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ABSTRACT

Ground water is the only primary source of drinking water in the study area. So, a
comprehensive study has been carried out with respect to heavy metals like Arsenic, Cadmium,
Chromium, Copper, Iron, Mercury, Manganese, Molybdenum, Nickel, Lead, Selenium and Zinc in
ground water sources of Jammalamadugu (JMD) and Yerraguntla (YGL) areas of YSR Kadapa
district, Andhra Pradesh. Ten groundwater samples from each area were collected and analyzed for
trace metals by ICP-OES method. The results showed that the mean concentration level of various
heavy metals in the JMD area followed the sequence: Zn > Fe > Mn > Se > Cu > Cd>Mo~ Pb > Ni
> Cr > As~Hg where as in YGL area the mean concentration of heavy metals was in the order: Zn>
Fe> Se> Mn> Ni> Mo> Cd> Pb> Cr> As~ Hg ~Cu. The concentration of eleven heavy metals, except
cadmium, in both areas was detected within the permissible limits of WHO. The Concentration of
Cadmium in 40% of samples of JMD area and 30% samples of YGL area was detected above WHO
guidelines. Cadmium (Cd) is an extremely toxic industrial and environmental pollutant. Drinking
water with high Cadmium levels severely irritates the stomach, leading to vomiting, diarrhea, kidney
damage, osteoporosis and osteomalacia. Some of the groundwater sources are safe for drinking,
but proactive measures should take to check the levels of trace metals periodically.
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INTRODUCTION proper groundwater quality-monitoring network

and appropriate water resources management has

Groundwater has been used as a source  resulted in groundwater contamination in many

of drinking water for millions of rural and urban  parts of India. Heavy metals are naturally occurring
families in India. But unfortunately due to lack of ~ €lements that have a high atomic weight and a
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density at least 5 times greater than that of water.
Heavy metals in groundwater are toxic even at low
concentrations'3. Human activities like industry,
agriculture, and solid waste disposal increase the
contents of heavy metals in water, soil, air, fruits,
vegetables and fish*®. There are 35 metals that
concern us because of occupational or residential
exposure, of which 23 are heavy metals: antimony,
arsenic, bismuth, cadmium, cerium, chromium,
cobalt, copper, gallium, gold, iron, lead, manganese,
mercury, nickel, platinum, silver, tellurium, thallium,
tin, uranium, vanadium, and zinc’. Although small
amounts of these are common in our environment
and diet and some are necessary for good health,
large amounts of any of them may cause acute or
chronic toxicity.

Trace metals, among a wide range of
contaminants, are consistently of health concern due
to their toxicity potentials at very low concentrations
and tendency to bio accumulate in tissues of living
organisms over time®. They enter into human systems
via contaminated drinking water, food and air*''. Once
in the body, the bio available form of these metals
can compete with, and displace essential minerals
such as zinc, copper, magnesium and calcium; and
interfere with organ system function'2. Toxic metals
such as mercury (Hg), cadmium (Cd), arsenic(As),
chromium (Cr), thallium (TI) and lead (Pb) have no
beneficial effects in humans, as such long-term
exposure may cause more severe disruptions in
the normal functioning of the organ systems where
the metals are accumulated. Pb, for example, is
associated with a wide range of negative pregnancy
outcomes, including early membrane rupture and
spontaneous abortion, erectile dysfunction, and
contributes to cardio vascular diseases'®. Metals
such as As, Mn, Ti, Cd, Cr, V, Co, Cu, Fe, Pb, Ni,
Zn and their compounds have been shown to be
initiators or promoters of carcinogenic activity in
animals. Also, Be, Sb, Al, Hg, Ni, Cd and Co can
cause adverse reproductive/fertility problems™.
However, as micronutrients, some trace metals such
as zinc, copper, iron and manganese are required
by the body in small amounts for metabolic activities.
These same elements, at higher concentrations can
cause adverse health effects or iliness. Zinc toxicity
leads to diarrhea, manganese may hamper the
intellectual development of the child™ 6. Iron has
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been associated with genetic and metabolic diseases
and, repeated blood transfusions and copper toxicity
is related to several health concerns, including
stomach cramps, nausea, vomiting, diarrhea, cancer,
liver damage and kidney disease'”. So, quality of
drinking water should be tested periodically for the
presence of trace metals.

In all locations of the JMD & YGL areas,
the public use ground water for drinking and house
hold purpose. This area is highly mineralized and
contains dying industries. There might be chances
to get contamination of ground water with different
elements and ions. In the present study an attempt
has been made to evaluate the concentration levels
of heavy metals in ground water using Inductively
Coupled Plasma—Optical Emission Spectrometer
(ICP-OES) method'® '®

Study area

JMD (Fig-1b) is one of the municipal towns
of YSR Kadapa district in Andhra Pradesh(Fig-1a),
India, which lies between 14° 83' North and 78°
40’east with an elevation of 169 meters. The town
had a population of 46,069 with a density of 1900
per square kilometer.

