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ABSTRACT: Arsenic contamination has been confirmed in groundwater around the world. In particular, 

health hazard by arsenic occurs frequently in developing countries such as Bangladesh. In these countries, it is 

urgent to remove arsenic from water sources such as groundwater from the viewpoint of the security of safe 

and sufficient drinking water because population growth is predicted in the future. Especially, inexpensive and 

simple technology for removing arsenic is required at arsenic-contaminated sites. As a simple method for 

removing arsenic, the adsorption method is mentioned. However, the adsorption method has two problems. 

One is that the cost required for the adsorption method is higher than that for other methods, and the other is 

that it is difficult to adsorb only arsenic selectively when arsenic is mixed with other chemical species. Thus, 

in this study, the inexpensive adsorbent (improving hydroxyapatite derived from fishbone [Patent No. 6351008 

given by Japanese Patent Office], which has a low material cost) to remove arsenic is developed, and the effect 

of other chemical species on the adsorption performance for the arsenic of the adsorbent is examined. In the 

case of no chemical species mixing (arsenic only), the case of mixing one or more kinds of chemical species, 

the adsorption test by the shaking test is carried out, and the adsorption performance is evaluated by the 

adsorption isotherm. From the test results, it is proven that arsenic is selectively adsorbed, even if the chemical 

species are mixed. 
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1. INTRODUCTION

In recent years, arsenic contamination in 

groundwater has been frequently confirmed all over 

the world. For example, according to the research 

survey by Ohno et al. [1], it has been found that the 

arsenic concentration in all wells of the 10 sites in 

the central area of Nawabganji City in Bangladesh 

exceeded 0.01 mg/L which is the WHO guideline 

value (the guideline value) for drinking water 

quality. In addition, Bretzler et al. [2] reported that 

14.6 % of drinking water wells in rural areas of 

Burkina Faso, West Africa, have arsenic 

concentrations exceeding the guideline value of 

0.01 mg/L. According to this fact, about 560,000 

people, one-fifth of 2.8 million people who live in 

areas with a high risk of arsenic contamination in 

the rural areas, may be exposed to arsenic-

contaminated groundwater. Similarly, arsenic 

concentrations exceeding the guideline value have 

been detected in arsenic-contaminated groundwater 

of other developing countries in Asia and Africa. 

Additionally, in these countries, there are many 

patients with chronic arsenic poisoning such as 

keratosis and skin cancer due to continued intake of 

arsenic-contaminated groundwater as drinking 

water as described in [3], [4]. Furthermore, in these 

countries where the health hazard caused by arsenic 

contamination is serious, population growth is 

predicted in the future, so it is essential to secure 

safe and sufficient drinking water. Therefore, it is 

urgent to remove arsenic from water sources such 

as groundwater.  

There are mainly two methods in the current 

arsenic removal technologies, the aggregation 

method (coprecipitation method) and the adsorption 

method. According to Tonokai [5], the 

coprecipitation method has been used since the 

1970s and is the arsenic removal technology 

generally adopted, since some flocculants used in 

the coprecipitation method are inexpensive and 

easily available. However, as shown in [6], a large 

amount of waste such as excess sludge is generated 

because a large amount of flocculant is required to 

reduce the arsenic concentration to the standard 

value depending on the flocculant used. That is why 

the disposal of the generated waste is costly. In 

addition, the coprecipitation method has many 

problems as follows: it is necessary to secure a large 

installation area to construct treatment facilities and 

it takes a lot of effort to manage them due to the 

complexity of the processing equipment, and so on. 

On the other hand, the adsorption method is a very 

convenient one compared with other methods for 
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removing arsenic and large-scale treatment 

facilities are not required. However, depending on 

the adsorbent used, pretreatment such as pH 

adjustment may be required according to the past 

study [7]. Additionally, in the adsorption method, 

the manufacturing cost of the adsorbent is 

expensive, and the adsorption performance of the 

adsorbent is strongly affected by the substance 

(chemical species) which coexists with arsenic in 

the solution as an adsorption object. It is desirable 

to adopt a simple method for removing arsenic in 

addition to low material costs in developing 

countries in Asia and Africa where arsenic 

contamination is serious. When the adsorption 

method is selected with an emphasis on simplicity, 

the following three are required for the adsorbent. 

The first is that the adsorbent is cheap, the second is 

that the pretreatment is unnecessary in the 

adsorption treatment, and the third is that it has the 

adsorption performance which is not affected by 

other chemical species which coexists with arsenic. 

