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Present investigation describes the groundwater quality of the three blocks, namely Ara, Barahra and Shahpur of Bhojpur
district in middle Gangetic plain. Sixty six groundwater samples were collected from different locations of these blocks
and analysed for the various physico-chemical parameters like pH, EC, turbidity, TDS,TH, Ca, Mg, Cl, F, Fe, SO,, NO,
and As. Water samples were collected from hand pumps and public water supply. Among the parameters described,
elevated levels of EC, turbidity, TDS, TH, Caand Fe were detected according to WHO permissible limits for drinking
water. Arsenic concentration in 36.36 to 59.09% groundwater samples were found higher than the WHO permissible limit.
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Introduction

Ground water is an essential and vital component of our
life support system and has been a decentralized source
of drinking water for millions of rural and urban families.
It mainly occupies the pores and crevices in sand,
sandstones, limestone and other rocks [1]. It accounts
for nearly 80% of rural domestic need and 50% of urban
water needs in India [2].The over exploitation of ground
water due to geogenic and anthropogenic activities such
as unplanned disposal of industrial effluents, sewage and
sewerage has resulted in the lowering of water table and
deterioration in ground water quality. Water quality plays
an important role in the overall water balance of the
environment. Acharya et al. has reported that the
groundwater of Uttar Pradesh and Bihar has low
concentrations of iron (0-700 pg/L) and, on this basis,
commented that the relatively low value of dissolved
iron upstream of the Ganges Delta indicates that the
environment may not be sufficiently reducing to mobilize
iron and arsenic [3,4,5]. Chakraborty et al. revealed that
there is moderate to high concentration of arsenic in
Bihar and Uttar Pradesh in middle Gangetic plain [4].

The area under study, Bhojpur district belongs to
Indo-Gangetic-Brahmaputra alluvial plains and is
situated in the middle part of the Gangetic plain, along
the right bank of the rivers Ganga and Sone. Gangi river
and Shahabad canal, the branches of Ganga and Sone
rivers respectively are passing through the district. The
plain is composed of sediments carried by the tributaries
of the Ganga river. In Ganga river sediments As, Cr, Cu,
Pb, U, Th, W, etc. are concentrated significantly [6,7,8,9]
The lithology of the plain consists of clay, clay with

kankar, sand and alluvial soil. The study area spreads in
an area of 2474 sq. km. lying between latitude 25°-26°N
and longitude 84°15’-85°. Position of upper, middle and
lower Gangetic plains and location map of Bhojpur
district is shown in Fig. 1.

Many a time ground water carries higher mineral
contents than surface water, because there is slow
circulation and longer period of contact with sediment
materials in case of groundwater. Changes of
groundwater quality with the passage of time have
hydrologic significances. The quality also varies due to
a change in chemical composition of the underlying
sediments and aquifer [10,11]. The Ganga plain foreland
basin is a repository of sediments derived from the
Himalayas and from Peninsular craton. The weathered
material brought from the Himalaya is deposited in the
alluvial plain where they undergo further chemical
weathering, mobilizing several anions and cations.

To understand the suitability of ground water,
severity of contamination and consequent health effects,
samples of three blocks of Bhojpur district in middle
Gangetic plain were analysed.

Materials and Method

For physico-chemical study of groundwater, the samples
of the blocks Ara, Barahra and Shahpur were collected
and analyzed, according to the standard method [12]. A
total of 66 water samples were collected in pre-monsoon
season. We collected depth information from the users
and it ranged from 6 to 45.5 m with an average of 20.5
m. The range of age of bore wells varied from less than
1 year to 32 years, with an average of 6.5 years. All the
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Fig 1. Position of upper, middle and lower Gangetic plains and location map of Bhojpur district

