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Abstract: [ Objective ] In recent years, the study on heavy metal pollution in soil has become popular. Although quite a number
of scholars reported achievements in this field, they have not overcome the defects in regional background value and evaluation
method, especially in salt lake basins in the arid region. So, it was difficult for them to achieve accurate results. The objective of
this paper is to characterize spatial distribution and determine environmental background values of heavy metals pollutants, to
evaluate soil quality using different methods, and to investigate sources of heavy metals pollution in salt lake basins, in an
expectation to provide certain scientific reference for researchers in studies on accumulating basic data, determining
environmental capacity, setting up soil environmental standards, protecting soil environment, eliminating soil environmental risks,
rationalizing utilization of soil resources and so on and for government policy-makers in all these fields. [ Method ] The Jilantai
Salt Lake Basin, located in the arid region of Northwest China, was selected as the object for the study. Soil samples were
collected from topsoil (0 to 10 cm), subsoil (50 cm) and substrate (100 cm) in the study area using the random arrangement
method. Heavy metals (e.g. Cr, Hg and As) for analysis of chemical composition in the Inner Mongolia Key Laboratory of Water
Resources Protection and Utilization. Spatial distribution of Cr, Hg and As was characterized through geo-statistical interpolation
maps and background values of the elements in the soil environment were determined as benchmarks for evaluation of soil quality.
Six commonly used methods (i.e. single factor index, geo-accumulation index, ecological risk index method, Nemero index,
potential ecological risk integration index and pollution load index) were used to evaluate soil quality for comparison analysis.
[ Result ] Results show that the three heavy metal elements, Cr, Hg, and As, in the Jilantai Basin, were on the whole quite similar
in spatial distribution characteristic; the background value of Cr, Hg and As in the soil of the basin was 27.89 mg-kg™', 0.039
mg-kg'and 12.83 mg-kg™', respectively; Cr was higher in the Bayinwula Mountain Region, the Wulanbuhe Desert Region, and
the hilly southwestern part of the study area; Hg was higher only in the northeastern and the hilly southwestern parts of the study
area; and As was higher areas near the lake, the Helan Mountain Region, the Bayinwula Mountain Region, and the Wulanbuhe
Desert Region. The evaluation based on background value reveals that the three pollution elements in the topsoil of the study area
followed a decreasing order of Hg > Cr > As in pollution level; the evaluation using the simple factor index method shows that Cr,
Hg and As were all light in pollution level in the study area; the evaluation using the ecological risk method indicates that Hg was
higher than Cr and As in ecological risk; and the evaluation using the comprehensive pollution index method suggests that the
pollution of the three elements, when talked about separately, was slight in the topsoil, but their comprehensive ecological risk
was high. The pollution level evaluated with the simple factor index methods was higher than that evaluated with the
comprehensive pollution index method, Furthermore, the correlation coefficients of the evaluations using the two methods, simple
and comprehensive, reached over 0.80 and 0.65 (a=0.01), respectively. In evaluating Hg, all the evaluations using the three
comprehensive pollution index methods were significantly correlated with those using the three simple factor index methods, with
correlation coefficient being 0.53 («=0.01), while no significant correlations were found with the other two heavy metal elements.
[ Conclusion ] It can be concluded from the spatial distribution characteristics and the evaluations that the presence of Cr, Hg and
As in the surface soil of the salt lake basin is subject to the comprehensive impact of soil-forming parent material, natural
hydro-geochemistry and climatic conditions, and partially to the disturbance of human activities.

Key words: Heavy metals in soil; Spatial distribution; Background value; Evaluation
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Table 1 Recommended values of the evaluation criteria

ELEEICHE P % 4% Evaluation level
Heavy metal element 9% 1level I% Ilevel M Mievel 224 V& Vlievel 224
Cr 27.89 46.27 125.00 250.00
Hg 0.039 0.382 0.50 1.00
As 12.83 24.37 27.00 30.00

e 1% BRI sl X ; T2 TIEIGA(EED X+25 . Note: I level: Soil background value of the study area is X ;