According to [1], [2], [8], [9], it is clarified that 

sodium (Na), magnesium (Mg), potassium (K), 

calcium (Ca), manganese (Mn), iron (Fe), 

bicarbonate ion (HCO3), sulfate ion (SO4) and 

nitrate ion (NO3) are contained in a relatively high 

concentration as chemical species coexisting with 

arsenic in the groundwater of developing countries 

in Asia and Africa where arsenic contamination has 

been confirmed. 

Therefore, in this study, an inexpensive 

adsorbent for the removal of arsenic is developed by 

improving low-cost fishbone hydroxyapatite 

[Patent No. 6351008 given by the Japanese Patent 

Office]. At the same time, the effect of other 

chemical species (Na, Mg, K, Ca, Mn, Fe, HCO3, 

SO4, and NO3) coexisting with arsenic on the 

adsorption performance for arsenic is investigated. 

2. ADSORPTION TEST (SHAKING TEST)

The selective adsorption properties of the 

developed arsenic adsorbent (Functional Fishbone 

Powder, FFP) for arsenic in the solution containing 

not only arsenic but also other chemical species are 

verified. Therefore, the adsorption test by the 

shaking test is carried out in the case of no chemical 

species mixing (arsenic (As) only), the case of 

mixing one kind of chemical species, and the case 

of mixing multiple kinds of chemical species 

assuming the water quality in the actual arsenic 

contamination site.  After that, the adsorption 

performance of the FFP for arsenic is evaluated 

based on the adsorption isotherm. 

In the test, an arsenic standard solution 

(As2O3・NaCl (0.05%) ・HCl acidic solution) is 

used. First, the arsenic standard solution is prepared 

to seven initial concentrations (3 ppm, 4 ppm, 5 

ppm, 6 ppm, 7 ppm, 30 ppm, 60 ppm), and the 

prepared solutions are mixed with a chemical 

species (one type or multiple types) set to a 

predetermined concentration. This prepares 

simulated solutions. Next, 10 mL of the simulated 

solution is poured into a centrifuge tube to which 20 

mg of FFP is added. These are the specimens in the 

test. Then, these specimens are shaken for 24 hours 

at 200 rpm at a temperature of 20 °C. After that, the 

solutions are centrifuged at 2000 rpm for 3 minutes, 

and the residual concentration of arsenic in the 

solutions is analyzed by an ICP-AES.  

Here, Table 1 shows the chemical species 

detected in the arsenic-contaminated areas of 

developing countries as mentioned above in Asia 

and Africa and their concentrations. Each 

concentration shown in Table 1 is the average value 

of the concentration in each chemical species listed 

in [1], [2], [8], [9]. In this study, 9 types of chemical 

species are listed in Table 1 and their corresponding 

concentrations are adopted as test conditions. 

Regarding 9 types of chemical species, chloride-

based solutions (sodium chloride solution, 

magnesium chloride solution, potassium chloride 

solution, calcium chloride solution, manganese 

chloride solution, and iron chloride solution) are 

used for cation (Na, Mg, K, Ca, Mn, Fe), and 

sodium-based solutions (sodium bicarbonate 

Table 1 The concentration of each chemical species 

Chemical species Concentration (mg/L) 

Na 491.7 

Mg 30.9 

K 5.5 

Ca 56.1 

Mn 241.7×10-3 

Fe 1.6 

HCO3 267.7 

SO4 1371.3 

NO3 19.3 

Table 2 The combination of chemical species 

Sample1 Sample2 Sample3 

Mn, Fe, HCO3 
Na, Mg, K, Ca, 

HCO3, SO4, NO3 

Na, Mg, K, Ca, 

Mn, Fe, 

HCO3, SO4, NO3 
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solution, sodium sulfate solution and sodium nitrate 

solution) are used for anion (HCO3, SO4, NO3). In 

addition, in the test with mixed multiple chemical 

species, a typical three types of water quality that 

have been confirmed in arsenic-contaminated areas 

of the developing countries in Asia and Africa are 

assumed. Table 2 shows the combinations of 

chemical species in each water quality.  

In the study, the adsorbed amount per unit mass 

of the FFP is employed as the evaluation of the test 

results. The adsorbed amount per unit mass of the 

FFP is defined by the following equation (1). 

