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Abstract  Original Research Article 
 

Arsenic (As) is an ubiquitous element found in the soils, rocks, natural waters and organisms. It is one of the most 

toxic elements and has been classified as a group I carcinogen for human. The removal of arsenic from groundwater is 

an important issue for environmental safety and human health. In this study, the performance of three commercial 

Titanium oxide and Ferric (hydr) oxide based media regarding removal of arsenite As(III) and arsenate As(V) from 

drinking water have been investigated. The study is carried out by column experiments on laboratory scale using 

arsenic spiked local tap water. The experimental work has studied the maximum bed volume and the maximum 

capacity which is in compliance with the recommended WHO standard (MCL) of 10 µg/L in the effluent. The 

achieved bed volume of granulated Titanium oxide based adsorbent (approximately 5700) is superior to that of Ferric 

oxide and Ferric hydroxide based adsorbents at EBCT of 3.5 minutes. At EBCT 1 min Ferric hydroxide based 

adsorbent exhibits highest bed volume (2300). 
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INTRODUCTION 
Arsenic poisoning has become one of the 

major environmental concerns in more than 70 

countries, including Bangladesh, India, West Bengal, 

Myanmar, Pakistan, Vietnam, Nepal, Cambodia, United 

States and China. About 200 millions of people have 

been exposed to excessive arsenic through 

contaminated drinking water [1]. The World Health 

Organization (WHO) has set the maximum level for 

Arsenic in drinking water at 10 µg/L [2]. Arsenic is 

found in the environment both in organic and inorganic 

forms. The inorganic forms are much more toxic and 

are found in groundwater, surface water and many 

foods. Arsenic is the main cause of physiological and 

metabolic disorder in animals and human such as 

arsenicosis, malignancies, cancers (bladder, lung, liver, 

kidney), diabetes, hypertension etc [3, 4]. 

 

Hence, appropriate arsenic removal 

technologies are of prime importance for all arsenic 

affected areas. To date, many technologies have been 

developed for arsenic mitigation. The basic principles 

of arsenic removal from water are based on 

conventional techniques of oxidation, coprecipitation 

and adsorption onto coagulated flocks, lime treatment, 

adsorption onto sorptive media, ion exchange and 

membrane techniques [5-7]. Arsenic removal through 

adsorption is emerging as most feasible option because 

in most cases the system is simple to operate and cost-

effective [8]. Effectiveness of adsorption-based 

methods depends primarily on the properties of the 

adsorbent used. A wide array of materials have been 

developed and evaluated for sorption of arsenic from 

different categories namely activated alumina, activated 

carbon, iron and manganese coated sand, kaolinite clay, 

hydrated ferric oxide, activated bauxite, titanium oxide, 

silicium oxide, biological materials, polymer resins, 

agricultural/industrial wastes etc [9, 10]. Moreover, 

Bang et al., [11] have showed that the granular TiO2 

adsorbent has a high adsorption capacity for arsenic 

removal from groundwater in a neutral pH range. Maji 

et al., [12] have reported an iron-oxide-coated natural 

rock adsorbent for the removal of arsenic from arsenic-

bearing groundwater. Furthermore, Tabelin et al., [13] 

have studied that the arsenic is adsorbed onto natural 

geologic materials. However, many problems are 

encountered when these materials are evaluated in 

actual field conditions. The major problems identified 

are low adsorption capacities, slow kinetics, low 

selectivity, disposal of spent adsorbent and high cost. 
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The objective of this study is to investigate 

removal of inorganic arsenic from arsenic-bearing 

groundwater by using As-spiked tap water and typical 

commercial adsorbents consisting of granulated 

Titanium oxide (ADSORBSIA
TM

 As600), Ferric oxide 

(BAYOXIDE
TM

 E33) and Ferric hydroxide (GFH
TM

). 

 

MATERIALS AND METHODS 
The performances of three different 

commercially available potential adsorbing media with 

regard to arsenic removal have been investigated: 

 Adsorbent consisting of granulated Titanium oxide 

(ADSORBSIA
TM

 As600) [14]  

 Adsorbing media consisting of Ferric oxide 

(BAYOXIDE
TM

 E33) [15] 

 Ferric hydroxide based adsorption media (GFH
TM

) 

[16] 

 

Typical physical and chemical properties of 

the applied adsorption media are listed in Table-1. 

