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Abstract 
In the present investigation the appearance of arsenic, pH and electrical conductivity in hand pump and 
sources of irrigation water of Ambagarh Chowki, Rajnandgaon district, (C.G.). Out of the 160 samples 
we analysed, ten villages were found to be contaminated with arsenic during pre and post monsoon 
seasons. Results indicated that total concentration of arsenic in pre-monsoon season water samples of the 
study area varied from 0.0011 to 0.773 mg L-1 with mean value of 0.134 mg L-1 and 0.0008 to 0.602 mg 
L-1 with mean value of 0.134 mg L-1 in post-monsoon season. Arsenic concentration in the hand pumps 
(for drinking purpose) analyses ranged between 0.010 to 0.773 mg L-1 with mean value of 0.278 mg L-1 
was very much above the WHO permissible limit of 0.01 mg L-1. Tube wells as a source of irrigation 
water analyses ranged between 0.030 to 0.557 mg L-1 with mean value 0.246 mg L-1 were also found 
very much above the FAO permissible limit 0.10 mg L-1. Other sources of irrigation water viz. canal & 
nala were observed below the FAO permissible limit. As per occurrence of high arsenic content in 
ground water of Kaurikasa village (0.773 mg L-1). 
 
Keywords: Irrigation water, arsenic concentration, permissible limit, Kaurikasa village. 
 
1. Introduction 
Arsenic (As) is a highly toxic and carcinogenic metalloid. It is situated in group 15 of the 
modern Periodic Table. The atomic number of arsenic is 33. Physically, arsenic occurs in 
many allotropic forms and in oxidation states of –III (as in AsH3), + III (as Arsenites) and +V 
(as arsenates, most stable form). Arsenic exists in the form of As +V in surface waters, and As 
+ III in ground waters. Arsenic found in ground water over 70 countries posed the greatest 
threat to the health of world population. Arsenic contamination in drinking water threatens 
health risk for more than 150 million people all over the world. Around 110 million of those 
people live in 10 countries in South and South-east Asia: Bangladesh, Cambodia, China, India, 
Laos, Myanmar, Nepal, Pakistan, Taiwan and Vietnam. In India, since the groundwater arsenic 
contamination was first surfaced from West-Bengal in 1983. Seven states namely-West 
Bengal, Jharkhand, Bihar, Uttar Pradesh in the flood plain of the Ganga River; Assam and 
Manipur in the flood plain of the Brahamaputra and Imphal rivers and Rajnandgaon village in 
Chhattisgarh state have so far been reported affected by Arsenic contamination in groundwater 
above the permissible limit of 0.01 mgL-1. Arsenic is of great environmental concern due to its 
presence in groundwater and soil. It is widely distributed in the environment, originating either 
from soil parent material or from discharge on to land as a result of human activities. 
 In India groundwater arsenic contamination is in alarming condition for long and in the rural 
area the arsenic-contaminated groundwater is not only used for drinking purpose but also used 
for irrigation of various crops, especially rice. To date, only limited attention has been paid to 
the risks of using contaminated groundwater for irrigation. Irrigation water with high levels of 
arsenic may result in land degradation in terms of crop production (loss of yield) and food 
safety (food chain contamination) (Brammer, 2005; Duxbury et al., 2003) [1, 5]. Long-term use 
of arsenic contaminated irrigation water could result in arsenic accumulation in the soil. If 
absorbed by the crops, this may add substantially to the dietary arsenic intake, thus posing 
additional human health risks. 
Arsenic contamination in groundwater at variable concentration levels occurs at small patches 
in the Ambagarh Chowki block of Rajnandgaon district of the state of Chhattisgarh in Central 
India. The groundwater arsenic contamination in the Ambagarh Chowki block was first
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reported by Chakraborti et al. (1999) [3]. Groundwater 
samples from 146 sites, Public Health Engineering 
Department (PHED) tube wells and dug wells in 22 villages 
of this block were analyzed. Arsenic concentration in tube 
well water was elevated above the WHO guideline by a factor 
of more than 10 with concentrations reaching 520 ug l-1, 
whereas in the dug wells (general depth less than 50 m) 
arsenic concentrations were as high as 880 ug l-1. The paper 
presents results of hand pumps and sources of irrigation water 
contamination to arsenic of Ambagarh Chowki block of 
Rajnandgaon district (C.G.). 
 
