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Evaluation of soil environmental quality of cultivated land in the Donghe River Basin of
Chenzhou City, Hunan Province by three methods WANG Xiaofeng“’z, LAN Wenbo?, XIAO
Qipeng™, MENG Yanbin®, QIU Bin®, LI Zeyan®, HE Liping"* (1. a.School of Public Health b.School
of Basic Medical Science, Xiangnan University, Chenzhou, Hunan 423000, China; 2. Chenzhou
City Heavy Metal Pollution Health Risk Assessment Technology Research and Development
Center, Chenzhou, Hunan 423000, China; 3. Chenzhou Center for Disease Control and Prevention,
Chenzhou, Hunan 423000, China)

Abstract:

[Background] Heavy metal pollution in cultivated land will affect crop yield and quality, as well
as groundwater quality, ecological security, and human health.

[Objective] To analyze the pollution status of heavy metal elements such as chromium (Cr),
copper (Cu), zinc (Zn), arsenic (As), cadmium (Cd), and lead (Pb) in cultivated soils of the Donghe
River Basin in Chenzhou City, and to evaluate the environmental quality of local cultivated soil.

[Methods] A total of 16 samples of cultivated soil from the Donghe River Basin in Chenzhou City
were collected, and the contents of Cr, Cu, Zn, As, Cd, and Pb in the samples were determined by
inductively coupled plasma mass spectrometry. The Nemerow comprehensive pollution index
method (the evaluation indicators included both Nemerow comprehensive pollution index and
single pollution index), the geological accumulation index method, and the potential ecological
risk index method were used to evaluate the soil environmental quality.
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The average levels of Cr, Cu, Zn, As, Cd, and Pb in the soil samples in the study area were 58.25, 49.50, 273.88, 137.76, 2.92,
and 672.29 mg-kg™, respectively. The average values of Cu, Zn, As, Cd, and Pb were all exceeded the background values of soil elements
in Hunan Province. The single pollution indices of As, Cd, Pb, and Zn in soil were 4.40, 9.74, 5.85, and 1.15 respectively. The
contamination of As and Pb reached 93.75% and 81.25% respectively. The geological accumulation indices of soil As, Cd, Pb, and Zn were
2.11, 3.71, 2.97, and 0.58, respectively, which showed heavy Cd pollution, moderate As and Pb pollution, and slight Zn pollution. The
potential ecological hazard indices of soil Cr, Cu, Zn, As, Pb, and Cd were 1.63, 9.07, 2.90, 87.75, 113.18, and 695.76. 81.Twenty five
percent of Cd samples showed heavy pollution and above, and 62.50% of Pb samples had moderate pollution and above. The Nemerow
comprehensive pollution index was 7.72, which belonged to heavy pollution; and the comprehensive potential ecological risk index was

910.29, which belonged to high ecological risk.

There are certain differences in the results of different evaluation methods. The cultivated soils of the Donghe River Basin in
Chenzhou City, is seriously polluted by heavy metals, and Cd, As, and Pb are the main polluting elements.

mining area; heavy metal; soil environmental quality; evaluation method
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Table 1 Classification criteria for geo-accumulation index
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Bff 55 X 33 A it 324 5 pH E339{E 9 6.60, pH
6.5~7.5 BVl ;2 5 62.50%, fiff 5% (X 33} + 3% LA SSBR 14 /9
F, R 2 AT, AR XIS 3B SR Cul Zn. As.
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# Pb 9 RIEBHER 22.2 15#0 21.6 1%, cd R/ MEEBH
T RLTHIEE, bR cr U, ERAMEEETRESE
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Table 2 Levels of heavy metals in arable soils in the study area

E8/(mgkg™)
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MELIE XK RBE
LTeE HEE BEE
/imgkg™) /(mgke™) /(mg-kg™)

g TR

RE FE/%

Cr 108.86 35.49 58.25 20.17 34.63 71.4 150°/200° 850%/1 000°

Cu 175.86 16.74 4950 4533 9156 273 50°/100°

Zn  811.04 98.01 273.88 213.18 77.84 944  200°/250° =
As 42375 29.62 137.76 11593 84.15 157 40°/30°  150°/120°
cd 718 095 292 178 60.79 0.126 0.3%/0.3° 2.093.0°

Pb 2381.18 64.61 672.29 746.06 110.97 29.7 90°/120° 500%/700°

[£] a. b 53R GB 15618-2018 { TIEIFIE 2 KM TIETEX
FEEAREGRTT)Y MEB 5.5 < pH<6.5¢ 6.5 < pH<7.5 BRI & T
E{Eo oo d P BIRT GB 15618—2018 ( HIBIFIEFRE R T1E
ERREEEIEGRTT) ) FIEM 5.5 < pH<6.5. 6.5 <pH<7.5 8
RS E HE, “—" TR E,

Pearson lH XM DM ER, CuBES Zn. As. Pb

B2, INnEE5 Cu As. Cd. P EE,AsBE5 Cu.
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Table 3 Correlation between different elements in arable soils in
the study area (r)