samples were collected in polypropylene bottles. Before
collecting the samples, bottles were thorough cleaned
by 8BMHNO,, followed by repeated washing with
deionized water. Adding 1:1 HNO, for analysis of arsenic
and other heavy elements preserved in each 1 litre of
the collected water sample. The different physical and
chemical parameters were pH, electrical conductivity
(EC), turbidity, total dissolved solid (TDS), total
hardness (TH), calcium (Ca), magnesium (Mg), chloride
(CI), fluoride (F), iron (Fe), sulphate (SO,), nitrate (NO,)
and arsenic (As). The reagents used in the study were
all analytical grade reagents and deionized water was
used throughout for the reagent preparation. The pH of
the water samples was determined in the field at the time
of sample collection by using portable pH meter (Merck,
India). Fluoride contents were determined by SPADNS
method using spectrophotometer (Analytik-Jena,
Specord-40, Germany). Sulphate was determined by
spectrophotometer method (Analytik—Jena, Specord-40,
Germany). Total hardness (TH) of the samples was
determined by titrimetric method. The analysis of
magnesium and calcium were determined by the method

of titration. The concentrations of heavy elements and
arsenic in the water samples were determined by atomic
absorption spectrometer (Perkin Elmer Analyst 200,
USA).

Results and Discussion

The results of pH, EC, turbidity, TDS, TH, Ca, Mg, ClI,
F, Fe, As, SO, and NO, are presented in Table I and the
percentage of samples beyond permissible limits in terms
of percentage are shown in Table II.

pH: The pH of 97% of the total water samples analyzed
were within the permissible limit of 6.5-8.5 given by
WHO standard and most of the samples were slightly
alkaline in nature. In this study pH of water samples
from Ara, Barahra and Shahpur blocks varied from 6.8
to 8.9, 7.05 to 7.54 and 6.80 to 8.81 respectively. The
minimum value recorded was 6.7 in Ara block and
maximum, 8.9 was also in Ara block.

Electrical Conductivity and Total Dissolved Solid: The
EC is related with TDS and is found in the range of 0.33
to 1.90 mmhos cm-*. Indian standards for drinking water
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propose no standards for EC, however, WHO guideline
is 0.40mmhos cm*. The standard for T.D.S are 1000mg/
L. From Table 1 it is seen that T.D.S of water samples
from Ara, Barahra and Shahpur varies from 212 to 1069,
385 to 1179 and 229 to 1330mg/L respectively. The
minimum value recorded is 212 from Ara Block and the
maximum value recorded is 1330mg/L from Barahra
block. The variation of T.D.S with different sampling
points is shown in Fig. 2.

Turbidity: It is usually caused by clay, organic matter,
phytoplankton and other microscopic organisms and
makes the water unfit for domestic purposes, food and

beverage industries. From Table 1 it is seen that Turbidity
of water samples from Ara, Barahra and Shahpur varies
from <1.0 to 6.3, 1.1 to 6.0 and <1.0 to 6.2
respectively. The minimum value recorded is <1.0 for
both Ara and Shahpur blocks and the maximum value
recorded is 6.3 for Ara Block. Turbidity of 16.66%
samples found to be above the permissible limit, 5 N.T.U
by WHO.

Total Hardness: The index of hardness is measured in
terms of the capacity of water to precipitate the soap. In
this study, total hardness of 19.69% samples found to be
above the permissible limit 500mg/L for drinking water

Table 1: Ranges of analytical data of the groundwater samples of three blocks in Bhojpur district