2. Materials and Methods 
2.1. Study area  
The study have been conducted in arsenic affected ten 
villages (Atergaon, Biharikala, Dhadutola, Jadutola, Joratarai, 
Kaudikasa, Mangatola, Sangli, Sonsaytola, and Telitola) in 
Ambagarh Chowki block, Rajnandgaon district. 
 
2.2. Sample collection 
Total 160 groundwater and surface water samples were 
collected from the study area during pre and post monsoon 
seasons. There were 40-40 water samples collected from hand 
pumps, tube wells, canal and nala. Two representative water 
samples were taken at each site of hand pumps, tube wells, 
canal and nala. Prior to sample collection, the pumps were 
kept running for about 10-15 min in order to get uniform rate 
of discharging water. The samples were collected in to two 
set. The first set filtered with 0.2 μm Sartorius filter to detach 

the soil and clay particles and other inert materials and it was 
stored in a 200 ml plastic bottle. The other set of samples 
were also filtered with 0.45 μ Millipore filter paper add with 
10 drops concentrated HNO3 and preserved and stored it in a 
500 mL plastic bottle. The water samples were brought to the 
laboratory for further analysis. 
 
2.3 Samples analysis 
The first set of each source was analyzed for pH and electrical 
conductivity whereas the second set was analyzed for arsenic. 
The standard methods for the examination of water for the 
analysis of pH and electrical conductivity. Analysis of total 
arsenic was carried out using Atomic absorption 
spectrophotometer along with VGA (PinAAcle 900F, 
PerkinElmer). 
 
3. Result and discussion 
3.1 Hydrogen Ion Concentration (pH) in water  
Data given in the table-3.1 the pH value of drinking water and 
irrigation water samples collected in pre-monsoon season 
revealed that the pH value of the drinking water (hand pumps) 
of the study area in range between 6.5 to 8.1 with mean value 
7.18 and 6.2 to 7.9 with mean value of 7.02 in irrigation 
waters (tube wells, canal, nala). In post-monsoon season 
revealed that the pH values of the drinking water (hand 
pumps) of the study area in range between 6.1 to 8.0 with 
mean value of 6.94 and 6.1 to 7.7 with mean value of 6.84 in 
irrigation waters. 

 
Table 1: Range and mean value of pH in hand pumps and sources of irrigation water during pre and post monsoon seasons. 

 

Seasons  
Water samples 

Drinking water Irrigation water 
Hand pumps Tube wells Canal Nala 

Pre-monsoon 
Range 

6.5-8.1 6.2-7.9 6.4-7.6 6.2-7.8 
 6.2-7.9 

Mean 
7.18 7.06 7.00 7.01 

 7.02 

Post-monsoon 
Range 

6.1-8.0 6.1-7.7 6.3-7.5 6.0-7.6 
 6.0-7.7 

Mean 
6.94 6.89 6.79 6.85 

 6.84 
 

The pH values were found neutral in nature in most of 
samples during pre and post monsoon seasons. As per the 
WHO standards all the samples of both the seasons falls 
within the recommended limit (6.5 to 9.2). So, all drinking 
and irrigation samples were found suitable for the use.  
A slightly changes in mean pH value (0.16- 0.22) were 
observed during pre and post monsoon seasons. The mean pH 
values of post-monsoon water (6.86) were slightly less as 
compared to pre-monsoon water (7.06). It is may be due to 
the dilution of the underground water as well as other 
irrigation water sources during the rains. Rabee et al. (2011) 
[8] in Tigris River from Baghdad, Iraq and Yashoda et al. 
(2014) [12] from Visakhapatnam, Andhra Pradesh also reported 
the same results.  
 
