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Abstract 

The study assessed arsenic contamination of underground water resources in Asa Local 

Government Area of Kwara State. The specific objectives included: (i) determination of the 

level of arsenic in underground water resource; (ii) comparison of the laboratory result 

with WHO standard; (iii) examining the variation of arsenic level in underground water 

resource and soil and (iv) examination of the effects of the arsenic contamination (if any) 

on the people living in the area. Water samples were collected from the three districts 

(Afon, Owode and Onire) in the study area to investigate the arsenic concentration. 

Seventy five water samples of drinking water sourced from wells (n=45) and boreholes 

(n=30) were randomly collected and subjected to Arsenic elucidation using routine 

laboratory methods. The laboratory results were subjected to statistical analyses using 

SPSS 16.0 for descriptive statistics for preliminary interpretation of the relationship. 

Analysis of Variance (ANOVA) was adopted to show variation among the samples, while 

student t-test and correlation statistics were employed to compare laboratory result with 

WHO standard for Arsenic in water samples. The results of concentration test indicated 

that water samples (hand dug well and hand operated boreholes) within the study area 

exceeded the maximum concentration limits of WHO. The contamination of water 

resources within the study area is largely attributed to both natural and anthropogenic 

processes such, as erosion, undersurface weathering, toxic chemicals, improper waste and 

sewage disposal, wastes from industries, agricultural activities and vehicular emissions. 

This study concluded that people in the study area might be at a considerable risk of 

arsenic poisoning due to continuous use of these resource.  

 

Key Words: Arsenic, Contamination, Water Resource, Natural Resources, and 
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Introduction 

The quality of water that human 

beings ingest is critical in determining the 

quality of their lives (Fetter, 1994). The 

World Health Organization has 

repeatedly insisted that the single major 
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factor adversely influencing the general 

health and life expectancy of a population 

in many developing countries is the ready 

access to drinking water (Hoko, 2005). 

The usefulness of water for a particular 

purpose is determined by the water 

quality (Fetter, 1994). Groundwater is 

used by about 1.5 billion people 

worldwide (Jones, 1997). The 

development of natural resources 

involves the manipulation of the 

environment to achieve specific 

objective. Arsenic is a significant 

contaminant of natural resources such as 

soils and water in many regions. It 

usually presents in a small amount in all 

rocks, soils, waters, air and biological 

tissues (Matschullat, 2000). Arsenic 

contamination of soil and water is thus an 

environmental health issue. Through 

physical and chemical weathering 

processes, rocks break down to form the 

soils on which the crops that constitute 

the food supply are raised for humans 

and animals consumption. Drinking 

water travels through rocks and soils as 

part of the hydrological cycle and in the 

process leached elements in solution 

(Lar, 2000). Arsenic groundwater 

contamination has far-reaching 

consequences including its ingestion 

through food chain, which are in the form 

of social disorders, health hazards and 

socioeconomic dissolution besides its 

sprawling with movement, and 

exploitation of groundwater. 

Arsenic is an element found in nature 

in rocks, soils, water and air–in fact, it is 

one of the most common elements on 

earth. It is the most widespread natural 

occurring toxic element and one of the 

most toxic substances in the environment 

(USEPA, 2005 and ATSDR 2011); even 

small amounts may cause a variety of 

diseases, including cancer and may 

eventually lead to death (Toens et al., 

1998). This is in line with the report of 

DWAF (1996), where it noted that 

concentrations of more than 1000 ug/l of 

arsenic in water could result in cancer or 

death in human beings. Arsenic is 

classified as a metalloid (having some 

properties of a metal). It is a naturally 

occurring element, widely distributed in 

the earth’s crust. It is present in food, 

soil, air, and water, and all human 

populations are exposed to it in one form 

or another (Abernathy et al., 1999; 

WHO, 2009). Arsenic can easily enter 

into aquatic systems through river flow 

and surface runoff, and arsenic 

enrichment in groundwater is a global 

concern (Bhattacharya et al., 2002; Duker 

et al., 2005). The presence of arsenic in 

the environment may be due to both 

natural and anthropogenic sources. 

Arsenic minerals are natural sources of 

arsenic in the environment. Natural 

activities such as volcanic action, erosion 

of rocks, and forest fires introduce 

arsenic into the environment. 

