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ABSTRACT : Arsenic contamination in soil and groundwater has recently been one of the most serious
environmental concerns. This arsenic contamination can be originated from natural or anthropogenic
sources. It has been well known that arsenic behavior in geo-environmental is controlled by various
oxides or hydroxides, such as those of iron, manganese, and aluminum, and clay minerals. Among
those, particularly, iron (oxy)hydroxides are the most effective scavengers for arsenic. For this reason,
this study characterized arsenic adsorption of magnetite which is a kind of iron oxide in nature. The
physicochemcial features of the magnetite were investigated to evaluate adsorption of arsenite [As(III)]
and arsenate [As(V)] onto magnetite. In addition to experiments on adsorption equilibria, kinetic
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experiments were also conducted. The point of zero charge (PZC) and specific surface area of the
laboratory-synthesized magnetite used as an arsenic adsorbent were measured 6.56 and 16.6 g/mz,
which values seem to be relatively smaller than those of the other iron (oxy)hydroxides. From the
results of equilibria experiments, arsenite was much more adsorbed -onto magnetite than arsenate,
indicating the affinity of arsenite on magnetite is larger than arsenate. Arsenite and arsenate showed
adsorption maxima at pHs 7 and 2, respectively. In particular, adsorption of arsenate decreased with
increase in pH as a result of electrical repulsion caused by anionic arsenate and negatively-charged
surface of magnetite. These results indicate that the surface charge of magnetite and the chemical
speciation of arsenic should be considered as the most crucial factors in controlling arsenic. The results
of kinetic experiments show that arsenate was adsorbed more quickly than arsenite and adsorption of
arsenic was investigated to be mostly completed within the duration of 4 hours, regardless of chemical
speciation of arsenic. When the results of kinetic experiments were fitted to a variety of kinetic models
proposed so far, power function and elovich model were evaluated to be the most suitable ones which
can simulate adsorption kinetics of two kinds of arsenic species onto magnetite.

Key words : As(IIl) (arsenite), As(V) (arsenate), magnetite, adsorption equilibria, adsorption kinetics
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Fig. 1. X-ray diffractogram of magnetite synthesized in the laboratory.
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Fig. 2. (A) SEM image of magnetite and EDS results of magnetite (B) before and after adsorption of arsenic.
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Table 1. Specific surface area (mz/g) of the laboratory-synthesized magnetite used in this study and other typical

iron (oxy)hydroxides
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16.6 + 0.54° 4~ 20 247.4 + 10.9° 200 ~ 300° 20° 70 ~ 80°
*measured in this work; "from Schwertmann and Cornell (2000); “from Jung et al. (2008)
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Table 2. Point of zero charge (PZC) of magnetite and
typical iron (oxy)hydroxides in nature

e

Iron (oxy)hydroxides PZC Reference
. 6.56  this work
Magnetite .
6.5 He and Traina (2005)
. o 8.5 Jain et al. (1999)
2-line ferrihydrite
8.2 Jung et al. (2008)
Nowack et al. (1996)
. Rietra et al. (2001)
Go 2~9. .
cthite 72793 Nielsen et al. (2005)
Jonsson et al. (2008)
Lepidocrocite 6.5~7.1 Nowack et al. (1996)
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Fig. 3. Adsorption isotherms for (A) As(IIl) (arse-

nite) and (B) As(V) (arsenate) at pH 4, 7, and 11.
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Table 3. Correlation coefficients (R®) of kinetic models proposed for adsorption of arsenite at pH 7.0 and
arsenate at pH 4.0 onto magnetite (Sparks, 1986; %412 <], 1995; Jung et al., 2008)

Model Equation Arsenite at pH 7.0 Arsenate at pH 4.0
Zero order kinetics [Cl: =[Clo - kt 0.740 0.812
First order kinetics In[C]s = In[C], - kt 0.816 0.814
Second order kinetics V[C} = V[C) + kt 0.827 0.817
Power Function In[C]; = In[C]o + kint 0.917 0.941
Parabolic [CL = [C)o - kt"? 0.875 0.793
Elovich [Cl: = [Clo - klnt 0.924 0.943
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