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ABSTRACT 14 

The adsorption characteristics of arsenic on Neem bark, a low-cost natural adsorbent, were 15 

studied in the laboratory scale using real-life sample. Neem bark has tremendous potential as a 16 

remediation material for the removal of arsenic from groundwater. The present work investigates 17 

the possibility of the use of neem bark adsorption technology without any pretreatment in the 18 

removal of arsenic from aqueous media. Various conditions that affect the adsorption/desorption 19 

of arsenic are investigated. Adsorption column methods show the maximum removal of As (III) 20 

under the following conditions: initial As concentration, 100 µg/L; neem bark amount, 5 g; 21 

average particle size, 0.595 mm; treatment flow rate, 1.67 mL/min; and pH, 6.9 respectively. The 22 

desorption efficiencies with 1M of HCL after the treatment of groundwater were in the range of 23 

79%. The present study might provide new avenues to achieve the arsenic concentration for 24 

drinking water recommended by Bangladesh and the World Health Organization (WHO). 25 
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1. INTRODUCTION  31 

 32 

Arsenic (As) is mostly found in the earth’s core and in clay- and sulphide-rich portions of the 33 

earth’s crust (Henken, 2009b). Being a metalloid in group 15 on the periodic table (along with 34 

antimony, bismuth, nitrogen and phosphorus), arsenic is well known for its chronic toxicity, 35 

particularly when exposure occurs over prolonged periods (Katherine et al., 2011). Arsenic 36 

exposure via drinking-water is related to lung, kidney, bladder and skin cancer. For example, 37 

drinking-water arsenic concentrations in excess of 50 µg/L have been associated with increased 38 

risks of cancer in the bladder and lung, whilst drinking-water arsenic levels even below 50 µg/L 39 

have been associated with precursors of skin cancer (IPCS, 2001). Therefore, the presence of 40 

arsenic in water supply poses a serious risk to human health. Surface and ground waters in many 41 

parts of the world have been found to naturally contain As concentrations that make these waters 42 

unsuitable for human use. Significant concentrations of As have been reported in various 43 

countries such as Bangladesh, Chile, USA, China, and India. In Bangladesh, for example, about 44 

100 million people currently drink water with As concentrations up to 100 times the World Health 45 

Organisation (WHO) drinking water guideline, which is 10 µg/L (Mohan and Pittman Jr., 2007).  46 

 47 

To remove As from potential drinking water sources, a variety of conventional and non-48 

conventional technologies have been studied, and these technologies have been reviewed by 49 

several authors (Mohan and Pittman Jr., 2007). However, it is known that conventional 50 

engineered treatment technologies are costly and create problems of sludge generation and 51 
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disposal (Kosolapov et al., 2004; Cohen, 2006; Nelson et al., 2006). In addition, these systems 52 

often become sources of As-rich effluents and are typically located in remote isolated areas (such 53 

as mining sites), thus precluding the transportation of the effluents to large centralised treatment 54 

facilities. As such, to prevent As pollution of water courses, it is essential to find onsite, 55 

decentralised treatment systems that are robust and have low maintenance requirements and 56 

operating costs. 57 

 58 

Many technologies, including coprecipitation with iron or alum, adsorption onto coagulated floc, 59 

ion-exchange resin, reverse osmosis, and membrane techniques, have been used to remove As 60 

from aqueous solution (Katsoyiannis et al., 2004;Kim and Benjamin,2004, Jay et al.,2004;Hege et 61 

al.,2004; Balasubramanian and Madhavan,2001). In these methods, however, the adsorption 62 

techniques are simple and convenient and have the potential for regeneration and sludge-free 63 

operation. So far, various adsorbents for arsenic removal have been developed that include such 64 

materials as metal-loaded coral limestone, (Maeda et al.,1992;Ohki et al,. 1996) hematite and 65 

feldspar, (Singh et al.,1996) activated carbon, (Manjare et al.,2005; Huang and Fu,1984) 66 

activated alumina, (Ghosh and yuan,1987; Hathaway and Rubel,1987) and hydrous zirconium 67 

oxide (Suzuki et al.,1997).However, most of these adsorbents entail several problems in terms of 68 

efficiency and cost. The present work was performed to evaluate the use of neem bark without 69 

any pretreatment as an alternate adsorbent for removing arsenite from aqueous mediums. 70 

