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Characteristics analysis of heavy metal content in the soil-crop system in the rocky desertification control

demonstration area in Salaxi, Guizhou Province , China

YAO Cheng—bin', ZHOU Ming-zhong"", XIONG Kang—ning’, YANG Hua', ZHANG Di"?, YANG Lian—sheng', WANG Gui—yun'

(1.School of Geographic and Environmental Sciences, Guizhou Normal University, Guiyang 550001, China; 2. School of Karst Science,
Guizhou Normal University/State Engineering Technology Institute for Karst Desertification Control, Guiyang 550001, China; 3. School of
Geographic Science and Tourism, Zhaotong University, Zhaotong 657000, China)

Abstract: To explore the pollution characteristics and sources of heavy metals (V, Sh, Mo, Tl, U, and Mn) in agricultural soils and crops in
the Karst rocky desertification control demonstration area of the Karst Plateau—Gorge, soil and crop (maize, potato, Rosa sterilis, pakchoi,
walnut, and garlic) samples from Salaxi, Bijie, Guizhou Province were collected and analyzed. The geoaccumulation index and potential
ecological risk were calculated to assess the pollution risk of soils. Furthermore, geostatistical analysis and GIS were used to evaluate the

distribution characteristics of the heavy metals in soils affected by the natural parent materials, coal mining, and lead—zinc smelting. The
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results showed that: The average content of Mo in forest soil was slightly higher than the background value, and the rest of the heavy metals

were below the background value. The average V, Mo, and Mn content in upland soil was equivalent to the background value, while Sb, TI,
and U were lower than the background values. The forest were slightly polluted by Mo, and the dryland soils were slightly polluted by V,
respectively, whereas the other soils were not polluted. The average content of Mn and V in crops was significantly higher than that of other
elements, particularly in potatoes, with a concentration of 314.20 mg kg™ on a dry weight basis. The enrichment coefficients of Mn and Mo
in crops were higher than other metals, and U had the lowest. The potential ecological risk assessment results showed that the single
potential ecological risk index of Mo in the demonstration area’s soil was 22.64, indicating a medium ecological hazard; the comprehensive
potential ecological risk of heavy metals in the demonstration area’s soil was minor, and the risk level was extremely low. The sources of
heavy metals were mainly classified into two categories according to a principal component analysis: Sb, V, Mn, Tl, and U, classified in
PC1, mainly originated from natural parent material, partly affected by lead—zinc smelting; Mo in PC2, was mainly affected by coal mining

and also by weathering of the parent rock. From a spatial distribution perspective, each heavy metal ’ s spatial distribution characteristics

were consistent with the principal component analysis results.

Keywords : soil heavy metals; crops; multivariate statistical analysis; spatial distribution; ecological risk
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Figure 1 Geology of demonstration area and sampling sites of the soils and crops
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R B JLE FEAZL W/ MEL LN PIfE bR AL F N T R
Soil types  Elements Sample group number ~ Minimum ~ Maximum ~ Mean  Standard deviation  Variable coefficient €S CE
okt 1 45 \ 11 102.00 161.00  125.18 20.39 0.16 064  -0.93
Sh 11 1.05 2.09 1.50 0.32 0.21 032 -0.56
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U 11 3.00 570 4.16 0.82 0.20 048  -0.52
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24 TERRKIEVELSESEST

X7 X AR AAE Y 4 i & A TR A M S oy
Mras R 24, R ATTHL, 6 FURAEDIAE S Mn i
R, HUOZ V, Mok Z, Sh . TUFI U 5 it 7E A ]
FhAAVEY) b C AL . ShAERAEY TP I35 &
M BN /MR Ay 0K > T 4% > il B> 52> k=K
s TUR E AR T 3> FORS SRR =55 U N &
K> Eh % B> 2= k=1B4> K55, Mn .V Fl Mo 7£ 6
FhAAED i) B AR B A 4w &, 5 L EA
AHAURFAE , B 3 b 4 s or R 0 & i i m  AED
hHREA RS REINEG. MoZEH R PHEEEER
1.26 mg-kg™", 6 FAAEY) b T o K o RAEY) Mo Tt
PEM SR, — MAE B0 R ZHCRIEY IE T R O™

EOBME ORKE OPBE RS HAJE VA ORI LR b i iR e T AR
Eler:ms MTEM Ma:;um “ff’f; Pwi j}f; 4, B AR V B T H R MRHAE , 3K
o o rs om  mmmame  SSIGH T SCHRBRM BT 6 A OKRR K
E e 9.38 8313 2264 PEEAfEE KOH B SR U M) b VRS R
Tl 2.87 9.44 5.80 BRIMESEE 20.38.22.09.,21.50.,16.30.18.93 mg- kg™ F119.79 mg -
U 8.46 3154 18.69 iUk AfEE ke, BEE T AR X AEYH VIS8, X
Mn 0.07 3.39 1.14 R sEE FTIIEZE, Schoer ™ HiE TAK FARZ IS 11 i
i 3228 SRR R T R 0.01~0.25 mg-kg !, AR
R4 RERRIEMEEB S HIFMLE(ng kg')
Table 4 Distribution of selected heavy metals of crop plants in demonstration area(mg-kg™)
s Eh 43 Potato F 2k Maize T3 Pakchoi Kk Garlic Bk Walnut HiI%4 Rosa sterilis
Elemments T/ME TR PS8 M O P59 B/ ME BRI P39 5/ IMEL RO P9 M SO VR oM (e Pt

