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Abstract  Arsenic and selenium are two oxyanionic 
elements which cause for concern in drinking water 
resources due to their toxicity and high mobility. Finding 
novel and low cost adsorbents for removing pollutants has 
become a very important issue for protecting water quality. 
In this study, low cost and locally available natural 
manganese oxide minerals are used as adsorbent material for 
the removal of arsenic and selenium ions from aqueous 
solutions in batch experiments. The pseudo-first-order, 
pseudo-second-order kinetic models, and the intraparticle 
diffusion model were used to describe the kinetic data of 
adsorption process. Comparison among the models showed 
the sorption kinetics was best described by the pseudo 
second-order model. The Langmuir and Freundlich 
adsorption isotherm models were applied to the experimental 
equilibrium data for different temperatures. The Langmuir 
model agrees with experimental data well. The adsorption 
capacities (Qo) of manganoxide mineral for arsenic and 
selenium ions were calculated from the Langmuir isotherm 
and were in the range of 598 to 723 µg/g for arsenic and 1396 
to 1475 µg/g for selenium ions at different temperatures. The 
activation energy, change of Gibbs free energy, enthalpy, 
and entropy of adsorption were also evaluated for the 
adsorption of arsenic and selenium onto manganese oxide 
mineral. Thermodynamic studies showed that the arsenic and 
selenium uptake reactions were endothermic and 
spontaneous in nature. Based on the results found in this 
study, manganese oxide minerals can be used as adsorbents 
for arsenic and selenium ions removal processes as an 
alternative natural mineral. 
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1. Introduction 
Arsenic and selenium are major anionic contaminations in 

water resources both in Turkey and most of the world in 
recent years [1,2]. Arsenic and selenium can enter the 
environment specially water resources from geochemical 

and anthropogenic sources. The maximum contamination 
level for arsenic and selenium in drinking water are regulated 
and given as 0.01 and 0.05 mg/L by WHO 1993 and EPA, 
respectively [3,4]. In Turkey the limit value of the arsenic 
and selenium concentrations have been also established as 
10µg/L [5]. Arsenic and selenium concentrations higher than 
these limit values in drinking-water can cause significant 
health problems such as respiratory problems, neurological 
effects, cardiovascular diseases and various forms of cancer 
[6-8]. Therefore, the removal of arsenic and selenium ions 
from water resources has become a very important important 
issue. 

Several treatment methods have proposed for arsenic 
[9,10] and selenium ions [11] removal from contaminated 
waters and wastewaters such as coagulation ferric or 
aluminium salt followed by filtration [12, 13], adsorption 
using natural and synthetic adsorbents [14, 15], seeds [16], 
ion exchange [17,18] and nanofiltration [19, 20]. Adsorption 
process has become one of the most preferred advanced 
treatment methods since it is low cost, environmentally 
friendly, and high quality treated water [ 21]. Adsorption 
process can be more cost-effective and applicable especially 
if low-cost natural materials used as adsorbent in the process. 
This is especially important for less developed countries 
having drinking water problems due to especially high level 
arsenic and also selenium concentrations. 

Insoluble metal hydroxide minerals not only have high 
sorption capacity but also participate in a wide range of 
redox reactions with both organic and inorganic compounds 
which forms an electrostatic binding between pollutants and 
external surfaces of the minerals. This makes metal 
hydroxide minerals potential, sustainable, and cost effective 
adsorbents for metal removal from aqueous solution. 
Manganese oxide minerals contain manganese and oxygen 
or the hydroxyl ion as principal elements and can be existed 
more than 300 different types formed depending on the 
surface conditions of nature, namely pyrolusite, psilomelane, 
manganite, rodokrosite, cryptomelane, hollandite, and 
coronadite [22, 23].Most of the manganese minerals are 
black, opaque and have hardness of 5-7, rarely crystalline in 
structure, and occur in unequal stacks or grains. Manganese 
oxide minerals are formed as small deposits in many 
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locations in Turkey. About 95% of manganese oxides can be 
used in the metallurgical industry as deoxidizing agent and 
alloying element. Only about 5% of manganese oxides are 
used for the non-metallurgical applications including battery 
cathodes, soft ferrites, and colorant agents [22,23]. 

