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Effects of pig manure—derived dissolved organic matter on the adsorption of cadmium to soils in the Three

Gorges Reservoir region, China
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Abstract: The periodical flooding—drainage effect results in spatial variations in the soil physicochemical properties in the water level fluc-
tuation zone (WLFZ) in the Three Gorges Reservoir region. This affects the sorption and transport behavior of heavy metals. Soils beyond
(177 m) and within (160 m and 151 m) the WLFZ were investigated via batch sorption experiments. The results showed that the kinetic
sorption of Cd fit the Elovich equation (R>>0.886) well, whereas sorption isotherms fit Langmuir and Freundlich equations well. Chemical
sorption was the dominant sorption mechanism for Cd and strong non—linearity was observed (1/n<0.45). The sorption intensities (implied

by Q., Qu, and K;) of Cd to the soils followed the altitude order of 160 m>177 m>151 m. Soil pH was the critical factor that determined the
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sorption intensity of Cd to the soils. The addition of pig manure—derived dissolved organic matter(DOM) decreased the sorption of Cd effec-

tively, especially to the soils at the lower end (151 m) of the WLFZ. The sorption of Cd to soil rapidly decreased in the presence of DOM

when the concentration of DOM added was lower than 30 mg C-L”', whereas a slow increase of sorption occurred when the concentration was

higher. Consequently, attentions should be given to the soils at the lower end of the WLFZ regarding the potential effects of exogenous DOM

on the fate of Cd in the "Post Three Gorges" region.

Keywords: adsorption; cadmium; dissolved organic matter; water level fluctuation zone
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Figure 1 Location of the sampling site
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Table 1 Physiochemical properties of soils at Pingshan site

. . 251 Volume - . B ZH A Mechanical Hod g

WT{ pH cres B weight/ —{L%E SOM,/I composition/% Total Cd content/
Elevation/m cmol -kg 5 Porosity/% g kg ~ - B
grem ki Sand  WhkESilt ki Clay mg-kg

151 6.60+0.23 23.83+0.88 1.47+0.06 44.53+0.03  12.07+4.22  41.7+5.7 38.6£5.3  18.8+4.0 0.37+0.014

160 8.04+0.11 20.54+1.61 1.51+0.06 43.02+0.03 8.02+1.12 47.6+7.3  38.5+4.5  14.0+3.2 0.29+0.017

177 7.83+0.19 21.87+2.31 1.43+0.03 46.04+0.02 8.28+0.97 38.5+4.2 44337  17.2+1.1 0.35+0.007
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Figure 2 FTIR spectra of manure-DOM
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Figure 3 Sorption kinetics and curve fitting of Cd to soils in the presence and absence of manure=DOM
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Table 2 Kinetic fitting results of Cd adsorption to soils from 3 altitudes
i 1E— 2% 8y 1 458 Psendo—first model Elovich %! Elovich model
(R hb 3 1n(Q.~Q.)=InQ.~kt O=a+blnt
Elevation/m Treatments
0. k R a b R
151 13 222917 6.225 0.460%* 215.011 3.494 0.955%*
+HE+DOM 172.780 5.545 0.235%* 162.137 4.901 0.812%*
160 +45 264.984 4.623 0.800%* 248.577 6.810 0.9027%*
+H+DOM 206.047 5.992 0.583%#* 198.537 3.250 0.972%*
177 +4 255.709 6.254 0.359%* 246.103 4.310 0.886%*
+HE+DOM 200.002 6.258 0.391 %% 192.687 3.265 0.911%#*

oo R MK (a=0.01) . T

Note: ** indicates significance at 0.01 level. The same below.



JrHE 4 IR DOM X =T - SO Cd B0 1245

400
a
300 5

200

100

R B & Q. /mg - kg™

0 5 10 15 20 25 30
S e C./mg-L"

4001

O

300

200 A

100

R B & Q. /mg - kg™

0 5 10 15 20 25 30
S E C./mg - L

4001

3001 e}

2001

100 A

W% B Q, /mg - kg™

0 5 10 15 20 25 30

e BE C. /mg 17!

4001

300

200

100

W% B Q, /mg - kg™

0 5 o 15 20 25 30
FEFUE C./mg -1

- 151m 3+ 160m -O-177m
a. KU DOM 5545 F Cd*' 1Y) Langmuir BEEMY G s b. B3I DOM £5 04 F Cd*' Y Langmuir BEEPL5
c. R DOM 414 F Cd*H Freundlich B4 5 . 51 DOM 4544 F Cd* B Freundlich #4045
a.Langmuir model fitting of Cd** without DOM added; b.Langmuir model fitting of Cd** with DOM;
c.Langmuir model fitting of Cd** without DOM added; d.Freundlich model fitting of Cd** with DOM

B4 BEFEEDOMBMT Cd 7Y IR & B 1R

Figure 4 Sorption isotherms of Cd in the presence and absence of manure-DOM
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Table 3 Parameters of Langmuir and Freundlich equations for Cd sorption in the presence and absence of manure-=DOM

Freundlich lgg=1/nlgC.+1gK;

i b g Langmuir 1/Q.=1/(K.Q..) (1/¢)+1/Q,,
Elevation/m Treatments O K, R 1/n K R
151 +15 421.84 0.12 0.992%* 0.45 70.85 0.893%*
+HE+DOM 366.49 0.15 0.974%* 0.53 61.12 0.956%*
160 135 433.29 0.24 0.996%* 0.42 103.23 0.946%*
+HE+DOM 402.99 0.26 0.9927%* 0.44 102.25 0.9727#%
177 135 401.38 0.24 0.995%%* 0.42 96.31 0.948%#*
+HE+DOM 390.77 0.25 0.991%#%* 0.44 93.99 0.969%#*
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Figure 5 Effects of the initial addition concentrations of manure—
DOM on the sorption of Cd to soils
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