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Abstract
Groundwater is an important source for community water needs. Geographical 
Information System (GIS) mapping the spatial pollution characteristics helped 
identifying the potential polluted risky regions in Jamui district that is covering 
an area of 3098 km2. It is situated between 24023’15” and 25008’30” North 
Latitude and 85049’30” and 86038’00” East Longitude forming a part of Phalgu-
Kiul sub-basin of Ganga Basin. Water quality parameters such as pH, TDS, 
conductance, DO, ORP, salinity, alkalinity, hardness, calcium, magnesium, 
iron, uranium, carbonate, bicarbonate, fluoride, chloride, sulphate, nitrate, 
phosphate, etc of 91 samples were assessed as per standard protocol 
during pre- and post-monsoon. The results indicated that the water quality 
at several places in the study zone has been found contaminated with higher 
fluoride concentration that exceeded the permissible limit of BIS and WHO. 
Statistically16.48% water samples during pre-monsoon and 20.87% during 
post-monsoon were found seriously contaminated with fluoride concentration. 
However, the Uranium concentration during pre- and post-monsoon were 
found well within the prescribed national and international limits but at places 
it is in borderline and need constant monitoring. A positive correlation of 
fluoride with pH, total dissolved solid, electrical conductance, salinity, uranium 
and total alkalinity has been observed during pre-and post- monsoon. These 
results may provide useful information for control of groundwater pollution 
and its management in the area.
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Introduction
Groundwater is the water present beneath Earth’s 
surface in pore spaces of the sediments and in the 
fracture of rock formation. Precipitation infiltrates 
below the ground surface into the aquifers causing 
groundwater. Water percolates downward after 
having saturated soil zone. Rain can cause the water 
table to rise whereas continuous extraction of ground 
water can cause the level to fall. Since groundwater 
is part of the hydrologic cycle, contaminants in other 
parts of the cycle, such as the atmosphere or bodies 
of surface water, can eventually be transferred into 
our groundwater supplies. Pollutants released to 
the ground  due to surface activities such as ill 
agricultural practices, domestic / industrial waste 
disposal, mining, etc. and making their way down 
into underground water specially in shallow aquifers 
particularly in the permeable unconsolidated 
deposits cause groundwater contamination.1 

Drinking contaminated groundwater can have 
serious health effects. Approximately one third of 
the world’s population use groundwater for drinking.2 
More than 80% of India’s population depends on 
groundwater for drinking and irrigation purposes. 
About 22% groundwater in India is either dried 
up or in the overexploited or critical categories 
as per the report of ‘Dynamic Ground Water 
Resources of India.3 A decrease in availability and 
quality of fresh water and a significant increase in 
demand for groundwater cause problems related 
to environmental sustainability.4,5 The impacts of 
anthropogenic activities, the interaction of surface 
water and groundwater, rock water interaction and 
over-extraction of groundwater lead to deterioration 
of water quality6 for drinking purposes in term of  

physical, chemical and radiological characteristics. A 
lot of attention has been drawn in the past in Jamui 
district due to fluoride contamination in ground water 
and its toxicity in human body.7 There are various 
pathways of fluoride to enter in the groundwater8 
out of which interaction of fluoride containing 
mineral with aquifer water is the prominent one. 
The fluoride hazard mainly includes dental fluorosis 
or skeletal or non-skeletal fluorosis resulted from 
excess exposure.9 A naturally occurring radionuclide 
Uranium is increasingly becoming a concern for 
people on the globe these days for its radioactivity, 
toxicity and its carcinogenic potency.10-15 It is found 
in all matrices of environment such as rocks, soil, 
air, surface / underground water, in fauna and flora 
in varying amounts. Uranium contaminant in water 
is either geogenic or man-made.16 It can find its way 
into drinking water when groundwater or rainwater 
dissolves mineral that contains uranium.17,18 Access 
to safe drinking water has become a challenge 
in developing countries in the context of growing 
population and increasing water contamination.18-25