Moreover, the neem bark was applied to the removal of arsenic from Bangladeshi As-71 

contaminated drinking water samples in a single-step column operation.  72 

 73 

 74 

2. ARSENIC CHEMISTRY 75 

 76 

Arsenic is a highly reactive metalloid that can be found in oxidation states -3, 0, +3 and +5. In 77 

natural waters, arsenic occurs as arsenite (AsO3
-3

) and arsenate (AsO4
-3

), referred to as As (III) 78 

and As(V). As (III) mostly exists in reducing groundwaters and hydrothermal waters, whilst As(V) 79 

is more often present in surface waters and oxidising groundwaters (Henken and Hutchison, 80 

2009). The main factors that control arsenic speciation are the oxidation state and pH. As(III) 81 

commonly hydrates to arsenious acid; therefore its chemistry depends strongly on pH. The 82 

predominant As (III) species is arsenious acid, H3AsO3, due to the high value of pKa1 (pKas 83 

values reported by Wolthers et al. 2005) under the condition of 25 ˚C and 1 bar pressure). The 84 

reactions of the dissociation of arsenious acid and its respective anions are shown below, along 85 

with with the associated pKas values (where pKa = -log (Ka), and Ka = equilibrium constant of the 86 

reaction): 87 

 88 

H3AsO3 ↔ H2AsO
¯

3 + H
+
   pKa1= 9.24 ... … (1) 89 

 90 

H2AsO
¯

3 ↔ HAsO3 
–2

+ H
+
   pKa2= 10.99... … (2) 91 

 92 

HAsO3 
–2
↔ AsO3 

–3
+ H

+
   pKa3 = 13.47 ... … (3) 93 

 94 

 95 

As (V) commonly hydrates to arsenic acid, and its chemistry also depends on pH. The most 96 

common species are H2AsO
-
4

   
and HAsO4

-2
, due to the low pKa1 value (pKas values reported by 97 

Wolthers et al., 2005). The reactions of dissociation of arsenic acid and its respective anions are 98 

shown below along with the associated pKas values: 99 

 100 

H3AsO4 ↔ H2AsO
¯

4 + H
+
   pKa1 = 2.25 ... … (4) 101 

 102 

H2AsO
¯

4 ↔ HAsO4 
–2

+ H
+
   pKa2 = 6.83 ... … (5) 103 

 104 

HAsO4 
–2
↔ AsO4 

–3
+ H

+
   pKa3 = 11.52 ... … (6) 105 

 106 

 107 
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 108 

The toxicity of arsenic depends on its speciation; for example, arsenite is significantly more toxic 109 

than arsenate (APHA et al., 2005). It is typically more difficult to remove arsenite than arsenate 110 

from contaminated water; this is because in natural waters, under normal pH conditions (6)–(9), 111 

arsenite is mostly found as an uncharged species (H3AsO3), and negatively charged species 112 

(H2AsO3
-
 , HAsO3

-2
  and AsO3

-3
  ) are found only at high pH (>9). On the other hand, arsenate is 113 

commonly found as negatively charged species (H2AsO4
-2

 and HAsO4
-2

  ); which are easier to 114 

remove than are uncharged species, because the charges of the As(V) oxyanions allow them to 115 

be removed by sorption, anion exchange or precipitation/coprecipitation (Henken and Hutchison, 116 

2009). 117 

 118 

 119 

3. MATERIALS AND METHODS 120 

 121 

3.1 Reagent 122 

 123 

All reagents used throughout this work were of analytical-grade purity. NaOH, KOH, KI, HCl, 124 

