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Abstract 

Natural materials named as waste and lime (CaO) has been used as a potential low-cost adsorbent for the removal of 

As (III) from contaminated water in batch studies. Results showed that Corncobs, pine cones and olive pomas didn’t 

effectively absorb As (III). The absorbtion capacity of lime (CaO) was 4.986 mg As (III) / g lime (CaO)/ hour, at the 

temperature of 20 o C and pH of 12.3. An adsorbent dose of 0.5 g could effectively remove 99.48% of As (III) from 

initial concentration of 50 mg L-1 within 1 h. As (III) removal depended on variations in pH and temperature. High 

adsorption of As (III) was observed at the pH of  12.3 at 20°C. The adsorption equilibrium data could be fit to 

Langmuir or Freundlich isotherms with similar accuracy. The Langmuir isotherm provided the best correlation for 

the adsorption of As (III) onto the lime (CaO). The maximum capacity of adsorption was 4.986 mg g -1 at 0.5g fixed 

adsorption dosage. The results suggest that lime (CaO) is a potential adsorbent for effective removal of As (III) ions 

from contaminated water. 
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1 Introduction 

Arsenic (atomic number 33) is ubiquitous and 

ranks 20th in natural abundance, comprising 

about 0.00005% of in the earth’s crust, ranks 14th 

in the seawater, and ranks 12th in the human body 

among other elements [1].Arsenic is mobilized by 

natural weathering reactions, biological activity, 

geochemical reactions, volcanic emissions and 

other anthropogenic activities. Soil erosion and 

leaching contribute to 612×108 and 2380×108 g/year 

of arsenic, respectively, in dissolved and 

suspended forms in the oceans [2]. Most 

environmental arsenic problems are the result of 

mobilization under natural conditions. However, 

mining activities, combustion of fossil fuels, use of 

arsenic pesticides, herbicides, and crop desiccants 

and use of arsenic additives in livestock feeds 

create additional impacts. Most environmental 

arsenic problems are the result of mobilization 

under natural conditions.  

Arsenic exists in the −3, 0, +3 and +5 oxidation 

states [3]. Environmental forms include arsenious 

acids (H3AsO3, H2AsO3−, HAsO32−), arsenic acids 

(H3AsO4, H2AsO4−, HAsO42−), arsenites, arsenates, 

methylarsenic acid, dimethylarsinic acid, arsine, 

etc. Arsenic (III) is a strong acid and preferentially 

complexes with oxides and nitrogen. Conversely, 

arsenic (V) behaves like a weak acid, forming 

complexes with sulfides [4]. Inorganic forms of 

arsenic most often exist in water supplies [4]. 

Arsenic is uniquely sensitive to mobilization in the 

pH range of 6.5 to 8.5 under both oxidizing and 

reducing conditions among heavy metalloids [5]. 

Two forms are common in natural waters: arsenite 

http://dx.doi.org/10.18466/cbayarfbe.280608
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(AsO33−) and arsenate (AsO43−), referred to as 

arsenic (III) and arsenic (V). Pentavalent (+5) or 

arsenate species are AsO43−, HAsO42−, H2AsO4− 

while trivalent (+3) arsenites include As (OH)3, 

As(OH)4−, AsO2OH2− and AsO33−. Pentavalent 

species predominate and are stable in oxygen rich 

aerobic environments. Trivalent arsenites 

predominate in moderately reducing anaerobic 

environments such as groundwater [6]. 

Arsenic occurrence in the environment, its toxicity, 

health hazards, and the techniques used for 

speciation analysis are well known and have been 

extensively reviewed [4, 6, 7, 8, 9, 10, 11, 12]. 

Longterm exposure of humans to drinking water 

containing arsenic causes skin, lung, bladder, and 

kidney cancer as well as pigmentation changes, 

skin thickening (hyperkeratosis) neurological 

disorders, muscular weakness, loss of appetite, 

and nausea [1,13,14,15,]. This differs from acute 

poisoning, which typically causes vomiting, 

oesophageal and abdominal pain, and bloody 

“rice water” diarrhea [13, 16, 17, 18]. The 

contamination of drinking water with As is an 

increasing environmental issue and has been 

extensively discussed especially during recent 

years because of its widespread occurrence in 

many parts of the world. High As concentrations 

(>50 lg/L) in natural groundwater sources, which 

provide drinking water for millions of people, 

have been found, for example, in parts of 

Bangladesh [19,20], West Bengal [21,22,23], 

Argentina [24], China [25,26,27], Mexico[28], the 

upper Midwest and the western United States [29, 

30,31,32], Chile [33] and Japan [34]. Arsenic is 

ranked among the top 20 most hazardous, high 

priority substances by the Agency for Toxic 

Substances and Disease Registry [35]. It is of 

particular concern due to its chronic toxicity even 

at relatively low concentrations (<100 lg/L), a level 

that has been widely detected in drinking water. 

The World Health Organization set a provisional 

guideline limit of 10 lg/L for As in drinking water 

[36], which was subsequently adopted by the 

European Union [37] and the United States [38]. 

This low As drinking water standard requires the 

development of simple, cost effective methods for 

As removal from drinking water. Arsenic occurs in 

both inorganic and organic forms in natural water 

[39]. Inorganic As compounds are about 100 times 

more toxic than organic As compounds [40, 41]. 

However, more recent research has shown that 

methylation of As does not always mean that it is 

non-toxic, and the organic As species may be even 

more toxic than inorganic arsenicals [42, 43, 44]. 

Therefore, technologies for removing both 

inorganic and organic As species are urgently 

needed. 

Solute–surface interactions complicate arsenic 

adsorption in multicomponent systems. Solute–

solute competition occurs at the active adsorption 

sites. Solid–liquid phase equilibrium will emerge 

with a different capacity for single metal ions and 

a new set of isotherms occurs when competitive 

ions are present. The interpretation of the 

multicomponent systems has been proven to be 

complex and can be a function of ionic radii, 

electronegativity, pH, and the availability of the 

active sites. Most adsorption studies were carried 

out using deionized water in single ion systems. 