The objective of this study is to investigate the adsorption 
potential of manganese oxide minerals in removal of arsenic 
and selenium ions from aqueous solutions. The adsorption 
mechanism of arsenic and selenium ions onto manganese 
oxide minerals was evaluated in terms of kinetics and 
thermodynamics. Langmuir and Freundlich isotherms were 
applied to the experimental results to find out the best model 
describing the equilibrium data. 

2. Materials and Methods 

2.1. Chemicals and Preparation of Adsorbents 

All chemicals were analytical grade chemicals and used 
without further treatment. Deionised water was used in all 
experiments. Sodium arsenate (Na2HAsO4.7H2O) and 1000 
mg/L selenium standard solutions were used to prepare 
stock arsenic and selenium solutions. 

Manganese oxide minerals used in this study were 
obtained from Burdur region in Turkey. All mineral 

samples were grounded, dried at 105°C, sieved to obtain 
different particle sizes, and used throughout the experiments. 
The main physical and chemical properties of the mineral 
samples were evaluated by XRD (Rigaku D-max 1000), 
XRF (EDX-600B Skyray) and Scanning Electron 
Microscopy “SEM” (Philips XL30 SFEG). Chemical 
composition of the sample was determined from XRF 
analysis shown in Table 1. 

Table 1.  Chemical Composition Of Manganese Oxide Mineral Used in 
the Experiments 

Major Oxides % 

MnO2 26.39 

CaO 32.02 

SiO2 25.81 

TiO2 1.52 

Al2O3 1.50 

Fe2O3 1.00 

K2O 0.56 

MgO 0.31 

 

 

(a) 

 

(b) 

Figure 1.  X-Ray Diffraction (XRD) Measurements And SEM Image (X500 And X8000) Of Manganese Oxide Minerals Used In This Study 
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Table 2.  The Kinetic Model Equations Used in This Study 

Name Equation Description 

Pseudo-First Order Model tkqqq ete 303.2
)log()log( 1−=−     (2) 

qe is the amount of arsenic ion on the surface of the 
adsorbent at the equilibrium (µg/g) 
k1 is the equilibrium rate constant of pseudo-first sorption, 
(1/min) 
t is the time (min) 

Pseudo-Second Order Model 
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'
2k  is the equilibrium rate constant of pseudo-second 

order (g/mg.min) 
h is the initial sorption rate (mg/g.min). 

Intra-particle diffusion model 2/1tkq it =            (4) 
qt is amount of adsorbate on the surface of the adsorbent at 
time t, (mg/g) 
ki is the intro-particle rate constant (mg/g min1/2) 

 

Two XRD analyses were carried out to softer and harder 
parts of mineral sample used. XRD pattern of the softer side 
of samples indicated that samples are mainly pyrolusite 
(Figure 1). However it was thought from physical 
observation that the sample also contains psilomelane since 
harder part of the mineral sample has marking black color. 
Psilomelane also has harder structure than pyroliste. Broad 
amorphous peaks were obtained from XRD pattern (not 
given here) for this harder part of the mineral sample as 
psilomelane usually has a poorly crystalline structure. (SEM) 
photographs were also taken and presented in Figure 1. 

2.2. Experimental Work 

Kinetic experiments were conducted in separate flasks 
were prepared for each time interval by mixing 1.0 g of 
mineral with 50 mL of 25mg/L adsorbate solution in the 
conical flasks at 300 rpm [24]. Then only one flask was 
taken for desired time and analyzed. The equilibrium 
behaviours, described in terms of equilibrium isotherms, 
were also determined by above experimental conditions. 
Three sets of isotherm plot were obtained using three 
different temperature values (25-35-45ºC). Each isotherm 
consisted of seven adsorbate concentrations varying from 
0.5 to 100 mg/L. Inductively Coupled Plasma, ICP (Perkin 
Elmer 7000) was used to measure the concentrations of 
arsenic and selenium ions in the solutions. The 
concentration retained in the adsorbent phase (qt) was 

calculated by using the following equation; 

s

t0
t W

)VC(C
q

−
=                   (1) 

where qt is the amount of metal ions adsorbed at time t 
(mg/g), Co and Ct are metal ion concentrations (mg/L); 

V is the volume of the solution (L); Ws is the mass of the 
adsorbent (g). 

