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Fig. 1 Geological schematic map and sampling point bitmap of the study area.
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Table 1 Quality control of analysis methods.
JLR IIMTIT Krth R (mg/kg) HERE (AlogC) RSD(%) R (%)
As AFS 0.20 0.004 ~ 0.024 3.06 ~6.51 100
Cd ICP-MS 0.02 0.004 ~ 0.039 3.34~8.88 100
Cr XRF 1.80 0.002 ~ 0.011 0.56 ~3.71 100
Cu XRF 0.90 0.002 ~ 0.036 0.59 ~ 6.00 100
Hg AFS 0.0003 0.000 ~ 0.031 2.69 ~8.59 100
Pb XRF 1.00 0.000 ~ 0.032 0.44 ~4.90 100
Zn ICP-OES 0.30 0.000 ~0.016 0.30 ~ 8.58 100
Sc ICP-OES 0.30 0.000 ~ 0.035 2.50 ~ 6.26 100
Co ICP-OES 0.60 0.000 ~ 0.035 1.79~6.21 100
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Table 2  Statistics of heavy metal element contents in soil.

GiFBR RS TR As Cd Cr Hg Co Pb Sc Zn Cu
(mg/kg) (mghkg) (mghkg) (mgkg) (mgkg) (mgkg) (mghkg) (mgkg) (mgkg)
1381 2 9.643 0.243 70.311 0.063 14991  39.856  11.695 85196  24.827
A 160 )z 8.828 0.084 70.848 0.028 14186 27.627 11736 75.194  23.509
75 w2 9.442 0.107 70.709 0.033 14081 30484 11752 76426  24.246
1381 7 9.650 0.183 71.678 0.060 15009  36.867 11750  87.660  24.917
HfH 160 L= 8.435 0.078 70.700 0.025 14000 27300  11.800  75.950  22.100
75 w2 8.700 0.088 70.30 0.028 13.80 28.70 11.80 75.70 23.00
1381 FZ 7.294 0.001 43.868 0.020 7.570 18.804 8.483 41.681 15.422
e/ MH 160 hz 1.410 0.021 19.700 0.006 3.250 2.260 4.350 21.700 6.640
75 Wz 1.150 0.021 10.70 0.0047 2.260 2.260 3.090 12.00 3.54
1381 2 11.79 1.093 142353 0.181 20.673  99.575 15357 140552 32.513
BRAE 160 )z 32.70 0.300 277 0.061 37.800  58.500  21.00 270 50.0
75 W2 49.50 1.480 516 0.250 51.90 231 31.40 402 115
1381 2 0.984 0.150 13.144 0.019 2.505 14.862 1.483 14.606 3.432
NGRS 160 )z 4514 0.039 31.644 0.014 5.234 8.173 3.336 26.258 8.277
75 wz 5.470 0.092 33.293 0.024 5.279 14.082 3.381 27.646  10.446
1381 7 0.102 0.618 0.187 0.300 0.167 0.373 0.127 0.171 0.138
5 ZRAL 160 2 0.511 0.464 0.447 0.517 0.369 0.296 0.284 0.349 0.352
75 w2 0.579 0.864 0.471 0.731 0.375 0.462 0.288 0.362 0.431
ST - F2m)z 1.096 2.903 0.996 2.249 1.060 1.448 1.000 1.137 1.060
- RIZHZ 1.026 2.282 0.999 1.903 1.070 1314 1.000 1.120 1.029
TR - 2 6.720 0.130 60.000 0.030 11.00 24.000 9.300 54.00 18.700
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E £ g ¥
= E S
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Fig. 2 Content characteristics of heavy metal elements in soil.
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Fig. 3 Spatial distribution diagrams of heavy metal elements in soil.
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Table 3 Correlation coefficients between heavy metal elements

in surface and deep soil.
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Table 4 Statistics of anthropogenic contribution rate of surface soil.
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Distribution Characteristics and Source Analysis of Soil Heavy Metals in the
Liaoyang—Dandong Region
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2. Innovation Center of Earth Shallow Surface Exploration Technology, China Geological Survey, Langfang
065000, China;
3. Langfang Natural Resources Comprehensive Survey Center, China Geological Survey, Langfang 065000,
China;
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6. Key Laboratory of Coupling Process and Effect of Natural Resources Elements, Beijing 100055, China;
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HIGHLIGHTS

(1) Multivariate statistical methods such as variation coefficient and enrichment factor and geospatial analysis
confirm each other and reveal the distribution characteristics of heavy metal elements in soil.

