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Abstract: Arsenic contamination in groundwater has led to pandemic influenza and many disease in Viet Nam and its
neighbour country. It is estimated that about 57 million people in the world are affected by Arsenic contamination in drinking
water. In Viet Nam, especially in Mekong River Delta, the Arsenic was detected in drinking water is up to 3000 µg/l, many times
higher value allowed by the World Health Organization (WHO) of 10 µg/l. In this study, the laterite absorbent was used to treat
Arsenic in groundwater in Mekong River Delta in Viet Nam. It is determined that laterite is a powerful absorbent for Arsenic
removal in groundwater.
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1. Introduction
Arsenic pollution (As) in groundwater is one of the major
threats to human health. As can cause serious diseases such as
skin cancer, bladder, kidney, lung, and many other diseases.
The World Health Organization (WHO) recommends the
limitation of As is 10 µg/L in drinking water [2]. Large
amounts exposure of As for a long time can lead to As
poisoning. Therefore, finding the novel solution to treat As in
groundwater is very necessary. As common presence is As3+
(arsenite) or As5+ (arsenate) [3]. Arsenite compounds are 50
times more toxic than arsenates, and arsenite is more soluble
in water than arsenate at the same duration time, respectively
[4]. Arsenates are adsorbed quite strongly on various mineral
surfaces, particularly iron/oxide hydroxide, while the
adsorption capacity of arsenite is poor [5].
Currently in Vietnam and around the world, there are many
technologies have been researched and applied in practice to
remove As toxins in groundwater and surface water. Air
injection technology is commonly used to treat groundwater
contaminated with As for living in some areas of the Mekong
River Delta where water is contaminated with alum. With this
technology, Fe2+, Mn2+ are oxidized to Fe3+ and Mn4+ and

other reducing agents such as As3+ are also oxidized to As5+,
thus reducing the toxicity of As in water. The sedimentation
technology is the As treatment method used by local people,
which is similar to the raindrops with the sunlight and oxygen
to settle and remove As. [7]. These are other safe technologies
without using chemical agents in the progress. However, the
level of As removal efficiency is not high. As removal
technology with the filter system has many advantages to filter
with a significant removal efficiency of As. But the cost of
treatment is quite high due to the use of many layers of filter
materials such as activated carbon, sand, gravel. Infected with
high As concentration in groundwater in Thanh Binh district,
Dong Thap province. The treatment method of As by
oxidation combined with flocculation, sedimentation and
filtration and the treated water achieved standard
concentration of As water. Some other technologies are also
effective for removing As in household water, but need to use
a mixture of iron sulphate powder and calcium hypochlorite.
Thus, although As was removed, other toxins such as iron and
chlorine are still presented in the drinking water [8-10].
Laterite is one of the less weathered soils in tropical
conditions. This weathering product is mostly distributed in
hilly areas of countries with high annual mean temperatures
and heavy rainfall. In Asia, laterite is very popular in China,
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India, Bangladesh, Vietnam and Indonesia. In Vietnam,
laterite is widely distributed in the hilly land between the
North and South and belongs to the feralite soil group
(FAO-Unesco Land Classification). Laterite has a high
hardness, very low permeability, high iron content and
aluminium content [8]. Thus laterite is capable of adsorbing
some of the chemical ions that polluted the water. Therefore,
this study proposes the adsorption of As in water by laterite
materials in order to test the adsorption capacity of As in water
of natural laterite products to select this material as As
filtering material in groundwater. At the same time the
absorption capacity was indicated when using the columnar
model. This is one of the environmentally friendly
technologies with low costs, suitable to the real conditions of
Vietnam.

2. Materials and Methods
All chemicals used are reagents used in the analysis and
used without further purification. All the solutions were
prepared in distilled water (2 times). Solutions of Na2HPO4,
Na2SO4, NaOH, HCl, NaCl, Na2CO3 (all from Merck) are
diluted at 1000 mg/l and stocked when required. The pHPZC
equilibrium point of the material was determined by two
experiments with KCl 0.1 M and KCl 0.01 M solutions. For
preliminary determination of the non-pH-value of the material,
5 ml of KCl 0.1 M is mixed, and adjusted pH with 0.1 M HCl
solution or 0.1 M NaOH solution to obtain pHi values: 2, 4, 6,
7, 8, 10 and 12. Pour the standard solutions pHi above the
triangles containing the mixed adsorbent (0.5 grams of
laterite), tightly closed, shaked for 48 hours. To settle, filter
residue by filter paper, re-measured the pH value called pHf:
∆pH = pHf - pHi.
The structure morphology of the adsorption material was
determined
by
scanning
electron
microscope
energy-dispersive X-ray spectroscopy (SEM-EDX) JEOL
JSM-5800. For BET (Brunauer, Emmett and Teller) analysis
using NOVA 1000e of Quantechrome Nova Win. The study on
the real groundwater sample was carried out in Thang Binh
district, Dong Thap province with an as input concentration of
570 µg/l. All measurements of As concentration in the
solution were carried out using the AAS atomic absorption
spectrophotometer.

