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Abstract 
In the northern part of Burkina Faso, in the Yatenga province, the water in several drinking wells 

contains arsenic. The arsenic originates from the bedrock and thus affects all those that depend on 

the deeply drilled tube wells for their daily water needs. Since arsenic is harmful to consume it is 

important to find a practical way of removing it. Furthermore, since Burkina Faso is one of the 

world´s poorest countries, the treatment technique has to be economically affordable.  

 

This study has evaluated a commercially available granular ferric hydroxide (GFH®) product as an 

arsenic adsorbent material when purifying arsenic-enriched water in Burkina Faso. The treatment 

method was based on a technique where arsenic-enriched water was pumped through a column 

packed with the adsorbent material. Previous investigations of this material and method have been 

performed on the water from the northern part of Burkina Faso; water from the northern part of the 

country was also used this time but the experiment was executed at a larger scale. With a flow rate 

of ten litres per hour through the column, the result showed an adsorption capacity of 370 

micrograms arsenic per cubic centimetre adsorbent. The conclusion was that the GFH® worked well 

as an arsenic adsorbent material. In the future, it can probably be used in full scale systems but 

before that, more research and development have to be done. Some practical problems such as how 

to construct the set up, how to change the adsorbent material, what to do with the used adsorbent 

material, and how often to change it also need to be solved. 

Tests with lateritic soil from Burkina Faso as an adsorbent material were also executed. The 

advantages of using this lateritic soil instead of GFH® would be that it is less expensive and 

domestically available. With a flow rate of 0.85 litres per hour the results of these tests showed an 

adsorption capacity of at least 5.2 microgram arsenic per cubic centimetre material. Hence, the 

conclusion was that the natural lateritic soil had some potential to remove arsenic, but that the 

removal capacity was too low for natural lateritic soil to practically work as adsorbent material when 

using the column method.   
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1. Introduction 
 

1.1 Arsenic problem on a global scale 
Arsenic in drinking water is a problem in many areas all over the world. In some areas the problem is 

a result of mining or other industrial activities. However, when drinking water is enriched with 

arsenic it is more often due to geological conditions than due to human activities. Drilled tube well 

water is pumped from deep in the ground. When the rock beneath a well contains arsenic, the water 

from these wells becomes enriched (Mähler, 2013). Since people in poor developing countries 

cannot afford proper equipment to purify arsenic-enriched water, these areas are more severely 

affected by this type of problem. Surface water is frequently used as drinking water, but water 

sources like these are often biologically contaminated and the water cannot be used without risk of 

getting ill. Since water often is a rare resource there is sometimes no other option than using the 

arsenic-enriched tube well water, furthermore, all people are not aware of the problem (Hashmi and 

Pearce, 2009). 

There are several examples of areas that suffer from the problem of arsenic-enriched water. 

Bangladesh and West Bengal in India are the more known ones but there are others as well. 

Bangladesh is one of the most affected countries in the world. To cover the daily water need about 

75% of the population in Bangladesh depend on groundwater sources. Since more than 60% of the 

groundwater is enriched with arsenic, a large part of the population get an involuntarily intake of 

arsenic (Jiang et al., 2012). In Pakistan, 20% of the people use arsenic-enriched water on daily basis. 

The enriched water originates from individual groundwater wells that people use in order to avoid 

the contaminated surface water. Furthermore, since people in rural areas do not rely on the system 

they rather use individual groundwater wells instead of water from the centralized water distribution 

system (even thought this might be purer) (Hashmi and Pearce, 2009).  

1.2 Arsenic problem in Burkina Faso 
In Burkina Faso arsenic-enriched groundwater is a problem in the Yatenga province, situated north of 

Ouahigouya. Most families are dependent on water from a specific pump (such as the pump on the 

front page) and do not have many other options if this pump should not be working, or if the water 

should not be suitable for drinking. Depending on the size of the village one or more pumps might be 

available, but normally about 200 people share one pump. The people fetch the water needed for 

irrigation, drinking, washing, cooking and everything else where water is needed, and carry it from 

the pump in big cans. In most of the drilled tube wells in this region the concentration of arsenic is 

higher than the World Health Organization (WHO) guideline value, ten micrograms per litre. The total 

arsenic concentration in the drilled wells in this region range between 0.5 and 1630 microgram per 

litre, with a median value of 15.1 microgram per litre (Smedley et al., 2007). Since the variation in 

concentration between different wells can be large, no conclusions can be drawn for the 

concentration in one well based on the concentration in another well nearby (Mähler, 2013).  

Chronic exposure to arsenic may result in several different diseases. Skin lesions such as melanosis 

and keratosis are easy to observe and have showed a correlation to the concentration of arsenic in 

drinking water. However, high concentration of arsenic in drinking water may also result in other 

health problems, as for example cancer, reproductive and neurological problems. All these problems 

have been encountered among people in the affected areas in Burkina Faso (Somé et al., 2012).  
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1.3 Aim 
Since no practical solution exists so far for the removal of arsenic in the arsenic-enriched wells in 

Burkina Faso, a column adsorption technique with GFH® will be investigated. Some factors that make 

this method a potentially good alternative are that no harmful chemicals are needed in the process, 

and when the arsenic is adsorbed it is not easily desorbed from the adsorbent material. Because of 

this it can be considered a relatively reliable and simple method.  

The aim of this study is to investigate a column adsorbing method to clean arsenic-enriched water. 

The method has previously been examined in small scale with GFH® as adsorbing material. The work 

includes two different experiments. The aim with the first part is to investigate if up-scaling of the 

method using granular ferric hydroxide (GFH®) is possible. If up scaling is possible the adsorbing 

capacity will be similar to the adsorption capacity when performed in small scale (i.e. 104 – 463 μg 

as/cm3 adsorbent). The aim with the second part is to examine if lateritic soil from Burkina Faso can 

be used as adsorbent material in a smaller scale setup. If lateritic soil can be used as adsorbent 

material, the adsorbing capacity of the soil will be similar to the adsorption capacity of GFH®. 

2. Background 

2.1 Arsenic 
Arsenic is naturally occurring in four different oxidation states, but the most common are arsenite 

(AsIII) and arsenate (AsV). In natural drinking water with pH-range around six to eight arsenite is found 

as As(OH)3 and arsenate occurs as either H2AsO4
- or HAsO4

2- (Crittenden et al., 2005). In the Yatenga 

province in Burkina Faso arsenate is more common than arsenite (Smedley et al., 2007). The 

protonation state in which arsenic is found depends on the redox conditions and pH level of the 

water. In the EH-pH diagram for arsenic in Figure 1 the forms of arsenic present at different pH levels 

can be seen. One common way to remove arsenic from water is by using adsorption. In the 

adsorption process substances in the liquid phase are removed by accumulating on a solid phase. The 

material in the solid phase, on which adsorption occurs, is called the adsorbent. The substance in 

liquid phase that adsorb to the adsorbent is called adsorptive, but after it has been adsorbed it is 

called adsorbate. Adsorption might occur as physical adsorption or chemisorption. For water 

treatment physical adsorption is more common, during this process electrostatic interactions bind 

the adsorbate to the adsorbent. Physical adsorption is generally a reversible process. In 

chemisorptions a covalent chemical bond is formed between the adsorbent and the adsorbate, this is 

a stronger bonding than in the physical adsorption and typically non reversible at natural pH values. 

Arsenic adsorption may cause release of protons or hydroxide ions at chemisorption, thus affecting 

the pH of the liquid from which the arsenic is removed (Crittenden et al., 2005).  
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Figure 1: The EH–pH diagram for the As-S-O system at 25°C and 1 atm (Ferguson and Gavis, 1972). 

 

2.2 Large scale cleaning techniques for arsenic-enriched water 
There are four common treatment strategies for cleaning of arsenic-enriched water in large scale: 

conventional coagulation, reverse osmosis, ion exchange, and granular activated carbon adsorption 

(GAC adsorption). In conventional coagulation the arsenic is removed by adding a coagulant. The 

following reaction makes the arsenic to precipitate or adsorb to the coagulant, hence it can be 

removed from the water. In order for the coagulant to work the arsenic must be in the form of 

arsenate, if present as arsenite it first has to be oxidized to arsenate (Crittenden et al., 2005). As 

arsenate is more common than arsenite in the Yatenga province (Mähler, 2013) this method could 

potentially be efficient in Burkina Faso. However, because of the several different steps in the 

process it would not be practical in small scale and thereby not useful for this type of purpose.   