Min  Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min  Max Mean
Vv 020 7.60 500 420 920 690 080 240 140 080 1.10 095 020 800 139 060 080 0.68
Sbh 0.02 0.11 0.08 0.08 0.14 0.10 003 004 003 002 003 0.03 0.01 010 0.03 004 006 0.05
Mo 0.09 1.10 0.72 038 098 065 076 1.75 126 0.69 077 073 0.09 048 031 005 034 0.15
Tl 0.10 021 0.14 0.04 007 005 006 0.14 0.11 002 003 003 001 0.10 0.04 002 003 0.03
U 0.00 0.16 0.09 005 0.16 0.10 001 0.04 002 001 002 001 000 0.11 002 001 003 0.02
Mn  178.50 459.00 314.19 124.50 184.50 154.00 39.80 86.90 61.77 22.60 26.30 24.45 75.80 376.00 185.03 79.10 168.00 108.50
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XL FOK B KR AR R b TS
54 :0.14.0.05.0.11,0.03.0.04 mg- kg F10.03 mg-
ke, #7E 0.01~0.25 mg- kg o RAEY)H Mn .,V Hl Mo
HEoafHSEEhX3fESRETEESA X, &
HrhE SR MR RS R DR Z )R
VeV G2 Re ) GERSEE B MR MY E SRS
Jok 55 2 5 i D] 2R A
25 TE-RIEYERESGEPESETLEEESHE

T E SR CR M AREY PR E A, Ak
HHEEREYTHRAE LSS, X2 AR 48 &
FEM A, EYE £ R (BCF) BB RIERAE
YN L3RI CE 4R T A B TR AR T, BCF=C wppen/
Cuzt, Crrn HILRIERED T &, mg-kg';
Crzr NICRIERIEDIXT AR R L&, mg kg '
Bl 3 A Ris K ARVEY hE 4w o R A & % R E
A B IOCRIEM 3 (F MRG0 PP Y s 4
Z K /NIF A Mo>TI>Mn>Sh>V>U , 7E 5 48 3 Fii%
Bk V-3 A W e AR R AR/ NIRUT 2 Mn>Mo>T1>Sh>
V>U, 1E E K F il FL v Mo Mn , T1 A1 Sh 44 52 # H 48
16, 244 W 5 R BRI S Mo>Mn>T1>Sh, V
AU A 2 RBOWAH B EE KR g VR T
U, eI R URTF Ve 55K, 6 R VEY o Mn
1l Mo 1) & 52 R BRI XA 7, X AT fig 5 1 43 v Min AN

Mo & HH 45825 LA K2 Min Hl Mo 2 A VE W A 1 BT b i 1) B
SJEICEA R, AR E KTV AEY &
£ Z B0 0.03, ik ZEHINF R A B Ni-Mo 24 &
W XA REY (E R MRS B ICE VI 4Y
B RE0.04 553 . XRRIRIEY T E 4R u R
EERBM TR, Mo 7EF S H I E £ R EUR K,
0.37, AT RESE H T 288380 SR ER B AR N 28 R
WK HB G Z B RS e h E 48 05 . Tl
TEF RIS 5 REUR T Mo, Jia Z00%F THE H
TR A3 BLRRAE DR 58 R B0, SR 2R B SR 2 TL 3
BEAFH L
26 TEEEEFHA ST

F2 B3 43 AT A A 1 1 52 AR 2 A H A R e
475 et A Ry BT — 3 BT I R AN A DG 2R 5 7R
WMZ UGk, BT LR BB R R 454y
Y TR AR L 2 A ) A EE A ok R A AT R
e R ST 4 Sk - HE T 4w DN R A A K TR
FEfar2s )43 A, AP AT A MR IR KT 1
H &5k A 74.62% , ok 6 FP E 48 0 2 A+
BT

S — F U YRR AEAE Ol 3.21, J7 22 TTER R
53.44%,V . Sb.T1, U fil Mn 43 J& JC % 88 if (H ¥ K F
0.6, TR /RVEIX 70% LA L Ry wg e gn , ol 1 HF i