Figure 1. Pre-collected rock samples (a) and powder after refining (b).

The samples of the rock samples collected in Thach That Hanoi were thoroughly washed with tap water to remove
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unwanted impurities (organic impurities, worms, sand, dust
and dried). Subsequently, fine grinding samples in the size
range of 0.15-0.42 mm with Fe content measured in EDX
yielded of 6.52%. They are screened, thoroughly washed
(15-20 times) with tap water to remove red iron, and then
washed with distilled water. Finally, the powder are dried in a
hot oven at 110°C overnight. These powder particles are
prepared to be used to adsorb As. Determination of optimal
parameters and factors affecting experiments by fixed
borosilicate glass column with the parameters of the column
as follows: column height: h = 22 cm, column diameter: d = 2,
5 cm, column capacity: V = ᴨ.R2.h = 3.14. (1.25) 2.22 = 108
ml. Columns are buffered with beech soil between two
supported layers of glass cotton to prevent the buoyancy of the
adsorbent material. Identification the adsorption isotherms to
determine the volume and adsorption mechanism of the
material. The isothermal equation follows the Langmuir rule
and Freundlich's law, which describes the relationship
between the adsorption capacity and the concentration of the
adsorbed at equilibrium. Isothermal equations are used to
calculate the maximal adsorption capacity of laterite
materials.

3. Result and Discussion
3.1. The EDX Spectra

Figure 2. The EDX spectra of laterite material.
Table 1. The chemical composition of laterite material.
Element
C
O
Al
Si
Ti
Fe

% mass
5.15
44.65
10.27
9.04
3.17
27.72

% mole
9.55
62.24
8.49
7.18
1.48
11.07

Figure 2 and Table 1 show the chemical composition of
laterite materials before adsorption. According to the results
of the EDX of the laterite material shown in Figure 2, at the
voltage of 0-2 kV, the emission of X-rays corresponds to the
atomic number of the elements C, Fe, Al, Si, O in which Fe is
the electronic element interacting to create the largest
wavelength. At higher voltages, the interactions between
electrons emitting electrons from the elements decrease, but
Fe is still the interaction element that produces large-scale
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X-rays. From the results shown in Table 1, O (62.24%), Fe
atoms (11.07%), Al (8.49%) and Si (7.18%) also accounted
for a significant proportion. The chemical composition of the
iron oxide (III) is 44.59%, followed by components of
aluminum oxide (21.84%) and Si (21.81%). This result shows
that the minerals with the main components are Fe, Al, Si,
especially the Fe element, which is the adsorption center of As
and also from this result allows us to predict the mineral
composition of the laterite material. Hematite [Fe2O3,
α-Fe2O3], quartz [SiO2] kaolinite [Al2(Si2O5)(OH)4]. The
obtained results are quite similar to the results of research by
Nguyen Trung Minh on the percentage of chemical elements
in laterite. In that study, the results of chemical composition of
laterite in Binh Yen - Ha Tay are as follows: Al2O3: 23.63%,
Fe2O3: 29.07%, SiO2: 26.10% and laterite in Tho Tan, Thanh
Hoa: Al2O3: 17.64%, Fe2O3: 42.53%, SiO2: 27.71% [2]. From

here it can be commented that laterite species in different parts
of Vietnam have different chemical compositions, but they
have common characteristics, which are rich in Fe, Al and Si
elements.
3.2. Surface Morphology
Images of the surface morphology of scanned electron
microscope (SEM) with different magnifications of 10000,
30000, 60000, and 80000 were shown in Figure 3. The results
indicated that the surface of the material is not homogeneous,
the granular, rod, rhombus, and thorium crystals on the surface
increase the porosity of the material. At a magnification of
800,000 times, the image expresses the porous, called hollow
spaces of varying sizes, thereby producing microtubules for
the adsorbent material.

Figure 3. SEM image of laterite material with difference magnification 10,000; 30,000; 60,000; 80,000 times.

3.3. BET Area
The specific surface area is an important factor for the
absorption capacity of the material. The larger the area of the
surface, the more favorable the reaction molecules will be in
contact with the active centers of the surface, thereby
increasing the absorption capacity by the larger of the surface
area. To measure the specific surface area of the laterite
material before adsorption, the BET measurement method was
used with the analytical results shown in Figure 4. The results

of the BET shooting showed that the specific surface area of
laterite particle sizes from 0.15 mm to 0.42 mm are relatively
large (30,712 m2/g), suitable for adsorption materials. This
result is significantly greater than that of some laterite studies
by Sanjoy K. Maji et al. at a particle size of 0.164 mm, a
surface area of 15.365 m2/g [9] or research by Abhijit Maiti et
al. at 0.55mm - 0.36mm particle size, the specific surface area
is 18.05 m2/g [10].
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Figure 4. BET result of laterite sample.