M level: Soil critical value is X +28 .
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Table 2 Statistics of the refined Cr, Hg and As contents in the soil of the study area
AR Arithmetic JL{A] Geometric
EEIE +)Z /AME EKME
FEE bR 2 A bR
Heavy metal Soil layer Min Max
Average Standard deviation Average Standard deviation
%+ Topsoil 2.90 49.15 27.13 8.22 25.29 7.98
L+ Middlesoil 6.19 47.18 28.18 8.43 26.63 8.13
Cr
Ji& 1 Subsoil 4.03 48.03 28.35 10.90 25.57 10.67
%i4 Comprehensive 2.90 49.15 27.89 9.19 25.83 8.93
Z 1+ Topsoil 0.002 0.335 0.105 0.117 0.050 0.106
L+ Middlesoil 0.002 0.319 0.092 0.106 0.034 0.096
Hg
Ji& £ Subsoil 0.002 0.310 0.074 0.087 0.033 0.079
£i4 Comprehensive 0.002 0.335 0.091 0.103 0.039 0.094
%+ Topsoil 0.01 21.74 12.92 6.11 8.45 7.60
L+ Middlesoil 0.12 20.41 12.76 5.60 9.56 6.47
As
Ji& 1 Subsoil 0.01 21.87 12.82 5.72 8.18 7.41
Zi4 Comprehensive 0.01 21.87 12.83 5.77 8.71 7.10
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Table 3 Background values of Cr, Hg and As for similar regions, China and the world / (mg-kg ")
5 World F1[# China )
HEE e B THE O OHHN HEFE
Bl R [N e
Background value Inner Mongolia  Xinjiang Ningxia Gansu Jilantai
Mean Content range ~ Mean  Content range
Cr 70 5~1 500 57.3 17.4~118.8 414 49.3 60 70.2 27.89
Hg 0.03~0.1  0.03~0.3 0.04 0.006~0.272 0.028 0.013 0.02 0.016  0.039
As 6 0.1—~41 9.6 2.5~33.5 7.5 11.2 11.9 12.6 12.83
x4 BBREBEETNER
Table 4 Evaluation using the simple index methods
SEH Iy 4R ILEHF YL E Percent of heavy metal element /%

V5 YL 25 4% Polluted level

Evaluated method Cr Hg As
T J&i5%% None 52.50 32.50 45.00
BT YR B0k
T 4254 Slight 42.50 55.00 55.00
Single factor pollution

I % Moderate 5.00 12.50 0.00

index method
VSR Intensity 0.00 0.00 0.00
T J&i5%% None 92.50 40.00 85.00

Mo BFFE ROk
T 4254 Slight 7.50 25.00 15.00

Ground accumulation

1M 57 )& Moderate 0.00 10.00 0.00

index method
IV J¥ Intensity 0.00 25.00 0.00
I %73 Slight 100.00 32.50 100.00
T §1J# Moderate 0.00 12.50 0.00

HE S RUBSFE Bk
M55 Intensity 0.00 25.00 0.00
Ecological risk index method

VAR5 Strong 0.00 7.50 0.00
V 15 Very strong 0.00 22.50 0.00
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SRR SN SR R (=) r - A e AN o = 11
BOLVE 25 F 25 A KU 48 £ b T B S LR 5 g
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Fig. 4 Evaluation using the simple index methods
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Table 5 Evaluation using the comprehensive index methods

TG YL S
M 75 Evaluated method T e e A g i
None Sight Moderate Strong
BTEAE SR A R0k
- 67.5% 10.0% 22.5%
Potential ecological risk comprehensive index method
TGP AT R R
37.5% 57.5% 5.0% 0.0%
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Fig. 5 Box plot of the comprehensive pollution index
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5 A IR BOE X He MR 45 SR B b
FIFHEHE, FRRBGRE]T 0.53 (0=0.01) D E,
M5 Cr. As BJC B F A, XL X 3% =Fh
wELEY He MisE (£6) .

®6 ARAETFNMEROBXSH

Table 6 Correlation coefficient of the results of the evaluations

RI PLI Px Pe Phg Crleo  Hgleo Aslg, CrEl HgEL  AsEl
RI 1.000  0.653** 0.695%* —0.313*  0.944** —0353% —0.406** 0.837** —0.044 —-0337*  1.000%* —0.349*
PLI 0.653** 1.000  0.595%* —0.032  0.683** 0.251 0.042  0.727%*  0.451%* —0.018 0.636** 0.257
Py 0.695%* 0.595%** 1.000  0.200  0.643** 0.056 —0.018  0.538** 0.124  0.184 0.684** 0.058
P -0.313* —0.032 0200  1.000 —0.284  0.005 0.862%* —0.207  —0.184  0.993** —0.313* 0.007
P 0.944%* 0.683%* 0.643%* —0.284  1.000 —-0.374* —0.379%  0.943** —0.121 —0.305 0.945%* —0.372*
P, -0.353* 0251  0.056  0.005 —0.374* 1.000  0.129 —0.337*  0.805** 0.040  —0.380* 1.000%*
Cr Iyeo —0.406** 0.042 -0.018  0.862** —0.379*  0.129 1.000  —0.274  —0.067  0.896** —0.409** 0.130
Hg Lyeo 0.837**% 0.727** 0.538%* —0.207  0.943** —0.337* —0274  1.000 —0.149 —0.225 0.837%* —0.337*
AS Lo —0.044  0.451%* 0.124 —0.184 —0.121  0.805** —0.067 —0.149 1.000  —0.156  —0.068  0.815%*
CrE! —0.337* —0.018  0.184  0.993** —0.305  0.040  0.896** —0.225 —0.156  1.000  —0.338* 0.041
HgE! 1.000%*  0.636%* 0.684%* —0.313%  0.945%* —0.380% —0.409%* 0.837** —0.068 —0.338*  1.000 —0.376*
AsE! -0.349* 0257  0.058  0.007 —0.372% 1.000** 0.130 -0.337*  0.815** 0.041  —0.376* 1.000