Reverse osmosis is a technique where a semi-permeable membrane is used to separate a solute from 

water by using high osmotic pressure. When arsenic is removed by using this method the arsenic 

compounds are left at one side of the membrane, and purified water at the other side. This method 

is efficient in removing both arsenite and arsenate in dissolved form. In order to force the water 

through the membrane a high pressure is needed. To keep this high pressure a lot of energy is 

required. Hence, the method is expensive and not to recommend in small scale (Crittenden et al., 

2005).   

Ion exchange is an efficient method for removal of dissolved ionic constituents such as arsenates. 

However, arsenite is commonly found in neutral form and thus not easily removed using this 
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method. One negative consequence with this method is that the effluent might contain higher 

concentrations of ions (from the ion exchange material) than recommended. Furthermore,  since this 

method does not remove the arsenic permanently desorption might occur and arsenic might appear 

in the effluent earlier than expected (Crittenden et al., 2005).  

In GAC adsorption the arsenic adsorbs physically to activated carbon particles. This method can be 

useful in removing both arsenite and arsenate but the removal is never 100 % efficient.  One problem 

with this method is that the set up is relatively complicated. Furthermore, desorption might occur 

resulting in higher concentrations of unwanted compounds or ions in the effluent than in the influent 

(Crittenden et al., 2005). Since the GAC adsorption method uses organic material it is hard to control 

the microbal ecology. This method is thus not very suitable for production of drinking water, but can 

be a good alternative for cleaning of mine waste water (Mähler, 2013). 

The problem with many of the commonly used methods for arsenic removal in large scale is that they 

are not practical in small scale and under rough or primitive conditions. Many of these methods are 

also too expensive to be applicable in a developing country such as Burkina Faso. 

2.3 Small scale cleaning techniques for arsenic-enriched water 
There are several small scale techniques that are commonly used for cleaning arsenic-enriched 

water. The most common techniques are based on oxidation, co-precipitation and adsorption onto 

coagulated flocs, and adsorption onto sorptive media (Jiang et al., 2012). In many applications two or 

more of these techniques are combined. 

 

During oxidation an electron is removed from a compound. It is possible to use oxidation as a 

cleaning technique for groundwater that contains iron and manganese. During the process, iron and 

manganese is oxidized from a soluble to an insoluble form, and arsenic is oxidized from As(III) to 

As(V) (Jiang et al., 2012). When oxidation occurs reactive sites are created on the surface of the 

substrate, arsenic ions can then bind to these sites. Oxidation can take longer time than other 

techniques, this because the water has to be left at rest for the process to be completed (Hashmi and 

Pearce, 2009).  

 

Co-precipitation is the reaction when a solid is formed from two substances that normally are soluble 

under the current conditions. The particles aggregate and this is called coagulation. The particles that 

are aggregated are called flocs. When using co-precipitation and adsorption onto coagulated flocs to 

clean arsenic-enriched water, ferric and hypochlorite salts are added to the arsenic-enriched water. 

Thereafter, the water is filtered through a filter made of sand (Jiang et al., 2012). This technique has 

a high effectiveness for treating arsenic-enriched water and it may also remove other heavy metals 

from the water. One problem with this method is that the handling costs are often too high for 

household-scale use. In larger scale the cost per litre can be reduced, which makes this technique 

more suitable in larger applications. If there are high levels of phosphate or silicate in the water these 

compete with arsenic for the sorption sites. These elements may thus make the method less 

efficient. Furthermore, the technique produces sludge that has to be dealt with (Jiang et al., 2012). 

 

During adsorption to sorptive media, arsenic binds to the surface of the sorptive media at the 

sorption sites and stays there (Hashmi and Pearce, 2009). There are many different sorptive 



8 
 

materials that can be used to clean arsenic-enriched water with adsorption (in Vietnam for example 

laterit and limonite have been evaluated in laboratory work) (Jiang et al., 2012). 

 

Several other techniques that are efficient in cleaning arsenic from contaminated water are under 

development. Some of them are promising (Hashmi and Pearce, 2009), but many of them are too 

expensive to be used for small scale applications in developing countries (Jiang et al., 2012). 

Furthermore, since the methods are not applied directly at the well the purification has to be done 

separately. If the purification has to be done at household level, which probably is the case if it is not 

done directly at the pump, more people have to learn how to use and maintain the arsenic removal 

material and equipment. In summary, so far no practical solution exists for the removal of arsenic in 

the arsenic-enriched tube well water in Burkina Faso. 

2.4 Previous arsenic removal studies in Burkina Faso 
In a doctoral thesis by Mähler (2013), one of the investigations examined how well GFH® worked as 

arsenic adsorbent. The experiments were performed in small scale using column adsorption. Column 

adsorption is a method where arsenic-enriched water is pumped through a column. The column is 

packed with an adsorbent material. When the water passes the column, arsenic is adsorbed to the 

surface of the column material and thus removed from the water. If a lot of arsenic can be adsorbed 

the adsorption capacity of the adsorbent is high and a large volume of water can be purified without 

changing the column material. There is also a correlation between the empty bed contact time 

(EBCT) and how much arsenic that can be adsorbed. The EBCT is the time that the water is in contact 

with the adsorbent material. If the EBCT is high the probability of arsenic to adsorb is higher than if 

the EBCT is low. Furthermore, when using the column method it is important that the column is 

constantly filled with water. If the adsorbent material is dried out problems with air bubbles may 

occur. It is also recommended to have a column length of five times the column diameter to avoid 

clogging (Mähler, 2013).  

The water used during Mähler’s study was artificially arsenic-enriched deionized water, thus not the 

natural arsenic-enriched water from the drilled tube wells in Burkina Faso. The water moved from 

the top of the column to the bottom of the column. In conclusion, GFH® showed a high adsorption 

efficiency with an arsenic removal capacity between 438 and 1814.6 microgram arsenic per cubic 

centimetre of adsorbent (or even higher) depending on which arsenic species being studied (Mähler 

and Persson, 2013). Furthermore, a second investigation (that was part of the same thesis) studied 

the interference of other ions and complexes. The aim of this was to see how the presence of other 

ions and complexes affected the adsorption of arsenic. Equimolar amounts of phosphate decreased 

the arsenic adsorption with approximately 50%. Hydrogen carbonates have lower adsorption ability 

than phosphates but are found in much higher concentrations in drinking water. The adsorbed 

amount of arsenic was reduced by 42% when 147 times more hydrogen carbonate than arsenic was 

present. Fluoride may also compete with arsenic about the adsorption sites. Fluoride has lower 

adsorption ability than phosphates but much higher adsorption ability than hydrogen carbonates. 

The conclusion from this investigation was that other ions will compete with arsenic about the 

adsorption sites, and to what degree depends on which compounds that are present and their 

concentration in the water (Mähler and Persson, n.d.) . 

The efficiency of adsorption of arsenic in natural ground water using GFH® has been evaluated in a 

recent study by Lundin and Öckerman (2013). This study was a continuation of Mähler’s doctoral 
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thesis. Water was taken from a drilled tube well in the Yatenga province (from the same region as 

the water that will be used during this study), and the water direction was from the top of the 

column to the bottom. The arsenic removal capacity was found to be between 104 and 463 

microgram arsenic per cubic centimetre adsorbent. The study of Lundin and Öckerman also showed 

that the EBCT was of great importance for the adsorption of arsenic. One significant conclusion 

drawn from the investigation was that it is more efficient to reduce the flow than to increase the 

volume of the adsorbent, when aiming to increase the contact time. Another observation from their 

experiment was that a large decrease in pH occurred after the water had passed through the column. 

This pH decrease was probably due to release of protons as a result of a chemisorption process at the 

adsorption. This drastic decrease was mainly observed during the first hour of the experiment, after 

that the pH became more stable. The study also showed that phosphates and fluorides were 

important competitors when using adsorption as the technique to purify arsenic-enriched water 

from the Yatenga province. In contrast to Mähler’s study no competition could be seen for hydrogen 

carbonates. Finally, it was noted that GFH® had an ability to self-regenerate and thus the capacity of 

the column did increase by leaving the flow turned off for a while (Lundin and Öckerman, 2013).  

