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Cumulative distribution and risk assessment of heavy metals during sewage irrigation

LIAO Qiang', LI Jin—xin', LI Ming—zhu',DONG Yuan—peng', WU Mi',MENG Zi-lin*, LI Meng—hong’, LIU Ai—ju*™

(1.School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255091, China; 2.School of Resources
and Environment Engineering, Shandong University of Technology, Zibo 255091, China)

Abstract: In order to investigate the distribution characteristics and accumulative effect of heavy metals in soil after irrigation with sewage,
batch experiments of soil column irrigation were conducted and the pollution risk of heavy metals in soil was assessed simultaneously. The
results showed the concentrations of Cu and Zn decreased gradually from top to bottom in the soil column and were similar to their corre-
sponding background values at the bottom of the soil column after irrigation. The Cu concentration in different soil layers was higher when ir-
rigated with wastewater containing a single pollutant than with wastewater containing multiple pollutants. Meanwhile, the single factor pollu-
tion index and Nemero index indicated that both kinds of wastewater would cause slight pollution of the soil. The potential ecological risk in-
dex showed that the two kinds of sewage irrigation would lead to mild harm, except when the 0~10 c¢m soil layer was irrigated with the multi-
ple pollutant wastewater, which led to medium harm because its E;(Cu) was 45.13. Besides, as the irrigation amount increased, the peak val-

ues of the single factor pollution indices of both Cu and Zn appeared in the 0~10 cm soil layer after the last time irrigation, with the maxi-
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mum value reaching 2.16. The contents of Cu and Zn in the filtrate collected from the bottom of the soil column met the third grade standard

of GB/T 14848—2017. This result indicated that Zn could promote the accumulation of Cu in different layers of soil under the condition of

sewage irrigation, and the irrigation times also affected the pollution by heavy metals of soil to a certain extent. In addition, short—term sew-

age irrigation would not lead to groundwater contamination.

Keywords: sewage irrigation; heavy metal; distribution and accumulation; risk evaluation
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Table 1 Soil physical and chemical properties
- GHUR HiEE  IURAL%  cuwkpss znvikpE R
P mg-g K% gk gykr whk mg-kg'  mgekg! grem”
746 1.30 20.83 6.7 80.0 133 32.12 70.89 1.5

1.2 LIgit
1.2.1 A

S i SR FH Y B AR H A AL B 3 L AT = 100
em AR 10 emo AP T BERR 5 om % B H AR 1.5 cm
BRI AL, K B AR I FE JE 55 E R 50 B Je 4R T 28
R T ot = S v v N O N ] 2 R
WE A/, ER IR T & . SMNEER A 21, (8
TOULI AL B S B UREE . KBk A il 1 e K
3k 55 PO, AR T S REACE BB S IO AN 10
L, T EATHA 8.0 mm AL, 3l A — 1K — &0
DB . TERAEOCH TR T 2218 )
K, KR AR S O ST R B IRk
FrUE /K S , S g & R FE A AE 25 CAE Ay . TIETE



2562

VRIEIN ity F37TE5 114

BEIEFT IR A)  FFAE LA AR L 2 em £ BRI AN
BT K Z R P PEAL B 0 A b AR A b
JEUEAR, B 1112 R A 1 2 2 B AR IS K AL
IR I i 40~60,20~40,0~20 cm MM 43 3 kAT +
el 192 R S YRR S0 R 52, A 3L
KBRS & B A2 e U R ] — e A
TR, 5 L KR TR F) H ) 5K R K s R AE
HREUFI 4 FAE2 em A DERDFN— 2 U840, 24 H
wE 1R .

AR

100 em

de—— FUR 3E

| B

Bl LKkER

Figure 1 Schematic diagram of the experimental setup
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Table 3 The design scheme of irrigation
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Figure 2 The distribution of Cu in soil under reclaimed water

irrigation with single pollution
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Figure 3 The distribution of Cu and Zn in soil under reclaimed

water irrigation with compound pollution
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Table 5 Correlation analysis of Cu,Zn accumulation and

irrigation amount under two kinds of reclaimed water irrigation
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Table 6 Single factor index and Nemerow index of soil heavy

metals under two kinds of reclaimed water irrigation
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Table 7 Potential ecological risk index of soil heavy metals under

two kinds of reclaimed water irrigation
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Figure 4 The single factor index of Cu in soil under reclaimed

water irrigation with single pollution
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Figure 5 The single factor index of Cu and Zn in soil under reclaimed water irrigation with compound pollution
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Table 9 Standard for groundwater quality
(GB/T 14848—2017 ,mg-L™")

G I 2% JIES IS
Cu <0.01 <0.05 <1.0
Zn <0.05 <0.5 <1.0

R MHEREFGHFTRHEP CuZn EEHNTXER (mg-L)

Table 8 Changes of Cu,Zn concentrations in leach liquor under two irrigation conditions (mg-L™")

B HEB A R E BT Cu

S HEBARAT TR T Cu

RGBT TR I T Zn

HHmin = TR mok ok BNk Bk Bk ok Bmk Bk Bk Bok BNK
30 0.124 0.124 0.196 0.197 0.170 0.486 0.380 0.165 0.297 0.290 0.288 0.294
60 0.111 0.123 0.195 0.133 0.163 0.165 0.182 0.229 0.326 0.765 0.290 0.297
90 0.112 0.130 0.174 0.189 0.627 0.160 0.183 0.165 0.291 0.294 0.292 0.295
120 0.108 0.149 0.171 0.182 0.148 0.155 0.226 0.248 0.300 0.297 0.296 0.300
150 0.106 0.119 0.213 0.179 0.339 0.152 0.163 0.226 0.299 0.294 0.314 0.301
180 0.156 0.118 0.169 0.179 0.160 0.149 0.161 0.152 0.295 0.294 0.303 0.306
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