Environmental Protection Agency, 

(2001) and  Smith et al., (1998) noted 

that  Anthropogenic sources include 

arsenic sources added to the soil plant 

system as insecticides, herbicides, 

pesticides, livestock dips and wood 

preservatives. Indiscriminate use of 

arsenical pesticides during the early to 

mid-1900s led to an extensive 

contamination of soils worldwide. 

Nigeria still has 65% of its population 

that do not have access to portable 

drinking water of which rural dwellers 

are most affected (UNICEF, 2005).  

Arsenic has been found to be present in 

boreholes and taps of Karaye Local 

Government area, Kano State in Nigeria 

(Garba, Hamza and Galadima 2010). The 

result of the findings was found to be 
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higher than 10 micrograms per liter 

which is the Health Organization (WHO) 

standard (West Africa Insight, 2013). 

Arsenic is an element that raises concern 

from both environmental and human 

health standpoints. Arsenic 

contamination of natural resources within 

man’s environment has received much 

attention in recent years because of its 

threat to human health and adverse 

effects on the growth of plants and 

animals (Duker Carranza, and Hale 2005 

and Williams 2005). Usman et al. (2013) 

also noted in his study of overview of 

arsenic distribution in some part of biu 

volcanic province in North-eastern 

Nigeria that overexposure to arsenic can 

cause various disease  such as cancer 

(skin, luna , bladder and kidney, hair loss 

and nail deformity and are common 

among adults. He suggested proper 

mitigation to solve this menace in the 

study area. Orathalet’al, (2002) in their 

work examines 634 soil samples in 

agricultural soils which were higher than 

the WHO standard. The study also 

reveals that arsenic concentration in plant 

has tendency to relate to arsenic 

concentration in soil. Arsenic 

contamination in water, soil, plants is 

therefore a major factor of human health 

risk and cycle in the food chain.  

Natural resources such as water and 

soil are the major path through which 

toxic trace element affect plants, animals 

and man. Water and soil contamination 

has the potential to disrupt the delicate 

balance of physical, chemical and 

biological processes which soil fertility 

depends upon. The combination of high 

toxicity and widespread occurrence has 

created a pressing need for effective 

monitoring and measurement of arsenic 

in water. Recently it has become the 

focus of investigation of the possible 

source, mobility and fate of arsenic in 

local environments (Grosz et al., 2004; 

Mahoney et al., 2005). Arsenic can easily 

enter into aquatic systems through river 

flow and surface runoff, and arsenic 

enrichment in groundwater is a global 

concern because exposure to arsenic has 

been linked to a variety of cancers, 

cardiovascular disease, diabetes, and 

anemia, as well as having reproductive, 

developmental, immunological, and 

neurological effects, however there is 

little work on arsenic contamination in 

the study area. 

This study therefore focused on the 

assessment of arsenic contamination of 

groundwater resources and its implication 

on man using Asa Local Government 

Area of Kwara State as a case study by 

comparing laboratory results with WHO 

standard for Arsenic Level in Water 

within the study area to determine their 

suitability for human consumption. 

Study Area 
Asa Local Government area of Kwara 

State lies between latitudes 8.80
o
 and 

8.40
o
 North of the equator and between 

4.12
o
 and 4.40

o
 East of the Greenwich 

meridian. It has three districts namely 

Onire, Owode, and Afon and Afon is the 

local Government Headquarter. Olawepo, 

(2010) noted that the area stretches from 

the peri-urban fringes of Ilorin city to the 

Northern boundary of Oyo state. It shares 

boundary with Oyun and Ifelodun Local 

Government Areas in the Eastern part 

and Moro Local Government Area 

towards the North. The area is underlain 

by igneous as well as metamorphic rocks 

of the basement complex type and is 

mostly gneises, granites, schist and 

undifferentiated meta-sediment rocks and 

over burden which is composed mainly 

of clay and silt (Ajibade, 2002). The 

topography of the area is an undulating 
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plain with very broad and gentle slope, 

lying at an altitude of between 265 and 

480 meters above sea level (Ajibade, 

2008). As observed by Iroye (1993), Asa 

Local Government area is not well 

drained by network of streams; the 

drainage networks available are Olokun, 

Amu, Olomitoro among others. These 

streams are seasonal in nature within the 

study area. November to April every 

year, there is the absence of surface water 

with the exception of Asa River. It can 

therefore be concluded that Asa River is 

the major tributary draining the area. 