Multi-ion systems have received less attention. 

However, environmental arsenic is always 

accompanied in contaminated water by other ions, 

thus source water’s effects on the adsorbent 

efficiency must be explored. Adsorption behavior 

of arsenic in presence of multicomponent 

impurities has been studied 

[45,46,47,48,49,50,51,52,53,54]. For example, 

groundwater in Bangladesh contains high 

concentrations of phosphates (0.2–3.0 mg P/L), 

silicate (6–28 mg Si/L) and bicarbonate (50–671 

mg/L) [55]. More study is needed to establishe 

mechanistic guidelines for arsenic sorption in 

multicomponent systems. The adsorption of As 

(III) and As (V) onto hydrous ferric oxide (HFO in 

presence of sulfate and calcium ions as 

cooccurring solutes) was examined [49]. Decreased 

adsorption of both As(III) and As(V) was observed 

in the presence of sulfate. 

The effect of sulfate was greatest at lower pH. 

Calcium enhanced the adsorption of As(V) at high 

pH. This enhancement was attributed to favorable 

electrostatic effects arising from calcium 

adsorption. NO3−, SO42−, Cl−, Br− anions did not 

significantly affect the adsorption of As(III) [45]. 
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Cl−, and HCO3− interfered with arsenate removal 

using Bauxol by competing for surface sites [53] 

but Ca2+ did not. The suppression of arsenic 

sorption caused by HCO3− was much higher than 

that by Cl− [53]. The presence of Ca2+, however, 

improved arsenic removal due to favorable 

electrostatic effects, as it increased the number of 

positively charged surface adsorption sites. Other 

dissolved substances present in source water 

(ground or drinking) have also been reported to 

interfere with arenate and arsenite mobility. The 

presence of natural organic matter in water may 

delay attainment of sorption equilibrium and 

suppress the extent of arsenite and arsenate 

adsorption. This was reported for alumina, 

goethite and hematite [56, 57, 58, 59]. Anion 

competition for the available sorption sites occurs 

but some other factors cannot be ruled out. Other 

anions may slow down the time to reach the 

equilibrium. Optimum times for single component 

arsenate, or arsenite solutions may not be 

sufficient for binary or multicomponent systems 

[53,60]. Clearly, studies must be conducted to see 

the interference behavior of various ions on the 

adsorption of arsenic in addition to single ion 

adsorption systems. Multicomponent sorption 

models should be applied to determine the 

adsorption capacities [61] in multicomponent 

systems. 

Sorption capacities were evaluated at different 

pHs, temperatures, different concentration ranges, 

adsorbent doses and As (III)/As (V) ratios. The 

adsorbents were used to process ground water, 

drinking water, synthetic industrial wastewater, 

and actual wastewater, etc. The types and 

concentrations of interfering ions are different and 

seldom documented. Some adsorption capacities 

were reported in batch experiments and others in 

column modes. These cannot be compared with 

each other. In batch sorption experiments, the 

sorption capacities were computed by the 

Langmuir isotherm or the Freundlich isotherm or 

experimentally. This makes comparisons more 

complicated to pursue. In other words, direct 

comparisons of the tested adsorbents are almost 

impossible [62].  

Obviously, some low-cost adsorbents developed 

from agricultural wastes or industrial wastes have 

outstanding capacities. These include treated 

slags, carbons developed from agricultural waste 

(char carbons and coconut husk carbons), 

biosorbents (immobilized biomass, orange juice 

residue), goethite, etc.  Some commercial 

adsorbents, which include resins, gels, silica, 

treated silica tested for arsenic removal also 

performed well. Comparing sorbents by surface 

area alone is difficult. Adsorption of organics is 

usually dependent on adsorbents’ surface area. 

The higher the surface area is the greater the 

adsorption is. But, this is often not true for metal 

ions/inorganics adsorption. Factors such as 

exchange and precipitation may contribute or 

dominate the adsorption process [62]. 

The cost of arsenic removal adsorbents developed 

from waste materials has not been extensively 

studied. The cost of individual adsorbents 

depends on local availability, processing 

requirements and treatment conditions [62]. 

Adsorption is a useful tool for controlling the 

extent of aqueous arsenic pollution. Activated 

carbon was studied extensively for arsenic 

removal. However, carbon only removes a few 

milligrams of metal ions per gram of activated 

carbon. Morever, regeneration problems are 

common. Thus, activated carbon use is not very 

feasible. Activated carbon use in developing 

countries is more problematic due to its high cost. 

Therefore, there is a definite need for low-cost 

adsorbents, which exhibit superior adsorption 

capacities and are locally available [62]. 

Selection of a suitable sorbent media to supply 

arsenic free drinking water depends on (1) the 

range of initial arsenic concentrations, (2) other 

elements and their concentration in water, (3) 

optimization of adsorbent dose, (4) filtration of 

treated water, (5) adjustment of pH in water, (6) 

post treatment difficulties, (7) handling of waste 

and (8) proper operation and maintenance. The 

adsorbents’ active sites may be occupied by other 

contaminants based on its selectivity, thereby 

reducing the effective adsorption capacity for the 

target contaminant. Understanding the sorbent’s 
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selectivity sequence and knowing the water 

quality profile will help avoid competitive 

adsorption [62]. 

In this study, the removal of As (III) from water by 

using natural waste material and CaO was 

planned. To accomplish this plan, corncobi, pine 

cones, olive pomas and lime (CaO) were used as 

absorbants.Adsorption processes have been 

carried out with a batch process. The 

concentration of As (III) left in solution after 

adsorption has been determined with AAS using 

N2O acetilen flame. 

Corncobs, pine cones and olive pomas didn’t 

effectively absorb As (III). However the absorbtion 

capacity of lime (CaO) was 36,5389 mg As(III) / g 

lime (CaO) in 1 hour, at 20 oC and pH=12.3.  