2.3. Adsorption Kinetics 
In this study, three different kinetic models were used to 

investigate the kinetic adsorption mechanism. Pseudo-first 
order model was the first model for the sorption of 
liquid/solid system based on solid capacity [25,26]. Values 
of k1 were calculated from the plots of log(qe-q) versus t 
for different metal ion adsorption studies. Pseudo-second 
order reaction model based on adsorption capacity depends 
on time [27]. The equation constants were determined by 
plotting t/qt against t. The intra-particle diffusion model is 
generally used to identify the mechanism involved in the 
adsorption process. According to this model, proposed by 
Weber and Morris [28], the initial rate of intra-particle 
diffusion can be calculated by plotting q against t1/2. The 
equations of these three models are given in linear forms in 
Table 2. 
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Table 3.  The Isotherm Model Equations Used in this Study 

Name Equation Description 

Langmuir isotherm eee CQbQqC )/1()/1(/ 00 +=    (5) 
Q0 (mg/g) and b (L/mg) are Langmuir isotherm 
constants. (The value of Q0 gives the maximum 
adsorption capacity of adsorbent) 

Freundlich isotherm eFe CnKq logloglog +=    (6) 
KF and n are Freundlich isotherm constants that 
can be related to the adsorption capacity and the 
adsorption intensity, respectively. 

 
2.4. Adsorption Isotherms 

Arsenic and selenium ions partition between the liquid 
and solid phases in an adsorption process at equilibrium 
conditions can be explored by the adsorption isotherm. 
Several isotherm equations are available in the literature. 
Langmuir and Freundlich isotherm models were used to 
explore some process parameters such as adsorption 
behaviour, surface heterogeneity and energy calculations in 
this study. 

The Langmuir equation is applicable to homogenous 
adsorption where the adsorption of each adsorbate molecule 
on to the surface has equal adsorption activation energy 
[29]. Moreover, when a site is occupied with an adsorbate, 
no further adsorption can take place at this site. A plot of 
Ce/qe against Ce gives a straight line with slope of 1/Qº and 
intercepts of 1/Qºb. 

The important characteristics of the Langmuir equation 
can be expressed in terms of a dimensionless separation 
parameter, RL, which is defined as [30]; 

01
1
bC

RL +
=                  (7) 

The value of RL indicates the shape of the isotherm to be 
either unfavourable (RL>1), linear (RL = 1), favourable (0 
< RL < 1), or irreversible (RL = 0). 

The Freundlich equilibrium isotherm equation can be 
used for the description of multilayer adsorption with 
interaction between adsorbed molecules [31]. Therefore this 
experimental model can be applied to non-ideal adsorption 
on heterogeneous surfaces as well as multi-layer adsorption. 
The isotherm constants can be found from the slope and 
intercept of a plot of log qe against log Ce. The linear 
equations of these isotherm models are given in Table 3. 

2.5. Thermodynamic Evaluation of the Process 

The changes in the reaction can be expected during the 
adsorption process. Therefore the adsorption isotherm is 
also a very useful tool for theoretical evaluation and 
interpretation of thermodynamic parameters, such as heats 
of the adsorption [32,33]. 

The Gibbs free energy change ΔG0, indicates the degree 
of spontaneity of the adsorption process and higher negative 
value reflects a more energetically favourable adsorption. 
The standard Gibbs free energy of the adsorption process is 

calculated at different temperatures by using following 
equation; 

d
o RTInKG −=∆           (8) 

∆Go is the free energy of sorption (J/mol) 
Kd is the equilibrium constant. 
R is the gas constant (8.314 J/Kmol) 
The work by Lui showed that for neutral adsorbates or 

adsorbates with weak charge, the Langmuir equilibrium 
constant with units of litres per mole can be reasonably used 
for the thermodynamic equilibrium constant of adsorption 
(Kd). Langmuir constant b (L/mg) can be easily converted 
to Kd by multiplying molar weight (MW) of adsorbate [34]. 

)/(*)/( molgMWgLbKd =         (9) 

As a result, use of the Langmuir equilibrium constant for 
calculation of ΔG° and subsequent determination of ΔH° 
and ΔS° is numerically correct [35]. The equilibrium 
constant may be expressed in terms of enthalpy (∆Ho) and 
entropy (∆So) changes of adsorption as a function of 
temperature. The values of ∆Hº and ∆Sº can be obtained 
from the slope and intercept of a plot of In Kd (b) against 
1/T 
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where, ∆Ho is the heat of sorption (J/mol) 
∆So is the standard entropy changes (J/molK) 

