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Introduction

Water is basic to life and health; over 1 billion people

worldwide have no access to safe drinking water (Peeler et al.,

2006). Groundwater forms a major source of drinking water. In the

last few decades, there has been a tremendous increase in the

demand for fresh water due to rapid growth of population and the

accelerated pace of industrialization. Human health is threatened

by most of the agricultural development activities particularly in relation

to excessive application of fertilizers and unsanitary conditions.
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Abstract

Reconnaissance hydrochemical survey was conducted in some villages of Adilabad district, Andhra

Pradesh to assess the quality of groundwater, which is mainly used for drinking purpose. The study consists

of the determination of physico-chemical properties, trace metals, heavy metals and rare earth elements in

water samples. The data showed the variation of the investigated parameters in samples as follows: pH 6.92

to 8.32, EC 192 to 2706 µS cm-1, TDS 129.18 to 1813.02 ppm. The pH of the waters was within the

permissible limits whereas EC and TDS were above the permissible limits of World Health Organization

(WHO). Total 27 elements (Li, Be, B, Na, Mg, Al, Si, K, Ca, V, Cr, Mn, Fe, Ni, Co, Cu, Zn, As, Se,  Rb,

Sr, Mo, Ag, Cd, Sb, Ba and Pb) were analyzed using Inductively Coupled Plasma-Mass Spectrometer

(ICP-MS). The concentration of elements in water samples ranged between 0.063 to 0.611 mg l-1 for B,

11.273 to 392 mg l-1 for  Na,  5.871 to 77.475 mg l-1 for Mg, 0.035 to 1.905 mg l-1 for  Al, 0.752 to 227.893 mg

l-1 for  K, 11.556 to 121.655 mg l-1 for Ca and 0.076 to 0.669 mg l-1 for Fe respectively. The concentrations of

Na, Mg, Al, K, Ca, and Fe exceeded the permissible limits of  WHO and BIS guidelines for drinking water

quality. In the present study, Bhimavaram, Kazipalli, Kannepalli and Chennur areas of the Adilabad are

especially prone to geogenic contamination. Overall water quality was found unsatisfactory for drinking

purposes.

Key words

Trace metals, Heavy metals, Rare earth elements, ICPMS, Water quality.

Publication Data

Paper received:

28  August 2010

Revised received:

19  July 2011

Accepted:

06 August 2011

Evaluation of potable groundwater quality in some villages of Adilabad

in  Andhra Pradesh, India

Author Details

M.A. Rasheed Microbiology Laboratory,  National Geophysical Research Institute, Hyderabad-500007, India

(Corresponding Author) e-mail: rasheedmicro@rediffmail.com

B. Anu Radha Microbiology Laboratory, National Geophysical Research Institute, Hyderabad - 500 606,India

P. L. Srinivasa Rao Microbiology Laboratory, National Geophysical Research Institute, Hyderabad - 500 606,India

M. Lakshmi Microbiology Laboratory, National Geophysical Research Institute, Hyderabad - 500 606,India

J. Bala Chennaiah Microbiology Laboratory, National Geophysical Research Institute, Hyderabad - 500 606,India

A.M.Dayal Microbiology Laboratory, National Geophysical Research Institute, Hyderabad - 500 606,India

Rapid urbanization, especially in developing countries like India,

has affected the availability and quality of groundwater due to its

overexploitation and improper waste disposal, especially in urban

areas (Ramakrishnaiah et al., 2009). According to WHO (2004)

about 80% of all the diseases in human beings are caused by

water. As the water is the most important component of eco-system,

any imbalance created either in term of amount, which is presence

of impurities added to it can harm the whole eco-system (Ranjana,

2009). In recent times, interest in studies pertaining to heavy metal

contamination in aquatic environment has increased in view of their
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harmful effects on human health (Jarup, 2003).  Heavy metals

have also gained much attention, since they are non-degradable,

persist in nature for a long period, toxic to living organisms at fairly

low concentrations and tend to either biologically magnify or

accumulate in plants or animal systems (Adelekan and Abegunde,

2011). A number of metallic ions cause metabolic disturbances in

man by upsetting the production and function of certain enzymes, or

to cause a variety of other toxic effects (Momodu and Anyakora,

2010).