The main objectives of this study were to (i) select 

the best materials from a set of different natural 

wastes and lime (CaO) samples for removal of As 

species; (ii) investigate the potential for using the 

target natural organic wastes (Corncobs, pine 

cones and olive pomas)  and lime (CaO)  as 

adsorbant material to remediate drinking water 

contaminated with As; and (iii) detemine low- cost 

effective methods for As removal from drinking 

water. 

2 Material and methods 

2.1. Adsorbents   

Corncobs, pine cones, olive pomas and lime (CaO) 

were used as adsorbents.Lime (CaO) were 

provided from the limekiln (Öztüre Kireççilik) 

 

Table 1 Molecular weight values and resolution of 

lime 

molecular weight 56,08 g/mol 

resolution 1,64 g/l 

 

Table 2. Chemical analysis values of lime 

CaO total @ 93,14 % 

CaO active TS EN 459-2 90,30 % 

H2O TS EN 459-2 0,10 % 

humidity 

CO2 PF 1000 oC – PF 600 oC 1,65 % 

MgO TS EN 459-2 1,80 % 

SiO2 TS EN 459-2 0,24 % 

Al2O3 LAB 0,18 % 

Fe2O3 LAB 0,22 % 

S TS EN 459-2 0,21 % 

CaCO3 TS EN 459-2 3,75 % 

 

Table 3. Physical characterization values of lime 

Bulk density ISO 787-11 1,1 / 0,9 g/ml 

reactivity T60 TSE 1’ 20’’ min 

 

2.2. Reagents   

All reagents were of analytical grade. A synthetic 

solution of As (III) was made using standard 1000 

mg L-1 arsenite [As (III)] solutions and deionized 

(DW) water without further purification. Standard 

acid and base solutions (0.1N HC1 and 0.1N 

NaOH) were used for pH adjustments. The other 

solutions needed in the study were freshly 

prepared from stock solution for each 

experimental run. 

2.3. Equipment 

Arsenic concentration measurements were carried 

out using Varian 220 FS AAS. Atomic absorption 

spectrophotometer equipped with a arsenic 

hollow cathode lamp at the wavelength 253. 7 nm 

was used for the determination of arsenic in 

sample solutions. The instrument was calibrated 

by using   As III) standard solution of 60,50,40 and 

30 mg L-1, which was prepared in diluted HCl. The 

pH of solution was measured with a Hanna P211 

microprocessor pH-meter using a combined glass 

electrode. Conduct measurements were applied 

with model Hanna Instruments EC 215 

conductmeter. For seperation of the selected 

adsorbents in view of specific grain was used 

440 



 

 
CBÜ Fen Bil. Dergi., Cilt 12, Sayı 3, 437-448 s                                                                              CBU J. of Sci., Volume 12, Issue 3, p 437-448 

5 
 

model Retuch AS 200 micro sieve instrument. 

Temperatüre measurements were made with 

model Nüve BM 101 water bath instrument. The 

drying was carried out in a Nüve EN 400 drying 

oven. 

2.4. Batch adsorption studies 

First, the parameters affecting the performance of 

adsorbtion contact time were determined.  

Lime (CaO) weighing 0.5 (± 0.0002) g were mixed 

with  25 mL standard As (III) solution (50 mg / L) 

and has been contacted by mixing for 0.5, 1, 2, 4, 8, 

12 and 24 at room temperature.  

In each experiment, the beakers were sealed with 

airtight cap and samples were shaken on the 

mechanical shaker at 300 rpm. Parameters 

including adsorbent dosage, contact time, pH and 

various initial concentration, temperature were 

optimized for maximum adsorption by the 

method of continuous variation following batch 

adsorption experiments mentioned above. 

The quantity of adsorbed arsenic was calculated 

by the difference of the initial and residual 

amounts of arsenic in solution divided by the 

weight of the adsorbent by the following equation: 

 

  =                                                                         

  

Where qe (mg g-1) is the amount of As (III) anion 

adsorbed per gram of the ceramic, C0 (mg L_1) the 

initial concentrationof the solution of As (III), Ce 

(mg L-1) the equilibrium concentration of the 

solution of As (III), V (L) the volume of the 

solution and M (g) the mass of the adsorbent. 

The percentage of As (III) removed by the 

silica ceramic shows the efficacy of removal. It is 

determined from the ratio of concentration of As 

(III) present in the solution and particulate phases 

using the equation: 

 

  =                                                                    

  

Where Re is the percentage (%) of As (III) 

adsorbed, C0 and Ce are the initial and equilibrium 

concentration of As(III) respectively. 

 

 

3. Results and Discussion 

3.1. Effect of pH 

In order to determine the most favorable pH for 

adsorption of As (III) (to corncob, pine cone and 

olive pomas), the study was carried out with 

different pH values as presented in Figure.1. In 

this experiment, the duration of arsenic adsorption 

was chosen to be an hour. Adsorption isotherms 

have been prepared from pH 4.0 to 10.8. The 

maximum adsorption was achieved in the pH of 

10.8 for initial As(III) concentration of 50 mg L-1 

Figure 1. This implies that favorable adsorption 

took place at pH 10.8, therefore all further 

experiments were carried out at pH of 10.8. Low 

adsorption was observed at lower pH values. For 

lime (CaO) solutions, the duration of arsenic 

adsorption was chosen as 1h. Adsorption was run 

at pH 12.3. From it is clear that maximum 

adsorption was achieved in the pH of 12.3 for 

initial As (III) concentration of 50 mg L-1 (Table 1). 

The pH of the solution determines the 

concentrations distribution of the ionic forms of As 

(III). In the removal of As (III) by iron-coated sand 

[64, 65], amorphous ferric hydroxide [66], similar 

trends were reported. 