0.50 : 0Ov
0.45 O sb
0401 7 Mo
= 035 7 Tl
2 030} =Ry
& i [M Mn
o4 0.25
#® 0.20
B oas)
" ;Fﬁ
0 AN /
Bl BN LES K bk GRS
1EY) Crops
B3 NMERKRENECERTREERY
Figure 3 Biological absorption coefficients heavy metals of crop plants in demonstration area
x5 tESETERFHAMSFERE
Table 5 Factors matrix and eigenvalues of metal elements in soil
%y FHIE(E J5 ZEDIHRR E VP Sh Mo 1l U Mn
Components Eigenvalue  Variance contribution/% Cumulative variance contribution/% :
BRI RN L 3.28 54.63 54.63 0.732 0.876 0.266 0.789 0.886 0.703
Hefir FRG2 1.20 19.99 74.62 0.164 0.02 0.898 -0.218 0.191 -0.531
R RN 1 3.21 53.44 53.44 0.689 0.857 0.095 0.816 0.836 0.790
EE T VY 1.27 21.18 74.62 0.297 0.182 0931 -0.068 0.352 -0.391
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RV FEONIRIREL A, TR P E SR T K Z kR A
b RAL R AR, V. Sh TL .U fI Mn 5 4 JE L %
2 T HADT Uk & g 0, BB
PR T VT X LR AR X 8 Min B SEARAE A 9T
B, Mn JCE K IET & RRRER A XL, AR IX
+4EV Sh.TL. UM Mn % & 5 5N A5 T el
AHY DRI T 5 — 2 B4 o A7 B A A B BT A
il , V.Sb.TI.U I Mn JC R 1E R4 rh oy A AR IR . 5
TR T TR N 21.18% , 42 & JL K Mo [ [H 1
FAE R 0.931, LIHE S E S AR HE, Mo LR KT
T S (H B RE 5 8 G R SRR 76.3% , T RTE XL
A Z AR T TF R D7 5, TF R B4 TR 1 At R ML
JTF FRAR S 1 BT, 8 TR K IRV VE T BB i bt
HLER 7K 5 U 1 AR A A b, 53 Mo DU R 7E 1
e e 4R WESE X A BT R ARl A 3 Mo 7%
(4.68 mg-ke™) i T 1 5 b+ 4 Mo 7 5 (3.38 mg -
kg '), FH I AT D0 4 398 Mo 2 B R E TR Il A &
S F1ZH G B A A e IR DA R 3 5oy 3 1 KA
EHp=
27 TEESESETE S IFE

&5 Ry R X 6 FveE 43 & i i 25 ) 43 AT, DA
W] DAE H A0 R O s (E A (B 40 A FRAE S A 32 Ak
ansan e NN~ ) ol 1 2 e e e [ 8 e =
Ja& V5 G KU P 5 A — o AT R B Rk
B, X T 4 2 (R] 43 A B AR Gl KU
i, PURRZ T N R s, HrhE 4 )80 R T1.Sb A
U (1725 [ S0 A R AE S AR — B0, f S (AR o Al TR
DX H 2R DX, 1T R — o AR S YRR IR R 1 R
W), AT EEAT 1R ™ A i T 15 K R R BRI X
BRI X3 E &R O AT RN
S S AT YRS AT BEPE RN, ARV

&
¢ 0s5F
g OVOU
5 OSbh
ER
g OTl
o
N O Mn
R -0.5
®

_1.0- L 1 1 1

-1.0 -0.5 0 0.5 1.0

44531 Component 1

B4 TIEEERTETEEMT

Figure 4 Factors matrix of metal elements in soil

A M FE 7838 DO A B 34750 B R Y IX AL R A/
Iy IX AN, DX A 5 i S, B B A
WAL, 5 X N BRIRER A 0 A W) A, ik — AUkt
S— R AR, LMo LR & R
AR T DAL, oA DX I 2 3 D e, i 51
T X LR IE FAE s o AT AR W — 8 28 ERTR,
AR ZH TN g 78 918 X 98 < J 2 [ R 2 45
b (BRIRER ) B 73 A1 AR Jr RO R, Jey s X 32
N SRR S AR 0 A

3 it

(1) 7 35 DXbR it A 0 52 - 3 55 4 J8 V.Sb.
Mo.T1. U F1 Mn F-#4 & & 43 5]k 125.18 . 1.50 . 4.68 .
0.59.4.16.232.18 mg- kg ' fi1241.25,1.98.3.38.0.71 .
5.02.1056.35 mg- kg™, b 135 Mo FlI52 3 138 V 17
SRR Y RE R, MREEY HRTR S
EPCT S, AT L 2R,

() RN FE 4 8 ILE V.Sh. Mo, T1, U £ Mn -
Y8 84y 31 R 2.93.0.06.,0.58 . 0.08 ,0.05 mg - kg™ Al
182.90 mg- kg™, Mn 1) SRR JE f =, Sb Al U 7E R AE
Yo o ARG . AR R E K Sh oV AU B4
FED E A T HAMARALEY , 283 (R MG h
Tl & £ 255, Mn Al Mo & 48 R B0 A

)W KBS PN 25 BoR , 48 Mo b+
RS, K FRMAESEE 6 M HE 4
JRLE A WA EFIRECR 52.28, H4b FRUES
fa .

(4) 13 v Sh.TI U Fl Mn B9 & 48 FEZ A 1
BEE 520, Mo =227 B FF R 52 ), (W] 52 B o
Hile BT A RIEIX + 5 i 4 o s (B o A
5 A BRI 43 AT SR FE AR — B, SRR s s Yz A
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Figure 5 Spatial distribution of heavy metals in soil
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