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Soil Heavy Metal Spatial Distribution and Source Analysis Around an Aluminum

Plant in Baotou

ZHANG Lian-ke'? LI Hai-peng” ,HUANG Xue-min',LI Yu-mei’,JIAO Kun-ling”,SUN Peng’, WANG Wei-da’
(1. School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China; 2.
School of Environment and Energy , Inner Mongolia University of Science and Technology , Baotou 014010, China)

Abstract: The soil with 500 m distance from an aluminum plant in Baotou was studied. A total of 64 soil samples were taken from the
0-5 cm, 5-20 cm, 20-40 cm and 40-60 cm layers, and the contents of Cu, Pb, Zn, Cr, Cd, Ni and Mn were tested, respectively.
The correlation analysis and principal component analysis were used to identify the sources of these heavy metals in soils. The results
suggested that the contents of Cu, Pb, Zn, Cr, Cd, Ni and Mn in study area were 32.9, 50.35, 69.92, 43.78, 0. 54, 554.42 and
36.65 mg-kg ' respectively. All seven heavy metals tested were overweight compared with the background values of soil in Inner
Mongolia. The spatial distribution of heavy metals showed that the horizontal distribution of heavy metals was obviously enriched in the
southwest, while in vertical distribution, the heavy metal content (0 to 5 ¢m) was highest in the surface soil, and the heavy metal
content decreased with increasing depth and tended to be stabilized when the depth was over 20 cm. Source analysis showed that the
source of Cu, Zn, Cr and Mn might be influenced by the aluminum plant and the surrounding industrial activity. The source of Pb and
Cd might be mainly related to road transportation. The source of Ni may be affected by agricultural activities and soil parent material
together.

Key words : heavy metals contamination; soil; spatial distribution; vertical distribution; source analysis
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Fig. 1 Soil sampling sites of the study area
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J X BAE SR R IMKIR S : Cu > Cr > Pb = Mn >
Zn>Cd >Ni. AU HAERRE(CY) <15% H
H9AE S CV > 36% HHAE S Cu, Zn, Pb, Mn,
Zn, Cd A1 Ni X 7 FocE S, BR Ni 4 15% 55725 57

A, Hgx 6 ME A BB 36% , Ik AR R, £IZ
XL E AR Z N A . LR Cu
(AR S R EGRF) 185% , B HAh T 4 J@ e &, KW
IZTCE A 5], AT ez N R R IR A il
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Table 1 ~ Statistical analysis of heavy metals in the soils of the study area

B IN ] /ME S + brifEzE

B TR R

GE R

LR Pt Patiet i il i iR ERRMCY
Cu 441. 00 8.45 32.9 +£60.93 12.90 2.55 79. 69 1. 85
Zn 191. 88 39.00 69.92 £28.04 48. 60 1. 44 78.13 0.40
Cr 213. 88 20. 15 43.78 £26.7 36. 50 1.20 50 0.61
Pb 116. 38 22.92 50.35 £21. 85 15. 00 3.36 100 0.43
Cd 1.05 0.14 0.54 0.2 0.04 14. 59 100 0.38
Mn 1 696. 31 96. 56 554.42 +236. 12 446. 00 1.24 75 0.43
Ni 46. 88 7.69 36.65 +£5.43 17.30 2.12 98. 44 0.15

1) 5 IUAP- (2] 5 2) B F IS YR80 P = P19/ 715 5HE

2.2 HEEFELEZSEA

ArcGIS $&{EZ M2 B A, 1 E 48 &
A0 2 AU (77 vk 22 8 o B 4 4 {8 R S HE S 4 1
B TS TR A S A B s S T RS
OIAEAEOT . ARSI T R AR AR RS
SRR B Cd SRR IER A, Hoh )R
BB AR — RN BCE ¥ NG 2O AR
A WL XS ] iy DXl 8 A 76 5 i), LS i) B B 5
B NIV NN P s N 0 S v ot U R R
E X X 8 i - 4 T 4 & s A TR AE S

MRYE 4 K AE S R Cu, Pb, Zn, Cr, Cd, Ni fil
Mn B9 &5, I ArcGIS | FH iz 25 A = 46 (B 7 72
BEMRXELSE (0 ~20 em) & EKFE404H (HE
2). M2 "R 2 7 R E AR R Ni A, R
PRIGARAIAGHE SR, R E LT PRy 1) &
XFRERG LA Cu, Zn fe B S50 X3 75 i
BRI, Cr, Pb. Cd 1 v B X 3 = 224
HAE] VSRS ANZR L5 1), H Ph A Cd 90 A 2By
AFEE PSS, Mn 530 1Y X 3k E B AR p e
X BT, ARy AR fE R AN B . Ni 7 B 0 A AR

b BN PR AR S 3 A H A8 20 SRAE A VR B
TR HERAE s A3k 548 3 T XUy R pa b XL, i
A5 4 S A AR R N 22 RV e 1)
50 m ARTAEAL TR R A AR T ). R g A
WFFE 52 T B X 4 1 YL AR A AL G A5 3 X
RS i Al B 7 N E A SES 7o
2.3 +HELSEEENM

BT L)ZNESE S BB, R3S
2 225081 (ANOVA) SR Hr ) Ji 30 + 3 & 4
B& LR EERN B EN, SR LE 2. Wbl
1,2 7 A E 4G JE Y, Cu, Zn, Cr., Pb By B
+J2EIA ., HiAy Cd, Ni, Mn (& BB+ )27281k
ZESFERU.