3. Results and Discussions 

3.1. Effect of Contact Time 

The analysis of arsenic and selenium ions removal rates 
against contact time at initial concentration of 25mg/L 
revealed that the adsorption of the both ions increased 
instantly at initial stages and continued to increase gradually 
until the equilibrium was reached after that it remained 
constant (Figure 2). The equilibrium time was selected to be 
120 minutes for both arsenic and selenium ions. The 
maximum amounts of arsenic and selenium ions adsorbed on 
the manganese oxide mineral were found as 717 and 871 
µg/g, respectively, at the experimental conditions given. 
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Figure 2.  The Plot of Arsenic and Selenium Ions Removal Rates Against 
Contact Time (Co=25mg/L, 300rpm, 1gr, 25°C). Dashed Line Shows 
Adsorption Capacity (Qt) 

The pH values of arsenic and selenium solutions were 
observed during the adsorption since chemical interaction 
and electrostatic forces play a key role in the adsorption 
process between the minerals and arsenic and selenium ions. 
The value of pH can change the redox potential of adsorbates 
and adsorbents resulting in surface charge of adsorption 
system. Before and after adsorption experiments, arsenic and 
selenium solution's pH values were measured around 6-7. As 
major arsenic and selenium species are negatively-charged at 
the pH value lower than 8, a specific binding is expected for 
the adsorption process. Therefore, manganese oxide mineral 
can be used as a low cost arsenic and selenium ions removal 
process with a wide range in pH values. 

3.2. Adsorption Kinetics 

The adsorption kinetics of arsenic and selenium ion onto 
manganese oxide mineral was predicted using pseudo-first 
order and pseudo-second order kinetic models (Figure 3). 
For the pseudo-first adsorption rate constant, the straight line 
plots of log (q1-qt) against time were calculated. The 
equilibrium rate constant of pseudo-second order was 
calculated by plotting t/qt against t. The initial rate of 
intra-particle diffusion was calculated by plotting q against 
t1/2.  

The kinetic constants and correlation coefficients of all 

kinetic models were calculated using related equations 
(Table 4). Good correlation coefficients were obtained for 
the pseudo second-order kinetic model, which shows that 
both arsenic ion uptake processes follow the pseudo-second 
order rate expression. 

 
(a) 

 

(b) 

Figure 3.  (a) Pseudo-first order plot and (b) Pseudo-second order plot for 
arsenic and selenium ions adsorption onto manganese oxide mineral. 
(Co=25mg/L, 300rpm, 1gr, 25°C). 

In a solid–liquid adsorption process, the adsorbate transfer 
is characterized by either boundary layer diffusion (external 
mass transfer) or intra-particle diffusion (mass transfer 
through the pores), or a combination of both [36]. Therefore 
the intra-particle diffusion model was further tested to 
distinguish the film diffusion or intra-particle diffusion 
process of adsorption. 

The mechanism of adsorption can be explained as 
follows: The arsenic and selenium ions were initially 
adsorbed by the exterior surface of the adsorbent after 
exterior surface reached the saturation, arsenic and selenium 
ions entered into pores within the particles and were 
adsorbed by the interior surfaces. The values of intercept, 
provide information about the thickness of the boundary 
layer, the resistance to the external mass transfer increase as 
the intercept increase. The lower slope corresponded to a 
slower adsorption process. The linear parts of the curves are 
not passed through the origin. This indicates that both film 
diffusion as well as intraparticle diffusion contributes 
significantly to the rate of adsorption. 
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Table 4.  The Kinetic Constants And Correlation Coefficients of the Kinetic Models Used 

  Arsenic (25 mg/L) Selenium (25 mg/L) 

Pseudo-first order 

k1 (1/min) 0.011 0.022 

qe (µg/g) 536 491 

R2 0.962 0.957 

Pseudo-second order 

'
2k (g/µg min) 0.082 0.198 

qe (µg/g) 714 909 

H (µg/g.min) 42.02 164 

R2 0.988 0.988 

Intra particle diffusion 

ki1 (µg/g min1/2) 68.9 135 

R2 0.935 0.953 

ki2 (µg/g min1/2) 23.3 8.5 

R2 0.964 0.831 

 
Intra-particle plot for arsenic and selenium ions adsorption 

on the manganese oxide mineral. The figure shows two 
linear portions indicating that two steps take places for the 
whole reaction (Figure 4). The first shaper part of the line is 
attributed to boundary layer diffusion (external mass transfer) 
to the external surface of adsorbent, while the second linear 
part indicates gradual adsorption stage and the effect of 
intra-particle diffusion. 