HNO3, and H2SO4 were obtained from E. Merck, Germany. Individual standard solution of As (III) 125 

was supplied by Varian Inc, USA with highest purity level (99.98%). Dilute standard solutions 126 

were prepared daily before use. Pure water was purified with an ultrapure water system 127 

(Barnsted E-Pure, USA) resulting in a resistivity of >18 MΩ cm. 128 

 129 

3.2 Preparation of Adsorbent 130 

 131 

The Neem bark used in the present work was obtained from Bangladesh. The chemical 132 

composition of Neembark has been reported as 3.43 wt % protein, 0.68 wt % Alkaloids, 4.16 133 

wt % Mineral,.  The collected materials were washed with pure water several times to remove 134 

dust and fines. The washing process was repeated until the color of the wash water was 135 

transparent. The washed materials were then dried in a hot-air oven at 60 ْ◌ C for 24 h. The dried 136 

material was sieved into the following five size fractions: 0.105mm, 0.25mm, 0.595mm, 1.41mm, 137 

and 2.3 mm. The materials were used for the removal of arsenic without further physical or 138 

chemical treatment. 139 

 140 

3.3 Adsorption and Analytical Procedures 141 

 142 

Neembark was added to the treatment glass columns (2 x 30 cm). The adsorption experiments 143 

were carried out in columns that were equipped with a stopper for controlling the column eluate 144 

flow rate (treatment rate). Adsorption factors including the amount of duckweed (1-5 g), average 145 

particle size (0.105-2.3mm), treatment flow rate (3.3-0.41 mL/min), initial sample concentration 146 

(50-500 µg/L), and pH (2.3-12) were evaluated. After the pH had been adjusted to the desired 147 

value with HCl and NaOH solutions, the sample solution (100 mL) was passed through the 148 

adsorption column at a given flow rate. The treatment flow rates of 0.41, 0.55, 0.83, 1.67and 3.3, 149 

mL/min correspond to 5 g of neem kark. The packing density of the treatment column was 0.32 150 

g/cm
3
. A small piece of tissue paper was inserted into the bottom of the column to prevent the 151 

loss of neem bark during the treatment. The flow rate was kept constant by controlling the stopper 152 

valve. The removal treatment was performed at ambient temperature. The number of 153 

experiments for the removal of As was greater than five. Analyses were performed by Varian 154 

Atomic Absorption Spectrometer (Model SpectrAA 240). The instrument is equipped with a 155 

Hydride generation system (Model VGA-77) and controlled with software Version 5.01. Samples 156 

were analyzed with HG-AAS using three-point calibration.  157 

 158 

 159 

In the analysis time, acid container contains 5M HCl and reductant container contain 0.6 % 160 

Sodium borohydride (NaBH4) in 0.5 % (w/v) sodium hydroxide. 161 

 162 
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 163 

The removal (adsorption) efficiency was calculated using the equation, 164 

 165 

Removal (adsorption) efficiency 100×
−

=

Co

CtCo
 166 

Where Co and Ct are the concentration of As in the sample solution before and after treatment, 167 

respectively. 168 

 169 

4. RESULTS AND DISCUSSION 170 

 171 

First, the performances of eight adsorbents (Coconut shell, Neem bark, Orange peel, Nut shell, 172 

Flax, Saw dust, Wheat stalk, News paper ) were evaluated for the removal of As (III) from 173 

aqueous solutions. The removal efficiencies with coconut shell, Neem bark, Orange peel, Nut 174 

shell, Flax, Saw dust ,Wheat stalk and Newspaper were 18.79%, 19.23%, 3.8%, 14.26%, 12.89%, 175 