A study at the University of Ouagadougou shows that the lateritic soils in Burkina Faso are efficient in 

removing heavy metals from aqueous systems. At pH eight, 85% of chromium(III), more than 90% of 

lead(III), and all of copper(II) were removed from all the samples. Due to adsorption these heavy 

metals could be effectively removed from contaminated water (Pare et al., 2012). This ability makes 

it reasonable to believe that the lateritic soil also can be efficient in removing arsenic compounds. 

One important benefit with using lateritic soil instead of GFH® would be that it is available 

domestically in Burkina Faso. This would process likely make the whole method cheaper and more 

affordable for those who need to remove arsenic from their drinking water.    

3. Materials and methods 
 

3.1 Adsorbent material 
The material GFH® is a commercially available product produced by the company GEH Wasserchemie 

GmbH & Co. It is an iron oxyhydroxide-based adsorbent that has shown a high ability to adsorb 

oxyanions, such as arsenate. The arsenic-adsorbing properties of GFH® are well known from earlier 

studies (such as Mähler 2013, and Lundin and Öckerman 2013) and it is used as arsenic adsorbent in 

for example municipal drinking water plants. There are two ways that adsorption can occur. Either an 

inner sphere surface complex or an outer sphere complex is formed. An inner sphere complex 

(chemisorptions) implies that covalent bonds form between an atom in the surface and the 

adsorbing ion. An outer sphere complex (physical adsorption) implies there are electrostatic 

interactions between the adsorbing ion and a charged surface(Crittenden et al., 2005; Mähler, 2013). 

Figure 2 shows inner and outer sphere complexes.  

Lateritic soil from Burkina Faso contain high concentration of iron, and thus probably also contain 

high concentrations of iron oxides (Pare et al., 2012). Because of this similarity to GFH® it is 

reasonable to assume that this lateritic soil may work as an adsorbent as well. 
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Figure 2: Illustration of adsorption of ions by formation of inner- and outer sphere complexes 
(Yivapi College, n.d.). 

3.2 Large column test with GFH® 
In this experiment the water was pumped from the bottom of the column and upwards to the top, 

instead of from the top to the bottom (as in the investigations made by Mähler 2013, and Lundin and 

Öckerman 2013). The created water pillar pushed the water through the column. By using this 

backward method the risk that the column would dry out, or that air bubbles would get trapped in 

the system, was minimized (this since the water line always would be above the column material). 

The arsenic concentration in the water, pH and temperature of both influent and effluent of the 

column were measured. The arsenic concentration was analyzed in order to determine how efficient 

the GFH® was as adsorbent material. The pH was measured in order to know the dominating 

arsenate form present, and if the arsenic adsorption caused release of protons or hydroxide ions. 

Based on the earlier observation of pH decrease by Lundin and Öckerman (2013), the pH of the 

effluent was measured both directly and after an hour. Furthermore, to guarantee stability of the 

pump and the experimental environment the flow and the temperature of both the influent and the 

effluent was measured as well. Due to practical reasons the recommendation of a column length of 

five times the diameter was not followed, instead approximately three times the diameter was used.  

The water was taken from a drilled tube well next to the city of Ouahigouya, in the Yatenga province. 

A more complete analysis of the water was also executed by LNAE in order to find out the water’s 

constituents. The analyses were done on both the influent and the effluent, but before breakthrough 

had occurred. Based on earlier results the breakthrough was calculated to occur after approximately 

20 days. 

3.2.1 Set up 

The column setup was prepared by connecting two half litre plastic bottles. The bottoms of the 

bottles were cut off and the open ends were connected by using silicon and tape.  After that, a 

system of plastic tubes was connected to the column (see figure 3). In order to see if there was any 

leakage, the system was filled with water. Weak points were strengthened with silicon and tape.  

When the system was considered waterproof glass wool was placed at the bottom of the column. 

Then, glass beads were added on top of the wool in order to make an even surface for the GFH®. 
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Finally, the GFH® was put on top of the glass beads by using a spoon. The GFH® was weighed before 

addition by using an electrical balance; for more exact information about heights, weights and 

volume see Table 1 and legend to Figure 4. To keep the whole system stable and straight it was 

attached to a chair. To get rid of smaller GFH® particles tap water (without arsenic) was run through 

the column. In total roughly 15 litres of tap water was run through the column before the experiment 

started. When the small particles had been washed away the tap water was replaced by naturally 

arsenic-enriched tube well water.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Summary of the set up for the large column test with GFH® (the empty bed contact time 

was calculated using Equation 4 in appendix 10.1). 

Height of glass wool and glass beads (cm) 7.5 

Weight of glass beads (g) 52.6 

Column height (cm) 20 

Column diameter (cm) 6.5 

Adsorbent volume (cm3) 664 

Weight of dried adsorbent (g) 720 

Flow (dm3/h) 10 

Empty bed contact time (h) 0.066 

Figure 3: Set up of large column experiment with GFH. 
Figure 4: Heights for 
the set up A=20 cm, 
B=76 cm and C=33 cm. 
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3.2.2 Running of the experiment 

Tube well water was pumped through the column by using an IWAKI Electromagnetic Metering Pump 

(model EWN-B21VCER). The water was pumped through the column until breakthrough occurred. 

The pump was set at maximum flow rate and maximum stroke length. The flow rate was then 

calculated by measuring the time it took to fill a volumetric flask (200 millilitres), this procedure was 

executed every hour to ensure stable flow. pH was also measured every hour in the outlet water. 

After pH analysis the used water was kept opened to air for one hour and then the pH was measured 

in the same sample again. The pH in the inlet water was measured when new water was added and 

also at some random times (in order to see if the pH varied). The temperature was measured at the 

same time as the pH. The pH and temperature was measured by using a combined pH meter and 

thermometer. The pH meter was calibrated by measuring the pH in standard solutions with pH 4.00 

and 7.00. The difference from the true pH value displayed on the pH-meter was noted and added to 

the later measurements. This calibration was executed once a day. When new water was added a 

sample of 50 millilitres was taken from the influent water. Samples of 50 millilitres were taken from 

the effluent according to the Table 10 in Appendix 9.3. All of the influent samples, and some of the 

effluent samples (for specification see Table 10 in Appendix 9.3), were sent for arsenic analysis.  

3.3 Small column test with lateritic soil 
As in the large column test with GFH® the arsenic concentration in the water, the pH and the 

temperature of both the influent and the effluent of the column were measured. The pH and 

temperature were measured for the same reasons as stated in 3.2. The concentration of arsenic was 

analyzed in order to see how efficient the lateritic soil was as adsorbent material.  To guarantee 

stable flow, the flow was measured as well.  In this experiment the backward method was also used 

(based on the same reasons as mentioned in 3.2). According to the recommendation a column length 

of five times the diameter was used. The water was taken from the same drilled well as the water 

used in the large column test with GFH®. 

3.3.1 Set up 

For the test with lateritic soil samples were collected in plastic bags some ten kilometres outside the 

centre of Ouagadougou, near the village Pabre. The samples were taken from the soil surface by 

using a shovel. In order to get rid of the largest and the smallest particles an automatic sieve was 

used. The sieved particles had the size between two millimetres and 125 micrometers. To get 

sufficient water flow through the column the filtered soil was washed with tap water. This was done 

in order to get rid of the smallest particles. The column was made up of a plastic tube (15 millimetres 

in diameter) and prepared by placing glass beads on top of glass-wool. The soil was then placed on 

top of the glass beads by using a spoon. The column material was dried and weighted after each test 

was finished (for more exact information about heights and weights see Table 2 and Figure 5). 
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Table 2: Summary of the set up for the small column test with lateritic soil (the empty bed contact 

time was calculated using Equation 4 in appendix 10.1). 

 
Test 1 Test 2 

Height of glass wool (mm) 10 10 

Height of glass beads (mm) 10 10 

Column height (mm) 100 80 

Column diameter (mm) 15 15 

Adsorbent volume (cm3) 17.7 17.7 

Average flow (dm3/h) 0.90 0.85 

Weight of dried adsorbent (g) 26 25 

Empty bed contact time (h) 0.020 0.016 

 

3.3.2 Running of the experiment 

In this experiment no pump was used. Instead, a container filled with water was placed above the 

column. A plastic tube was connected to the bottom of the container and the water was passed 

through the tube into the column (see Figure 6).  The flow was regulated with a hose clamp. To 

ensure stable flow the flow rate was calculated every hour by measuring the time it took to fill a 

volumetric flask (50 millilitre). pH was measured, and the pH-meter calibrated in the same way as 

described in 3.2.2. The temperature was measured at the same time as pH. When new water was 

added a sample of 50 millilitres was taken from the influent water. Every hour a sample of 50 

millilitres was taken from the effluent water. All of the influent samples, and some of the effluent 

samples (for specification see table 15 and Table 17 in Appendix 9.3), were sent for arsenic analysis. 

