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Soil heavy metal background values and pollution degree
in southern Songnen Plain of Heilongjiang Province

ZHANG Hui, MA Xin-peng, SU Hang, SUI Hong-jun, SHI Xiao-lei,
LI Xin-yang, YANG Huan, ZHENG Zhi-zhi
(College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China)

Abstract; Songnen Plain is one of the important commodity grain production regions in China. It is of great
practical significance for the agricultural production, food security, and soil protection in the Songnen Plain to de-
termine the heavy metal background level in soil and better understand the soil pollution. In this paper, we took the
southern part of Songnen Plain in Heilongjiang Province as the research area with the data of regional multi-objec-
tive geochemical survey, employed confidence interval method, cumulative frequency method, iterative elimination
method , and ordinary Kriging interpolation method to determine the heavy metal ( As, Hg, Cd, Cr, Cu, Ni, Pb,
and Zn) background levels in soil and its spatial distribution in the region. We also used cumulative index method
to determine the pollution degree of heavy metals. The results showed that, the background levels of As, Hg, Cd,
Cr, Cu, Ni, Pb, and Zn, in the southern part of Songnen Plain in Heilongjiang Province were 9.330, 0.016,
0.079, 50.817, 18.741, 24.159, 22.702, and 57.339 mg - kg™', respectively. The results from ordinary Kriging
interpolation indicated that the distributions of As, Cd, Cr, Cu, Ni, and Zn in the deep soil were relatively consist-
ent, a spatial distribution pattern of high in southwestern and low in southwestern parts, and a relatively uniform
distribution of Hg and Pb in the study area. The heavy metal background levels in soil in the southern Songnen
Plain of Heilongjiang were used as the evaluation standard, and the degree of heavy metal pollution in the surface
soil was analyzed by the cumulative index method. It is showed that number of samples with less than standard lev-
els (defined as uncontaminated) of As, Hg, Cd, Cr, Cu, Ni, Pb, and Zn were 97.72%, 59.92% , 83.45%,
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97.63%, 99.24% , 98.86% , 99.02% , and 99.26% of the total samples, respectively, soil in the study area was

generally not polluted and only a small portion of the soils was at a moderate degree of Hg and Cd pollution.

Keywords: heavy metals; background levels; soil pollution; Songnen Plain
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Table 1  Classification standards of geo-accumulation index

R BIEH(L,,) 2] VR
Cumulative index Grade Pollution degree
PRI
<0 0 Uncontaminated
TG BB 5 G
0~1 . .
Uncontaminated to moderately contaminated
L2 ) SNERER Y
Moderately contaminated
)y X i 15 e 14 15 e
Moderately to heavily contaminated
S/
3~4 4 . ErR .
Heavily contaminated
RS Y BIRRS G
4~5 5 . .
Heavily to severely contaminated
=
55 6 G

Severely contaminated
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Table 2 Descriptive statistics of heavy metals in surface soil

EEETR B/ME/ (mg + kg™)  HE/(mg - kg™ ERME/(mg - kg™ FEE/ (mg - kgh) Prif 22
Heavy metal Minimum Median Maximum Average value Standard deviation

As 1.40 8.80 41.00 8.69 2.51

Hg 0.01 0.02 1.17 0.03 0.03

Cd 0.01 0.09 1.70 0.10 0.06

Cr 2.29 58.30 116.69 53.62 15.28

Cu 1.80 20.00 64.20 18.59 5.37

Ni 0.16 24.99 59.09 23.34 7.05

Pb 1.90 21.80 119.50 22.00 3.49

Zn 4.10 59.50 171.30 55.96 14.92

®3 REIESeREMHAMESIT

Table 3 Descriptive statistics of heavy metals in deep soil

E&m/TE B/AME/ (mg - kg™) W/ (mg - kg™') R/ (mg - k') I/ (mg - kg™!) brifE2E
Heavy metal Minimum Median Maximum Average value Standard deviation

