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INTRODUCTION

Water hasalwaysbeen animportant and life-sustai ning drink
to humans and is essential to the survival of all organisms.
Excluding fat, water comprises approximately 70% of the
human body by mass. It isacrucia component of metabolic
processes and serves as a solvent for many bodily solutes.
Water isnot only one of the most essential commaodities of
our day-to-day life, but the development of this natural
resource also plays a crucial role in economic and social
devel opment processes. Groundwater isaninvisible natural
resource and ispresent inthe dark poresand fissures of sands
and rocks of the upper portion of the earth’ scrust (Kumar et
al. 2010). Groundwater, which isthe water that remainsunder
the ground and is tapped into to provide drinking water for
homes is generally polluted by the activities that occur just
above it. Groundwater pollution is harder to recognize until
after illness hasoccurred. People are the number one cause of
groundwater pollution and it has been major problem in the
global context (Trivedi & Gurdeep 1992). Water istypically
referred to as polluted whenit isimpaired by anthropogenic
contaminants and either does not support a human use, like
serving asdrinking water, or undergoes a marked shift inits
ability to support its congtituent biotic communities, such as
fish. Natural phenomena such as volcanoes, algae blooms,
storms and earthquakes also cause major changes in water
quality and the ecol ogical status of water.

It has been suggested that water pollutionisthe leading
worldwide cause of deathsand diseases, and that it accounts

This paper presents quality of water samples from bored tube wells at different sites along the Budhi Gandak
belt from Akharaghat to Musahari in Muzaffarpur district of Bihar state during monsoon season of 2011. The
parameters such as pH, conductivity, TDS, DO, total hardness, alkalinity, sodium, potassium, calcium,
magnesium and chloride as well as heavy metals such as Cu, Zn, Fe and As have been studied. TDS of
almost all samples exceeded the maximum permissible limit of WHO. Iron was also found much above the
maximum permissible limit in nearly all the samples. The water samples along Budhi Gandak belt under
study have arsenic contamination in some samples which even much exceeded the maximum permissible
limit at certain sites. The arsenic contamination in the groundwater of this area is serious concern for human

for the death of morethan 14,000 peopledaily. An estimated
700 million Indians have no access to a proper toilet, and
1,000 Indian children die of diarrheal sickness every day.
Thus, having water samplestested regularly isthe only way
to be sure that the groundwater isnot contaminated.

In continuation of our earlier work (Mumtazuddin et al.
2009, 2009, 2011), we have, in the present work, studied
quality of water samplesfrom bored tube wells at different
stations along the Budhi Gandak belt from Akharaghat to
Musahari in Muzaffarpur district of Bihar state during
monsoon season in 2011 with respect to water quality pa-
rameterssuch asNa, K, Ca, Mg, Cu, Zn, Fe and Asbesides
several physico-chemical parameterssuchaspH, TDS, EC,
TH, DO, alkalinity and chloride and comparisons have been
made with a series of national and international standards
for drinking water.

MATERIALS AND METHODS

Water samples of bored tube wells were collected from 21
different sites of different regions along the Budhi Gandak
belt from Akharaghat to Musahari in Muzaffarpur district
during monsoon season in 2011. The sampleswere collected
in precleaned polythene bottles with necessary precautions
(APHA 1996). The pH and DO were measured at the sam-
pling sites. The other parameters like total hardness (TH),
calcium, magnesium, sodium, potassium, iron, copper, zinc
and arsenic were estimated by using standard methods
(APHA 1996, De 2010).:
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RESULTS AND DISCUSSION

pH: The pH of water isan important indication of its qual-
ity and provides significant information in many types of
geochemical equilibrium solubility calculations (Hem 1975).
The pH of the groundwater in the study area varied from
7.10to 7.71. The pH values of the samples under study are
well within the limits prescribed by BISand WHO for vari-
oususesof water including drinking and other domestic sup-
plies.

Electrical conductivity (EC): Electrica conductivity isdi-
rectly related to the concentration of ionized substance in
water and may also berelated to problemsof excessive hard-
ness and mineral contamination which is measure of salin-
ity that affects the taste of potable water. It depends upon
temperature, concentration and typesof ions present as stud-
ied earlier in our research work. The EC varied from 565 to
1230 uS'cm. All the sampleswere above the permissiblelimit
of WHO.

Total dissolved solids (TDS): Asgroundwater moves and
staysfor alonger timeinitsflow path, increaseintotal dis-
solved concentrations of major ionsnormally occur (Norris
et al. 1992). Higher TDS show longer residence period of
water (Davieset al. 1996). The principal ions contributing
to TDS are bicarbonate, carbonate, chloride, sulphate, ni-
trate, sodium, calcium and magnesium (EPA 1976). The TDS
of the groundwater in the study areavaried from 305 to 710
mg/L. Out of 21 samples, 8 sampleswere found to be above
the maximum permissible limit of WHO.