 

 

 

Figure1. Effect of pH on As(III) adsorption. 
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Table 4. Effect of pH Lime (CaO) As (III) ions 

adsorption performance  

pH 

After adsorption process,  

the amount of As (III)  

remaining in solition   

(mg/25ml) 

the 

amount 

of As (III) 

adsorbed 

(mg/0,5g) 

%adsorption 

12,3         0,007 1,244 99,48 

 

3.2 .Effect of contact time and initial As(III) 

concentration 

To evaluate the effect of initial As (III) 

concentration (C0) on adsorption, studies were 

conducted with initial As (III) concentration (C0) of 

50 mg L-1 with corncob, pine cone, olive pomas, 

lime (CaO) and modified corncob as the adsorbent 

materials. 

First, the parameters affecting the performance of 

adsorption contact time were determined. For this 

purpose, based on the data, graphics were 

prepared between the adsorbed amount of As (III) 

vs time. The values found for the optimum contact 

time of 1 h can be seen in figure 2 and figure 3. 

 

Figure 2. Effect of contact time on As(III) adsorption. 

 

 

Figure 3. Effect of contact time on As (III) adsorption 

(modified corncob) 

3.5. Effect of temperatüre 

The temperature used for experiment varied from 

20 to 40°C. No significant change with 

temperature for As (III) removal is seen Figure 4. 

The adsorption of arsenic on corncob, pine cone, 

olive pomas, lime (CaO) was highest at 20°C. 

Therefore other experiments were conducted at 

20°C. 

 

 

Figure 4. Effect of temperature on As (III) adsorption 

 

For lime (CaO), temperature-dependent diffusion 

coefficient Kd of As (III) adsorption was found using the 

following equation: 

 

0

20

40

60

80

100

0,5 1 2 4 8 12 24

%
  

A
d

s
o

p
ti

o
n

 

Contact time (h) 

corncob

olive pomas

pine cone

lime

0

1

2

3

4

5

6

7

8

9

10

0,5 1 2 4

%
 A

d
s
o

rp
ti

o
n

 

Contact time (h) 

 1M NaOH

0,2 M
FeCl3

0,5 M
Na2S

0

10

20

30

40

50

60

70

80

90

100

20 30 40

%
A

d
s

o
rp

ti
o

n
 

temperature °C 

pine cone

corncob

lime

olive pomas

442 



 

 
CBÜ Fen Bil. Dergi., Cilt 12, Sayı 3, 437-448 s                                                                              CBU J. of Sci., Volume 12, Issue 3, p 437-448 

7 
 

dK
  = m

V

Ce

CeC


0

                                     
)1.3(

 

Where C0 is the initial amount of As (III) (mg),Ce is the 

amount of As (III) (mg) remaining in solution,V is 

solution volume (mL),m is the adsorbent amount 

(g).After evaluating adsorption peformans criteria of As 

(III) in lime (CaO),  enthalpy of adsorption (∆H), Gibbs 

free energy (∆G) and entropy of adsorption (∆S) with 

the help of the following equations can be found.  

 

dKRTG ln
                                            

)2.3(
 

As the equality of both sides of the equation -RT is 

divided, the following equation is obtained. 

 

dKln
 R

S

- RT

H ads

                               
)3.3(

 

STHG 
                                      

)4.3(
 

 

If 1/T versus ln Kd is drawn, ∆S and ∆H can be found 

from the slope of the graph. If we put these values in the 

equation of ∆G =∆H - T∆S, we can find then ∆G Gibbs 

free energy. 

Where Kd is adsorption diffusion coefficient (mL/g), R 

gas constant (8,314 J. mol/ K), T temperature (K). 

 

Table.5 For As (III) adsorption of lime (CaO) Kd 

the optional temperature coefficient of dispersion 

data 

temperature (0C) 1/T (K) Kd In K 

20 0,0034 2475,252 7,81 

30 0,0033 1054,240 6,96 

40 0,0032 497,765 6,21 

 

 

 

 
 

Figure 5. For As (III) adsorption of lime (CaO) 1 / 

T against Ink graphic. 

 

Adsorption enthalpy (∆H) As (III) of Lime (CaO) 

can be found using the following equations: 

 

)
11

(ln
212

1

TTR

H

K

K





                                     
)5.3(

 

 

Where K1 is adsorption diffusion coefficient at 20 
oC (mL/g), K2 is adsorption diffusion coefficient in 

40oC (mL/g), R is universal  gas constant (8,314 

Jmol/K), T1 is temperature (K), T2  is temperature 

(K). 

 

)
313

1

293

1
(

314,8765,497

252,2475
ln 




H

               
)6.3(

 

 

11 149,61984,61149   molJkmolJH
   

)7.3(
 

 

Adsorption entropy (∆S) As (III) of Lime (CaO) 

can be found with the following equations: 
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RT

H

R

S
K d





ln

                                                
)7.3(  

 

293314,8

984,61149

314,8
252,2475ln









S

                
)8.3(

 

 

11737,143  molJKS
                               

)9.3(
 

 

Adsorption Gibbs free energy (∆G) As (III) of Lime 

(CaO) can be found using the following equations. 

 

STHG 
                                              

)10.3(
 

])737,143(293[984,61149 G
    

)11.3(
 

1043,190035  molJG
                            

)12.3(
 

Therefore, the process was ekzothermic. 

 

3.6. Adsorption isotherms 

The plots of arsenic uptake against equilibrium 

concentration (Figure 6) indicate that adsorption 

increased initially with concentration but then 

reached the saturation point. Langmuir and 

Freundlich isotherms were applied to study the 

adsorption equilibrium. The Langmuir isotherm is 

based on assumption that (i) maximum adsorption 

corresponds to a saturated monolayer of adsorbate 

molecules on the adsorbent surface, (ii) that the 

energy of adsorption is constant and (iii) that there 

is no transmigration of adsorbate molecules in the 

plane of adsorbent surface. 

