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Ecological risk assessment of soil heavy metals in the middle of the “One River and Two Tributaries” basin in
Tibet

WANG Wei—peng'?, LU Hong—wei”’, FENG San—san'

(1.School of Renewable Energy, North China Electric Power University, Beijing 102206, China; 2. Key Laboratory of Water Cycle and
Related Surface Process, Institute of Geographic Sciences and Natural Resources, Chinese Academy of Sciences, Beijing 100101, China)
Abstract : This study focused on the characteristics of soil heavy metal pollution in the middle area of the “One River and Two Tributaries”
basin in Tibet. Four layers of soil, namely S1(0~10 c¢m), S2(10~20 e¢m), S3(20~30 c¢m), and S4(30~40 c¢m), at 41 points in the farmland
soil were sampled; then, the concentrations of Cd, Cr, Cu, Hg, Pb, Zn, Ni, and Mn were determined. The sources of heavy metals were
analyzed using the multivariate statistical method, and the soil heavy metal ecological risk was evaluated based on the geo—accumulation
index, enrichment factor, and potential ecological risk index. The results showed that the concentrations of Cd, Cr, Cu, Pb, Zn, Ni, and Mn
in soil layer S1 were higher, with mean values of 0.21, 82.95, 34.67, 35.81, 75.31, 49.99 mg - kg™, and 697.39 mg- kg™, respectively. The
average concentration of each element in all four layers was lower than the risk screening values of soil contamination in farmland. The
concentration of soil heavy metals decreased as the soil layer increased. Thus, the lowest concentration was observed in layer S4. Source
analysis showed that Cd, Cu, and Pb in the surface (S1, S2, and S3) soil were mainly affected by human activities, while Cr, Ni, Zn, and

Mn were mainly controlled by natural sources. Layer S4 was less affected by human activities, and the sources of its heavy metal elements
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were mainly natural. The ecological risk analysis showed that the geo—accumulation index, enrichment factor, and single ecological risk

parameter of Cd in soil layer S1 were higher than those of the other elements with mean values of 0.790, 1.973, and 77.782, respectively.

This indicated that layer S1 had significant contamination and a moderate ecological risk level. All the parameters of each element in the

other soil layers were lower than those in layer S1, thereby implying that slight contamination and lower ecological risk. The average value

of the comprehensive potential ecological risk index of the four soil layers was 103.959, thereby indicating that the soil in the study area

was characterized by slight ecological risk. Generally, the quality of the soil in the study area was good, but the concentrations of Cd and Ph

showed serious accumulation.

Keywords: soil; heavy metals; sources analysis; ecological risk assessment; “One River and Two Tributaries” basin
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Figure 1 Distribution of sampling points in the study area
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Table 1 Statistical analysis of soil heavy metals in the study area

+ )2 Soil layer T H Item Cd Cr Cu Pb Zn Ni Mn
S1 FEFE/ (mg-kg™) 0.04~0.85 3221~144.20 14.61~86.00 13.85~97.96 20.58~210.70  17.36~88.33 154.68~1 197.00
YI(E+FRERE/ (mg-kg)  0.21£0.18  82.95+23.38 34.67+18.35 35.81+21.43  75.31+28.11  49.99+14.07  697.39+254.48
S B 0.85 0.28 0.53 0.60 0.37 0.28 0.36
s2 FEFE/ (mg-kg™) 0.01~0.90  18.64~119.45 9.31~64.70  11.10~84.79 21.79~253.75  16.30~83.74 123.07~1079.32
P +br 2/ (mg-kg?)  0.15+0.18  73.86+22.71 28.67+14.38 34.49+18.83  70.81+33.23  39.31+12.58  667.69+245.67
BN 1.17 0.31 0.50 0.55 0.47 0.32 0.37
S3 R/ (mg-kg™) 0~0.90  29.88~114.25 6.68~52.65 10.06~62.35 10.32~155.90 13.20~49.22  110.28~764.12
BEhRfERE/(mg-kg!) 0132020  58.48+21.69 23.23+12.66 26.11x13.42  49.89+29.38  28.37+8.74  477.03x177.66
5 AR 1.60 0.37 0.54 0.51 0.59 0.31 0.37
S4 JEFE/(mg-kg™) 0~0.75  18.64~102.00 7.17~56.50  9.90~60.95 12.30~106.85 11.47~39.10  123.07~555.58
BkRfEZE/(mg-kg!)  0.07#0.15  32.05£16.63 14.74+9.86  18.14+10.68  28.01+18.48  19.09+5.51  292.71x104.15
5 5 AL 2.22 0.52 0.67 0.59 0.66 0.29 0.36
VU5 S/ (mg - kg ™) 0.08 77.40 21.90 28.90 73.70 32.10 626.00
A FH Hb RS G 1/ (mg - kg ™) 0.30 150.00 50.00 70.00 200.00 60.00 —

