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Effect of Groundwater Anions and pH on the Sorption
Removal of Heavy Metals by Bentonite

Chan-Ho Jeong* and Gi-Young Jeong**

ABSTRACT : Sorption characteristics of Pb, Cu, Cd, and Zn onto Ca- and Na-bentonites were investigated by
the batch experiments in the conditon of various pHs and concentrations of groundwater major anions (80,
and HCO,), which can form a complex with heavy metals. The sorption removal of heavy metals steadily
increases as pH increases. The sorption capability about heavy metals of both Ca-bentonite and Na-bentonite
is in the order of Pb>Cu>Zn>Cd. The effect of pH and selectivity of heavy metals of bentonites were
explained by the change of surface charge of bentonite and the speciation of heavy metals. Na-bentonite has
a little higher sorption ability about heavy metals than that of Ca-bentonite. A high sorption removal of Pb in
0.1 M sulfate solution may be attributed to the precipitation of PbSO,(anglesite). However, sulfate has a
slight effect on the sorption of Cu, Cd and Zn, More than 99% of heavy metals were removed from the 0.1
M bicarbonate solution. However, the efficiency of sorption removal of heavy metals highly decreases in the
bicarbonate solution of 1072M to 10*M. The speciation and saturation index calculated by the WATEQ4F
program indicate that the sorption of anionic complexes such as Pb(CO4),”", Cd(CO,),%, Zn(CO5),%,
Cu(CO;),> and the precipitation of the solid phases such as PbCOs(cerrusite), ZnCO;(smithsonite), CdCO4
(otavite) are involved in sorption removal of heavy metals in bicarbonate solution. The sorption capability
about heavy metals of bentonites in the presence of anions shows the following order : Pb>Cu =~ Cd>Zn.
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Table 1. Physicochemical properties of bentonite (Jeong,
1999).

Surface Smectite  Swelling CEC
Sample area content rate (meg/
(m?/g) (%)  (VIVo)  100g)

Ca-bentonite 705 87 2.6 94.8
Na-bentonite 713 88 6.3 75.8
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FIg. 1. X-ray diffraction patterns of Na-bentonite and Ca-
bentonite. S: smectite, Z: zeolite, Cr: low-cristobalite, Q:
quartz, F: feldspar
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FIg. 2. The effect of pH on the sorption of Pb, Cu, Cd and
Zn by domestic beontonites. Sorption capability about
heavy metals of Na-bentonite (a) is a little higher than that
of Ca-bentonite (b) under the overall pH conditions.
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FIg. 3. The effect of complex-forming sulfate on the
sorption of Pb, Cu, Cd and Zn by Ca-bentonite (a) and Na-
bentonite (b). Whereas the sorption characteristics of Pb is
highly dependent on the concentration of sulfate, the
sorption behavior of other metals is not largely controlled
by the concentration of sulfate.
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Fig. 4. The effect of complex-forming bicarbonate on the
sorption of Pb, Cu, Cd and Zn by Ca-bentonite (a) and Na-
bentonite (b). Bicarbonate ion of high concentration 1o
M) has a significant effect on the sorption removal of heavy
metals.
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Fig. 5. Species distribution of Pb, Cu, Cd and Zn as a function of pH calculated by the WATEQAF program.
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Fig. 6. Saturation indices indicating the possibility of the
production of secondary precipitates of heavy metals in the
variation of pH. The saturaion indices indicate that the
complex forms such as Pb(OH),, Zn(OH),, Cu(OH), and
Cd(OH), can begin to precipitate in the range of pH 6-8.
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Fig. 7. Species distribution of Pb, Cu, Cd and Zn in solution of 10! to 10~ M MgSO,. The initial pH of solution which is
g P

contacted with bentonite particles was adjusted as pH 7.0 £ 0.5.
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Fig. 8. Species distribution of Pb, Cu, Cd and Zn in solution of 107! to 10~ M NaHCO;. The initial pHs of solution which is

contacted with bentonite particles range from 8.98 to 8.67.
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Table 2. Saturation indices and ion activity products of PbCO;, ZnCO; and CdCO; in NaHCOj; solution of 107! to 10 M

concentration.
NalCO PbCO; (Cerrucite) ZnCO; (Smithsonite) CdCO; (Otavite)
} S1 (log) IAP (log) S1 (log) IAP (log) S1 (log) IAP (log)
107" M 1.021 -12.109 -0.595 -10.595 4.450 -7.650
1072 M 2.970 -11.160 0.641 -9.569 4.815 -7.285
10° M 2.231 -10.899 0.843 -9.157 4.149 -7.951
107* M 1.497 -11.633 0.115 -9.885 2.906 -9.194

The equilibrium constants (K) of PbCO;, ZnCO; and CdCO; are 107, 1079 and 107'2!, respectively
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