The Langmuir isotherm is expressed as:  

)1( e

e

me
Cb

Cb
qq




                                            
)13.3(

 

 

and its linearized form is 

 

m

e

me

e

q

C

qq

C


1

                                                      
)14.3(

 

 

 

Figure 6. For As (III) adsorption on Lime (CaO), 

the Langmuir graphic 

Where qe is adsorbed amount (mg g-1), Ce is 

equilibrium arsenic concentration in solution (mg 

L-1), qm is monolayer capacity of the adsorbent (mg 

g-1) and b is adsorption constant or energy of 

adsorption (L mg-1). The Freundlich isotherm 

equation is expressed as: 

 

n
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eFe C
n

Kq log
1

loglog 
                             

)16.3(
  

 

Where qe is adsorbed amount (mg g-1), Ce is 

equilibrium arsenic concentration on in solution 

(mg L-1), K f (mg g-1) is the Freundlich constant 

related to adsorption capacity and n 

(dimensionless) is constant related to energy of 

intensity of adsorption.  

Adsorption isotherms were obtained in terms of 

Eq. 17 and 19 by using experimental adsorption 

results in these equations. The Langmuir and 

Freundlich exponents qm, b, Kf and n are 

determined from the linear plots of Ce / qe vs Ce 

and log qe vs log Ce which are shown in Figure 6 

and 7, respectively and respective data are shown 

in Table 3. 

 

 

Figure 7. For As (III) adsorption on Lime (CaO), 

the Freundlich graphic 

As shown Figure 6, the Langmuir equation 

represents the adsorption process very well; the 

determination coefficient, R2, is higher for the 

Langmuir isotherm than the Freundlich isotherm, 

indicating a very good mathematical fit. The fact 

that the Langmuir isotherm fits the experimental 

data very well Figure 6 may be due to 

homogeneous distribution of active sites on the 

lime surface. The maximum adsorption capacity 

obtained from Langmuir model was found 4.986 

mg g-1. Previously, some studies have investigated 

other adsorbents such as activated red mud, iron 

oxide coated sand, calcined bauxite, activated 

alumina and Silica ceramic (S-K) for the removal 

As(III) aqueous solution. A comparison of the 

results obtained in this study with those in the 

previously reported works are given Table 6, 

which shows the adsorption capacities of various 

low-cost adsorbents in aqueous solution for As 

(III) removal. 

It can be stated that the findings of this study is 

quite satisfactory as compared to those in the other 

studies. 

 

 

Table 6. Comparison of As (III) adsorption of 

Lime (CaO) with other adsorbents 

Adsorb

ent 

 
Adsorpt

ion 

capacity 

(mg g-1 ) 

 
Adsorb

ent 

Dose 

(g L-1) 

Initial 

As(III) 

concentra

tion 

(mg L-1) 

Reference

s 

Activat

ed red 

mud 

 

0.8838 

 

20 25-30 

Altundo

gan et al. 

(2002)[67

] 

Calcine

d 

bauxite 

 

1.3620 

 

- 0.5-8 

Ayoob et 

al. 

(2007) 

[68] 

Iron 

oxide 

coated 

sand 

 

0.0286 

 

20 0.1-08 

Gupta et 

al. 

(2005) 

[64] 

Activat

ed 

alumin

a 

 

0.2249 

 

1-13 1 

Singh 

and Pant 

(2004) 

[69] 

Silica 

ceramic 

(S-K) 

 

1.1041 

 

40 2-44 

Salim et 

al. 

(2007) 

[70] 

y = 0,5648x + 0,5257

R2 = 0,8061

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

2

-0,5 0 0,5 1 1,5 2 2,5 3

log Ce

l
o

g
 
q

e
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Lime 

(CaO) 

 

4.986 

 

0.5 50 
Present 

study 

 

4.Summary 

Results showed that corncobs, pine cones and 

olive pomas could not absorb As (III) effectively. 

However, Lime (CaO) can be used as an efficient 

adsorbent for As(III) removal in contaminated 

water treatment. The adsorption was found to be 

dependent on pH, temperature and contact time. 

Better results were obtained at higher pH values.  

The amount of As (III) uptake (mg g-1) was found 

to increase with contact time. The maximum 

adsorption occurred when the temperature was 

20°C. 

The adsorption isotherm followed Langmuir 

isotherm. The findings of the study have revealed 

that Lime (CaO) has high potential for use the in 

the removal of arsenit from contaminated water, 

but further work is needed to increase the arsenit 

adsorption capacity of Lime (CaO).  

Acknowledgment  

The authors acknowledge the support from 

Scientific Research Projects (CBÜ, Turkey) to carry 

out this study. 

5.References 

5.References 

[1] Mandal, B.K.; Suzuki K.T.; Arsenic round the world: 

a review. Talanta. 2002; 201–235. 

[2] Mackenzie, E.T;, Lamtzy, R.J.; Petorson V.; Global 

Trace Metals Cycles and Predictions. J. Int. Assoc.Math. 
Geol. 1979; 6, 99–142. 

[3] Smedley, P.L.; Nicolli, H.B.; Macdonald, D.M; Barros, 

J.; Tullio A.J. Hydrogeochemistry of Arsenic and Other 

Inorganic Constituents in Groundwaters from La 

Pampa. Argentina, Appl. Geochem. 2002; 17, 3, 259–284. 

[4] Bodek, I.; Lyman, W.J.; Reehl, W.F.; Rosenblatt, D.H.; 
Environmental Inorganic Chemistry: Properties, 

Processes and Estimation Methods, Pergamon Press. 

USA, 1998. 

[5]Greenwood, N.N.;Earnshaw, A.; Chemistry of 

Elements, Pergamon Press, Oxford. 1984; Chapter13.  

[6] Penrose, W.R.; Arsenic In The Marine and Aquatic 

Environments. Analysaism Occurrence and Significance. 
Crit. Rev. Environ. Contr. 1974; 4.  465. 