TE: %7 0.01 KFBFML,

“70.05 KO ML, FEAEL 40 Note: The “**” 0.01 level was significantly correlated,

and the “*” 0.05 level was significantly correlated with a sample size of 40

3 1 i
TR A p s A Cr. Hg. As,
Hfr g | AP A AL AT & 5 X ) Bk 24

FRIERIRIE B, ARAEAE R e (B DX T g 5
G SREM . RIRFFAE 5 TSR SCHb R T2 Ak
FRHEAR E , 4 24~ 18 cal ka BP 3| 5.5 cal ka BP i,
T L AR XA X — Z Rk X A, ]
32 B R R K SCHLER Ab 24 T AT SR 25 R 1 52
W, SR, WA R AR, AR R

ARWGURR, EhEEAWITH R AR 4£2°°%) Cr. Hg. As
WH L E R, AR LEmEl T2
W, MR KRR E X, R /KE S B AE AN
Wi i Ris R, AR IR R SRIE T, &Rk
WO e A O B SR E P, i Cr,
Hg . As Jayiiffim i o ek 2R 24 R 32 i+ B RS2 i
(AR AT S5 Y AN SN 2 EAR SR LT iR] b =ne
R B 251 B R IR~ IR B AR A AN R A
WA, b EE oA AHOAAER K
AAAT YR N S 2 e, 1 A - Cr
Hg. As 22 REK; KREMRBEAIREL  id =l
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PR SE N RTE St 2 S8 8p Cr. Hg, As &%
RN EZEE N Z — K, 2 2 - Cr
Hg . As 7 22 5 N [ 0 A RRAE A2 B BE T
RIRIK SCHIIRAL 2R L SRR S5 A AN 2T Bl
LA VE B

WAL WA R Cr . Hg . As BAH
A AL 23 R A A HRAE 33X 5 e R P UAE T 2L 2
R T K Cr®  Hg . As FOTEE X A A AL,
PRI Z DX S A 5 4 R KA R IE AT — e B R
AR ER LI E SRR S EH S T E AR
gk ChE TR SE ) TS HR .
B TR A AT X T A L, R
Cr MXIHAR, Heg tHXTESR, As 52T, BT
FREOE . AT B0k f b B SO PEAN 45 R
BRI SEE, MCREIITE 080 LU L, X5
JERASCT R PN A T 4 R — K, (HA SR
I 48 0 R A A S KRS 25 B 8 Bk o | BRI
el 1 R AR, BUSEPEN S5 R AR 2 . 2Rk
VM 45 5 XF LU 43 B 32 BH £8 18 70 + 498 75 4 Jm v5
WA Hg. Cr. As, ZEEHEE0EMHIZIX R AAF
Y, SRR TS R A TR Yok, HEs
B S A OR, AR AT S H ATV
RTINS LY o R s il S ) A A O
2EFRINII A 4 Cr, Hg. As V5 4L 0 far FRAE 5 {
FERES PE 9 2 B, %X Cr, Hg. As 15 44X}
NARAE A TE B e, J8 T AR AT 32 AU o A 7]
VRN H8 b5 B bR E(E 5 S0 & 26 28 S, BUfdiR [A]
VPN G RAFAE 22 5, WS BRI rp A S 2 o
AR AL VD B DX S AR AR X A XIS 1 N —
AR SZm, BB ER R X R SR
Yo AR RN T4 A 5 Qe R IR, TR AE G Zeift g,
HEICRAE R R, AT X (R IX . Tl X, P
PelX ) AN TR SE , DB R ZIX L E 4R
235 [0 A8 S, DA R vb b A B 4 T PE M S TS YR A
AT .

4 45 H

A ERZ LR Cr . Hg . As BUAHA
LR 28 B 0 A 4545, Cr. Hg. As 15520914
27.89 mg-kg'. 0.039 mg-kg'. 12.83 mg-kg™, HIE
BLZ BN A BETT . RIRIK SCHLER T2 1 FH RN S

MRS 2R SR RS, Ry & 32 B ZRAE 3h it
gy, PNTIGRAERGE . A 1E80E Cr. Hg, As
R TR AR, Hg 8 Cr. As FFTERYAERS
WU LRGSR R, A 15 s fak i +
G RAE GO AR R T LG 5 e 80k . 5L
O SEEL . PP RE -5 R X P L 5 DCER T80 2 b O
B E B AR ARSWTST . TR IR B
. HegttkERA —ERNSHNE.
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