 

Table-1: Physical and chemical properties of the applied adsorption media 

Adsorbing media Particle size 

(Micron) 

Bulk Density 

(g/L) 

Specific surface 

area (m
2
/g) 

Moisture 

content 

(%) 

Granulated Titanium 

oxide (ADSORBSIA) 

250–1180 640 250 <10 

Ferric oxide 

(BAYOXIDE) 

– 460–570 120–200 20 

Ferric hydroxide 

(GFH) 

315 x 2000 465–577 – – 

 

Arsenic Analysing Method 

In this work, an analytical method according 

DIN 38405 D12 (German Standard) has been applied. 

With this method dissolved As(V) and As(III) is 

transformed into arsine AsH3 by chemical reduction 

with KI and SnCl2. Arsine gas is stripped into a 

silverdiethyldithio-carbamate (SDDC) pyridine solution 

forming a coloured complex of arsine which can be 

analyzed by spectrophotometry at a wavelength of 525 

nm. A Merck Spectroquant Nova 60 spectrophotometer 

has been used. The standard deviation of this method 

has been observed in our experiments as ±1 µg/L. A 

liquid As(V) standard (1000 mg/L) has been purchased 

from company Merck which served as parent solution  

to spike tap water and for preparation of the calibration 

curves. Arsenic trioxide As2O3 in powder form, also 

delivered by Merck has been used for the preparation of 

the As(III) parent solution (350 mg/L) according to DIN 

38405 D12. The arsenic trioxide is dried for 24 hours 

before preparing the standard solution. Arsenic trioxide 

(As2O3) of 0.462 g has been dissolved with 12ml of 

NaOH (2 mol/L) and subsequently the solution has been 

neutralised with sulfuric acid. Finally the solution is 

filled up to 1000 mL with DI water. 

 

Water Quality 

All the experiments are conducted with local 

tap water. The quality of the local tap water used for the 

experiments is summarized in Table-2. This water is 

spiked with the parent solutions of As(V) and As(III) to 

prepare the required arsenic feed water concentration.  

 

Table-2: Physico-chemical characteristics of local tap water in the city of Karlsruhe, Germany [17] 

Parameter Unit Value 

Aluminium mg/L <0.02 

Calcium mg/L 112 

Chloride mg/L 22.6 

Electrical conductivity µS/cm 661  

Hydrogencarbonate mg/L 322 

Iron mg/L <0.01 

Magnesium mg/L 9.7 

Manganese mg/L <0.005 

Sodium mg/L 11 

Sulfate mg/L 549.5 

pH    7.23 

 

Experimental  

Figure 1 & 2 represent the experimental set-up. 

The water is fed to the column by a peristaltic pump 

bottom-up (version 1) and top-down (version 2) 

depending on the respective contact time. The 

adsorbing media are placed in plastic columns of 2 cm 

inner diameter filled with media of 10 cm height 

resulting in a packed media volume of 0.0314 L. All 

experiments are conducted at two empty bed contact 

times (EBCT) of 1 minute and 3.5 minutes with an 
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arsenic influent concentration of 500 µg/L at 20°C until 

the effluent arsenic concentration exceed the MCL of 

10 µg/L. The purified water (effluent) has been 

collected in an effluent collection tank. Prior to the 

experiments the fine particles of the media are removed 

by water back flush. The experiments are run at two 

contact times (EBCT) of 3.5 minutes (version 1) and 1 

minute (version 2). Due to the fact that at short contact 

time (1 min) bottom-up flow resulted in a significant 

media bed expansion these experiments are conducted 

by version 2 and those at 3.5 min are carried out by 

version 1. The mass and the volume of the applied 

adsorbing media are listed in Table-3. 

 

 
Fig-1: Experimental set-up version 1: bottom-up 

 

 
Fig-2: Experimental set-up version 2: top-down 

Table-3: Masses and volume of the applied adsorbing media 

Adsorbing media Mass (g) Volume (L) 

Granulated Titanium oxide (ADSORBSIA) 20 0.0314 

Ferric oxide (BAYOXIDE) 13 0.0314 

Ferric hydroxide (GFH) 30 0.0314 

 

RESULTS AND DISCUSSIONS  
Experiments with As(V) 

Figure 3 & 4 show the arsenic concentration in 

effluent over the treated bed volumes. The achieved bed 

volume of granulated Titanium oxide based adsorbent 

(approximately 5700) is superior to that of Ferric oxide 

and Ferric hydroxide based adsorbents at EBCT of 3.5 

minutes. At shorter contact time of 1 minute all bed 

volumes are generally less than half of those at 3.5 

minutes whereas the bed volumes of granulated 

Titanium oxide based and Ferric hydroxide based are 

comparable exceeding the MCL at around 2200 bed 

volumes. For both contact times Ferric oxide based lags 

considerably behind the results of granulated Titanium 

oxide based and Ferric hydroxide based adsorbents. 