𝑾𝒊(𝒎𝒈 𝒈⁄ ) =
𝑽(𝑪𝒐 − 𝑪𝒊)

𝑴𝒊

 (𝟏) 

where “V” is the amount of the solution, “Co” is the 

initial concentration of the solution, “Ci” is the 

residual concentration (equilibrium concentration) 

after the tests and “Mi” is the mass of the FFP. To 

ensure reproducibility, the mean value of three tests 

is adopted as a test result. In addition, the test results 

are applied to the Langmuir model to clarify the 

adsorption mechanism of the adsorbent for arsenic. 

The Langmuir model is a typical adsorption 

equilibrium equation in liquid-phase adsorption. 

The Langmuir model is defined by the following 

equation (2). 

𝑪𝒊

𝑾𝒊

=
𝟏

𝒂𝑾𝒔

+
𝟏

𝑾𝒔

𝑪𝒊  (𝟐) 

where “a” is the adsorption equilibrium constant 

and “Ws” is the amount of saturation adsorption. 

3. ADSORPTION TEST RESULTS

 In the case of mixing one chemical species, the 

adsorption isotherms plotted the test results 

obtained from the shaking tests are shown in Fig. 1 

(cation, Na and K), Fig. 2 (cation, Mg and Ca), Fig. 

3 (cation, Fe and Mn) and Fig. 4 (anion), 

respectively. In addition, Table 3 shows the 

coefficient of determination obtained by applying 

the results of shaking tests with one chemical 

species to the Langmuir model. The horizontal and 

vertical axes in Fig. 1 to Fig. 4 are the equilibrium 

concentration of As, and the equilibrium 

concentration divided by the adsorbed amount 

(C/W), respectively. The adsorption isotherm, as 

described in [10], indicates the relationship between 

the solute concentration in equilibrium under 

certain temperature conditions and the adsorbed 

amount at that time. The adsorption isotherm shows 

various types of curves depending on the 

combination of the adsorbent (refers to FFP in this 

study) and the adsorbate (a substance to be adsorbed, 

refers to As in this study).  Its shape shows how As 

is adsorbed to FFP, i.e., the physical or chemical 

interaction between FFP and As. The adsorption 

isotherms obtained by plotting the residual 

concentration (equilibrium concentration) of the 

solute analyzed after the adsorption test on the 

horizontal axis and the adsorbed amount per unit 

mass of FFP on the vertical axis is in three patterns. 

One is that the adsorbed amount increases 

logarithmically as the equilibrium concentration 

increases, i.e., an upward convex curve, another is 

that the adsorbed amount increases exponentially as 

the equilibrium concentration increases, i.e., a 

downward convex curve, and the other is that a 

linear relationship exists between the equilibrium 

concentration and the adsorbed amount, i.e., a 

straight line which tends to rise to the right. The 

upward convex curve indicates that an attractive 

force acting between the FFP surface and As 

promotes adsorption of As by FFP, while the 

downward convex curve indicates that the attractive 

force which acts between the FFP surface and As is 

weak. Additionally, when a linear relationship is 

established between the equilibrium concentration 

and the adsorbed amount, it means the adsorption of 

As by FFP from a very dilute solution, which 

indicates the competitive adsorption of the solvent 

and As on the FFP surface. On the other hand, the 

Langmuir model expresses whether the adsorption 

mode is monolayer adsorption or not. The 

applicability of the Langmuir model depends on 

whether there is a linear relationship between the 

equilibrium concentration of As and the value of 

equilibrium concentration divided by the adsorbed 

amount of As.  

Fig. 1 to Fig. 4 indicates that the adsorption 

isotherm shows an upward convex curve in mixing 

any one kind of chemical species, although the 

adsorbed amount is inferior to the case without 

chemical species. From this, it can be said that an 

attractive force acting between the FFP surface and  

Fig. 1 Adsorption isotherm (Mixing one chemical 

species (Na, K)) 
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Fig. 2 Adsorption isotherm (Mixing one chemical 

species (Mg, Ca)) 
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Fig. 3 Adsorption isotherm (Mixing one chemical 

species (Mn, Fe)) 
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Fig. 4 Adsorption isotherm (Mixing one chemical 

species (Anion)) 
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Fig. 5 Adsorption isotherm (Mixing multiple 

chemical species) 
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Table 3 Coefficient of determination obtained by 

applying test results to the Langmuir model 

(Mixing one chemical species) 

Chemical species R2 

Non-mixed (As only) 0.9977 

Na 0.9699 

Mg 0.9164 

K 0.9176 

Ca 0.9534 

Mn 0.9019 

Fe 0.9892 

HCO3 0.9641 

SO4 0.9064 

NO3 0.9193 

Table 4 Coefficient of determination obtained by 

applying test results to the Langmuir model 

(Mixing multiple chemical species) 

