0.01 (two tailed ) ;
* Correlation is significant at the level of 0.05(two tailed).

kI . R3S, BT RS ESE
15 YR A5 BEAR T i 3 A E A RO, 3 E A
DR 7] A A R s 28 B 1) 82.48% , D A iy 3 > Al T~ g%
S W4 S 1) R A L

R3 TEESRETREFHA

Table 3 Factors matrix of the heavy metal (loids) in the soils

JLE R PIF Factors

Elements 1 2 3
cd 0.07 0.94 0.14
Hg 0.10 0.11 0.99
Pb 0.85 -0.09 0.16
Ni 0.69 0.49 0.15
Zn 0.87 0.16 0.19
TR/ % 39.10 23.23 20.14
BTk % 39.10 62.34 82.48

F 53 1(PCL) 9 BT HR % & 39.10%, PC1 b 2 i
A K 43 J& A NiZn A1 Pb, i A & PERT AT, Pb 5
Zn Ni'5 Zn Z [R5 @ VEMI SC O R, B LA, 45X =
Tl e 4 J (9 [R5 AT BEMEAR Ko WFSE R, Zn F1 Ph #£
FIZE R AR BRI Sk 2 A i T L BT
FRAE A AUBR S 5, E A BREE | Bl 5 ST AE 1 8
A R, Pulles 5P IWFST K BN K B% LR 2 1 S rh
Pb.Cd.Cu.Zn Ni % & b i 32 28 5 R 5950l A ¢
35 S0 . H 2000 45, K 1] i B3R R 452 7 5
LS Ph Rl (FJEE 48 Ph AR v LI & il
AR R R SR, Ir LA 7 1 o 283 75
YR 77, #3015, PC37E T 4 )@ Ni.Zn Fl Pb A7
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Figure 2 Percentage contributions of three factor profiles

derived from PMF
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Table 4 Results of semi—variogram analysis of factors score

E il TR FIR T 2(C) HE(CHC) ASFR(A) k2% B _ G
Parameter Model Nugget Sill Range/km RSS R Co+C
PMF-F1 iR 0.25 0.29 12.30 7.58E-03 0.40 0.85
PMF-F2 1o AR 0.14 0.70 9.35 0.07 0.57 0.20
PMF-F3 Eisp g B 0.25 0.28 6.60 8.34E-03 0.99 0.90
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Figure 3 Maps of regionalized factor 1(a) and roads distribution(h)
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