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Vertical variability of cadmium after one sewage irrigation in
long-term sewage-irrigated areas

XIN Lujun', QI Xuebin'"", GUO Jianqing®, FAN Xiangyang', LIU Yan', HU Yanling'

(1. Institute of Farmland Irrigation Research, Chinese Academy of Agricultural Sciences, Xinxiang 453003, China;
2. Institute of Environmental Sciences and Engineering, Chang’an University, Xi’an 710054, China)

Abstract There is limited development of agricultural economy in the north area of China that has been irrigated with
sewage water for a long time, because of the uneven distribution of water resources and different levels of soil pollution. The
main contaminants of sewage irrigation are heavy metals, which contamination area has been expanding over the years. A
number of large-scale or multi-scale studies have been conducted on heavy metal pollution in surface soils in irrigated areas.
However, studies have less focused on the vertical distribution of heavy metal, but mainly concentrated on the characteristics
of migration and leaching of heavy metals in the soil. It is therefore necessary to focus on the vertical cross-sectional view of
the spatial variability of soil heavy metals in sewage irrigated areas on a small scale. In this study, we investigated the spatial
variability and distribution of available cadmium in the soil after once sewage irrigation. Using classical statistics and
geo-statistical techniques, we measured the spatial variability and distribution in a 328 m? field in the Niangniangmiao sewage
irrigation area in Xinxiang, Henan Province. The classical statistical analysis suggested that the mean available cadmium in
soil sections A, B, C and D (the south-north sections with 10.5 m away from each other and across the field from north to south)
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decreased, respectively, by 0.06 mg-kg™', 0.11 mg-kg™", 0.14 mg-kg™' and 0.23 mg-kg™" after sewage irrigation; suggesting a
moderate degree of dispersion. The dispersion in soil section B increased by 4.32%, while it decreased in other sections by
9.39% (A), 6.12% (C) and 10.98% (D), all of which were within the 28.31%—-45.16% range after sewage irrigation.
Geo-statistical analysis showed that the overall variation in available cadmium in the soil sections was random, Cy/(Cy+C) <
25%. Soil available cadmium had a strong spatial correlation within the 0.393—-1.308 m range. The optimal empirical
semi-variogarm models for simulating soil cadmium content for soil sections A, B, C and D were respectively spherical,
spherical, Gaussian and exponential modles. Soil profile B had the highest (1.997) fractal dimension of available cadmium.
The fractal dimension decreased after sewage irrigation suggesting a weakening spatial variability of soil available cadmium.
Structural factors played a decisive role in the vertical spatial variability and distribution of available cadmium in the soil
sections. Kriging interpolation suggested a banded distribution pattern. There was significant available cadmium accumulation
in the 0—15 cm soil layer. The distribution contour of available cadmium in the soil sections varied from dense to sparse along
irrigation direction. Correlation and variance analysis showed that available cadmium content was positively correlated with
organic matter content, moderately correlated with soil moisture, strongly negatively correlated with pH. The effect of
irrigation on each factor was significantly, moreover, irrigation could dampen the impact of the factors on available cadmium.
The results on distribution and variation in soil available cadmium showed leaching and migration of soil available cadmium
after sewage irrigation. This was more visible for the 0—15 cm top soil than the 30—40 cm sub-soil. The spatial variability of
soil available cadmium was mainly influenced by soil structural factors. The study provided the primary investigation for
phytoremediation of heavy metal in polluted soils.

Keywords Sewage irrigation; Soil profile; Available cadmium; Spatial variability; Heavy metal
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Table 1 Changes of soil characteristics and available cadmium contents after one sewage irrigation in different soil sections of
sewage irrigated field

pH

Moisture content Organic matter Available cadmium
Section Time
Average (%) CV (%) Average CV (%) I(Ag\fli;a,gl;: CV (%) Average (mgkg™) CV (%)
A Before irrigation  23.18+1.40aA 6.02 8.74+0.05bB 0.59 18.7£2.60cC 13.90 0.56+0.26aA 45.53
After irrigation  18.29+0.28bA 1.53 8.67+0.29aA 0.61 25.8+2.96aA 11.47 0.50+0.18aA 36.14
B Before irrigation 12.17+3.74cdC  30.73 8.83+0.12aA 1.33 17.5+3.98dD 22.74 0.29+0.12¢C 40.84
After irrigation  16.37+0.44¢cB 2.72 8.61+£0.05¢C 1.13 23.24+3.98bB 17.16 0.18+0.08dC 45.16
C Before irrigation  13.19+0.94bB 7.12 8.75+0.07bB 0.75 22.942.81aA 12.27 0.44+0.19bB 42.27
After irrigation  18.40+0.48abA 2.63 8.69+0.10aA 0.68 26.4+3.54aA 13.41 0.30+0.11bB 36.15
D Before irrigation  12.45+0.82¢cBC  6.56 8.74+0.26bB 1.78 21.2+3.13bB 14.76 0.45+0.18bB 39.29
After irrigation  18.50+0.92aA 4.96 8.64+0.60bB 0.59 23.4+2.92bB 12.48 0.22+0.06cC 28.31
ABC D P<5% ;
P<1% A, B, C and D refer to the sections cross the study plot from north to

south, respectively. Different small letters in the same time and same column represent significant difference among different sections at P < 5% level.
Different capital letters in the same time and same column represent extremely significant difference among different sections at P < 1% level.
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Table 2 Parameters of semi-variance of soil available cadmium content in different soil sections of the sewage irrigated field before

and after sewage irrigation

Section Time Theoretical model Co Co+C Co/( Co+C) Range (m)
A Before irrigation Spherical 1.90x107* 6.68x1072 0.028 0.513
After irrigation Spherical 7.80x107° 4.21x107 0.185 1.308
B Before irrigation Gauss 7.00x107° 2.20x1072 0.318 1.857
After irrigation Spherical 1.00x107* 6.52x1072 0.002 0.393
C Before irrigation Gauss 7.27x107° 3.57x107° 0.203 0.395
After irrigation Gauss 3.44x107° 1.45x1072 0.238 0.443
D Before irrigation Gauss 7.25%x107° 3.62x107* 0.200 0.419
After irrigation Exponential 1.00x107° 4.05%x107° 0.025 0.783
Co/(Cyt+C) 0.002~0.238, 0.393~1.308 m; B ,
> A C A C D, (h)
; B , ,
) , B
; )
)
(range)
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Fig. 1 Fractal dimensions of soil available cadmium in sections A, B, C and D in sewage irrigated field after irrigation
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Fig. 2 Contour maps of soil available cadmium in section A, B, C and D in sewage irrigated field before and after sewage irrigation

®3 FAREBFAFRIHIREVBESHZMSHMERLR
Table 3 Correlation coefficients between soil available cadmium and influencing factors in different sections of sewage irrigated
field before and after sewage irrigation

Influencing factor Time A B C D
Before irrigation 0.876"" 0.273" -0.424" -0.833"
Soil moisture After irrigation 0.405" 0.5117 0.752" 0.819"
Before irrigation 0.907" 0.593" 0.944" 0.907"
Soil organic matter After irrigation 0.533"" 0.782"" 0.937"" 0.573"
pH Before irrigation -0.745"" -0.607"" -0.669" -0.907"
After irrigation 0.024 -0.572" -0.705" —0.640"
* Sig.( )<0.05, ; *E Sig.( )<0.01, * means significant correlation at Sig. < 0.05 level; ** means

significant correlation at Sig. < 0.01 level.
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