Chemical species R2 

Non-mixed (As only) 0.9977 

Sample1 0.9341 

Sample2 0.9154 

Sample3 0.9135 
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As promotes adsorption of As by FFP. In addition, 

the coefficient of determination R2 listed in Table 3 

shows high values of 0.9 or more in each case. From 

these results, it is considered that the adsorption 

mode of FFP for As is monolayer adsorption and 

that As is chemically adsorbed on the FFP surface 

(such as chemical bonding), even when no chemical 

species (As only) or one kind of chemical species is 

mixed. On the other hand, it can be seen that the 

coefficient of determination R2 in the case of mixing 

K, Mg, Mn, SO4, or NO3 respectively is lower than 

that in the case of no chemical species mixing (As 

only) (< 0.95). These results suggest that the 

chemical species of Mg, K, Mn, SO4, and NO3 may 

affect the adsorption performance of FFP for As. 

Further examinations are needed to gain clearer 

insights into the effect of these chemical species on 

the adsorption performance of FFP for As. 

In the case of mixing multiple chemical species, 

the adsorption isotherms plotted the test results 

obtained from the shaking tests are shown in Fig. 5, 

and the coefficient of determination obtained by 

applying the test results to the Langmuir model is 

shown in Table 4. The horizontal and vertical axes 

of Fig. 5 are the same as those of Fig. 1 to Fig. 4. 
Similar to Fig. 1 to Fig. 4, Fig. 5 indicates that the 

adsorption isotherm shows an upward convex curve 

in any combination patterns of chemical species, 

although the adsorbed amount is inferior to the case 

without chemical species. In addition, the 

coefficients of determination R2 listed in Table 4, as 

well as those listed in Table 3, show high values of 

0.9 or more in each case. However, it is found that 

the coefficient of determination R2 in the case of 

mixing multiple chemical species is lower when 

more than one chemical species is mixed in any 

combination pattern of chemical species than when 

no chemical species is mixed (As only). Since the 

coefficient of determination R2 decreases as the 

number of chemical species increases, the 

adsorption performance of FFP for As may be 

affected by the number of chemical species. 

4. CONCLUSIONS

In this study, the selective adsorption property 

of FFP for arsenic was verified in the solution 

containing not only arsenic but also other chemical 

species (Na, Mg, K, Ca, Mn, Fe, HCO3, SO4, and 

NO3). Concretely, the adsorption test by the shaking 

test was carried out in the case in which arsenic 

alone was mixed, the case in which one kind of 

chemical species was mixed except for arsenic, and 

the case in which multiple kinds of chemical species 

were mixed on the assumption of the water quality 

in an actual arsenic contamination field. The 

adsorption performance of FFP for arsenic was 

evaluated based on the adsorption isotherms 

obtained from the test results. The results obtained 

are as follows. 

 In the case of mixing one or more kinds of 

chemical species, the adsorption isotherm 

showed an upward convex curve in mixing 

either kind of chemical species, though the 

adsorbed amount of arsenic was a little inferior 

to the case in which only arsenic was mixed.  

 FFP has an adsorption performance for arsenic 

even without the addition of acid or alkali. 

Therefore, it can be an adsorbent which 

utilizable safely. In addition, it is an 

environmentally friendly adsorbent because 

FFP is developed using fishbone, which is food 

waste. 

 From the value of the coefficient of 

determination R2 obtained by applying the 

results of shaking tests to the Langmuir model, 

it is considered that the chemical species of K, 

Mg, Mn, SO4, and NO3 may affect the 

adsorption performance of FFP for arsenic. 

Further examinations are needed to gain clearer 

insights into the effect of these chemical species 

on the adsorption performance of FFP for 

arsenic. 

From these results, to clarify the effect of the 

chemical species of K, Mg, Mn, SO4, and NO3 on 

the adsorption performance of FFP for arsenic, it is 

necessary to analyze the changes in the 

concentration of K, Mg, Mn, SO4 or NO3 

respectively when the arsenic adsorption test is 

conducted in the case of mixing each chemical 

species and verify how much chemical species are 

adsorbed on FFP. Additionally, it is needed to carry 

out an adsorption test in which the concentration of 

mixed chemical species (K, Mg, Mn, SO4, and NO3) 

is changed.  
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