T+ [ R HE PR HLAE Min JTER B L

Note : The risk screening value of Mn is not regulated in the national standard.
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Figure 2 Spatial distribution of heavy metal contents in soil layer S1 in the study area(mg-kg™)
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Table 2 Correlation coefficients of heavy metal contents in four soil layers

R2ONMTREEESENHEXRY

+JZ Soils layer T 43J& Heavy metals cd Cr Cu Ph Zn Ni Mn
S1 cd 1
Cr 0.271 1
Cu 0.527%* 0.381%* 1
Pb 0.258 -0.049 0.585%* 1
Zn 0.374% 0.335% 0.585%* 0.033 1
Ni 0.456%* 0.384* 0.407%** -0.093 0.597%* 1
Mn 0.124 0.125 0.209 0.030 0.342% 0.151 1
s2 cd 1
Cr 0.175 1
Cu 0.638** 0.323* 1
Pb 0.277 0.087 0.473% 1
Zn 0.799% 0.323* 0.550% 0.258 1
Ni 0.237 0.203 0.387* -0.061 0.183 1
Mn 0.269 0.246 0.320% 0.088 0.295 0.206 1
S3 Cd 1
Cr 0.493* 1
Cu 0.727%% 0.658% 1
Pbh 0.400% 0.079 0.564%% 1
Zn 0.769% 0.629% 0.807% 0.345 1
Ni 0.160 0.431% 0.243 -0.201 0.279 1
Mn 0.261 0.374% 0.321 0.082 0.450% 0.321 1
S4 cd 1
Cr 0.8987* 1
Cu 0.884% 0.824% 1
Pb 0.876%* 0.783% 0.812%* 1
Zn 0.9047 0.869% 0.867* 0.801% 1
Ni -0.096 -0.157 -0.248 -0.309 -0.127 1
Mn 0.311 0.376 0.288 0.251 0.477* -0.158 1
T RIRAE P<0.01 KPR AR DG, #RIRAE P<0.05 K- i ARG
Note: **indicates extremely significant correlation at P<0.01 level, *indicates significant correlation at P<0.05 level.
RIARXLTEEEESEH N EMRE
Table 3 Principal component analysis of heavy metal concentration in soil of the study area
T4E S1J#43S1 component S2 Ji{53 S2 component S3 .43 S3 component S4 Ji.53 S4 component
Heavy metals F1 F2 F3 F1 F2 F3 F1 F2 F3 F1 F2
Cd 0.484 0.684 -0.022 0.916 0.049 0.054 0.866 -0.026 0.067 0.957 0.190
Cr 0.701 0.003 -0.012 0.089 0.855 -0.015 0.495 0.689 0.158 0.928 0.105
Cu 0.503 0.760 0.188 0.789 0.331 -0.046 0.931 -0.021 0.153 0.927 0.027
Pb -0.173 0.940 0 0.465 0.122 -0.714 0.557 -0.682 0.108 0.903 -0.046
Zn 0.698 0.172 0.443 0.828 0.201 0.002 0.862 0.107 0.285 0.951 0.107
Ni 0.850 -0.004 0.105 0.351 0.234 0.728 0.224 0.795 0.216 -0.259 0.930
Mn 0.066 0.039 0.959 0.219 0.656 0.111 0.195 0.139 0.965 0.451 -0.275
WAL (B 2.328 1.728 1.164 2.542 1.383 1.057 3.241 1.368 1.123 4.625 1.003
1 25 DR 1% 33263 24.683 16.632  36.321 19.762 15.104  46.297 19.546 16.048 66.078 14.324
BBy EvTlkE/% 33263 57.945 74.577 36.321 56.082  71.187 46297  65.843 81.891 66.078 80.402
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Figure 5 Distribution of the comprehensive ecological risk index(RI) of heavy metals in the four soil layers
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