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The mechanism of adsorption of ammonium on the sandy soils in the vadose
zone of a landfill
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Beijing 10083, China; 2. Beijing Institute of Water, Beijing 100044, China)

Abstract: The ammonium in the vadose zone has remarkable effect on the degree of groundwater contamination,
especially in the vadose zone of a landfill with high concentration of ammonium. Thus laboratory experiments
were conducted with the tested soils in the vadose zone of a landfill. This paper deals with the mechanism of am-
monium adsorption, with emphasis placed on the process of the adsorption, the contribution of different fractions
of soils to the adsorption and the forms of the ammonium in soils. Among these factors, different forms of am-
monium adsorbed by the soils seemed to be essential. The following results were obtained by the isothermal ad-
sorption experiment and other experiments: O In the isothermal adsorption experiment, the ammonium ad-
sorbed by the tested soils was fitted well with Langmuir adsorption isotherm and the adsorption maximum
reached 435 mg/kg at the temperature of 298 K. The adsorption capacity of different fractions of soils was in de-
creasing order of raw soils > fine sands >medium sands. The amount of adsorption for the silty clay increased

with the increasing influent ammonium concentration of the solution, so did the ratio of adsorption for the silty
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clay. It is thus held that the silty clay became the most important composition of the tested soils with the value
of contribution ratio growing from 43% at 50 mg/L influent ammonium concentration in the solution to 70% at
400 mg/L NH, -N. @ The ammonium adsorbed on the tested soils comprised three forms i.e. , soluble ammo-
nium, exchangeable ammonium and fixed ammonium. The concentrations of the first two forms of ammonium
were obtained by different kinds of extractants, distilled water and 1M KCI correspondingly, with the extraction
conditions of solid to liquid ratio 1:5, extraction temperature 25°C , vibrating rate 175 r/min and extraction time
1.5 h. As for the fixed ammonium, it was not determined by the Silva-Bremner method but calculated with the
rest of ammonium adsorption excluding soluble ammonium and exchangeable ammonium. The results indicated
that the amount of each form of ammonium increased with the increasing influent ammonium concentration in
the solution and the maximum adsorption for the three forms of ammonium reached 112.3 mg/kg, 97.5 mg/kg
and 214.0 mg/kg respectively. 3 On the basis of the amount of ammonium extracted by different extractants,
the positions occupied by different forms of ammonium in the clay were also different. The diffusion layer on the
surface of the clay was firstly occupied by the ammonium mostly made up of soluble ammonium, then the ad-
sorbed layer was occupied by the exchangeable ammonium and at last the inner of the crystal lattice and the in-
terlayer of the mineral were occupied by fixed ammonium. These findings show that the risk of groundwater
contamination caused by different forms of ammonium would be different correspondingly. The soluble ammoni-
um would be very prone to filter down to the aquifer and cause the groundwater contamination. The exchange-
able ammonium might remain in the aeration zone to some extent and causcs less risk of groundwater contamina-
tion compared with the soluble ammonium. It is therefore critical to remove the ammonium in the vadose zone of
landfills, otherwise the soluble ammonium would {ilter down to the aquifer with rainfall and leachate. The fixed
ammonium is not the major source of groundwater contamination, because it is difficult for this kind of ammoni-
um to filter down to the aquifer.
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Fig. 2 Sorption isotherms of the tested raw soils
Fig. 4 The relationship between the ratio of adsorption and

the influent ammonium concentration of the solution in soils
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