Figure 5: Heights for the small set up. Test 1 
a=10 cm and b=45 cm. Test 2 a=8 cm and 
b=45 cm. 

Figure 6: Set up of small column test with 
natural clay. 
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3.4 Arsenic analysis 
The arsenic concentration in the influent and effluent water was analyzed by using a Wagtech 

Arsenator (the samples were sent to Laboratoire National d’Analyse des Eaux, LNAE, for analysis, and 

these results are the ones that will be used in this study). In order to analyze the water a 50 millilitre 

sample is needed. In order to release the arsenic so that it is free in solution sulphamic acid powder 

is added. Thereafter, a pastille of sodium borohydride is added to the sample. When the sodium 

borohydride is added arsine (H3As) gas is evolved; if there is arsenic in the solution there will be 

arsenic (of the same concentration) in the gas. The gas is then passed through a filter of 

hydrogensulfide and the concentration of arsenic is determined by analyzing the colour of the filter 

after 20 minutes with a spectrophotometer. This method is not very precise but accurate enough for 

this study (Rodier, 1996).  

 

4. Results 
 

4.1 Large column test with GFH® 
For the effluent the pH value was very low at the start of the experiment but after some hours it 

increased and did not fluctuate a lot. When letting the effluent sample rest for an hour after it had 

been sampled the pH increased slightly. The temperature of the effluent followed the temperature in 

the laboratory and varied a bit between the measurements. The flow was stable at ten litres per hour 

during the whole experiment (see Tables 4, 10, and 12 for specific numbers and details).   

Table 4: The effluent’s minimum, maximum and average value of pH and temperature, directly 

after sampling and after one hour, in the large column test.  

pH dir min 5.52 

pH dir max 7.88 

pH dir av. 7.61 

T dir min (°C) 21.3 

T dir max (°C) 28.9 

T dir av. (°C) 25.6 

pH 1 h min 5.60 

pH 1 h max 7.94 

pH 1 h av. 7.71 

T 1 h min (°C) 21.5 

T 1 h max (°C) 29.1 

T 1 h av. (°C) 25.3 

 

The pH of the influent was higher than that of the effluent and did not fluctuate as much during the 

experiment. This indicates that protons are released when arsenic is adsorbed. The temperature of 

the influent also varied less than the temperature of the effluent. The concentration of arsenic varied 

with the date of collection of water and at what time the collection had been done (see Tables 5, 9 

and 11 for specific values and details).  
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Table 5: The influent’s minimum, maximum and average value of pH, temperature and 

concentration of arsenic, in the large column test. 

pH min 7.60 

pH max 8.06 

pH av. 7.76 

T min (°C) 24.0 

T max (°C) 28.5 

T av. (°C) 26.0 

[As] min (µg/dm3) 90 

[As] max (µg/dm3) 196 

[As] av. (µg/dm3) 162 

 

The arsenic removal capacity was calculated to approximately 370 microgram per cubic centimetre 

adsorbent (using Equation 3 in Appendix 9.1). The breakthrough occurred when 1510 litres (cubic 

decimetres) of contaminated water had passed the column. In Figure 7 this corresponds to when the 

blue line cross the red line, the total amount of arsenic adsorbed per cubic centimetre of adsorbent 

is shown by the green line when the same total amount of water has passed. 

 

 
Figure 7: The blue line corresponds to the total amount of water versus the concentration of 

arsenic in the effluent. The green line shows the accumulated amount of added arsenic per cubic 

centimetre of adsorbent. The red line is the WHO guideline value of 10 μg As/dm3. 

 

In Figure 8 the breakthrough corresponds to where the blue and the red line cross. Even thought the 

concentration of arsenic in the effluent fluctuated a steady increase could be noted. Some 

indications of regeneration could be noted (see Table 12) but the arsenic concentration varied even 

when the GFH® did not have time to regenerate.   
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Figure 8: The blue line corresponds to the amount of added arsenic per cubic centimeter adsorbent 

versus the concentration of arsenic in the effluent water. The red line is the WHO guideline value 

of 10 μg As/dm3. 

 

The water analysis showed that the water was very hard and low in iron (see Table 6) but that the 

concentrations of its constituents otherwise are within normal limits. When comparing the influent 

with the effluent it is clearly shown that phosphate, calcium, and magnesium are removed in the 

column. Since calcium and magnesium are removed the total hardness decreases as well as the pH. 

Table 6: Values for general water analysis for influent and effluent (after 1440 dm3 had passed). 

 Influent Effluent 

Phosphates, PO4
3- (mg/ dm3) 0.35 0.17 

Nitrates, NO3
- (mg/ dm3) 7.1 7.9 

Sulfates, SO4
2- (mg/ dm3) 2 2 

Iron, Fe (mg/ dm3) 0.01 0.01 

Bicarbonates, HCO3
- (mg/ dm3) 66 102 

Chlorides, Cl- (mg/ dm3) 10 8 

Calcium, Ca2+ (mg/ dm3) 32 23 

Magnesium, Mg2+ (mg/ dm3) 35 26 

Total hardness, TH (mg CaCO3
-/dm3) 226 168 

Total titratable alkalinity (mg CaCO3
-/dm3) 54 83 

Conductivity (μS/cm at 25ᵒC) 345 343 

pH 8.1 7.6 

 

4.2 Small column test with lateritic soil 
In the first test no notable difference in the arsenic concentration of the influent and the effluent 

could be seen. During the first hour some adsorption of arsenic may have occurred, but since no tests 

were taken during this time there is no proof of that. During the second test adsorption was notable 

but after an hour when the first sample was taken the arsenic level was already high above 

breakthrough. During the first hour at least 92 microgram was adsorbed (data from Table 2 and 7, 

and calculations using Equation 2 in Appendix 9.1) which corresponds to an arsenic removal capacity 

of approximately 5.2 microgram per cubic centimetre (data from Table 4 and calculations using 
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Equation 3 in Appendix 9.1). Since no measurements were taken before one hour had passed the 

uncertainty of this value is quite large.  

When comparing the pH value of the influent with the pH value of the effluent the pH value of the 

effluent is slightly higher (see Table 7). The pH value of the effluent after an hour is also slightly 

higher than the pH value of the effluent when measuring directly after the water had passed the 

column. However, since the pH variation is not very notable it will not be discussed further.    

Table 7: Average, values of pH, temperature, and arsenic concentration for the influent, and values 

of pH, temperature, and arsenic for the effluent, in the small column test with lateritic soil. 

  Influent Effluent test 1 Effluent test 2 

pH 7.73 7.90 8.15 

pH 1 h 

 

8.00 8.19 

T (°C) 25.1 26.6 23.8 

T 1 h (°C) 

 

24.5 25.6 

[As] (µg/dm3) 172 172 64 

5. Discussion 

5.1 Large column test with GFH® 
During the running of the experiment no significant problems were encountered. Even though the 

recommendation of having a column length of five times the diameter was not followed, no 

problems with clogging were observed. Since an upward flow was used, no problems with air 

bubbles in the system were encountered.  

The results from the large column test with GFH® show that it works well as arsenic adsorbent 

material. Furthermore, the GFH® does not affect other parameters of the water to a large extent. As 

observed by Lundin and Öckerman (2013) a drastic decrease of pH occurred at the start of the 

experiment. After a while the pH values of the effluent got more stable and even though the pH of 

the effluent was lower than that of the influent it remained within the acceptable range of pH for 

drinking water.  Another observation when analyzing the water was that phosphate, calcium, and 

magnesium were adsorbed in the column. It is well known from earlier studies that phosphate 

compete with arsenic, but calcium and magnesium might thus also affect the arsenic adsorption 

capacity. 