Groundwater pollution potential in the study zone has 
been assessed by means of proper data analysis 
of water quality parameters such as pH, TDS, 
conductance, DO, ORP, salinity, alkalinity, hardness, 
calcium, magnesium, iron, uranium, carbonate, 
bicarbonate, fluoride, chloride, sulphate, nitrate, 
phosphate, etc as per standard protocol. Recorded 
data from ongoing monitoring program, hydro 
geological and geographical information, published 
studies, and environmental impact assessments 
are the important factors for evaluation of water 
quality. The Fig.1 shows location of Jamui district26 
in Bihar (India).

Fig.1: Location of Jamui district 
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The objective of the present study is to analyze the 
quality of groundwater of the Jamui district, Bihar 
(India) with emphasis on uranium and fluoride 
distribution and concentration because of having 
very limited information on groundwater quality of 
the district.

Study Area27

Jamui district,  a part of Phalgu-Kiul sub-basin 
of Ganga Basin is situated between 24023’15” 
and 25008’30” North Latitude and 85049’30” and 
86038’00” East Longitude covering an area of  
3098 km2. The catchments of Kiul and Barnar 
rivers form a major part of the district. It has a 
diverse geomorphology ranging from hills to flood 
plains comprising of alluvial plain, rocky upland, 
and plateau /pediplain. Jamui terrace represents 
alluvial plain. Denudation of Chakai plateau and 
Kharagpur hill results in the formation of sediments 
causing alluvial plain consisting of ultisols and 
alfisols group of soils. They are formed under 
different lithological and pedogenic conditions. 
Hard rock/ fissured formation and unconsolidated / 
porous formation are the two main parts prevailing 
in the district hydro geologically. Granite gneisses28 

(Chotanagpur gneissic complex), quartzite and 
phyllites (Kharagpur gneissic formation) contribute 
the fissured formation. Fracturing / weathering of 
rocks develop the secondary porosities leading to 
the formation of poor aquifer being main repository 
of ground water in the rock.   The quaternary alluvium 
creates the main hydro geological unit. 

Material and Method
Sampling and Measurement of In-Situ Parameters
A grid map of Jamui district was prepared at 
the optimized grid size of 6km x 6km using 
latitude-longitudes as reference coordinates. GPS 
Coordinates of the sampling sites in all the grids were 
noted using Garmin GPS e-Trax. Radiation meter 
(Polimaster, PM 1405) was used to measure gamma 
radiation and Polaroid camera was used to make 
descriptive record of the sampling site. The sampling 
of groundwater from 91 locations in the study area 
was done at different depths i.e., shallow (<30 m), 
medium (30-60 m) and deep aquifer (>60 m)) during 
pre-and post-monsoon in 2016-2018 (fig.2). Water 
samples were collected in a cleaned (with 15% (v/v) 
HNO3 acid followed by double distilled water) flexible 
double capped, unbreakable polypropylene bottle. 

Fig.2: Depth of Aquifer

pH, temperature, total dissolved solids (TDS), 
electrical conductivity (EC), dissolved oxygen (DO),  
salinity, oxidation reduction potential (ORP) etc. were 
measured using field instruments immediately after 
the sample was collected. One litre water sample 
was collected in a neck to neck filled bottle for 
analysis of U, F-, Cl-. NO3

-, SO4
2- and  PO4

3-. Duplicate 
acidified sample (1ml of Conc. HNO3 for 500 ml of 
water) was also collected from each sampling site.

Sample Analysis in the laboratory
Major cations and anions were analyzed in the 
collected water samples at the chemistry lab of A N 
College, Patna. LED Fluorimeter LF-2a (Quantalase, 
Indore) was used to measure uranium concentration 
as per BARC Standard Protocol for National 
Uranium Project (NUP).29 Fluoride concentration 
was measured using Ion Selective method. SO4

2-, 
PO4

3- and NO3
-, total hardness, total alkalinity and 
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Cl- were analysed as per standard protocol for NUP29 
and APHA30.