Antimony (Sb),  Arsenic (As), Barium (Ba), Beryllium (Be),

Boron (B), Cadmium (Cd), Cobalt (Co), Lead (Pb), Mercury (Hg),

Molybdenum (Mo), Selenium (Se),  Uranium (U) and Vanadium

(V) are all implicated although the acceptable intakes and

physiological effects are known for all of these elements (Jarup,

2003). Both surface and groundwater are used by humans as

water supply. Groundwater flows slowly through geologic formations

and remains in contact with minerals often isolated from the

atmosphere (Jordana and Batista, 2004). Groundwaters in most

hard-rock aquifers are also known to be vulnerable to quality

problems that may have serious impact on human health (Smedley

et al., 1995). These rocks are often carbonate-deficient and give

rise to poorly buffered groundwaters (acidic groundwaters) that

encourage dissolution of elements such as Al, Mn, Be and Fe from

most minerals if they are present in the rock matrix into that

groundwater and make the groundwater unsafe for drinking

(Kortatski, 2003).

Consuming waters with Pb and Cd can cause serious health

hazards (MPCA, 1999). Elements such as Pb and Cd in

groundwater have recently received special attention as indicators

of pollution as well as from the medical point of view (MPCA, 1999).

Once the groundwater is contaminated, its quality cannot be restored

by stopping the pollutants from the source (Ramakrishnaiah et al.,

2009). It,  therefore, becomes imperative to regularly monitor the

quality of groundwater and to device ways and means to protect it.

A study was conducted in some villages of Adilabad district of Andhra

Pradesh, India to evaluate the quality of ground water which is

mainly used for drinking purpose. The study consists of the

determination of physico-chemical properties, trace metals, heavy

metals, rare earth elements to evaluate the drinking water quality.

Materials and Methods

Total 26 water samples were collected from bore wells in

poly propylene bottles (make: Tarsons) using standard procedures

(APHA, 1985) from Manchiryal, Bhimavaram, Kazipalli, Kannepalli,

Fig.1: Location map of Adilabad district of Andhra Pradesh, India showing the areas for collection of samples.
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Audum, Nennele, Rebbena, Nagaram and Chennur areas of the

Adilabad district, Andhra Pradesh.  The location map of the study

area is shown in Fig.1.

Physico-chemical parameters: The physico-chemical properties

such as hydrogen ion concentration (pH), electrical conductivity

(EC) and total dissolved solids (TDS) in water samples were

analyzed on pH/EC meter (Thermo Electron Corp. Orion 5 star),

using standard procedures (APHA, 1985).

Analysis of trace, heavy metals and rare earth elements:The

concentration of elements in the water samples was carried out. In

the study total 27 elements (Li, Be, B, Na, Mg, Al, Si, K, Ca, V, Cr,

Mn, Fe, Ni, Co, Cu, Zn, As, Se,  Rb, Sr, Mo, Ag, Cd, Sb, Ba, Pb)

were determined individually in each water samples using ICP-MS

(Perkin-Elmer Sciex Elan DRC II). About 100 ml of the each water

sample was filtered using Whatman filter paper no.1. The filtrate was

collected in sample bottle and 3% nitric acid (HNO
3
) was added to

it.  ICP–MS is based on coupling together with inductively coupled

plasma as a method of producing ions (ionizations) with a mass

spectrometer as a method of separating and detecting ions. ICP–

MS is highly sensitive and capable of determination of a range of

metals and several non-metals at concentrations below one part

per trillion.