As stated in earlier studies GFH® has a large ability to self-regenerate. When evaluating the results 

from the large column test with GFH® this has to be considered. The pump was turned off during the 

week-ends, nights, breaks for lunch, and blackouts. During this time the system was able to self-

regenerate.  However, the concentration of arsenic in the effluent fluctuated even though the pump 

had not been turned off. Most likely, the decrease in arsenic after a longer pause was due to 

regeneration.  Due to uncertainties in the arsenic analysis it is hard to tell how large the regeneration 

effect is. Because of regeneration the calculated arsenic removal capacity in this experiment might 

be higher than it would have been if the pump had been running nonstop. The time for breakthrough 

was near the expected time for breakthrough based on the results from Lundin and Öckerman 

(2013). The capacity was slightly lower than their best result but better than their mean value. In this 

experiment the empty bed contact time was also higher than in the earlier experiments. This 
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probably increased the adsorption capacity. In summary, the column can be up-scaled without 

notably affecting the adsorption capacity.  

In a real case scenario the pump will probably be used every day but not during nights. People tend 

to get water approximately at the same time of the day, thus the pump will be more utilized during 

these times and less during others. Since the pump will not be constantly used the flow will not be 

regular. Before a full scale arsenic removal set up will be available for villages, further research has to 

be done. Practical problems such as how to construct the set up, how to change the adsorbent 

material, what to do with the used adsorbent material, and how often to change it, have to be 

solved. Problems with the set up could be such as how to control the flow and keep it stable, how to 

avoid growth of microorganisms, how to prevent the adsorbent material to dry out, and how to 

guarantee water directly when pumping. Furthermore, it might not be necessary to purify all the 

water (for example for washing and for drinking water to animals, arsenic removal might not be 

necessary) and then one problem could be how to control that the right water is used as drinking 

water. Some suggestions for further research is thus to investigate maximum possible flow, see if 

there is any growth of microorganisms in the used GFH®. If it is a good solution to put GFH® on 

deposit, construct and evaluate a full scale set up, and further investigate if the solution is 

economically sustainable. For a suggestion and a calculation for a full scale system see Appendix 9.2. 

5.2 Small column test with lateritic soil 
The results from the small column test showed that the lateritic soil did not work well as column 

adsorbent material. The breakthrough occurred very fast. After the first test had been running an 

hour the first sample for analysis was taken. This sample from the effluent water showed no 

difference in arsenic concentration when compared to the arsenic concentration of the influent 

water.  For the second test, some arsenic was adsorbed and the lateritic soil had not been saturated 

during the first hour. However, breakthrough had occurred and the arsenic concentration was well 

above the accepted value. In the results from the small scale column experiment with GFH® 

performed by Lundin and Öckerman (2013), the arsenic removal capacity was between 106 and 463 

microgram per cubic centimetre of adsorbent. In the test that had approximately the same column 

dimensions and flow rate as in the small test with lateritic soil the arsenic removal capacity was 463 

microgram per cubic centimetre of adsorbent. When comparing the arsenic removal capacity of the 

lateritic soil (seven microgram per litre) with that of the GFH®, the removal capacity of GFH® is 

approximately 66 times better.  

The difference between the first and the second test was that the column in the first test was a bit 

bent. This made the water flow faster on one side of the column and more small particles were 

probably washed away from there than from the rest of the column.  In the second test the column 

was totally straight and therefore the flow through the column was more evenly distributed. Less 

small particles were washed away than in the first test, but in order to have sufficient flow some 

small particles still had to be washed away. The lateritic soil has shown some tendency to adsorb 

arsenic. However, it is not suitable for this column technique. The small particles are most likely 

necessary for adsorption to occur in a larger scale (this explains why lateritic soil sometimes has been 

successful in batch experiments), but with this column technique the flow gets too low if all the small 

particles remain in the material. Nevertheless, lateritic soil might still be useful for arsenic removal. If 

the lateritic soil would be processed in some way before the column is packed (for example by 

adding some kind of binder) the column technique might still work. 
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6. Conclusion 
In conclusion, the method works in larger scale and its capacity and efficiency is not notably affected 

by the up-scaling. Because of this no major barriers for the development of a full-scale method to 

remove arsenic from natural water using GFH® has been encountered. However, using lateritic soil as 

column adsorbent material instead of GFH® will not be a realistic option, but there might be other 

ways to use it as arsenic removal material. The results from this study indicate that the GFH® column 

method can be used to remove arsenic in drilled tube wells in Burkina Faso. There are still some 

problems to overcome before a final system can be applied in the villages, but no greater hindrances 

to solve these problems can be seen.  
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9. Appendix 

9.1 Calculations 
                Equation 1 

       = adsorbent volume (cm3)  

h = the height of the column (cm)  

   r = the radius of the column (cm) 

                                           Equation 2 

     adsorbed amount of arsenic (μg) 

Flow = water flow of effluent (dm3/h) 

          = concentration of arsenic in influent (μg/dm3) 

           = concentration of arsenic in effluent (μg/dm3) 

    
   

    
      Equation 3

       arsenic removal capacity (μg/cm3) 

      = Adsorbed amount of arsenic (μg) 

       = adsorbent volume (cm3)  

     
    

    
      Equation 4

       = Empty bed contact time (h)  

       = adsorbent volume (dm3) 

Flow = water flow of effluent (dm3/h) 

     
      

    
      Equation 5

       = bed volume (dm3)  

         =volume of added water (dm3) 

       = adsorbent volume (dm3) 

9.2 Draft and calculated example for a full scale system 
In a full scale system the total mass of GFH® must be practical to handle. If a grown-up is responsible 

for the changing of adsorbent material 30 kilograms or less is a reasonable weight. The wet density of 

the GFH® is roughly estimated to 1.2 kilogram per litre and the dry density is roughly estimated to 0.7 

kilogram per litre. The volume of 30 kilograms of wet GFH® is thus 25 litres. The corresponding dry 

weight of the GFH® is approximately 22 kilograms. With a cost of $4 per kilogram this would be $88 

per village and month (however larger villages may have several wells). From an average well 

approximately 2000 litres are extracted each day (Mähler. 2013). Approximately 200 people share 

the water from one well. Based on these assumptions and the results from the large column test 
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with GFH® it needs to be changed once a month if all the water is purified (see table 8). If only the 

drinking water is purified the GFH® can be changed even less frequently and the costs per month 

lower. It is important to notice that the concentration of arsenic in different wells, and even in the 

same well, can vary a lot. For this reason the arsenic level of each well has to be analyzed regularly in 

order to know more specifically when the adsorbent has to be changed.  

Table 8:  Presumed values for a full scale system based on the results from the large column test 

with GFH®. 

Arsenic removal capacity (µg/cm³) 370 

Concentration of arsenic in influent (µg/dm³) 162 

Adsorbent volume (cm³) 25000 

Total amount of adsorbed arsenic (µg) 9250000 

Total amount of purified water (dm³) 57099 

Total amount of purified water (m³) 57.1 

Daily amount of used water (m³) 2 

Time before breakthrough (days) 29 

 

Figure 5 shows a suggestion for a full scale system. Water is pumped into a tank (A) and then filtered 

through the GFH® (B). The purified water is stored in a tank under the soil surface (C) and a tube with 

a tap is connected to it.  One problem with this system is that the GFH® can dry out if too much 

water is extracted from C without refilling A. Even though the backward method that was used in this 

study would prevent GFH® from drying it would be more complicated to construct in full scale. 

However, even if the GFH® can be dried out it is easy to prevent by refilling A often enough. If this 

construction will be used in the future it is important to make sure that the GFH® is kept wet.  

 

Figure 5: Suggestion for a full scale system. 

9.3 Raw data 

9.1.1 Large column test with GFH® 

Table 9: Values of pH and temperature for the influent, in the large column test. 