 
Figure 1: Map of Kwara State showing Asa Local Government Area. 

Source: Kwara State Ministry of Land and Housing, 2017 
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According to Ajibade (2008), Asa 

Local Government is characterized by 

tropical wet and dry seasons with the 

monthly average temperature of 30.15
0
C. 

The month of March has the highest 

temperature of 30.15
0
C and August, the 

lowest average temperature of 27.3
0
C. As 

noted by Ajibade (2002), the cloud 

prevents direct insolation during the 

month of August and the greenhouse 

effect of the earth helps in raising the 

temperature of the area in March. Jimoh 

and Ayoade, (2011) also observed that 

the raining season lasts for about eight 

(8) months between April and October. 

Sometimes it may extends to November 

and Early December while the dry season 

on the other hand, lasts about five (5) 

months between April and November. 

Iroye (1993) and Awoeyo (2007), also 

observed that the zone is characterized by 

low density of trees and the annual bush 

burning in this area is causing a 

degradation of the vegetation into derived 

savannah in which fire tender trees are 

progressively being eliminated leaving 

only fire tolerant ones which are 

intermingled with tall trees of the guinea 

savannah type. According to Ajibade 

(2008), the soil is derived mainly from 

basement complex and is probably the 

most important group of soils in Nigeria 

because it covers the greater portion of 

the country. Based on the 2006 Census 

figure (NPC, 2006), Asa Local 

Government Area has a population of 

126,435 comprising 64,982 males and 

61,453 females people. According to 

Ajibade (2008), the people of the area are 

mainly of Yoruba tribe. The internal 

structure of Asa Local Goverement is 

characterized by three dominant land uses 

of residential, industrial and institutional. 

The residential land use pattern can be 

classified into three namely old and new 

residential areas and some Government 

Reservation Areas. 

Study Methods 
Following Ajibade (2004), 

reconnaissance survey of the study area 

was carried out to determine the locations 

where samples were to be taken for 

analysis. Purposive random sampling was 

used to select the sample point for water 

collection in the three districts in the 

study area. A total number of 15 

settlements were selected from the study 

area (Afon, Aleyo, Sapati-Oko, Aboto-

Oja, Aboto-Alo, Temidire, Efue, Alapa 

Agbona Sosoki, Awe, Owode, Labintao, 

Oniyamo and Ojola settlements) that is, 5 

settlements from each of the district in 

Asa Local Government Area of Kwara 

State.  In this study, 5 water samples was 

collected from each settlement (3 samples 

for hand dug well and 2 for hand 

operated boreholes) thus, 25 water 

samples were collected from each district 

within the study area and a total of 75 

water samples was collected from two 

different types of water sources namely; 

Hand Dug Wells and Hand Pump 

Operated Boreholes randomly from the 

three district in Asa Local Government 

Area. The sampled water were collected 

in pre-cleaned 75cl plastic bottles and 

analyzed within 4 hours after collection 

in the Department of Chemistry, 

University of Ilorin. The choice of well 

depended on its distance from previously 

chosen well locality and bore hole 

location, and the wish of the owner to 

make the well available. The 

environmental conditions around the well 

which are likely to affect laboratory 

results were also put into consideration. 
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Results and Discussions 

Arsenic Concentration of Water Resource  
The Arsenic concentrations in the hand dug wells sampled within the study area are 

shown in table 1 below. 

 

Table 1: Laboratory Results on Sampled Hand Dug Well Water 
Locations Sampling Points  (mg/l) Descriptive Analysis 

 A B C Mean S.D C.V (%) 

Afon  0.218 0.214 0.198 0.210 0.008 3.80 

Aleyo 0.221 0.310 0.210 0.247 0.047 19.02 

Sapati oko 0.208 0.194 0.199 0.200 0.006 3.00 

Aboto Oja 0.231 0.220 0.214 0.221 0.007 3.16 

Aboto Alo 0.201 0.199 0.241 0.213 0.019 8.92 

Temidire 0.200 0.222 0.231 0.217 0.013 5.99 

Efue 0.205 0.217 0.223 0.215 0.007 3.25 

Alapa 0.218 0.198 0.190 0.202 0.011 5.44 

Agbona 0.219 0.211 0.190 0.202 0.012 5.94 

Sosoki 0.240 0.251 0.221 0.237 0.012 5.06 

Awe 0.211 0.200 0.227 0.212 0.011 5.18 

Owode 0.214 0.221 0.191 0.208 0.012 5.76 

Labintao 0.204 0.209 0.200 0.204 0.003 1.47 

Oniyamo 0.216 0.201 0.228 0.215 0.011 5.11 

Ojola 0.216 0.221 0.191 0.209 0.013 6.22 

  