As 1.00 9.60 55.80 9.30 3.31

Hg 0.01 0.02 0.15 0.02 0.01

Cd 0.03 0.08 0.32 0.08 0.02

Cr 5.59 54.75 102.78 50.58 16.84

Cu 2.70 20.50 44.05 18.65 6.17

Ni 2.48 26.10 54.65 24.04 8.30

Pb 10.67 22.34 49.94 22.68 3.03

Zn 6.03 60.80 108.73 57.11 16.26

R4 FRAFEHENIEESELRER

Table 4 Background levels of heavy metals in soil predicted by various calculation methods

H4JEITHE (180~200 cm) BEXAE/ (mg - kg™) BRI RE/ (mg - kg™) BARABRE/ (mg - kg™)
Heavy metal Confidence interval method Cumulative frequency method lteration culling method
As 9.37 9.28 10.00
Hg 0.016 0.016 0.014
Cd 0.079 0.079 0.075
Cr 51.04 50.59 60.95
Cu 18.82 18.66 22.76
Ni 24.27 24.05 29.11
Pb 22.75 22.65 22.22
Zn 57.56 57.12 66.16

x5 ITEESRTRERR

Table 5 Comparison of heavy metal background levels in soil

HE4JBILE Heavy melal A/(mg - kg™") B/(mg - kg™") C/(mg - kg™") D/(mg - kg™")
As 9.33 15.00 7.30 9.14
Hg 0.016 0.15 0.04 0.031
Cd 0.079 0.20 0.09 0.073
Cr 50.82 90.00 58.60 42.46
Cu 18.74 35.00 20.00 17.78
Ni 24.16 50.00 22.80 23.65
Pb 22.70 35.00 24.20 20.23
Zn 57.34 100.00 70.70 52.05

T A MECE R VT R R AE B, R LA T — 2R C, B IT A LY SH(E ;. D, 1986 AFEAMECE I L e SHE
Note: A,Soil background level in southern Songnen Plain of Heilongjiang Province; B, National soil environmental quality standards; C,Soil back-

ground level in Heilongjiang Province; D,Soil background level of Songnen Plain in 1986.
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Table 6 Variation function fitting results and related parameters

HEmICE PR Pedxfh €, BEAE(C+C) BRI Cy/(C+C) BT /km WA FE()
Heavy metal Fitting the model Block gold value Abutment value Gold coefficient Variation Fitting coefficient

As FEHER] Exponential 9.15 37.10 0.25 1833.00 0.90

Hg FEBBAY Exponential — 0.000041 0.000171 0.24 1833.00 0.94

Cd FEBOEI Exponential — 0.000293 0.000632 0.46 223.20 0.99

Cr FEEHET Exponential 54.00 508.50 0.11 630.00 0.99

Cu BRARBEHY Spherical 9.20 42.83 0.21 173.20 0.99

Ni ERAIRIEIY Spherical 17.30 79.31 0.22 180.00 0.99

Ph TR Caussian 8.27 17.44 0.47 352.65 0.97

Zn TR B Exponential 121.00 552.90 0.22 688.20 0.99
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Fig.2 Interpolation of heavy metal content in deep soil
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Table 7 The number of samples at different levels of heavy metal contamination

V5 YL FEIE Pollution level As Hg Cd Cr Cu Ni Pb Zn
v Yu
A {57.': 20446 12537 17461 20427 20763 20684 20718 20769
Uncontaminated

ToT5 e B B G e

Uncontaminated to moderately contaminated 475 7532
TS 3
Moderately contaminated 2 065
R TS R BRI
. 0 127
Moderately toseverly contaminated
YE YL
g G ' 0 40
Severelycontaminated
SIS Y BB R T5 Ge 0 14
Severelyto extremely contaminated
YE U
(UGS 0 3

Extremely contaminated

3267 496 158 239 199 153
162 0 2 0 6 1
22 0 0 0 0 0

9 0 0 0 0 0
0 0 0 0 0 0
2 0 0 0 0 0
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