Since the experiments at short contact time cannot be 

run overnight the flow has to be stopped and restarted 

next day. Therefore a recovery resulting in lower 

arsenic effluent values can be noticed for all media (e.g. 

at bed volume around 1200) when left overnight. This 

may be due to diffusion of adsorbed arsenic into inner 

pores in the idle period.   

 

 
Fig-3:  As (V) in effluent vs. bed volume at EBCT 3.5 min 
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Fig-4:  As (V) in effluent vs. bed volume at EBCT 1 min 

 

Comparison of bed volumes treated and adsorbing 

capacities 

Figure-5 compares the experimental data of the 

bed volumes treated complying with the MCL 10 µg/L. 

At EBCT 3.5 min ADSORBSIA has highest adsorption 

capacity with almost 6000 bed volumes treated 

complying with the MCL [18]. At EBCT 1 min the 

capacities of ADSORBSIA and GFH is comparable 

around 2000 bed volumes. BAYOXIDE has generally 

the lowest capacity. In a further step arsenic adsorbing 

capacity (g/kg) has been calculated using the 

experimental bed volumes (Figure-6). When comparing 

the capacities of the adsorbents type ADSORBSIA with 

the other two types of adsorbents based on Ferric oxide 

and Ferric hydroxide, it should be noted that they have 

different densities (Table-3). The capacity of Ferric 

oxide based adsorbent at 3.5 min is comparable to 

ADSORBSIA, however but the value at short contact 

time (1 min EBCT) is distinctly lower than that for 

ADSORBSIA. For Ferric hydroxide based adsorbent 

the results are the other way round, the capacity at 3.5 

min EBCT is significantly lower than for ADSORBSIA 

and the value at 1 min EBCT is comparable to 

ADSORBSIA. The differences in capacities (g/kg) 

between the tested media can partly be attributed to the 

different media densities (Table-3). 

 

 
Fig-5: Bed volumes of the tested media (feed As (V) 500 µg/L) 

 

 
Fig-6: Capacities of the tested media (feed As (V) 500µg/L) 

 

Experiments with As (III) 

Figure 7 & 8 give the As(III) concentration in 

effluent over the bed volume. For all media the 

maximum bed volumes are significantly lower than for 

As(V). At EBCT 3.5 min ADSORBSIA granulated 

Titanium oxide performs best with a maximum bed 

volume of around 1600. The maximum bed volume of 

Ferric oxide based adsorbent is only about half of that 

for ADSORBSIA. At EBCT 1 min Ferric hydroxide 

based adsorbent exhibits highest bed volume (2300). 

However, the experiment at EBCT 1 min has to be 

stopped each day and has been restarted next day. 

Therefore a slight decrease of arsenic in effluent can be 

noticed which may be attributed to recovery due to 

inner pore diffusion of adsorbed arsenic.  

 

 
Fig-7:  As (III) in effluent vs. bed volume at EBCT 3.5 min 

 

 
Fig-8:  As (III) in effluent vs. bed volume at EBCT 1 min 
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Comparison of the bed volumes treated and the 

arsenic capacities 

Figure-9 compares the experimental data of the 

bed volumes treated complying with the MCL 10 µg/L 

and Figure-10 compares the capacities of the tested 

media (calculated from the treated bed volumes). At 

EBCT 3.5 min ADSORBSIA show best performance of 

all tested media. In the experiments at EBCT 1 min 

GFH showed distinctly higher capacity over its value at 

3.5 min. The GFH capacity at 1 min is as high as the 

ADSORBSIA capacity at EBCT 3.5 min This is in 

disagreement with all previous results of As(III) and 

As(V) for which the capacity at shorter EBCT is always 

lower than for the longer one and therefore needs to be 

further studied. 

 

 
Fig-9: Bed volumes of the tested media (feed As(III) 500 µg/L) 

 

 
Fig-10: Arsenic adsorbing capacities of the tested media (Feed 

As(III) 500 µg/L) 

 

CONCLUSION 
The performance of three commercial 

adsorbents consisting of granulated Titanium oxide 

(ADSORBSIA), Ferric oxide (BAYOXIDE) and Ferric 

hydroxide based media (GFH) regarding removal of 

As(III) and As(V) from drinking water have been 

investigated. The column experiments on laboratory 

scale at EBCT 3.5 and 1 min verify the high 

performance of granulated Titanium oxide based 

adsorbent in removing arsenic from drinking water in 

the valence state +3 and +5 compared with 

commercially available ferric oxide/ hydroxide media.  
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