14.2%, 12.3%, 32.3% respectively. Although the absorption capacity of news paper was highest, 176 

neem bark was taken as adsorbent because the main component of neem bark is carbon, neem 177 

bark has the potential to be used as an adsorbent. It was chosen for use as an adsorbent 178 

material because of its granular structure, insolubility in water, chemical stability, and high 179 

mechanical strength. Neem bark was selected as a suitable adsorbent. Of the adsorption neem 180 

bark gives the highest desorption and regeneration. Apart from this neem bark is widely available 181 

through the country.  182 

 183 

 184 

4.1 Effect of Adsorbent Amount 185 

 186 

The effect of the amount of neem bark on the removal of As (III) was investigated. The results are 187 

presented in Figure 1. The removal efficiencies of As (III) increased gradually with increasing 188 

amount of neem bark. It is readily understood that the adsorption capacity of neem bark depends 189 

on the surface activity, that is, the specific surface area available for As-surface interactions that 190 

is accessible to the As. Hence, increasing the amount of neem bark will increase removal 191 

capacity of As. Until now, various kinds of adsorbents have been studied for the removal of 192 

arsenic. The maximum As(III) removal efficiency achieved was 99% for iron oxide-coated sand at 193 

an adsorbent dose of 20 g/L with an initial As concentration 100 µg/L in batch studies (Gupta et 194 

al.,2005)The removal efficiencies for As(III) from an aqueous solution (100 µg/L, 100 mL) by 0.1 g 195 

of modified fungal biomass were 75%, respectively, after a 12-h batch treatment(Pokhrel and 196 

Viraraghavan,2006) When an aqueous As(III) solution of 10 mg/L concentration was stirred in the 197 

presence of both 1.0 g/L TiO2 and 1.0 g/L activated alumina under sunlight irradiation, the arsenic 198 

removal increased with time and reached 89% after 24 h(Nakajima et al.,2005). Although the 199 

removal efficiencies in the proposed system were similar to those obtained with the other 200 

adsorbents, the treatment time was very short because of the flow method (column system). 201 

 202 
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Figure1: Effect of adsorbent amount on the removal of As (III) by adsorption onto neem bark 204 

(initial As concentration, 100 µg/L. pH 2.36. Treatment flow rate 1.67mL/min) 205 
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4.2 Effect of Flow Rate 206 

 207 

 Flow rate is one of the effective factors in column adsorption process. The effect of the treatment 208 

flow rate on the removal of As (III) is illustrated in Figure 2. The removal efficiency for As (III) 209 

increased gradually with decreasing treatment flow rate. This is because, when the flow rate was 210 

slow, As (III) in the sample solution got more contact time with the active surface of the 211 

adsorbents. 212 
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 213 
Figure 2: Effect of treatment flow rate on the removal of As (III) by adsorption onto neem bark 214 

(initial As concentration, 100 µg/L. pH 2.36. Amount of adsorbent 5g.) 215 

 216 

 217 

4.3 Effect of Initial Concentration 218 

 219 

The removal efficiency is highly dependent on the initial concentrations of As (III) in the sample 220 

solution. The effect of the initial sample concentration on the removal of arsenic with neem bark 221 

was investigated. The initial concentration was evaluated in the range of 50-500 µg/L, and the 222 

results are illustrated in Figure 3. The removal efficiency decreased with increasing adsorbate 223 

concentration in the solutions. It is because, at low concentration, most of As (III) in the sample 224 

solution gets contact with active sites. With increasing arsenic concentration in solution, active 225 

sites on the adsorbents were not increased. Therefore arsenic removal efficiencies were 226 

decreased. 227 

 228 
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 231 

Figure 3:  Effect of initial adsorbate concentration on the removal of As (III) by adsorption onto 232 

neem bark (pH 2.36. Amount of adsorbent 5g. Treatment flow rate 1.67mL/min) 233 



 

* Corresponding Author: E-mail: tasrina_rabia@yahoo.com. | Tel: +8801715132599 

4.4 Effect of pH 234 

 235 

pH is one of the most important parameters controlling the metal ion sorption process (Munaf and 236 