[7] Jain,. C.K.; Ali, I.;, Arsenic: Occurrence, Toxicity and 

Speciation Techniques. Water Res. 2000; 34, 4304–4312. 

[8] Matschullat, J.; Arsenic In The Geosphere—A review, 

Sci. Total Environ. 2000; 249, 1–3, 297–312. 

[9] Bissen, M.;, Frimmel F.H.; Arsenic- A Review. Part I. 
Occurance, toxicity, speciation, mobility, Acta 

Hydrochim. Hydrobiol. 2003;  31 (2) 9–18. 

[10] Korte, N.E.; Fernando, Q.; A review of As (III) In 

Ground Water, Crit. Rev. Environ. 1991; Contr. 2, 1, 1–

39. 

[11] Nriagu, J.O.; Azcue, J.M.; in: Nriagu, J.O. (Ed.); 
Arsenic In The Environment. Part 1. Cycling and 

Characterization, JohnWiley&Sons, Inc., New York. 

1990; pp, 1–15. 

[12] Wang, L.; Huang, J.; in Nriagu: J.O. (Ed.), Arsenic In 

The Environment. Part II. Human Health and Ecosystem 

Effects. John Wiley & Sons, Inc., New York, 1994; pp. 
159–172. 

[13] Jain, C.K.; Ali, I.; Arsenic: Occurrence, Toxicity and 

Speciation Techniques  Water Res. 2000; 34,  4304–4312. 

[14] Kiping, M.D.; in: Lenihan, J.; Fletcher, W.W. ; (Eds.), 

Arsenic. The Chemical Environment, Environment and 

Man, 1997; Vol. 6, Glasgow, pp. 93– 110. 
[15] WHO (World Health Organisation), Environmental 

Health Criteria, 18: Arsenic, World Health   

Organisation, Geneva, 1981. 

[16] Desesso, J.M.; Jacobson, C.F.; Scialli, A.R.; Farr, 

C.H.; Holson, J.F.; An Assessment of The 

Developmental Toxicity of Inorganic Arsenic. 
Reprod.Toxicol. 1998; 12, (4) 385–433. 

[17] Duker, A.A.; Carranza, E.J.M.; Hale, M.; Arsenic 

Geochemistry and Health. Environ. Int. 2005; 31, (5) 

631–641.  

[18] Wang, J.C.; Ng, J.; Shraim, A.; A Global Health 

Problem Caused by Arsenic from Natural Sources. 
Chemosphere. 2003;  52, (9) 1353–1359. 

[19] Nickson, R.; McArthur, J.; Burgess, W.; Ahmed, 

K.M.; Ravenscroft, P.; Rahman, M. Arsenic Poisoning of 

Bangladesh Groundwater. Nature. 1998; 338-395. 

[20] Dhar, R.K.; Biswas, B.K.; Samanta, G.; Mandal, B.K.; 

Chakraborti, D.; Roy, S.;Jafar, A.; Islam, A.; Ara, G.; 
Kabir, S.; Khan, A.W.; Ahmed, S.A.; Hadi, S.A. 1997 

Groundwater Arsenic Calamity in Bangladesh.  Cur. Sci. 

1998; 73, 48–58. 

[21] Chatterjee, A.; Das, D.; Mandal, B.K.; Chowdhury, 

T.R.;Samanta, G.; Chakraborti, D. Arsenic in Ground 

Water in Six Districts of West Bengal, India: The Biggest 
Arsenic Calamity In The World. Part 1. Arsenic Species 

In Drinking Water and Urine of The Affected People. 

Analyst. 1995; 120, 643–650. 

[22] Das, D.; Chatterjee, A.; Mandal,B.; Samanta, G.; 

Chanda, B.; Chakraborti, D.; Arsenic  In Ground Water 

In Six Districts of West Bengal, India: The Biggest    

446 



 

 
CBÜ Fen Bil. Dergi., Cilt 12, Sayı 3, 437-448 s                                                                              CBU J. of Sci., Volume 12, Issue 3, p 437-448 

11 
 

Arsenic Calamity In The World. Part 2. Arsenic 

Concentration In Drinking Water, Hair, Nails, Urine, 
Skin-Scale and Lliver Tissue (biopsy) of The Affected 

People. Analyst. 1995; 120, 917–924. 

[23] Mandal, B.K.; Chowdhury, T.R.; Samanta, G.; Basu, 

G.K.; Chowdhury, P.P.; Chanda, C.R.; Lodh, D.; Karan, 

N.K.; Dhar, R.K.; Tamili, D.K.; Das, D.; Saha, K.C.; 

Chakraborti,D.; Arsenic In Ground Water In Seven 
Districts of West Bengal, India-The Biggest Arsenic 

Calamity In The World. Cur.Sci. 1996; 70, 976–986. 

[24] Farias, S.S.; Casa, V.A.; Vazquez, C.; Ferpozz, L.; 

Pucci, G.N.; Cohen, I.M.; Naturalcotamination With 

Arsenic Andother Trace Elements In Ground Waters of 

Argentine Pampean Plain. Sci. Total Environ. 2003; 309, 
187–199. 

[25] Chen, S.L.; Dzeng, S.R.; Yang, M.H.; Chiu, K.H.; 

Shieh, G.M.; Wai, C.M.; Arsenic Species In Ground 

Waters of The Blackfoot Disease Area, Taiwan. Environ. 

Sci. Technol. 28,877–881.Taiwan. 1994; 28,  877–881. 

[26] Smedley, P.L.; Zhang, M.; Zhang, G.Y.; Luo, Z.D.; 
Arsenic and Other Redox-Sensitive Elements In 

Groundwater from The Huhhot Basin, Inner Mongolia. 

In: Cidu, R. (Ed.), Water–Rock Interaction. Swets & 

Zeitlinger, Lisse. 2001; vol. 1. pp, 581–584. 