Results and Discussion

Physico-chemical properties : The pH of water samples ranged

from 6.92 to 8.32 with a mean of 7.53. According to WHO (2004),

the permissible limit for drinking water quality of pH is 6.5 to 8.0. The

EC of water samples ranged from 192.80 to 2706 µS cm-1 with a

mean of 917.74 µS cm-1 and the TDS were found to be between

129.18 to 1813.02 ppm with a mean of 614.88 ppm. The pH of the

waters was within the permissible limits whereas EC and TDS were

above the permissible limits of WHO (2004). The statistical analysis

of physico-chemical properties in ground water samples of the study

area along with permissible limits are given in Table 1.

Table 1 : The arithmetic mean, minimum and maximum values of  hydrogen

ion concentration (pH), electrical conductivity (EC) and total dissolved

solids (TDS) in ground water samples of Adilabad, Andhra Pradesh, India

pH EC(µS cm-1) TDS(ppm)

Minimum 6.92 192.80 129.18

Maximum 8.32 2706 1813.02

Arithmetic mean 7.53 917.74 614.88

WHO* permissible 6.5 to 8 1500 < 600

limits

*WHO (2004)

Table-2: The concentration of trace, rare earth elements and heavy metals (mg l-1) in drinking water samples of the study area

Elements Minimum Maximum Arithmetic mean Standard deviation WHO (2004)   BIS (1993)

Li 0.005 0.082 0.021 0.018 N.A N.A

Be 0.000 0.000 0.000 0.000 N.A N.A

B 0.063 0.611 0.202 0.110 0.3 (7.6) 1

Na 11.273 392.788 110.105 100.077 < 20 (88.4) N.A

Mg 5.871 77.475 29.782 18.924 30 (19.23) 30 (19.23)

Al 0.035 1.905 0.292 0.428 0.2 (30.76) 0.03 (30.76)

Si 0.074 0.383 0.198 0.084 N.A N.A

K 0.752 227.893 19.497 44.054 10 (7.61) 10 (7.61)

Ca 11.556 121.655 58.667 30.923 75 (19.23) 75 (19.23)

V 0.001 0.021 0.006 0.006 N.A 0.2

Cr 0.005 0.016 0.008 0.003 0.05  0.05

Mn 0.009 0.356 0.052 0.069 0.5 0.1 (9.6)

Fe 0.076 0.669 0.282 0.141 0.3(23.07) 0.3(23.07)

Ni 0.002 0.013 0.007 0.003 0.02 3

Co 0.000 0.004 0.001 0.001 N.A N.A

Cu 0.002 0.032 0.009 0.006 2 0.05

Zn 0.024 2.470 0.316 0.478 3 5

As 0.000 0.003 0.001 0.001 0.01 0.05

Se 0.000 0.010 0.004 0.003 0.01 0.01

Rb 0.001 0.035 0.006 0.006 N.A N.A

Sr 0.093 3.637 0.891 0.758 N.A. N.A

Mo 0.001 0.026 0.004 0.005 0.07 N.A

Ag 0.001 0.006 0.003 0.001 N.A N.A

Cd 0.000 0.000 0.000 0.000 0.003 0.01

Sb 0.000 0.003 0.000 0.001 0.005 N.A

Ba 0.010 0.241 0.064 0.052 0.7 N.A

Pb 0.000 0.005 0.002 0.001 0.01 0.1

N.A: Not available, values in parentheses indicates percentage of samples exceed respective prescribed limits.
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Trace, heavy and rare earth elements: The concentrations of

Lithium (Li), Beryllium (Be), Boron (B), Sodium (Na), Magnesium

(Mg), Aluminium (Al), Silicon (Si), Potassium (K), Calcium (Ca),

Vanadium (V), Chromium (Cr), Manganese (Mn), Iron (Fe), Nickel

(Ni), Cobalt (Co), Copper (Cu), Zinc (Zn), Arsenic (As), Selenium

(Se),  Rubidium (Rb), Strontium (Sr), Molybdenum (Mo), Silver

(Ag), Cadmium (Cd), Antimony (Sb), Barium (Ba) and  Lead (Pb)

in the drinking water samples along with the permissible limits are

presented in Table 2.

