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INTRODUCTION

[1] In recent past years, the 

occurrence of high concentrations of arsenic has been 

detected in groundwater from a number of regions across 

countries affected with arsenic in groundwater include 

[2, 3] Arsenic contaminations of ground water also have 

[4]

[5] 

The demand for water is increasing due to rapid 
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growth of urban population and industrial activities 

ground water is depleting due to over extraction and 
[6] 

presence of arsenic and the concentrations were below 
[8] A study carried out by 

[9]
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The climate of the region is semi tropics, warm and 
[16] 

The precipitation is dominated by monsoon rainfall, 

 

[18] The deep 

aquifer system can be divided into three groundwater 

 The 

northern groundwater district, forming the main aquifer, 

has the upper deposits composed of unconsolidated and 

highly permeable micaceous quartz, sand and gravel 

of the valley represent delta deposits and facies that are 

[19]

In the central groundwater district, the upper deposits 

layer is barrier in groundwater recharge in the central 

The southern groundwater district is characterized 

other studies have reported elevated levels of arsenic in 
[11, 12, 13, 14, 15] These studies 

critical issue due to its negative impact on health as a 

high percentage of water demand in the valley is met 

in-depth studies concerning arsenic contamination in 

arsenic contamination in shallow and deep groundwater 

of heavy arsenic distribution in deep groundwater of 

assess spatial distribution pattern of arsenic in northern 

district (CGWD) and southern groundwater district 

This study attempted to show the relationships between 

depth of the groundwater wells and arsenic concentration 

the variation of arsenic in between in deep and shallow 

MATERIALS AND METHODS

Study Area

2 
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permeability and parts of the district (eastern area of the 

southern groundwater district) are covered with sand 

and gravel deposits which are potential for groundwater 

[21] 

Water sampling and analysis

The study was carried out in sixty-one groundwater 

locations were determined using global positioning 

A set of samples were collected in the sampling bottles 

Those samples were then brought to the laboratory for 

3
[22] The 

 by using Varian 

[22] The accuracy 

of determination of arsenic in water was ensured by 

analysis

all the spatial data layers were maintained in a standard 

transverse mercator, central meridian 84o

RESULT  AND  DISCUSSION

Arsenic, pH, EC and ORP in shallow and deep 

groundwater wells

in shallow and deep groundwater wells are presented in 

in deep groundwater well and shallow groundwater 

is attributed to the reducing condition of the deep 

between shallow and deep aquifers as indicated by the 

in arsenic concentration in between shallow and 

concentration of arsenic in deep groundwater wells 

are probably of geogenic origin and could be related 

to the hydrogeological  activities that could be due to 

the reducing environment in deep groundwater of the 

groundwater in the valley is less reducing in comparison 

concentration of arsenic in the shallow groundwater 

wells may be due to the more oxidized environment 

aquifers is maintained in groundwater due to diffusion 

Evaluation of arsenic with WHO guideline value and 
NDWQS value

The concentrations of arsenic were compared with 

 [4] and all the samples 

the samples in shallow groundwater were within the 
[5] 
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Correlation between arsenic and depth of the deep 

groundwater

The depth of the deep groundwater wells tested 

correlation between arsenic concentration and depth of 

it showed negative correlations; p-value suggests that 

arsenic concentration and depth of deep groundwater 

 al. 

 

Correlation between pH, EC, ORP and arsenic

correlation between arsenic concentration and pH in 

Distribution of arsenic in deep groundwater 

central, northern and southern groundwater districts of 

reveals higher values arsenic in central groundwater 

districts have lower arsenic concentrations 

in most of the deep groundwater wells The 

concentration of the arsenic in groundwater of the 

study area increases from northern to southern and 

showing higher towards central ground water district 

(

progressive increase in its value from northern to 

southern and displaying higher in central groundwater 

groundwater clearly shows most of the groundwater 

et al.