[27] Guo, H.M.; Wang, Y.X.; Shpeizer, G.M.; Yan, S.; 

Natural Occurrence of Arsenic In Shallow Groundwater, 
Shanyin, Datong Basin, China. J. Environ. Sci. Health A. 

2003; 38, 2565–2580. 

[28] Del Razo, L.M.; Arellano, M.A.; Cebrian, M.E.; The 

Oxidation States of Arsenic In Well Water from A 

Chronic Arsenicism Area of Northern Mexico. Environ. 

Pollut. 1990;  64, 143–153. 
[29] Matisoff, G.; Khourey, C.J.; Hall, J.F.; Varnes, A.W.; 

Strain, W.H.; The Nature and Source of Arsenic In 

Northeastern Ohio Ground Water. Ground Water. 1982;  

20, 446–455. 

[30] Welch, A.H.; Lico, M.S.; Hughes, J.L.; Arsenic In 

Ground Water of The Western United States. Ground 
Water. 1988; 26 333–347. 

[31] Schlottmann, J.L.; Breit, G.N.; Mobilization of As 

and U In The Central Oklahoma Aquifer, USA. In: 

Kharaka, Y.K., Maest, A.S. (Eds.), Water–Rock 

Interaction. Balkema, Rotterdam.1992;  pp. 835–838. 

[32] Peters, S.C.; Blum, J.D.; Klaue, B.; Karagas, M.R.; 
1999. Arsenic Occurrence In New Hampshire Drinking 

Water. Environ. Sci.Technol. 1992; 33, 1328–1333. 

[33] Borgono, J.M.; Vincent, P.; Venturino, H.; Infante, 

A.; Arsenic In The Drinking Water of The City of 

Antofagasta: Epidemiological and Clinical Study Before 

and After Installation of A Treatment Plant. Environ. 
Health Perspect. 1977; 19, 103–105. 

[34] Kondo, H.; Ishiguro, Y.; Ohno, K.; Nagase, M.; 

Toba, M.; Takagi, M.; Naturally Occurring Arsenic In 

The Groundwaters In The Southern Region of Fukuoka 

Prefecture, Japan.Water Res. 1999; 33, 1967–1972. 

[35] Agency for Toxic Substances and Disease Registry 

(ATSDR), Top 20 Hazardous Substances: ATSDR/EPA 
PriorityList for 2005. 2005;  

<http://www.atsdr.cdc.gov/cxcx3.html>. 

[36] World Health Organization, Guidelines for 

Drinking-water Quality, Health Criteria and Other 

Supporting Information, second ed., vol. 2. WHO, 

Geneva, Switzerland. 1996; pp. 940–949. 
[37] European Commission, Directive Related With 

Drinking Water Quality Intended For Human 

Consumption, Brussels, Belgium. 1998; 98/83/EC. 

[38] EPA Office of Groundwater and Drinking Water, 

Implementation guidance for the arsenic rule. EPA 

Report-816-D-02-005. 2002; Cincinnati, USA. 
[39] Cheng, Z.Q.; Green, A.V.; Louis, R.; Removal of 

Methylated Arsenic In Groundwater With Fe Filings. 

Environ. Sci.Technol. 2005; 39, 7662–7666. 

[40] Nagy, G.; Korom, I.; Spale Hautsymptome Der 

Arsenvergifturg Aut Grund Der Arsenendemic In 

Bugac-Alsomonostor.Z. Hautkr. 1983; 58, 961–964. 
[41] Yamauchi, H.; Fowler, B.A.; Toxicity and 

Metabolism of Inorganic and Methylated Arsenicals. In: 

Nriagu, J.O. (Ed.), Arsenic in The Environment, Part II: 

Human Health and Ecosystem Effects. John Wiley & 

Sons, New York. 1994; pp. 35–53. 

[42] Zakharyan, R.A.; Ayala-Fierro, F.; Cullen, W.R.; 
Carter, D.M.;  Aposhian, H.V.; Enzymatic Methylation 

of Arsenic Compounds, VII. Monomethylarsonous Acid 

(MMAIII) Is The Substrate for MMA Methyltransferase 

of Rabbit Liver and Human Hepatocytes. Toxicol. Appl. 

Pharm. 1999; 158, 9–15. 

[43] Petrick, J.S.; Ayala-Fierro, F.; Cullen, W.R.; Carter, 
D.E.; Aposhian, H.V.; Monomethylarsonous Acid 

(MMAIII) Iis More Toxic Than Arsenite In Changing 

Human Hepatocytes.Toxicol. Appl. Pharm. 2000; 163, 

203–207. 

[44] Styblo, M.; Del Razo, L.M.; Vega, L.; Germolec, 

D.R.; LeCluyse, E.L.; Hamilton, G.A.; Reed, W.; Wang, 
C.; Cullen, W.R.; Thomas, D.J.; Comparative Toxicity of 

Trivalent and Pentavalent Inorganic and Methylated 

Arsenicals In Rat and Human Cells. Arch. Toxicol. 2000;  

74, 289–299. 

[45] Mahramanlioglu M.; Guclu K. Equilibrium, Kinetic 

and Mass Transfer Studies and Column Operations for 
The Removal of Arsenic (III) from Aqueous Solutions 

Using Acid Treated Spent Bleaching Earth, Environ. 

Technol. 2004; 25, 9, 1067–1076. 

[46] Manning B.A.; Goldberg S.; Arsenic(III) and 

Arsenic(V) Adsorption on Three California Soils, Soil 

Sci. 1997;  162, 12, 886–895. 
[47] Manning B.A.; Goldberg S.; Modeling Arsenate 

Competitive Adsorption on Kaolinite, Montmorillonite 

and Illite, Clays Clay Miner. 1996; 44, 5, 609–623. 