Result 
The descriptive statistical analysis of uranium and 
associated water quality parameter of groundwater 
in the study area during pre-monsoon and post-
monsoon is shown in table-1.

pH, EC, TDS, Salinity and ORP in the water samples 
were found to vary in the range of 6.5-8.86, 6.36-
8.01; 134-1985µS/cm, 162-2310µS/cm; 72ppm-
1134ppm, 91ppm-1240ppm; 30ppm-1130 ppm, 
100ppm-1390ppm and -253mV to 44mV, -44mV to 
40mV respectively during pre- and post- monsoon. 
The stated values fall almost within the permissible 
limit of BIS.

Table-1: Descriptive statistical analysis of Uranium and associated water quality parameter

Parameters 	 Pre-monsoon 	 Post-monsoon				    BIS31 limits
									         (Desirable – 
	 Min	 Max	 Average	 Median 	Min	 Max	 Average	 Median	 Permissible)
		
pH	 6.5	 8.86	 7.55	  7.4	 6.36	 8.01	 7.04	 6.99	 6.5 – 8.5
TDS (ppm)	 72	 1134	 393.67	 324 	 91	 1240	 355.33	 237	 500ppm – 2000ppm
EC (µS/cm)	 134	 1985	 724.29	 603 	 162	 2310	 646.35	 422	 -
Salinity (ppm)	 30	 1130	 391.813	 320	 100	 1390	 367.826	 210	
ORP (mV)	 -253	 44	 -32.11	 -19 	 -44	 40	 5.52	 7.0	 -
Temp. (oC)	 23.6	 33	 28.75	 29 	 24.6	 29.1	 26.66	 26.5	 -
DO (ppm)	 2.9	 14.9	 6.22	 6.3 	 3.5	 5.7	 4.58	 4.6	 -
F- (ppm)	 0.1	 5.14	 1.053	 0.79 	 0.13	 3.6	 0.97	 0.72	 1ppm - 1.5ppm
Cl- (ppm)	 7.09	 255.24	 46.01	 28.36 	 10.64	 287.15	 65.81	 39.0	 250ppm – 1000ppm
NO3

- (ppm)	 0.5	 12.3	 4.53	 4.2	 0.5	 8.90	 3.68	 3.90	 45ppm – 100ppm
SO4

2- (ppm)	 1.0	 115.47	 17.77	 8.14 	 2.06	 165.08	 27.70	 12.98	 200ppm – 400ppm
PO4

3- (ppm)	 0.1	 2.01	 0.15	 0.1 	 0.33	 0.74	 0.41	 0.37	 -
U (ppb)	 0.50	 20.07	 4.89	 1.60	 0.50	 29.45	 8.02	 3.90	 60 (AERB32)
Total Hardness (ppm)	 30	 615	 221.32	 185	 45	 695	 204.56	 140	 300ppm-600ppm
Ca Hardness (ppm)	 15	 430	 102.86	 80	 35	 550	 156.30	 105	 -
Mg Hardness (ppm)	 10	 480	 118.46	 95	 10	 145	 48.26	 40	 -
Total Alkalinity (ppm)	 5	 110	 41.26	 35	 10	 105	 46.74	 40	 200ppm – 600ppm
Bicarbonate
(mg of CaCO3)	 5	 110	 41.26	 35	 10	 105	 46.74	 40	

Distribution of fluoride concentration in water 
samples during pre- & post- monsoon is addressed 

by fig. 3 & fig 4

Fig. 3: Fluoride distribution (Pre-monsoon)                         
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Fig. 4: Fluoride distribution (Post-monsoon)                      

Fluoride concentration varies in the range of 0.1ppm-
5.14ppm with the median value of 0.79ppm and 
0.13ppm-3.6ppm with the median value of 0.72ppm 

during pre- & post-monsoon respectively. The values 
of fluoride concentration exceed the permissible limit 
of BIS and WHO33 in some of the analyzed samples.