 

Figure 4.  Intra Particle Diffusion Model (Co=25mg/L, 300rpm, 1gr, 
25°C) 

The diffusion rate parameters for two sections of 
intra-particle plot were obtained from the plots and they are 
given in Table 3. The correlation coefficients for the 
intra-particle diffusion model (r2) varied from 0.831 to 0.964. 
However, neither plot passed through the origin. Therefore, 
it can be concluded that intra-particle diffusion was involved 
in the adsorption process, but it was not the rate-controlling 
step. The data indicated that external mass transfer (surface 
adsorption) was only significant for the initial period of time; 
and simultaneously intra-particle diffusion controlled the 
sorption rate at the final stage. Similar type of adsorption 
mechanism were observed for As(V) ion adsorption onto 
siderite clay [37] and also As(III) adsorption onto laterite 

[38]. 

 

 

Figure 5.  Equilibrium Isotherm Plots for Arsenic and Selenium Ions Onto 
for Arsenic And Selenium Ions Adsorption Onto Manganese Oxide Mineral. 
(0.5 To 100 Mg/L, 300rpm, 1gr, 25-45°C). ] 

3.3. Adsorption Isotherms 

The amount of arsenic and selenium ions adsorbed onto 
manganese oxides minerals were revealed as a function of 
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equilibrium concentrations at different temperatures 
(25-45oC) (Figure 5). The validity of two isotherm models 
was confirmed by each linearized plot. The isotherm 
constants, b, K, and n were obtained by experimental data by 
using equations 5-6 (plots are not given). The estimated 
model parameters with their correlation coefficients were 
calculated (Table 5 a,b) and based on the calculated R2 
values, the Langmuir isotherm describes the experimental 
data better than the Freundlich isotherm for both arsenic and 
selenium at the temperatures considered in this study. The 
Freundlich isotherm assumes infinite sorption sites and in 
most cases demonstrates increasing sorption with increasing 
concentration. However, the Langmuir isotherm assumes 
finite sorption sites, therefore limiting sorption increases 
with arsenic and selenium concentration to a limited 
maximum. Reason behind this is possibly the less active sites 
being available at the end of the adsorption process and/or 
the difficult penetration of edge molecules into the adsorbent 
as a result of adsorbate ions’ partially covering and reacting 
with the surface sites. Same type adsorption isotherm results 
were reported for As (III) and As(V) ions removal using Mn 
and Fe minerals in the work by Deschamps et al. [39]. 

Values of Qº (maximum adsorption capacity) for arsenic 
and selenium ions were calculated from the Langmuir plots 

at different temperatures and they are also given in Table 
5a-b. These values were compared with the other adsorption 
data for trace levels of arsenic and selenium ions removal 
found in the literature. The maximum adsorption capacity of 
iron-coated zeolite for removal of arsenic(V) was reported as 
0.68 mg/g in a study by Jeon et al. [40]. In the other work by 
Yang et al. arsenic and selenium adsorption capacities onto 
uncalcined hydrotalcites were also reported as 4.5 and 0.45 
mg/g, respectively [41]. 

The separation parameter values of RL, were calculated 
using equation 7 and they are also given in Table 5a-b. The 
RL values for the arsenic and selenium ions’ adsorption 
processes were found in the range of 0.024-0.848 and 
0.047-0.916 respectively. These values indicated that the 
adsorption processes for both metals were favourable. 

3.4. Thermodynamic Evaluation of the Process 

Thermodynamic parameters (i.e. free energy of adsorption 
(∆Gº), standard enthalpy (∆Hº) and entropy changes (∆Sº) 
were evaluated at different temperature values (25-45ºC) by 
using equations (8-10). ∆Hº and ∆Sº were obtained from the 
slope and intercept of a plot of ln Kd against 1/T (Figure 6). 