The concentration of B in the drinking water samples ranged

from 0.063 to 0.611 mg l-1 with the mean of 0.202 mg l-1,  the permissible

limit of B is specified as 1 mg l-1  by BIS (1993) and 0.3 is specified by

WHO (2004) for drinking water. All the samples were  within the

permissible limits of BIS (1993) and only 7.6 % of the samples

exceed the permissible limit of WHO (2004). Naturally occurring B

is present in groundwater primarily as a result of leaching from

rocks and soils containing borates and borosilicates (WHO, 1998).

Toxicity in adults is manifested by generalized or alternating focal

seizure disorders, irritability, and gastrointestinal disturbances,

although infants appear to be more sensitive than adults to boron

compounds. The most frequently occurring symptoms are vomiting,

abdominal pain, diarrhoea, and nausea, other symptoms (primarily

CNS and cutaneous) occurred in fewer cases: lethargy, rash,

headache, light-headedness, fever, irritability, and muscle cramps

(WHO, 1998). Boron can infect the stomach, liver, kidneys and

brains and can eventually lead to death. When exposed to small

amounts of B irritation of the nose, throat or eyes may occur. The

concentration of Fe in water samples ranged from 0.076 to 0.669

mg l-1 with the mean of 0.282 mg l-1. The permissible limit of Fe

concentration is 0.3 mg l-1 (BIS, 1993). About 23.07 % of the samples

exceed the permissible limits of WHO and BIS. High Fe  concentration

was observed in the Kazipalli, Bhimavaram and in the western

parts of the study area. The  ingestion of Fe in large quantities

results in a condition known as heamochromatosis (normal regulatory

mechanism do not operate effectively), where in tissue damage

results from Fe accumulation (WHO, 1984). General symptoms

include abdominal pain, fatigue, bronzing of skin color, joint pains,

loss of body hair, weight loss and lack of energy (Bacon, 2007). Al

concentration in water samples ranged from 0.035 to 1.905 mg l-1

with the mean of 0.292 mg l-1. The desirable limit of Al in drinking

water is 0.03 mg l-1 (BIS, 1993).  High Al concentration was observed

in the Bhimavaram, Kazipalli and Kannepalli areas of the Adilabad

district. It has been considered to be causative agent for various

neurological disorders including Alzheimer’s disease (Gardner and

Gunn, 1995). It seems that a prolonged exposure to high AL  intake

leads to the development of Alzheimer’s disease (Jordana and

Batista, 2004). The greater bioavailability of AL renders it more

harmful in drinking water than in food (Edmunds and Smedley,

1996). 30.76 % of the samples exceeded the permissible limits of

WHO and BIS.  Sodium ion is ubiquitous in water, owing to the high

solubility of its salts and the abundance of Na-containing mineral

deposits (USEPA, 2003). Water softeners increase the Na content

of drinking water. Na concentration in the water samples ranged

from 11.273 to 392.788 mg l-1 with the mean of 110.105 mg l-1 and the

desirable limit of < 20 mg l-1 (WHO, 2004). 88.46 % of the samples

exceed the permissible limits of WHO. Na is involved in transmission

of nerve impulses and maintenance of water, acid-base balance.

Excessive intake or very high doses of  Na may cause acute effects

such as nausea, vomiting, inflammatory reaction in the gastrointestinal

tract, thirst, muscular twitching, convulsions, and possibly death.

For long-term lower level exposures, the health effect of primary

concern is hypertension. Central nervous  system disturbances

such as convulsions, confusion and pulmonary edema are possible

(USEPA, 2003). High Na concentration was observed in the

Bhimavaram, Kazipalli and Kannepalli areas of the Adilabad district.