S.No.  Parameters WHO (2004) Ara Barahra Shahpur
Guidelines Min. Max Min. Max. Min. Max.
1 pH 6.5-8.5 6.8 8.9 7.05 7.54 6.80 8.81
2 E.C. 0.40 mmhos/cm 0.35 1.48 0.63 1.63 0.33 1.90
3 Turb. 5 NTU <1.0 6.3 11 6.0 <1.0 6.2
4 T.D.S. 1000 mg/L 212 1069 385 1179 229 1330
5 TH. 500 mg/L 280 621 275 601 276 790
6 Ca 100 mg/L 48.1 115.3 64 1145 73 116
7 Mg 50 mg/L 125 355 18.0 29.0 20 55
8 Cl. 250 mg/L 42 295 4.2 35.7 45 36
9 F 1.5 mg/L 0.11 1.05 0.10 0.72 0.4 1.05
10 Fe 0.3 mg/L 0.18 121 0.15 1.2 0.15 1.18
11 As 0.01 mg/L 0.001 0.21 0.005 05 0.002 0.45
12 SO, 250 mg/L 8.4 305 7.9 70.5 8.2 75.5
13 NO, 50 mg/L 1.6 8.4 1.8 8.9 2.7 8.9

Table I1: Percentage of samples beyond permissible limits

S.No.  Parameters WHO (2004) Guidelines Total no. of samples No. of samples beyond permissible limit Y%age
1 pH 6.5-8.5 66 2 3.03
2 E.C. 0.40 mmhos/cm 66 59 89.39
3 Turb. 5 NTU 66 1 16.66
4 TD.S. 1000 mg/L 66 12 18.18
5 TH. 500 mg/L 66 13 19.69
6 Ca 100 mg/L 66 21 31.81
7 Mg 50 mg/L 66 01 01.51
8 Cl. 250 mg/L 66 0 0
9 F 1.5 mg/L 66 0 0
10 Fe 0.3 mg/L 66 17 25.75
11 As 0.01 mg/L 66 32 48.48
12 SO, 250 mg/L 66 0 0
13 NO, 50 mg/L 66 0 0
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Fig 2: Variation of T.DS. content with different sampling points.
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by WHO. From Table 1 it is seen that total hardness of
water samples from Ara, Barahra and Shahpur block
varies from 280 to 621, 275 to 601 and 276 to 790mg/L
respectively. The minimum and maximum values
recorded were 275 and 790mg/L from Barahra and
Shahpur blocks respectively.

Calcium: Calcium concentration of water samples from
Ara, Barahra and Shahpur block varied from 48.1 to
115.3, 64 to 114.5 and 73 to 116mg/L, respectively. The
recommended value of calcium in potable water is
100mg/L. The maximum value recorded is 116mg/L in
Shahpur block.

Magnesium: High concentration of magnesium in
drinking water gives unpleasant taste to the water. The
recommended value of magnesium in potable water is
50mg/L. In this study magnesium concentration of water
samples from Ara, Barahra and Shahpur block varied
from 12.5 to 35.5, 18.0 to 29.0 and 20 to 55mg/L,
respectively. The minimum and maximum recorded
values of magnesium were 12.5 and 55mg/L, in Ara and
Shahpur blocks respectively. The variation of calcium
and magnesium content with different sampling points
are given in Fig. 3.

Chloride: Chloride concentration of water samples from
Ara, Barahra and Shahpur block varied from 4.2 to 29.5,
4.2t0 35.7 and 4.5 to 36mg/L respectively. The minimum
value recorded is 4.2 for Ara and Barahra blocks and
maximum value recorded is 36mg/L for Shahpur block.
All samples are found to be below permissible limit
250mg/L. The variations of chloride content with
different sampling points are in Fig. 4.

Fluoride: The floride concentration ranges observed in
this study were 0.11 to 1.05, 0.10 to 0.72 and 0.4 to
1.05mg/L for Ara, Barahra and Shahpur blocks,
respectively. Maximum value recorded is 1.05mg/L for
both Ara and Shahpur blocks.

Iron: Iron concentration of water samples from Ara,
Barahra and Shahpur blocks varied from 0.18 to 1.21,
0.15 to 1.2 and 0.15 to 1.18mg/L respectively. The
maximum concentration observed was 1.21mg/L in Ara
block. The variation of iron content with different
sampling points is presented in Fig. 5.