 

Table 5.  The Isotherm Constants and Correlation Coefficients 

 Langmuir adsorption isotherm 

 Q° (mg/g) b(L/mg) R2 

Arsenic 

25°C 0.598 0.358 0.997 

35°C 0.676 0.364 0.996 

45°C 0.723 0.405 0.997 

Selenium 

25°C 1.396 0.183 0.997 

35°C 1.433 0.188 0.996 

45°C 1.475 0.202 0.995 

Freundlich adsorption isotherm 

 KF 

((mg/g)(L/mg)1/n) n R2 

Arsenic  

25°C 0.118 0.440 0.971 

35°C 0.139 0.428 0.979 

45°C 0.150 0.434 0.977 

Selenium  

25°C 0.160 0.644 0.961 

35°C 0.176 0.643 0.959 

45°C 0.185 0.626 0.962 
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Figure 6.  A plot of ln Kd against 1000/T (ºK) 

Thermodynamic parameters were calculated using 
equation 8,9 and 10 (Table 5 and 6). The Gibbs free energy 
indicates the degree of spontaneity of the adsorption process. 
The negative ∆Gº values indicate that the adsorption is 
thermodynamically favourable and spontaneous. The 
decrease in ΔG° with increasing temperature implies 
stronger adsorption at a higher temperature. This positive 
adsorption temperature dependence can increase adsorption 
in hot climates and is also important in usage of warm water 
treatment processes such as geothermal springs. 

Table 6.  Thermodynamic Parameters 

 T (K) ΔGº 
 (kJ/mol) 

ΔHº  
(kJ/molK) 

ΔSº  
(kJ/molK) 

Arsenic 

298 -14.573 

4.764 0.065 308 -15.098 

318 -15.874 

Selenium 

298 -12.904 

3.949 0.057 308 -13.411 

318 -14.036 

The positive value of ∆Hº showed that the adsorption 
process was endothermic. The positive entropy change (∆Sº) 
indicates the spontaneity of adsorption process and also 
suggests some structural changes in the arsenic and selenium 
species and the adsorbent. Moreover; the positive value of 
ΔSº shows the increasing randomness at the solid/liquid 
interface during arsenic and selenium sorption. Similar 
observation was reported for the adsorption of arsenic ions 
on siderite [37] and laterite clays [38]. 

3.5. Binary Adsorption Studies of Arsenic and Selenium 
Ions 

The effect on arsenic and selenium removal of the 
presence of the competing ion was observed using the kinetic 
experiment. Different arsenic and selenium ions 
concentration combinations were used for binary kinetic 
experiment. In first serious of experiment arsenic 

concentration was constant as of 25 mg/L and the 
concentrations of selenium were varied from 5 mg/L to 25 
mg/L (Figure 7a). As can be seen from Figure 7a, arsenic 
removal rates in binary solutions reduced by 25 % regardless 
of the concentration of selenium. Selenium removal rate was 
constant (30%) at different concentrations of binary 
solutions. 

The second set of experiment was conducted to see effect 
of the arsenic concentrations on the selenium removal rate in 
binary solutions. Arsenic concentrations were varied from 5 
mg/L to 25 mg/L while selenium concentration was kept 
constant as of 25 mg/L (Figure 7b). Arsenic concentrations 
of 5 mg/L in binary solution did not affect the selenium 
removal rate. Above these concentrations of arsenic in 
binary concentration was reduced selenium adsorption rate 
approximately 15%. 

 

(a) 

 

(b) 

Figure 7.  Binary Adsorption Studies of Arsenic and Selenium Ions. (A) 25 
Mg/L Arsenic Ions (0-25 Mg/L Selenium Ions) (B) 25 Mg/L Selenium Ions 
(0-25 Mg/L Arsenic Ions) 

4. Conclusions 
Manganese oxide mineral was used in this study for 

removing arsenic and selenium ions from aqueous solution. 
The adsorption kinetic and equilibrium of the arsenic and 
selenium ions were determined by using low cost natural 
mineral in a batch operation mode. 
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After kinetic evaluation, the first-order kinetic equation 
was selected based on the highest regression coefficients (R2) 
of kinetic models applied for both arsenic and selenium ions 
removal processes. The intra-particle diffusion model was 
also applied and it was found that external mass transfer was 
only significant for the initial period of time and 
intra-particle diffusion controlled the adsorption rate at the 
final stage. The isotherm data were correlated better by the 
Langmuir isotherm model, and the maximum adsorption 
capacities were in the range from 598 to 723µg/g for arsenic 
and 1396 to 1475µg/g for selenium ions at different 
temperatures. Thermo-dynamical parameters were also 
evaluated and the evaluation showed that the adsorption of 
the arsenic ions was endothermic and spontaneous in nature. 
The results of the present investigation showed that locally 
available and inexpensive manganese oxide minerals are 
potential useful adsorbents for removal of arsenic and 
selenium ions from aqueous solution. 
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