[48] Saha B.; Bains R.; Greenwood F.; Physicochemical 

Characterization of Granular Ferric hydroxide (GFH) for 

447 



 

 
CBÜ Fen Bil. Dergi., Cilt 12, Sayı 3, 437-448 s                                                                              CBU J. of Sci., Volume 12, Issue 3, p 437-448 

12 
 

Arsenic(V) Sorption from Water, Sep. Sci. Technol. 2005; 

40, 14, 2909–2932. 
[49] Wilkie J.A.; Hering J.G.; Adsorption of Arsenic Onto 

Hydrous Ferric Oxide: Effects of Adsorbate/Adsorbent    

Ratios and Co-occurring Solutes, Colloid Surf. A: 

Physicochem. Eng. Aspects. 1996; 107, 97–110. 

[50] Radu T.; Subacz J.L.; Phillippi J.M.; Barnett M.O. 

Effects of Dissolved Carbonate on Arsenic Adsorption 
and Mobility, Environ. Sci. Technol. 2005; 39, 20, 7875–

7882. 

[51] Darland J.E.; Inskeep W.P. Effects of pH and 

Phosphate Competition on The Transport of Arsenate, J. 

Environ. Qual. 1997; 26, 4, 1133–1139. 

[52] Hongshao Z.; R. Stanforth. Competitive Adsorption 
of Phosphate and Arsenate on Goethite, Environ. Sci. 

Technol. 2001; 35, 24, 4753–4757. 

[53] Genc H.; Fuhrman, J.C. Tjell. Effect of Phosphate, 

Silicate, Sulfate and Bicarbonate on Arsenate Removal 

Using Activated Seawater Neutralized Red Mud 

(Bauxsol), J. Phys. 2003; IV, 107, 537–540. 
[54] Holm T.R.; Effects of CO32−/bicarbonate, Si, and 

PO43− on Arsenic Sorption on HFO, J. Am. Water Works 

Assoc. 2002; 94, 4, 174–181. 

[55] Meng X.; .Korfiatis G.P; Christodoulatos C.; Bang 

S.Treatment of Arsenic In Bangladesh Wellwater Using 

A Household Co-precipitation and Filtration System, 
Water Research. 2001; 35, 2805–2810. 

[56 Redman] A.D.; Macalady D.L.; Ahmann,D., Natural 

Organic Matter Affects Arsenic Speciation and Sorption 

Onto Hematite, Environ. Sci. Technol. 2002;  36, 13, 

2889–2896. 

[57] Xu H.; Allard B.; Grimvall A.,Effects of Acidification 
and Natural Organic Materials on The Mobility of 

Arsenic  In The Environment, Water Air Soil Pollut. 

1991; 57,58, 269–278. 

[58] Xu H.; Allard B.; Grimvall A. Influence of pH and 

Organic Substance on The Adsorption of As(V) on 

Geologic materials, Water Air Soil Pollut. 1988; 40, 293–
305. 

[59] Grafe M.; Eick M.J.; Grossi P.R. Adsorption of 

Arsenate(V) and Arsenite(III) on Goethite In The 

Presence and Absence of Dissolved Organic Carbon, 

Soil Sci. Soc. Am. J. Division S2-Soil Chemistry. 2001; 65, 

1680–1687. 
[60] Hering J.G.; Kraemer S. Kinetics of Complexation 

Reactions at Surface and In Solution: Implications for 

Enhanced Radionuclide Migration, Radiochimica Acta. 

1994; 66, 63–71. 

[61] Mohan D.; Singh K.P. Competitive Adsorption of 

Several Organics and Heavy Metals on Activated 
Carbon, in: Lehr J.; Keeley J.; Lehr J. (Eds.), Water 

Encyclopedia: Domestc, Municipal, and Industrial 

Water Supply and Waste Disposal, Wiley–Interscience. 

2005; New York. 

[62] Mohan D.; Pittman C .U. Jr. Arsenic Removal from 

Water/Wastewater Using Adsorbents—A critical 
Review, Journal of Hazardous Materials. 2007; 142 1–53. 

[63] Thirunavukkarasu O.S.; Viraraghavan T.; 

Subramaniam K.S. Water Qual. Res. J. Can. 2001; 36- 36. 

[64] Gupta, V.K.; Saini, V.K. and Jain N. Adsorption of 

As(III) from Aqueous Solutions by Iron    Oxide-Coated 

Sand. J. Colloid Inter. Sci. 2005; 288, 55-60. 
[65] Thirunavukkarasu, O.S.; T. Viraraghavan and K.S. 

Subramanian. Arsenic Removal from Drinking Water 

Using Iron Oxide-Coated Sand. Water Air Soil Pollut. 

2003; 142, 95-111. 

[66] Wilkie, J.A. and Hering J.G. Adsorption of Arsenic 

onto Hydrous Ferric Oxide: Effects of 
Adsorbate/Adsorbent Ratios and Co-occurring Solutes. 

Coll. and Surf. A: Phys. Chem. Eng. Asp. 1996; 170, 97-

110. 

[67] Altundogan, H.S.; Altundogan, S., F; Tumen and 

Bildik M. Arsenic Adsorption from Aqueous Solutions 

by Activated Red Mud. Waste Manage. 2002; 22, 357-
363. 

[68] Ayoob, S.; Guptaand, A.K; Bhakat P.B. Performance 

Evaluation of Modified Calcined Bauxite In The 

Sorptive Removal of Arsenic (III) from Aqueous 

Environment. Coll. and Surf. A: Phys. Chem. Eng. Asp. 

2007; 293, 247-254. 
[69] Singh, T.S. and Pant, K.K. Equlibrium, Kinetics and 

Thermodynamic Studies for Adsorption of     As (III) on 

Activated Alumina. Separ. Purif Technol.2004;  36 139-

147. 

[70] Salim, Md.; Munekage, Y. and Naing, K. M. 

Arsenic(III) Removal from Contaminated Water Using 
Silica Ceramic: A Batch Adsorption Study. Journal of 

Applied Sciences 7.2007; 16, 2314-2320. 

 

 

 

 
  

  

  

448 