R 5 ARKEHBHIEIRBRRIEHINGR

Table 5 Geo-accumulation indexes for
arable soils in the study area

TR cr Cu Zn As cd Pb
cr 1 -0.158 -0.146 -0.014 -0.218 -0.016
Cu 1 0.667 0.587 0.416 0.732°
Zn 1 0.781" 0.798" 0.846
As 1 0.622 0.864"
cd 1 0.503"
Pb 1

_ | ERERM S SEL/%

TR ig — — — — e —
FHE Boh RETR RPESHR PESH RETH BOR RETR

cr -0.95 9375  6.25 0.00 0.00 0.00 000  0.00

Cu -0.11 6250 25.00 6.25 6.25 0.00 000  0.00

Zn 0.58 4375 12.50 31.25 12.50 0.00 0.00 0.00
As 211 0.00 1875 31.25 25.00 18.75 6.25 0.00
Cd 3.71 0.00 0.00 0.00 18.75 4375 31.25 6.25
Pb 297 0.00 12.50 25.00 6.25 25.00 6.25  25.00

[7£]1* P<0.05

2.2 EEBRTFMN
221 WBTEETREHCEHTINER Bx4T4H,
NP RIS LI LAY F3I{E Cd > Pb>As>Zn>Cu >
Cr, FRBEALRIITE Cri5H, B Cd W REETE, As H
Pb B975 RAL 2 3 BIIKE 93.75%F0 81.25%; NI 47
BT TIOE N 7.72, it HIBE EETER,

R4 MAKEHIIZEANES S85RIBETNE

Table 4 Nemerow comprehensive pollution indexes for arable
soils in the study area

R 6 HRXEHM TIEEEESKRIEHRIENER
Table 6 Potential ecological risk indexes for
arable soils in the study area

. BEESRERRE RBEERALR SLE/%

CBAE BME THE ERE FRE RENER BRR BERR
Cr 305 099 163 10000 000 000 000 0.0
Cu 3221 307 907 10000 000 000 000 0.0
Zn 859 1.04 290 10000 000 000 000 0.0
As 269.91 1887 8775 3125 2500 3125 1250  0.00

Cd 1709.90 226.08 695.76 0.00 0.00 0.00 18.75 81.25
Pb 400.87 10.88 113.18 37.50 25.00 12.50 12.50 12.50
RI 1998.13 286.76 910.29 0.00 6.25 37.50 56.25 0.00

SRERR /%

e BXE BIME FHE .
BESR HESRE EESRE

BUUSRIEH

cr 073 020 033 0.00 0.00 0.00

Cu 176 017 056 13.50 0.00 0.00

Zn 324 042 1.15 31.25 6.25 6.25

As 1413 074 440 31.25 13.50 50.00

cd 2394 317 974 0.00 0.00 100.00

Pb 1984 054 585 18.75 0.00 62.50
SETSRIEHR 1746 238 7.72 0.00 6.25 93.75

222 WHRERIEBHHTNER BERSTH BE
BB RRIEEHF I Cd>Pb>As>Zn>Cu>
Cr, Cr. Zn F CuBPLIETE N E, Cd B 81.25% (I "2
MRS RN ESRIZE, As RESERKR ETHR
FMAL A G 50.00%, 62.50% i 52 Pb S5 REFRIEH
SRR %R,

223 BEESNRIBHCETINGR HBFE e !
FRBEfLMR Cr. Cufl zn £ FRENEBEESEEK
', cd b FRBEESEENXRIRREKT, As &TF
B RBEESEEKTENDH & 31.25%. 12.50%,
Pb B 37.50%% TREESEENEIRER U LXK
ER; GEBTEESXRIEHTIEN 910.29,

2.3 RRENENFHIERELER

A RRELTER A AMEERBTRRIUSTH
B AR BRIERNATESEEIEHIERS
FAFRINR 7 FRRe = FIFN 75 7EXT Cre Cu F1 Cd BY
SRZEIFNERAN—, Cr. Cu IS R/MBERNRIZE,
Cd SREE/BEESNKGS; XTI Zn. As H Pb HY75
REEITNERR K.

R7T HRXKEHM I IEHESRETEERRITN

FERRYS TR
Table 7 Pollution ratings of six heavy metals by
three evaluation methods

_ BIUSHIEE R RIRFEEK BEESEEIEN
7T

. BHROEMTE BHR MRS Xk AT
FIEY 2p aemp B g oqeg Xz opeg
cr 033 & 1/4 -095 Tim% 1/7 1.63 EXK 1/5
Cu 0.56 &3& 1/4 -011 Tim 1/7 9.07 EML 1/5

n 115 BESSR 2/4 058 BESSHR 27 290 BRE 15
As 4.40 RS 4/4 211 thEEsg 4/7 8775 |RK  4/5
Cd 974 BESSHR 44 371 RIESHR S/7 69576 BRI 5/5

Pb 5.85 FRESHR 4/4 297 HEFHR 4/7 11318 BN 4/5

3 e
TETEEREREARTH DT ALEDF
BARTREWMN TIBIFEAR SNV ETRARN
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