As a result, giving that WHO water 

standard limit to be 0.01, arsenic 

concentrations in water in all sampling 

points within the study area were higher 

than the recommended level in well water 

(table 1). Aleyo and Sosoki settlement 

has the highest mean concentration of 

arsenic level of 2.50mg/l and 0.237mg/l 

respectively  in hand dug well while 

Sapati-Oko, Alapa and Agbonna 

settlements records the lowest mean 

value of 0.200mg/l among the sampled 

areas for arsenic level in well water 

(table1).  This conform with the study of 

Garba et al, (2012) where they studied 

arsenic contamination of domestic water 

supply in Northern Nigeria and the result 

from analysis were found to be above the 

maximum contamination level set by 

World Health Organization (WHO). 

Arsenic concentration in water within the 

study area depends much on the source of 

arsenic contamination which may be as a 

result of natural processes, industrial or 

agricultural activities and increase in 

human activities in the area where the 

wells are located. This is line with 

Jennifer (2009) where it studied the fate 

and specification of arsenic in soils and 

poultry systems. The results of these 

studies indicate that roxersone 

degradation is occurring within the bird, 

meaning that land application of poultry 

litter introduce a mix of arsenic 

compounds into water environment. 
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Figure 2: Mean concentration of Arsenic in Well water 

   

Aleyo settlement remains the most 

varied among the settlement examined 

for arsenic concentration within Asa 

Local Government Area of Kwara State 

(table 1). On the pattern of relative 

variation, the results as shown in table 1 

are all homogenous in nature; this may be 

due to the dominant soil type within the 

study area. High concentration of arsenic 

may have been recorded in wells from the 

sampled areas because most of them are 

open and the areas where they are located 

have high human, agricultural activities 

within the study area. Esi (2012) studied 

assessment of heavy metal contamination 

of the Densu River, Weija from leachate. 

The laboratory results revealed a mean 

arsenic 0.393mg/l from the samples 

which exceeds the WHO limits, the study 

also revealed that anthropogenic 

contaminants were dominant within the 

study area. 

 

Table 2: Laboratory Results on Sampled Borehole Water 
LOCATION   RESULTS (mg/L) Descriptive Analysis 

 A B C Mean S.D C.V (%) 

Afon  0.200 0.210 0.211 0.207 0.004 1.93 

Aleyo 0.211 0.191 0.214 0.205 0.010 4.87 

Sapati oko 0.201 0.181 0.241 0.207 0.024 11.59 

Aboto Oja 0.210 0.220  0.310 0.246 0.044 17.88 

Aboto Alo 0.251 0.311 0.300 0.287 0.026 9.05 

Temidire 0.218 0.200 0.194 0.204 0.010 4.90 

Efue 0.201 0.211 0.222 0.211 0.008 3.79 

Alapa 0.192 0.206 0.300 0.232 0.047 20.25 

Agbona 0.220 0.208 0.241 0.223 0.013 5.82 

Sosoki 0.231 0.251 0.215 0.232 0.014 6.03 

Awe 0.202 0.200 0.210 0.204 0.004 1.92 

Owode 0.200 0.200 0.241 0.213 0.019 8.92 

Labintao 0.211 0.228 0.222 0.220 0.007 3.18 

Oniyamo 0.202 0.201 0.203 0.202 0.001 0.49 

Ojola 0.210 0.217 0.240 0.223 0.012 5.38 
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Borehole water was also similar to 

the well with slightly higher 

concentration. This can be figured out 

from Temidire settlement with a mean 

average concentration of 0.287mg/l while 

Sapati-Oko and Ojola settlements have 

both 0.200mg/l level of mean 

concentration of arsenic as observed from 

the study (Figure 2). Arsenic 

concentrations in boreholes within the 

study area were higher than the 

recommended standard by WHO. The 

results from the study conform to the 

observation of West Africa Insight 

(2013), where it observed that arsenic has 

been found to be present in boreholes and 

taps of Karaye Local Government area, 

Kano State in Nigeria. This was found to 

be higher than 10 micrograms per litre 

which is the Health Organization (WHO) 