YGL municipal town in YSR Kadapa
district (Figure-1(c)) is located in Andhra Pradesh
(Figure-1(a)). The area is located at 14.63N and
78.53E coordinates with an elevation of 152 meters.
This is dominantly an arenaceous consisting
of conglomerate quartzite, Quartzite with shale
formation of dolomitic lime stones.

Sample collection

Ten ground water Samples of each area
were collected from tube wells by random selection
in clean and sterile one liter polythene containers
which were thoroughly cleaned with 1:1 HNO,
rinsed several times with distilled water and dried in
electric oven by following standard sample collection
protocol and guidelines given in Indian Standards
methods IS: 3025 (Part-1) and American Public
Health Association (APHA) 22 edition. All probable
safety measures were taken at every stage, starting
from sample collection, storage, transportation and
final analysis of the samples to avoid or minimize
contamination.
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METHODOLOGY

A number of sophisticated instruments
like ICP-OES, ICP-MS, AAS, UV-VIS spectrometer,
Cyclic voltametry, etc. are using for the determination
of heavy metals in water. Inductively Coupled
Plasma — Optical Emission Spectrometer (ICP-OES)
is based on emission technique. ICP — OES has
additional advantages over the other techniques
in terms of detection limits as well as speed of
analysis' 20, By using ICP-OES technique we can
determine concentration of trace element up to 10
ppb levels?'. To generate plasma, first, argon gas is
supplied to torch coil, and high frequency electric
current is applied to the work coil at the tip of the
torch tube. Using the electromagnetic field created in
the torch tube by the high frequency current, argon
gas is ionized and plasma is generated. This plasma
has high electron density and temperature (10000K)
and this energy is used in the excitation-emission of
the sample. Solution samples are introduced into the
plasma in an atomized state through the narrow tube
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in the center of the torch tube. Twelve heavy metals
were analyzed by direct aspiration of groundwater
samples into ICP-OES multi analyzer system (Perkin
Elmer, 7300DV) using radio frequency (RF) power of
1400 watts, plasma flow of 15 L/min and Nebulizer
flow of 0.5 L/min and plasma view at axial mode. The
excited atoms emit energy at a given wavelength
as the electrons return to their ground state. A
given element emits energy at specific wavelengths
peculiar to its chemical character. The intensity of the
energy emitted at that wavelength is proportional
to the amount of element in the analyzed sample.
Linear curve was prepared using standard solutions.
The observed metal levels in the study area were
compared with drinking water quality standards given
by World Health Organization (WHO) 22.

RESULTS AND DISCUSSION

Ten ground water samples from various
parts of the JMD & YGL areas were collected
and analyzed by using ICP-OES multi analyzer.
The quantity of various metals and their statistical
analysis of the analyzed samples were listed in the
Tables (1-4).

Arsenic

The Arsenic concentration in the ground
water samples of both areas was found in below
detectable limit. The maximum acceptable limit
for arsenic as per World Health Organization is
0.01mg/L. The observed concentration levels of
Arsenic in the study area are within the WHO
permissible limits.

Cadmium
The Cadmium concentration in the ground
water samples of JMD & YGL areas was observed

Fig. 1(c): YGL area
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in the range of 0.003-0.004mg/L & 0.003-0.005mg/L
respectively. The average concentration of Cadmium
in the study area is more than the permissible limits
of WHO guidelines. Cadmium concentration in 40%
samples of JMD and 30% samples of YGL was
detected above permissible limits of WHO.

Chromium

The maximum and minimum concentrations
of Chromium in the study area are 0.002 mg/L and
0.001mg/L respectively. Chromium was detected
in 90% samples of both areas .The observed
concentration levels of Chromium in the study
area are within the permissible limits of WHO
guidelines.

Copper

The Copper concentration was found
below detectable limit in 80% samples of JMD area
and 100% samples of YGL area. The maximum
permissible limit for copper as per World Health
Organization is 2mg/L. The observed concentration
levels of copper in the study area are within the
permissible limits of WHO guidelines.

Iron

The iron concentration in the ground
water samples was found in the range of 0.003 to
0.463mg/L in JMD area and 0.001 to 0.1mg/L in
YGL area. Iron was reported in 90% samples of JMD
area and 100% samples of YGL area. The observed
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concentration of iron in the study area was within the
permissible limits.

Mercury

The Mercury concentration in the ground
water samples of both areas was found in below
detectable limit. The maximum permissible limit for
Mercury in drinking water as per WHO guidelines
is 0.006 mg/L. The observed concentration levels
of Mercury in the study area were found below
permissible limit specified by WHO.