Date Time pH T (°C) 
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29-okt 16.00 7.73 26.8 

30-okt 08.30 7.85 27.5 

30-okt 16.30 7.87 26.1 

31-okt 09.00 7.94 25.8 

31-okt 17.00 7.70 27.3 

04-nov 08.30 7.94 27.1 

05-nov 08.30 7.90 24.4 

05-nov 17.00 8.06 26.0 

06-nov 09.05 7.78 24.7 

07-nov 13.10 7.86 25.5 

08-nov 08.40 7.66 28.5 

11-nov 08.30 7.75 25.0 

11-nov 09.15 7.71 25.4 

11-nov 16.50 7.80 24.1 

12-nov 11.00 7.72 26.3 

12-nov 16.40 7.78 24.5 

13-nov 13.45 7.70 27.0 

14-nov 11.45 7.85 26.3 

14-nov 13.15 7.69 26.6 

14-nov 17.00 7.73 27.3 

18-nov 09.30 8.00 27.5 

21-nov 08.20 7.97 26.4 

21-nov 12.20 7.95 26.0 

22-nov 14.10 7.70 24.7 

22-nov 17.10 7.70 25.7 

25-nov 14.55 7.69 25.5 

25-nov 16.55 7.71 26.5 

26-nov 08.00 7.80 26.1 

26-nov 15.50 7.68 25.8 

27-nov 08.50 7.70 24.7 

27-nov 16.15 7.76 26.2 

28-nov 09.05 7.61 25.0 

28-nov 16.50 7.65 27.0 

02-dec 10.10 7.74 25.7 

02-dec 17.35 7.73 25.3 

03-dec 09.00 7.73 25.8 

05-dec 08.10 7.63 26.9 

05-dec 17.45 7.62 26.9 

06-dec 08.10 7.67 26.2 

06-dec 16.20 7.60 25.7 

07-dec 16.30 7.68 25.5 

10-dec 12.40 7.69 24.5 

11-dec 09.05 7.65 24.0 
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Table 10: Values of pH, temperature and flow for the effluent, in the large column test. 

Date Time pH T (°C) pH 1 h T 1 h (°C) Flow (dm3/h) pH > 1 h T > 1 h (°C) 

29-okt 12.40 
    

10 
  

 
13.40 

    
10 

  

 
14.40 

    
10 

  

 
15.40 5.52 

 
5.6 

 
10 6.95 

 
30-okt 13.30 5.98 28.9 6.15 29.1 10 

  

 
14.30 6.56 28.9 6.74 27.7 10 

  

 
15.30 6.76 27.6 7.12 24.5 10 

  

 
16.30 6.93 25.7 

  
10 8.05 25.2 

31-okt 08.30 6.8 28.1 7.04 24.1 10 
  

 
09.30 7.08 24.7 7.05 26.4 10 

  

 
10.30 6.96 27.4 7.06 27.1 10 

  

 
11.30 6.97 27.8 7.14 27.8 10 

  

 
13.15 7.05 28.5 7.18 28.4 10 

  

 
14.15 7.1 28.6 7.35 26.4 10 

  

 
15.15 7.12 26.4 7.25 24.8 10 

  

 
16.15 7.15 25.5 7.3 27.4 10 

  

 
17.15 7.16 27.6 

  
10 8.64 27 

04-nov 08.30 7.32 26.5 7.43 26.8 10 
  

 
09.30 7.26 27.4 7.35 27.1 10 

  

 
10.30 7.32 27.5 7.37 27.2 10 

  

 
11.30 7.37 27.7 7.48 27.3 10 

  

 
12.15 7.36 27.8 7.47 27.5 10 

  

 
14.15 7.28 28 7.4 26.5 10 

  

 
15.15 7.46 26.8 7.56 25.1 10 

  

 
16.15 7.45 25.8 7.64 24.1 10 

  

 
17.15 7.54 24.8 

  
10 8.03 24 

05-nov 8.15 7.41 23.5 7.55 23.4 10 
  

 
09.15 7.45 24.8 7.56 24.8 10 

  

 
10.15 7.5 24.5 7.61 25.5 10 

  

 
11.15 7.47 25.9 7.58 25.3 10 

  

 
12.15 7.48 26 7.58 23.5 10 

  

 
14.00 7.49 24.1 7.65 24.9 10 

  

 
15.00 7.51 25.7 7.65 25.7 10 

  

 
16.00 7.58 26.1 7.7 26.1 10 

  

 
17.00 7.54 26.4 

  
10 8.35 26 

06-nov 09.05 7.5 23.5 7.58 24.8 10 
  

 
10.05 7.41 25.6 7.47 25.7 10 

  

 
11.05 7.48 25.1 7.56 25.4 10 

  

 
12.05 7.46 25.9 7.64 23.3 10 

  

 
13.50 7.53 24.3 7.66 25.6 10 

  

 
14.50 7.54 26.1 7.66 25.8 10 
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15.50 7.53 26.1 7.62 25.8 10 

  

 
16.50 7.54 26.2 

  
10 8.47 26.4 

07-nov 13.55 7.52 26.3 7.62 26.4 10 
  

 
14.55 7.56 26.6 7.67 26.5 10 

  

 
15.55 7.56 26.8 

  
10 8.47 27.1 

08-nov 09.15 7.52 27.4 7.63 24.7 10 
  

 
10.15 7.59 26.2 7.72 25.5 10 

  

 
11.15 7.58 27.2 7.64 25.1 10 

  

 
12.15 7.59 27.2 7.73 26.5 10 

  

 
14.10 7.56 28.1 7.7 27.1 10 

  

 
15.10 7.61 27.8 7.74 24.6 10 

  

 
16.10 7.66 25.7 7.74 25.6 10 

  

 
17.10 7.61 26.6 

  
10 8.58 22.8 

11-nov 9.05 7.6 24 7.71 25.4 10 
  

 
10.05 7.6 26.6 7.73 26.1 10 

  

 
11.05 7.65 26.9 7.72 26.5 10 

  

 
12.55 7.62 27.4 7.73 24.5 10 

  

 
14.50 7.63 24 7.76 22.7 10 

  

 
15.50 7.68 24 7.8 22.5 10 

  

 
16.50 7.77 23.7 

  
10 8.38 26 

12-nov 09.00 7.6 24.2 7.73 25.3 10 
  

 
10.00 7.67 25.8 7.73 25.8 10 

  

 
11.0 7.62 26.3 7.72 24.3 10 

  

 
12.00 7.63 24.5 7.79 25.1 10 

  

 
13.40 7.65 25 7.78 22.7 10 

  

 
14.40 7.71 24.1 7.82 22.1 10 

  

 
15.40 7.63 23.5 7.72 23.1 10 

  

 
16.40 7.71 24.2 

  
10 8.42 26.4 

13-nov 09.00 7.68 24.5 7.74 24.6 10 
  

 
10.00 7.67 25.1 7.76 25.6 10 

  

 
11.00 7.66 25.7 7.78 26.6 10 

  

 
12.00 7.66 26.2 7.82 26 10 

  

 
13.45 7.65 27.3 7.74 26.7 10 

  

 
14.45 7.67 27.4 7.71 26.8 10 

  

 
15.45 7.67 27.5 

  
10 

  

 
16.45 

    
10 

  
14-nov 09.00 

    
10 

  

 
10.00 

    
10 

  

 
11.00 

    
10 

  

 
12.00 7.7 24.4 7.84 25.8 10 

  

 
14.00 7.68 26.8 7.75 26.5 10 

  

 
15.00 7.69 27 7.8 26.9 10 

  

 
16.00 7.72 27.2 7.84 27.3 10 
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17.00 7.72 27.6 

  
10 8.52 28.4 

18-nov 09.20 7.56 26.7 7.67 27.7 10 
  

 
10.20 7.6 28.3 7.67 28.3 10 

  

 
11.20 7.6 28.6 7.76 25.4 10 

  

 
12.20 7.68 25.8 7.78 25.3 10 

  

 
14.05 7.64 26.8 7.74 26.2 10 

  

 
15.05 7.64 28.2 

  
10 8.52 26.5 

21-nov 09.20 7.6 24.3 7.74 25.4 10 
  

 
10.20 7.64 25.8 7.78 25.7 10 

  

 
11.20 7.67 26 7.78 25.8 10 

  

 
12.20 7.64 26 

  
10 8.38 25.2 

22-nov 09.10 7.64 23.8 7.77 22.6 10 
  

 
10.10 7.74 23 7.88 24.7 10 

  

 
11.10 7.73 24.7 7.8 25.3 10 

  

 
12.10 7.71 25.7 7.89 24.1 10 

  

 
14.10 7.68 23.9 7.81 23.9 10 

  

 
15.10 7.76 24.6 7.84 24.8 10 

  

 
16.10 7.73 25.2 7.8 25.8 10 

  

 
17.10 7.73 26 

  
10 8.5 26.9 

25-nov 09.00 7.76 23.6 7.86 25.6 10 
  

 
10.00 7.75 25.9 7.84 26.1 10 

  