standard. The high arsenic concentrations 

from the study could be attributed to both 

natural and anthropogenic processes 

such, as erosion, undersurface 

weathering, toxic chemicals, improper 

waste and sewage disposal, wastes from 

industries, agricultural activities and 

vehicular emissions that seeps deep down 

the ground. Alapa settlement (20.25) has 

the highest coefficient of variation 

followed by Aboto-Oja settlement 

(17.88) while Oniyamo settlement (0.49) 

remained the least varied among the 

sampled locations (Table 2). 

 
Figure 3: Concentration of Arsenic in Borehole Water 

 

The high level of arsenic 

concentration in borehole water can lead 

to serious health challenges for those 

consuming the resource within the study 

area as all sampled hand operated 

boreholes water exceeds the standard set 

by World Health Organization  (WHO) 

adopted by Standard Organization of 

Nigeria (SON). 

Comparative Analysis of Arsenic Level 

in Hand Dug Well Water and Hand 

Operated Borehole and Soil within the 

Study Area 
The study revealed a significant 

difference within the mean values of soil, 

well, and borehole. This also correlated 

with t-test result in Table 5. There are 

significant differences between the mean 

values examined due to the fact that P-

values were less than the significant 

value of 0.05 that is 95% level of 

statistical significance. With table value 

of 1.761 from statistical point of view, 

difference between soil and plant mean 

value seemed not to be statistically 

significant unlike well-soil and borehole-

soil. This is due to the critical value of 

1.761 less than calculated t-value of 

8.412 (Table4 & 5). 
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      Table 4: Average Concentration of Arsenic in Water and Soil Samples 
Locations Sampled Variables 

 Well Borehole Soil 

Afon  0.210 0.207 0.417 

Aleyo 0.247 0.205 0.229 

Sapati oko 0.200 0.207 0.263 

Aboto Oja 0.221 0.246 0.415 

Aboto Alo 0.213 0.287 0.239 

Temidire 0.217 0.204 0.243 

Efue 0.215 0.211 0.225 

Alapa 0.202 0.232 0.286 

Agbona 0.202 0.223 0.309 

Sosoki 0.237 0.232 0.281 

Awe 0.212 0.204 0.289 

Owode 0.208 0.213 0.322 

Labintao 0.204 0.220 0.249 

Oniyamo 0.215 0.202 0.272 

Ojola 0.209 0.223 0.291 

  

Table 5: Analysis of variance in Arsenic Concentration 

Variable 
Sum of 

Squares Df Mean Square F Sig. 

Between Groups .124 3 .041 22.721 .000 

Within Groups .102 56 .002   

Total .225 59    
P<0.05 

 

Table 6: Analysis of Variance on Arsenic Level in Water and Soil  

 
Sum of 

Squares Df Mean Square F Sig. 

Between Groups .051 2 .025 18.386 .000 

Within Groups .058 42 .001   

Total .109 44    
P<0.05 

 

However, t-test values for well-soil (-

4.637) and borehole (-4.214) were also 

less than table values but negatively 

lower compared to soil-plant (Table 6 

and 7). This may be attributed to the 

degree of relationship between the soil 

and plant - availability of arsenic in the 

soil determines the uptake of plant from 

the soil.  

In summary, the order of arsenic 

concentration in the examined variables 

was soil> borehole> well> plant. Higher 

concentration of arsenic in the soil and 

borehole may be linked to the natural 

occurrence in the parent material and 

aquifer chemistry of the bedrock geology 

(Patricia, 2000). Overall, catchment 

lithology exerted fundamental control of 

the water chemistry impacted by mining 

waste dumps at a few sites in the study 

area.  
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Table 7: Paired Samples T-Test on Well, Borehole and Soil 
 Variables Paired Differences 

T Df 

Sig. (2-

tailed) 

  

Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence Interval 

of the Difference 

     Lower Upper    

Pair 1 Well – Soil -.074533 .062259 .016075 -.109011 -.040056 -4.637 14 .000 

Pair 1 Borehole - Soil -.067600 .062124 .016040 -.102003 -.033197 -4.214 14 .001 
P<0.05 

 