Sulphate: The permissible limit of sulphate in drinking
water is 250mg/L. In this study sulphate concentration
of water samples from Ara, Barahra and Shahpur blocks
varied from 8.4 to 30.5, 7.9 to 70.5 and 8.2 to 75.5mg/L
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Fig 3: Variation of Ca & Mg content with different sampling points
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Fig 4: Variation of Cl content with different sampling points
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Fig 5: Variation of Fe content with different sampling points

respectively. Minimum recorded value of sulphate is
7.9mg/L in Barahra block and maximum, 75.5mg/L in
Shahpur block. From Table 11, it shows that sulphate
content of the three blocks of Bhojpur district are all
within the permissible limit of drinking water.

Nitrate: From Table I, it is seen that nitrate of water
Sample from Ara, Barahra and Shahpur blocks varies
from 1.6 to 8.4, 1.8 to 8.9 and 2.7 to 8.9 respectively.
The minimum value recorded is 1.6 for Ara block and
maximum value recorded is 8.9mg/L for both Barahra
and Shahpur blocks. All samples are found to be below
permissible limit 50mg/L.

Arsenic: Result in Table Il reveals that according to
WHO rating, out of three blocks of Bhojpur district of
Bihar, Barahra block shows maximum groundwater
contamination (59.09%) by arsenic followed by Shahpur
block (50%) and Ara block (36.36%). This study
highlights that an average of 48.48% water samples

shown in Table 11 have arsenic concentration above the
permissible limit, 0.01 mg/L by WHO. The maximum
value recorded was 0.5mg/L in Barahra block. The
statistical data of As in three blocks ranging from <.01
to >.3 are given in Fig. 7, however the variation of arsenic
content in different sampling points from different blocks
of Bhojpur district is shown in Fig. 6.

Conclusion

Physico-chemical studies of drinking groundwater
samples collected from these blocks show that pH of
97% of the total water samples analyzed were within
the desirable limit of 6.5-8.5 given by WHO standard
and most of the samples were slightly alkaline in nature.
Similarly Mg, Cl, F, SO, and NO, concentrations in the
water samples are all within the permissible limit of
drinking water. EC (89.39%), Turbidity (16.66%), TDS
(18.18%), TH (19.69%), Ca (31.81%) and Fe (25.75%)
of water samples are above permissible limit, given by

Table I11: Arsenic concentration ranges in three blocks of Bhojpur district

Blocks No. of samples <.0lmg/L  %age .01-.05 mg/L  %age >.05 mg/L Y%age >.3 mg/L %age WHO rating
Ara 22 14 54.54 5 31.81 3 13.63 0 0 36.36%
Barahra 22 09 40.90 5 22.72 5 22.72 3 13.63 59.09%
Shahpur 22 1 50 4 18.18 4 18.18 3 13.63 50%
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Fig 6: Variation of As content with different sampling points from different blocks
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Fig 7: Arsenic concentration ranges in three blocks of Bhojpur district

WHO. The analysis shows that groundwater of the region
is contaminated by arsenic. Out of three blocks of
Bhojpur district of Bihar, Barahra block shows maximum
(59.09%) groundwater contamination by arsenic
followed by Shahpur block (50%) and Ara block
(36.36%). And an average of 48.48% water samples have
arsenic concentration above the permissible limit, 0.01
mg/L given by WHO. However the groundwater of the
three blocks has been contaminated by arsenic, but no
symptoms of arsenic poisoning [except Semaria
Ojhapatti village of Shahpur block] has been reported.
According to D Chakraborti et al. in Semaria Ojhapatti
village, of the 550 subjects examined (390 adults and
160 children), 60 (10.9%) had arsenical skin lesions
(adults, 13%; children, 6.3%)] [4]. But in near future,
the problem of arsenicosis may arise and, therefore,
speciation of arsenic should be taken into consideration.
It is suggested that without prior analysis and removal
of arsenic, ground water of those areas cannot be used
for drinking purposes. The people of this area is still
consuming this water, which is detrimental to the health.
So a scientific measure to combat this problem is the
demand of the present time.
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