(2) Soil heavy metal pollution was evaluated by index of geoaccumulation. The surface soil was slightly polluted by
Cd, Hg, Pb and Zn, the middle layer of soil was slightly polluted by Pb, and the deep soil was not polluted.

(3) The sources of heavy metals in soil were analyzed by Pearson correlation analysis, principal component analysis

and anthropogenic contribution rate, and Cd and Hg were significantly affected by anthropogenic activities.

ABSTRACT: The Liaoyang—Dandong region is an important grain and cash crop production area in Liaoning
Province. It is of great significance for monitoring the quality of black soil and studying the migration and
transformation of heavy metals in soil to understand the distribution characteristics and sources of heavy metals in
soil from 0 to 500cm. Soil samples were collected from different layers, and the contents of 8 heavy metal elements
and Sc elements were determined. The average contents did not exceed the pollution risk screening value, Cd and
Hg were obviously enriched in the surface soil, and Pb and Zn showed a certain enrichment trend. Cd, Hg, Pb and
Zn in the surface soil were slightly polluted, the middle layer of soil was slightly polluted by Pb, and the deep layer
of soil was not polluted. Pb, As, Co, Cu, Cr, Sc and Zn were affected mainly by natural background, Pb and Zn were
affected slightly by local human factors, and Cd and Hg were affected significantly by human activities. In the
future, it will be necessary to strengthen the monitoring of the enrichment trend of Hg, Cd, Pb and Zn elements in
different plots. The BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.15898/
j-ykes.202404070080.

KEY WORDS: heavy metals; index of geoaccumulation; multivariate statistical analysis; source analysis; ICP-MS
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BRIEF REPORT

Significance: The Liaoyang—Dandong area is an important grain producing area in Liaoning Province. Due to the
intensive use of black land and the industrial expansion of the city, a heavy metal enrichment trend began to appear
in this area, attracting professional attention. The degradation of geochemical properties of black soil often shows
heavy metal toxic elements (As, Cd, Cr, Hg, Pb, Ni, etc.) exceeding the normal content in terms of trace elements.
The purpose of this study was to explore the distribution characteristics of heavy metal elements in soil in the
Liaoyang—Dandong area from a shallow perspective of 500cm, and analyze the sources of these heavy metal
elements, to provide scientific basis for the ecological environment protection of black soil in this area.

Methods: 1381 surface (0—20cm), 160 middle (150—250cm) and 75 deep soil samples were collected from the
Liaoyang—Dandong area (Fig.1). The contents of heavy metals As, Cd, Cr, Hg, Co, Pb, Zn, Cu and Sc in soil were
determined by XRF or ICP-MS/OES or AFS method (Table 1). Multivariate statistical and spatial distribution
analysis methods were used to reveal the distribution characteristics of heavy metals in soil, and the
geoaccumulation index, which isolates anthropogenic pollution from the total concentration determined within a

sample .

, was used to assess the pollution degree of different depths of soil. Pearson correlation analysis,
principal component analysis (PCA) and anthropogenic contribution rate (ACR) were used to further explore the
potential sources and effects of heavy metals.

Data and results: The variation coefficient of Cd and Hg in the surface soil was greater than or equal to 0.3, and the
enrichment factor was greater than 1.9, showing the enrichment rule of the surface soil (Table 2 and Fig.2). The
content of heavy metals in soil at different depths varied greatly. As, Cr, Co, Sc and Cu elements were almost
identical in the peak area of the topsoil with those in the lower soil, which indicated that these elements had good
inheritance characteristics. However, for Cd and Hg, their spatial distribution patterns were significantly different
from those of other elements (Fig.3). Pearson correlation coefficient showed that Hg correlation was weak or not
correlated in all regions, and Cd was not correlated in sedimentary rocks, moraines and quaternary alluvial regions
(Table 3). Hg and Cd in surface soil were greatly affected by human activities. The evaluation results of
geoaccumulation index showed that the surface soil was slightly polluted by Cd, Hg, Pb and Zn as a whole, the
moderate pollution points were scattered in the areas where people were concentrated and mining was active, and
the middle layer of soil was slightly polluted by Pb, which was due to the increase of ion exchange Pb content
caused by topsoil acidification. According to the principal component analysis of heavy metal content in the surface
and middle layers of soil and the calculation of anthropogenic contribution, As, Co, Cu, Cr, Pb and Zn originated
mainly from the natural background, Pb and Zn were slightly affected by local human factors, while Cd and Hg
were significantly affected by anthropogenic activities (Table 4, Fig.5). In addition, As was controlled mainly by

sedimentary rocks, Pb was controlled mainly by granite, and Hg was partly attributed to metamorphic rocks.
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