3.2 Electrical Conductivity (E.C.) in water 
Data given in the table-3.2 the EC value of drinking water and 
irrigation water samples collected in pre-monsoon season 
revealed that the EC values of the drinking water (hand 
pumps) of the study area in range between 0.13 to 0.81 dSm-1 
with mean value of 0.39 dSm-1 and 0.14 to 0.85 dSm-1 with 
mean value of 0.42 dSm-1 in irrigation waters (tube wells, 
canal, nala). In post-monsoon season revealed that the EC 

values of the drinking water (hand pumps) of the study area in 
range between 0.10 to 0.79 dSm-1 with mean value of 0.37 
dSm-1 and 0.09 to 0.82 dSm-1 with mean value of 0.39 dSm-1 
in irrigation waters. 
 
Table 2: Range and mean value of EC in hand pumps and sources of 

irrigation water during pre and post monsoon seasons. 
 

Seasons  

Water samples 
Drinking 

water 
Irrigation water 

Hand 
pumps 

Tube 
wells 

Canal Nala 

Pre-
monsoon 
(dSm-1) 

Range 
0.13-0.81 0.17-0.85 0.15-0.79 0.14-0.81

 0.14-0.85 

Mean 
0.39 0.49 0.39 0.38 

 0.42 

Post-
monsoon 
(dSm-1) 

Range 
0.10-0.79 0.14-0.82 0.09-0.78 0.11-0.80

 0.09-0.82 

Mean 
0.37 0.46 0.36 0.35 

 0.39 
 
The EC values were found medium and low in nature in most 
of samples during pre and post monsoon seasons. As per the 
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BIS standards for drinking water within the permissible limit 
1.5 dSm-1 and irrigation water with EC readings of less than 
0.75 dSm-1 are generally suitable for irrigation without 
problems. Successful use of water with EC values above 0.75 
dSm-1 depends upon soil. So, mostly samples were suitable 
for drinking and irrigation purpose.  
A slightly changes in mean EC value (0.2 - 0.3 dSm-1) were 
observed during pre and post monsoon seasons. The mean EC 
values of post-monsoon water (0.38 dSm-1) were slightly less 
as compared to pre-monsoon water (0.41 dSm-1). It may be 
due to the discharge of heavy metals into a water body can 
raise the conductivity as metallic ions are introduced into the 
waterway. Yashoda et al. (2014) [12] in Visakhapatnam, 
Andhra Pradesh and Sekar and Suriyakala (2016) [9] in 
Ariyalur district, Tamil Nadu also found the same results. 
 
3.3 Arsenic status in water 
The data of arsenic concentration in pre and post monsoon 
water samples presented in the table-3.3. Results indicated 
that concentration of arsenic in pre-monsoon water samples of 
the study area varied from 0.0011 to 0.773 mg L-1 with mean 
value of 0.134 mg L-1. The data of arsenic concentration in 
the hand pumps (mainly used for drinking purpose) showed 
that arsenic varied from 0.010 to 0.773 mg L-1 with mean 
value of 0.278 mg L-1. The highest concentrations of arsenic 
value were recorded 0.773 mg L-1 in Kaudikasa-1 and 0.010 
mg L-1 lowest concentrations in Atergaon-1. All the samples 
were found above the permissible limit of WTO (0.010 mg L-

1) for drinking purpose.  
The data of various irrigation sources showed that 
concentration of arsenic in the tube wells waters varied from 
0.030 to 0.557 mg L-1 with mean value were 0.246 mg L-1. 
The highest concentrations of arsenic value were recorded 
0.557 mg L-1 in Kaudikasa-1and lowest concentrations of 
arsenic value were recorded 0.030 mg L-1 in Joratarai-2, 
found not suitable for the irrigation purpose. All the tube well 
samples except four samples were found above the 
permissible limit (0.10 mg L-1, FAO for irrigation purpose) 
and identified not suitable for the irrigation purpose. The 
concentrations of arsenic in the canal water varied from 
0.0012 to 0.0420 mg L-1 with mean values were 0.0069 mg L-