Total hardness: Calcium and magnesium along with their
carbonates, sulphates and chlorides make the water hard in
groundwater. Thewater hardnessisprimarily duetothere-
sult of interaction between water and geol ogical formations.
Total hardness in the study area varied from 145 mg/L to
330 mg/L inthe groundwater.

Dissolved oxygen: DO isanimportant parameter for water
purity. DO content varied from 3.4 mg/L t0 5.8 mg/L. The
fluctuations in DO values indicate its dependence on tem-
perature besides the influence of sources due to different
chemical and biological processestaking place.

Total alkalinity: The presence of carbonates, bicarbonates
and hydroxides is the main cause of alkalinity in natural
waters. Bicarbonates represent the major factor since they
are formed in considerable amount from the action of car-
bonates upon the basic materials in the soil. The alkalinity
valuein the groundwater varied from 165 mg/L to 310 mg/L.

Calcium: The calcium content of water samplesfluctuated
in the range of 39 mg/L to 110 mg/L. The results show that
nearly 33% of the samples exceeded thelimit of WHO. The
presence of calcium is due to interaction of minerals like
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Table 1: Methods used for physico-chemical analysis of water samples.

Parameters Methods employed

pH pH meter

Electrical Conductivity (EC) Conductivity/ TDS meter
Total Dissolved Solids (TDS) Conductivity/ TDS meter
Dissolved Oxygen (DO) DO meter

Total Hardness(TH) EDTA Titration

Total Alkalinity (TA) Neutralising with standard

HCI (Titration)

Calcium EDTA Titration

Magnesium By Calculation

Sodium Flame photometer

Potassium Flame photometer

Chloride Titration by AgNO,

Copper UV-Visible spectrophotometer
Zinc UV-Visible spectrophotometer

Iron UV-Visible spectrophotometer
Arsenic UV-Visible spectrophotometer

felspar aswell asdue to the weathering process.

M agnesium: The magnesium concentration varied from 6.2
mg/L to 26.1 mg/L. All the sampleswerewithin the permis-
siblelimit of WHO.

Sodium: The sodium concentration varied from 21.56 mg/L
t0 95.62 mg/L in the study area. All the sasmplesfall within
the permissible limit of WHO.

Potassium: Potassium is an essential element for humans,
plantsand animalsandisderived infood chain mainly from
vegetation and soil. The main sources of potassium in
groundwater include rain water, weathering of potash sili-
cateminerals, useof potashfertilizersand use of surface water
for irrigation. It ismore abundant in sedimentary rocks and
commonly present isfelspar, micaand other clay minerals.
The potassium concentrati on ranged from 2.86 mg/L t0 22.12
mg/L inthe groundwater samples. When compared with Eu-
ropean Union (EU) standards, the concentration of potas-
sium exceeded in one sample location. The potassium con-
centration in water islow because of high degree of stahility
of potassium bearing minerals.

Chloride: The concentration of chloride in the study area
ranged from 22.8 mg/L to 235.6 mg/L and hence, all the
samples under study fall within the desirable limit of 250
mg/L of WHO. Thelimitsof chloride have been laid down
primarily from taste considerations. A limit of 250 mg/L
chloride hasbeen recommended asdesirablelimit and 2000
mg/L asthe permissiblelimit for drinking water (BIS1991,
WHO 1996). However, no adverse health effects on humans
have been reported from intake of waters containing even
higher content of chloride (Shrivastava& Nemade 1997).

Copper: Copper in drinking water arises from corrosive
action of water and leaching of Cu from copper pipes (Adak
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Table 2: Physico-chemical parameters and heavy metalsin groundwater samples.

Sampling sites Samp- pH EC TDS TH DO TA Ca Mg Na K Cl- Cu Zn Fe As

leNo.

Akharaghat, Near S, 715 860 452 181 44 185 51 62 4062 412 955 0.022 043 020 65
Gaytri temple

Akharaghat, S, 721 1221 625 235 37 190 48 191 2923 290 657 0030 059 0.25 Nil
Karpuri Nagar

Akharaghat, near S, 720 595 325 292 47 178 77 178 4166 450 1122 0.025 054 0.21 Nil
Shamshanghat

Sikanderpur, Srighat S, 715 855 456 280 48 170 79 141 5927 625 1856 0.045 075 125 10
Chandwara, Kamra S, 729 722 390 260 34 205 50 212 3931 312 1053 0.039 055 0.37 Nil
Awantipur S; 735 565 305 207 47 215 55 86 69.12 723 2104 0.029 054 107 35
Bhagwatipur S, 771 948 510 330 45 310 110 131 4254 495 1621 0.049 149 094 57
Balughat, Raj S, 741 1105 595 249 51 235 78 102 2156 745 228 0.046 112 055 22
Narayan Singh College

Dr. Jagannath Mishra S, 725 907 505 225 36 210 51 182 4842 312 1785 0.031 069 0.33 Nil
College

Kanhauli, Sshdullahpur S 740 715 378 330 37 227 9 83 3020 413 723 0032 178 102 38
Kanhauli (west), 11 726 880 470 232 47 195 39 261 5166 286 1458 0.024 030 267 12
Bisnudattatola