 
11.00 7.74 26.2 7.85 26 10 

  

 
12.00 7.73 26 7.84 26.1 10 

  

 
13.55 7.72 25 7.8 24.9 10 

  

 
14.55 7.72 25.4 7.84 25.1 10 

  

 
15.55 7.72 25.9 7.83 26.3 10 

  

 
16.55 7.69 26.5 

  
10 8.3 26.4 

26-nov 09.00 7.7 24.9 7.77 26.1 10 
  

 
10.05 7.71 26.2 7.8 24.1 10 

  

 
11.05 7.75 24.5 7.87 25.1 10 

  

 
12.05 7.75 25.4 7.87 25.2 10 

  

 
13.50 7.8 23.7 7.85 23 10 

  

 
14.50 7.78 24.6 7.88 25.5 10 

  

 
15.50 7.74 26 7.86 26.2 10 

  

 
16.50 7.74 26.4 

  
10 8.4 27.1 

27-nov 08.50 7.65 24 7.8 25.5 10 
  

 
09.50 7.72 26 7.78 26.1 10 

  

 
10.50 7.71 26.3 7.82 26.1 10 

  

 
11.50 7.68 26 7.78 27.1 10 

  

 
13.55 7.79 25.6 7.88 24.1 10 

  

 
14.55 7.7 24.1 7.81 26.4 10 

  

 
16.15 7.72 26.2 

  
10 8.4 27.3 

28-nov 09.05 7.62 25 7.83 25.9 10 
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10.10 7.65 26.2 7.8 26.1 10 

  

 
11.05 7.66 26.5 7.87 26 10 

  

 
12.05 7.69 26.6 7.74 26.8 10 

  

 
13.50 7.69 27 7.72 27.2 10 

  

 
14.50 7.68 27.4 7.84 25.3 10 

  

 
15.50 7.67 25.7 7.81 27 10 

  

 
16.50 7.65 27 

  
10 8.55 24.3 

02-dec 09.10 7.83 22.9 7.89 24.8 10 
  

 
10.10 7.73 25.6 7.85 25.2 10 

  

 
11.10 7.7 25.9 7.87 25.5 10 

  

 
12.10 7.75 26.1 7.91 22.6 10 

  

 
14.35 7.73 22.9 7.9 21.5 10 

  

 
15.35 7.88 23.1 7.81 24.6 10 

  

 
16.35 7.76 25.3 7.82 25.3 10 

  

 
17.35 7.75 25.6 

  
10 8.39 26.2 

03-dec 09.00 7.74 25.9 7.79 25.7 10 
  

 
10.00 7.7 26 7.8 25.6 10 

  

 
11.00 7.68 26 7.83 26.1 10 

  

 
12.00 7.69 26.2 7.87 26 10 

  

 
13.00 7.72 25.2 

  
10 8.4 26.8 

05-dec 08.55 7.7 25.2 7.78 25.3 10 
  

 
09.55 7.75 27 7.87 26.2 10 

  

 
10.55 7.75 26.7 7.89 26.2 10 

  

 
11.55 7.79 27.1 7.94 26.6 10 

  

 
13.25 7.73 26.9 7.84 26.7 10 

  

 
14.25 7.75 27.4 7.87 25.4 10 

  

 
15.25 7.75 26.3 7.84 26.3 10 

  

 
16.25 7.77 26.8 7.87 26.6 10 

  

 
17.25 7.77 26.9 7.91 26.8 10 

  

 
18.25 7.72 27.5 

  
10 8.18 26.1 

06-dec 09.10 7.8 22.9 7.82 24.3 10 
  

 
10.10 7.74 24.9 7.89 25.1 10 

  

 
11.10 7.79 25.6 7.86 25.4 10 

  

 
12.10 7.74 25.5 7.8 25.6 10 

  

 
13.10 7.75 25.9 7.83 25.9 10 

  

 
14.10 7.78 26.3 7.84 26.3 10 

  

 
15.10 7.75 26.5 7.85 23.9 10 

  

 
16.10 7.73 24.4 7.84 25.4 10 

  

 
17.10 7.76 25.1 

  
10 8.38 25.3 

07-dec 09.10 7.57 22.2 7.78 23 10 
  

 
10.10 7.86 23.8 7.9 23.5 10 

  

 
11.10 7.76 24 7.82 24 10 

  

 
12.20 7.75 24.4 7.91 24.3 10 
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13.30 7.79 24.7 7.92 24.8 10 

  

 
14.30 7.78 25 7.82 25.2 10 

  

 
15.30 7.74 25.1 7.82 25.2 10 

  

 
16.30 7.75 25.1 7.88 25 10 

  

 
17.30 7.77 25.5 

  
10 8.4 24.5 

08-dec 08.50 7.8 24.2 7.88 24 10 
  

 
09.50 7.78 24.3 7.83 24.2 10 

  

 
10.50 7.77 24.3 7.85 24.2 10 

  

 
11.50 7.77 24.3 

  
10 8.3 24.5 

09-dec 9.10 7.84 21.3 7.9 22.4 10 
  

 
10.10 7.77 22.8 7.9 23.2 10 

  

 
11.10 7.83 23.9 7.91 23.4 10 

  

 
12.10 7.82 23.7 7.93 22.4 10 

  

 
14.10 7.86 22.3 7.92 22.8 10 

  

 
15.10 7.82 23.1 7.94 22 10 

  

 
16.10 7.85 22.8 7.92 23.5 10 

  

 
17.10 7.83 23.5 

  
10 8.44 24.5 

10-dec 13.40 7.8 24.7 7.93 24.3 10 
  

 
14.40 7.8 24.7 7.92 24.4 10 

  

 
15.40 7.82 25.1 7.9 24.4 10 

  

 
16.40 7.8 24.8 

  
10 8.24 24.2 

11-dec 09.05 7.8 24.8 7.87 24 10 
  

 
10.05 7.83 24.4 7.93 24.1 10 

  

 
11.05 7.8 24.4 7.88 24.5 10 

  

 
12.05 7.78 24.6 

  
10 8.47 25 

 

Table 11: Arsenic analysis of influent, in the large column test. 

Sample 
Date for 

sampling 
Time for uptake Date of usage pH As (µg/dm3) T (°C) 

1 2013-10-22 12.10-12.17 29/10-31/10 8 162 
 

4 2013-10-22 12.21-12.30 31/10-1/11 7.67 184 27.7 

6 2013-10-22 12.32-12.43 1/11-4/11 
 

196 
 

9 2013-10-22 12.47-12.49 5/11-6/11 7.9 188 24.4 

12 August 2013 
 

6/11-7/11 7.78 104 24.7 

15 August 2013 
 

7/11-8/11 7.86 188 25.5 

17 2013-11-07 10.15-10.25 8/11-11/11 7.66 150 28.5 

20 2013-11-07 10.27-10.39 11/11-12/11 7.71 174 25.4 

23 2013-11-07 10.40-10.51 12/11-13/11 7.72 176 26.3 

27 2013-11-07 11.01-11.14 13/11-14/11 7.7 118 27 

30 2013-11-07 11.18-11.25 14/11-18/11 7.69 188 26.6 

33 2013-11-17 09.58-10.12 18/11-22/11 7.97 134 26.4 

37 2013-11-17 10.15-10.27 22/11-25/11 7.7 176 24.7 

41 2013-11-17 10.30-10.44 25/11-26/11 7.77 172 25.8 
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51 2013-11-17 10.45-11.051 26/11-28/11 7.68 180 25.8 

60 2013-11-17 11.08-11.18 28/11-2/12 7.61 192 25 

71 2013-11-17 11.23-11.35 2/12-3/12 7.74 100 25.7 

79 2013-11-17 11.40-11.52 3/12-5/12 7.73 184 25.8 

84 2013-12-04 09.39-09.47 5/12-5/12 7.63 178 26.9 

94 2013-12-04 09.51-10.02 5/12-6/12 7.62 90 26.9 

104 2013-12-04 10.09-10.19 6/12-7/12 7.6 182 25.7 

114 2013-12-04 10.20-10.42 7/12-9/12 7.68 164 25.5 

128 2013-12-09 13.39-13.48 10/12. 7.69 176 24.5 

133 2013-12-09 13.52-13.55 11/12. 7.65 138 24 

 

Table 12: Arsenic analysis of effluent in the large column test. 