Based on the results from the study, 

arsenic is concentrated in all the water 

bodies above WHO admissible standard 

of 0.01 mg/L.  Range of arsenic 

concentration in well water is from 

0.0201 to 0.0240 mg/L. The lowest 

concentration of 0.0201 mg/L was 

observed in Aboto Alo village while the 

highest concentration of 0.0240 mg/L 

was detected in well water in Sosoki 

village. Concentration of arsenic varied 

from 0.123-0.245 mg/L in cassava 

(leaves) plants sampled collected from 

various sites. The lowest concentration of 

0.123mg/L was detected in Afon while 

the highest concentration of 0.245 mg/L 

was determined from Aboto-Oja 

settlement. The observed concentration of 

arsenic in borehole water samples 

collected from various sites in Asa Local 

Government of Kwara State ranged from 

0.201-0.311 mg/L. The highest 

concentration of 0.311 mg/L was 

recorded in Aboto-Alo community while 

the lowest concentration of 0.201 mg/L 

was observed in Oniyamo village. 

Concentration of arsenic and its spatial 

distribution in surface and groundwater is 

shown in Fig 4. This study discovered the 

concentration of arsenic from 0.2 to 0.4 

mg/l; the high concentration will be 

hazardous to the inhabitants due to long 

time exposure through ingestion of food 

and water. According to Maloney, 1996 

and Smedley and Kinniburgh, 2002, the 

overexposure to this element can cause 

various diseases such as cancer (skin, 

lung, bladder, and kidney), hair loss and 

nails deformity.  

According to World Health 

Organization (2008), safe limit for 

arsenic in drinking water is 0.01. It is 

thus clear that excessive arsenic is being 

consumed in drinking water in Aboto-

Alo settlement (0.251, 0.300, and 311 

mg/L), Awe (0.200, 0.211 and 0.227 

mg/L), Afon settlement (0.200, 0.211 and 

0.210 mg/L), Aboto-Oja settlement 

(0.416 mg/L), Aleyo settlement (0.246 

mg/L) and Alapa settlement (0.324 mg/L) 

(see Figure 4) These areas are delineated 

as high risk zone to arsenic exposure. For 

example, the inhabitants of Aboto-Alo, 

Aboto-Oja and Aleyo settlements rely on 

water from their wells and boreholes, 

which contains unsafe levels of dissolved 

arsenic for drinking, cooking and other 

domestic purposes. These findings 

indicate that they are over-exposed to this 

toxic metal through the ingestion of 

water. This study discovered arsenic 

concentration of between 0.1 and 0.38 

mg/L. This high concentration will be 

hazardous to the inhabitants after long 

time of exposure through ingestion of 

water. According to Maloney, (1996) and 

Smedley and Kinniburgh, (2002), the 

overexposure to this element can cause 

various diseases such as cancer (skin, 

lung, bladder, and kidney), hair loss and 

nails deformity. 
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Figure 4: Average Concentration of Arsenic Level  

 

Conclusion and Recommendation 

The arsenic concentration in natural 

resources from Asa Local Government 

Area of Kwara State has been 

determined. Data obtained from the study 

shows that the mean arsenic 

concentration from the well water 

samples within the study area were 

higher than that from the borehole water 

samples and both exceeded the 

Maximum Concentration Limit (MCL) of 

0.01mg/L set by World Health 

Organization (W.H.O.). Based on the 

outcome of the study, it would not be 

wrong to conclude that arsenic levels in 

groundwater within the study area 

exceeds the standard set by WHO, this 

may be due to the fact that most of the 

sampled wells were exposed to 

anthropogenic activities by people using 

the water for various purposes. It would 

therefore be safe to recommend that 

constant control and monitoring should 

be the watchword of the Government at 

various levels, through the ministry of 

environment, to avoid pollution from 

external sources. The wells should be 

covered properly and treated, refuse, bush 

areas dumpsites should be removed/clear 

from the surrounding wells and 

boreholes. Fertilizer application to soil 

should also be avoided in areas close to 

boreholes and hand dug well.  

The study indicated that more 

information can be taken from the 

contaminant in water. The location for 

further study can be selected from these 

findings. The influence factors of 

studying arsenic distribution such as the 

geological characteristics, compositions 

of soil, porosity and permeability of soil, 

may be needed to be determined. The 

arsenic mobility which would threaten 

villages will be of greater importance in 

next study. 
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