Manganese

The Manganese concentration in the
ground water samples of both areas were found in the
range of 0.001 t0 0.174mg/L and 0.001 to 0.027mg/L
respectively. 100% samples of both areas contained
manganese. The concentration of manganese in all
samples of the study area was reported within the
permissible limits of WHO.

Molybdenum

The Molybdenum concentration in the
ground water samples of JMD and YGL areas was
found in the range of 0.001 to 0.011mg/L and 0.003
t0 0.004mg/L respectively. 70% samples of JMD area
and 20% samples of YGL area were found to contain
Molybdenum. The level of manganese in the study
area was detected within the permissible limits of
WHO.
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Fig. 2: Comparison of Metal concentration in the study area
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Nickel

All samples in JMD and YGL areas reported
nickel in the range of 0.001 to 0.005mg/L and 0.002
t0 0.039mg/L respectively. The maximum Permissible
limit for Nickel as per World Health Organization is
0.07 mg/L. The observed concentration levels of
Nickel in the study area are within the permissible
limits of WHO guidelines.

Lead

90% samples of JMD area and 80%
samples of YGL area were reported lead in the
concentration range of 0.001 to 0.006mg/L and 0.001
to 0.005mg/L respectively. guidelines.

The maximum permissible limit for Lead
as per World Health Organization is 0.01mg/L. The
observed concentration levels of Lead in the study
area are reported within the permissible limits of
WHO.

Selenium

100% samples of the study area reported
selenium in the range of 0.012 to 0.063 mg/L and
0.013 to 0.037 mg/L respectively. The maximum
permissible limit for Selenium as per World
Health Organization is 0.04 mg/L. The observed
concentration levels of Selenium in the study area
are reported within the permissible limits of WHO
guidelines.

Zinc

All samples in the study area were found
to contain Zinc in the range from 0.002mg/L to
2.176mg/L in JMD area and 0.004 to 0.384mg/L in
YGL area. The observed concentration levels of Zinc
in the study area are reported within the permissible
limits.

Results showed that ten and nine heavy
metals were detected in one or more samples of
JMD and YGL areas respectively (Figure-2). The
mean concentration level of various heavy metals in
the JMD area followed the sequence: Zn > Fe > Mn
> Se > Cu > Cd>Mo~ Pb > Ni > Cr > As~Hg where
as in YGL area the mean concentration of heavy
metals was in the order: Zn> Fe> Se> Mn> Ni> Mo>
Cd> Pb> Cr> As~ Hg ~Cu. The toxic metals, Arsenic
and mercury, were found below detectable limit in
all samples of the study area. Another toxic metal,
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lead was detected in 90% samples of JMD area and
80% samples of YGL area and its concentration was
reported below WHO guidelines. Four heavy metals
like Mn, Ni, Se, and Zn were detected in 100% of
samples of JMD area and five heavy metals like
Fe, Mn, Ni, Se, and Zn were reported in 100%
samples of YGL area. Except Cd, all other heavy
metal concentration in the study area was detected
within the permissible limits of WHO guidelines. The
concentration of Cadmium was detected above the
permissible limits of WHO in 40% of samples of JMD
area and 30% samples of YGL area. The average
concentration of cadmium (0.0034mg/L) in both
areas was reported above permissible limits of WHO
(0.003 mg/L)

CONCLUSION

In the present study ten ground water
samples from each area were collected and analyzed
for the determination of twelve heavy metals Results
showed that eleven heavy metals, except cadmium,
were detected within the permissible limits of WHO
guidelines.

In 40% samples of JMD area and 30%
samples of YGL area, Cadmium concentration
was reported above permissible limits of WHO.
The Cadmium is an extremely toxic industrial and
environmental pollutant classified as a human
carcinogen [Groupi-accordingto International
Agency for Research on Cancer; Group 2a-
according to Environmental Protection Agency
(EPA); and 1B carcinogen classified by European
Chemical Agency]. Cadmium is frequently used
in various industrial activities. The major industrial
applications of cadmium include the production of
alloys, pigments, and batteries. Cadmium exists
as hydrated ions or as ionic complexes with other
inorganic substances. Soluble forms migrate in
water where as insoluble forms are immobile and
will deposit and absorb to sediments. Drinking
water with high cadmium levels severely irritates
the stomach, leading to vomiting and diarrhea, and
sometimes death. It will damage kidneys, cause
bones to become fragile and break easily.

It is therefore suggested that the concern
contaminated sources be subjected to further
treatments that will reduce the concentration of this
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identified trace metal which is capable of posing
adverse threat to health. Proactive measures
should take to check the levels of trace metals
periodically.
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