3.4. The Point of Zero Charge pHPZC of Laterite
The results in Figure 6 showed that in experiments with 0.1 M
KCl solution, the correlation coefficient R2 = 0.993, and in the
KCl 0.01 M experiment, the correlation coefficient R2 = 0.991
and the pH of laterite in both experiments were about 6.9-7.2.
Thus, the pHPZC of laterite at the same amount of KCl does not
depend on the concentration of KCl. Patching the duplication of
the diagonal of the two curves demonstrates a good fit between
experiment and theory. To obtain more accurate results, continue

to precisely determine the charge point by dividing the pHi
distance as follows: 6.2, 6.4, 6.6, 6.8 and 7.0. The KCl 0.1 M
concentration on the graph demonstrating the dependence of
∆pH on pHi is y = 1.31x - 8.883 with a correlation coefficient of
R2 = 0.969 showing the good fit between experiment and theory
(the first line). With KCl 0.01M, the graph demonstrating the
dependence of ∆pH on pHi is y = 1.29x - 8.716 with a correlation
coefficient of R2 = 0.981 indicating a good agreement between
experiment and theory.

Figure 5. pHPZC result of laterite with difference KCl concentration.
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adsorption surface is negative. Figure 6 shows the results of
the preliminary determination of PZC of laterite material in
0.1 M and 0.01 M KCl solutions. At pH 7.0 and 7.2, the
difference in pH value is not so great as to predict the PZC of
the material. From this resulting graph shows that the charge
point of lateritee is determined in KCl solution in the range of
pH of 7.05-7.10. This result is quite similar to previous studies
of laterite materials, as reported by Nguyen Trung Minh, the
PZC of laterite was 7.18-7.27 [2] or research by Sanjoy K.
Maji et al. with PZC of laterite was 6.96 and so on [10-17].
3.5. Treatment of Groundwater

Figure 6. pHPZC result of laterite.

The pH value used to describe the PZC of the material in the
strong electrolyte solution is the KCl salt based on the
mechanism: when the pH is lower than the pHPZC value, the
system is called below PZC, then in aqueous solution. Give
more H+ ions than OH- ions, so the adsorption surface is
positively charged. Conversely, when the pH is greater than
the pHPZC value, the system is called above the PZC, the

The lateral adsorption capacity of laterite in real
groundwater samples with actual groundwater samples was
collected in Thanh Binh district, Dong Thap province. From
the analysis of raw water samples, the concentration of As in
groundwater was quite high (0.57 mg/L), 57 times higher than
the WHO standard drinking water (10 µg/l). The volume of 30
ml, 40 ml, 50 ml, 60 ml groundwater was passed 10 g of
laterite 4ml/min material. The output shown in Table 2 is as
follows:

Table 2. Result of groundwater treatment using laterite.
Volume (ml)
30
40
50
60

As out (ug/l)
0.49
1.85
5.26
6.8

As in (mg/l)
0.57
0.568
0.565
0.563

The results show that the ability of laterite treatment
between groundwater contaminated by As is actually very
positive. Experiment with real groundwater contamination As
for efficiency up to 99.91%. And the adsorption percentage As
is a linear function with the sample volume using the equation
y = -0.039x + 101.1 with R2 = 0.971. From this equation it can
be calculated that using 10 grams of material can handle 73 ml
of As contaminated water up to the standard of 0.01 mg/l. The
results obtained from the lateral adsorption experiments of As
in various sample volumes as above establish the kinetic
equations for the capacity testing and adsorbing mechanism of
laterite materials.

Absorption capacity (mg/g)
0.00171
0.00227
0.00282
0.00338

Percentage (%)
99.91
99.67
99.08
98.80

Based on the linear equation of isothermal graphs shown in
Figures 7, the parameters were determined as R2 = 0.913, KL
constant = 1.797 and adsorption capacity qmax = 4.23x10-5
mg/g. Thus, when using the same material to perform
adsorption of As in real water samples, the results showed that
the material has a high adsorption capacity As. Note that due
to the fact that water also contains ingredients that interfere
with the adsorption process such as phosphates and other
inhibitors.

4. Conclusion
The chemical composition, surface morphology and surface
area of the adsorbent material were also analysed using
modern techniques such as EDX, SEM, BET. Fe3+, Al3+, Si6+
metal with Al2O3: 21.84%, Fe2O3: 44.59%, SiO2: 21.81%. The
heterogeneous and porous surface morphology, the relatively
large specific surface area (30,712 m2/g), has demonstrated
that laterite has many characteristics of a material with good
adsorption capacity. This study show that laterite is a potential
material for the treatment of As in water sources that can be
applied in practice. Adsorption experiments in groundwater
samples were also performed and the results showed that the
treatment efficiency was 99.91%. Langmuir's adsorption
temperature gives the result of 1.797 and the absorption
capacity q max is 4.23x10-5 mg/g.

Figure 7. Langmuir isotherm model with groundwater treatment.
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