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Pollution and Potential Environment Risk Assessment of Soil Heavy Metals in Sewage Irrigation Area
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Abstract: In a typical sewage irrigation area, 52 surface soil samples were collected to determine total concentrations of arsenic(As ), cadmi—
um(Cd), chromium (Cr), copper(Cu), mercury (Hg), nickel (Ni), lead (Pb) and zinc (Zn). The Nemero Synthesis Index and Hakanson's
Environment Risk Index of soil heavy metals were evaluated and compared at different wastewater irrigation histories and distances from irri—
gation canal. The results showed that some soil heavy metals had been enriched in the topsoil due to long—term sewage irrigation. The mean
concentrations of As, Cd, Cr, Cu, Hg, Ni, Pb and Zn were 9.88 mg-kg™, 1.45 mg-kg™, 88.41 mg-kg™, 52.24 mg-kg™, 1.38 mg-kg™, 34.14
mg-kg™, 55.01 mg-kg™ and 151.16 mg-kg™, respectively. In nearly half of samples, Cd and Hg concentrations have exceeded the pollution
levels based on Chinese Environment Quality Standard for Soils, which have exhibited a very serious pollution trend. Based on the pollution
index of eight elements, they followed : Cd>Hg>Ni>Cu>Zn>As>Cr>Pb. In addition, there existed extremely strong comprehensive environment
risks for soil heavy metals, in which slight-strong ecological risk for Cd and strong ecological risk for Hg. The risk order of soil heavy metals is
Hg>Cd>Pb>Cu>As>Ni>Cr>Zn. The comprehensive pollution index and ecological risk index of heavy metal increased with the increasing
sewage irrigation histories and decreasing distances from irrigation canal. It is concluded that long—term wastewater irrigation was harmful to
the ecological environment of farmland soils. In order to protect agricultural production safety and promote soil resource sustainable utiliza—
tion, some necessary measures against soil heavy metal pollution in sewage irrigation farmland should be taken as soon as possible.
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Figure 1 The study area and sampling point distribution map
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Table 1 The limited values of soil heavy metal in Chinese Soil Environmental Quality Standard

TTE As Cd Cr

Cu Hg Ni Pb Zn

AR PR /mg - kg™ 25 0.6 250
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Table 2 The classification standards of soil heavy metal pollution evaluation

g Py PR TSRk T
1 P<0.7 By Tk
2 0.7<P ;<1 =i W
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Table 3 Reference C, and toxic coefficient T’ of different heavy metals

JCE As Cd Cr Cu Hg Ni Pb Zn
Ci/mg-kg™! 15 0.5 60 30 0.25 31.2 25 80
T; 10 30 2 5 40 5 5 1

T NI IS LB C R PG 28 - 875 S (R0, HoAyn 2 R A Hakanson #2189 Tl AL A -3 (UURR ) e i 75 5= .
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Table 4 Classification standard of E! and RI

E; L5 YL PRI KRS P T RI LR PR KU FE T
E!'<40 LZ3 RI<150 2 4%
40<E; <80 rh4E 150<RI<300 a4
80<E; <160 Ei 300<RI<600 5
160<E; <320 TR RI>600 A5,
E>320 et
x5 TERKEIREERESEMASIT
Table 5 Descriptive statistics of farmland soil heavy metal contents in sewage irrigation area
pgPHMRERCRVELRE ppggen RO RERR game
As 9.88+1.27 6.28 12.96 12.86 11.70 5 9.62 0.84
Cd 1.45+1.24 0.37 5.60 85.84 0.29 52 100 5.00
Cr 88.41+42.14 66.57 313.94 42.67 70.80 43 82.69 1.25
Cu 52.24+22.82 30.23 145.36 43.69 26.00 52 100 2.01
Hg 1.38+0.85 0.52 5.05 61.68 0.13 52 100 10.62
Ni 34.14+4.80 27.92 49.87 14.05 31.20 42 80.77 1.09
Pb 55.01+£14.48 37.69 117.62 26.32 38.80 51 98.08 1.42
Zn 151.16+£97.18 88.83 600.59 64.29 64.00 52 100 2.36

T R S EAR R T SCHRI25-26] s & 4R L i A AR SR AR A Bty SR b RO LU 5 s A= 3 (i 5



2156 Wk ¥, 55 TS HEAR 398 o 4 5 e SO A R0 U DA

20124 11 A

RO SERXRTEEERETHERR

Table 6 The pollution status of farmland soil heavy metals in sewage irrigation area
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Hg 1.38 0.52~5.05 8 14 22 4 4
Ni 0.57 0.47~0.83 48 4 0 0 0
Pb 0.16 0.11~0.34 52 0 0 0
Zn 0.50 0.30~2.00 47 1 1 0
P 1.99 0.53~6.70 2 10 23 8 9
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Table 7 Potential ecological risk index for each soil heavy metal in sewage irrigation area

PV YAIIREE KBS 8 RS A 4

R el A E/<40 i 40<E!<80 1% SB0<E/<160 #58 160<E/<320 3%  E =320 fik
As 6.59 4.19~8.64 52 0 0 0 0
Cd 86.99 21.98~335.87 16 16 13 6 1
Cr 2.95 2.22~10.46 52 0 0 0 0
Cu 8.71 5.04~24.23 52 0 0 0 0
Hg 221.57 82.48~808.08 0 0 22 23 7
Ni 5.47 4.47~7.99 52 0 0 0 0
Pb 11.00 7.54~23.52 52 0 0 0
Zn 1.89 1.11~7.51 52 0 0 0
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Figure 2 The pollution status and its environment risk of soil heavy metals under different sewage irrigation history
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Figure 3 The pollution status and its environment risk of soil heavy metal under different distances from sewage irrigation canal
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