Zein,1997; Wong et al.,2003).  Figure 4 depicts the effect of pH on As(III) removal with neem bark. 237 

For the removal of As (III), the efficiency curve was essentially nearly a plateau in the pH range of 238 

4-7, and then, the efficiency tended to decrease with increasing pH. The poor As removal 239 

efficiencies at high pH can be attributed to the following factors: First, chemical species for As (III) 240 

in this pH region are oxyanions. Next, hydroxyl groups are more plentiful on the surface of neem 241 

bark with increasing pH. The maximum removal efficiency for As (III) was observed in 242 

comparatively neutral region (at pH 7). This result should be of great advantage for the practical 243 

implementation of arsenic removal from groundwater. 244 

 245 
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Figure 4: Effect of pH on the removal of As (III) by adsorption onto neem bark (initial As (III) 247 

concentration, 100 µg/L. Amount of adsorbent 5g. Treatment flow rate 1.67mL/min) 248 

 249 

 250 

 251 

4.5 Effect of Particle Size 252 

 253 

Column adsorption experiments were carried out for the removal of arsenic from aqueous 254 

solution using five different particle sizes (0.105mm, 0.25mm, 0.595 mm, 1.41mm, and 2.3 mm). 255 

The results are shown in Figure 5. With decreasing particle size, the removal increased from 256 

68.23% to 96% for As (III). Munaf and Zein reported that, when the size of adsorbent particles 257 

increased, the adsorption of metal ions decreased (Munaf and Zein, 1997). Similar trends have 258 

been reported by Wong et al. (Wong et al., 2003). These phenomena might be due to the fact 259 

that the smaller particles offer comparatively larger surface areas and greater numbers of 260 

adsorption sites. 261 
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Figure 5: Effect of particle size on the removal of As (III) by adsorption onto neem bark (initial As 263 

concentration, 100 µg/L. pH 7. Amount of adsorbent 5g. Treatment flow rate 1.67mL/min) 264 

 265 

 266 



 

* Corresponding Author: E-mail: tasrina_rabia@yahoo.com. | Tel: +8801715132599 

5. ADSORPTION MECHANISM 267 

 268 

Arsenic removal by adsorption onto neem bark can be supposed to occur mainly through two 269 

routes: (i) affinity adsorption and (ii) anion exchange between the arsenic in the water and the 270 

carbon surface of the neem bark. Affinity adsorption is related to the surface behavior of neem 271 

bark, whereas anion exchange relates to the existing forms of the arsenic species. OH groups are 272 

created on the carbon surface during the activation process (Corapcioglu and Huang, 1987; 273 

Manju et al., 1998). The mechanism of adsorption of metal anions onto activated carbon is 274 

generally well explained by electrochemical theory: Carbon in contact with water reduces oxygen 275 

to a hydroxyl group [44] 276 

 277 

O2 + 2H2O + 2e
-  
�

 
H2O2 + 2OH

- 
 278 

 279 

And thus, the carbon loses electrons and become positively charged. Electrical neutrality is 280 

maintained with hydroxyl ions, resulting in their adsorption. Although the neem bark used in the 281 

present work was not subjected to any chemical or physical activation treatment, a large number 282 

of OH groups will remain on the surface of the neem bark after the drying process. The physical 283 

adsorption and interaction between the H3AsO3 species and the neem bark surface might be 284 

partly responsible for the removal of As (III). 285 

 286 

6. DESORPTION 287 

 288 

 Recovery of the adsorbed material and regeneration of the adsorbent are also important aspects 289 

of wastewater treatment. Attempts were made to desorb As (III) from the neem bark surface with 290 

various eluents, such as hydrochloric, sulfuric, and nitric acid solutions and base solutions 291 

containing sodium hydroxide and potassium hydroxide. 292 

 293 

This desorption process was performed using the column method. For each experiment, 100 mL 294 

of desorption solution was added to the column and held there for a fixed period of time. After the 295 

standing time, the solution was passed through the column.The results are presented in Table 1. 296 