Fig. 5: Distribution of Uranium (Pre-monsoon)            

Fig. 6: Distribution of Uranium (Post-monsoon)
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The distribution of Uranium during pre- & post 
monsoon is shown by fig.5 & fig.6. Uranium level 
in analyzed water samples varies in the range of 
<0.5-20.07ppb and <0.5-29.45ppb with a median 
value of 1.6ppb and 3.9ppb respectively in pre- & 
post-monsoon. Rest of the chemical parameters is 
found to be well within the permissible limit of BIS.

Discussion
Alkaline nature of groundwater was recorded 
irrespective of the aquifer sampled. The cations and 
anions dissolved are well within ±5% of normalized 
inorganic charge balance. Elevation of fluoride 
concentration in 16.48% water samples during 
pre-monsoon and in 20.87% water samples during 

post-monsoon from aquifers of varying depth has 
been observed higher than WHO and BIS limits. It 
is indicative of water rock interaction. The sources 
of human exposure to the increased concentration 
of fluoride34-36 in drinking water have drastically 
increased. In view of the cases of fluoride toxicity37, it 
is urgently needed to be addressed in the study area.  
Spatial statistics was used to identify the uranium 
hotspot38 in groundwater in the study area during pre- 
& post-monsoon as represented through fig.7 & fig.8. 
At some places as is evident from the figure, it is in 
borderline and need constant monitoring. Fluctuation 
of uranium concentration has been found in water 
samples from aquifers of different depth. 

Fig. 7. Hot spot of uranium (pre- monsoon) 

Fig. 8. Hot spot of uranium (post-monsoon)  
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Pearson correlation has been established among 
analyzed parameters during pre- and post-monsoon 
(table-2  & table-3).

A positive correlation of fluoride with pH, total 
dissolved solid, electrical conductance, salinity, 
uranium and total alkalinity was observed39 during 

pre-and post- monsoon. Strong correlation of 
uranium has been observed with TDS, EC, salinity, 
total hardness, total alkalinity, fluoride, chloride and 
sulphate. However, there is negligible correlation 
between uranium with phosphate. Likely, no 
correlation has been observed between fluoride 
and chloride.

Table-2: Pearson correlation (Pre-monsoon)

Table-3: Pearson correlation (Post-monsoon)

Conclusion
Current finding involves the area where general 
water quality is found to be suitable but some 
important parameters such as pH and fluoride 

concentration exceeded the permissible limit of BIS 
and WHO at several places.  Fluoride concentration 
in 16.48% water samples during pre-monsoon and 
in 20.87% water samples during post-monsoon 
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were found higher than BIS and WHO acceptable 
limit of 1ppm-1.5ppm. Elevated fluoride level has 
been observed in varying aquifers of different depth 
which may be caused to water-rock interactions.  
It draws the attention of the authorities to supply 
de-fluoridated water to the residents for drinking 
purposes. However, uranium level in analyzed 
water samples were well within the safe standard 
limit of WHO, US EPA40 and AERB along with 
other associated water quality parameters during 
pre- and post-.monsoon but at some places it is in 
borderline and need constant monitoring. These 
results may provide useful information for control 
of groundwater pollution and its management 
in the study area with the time. The continuous 
assessment of such parameters is important for 
future perspective and awareness41,42. Educating 
the users and defluorinating the groundwater 
before consumption are essentially important for the 
resident.43,44 Implementation of rainwater harvesting 
schemes in the affected area may be a resilient and 
sustainable solution for dilution of elevated ionic 
concentration in water for drinking and irrigation 
purposes. Use of rainwater capture by check dams 
and other small system following simple treatment 
of coagulation, flocculation, filtration and chemical 

treatment may prove the ultimate economical 
solution for the fluoride menace in the study area 
based on the principal of “Prevention is better than 
cure” because of having good quality of surface water 
in the study zone.  
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