¥ Cd Fl Mn 19 & 5 AT AR HEAL B — 5 AT 1L
B BT A T A i B TR B A5 A 4
J& S AL R K 3. WA Cu, Zn, Cr, Pb,
Cd, Ni 1 Mn 3% 7 Fh 5 4 J& & 2 BE IR E (93, &
& R BRI A A AR, X 5 3T A R
¥ 4 O AR I R AR )E )R R
AR A R A — B0 sz AT R R 4R

®2 MRREERIETUFTESNE

Table 2 Analysis of soil layer variation of heavy metals in the study area

LR TR R/ mg kg !

EERTE 0~5cm 5~20 cm 20 ~40 c¢cm 40 ~60 cm FeBRitR BT

Cu 67.78 28.09 19. 85 15. 88 2.632 0. 058
Zn 89.42 72.35 59.22 58.67 5.08 0. 003
Cr 60. 05 44.2 37.46 33.41 3.445 0.022
Pb 59.79 52.78 45.44 43.41 1.953 0.131
Cd 0.6 0.58 0.51 0.48 1.286 0.287
Ni 38.28 37.87 35.91 36.42 1.31 0.28

Mn 655.37 551.47 519. 88 490. 96 1.511 0.221
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Fig. 2 Distribution of soil heavy metal content in the study area
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[) Spearman &K R 4E K. MR Cu 5
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0.01) HAKRZEII KT 60% , UL vl #fE 4 Foc &K
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Table 3 Correlation coefficients of soil heavy metal contents of the study area

Cu Zn Cr Pb Cd Mn Ni
Cu 1
Zn 0.751"* 1
Cr 0.885" " 0.703 " * 1
Pb 0.392* " 0.469 " * 0.428** 1
Cd 0.423** 0.287" 0.452** 0.513"* 1
Mn 0.647" " 0.608 " * 0.748 " * 0.341"" 0. 185 1
Ni 0.299 " 0.353** 0.308 " 0.167 0.405"* 0.427** 1

1) # % FIRTAE 0. 01 KT OB FRBEFDE; * FIRTE 0. 05 ACF(U) |- 5246

2.4.2  HIEFEGIEICRN TN

NE— RIS )2 T PR g S R A A
HRFRMS IR, I SPSS HEAT A7
Br(PCA) . R34 ALK Z A8 AR A D BOUL
ARG IR WG X 1 (5 B, 78 IR ST
FHVAIX A3 4% B A R IR 2. il 36 3 W4 4 )m
JURR [ EAT B A AR e, HL3R 4 MR 5 Kiodls ¥id
1d Bartlett BRIP4 46 i BLAEAT > 0 Hr. K 4
R o MRl M, T BREE R AT 3 A o ek

82. 484% M5 B, L XAl 3 4> 3= o3 #4720 Bt B
A[f53%) Cu, Zn. Cr, Pb, Cd, Ni Fl Mn X 7 FhE 4>
Ja A R B RGBS R S L —
FHSN(F1) 1 Cu, Zn, Cr F1 Mn A 855 BT 46
TS (F2) EERMT Ph Al Cd 1Y E £ R
55 = AT (F3) W s i thy Ni i) s A .

FIFH 1805353 BT B R 2 T T I R R AIE [
w88 7 MESENEWRE(E4). B4
AR A EE R S T OC R & = A AH . Cu,

x4 PREIFESRESENEIRS DN

Table 4  Principal component analysis of heavy metal concentrations in soil of the study area

i A WU FE(E A PEUUE FRIE(E A 24 5 FRIEAE
PR MR 2Z/% BRFX/%  FIEE MR 2E/% BREX%/% FHEE S WRE2/% BEE%E/%

1 3.924 56. 053 56. 053 3.924 56. 053 56. 053 3.079 43.981 43.981

2 0.981 14.014 70. 066 0.981 14.014 70. 066 1. 496 21.374 65. 355

3 0. 869 12.418 82. 484 0. 869 12.418 82.484 1.199 17.129 82.484

4 0.558 7. 969 90. 454

5 0.377 5.382 95.836

6 0.209 2.981 98.817

7 0.083 1.183 100




1144 2N 5%

B 37 %

£S5 MRARIEEEESEITHIATHSERE

Table 5 Component matrix of principal component analysis of heavy metal concentrations in soil of the study area

B3R 5 iy RS e N 3
HE)R
F1 F2 F1 F2 F3
Cu 0. 906 -0.187 0.093 0. 844 0.382 0.078
Zn 0. 832 -0.217 -0.031 0. 818 0.242 0.112
Cr 0. 908 -0.183 -0.014 0. 862 0.305 0. 149
Pb 0. 622 0.07 0. 587 0. 387 0. 754 -0.134
Cd 0. 558 0. 683 0.282 0.077 0. 788 0. 479
Mn 0. 789 -0.259 -0.356 0. 86 -0.044 0.274
Ni 0.516 0.572 -0.556 0.245 0. 083 0.914
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Fig. 4 Heavy metal loads of the principal components
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