Kanhauli (East), S, 712 595 33 251 49 187 71 146 7621 305 2182 0.060 021 047 25
Bisnudattatola

Kanhauli, Leprosy S 710 855 465 294 58 165 80 192 5064 425 1654 0.048 112 055 17
Mission

Kanhauli, Bawan S. 740 1017 535 145 39 212 45 7.7 9121 671 2253 0.075 085 107 Nil
Bigha

Punas Sis 712 930 507 183 47 178 50 101 60.73 291 1862 0.040 251 257 44
Kothiyan Chowk Si 730 860 485 197 48 207 66 66 5303 754 1802 0.031 056 067 50
Kothiyan S, 729 1230 610 238 44 210 60 138 9256 424 2164 0.021 0.85 042 87
Rehua Chowk S 751 937 458 215 41 245 75 75 9562 2212 2356 0.042 190 037 20
Musahari S, 710 1180 710 180 52 171 53 87 7925 575 2072 0.022 226 0.34 Nil
Musahari Police S, 741 660 375 177 39 247 48 104 3832 428 956 0.039 047 0.30 Nil
Station

Gaushala Chowk, S, 718 842 447 220 55 191 60 132 5118 410 1402 0.050 0.74 0.21 Nil
Badi Imambada

U.S. EPA standards - 6.5-82 - 500 - 46 - 100 30 <60 10(EU)250 1 5 - -
WHO standards - 6.5-92 300 500 500 - 200 75 50 200 - 250 1 5 030 10
BIS standards - 6.5-85 - 500- 300- 3 200- 75- 30- 250 - 250- 005 515 03 50

1000 600 600 200 100 1000 15 1.0
ICMR standards - 6.5-9.2 - 500- 300 - - 75 50 - - 200 005 01 01 -
1500

* All parameters are expressed in mg/L except pH, EC (uScm'*) and arsenic (ppb).

& Purohit 2001). The copper content in water samples un-
der study ranged from 0.021 mg/L to 0.075 mg/L. Excess
copper inhuman body causes sporadic fever, comaand even
death. The water samples under study are free from copper
hazard.

Zinc: Zinc entersin the drinking water from the deteriora-
tion of galvanized iron. Accumulation of zinc in human body
causes vomiting, renal damage, cramps, etc. (Alur & Patil
2008). The Zn content in water samples varied from 0.21
mg/L to 2.51 mg/L and hence, water samplesare free from
zinc contamination.

Iron: Limitsof iron in water suppliesfor potable use have
not been laid down from health consideration but dueto the
fact that iron in water supplies may cause discol ouration of

cloths, plumbing fixtures and porcelain wares besidesim-
parting bitter taste. In drinking water, iron (Pande 2001) may
be present as Fe**, Fe** and Fe(OH), in suspended or filter-
able forms. However, excessive concentration may cause
problemslike rapidincreasein respiration, hypertension and
drowsiness. The iron concentration in water samples under
study ranged from 0.20 mg/L to 2.67 mg/L. About 76% of
the samplesin the study area exceeded the permissiblelimit
of WHO. Thisindicateshigh content of iron in groundwater
of the study area.

Arsenic: In typical groundwater environments, arsenic may
be present in both the As (111) and As (V) states. As(Il1) is
generally more mobilein water than As(V), and hashigher
toxicity (Korte & Fernando 1991). Dueto the withdrawal of
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excessive amounts of groundwater, problems of increased
iron, fluoride and arsenic contamination have been reported
in different parts of India (Khan 1994, Bhattacharya &
Mukherjee 2002, Singh 2004). A recent study on cancer risks
from arsenic in drinking water indicatesthat it could cause
liver, lung, kidney and bladder cancers besides skin cancer
(Smithet a. 1992). Twelveout of 21 (i.e., 57%) groundwater
samplesin the study area were found to have arsenic con-
tamination and exceeded the maximum permissiblelimit of
10 ppb set by WHO.

CONCLUSION

The physico-chemical properties studied revealed that the
groundwater in Muzaffarpur town hasmarked electrical con-
ductivity valuesthat indicatesthe presence of highionic con-
centrationsin the groundwater during monsoon season. Be-
sides, some sampl es al so showed high content of TDSwhich
may have aesthetic problems or cause nuisance. Few sam-
ples showed high valuesof calcium aswell. However, other
physico-chemical parameterswere well within the respec-
tive maximum permissible limits. Asfar asheavy metalsare
concerned, iron was found much above the maximum per-
missible limit of WHO in almost all the samples. Surpris-
ingly, arsenic was found above the permissible limit of WHO
in57% of the sampleswhichisamatter of great concernand
isapotential health risk to the peopleliving in thisarea.

Thus, it callsfor an urgent need of an efficient planning
and implementation of programmes of water resources ap-
praisal, devel opment, management and remedi ation besides
frequent monitoring to check further increase in the concen-
tration of heavy metalsespecially arsenicinthe study area.
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