1. The highest concentrations of arsenic in canal water were 
recorded 0.042 mg L-1 in Sangali-1 and lowest concentrations 
of arsenic value were recorded 0.0012 mg L-1 in Sonsyatola-1. 
The concentration of arsenic in the nala waters varied from 
0.0011 to 0.0190 mg L-1mg l-1 with the mean value of 0.0056 
mg L-1. The highest concentrations of arsenic in the nala 

water were recorded 0.0190 mg L-1 in Jadutola-1 whereas the 
lowest concentrations were 0.0012 mg L-1 in Joratarai-2. All 
the samples of canal and nala waters were found suitable 
(under the limit) for the irrigation purpose for all the crops.  
Results of post-monsoon water samples (Table-3.3) of the 
study area revealed that concentration of arsenic varied from 
0.0008 to 0.602 mg L-1 with mean value of 0.134 mg L-1. The 
data of arsenic concentration in the hand pumps showed that 
arsenic varied from 0.008 to 0.602 mg L-1 with mean value of 
0.250 mg L-1. Among all the drinking samples only two 
samples- Atergaon-1 and Telitola-1 with 0.008 mg L-1 and 
0.009 mg L-1 arsenic respectively were found under the 
permissible limit and recorded suitable for drinking purpose. 
Rest of samples was observed not suitable. The highest 
concentrations of arsenic were recorded 0.602 mg L-1 in 
sample Sonsaytola-2.  
The data of post-monsoon samples of irrigation waters 
showed that concentration of arsenic in the tube wells waters 
varied from 0.027 to 0.501 mg L-1 with mean value were 
0.219 mg L-1. The highest and lowest concentrations of 
arsenic were recorded 0.501 mg L-1and 0.027 mg L-1 in 
Kaudikasa-1 and Joratarai-2, respectively and most of the 
samples identified not suitable for the irrigation purpose. The 
concentration of arsenic in the canal water varied from 0.0009 
to 0.0310 mg L-1 with mean values were 0.119 mg L-1. The 
highest concentrations of arsenic in canal water were recorded 
0.0310 mg L-1 in Sangali-1 and lowest value were recorded 
0.0009 mg L-1 in Dhatutola-1. The concentration of arsenic in 
the nala waters varied from 0.0008 to 0.0173 mg L-1 with the 
mean value of 0.0047 mg L-1. The highest and lowest 
concentrations of arsenic in the nala water were recorded 
0.0173 mg L-1 and 0.0008 mg L-1 in Jadutola-1and Biharikala-
1, respectively. All the post-monsoon samples of canal and 
nala waters were also found suitable for the irrigation 
purpose.  
In pre and post monsoon seasons, data on concentration of 
arsenic in water showed that The high arsenic concentration 
in ground water (handpumps and tubewells) occurrence in 
Chowki block, is confined to the early Proterozoic meta 
volcanic-granite rocks along the N-S trending Kotri-
Dongargarh rift zone. The affected villages are preferably 
situated on rhyolite and granite rocks close to shear zone. The 
area is covered with basic rock closely associated as 
anasthomosing network with rhyolite, the dominant rock type 
of the area. The intrusion of rhyolitic-granitic magma is 
followed by the hydrothermal phase which is responsible for 
arsenic enrichment in bedrock (Mukherjee et al.,2009).  

 
Table 3.3: Concentration of Arsenic in hand pumps and different irrigation sources of water in study area during pre and post monsoon seasons. 

 

Name of 
Villages 

Pre-monsoon season (mg L-1) Post-monsoon season (mg L-1)  
Drinking 

water 
Different irrigation sources 

Drinking 
water

Different irrigation sources  

Hand Pumps Tube wells Canal Nala Hand pumps Tube Wells Canal Nala
Atergaon-1 0.010 0.102 0.0070 0.0026 0.009 0.095 0.0051 0.0022 
Atergaon-2 0.025 0.090 0.0025 0.0020 0.012 0.081 0.0020 0.0017 
Biharikala-1 0.201 0.315 0.0030 0.0015 0.195 0.301 0.0023 0.0008 
Biharikala-2 0.151 0.148 0.0021 0.0035 0.129 0.130 0.0018 0.0029 
Dhadutola-1 0.309 0.131 0.0013 0.0017 0.295 0.119 0.0009 0.0015 
Dhadutola-2 0.405 0.507 0.0029 0.0013 0.381 0.479 0.0023 0.0011
Jadutola-1 0.401 0.489 0.0100 0.0190 0.376 0.455 0.0090 0.0173 
Jadutola-2 0.387 0.217 0.0018 0.0035 0.363 0.199 0.0015 0.0028 
Joratarai-1 0.111 0.049 0.0046 0.0057 0.105 0.040 0.0039 0.0048 
Joratarai-2 0.221 0.030 0.0019 0.0011 0.203 0.027 0.0013 0.0010 