The concentration of Mg varied from 5.871 to 77.475

mg l-1 with the mean of 29.782 mg l-1, the permissible limit of BIS for
Mg is 30 mg l-1, and about 19.23% of the samples exceeded  the

permissible limits of WHO and BIS.  High Mg concentration was

observed in the Audum, Nennele and Kannepalli areas of the

Adilabad district. It is a cofactor for some 350 cellular enzymes,
many of which are involved in energy metabolism. The major cause

of hypermagnesemia is renal insufficiency associated with a

significantly decreased ability to excrete magnesium. Increased

intake of Mg salts may cause a change in bowel habits (diarrhoea),

but seldom causes hypermagnesemia in persons with normal kidney

function (WHO, 2009). Excess Mg concentration may lead to

changes in mental status, nausea, diarrhoea, loss of appetite, muscle

weakness, difficulty  in breathing, extremely low blood pressure

and irregular heartbeat (Jaing et al., 2002; Whang, 1997; Ho et al.,

1995; Nordt et al; 1996).

The concentration of Cr in the drinking water was found to

be 0.005 to 0.016 mg l-1, within the mean of 0.008 mg l-1. Cr

concentration was within the permissible limit of 0.05 mgl-1 for drinking

water (BIS, 1993). Cr is not acutely toxic to humans. However, Cr

(+6) is more toxic than Cr (+3) because of its high rate of absorption

through intestinal tracts.  In the natural environment, Cr (+6) is likely

to be reduced to Cr (+3), thereby reducing the toxic impact of

chromium discharges.

K concentration varied from 0.752 to 227.893 mg l-1 with

the mean of 19.497 mg l-1, which is found to be very high than the

permissible limit for K is 10 mg l-1. About 7.6 % of the samples

exceed the permissible limits of WHO and BIS.  High K concentration

was observed in the Chennur area of Adilabad district. Increased

exposure to potassium could result in significant health effects in

people with kidney disease or other conditions, such as heart

disease, coronary artery disease, hypertension, diabetes, adrenal

insufficiency and pre-existing hyperkalemia. Symptoms of

hyperkalemia include weak pulse rate, irregular heartbeat and

nausea (Seifter, 2007). Infants also have a limited renal reserve

and immature kidney function and may therefore be more vulnerable

(WHO, 2009a). The concentration of Ca in the water samples was

observed to be from 11.556 to 121.655 mg l-1 with the mean of

58.667 mg l-1, the desirable limit of Ca is specified as 75 mg l-1 for

drinking water and 19.23% of the samples exceed the permissible
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limits of WHO and BIS. High calcium concentration was observed in

the Chennur and western parts of the study area. Concern for

excess calcium intake is directed primarily to those who are prone

to milk alkali syndrome (the simultaneous presence of hypercalcemia,

metabolic alkalosis and renal insufficiency) and hypercalcemia.

Although calcium can interact with iron, zinc, magnesium and

phosphorus within the intestine, thereby reducing the absorption of

these minerals, available data do not suggest that these minerals

are depleted when humans consume diets containing calcium above

the recommended levels (WHO, 2009b). Water hardness has been

related with cardio-vascular diseases, though it is not clear whether

it is due to calcium and/or magnesium or because metals are more

soluble in hard waters (Edmunds and Smedley, 1996).

The concentration of Mn in the water samples was observed

to be from to 0.009 to 0.356 mg l-1 with the mean of 0.052 mg l-1, the

desirable limit of Mn is specified as 0.1 mg l-1 for drinking water (BIS,

1993) and only 9.67 % of the samples exceeded the permissible

limits of BIS. High manganese concentration was observed in the

Chennur area. Mn is a vital micronutrient and contributes to the

normal development of connective tissues, besides being necessary

for respiratory enzymes. It is present in high concentrations in

mitochondrial fraction of human kidney, liver, and pancreas and in

very large doses Mn can cause some diseases and liver damages

(Rasheed et al., 2011). The increased concentrations of the elements

pose potential sensory problem for the use of the groundwater for

domestic purposes. The concentrations of Na, Mg, Al, K, Ca, and

Fe exceeded the permissible limits of World Health Organization

(WHO) and Bureau of Indian Standards (BIS) guidelines for drinking

water quality. In the present study, Bhimavaram, Kazipalli, Kannepalli

and Chennur areas of the Adilabad are especially prone to geogenic

contamination. Overall water quality was found unsatisfactory for

drinking purposes.
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