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Effects of different molecular weight fractions of natural organic matter on the adsorption and desorption of

cadmium in purple soil
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Abstract: The widely distributed natural organic matter(NOM) in the environment has important influences on the environmental behavior
of heavy metals in soils. In this study, bulk NOM was divided into four fractions according to their molecular weight (FO: bulk NOM as the
control; F1:fraction with molecular weight <5000 Dalton; F2:5000~10 000 Dalton; F3: 10 000~30 000 Dalton; and F4:>30 000 Dalton),
and the effects of different NOM fractions on Cd adsorption and desorption in purple soil in relation to their structure and properties were

studied using a batch experiment. The results showed that NOM and its fractions significantly enhanced the Cd adsorption ability of the
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soil. The Cd adsorption rates of the soil increased by 6.25% to 61.22%, while the desorption rates decreased by 16.22% to 56.52% with the
addition of 0.1%, 0.2%, and 0.5% C of NOM or its fractions to the soil. The promoting effect increased with the increase in NOM addition.

At the same addition amount(0.5% C) of NOM fractions, the amount of Cd adsorption for F1, F3, and F4 was significantly higher than that
of the bulk NOM (F0), while F2 showedthe opposite effect; the amount of Cd adsorption with the addition of F1 was about 37.98% higher
than that of FO, and the desorption rate was about 38.63% lower. 2 decreased the amount of Cd adsorption by 6.68% and increased the de-

sorption rate by 18.02%. The contents of C and H increased in the NOM fractions with the increase in their molecular weight, while the O

content decreased.Accordingly, the ratios of O/C and (N+0)/C in the NOM samples decreased, thereby showing a lower oxidation state and

a weaker polarity for the fraction with higher molecular weight. However, no linear dependence existed between the molecular weight of the

NOM fractions and their effects on soil Cd adsorption. F1, which was a low molecular weight fraction, promoted Cd adsorption by soil main-

ly by altering soil pH, while the effects of fractions with higher molecular weight were possibly also relevant to their structural complexity.

Keywords : natural organic matter; molecular weight; soil; Cd; adsorption—desorption
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Table 1 Basic physicochemical properties of soil sample

Pk 1 1 H DOk CEC/ A UL ) e B
Soil sample P 8T8 cmol-kg"  The organic matter/g-kg™  Total nitrogen/g-kg™ Total phosphorus/g-kg™ Total kalium/g- kg™
JRAFEUE(GPS)  8.13 0.103 17.753 17.75 1.24 0.73 0.81




1966

URIEIR el 53855 8

®2 TRAMMBRUEEEAS T

Table 2 Elemental compositions and acidic functional groups of HA fractions

414y ERRYEE REH 8 e ok DOC/ JLE /M7 Elemental analysis/%
F(' " Total acid functional groups/  Carboxyl group/ Phenolic group/ -

raction mmol - g™’ mmol - g™’ mmol - g™’ e C H N 0 S
F1 6.20+0.10 3.19+0.03 3.01+0.08 11.13+0.5 23.55 1.42 1.02 72.51 1.51
F2 5.54+0.02 3.10+0.01 2.44+0.01 13.32+0.1 28.25 1.64 1.04 66.46 2.61
F3 4.14+0.01 3.06+0.03 1.18+0.02 13.92+0.4 40.85 2.98 1.09 5111 3.57
F4 4.07+0.03 2.96+0.02 1.08+0.02 15.25+0.2 55.65 5.02 3.34 34.26 1.73
Fo 5.86+0.20 3.08+0.03 2.87+0.05 12.53+0.3 41.19 2.86 1.6 51.07 2.28
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Figure 1 The atomic ratio of different molecular weights NOM
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Table 3 Isothermal adsorption parameters of Freundlich model with different fractions and molecular weight of NOM

gt Carbon content/% K Parameter Fl 2 3 F4 FO

0.1 K¢ 415.64 288.46 361.69 393.12 300.56
lin 0.34 0.31 0.80 0.43 0.44
R 0.94 0.92 0.94 0.93 0.92

0.2 K 637.44 306.09 406.18 454.36 311.30
lin 0.48 0.29 0.54 0.37 0.43
R 0.94 0.92 0.91 0.95 0.97

0.5 K 1364.12 33245 516.83 532.62 321.81
1/n 0.55 0.30 0.31 0.29 0.45
R 0.95 0.93 0.95 0.98 0.95
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Figure 3 Relationship between the desorption and absorption amount of Cd in soil with different fractions and molecular weight NOM
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Table 4 pH of different concentrations and molecular weight NOM

TR i Carbon content/%

F1

F2

F3 F4 FO

0.1 8.37
0.2 8.52
0.5 8.67

7.11
7.12
7.49

7.24 7.65 7.16
7.52 7.78 7.25
7.84 7.95 7.56
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