[11] 

Groundwater quality depends on the composition of 

recharging water, the mineralogy and reactivity of the 

geological formations in aquifers, the impact of human 

activities and environmental parameters that may affect 
[23] The 

2 3 2

P
2 5

Valley are not exceptional, and are similar to modern 

increase toward the center from the northern marginal 

The variations of elemental concentration are mainly 

trace elements towards the central part of the sediments 
[21] Therefore, 

surface area available for metal hydroxide coatings to 

Table 2: Spearman’s rank correlation of pH, EC, ORP 

**

Value          pH            EC              ORP                  Arsenic

pH         1.000

EC        -0.229       1.000

ORP         0.024      -0.550**      1.000

Arsenic          0.050      0.522**      -0.540**  1.000

Table 1: Summary of statistical data for pH, EC, ORP and arsenic in shallow and deep groundwater wells

Variable Unit   Shallow groundwater wells (n=20)  Deep groundwater  wells (n=41)    

    Mean Med. Min. Max. SD Mean Med. Min. Max. SD

Depth m  20.9 17 9.1 39.6 10.14 222.0 247 84 304 63.8 

pH   6.6 6.7 6.1 7.0 0.3 6.7 6.7 6.4 7.9 0 . 3  
 

EC  

ORP mV  -29.5 -43.5 -108 129 61.35 -75.3 -95 -190 125 69.7

As mg/L  <0.003 <0.003 <0.003 0.005 0.001 0.013 <0.003 <0.003 0.143 0.024 

Med. median, Min. minimum, Max. maximum, SD standard deviation
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a smaller amount of aqueous arsenic in equilibrium 
with adsorbed arsenic and results in less potential for 
mobilization of arsenic at concentrations of concern via 

[24] Additionally, the 
difference in the levels of arsenic in central and northern 
groundwater district might be due to the fact that the 
central ground water district is considered as poorly 

whereas the northern groundwater district is regarded 
 Arsenic 

show a large range in deep groundwater, although some 
of groundwater sources investigated were found to be in

deep groundwater

elevated levels in some parts of the valley could be due 

of spatial variability in groundwater chemistry over 

short distances and vertical variations in groundwater 

chemistry observed suggests that groundwater 

movement has been restricted and the groundwaters are 
[25] 

to the general level seen in modern unconsolidated 
[21, 26] The widespread 

[21] Arsenic 

26, 28]

the oxidation of organic matter coupled to variety of 

surface sediments but at much slower rates [29] which 

could also lead to favorable environment for arsenic 

After an initial increase, arsenic concentration often 

decreases again as a function of time below water table 

mV), arsenic solubility seemed to be controlled by the 

dissolution of iron oxyhydroxides; however, at highly 

2
S

3
 Therefore, in the very deeper 

the arsenic solubility perhaps limited by the formation 

it is suggested for more studies of change in redox 

gradient and change in the arsenic concentration in the 

CONCLUSION

The highest arsenic concentration measured in deep 

samples of shallow groundwater were within the 

negative correlation between arsenic concentration and 

The high concentration of arsenic in deep groundwater 
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of some parts of study area particularly in central 

groundwater district is attributed to the groundwater 

the groundwater is mainly due to the natural source 

ACKNOWLEDEMENT

laboratory facility in the analysis of heavy metals using 

REFERENCES

perspective with emphasis on the Asian scenario. Journal of 

Health, Population and Nutrition

Agriculture Ecosystems and  Environment. 113: 

Guidelines for drinking-water quality. 3rd edition 

Arsenic in Groundwater of Alluvial Aquifers 

in Nepal, Extent of Contamination, Genesis and Aspects of 

Remediation in the Districts of Nawalparasi and Kathmandu

Water Science 

Technology. 

Desalination and Water Treatment

4

Water Air Soil Pollution  210

Journal 

of Nepal Geological Society  4

recorded in aggrading deltaic of the upper Pleistocene Thimi 

Journal of 

Nepal Geological 25

Environmental Geology 52

Standard Methods for the 

Examination of Water and Wastewater

Journal of Hazardous Materials

Water 

Research 39

Applied Geochemistry 17

Applied Geochemistry 17



Scienti�c World, Vol. 11, No. 11, July 201331

        

Water Research. 

: 216-224.

basins and its relation to arsenic in anoxic groundwater: the 

Applied Geochemistry. 19

Reviews of Geophysics. 

Presence and mobility of arsenic in estuarine wetland soils 

Journal of Environmental 

Monitoring 11

 