Sample Date  Time pH As (µg/dm3) T (°C) 

2 29-okt 16.40 6.07 
  

3 30-okt 16.30 6.93 
 

25.7 

5 31-okt 17.15 7.16 
 

27.6 

7 01-nov 15.45 8.38 
 

27.3 

8 04-nov 17.15 7.54 
 

24.8 

10 05-nov 12.15 7.48 
 

26 

11 05-nov 17.15 7.54 
 

26.4 

13 06-nov 12.05 7.46 
 

25.9 

14 06-nov 16.50 7.54 
 

26.4 

16 07-nov 15.55 7.56 
 

26.8 

18 08-nov 12.15 7.59 
 

27.2 

19 08-nov 17.10 7.61 0 26.6 

21 11-nov 12.55 7.62 
 

27.4 

22 11-nov 16.50 7.77 
 

23.7 

24 12-nov 12.00 7.63 
 

24.5 

25 12-nov 16.40 7.71 
 

24.2 

26 13-nov 12.00 7.66 
 

26.2 

28 13-nov 16.45 
 

0 
 

29 14-nov 12.00 7.7 
 

24.4 

31 14-nov 17.00 7.72 
 

27.6 

32 18-nov 12.20 7.68 
 

25.8 

34 18-nov 15.05 7.64 
 

28.2 

35 21-nov 12.20 7.64 0 26 

36 22-nov 12.10 7.71 
 

25.7 

38 22-nov 17.10 7.73 
 

26 

39 25-nov 10.00 7.75 
 

25.9 

40 25-nov 12.00 7.73 
 

26 

42 25-nov 14.55 7.72 
 

25.4 

43 25-nov 16.55 7.69 
 

26.5 

44 26-nov 09.00 7.7 
 

24.9 
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45 26-nov 10.05 7.71 0 26.2 

46 26-nov 11.05 7.75 
 

24.5 

47 26-nov 12.05 7.75 
 

25.4 

48 26-nov 13.50 7.8 
 

23.7 

49 26-nov 14.50 7.78 
 

24.6 

50 26-nov 15.50 7.74 
 

26 

52 26-nov 16.50 7.74 
 

26.4 

53 27-nov 08.50 7.65 
 

24 

54 27-nov 09.50 7.72 
 

26 

55 27-nov 10.50 7.71 
 

26.3 

56 27-nov 11.50 7.68 0 26 

57 27-nov 13.55 7.79 
 

25.6 

58 27-nov 14.55 7.7 
 

24.1 

59 27-nov 16.15 7.72 
 

26.2 

61 28-nov 09.05 7.62 0 25 

62 28-nov 10.10 7.65 
 

26.2 

63 28-nov 11.05 7.66 
 

26.5 

64 28-nov 12.05 7.69 
 

26.6 

65 28-nov 13.50 7.69 
 

27 

66 28-nov 14.50 7.68 
 

27.4 

67 28-nov 15.50 7.67 
 

25.7 

68 28-nov 16.50 7.65 
 

27 

69 02-dec 09.10 7.83 
 

22.9 

70 02-dec 10.10 7.73 
 

25.6 

72 02-dec 11.10 7.7 
 

25.9 

73 02-dec 12.10 7.75 
 

26.1 

74 02-dec 14.35 7.73 
 

22.9 

75 02-dec 15.35 7.88 
 

23.1 

76 02-dec 16.35 7.76 
 

25.3 

77 02-dec 17.35 7.75 
 

25.6 

78 03-dec 09.00 7.74 0 25.9 

80 03-dec 10.00 7.7 
 

26 

81 03-dec 11.00 7.68 
 

26 

82 03-dec 12.00 7.69 
 

26.2 

83 03-dec 13.00 7.72 
 

25.2 

85 05-dec 08.55 7.7 
 

25.2 

86 05-dec 09.55 7.75 0 27 

87 05-dec 10.55 7.75 8 26.7 

88 05-dec 11.55 7.79 6 27.1 

89 05-dec 13.25 7.73 6 26.9 

90 05-dec 14.25 7.75 14 27.4 

91 05-dec 15.25 7.75 8 26.3 

92 05-dec 16.25 7.77 8 26.8 
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93 05-dec 17.25 7.77 16 26.9 

95 05-dec 18.25 7.72 4 27.5 

96 06-dec 09.10 7.8 0 22.9 

97 06-dec 10.10 7.74 10 24.9 

98 06-dec 11.10 7.79 
 

25.6 

99 06-dec 12.10 7.74 16 25.5 

100 06-dec 13.10 7.75 
 

25.9 

101 06-dec 14.10 7.78 8 26.3 

102 06-dec 15.10 7.75 
 

26.5 

103 06-dec 16.10 7.73 14 24.4 

105 06-dec 17.10 7.76 12 25.1 

106 07-dec 09.10 7.57 6 22.2 

107 07-dec 10.10 7.86 14 23.8 

108 07-dec 11.10 7.76 
 

24 

109 07-dec 12.20 7.75 10 24.4 

110 07-dec 13.30 7.79 8 24.7 

111 07-dec 14.30 7.78 
 

25 

112 07-dec 15.30 7.74 
 

25.1 

113 07-dec 16.30 7.75 22 25.1 

115 07-dec 17.30 7.77 16 25.5 

116 08-dec 08.50 7.8 10 24.2 

117 08-dec 09.50 7.78 
 

24.3 

118 08-dec 10.50 7.77 
 

24.3 

119 08-dec 11.50 7.77 4 24.3 

120 09-dec 9.10 7.84 16 21.3 

121 09-dec 10.10 7.77 
 

22.8 

122 09-dec 11.10 7.83 
 

23.9 

123 09-dec 12.10 7.82 
 

23.7 

124 09-dec 14.10 7.86 
 

22.3 

125 09-dec 15.10 7.82 
 

23.1 

126 09-dec 16.10 7.85 
 

22.8 

127 09-dec 17.10 7.83 26 23.5 

129 10-dec 13.40 7.8 14 24.7 

130 10-dec 14.40 7.8 
 

24.7 

131 10-dec 15.40 7.82 16 25.1 

132 10-dec 16.40 7.8 14 24.8 

134 11-dec 09.05 7.8 14 24.8 

135 11-dec 10.05 7.83 16 24.4 

136 11-dec 11.05 7.8 
 

24.4 

137 11-dec 12.05 7.78 6 24.6 
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9.1.2 Small column test with lateritic soil 

Table 13: Arsenic analysis of influent for test 1 and test 2, in the small column test with lateritic 

soil. 

Sample Date for sampling Time pH T (°C) Date for analysis As (µg/dm3) 

1000 07-nov 10.56 7.69 25.4 12-nov 158 

1007 07-nov 10.58 7.77 24.7 13-nov 186 

 

Table 14: Values of pH and temperature for influent of test 1, in the small column test with lateritic 

soil. 

Date Time pH T (°C) 

12-nov 8.25 7.69 25.4 

12-nov 11.00 7.72 26.3 

13-nov 09.00 7.77 24.7 

14-nov 11.15 7.95 26.5 

 

Table 15: Values for effluent of test 1, in the small column test with lateritic soil. 

Sample Time Date Flow (dm3/h) pH T (°C) pH 1 h T 1h (°C) As (µg/dm3) 

1001 11.00 12-nov 0.9 7.90 26.6 8.00 24.5 172 

1002 12.00 12-nov 0.9 7.99 24.6 8.01 25.3 
 

1003 13.00 12-nov 0.9 7.98 26.1 8.13 23.3 
 

1004 14.00 12-nov 0.9 7.96 23.6 8.10 22.9 
 

 

Table 16: Values of pH and temperature for influent of test 2, in the small column test with lateritic 

soil. 

Date Time pH T (°C) 

21-nov 08.20 8.36 26.7 

21-nov 12.20 8.38 26.3 

 

Table 17: Values for effluent of test 2, in the small column test with lateritic soil. 

Sample Time Date Flow (dm3/h) pH T (°C) pH 1 h T 1h (°C) As (µg/dm3) 

1016 09.20 21-nov 0.87 8.15 23.8 8.19 25.6 64 

1017 10.20 21-nov 0.85 8.26 25.9 8.28 25.8 
 

1018 11.20 21-nov 0.85 8.28 26.1 8.33 25.8 
 

1019 12.20 21-nov 0.83 8.32 26.1 8.40 25.2 
 

 

 