Kaudikasa-1 0.773 0.557 0.0150 0.0130 0.598 0.501 0.0140 0.0123 
Kaudikasa-2 0.651 0.463 0.0110 0.0120 0.575 0.417 0.0100 0.0110 
Magatola-1 0.339 0.179 0.0061 0.0047 0.299 0.163 0.0058 0.0038 
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Magatola-2 0.249 0.231 0.0039 0.0012 0.208 0.206 0.0033 0.0010 
Sangli-1 0.019 0.067 0.0420 0.0070 0.020 0.032 0.0310 0.0018 
Sangli-2 0.051 0.210 0.0090 0.0140 0.032 0.187 0.0050 0.0130 

Sonsaytola-1 0.541 0.376 0.0012 0.0015 0.512 0.342 0.0010 0.0012 
Sonsaytola-2 0.609 0.511 0.0030 0.0053 0.602 0.481 0.0023 0.0049 

Telitola-1 0.043 0.105 0.0075 0.0069 0.008 0.093 0.0069 0.0062 
Telitola-2 0.075 0.148 0.0025 0.0043 0.068 0.133 0.0017 0.0033 

Range 0.010-0.773 
0.030-
0.557 

0.0012-
0.0420 

0.0011-
0.0190 

0.008-0.602 0.027-0.501 0.0009-0.0310 
0.0008-
0.0173 

Overall range 0.0011-0.773 0.0008-0.602  
Mean 0.278 0.246 0.0069 0.0056 0.250 0.219 0.0055 0.0047 

Overall mean 0.134 0.119  
Total Samples 20 20 20 20 20 20 20 20 

 
Concentration of arsenic in low in surface water (canal and 
nala) than groundwater (hand pump and tube well) may be 
due to the oxidation of As (III) to As (V) of surface water due 
to its exposure to open air and agitation during water 
withdrawal can cause precipitation of dissolved arsenic and 
iron and the free rain and surface waters by percolation 
through aerated zone of the soil. The fresh recharges also 
have presence of air and aerated water can oxidize the soils 
significantly reduce the concentration of arsenic in the water 
(Chetia et al, 2010) [4]. Similar findings were also reported by 
Hundal et al. (2008) in Punjab.  

A slightly changes in mean value of arsenic concentration in 
water (0.0009-0.028 mg L-1) were observed during pre and 
post monsoon seasons. The mean values of arsenic 
concentration in water (0.119 mg L-1) during post-monsoon 
water were slightly less as compared to pre-monsoon water 
ground water (0.134 mg L-1). It may be due to lowering of 
water table in pre-monsoon than that in post-monsoon season, 
maximum level of dilution of the underground water. 
Shrestha et al. (2014) [11] also found the same result in the 
southern part of Nepal. Biswas et al. (2014) [2] in West Bengal 
and Semal et al. (2010) [10] in Gangetic Delta of West Bengal 
also reported same result. 

 

 
 

Fig 1: Concentration of Arsenic in Hand pump and sources of irrigation water in study area during pre-monsoon season. 
 

 
 

Fig 2: Concentration of Arsenic in Hand pump and sources of irrigation water in study area during post-monsoon season. 
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4. Conclusion 
Our investigation shows that the level of arsenic in the mostly 
samples of hand pumps of the study area were very much 
above the WHO permissible limit of 0.01 mgL-1 for drinking 
purpose. Tube wells as a source of irrigation water were also 
found very much above the FAO permissible limit (0.10 mg 
L-1) for irrigation purpose. Other sources of irrigation water 
viz. canal & nala were observed below the FAO permissible 
limit. As per occurrence of high arsenic content in ground 
water village of Kaurikasa (0.773 mg L-1) followed by in 
village Sonsaytola (0.651 mgL-1) and Jadutola (0.489 mg L-

1).  
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