Although the achievement of arsenic elution using strong acidic or alkaline solutions has been 297 

reported in the literature, (Lorenzen et al.,1995) the present work showed that effective 298 

desorption was obtained with acidic solutions. These phenomena are consistent with the results 299 

observed for the effect of pH. Consequently, hydrochloric acid solution was useful for the 300 

desorption of arsenic from the surface of neem bark. 301 

 302 

Table1: Influence of the Eluent on the Desorption of As (III)  303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

Adsorption process: initial As(III) concentration, 100 µg/L; neem bark 5g; average particle size, 314 

0.595mm; treatment flow rate, 1.67mL/min.Volume of desorption agent, 100mL. 315 

 316 

 317 

7. APPLICATION OF THE DEVELOPED TREATMENT SYSTEM 318 

 319 

The utility of the neem bark was evaluated for the treatment of As contaminated Bangladeshi 320 

groundwater samples. The concentrations of total arsenic in the samples was 233.032 µg/L. It 321 

Desorption agent Desorption (%) 

NaOH (1M) 38.0 

KOH(1M) 42 

HCl(1M) 79 

H2SO4(1M) 48.08 

HNO3(1M) 51.63 
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has been reported that the total arsenic concentration in the tubewell water is in the range 0.25-1 322 

mg/L, with 60-90% of the arsenic present as As (III) species (Khoe et al., 1997). Because the pH 323 

of these groundwater samples was around 7, the arsenic species might be H3AsO3 for As (III) 324 

(Meng et al., 2000; Ghimire et al., 2003; Wickramasinghe et al., 2004).The treatment results are 325 

presented in Table 2. Although 10 g of adsorbent was applied in the treatment, the concentration 326 

of arsenic in the treated sample water could be lowered to 60µg/L. The desorption efficiencies 327 

with 100 mL of 1 M HCLwas 89.63%. From the present results, the arsenic was successfully 328 

removed from practical As-contaminated groundwater, and the adsorbed As could be recovered 329 

from the surface of neem bark.  330 

 331 

Table 2: Removal and Desorption of As from the Contaminated Groundwater of Bangladesh 332 

 333 

 334 

  Sample 

pH 7.5 

initial As conc. (µg/L) 233.032 

final As conc. (µg/L) 60 

removal
a
 (%) 74.25 

desorption
b
 (%) 89.63 

 335 
a 

Removal: neem bark 10g, treatment flow rate 1.67mL/min, average particle size 0.595mm 336 
b
Desorption: 1M HCL, 100mL, flow rate 1.67mL/min.  337 

 338 

 339 

8. CONCLUSIONS 340 

 341 

The presence of arsenic in groundwater has been recognized as a major problem for 342 

Bangladesh. Due to its high toxicity, even in low concentrations, it is a threat to human health. 343 

There are many techniques, which can be effectively applied to remove arsenic from water 344 

streams. Moreover, some of the existing techniques are costly and they are not economically 345 

applicable in small community systems. Therefore, there is a need for developing cheap efficient 346 

methods for the removal of arsenic from drinking water. The proposed column treatment systems 347 

are appropriate and suitable home made approaches to arsenic removal in local areas, because 348 

of their simplicity and easy operation and handling. The present method is effective for a wide 349 

range of concentrations (i.e., 10-500 µg/L), which were quite similar to those observed in 350 

contaminated Bangladeshi groundwater. No secondary-pollution problem will occur, because 351 

desorption of the arsenic is possible. Direct removal of arsenic (III) can be achived without first 352 

oxidizing arsenite to arsenate, whereas the traditional methods require the oxidation process. 353 

Based on the results of this research, neem bark can be considered as low cost, effective, 354 

available and natural adsorbent for removing arsenic from ground water. 355 

 356 

 357 

 358 
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