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Abstract 

Water is a natural resource of fundamental importance which sustains a healthy biosphere and is indispensable 

for the existence and survival of life on earth. Water is essentially required in almost every sphere of human activity. 

Groundwater pollution is one of the greatest environmental problems in urban areas. The paper presents urban 

groundwater quality assessment of Greater Visakhapatnam Municipal Corporation (GVMC), Andhra Pradesh, India 

and analyzed for their physicochemical characteristics. The results of this analysis were compared with the water 

quality standards of WHO, BIS and CPHEEO. The water samples have been collected from the bore wells in 

residential areas in Visakhapatnam city. In this analysis the various physicochemical parameters such as pH, EC, 

Total Dissolved Solids, Total Hardness, Calcium (Ca), Magnesium (Mg), Sodium (Na), Potassium (K), Chloride (Cl), 

and chromium (Cr) were determined using standard procedures.  
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Introduction 

Water is a natural resource of fundamental 

importance which sustains a healthy biosphere. The 

2/3rd of the earth's surface is covered by water while 

human body consists of about 70%. Thus, it is clearly 

evident that water is one of the prime elements 

responsible for life on earth. Ground water commonly 

understands as the water occupying all the voids with 

a geologic stratum. Water contained in saturated 

zones is important for water supply development. 

Ground water plays an important role in overall 

balance of the water table. The rapid growth of 

population, urbanization, industrialization and 

increasing use of chemicals have resulted in water 

pollution which led to reduction of available water 

for consumption. This problem is increasing day by 

day in spite of several measures taken in this 

direction. This is emerging as major problem in rural 

and urban areas of developed and developing 

countries. 

The present study is an attempt to analyses the 

urban groundwater quality assessment of Greater 

Visakhapatnam Municipal Corporation Area 

(GVMC). India is the largest user of groundwater in 

the world. In India, more than 60% of the irrigation 

requirements and 85 percent of drinking water 

supplies are dependent on groundwater (Harender Raj 

Gautam, 2010). In most of the part of India, ground 
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water is a major source of drinking water, 

Groundwater in several parts of India is affected by 

arsenic and fluoride pollution due to the geo-genic 

contamination and anthropogenic pollutions (CGWB, 

2010). The rapid growth of urban areas has further 

affected the groundwater quality due to over 

exploitation of resources and improper waste disposal 

practices (Raja and Venkatesan, 2010). The 

groundwater in rural areas can be polluted as a result 

of farming activities and an important source of 

pollution of the groundwater with nitrate is the 

excessive use of nitrate fertilizers (Cornelia Muntean 

et al., 2006). Groundwater quality in Jada has been 

evaluated for their chemical composition and 

suitability for human consumption and agricultural 

uses (Ishaku et al., 2011). 

Distribution of Water on Earth 

Sources of ground water pollution 

Ground water pollution may be defined as the 

artificially induced degradation of natural ground 

water quality. 

Municipal sources and causes 

Sewer leakage 

Sanitary sewers are intended to be water tight, 

however in reality leakage of sewage into ground 

water is a common occurrence.  

 

Liquid wastes 

It may be a domestic sewage or storm runoff. 

There is an increasing trend for treatment of waste 

water and subsequently becomes available for reuse. 

Municipal waste water can introduce viruses, 

bacterial and inorganic and organic chemicals into 

ground water. 

Solid waste description 

The land disposal of solid waste creates on 

important source of ground water pollution. Leachate 

from a landfill can pollute ground water if water 

moves through the fill. Leachate pollutes 

groundwater table if necessary measures are not 

taken while construction of landfill. 

Industrial sources and causes 

Liquid wastes, tank and pipeline leakages, 

mining activities and oil field brains. 

Agricultural sources and causes 

Irrigation return flow, animal wastes, fertilizers 

and water amendments and pesticides 

Other miscellaneous sources 

Spills, stock piles, septic tanks and saline water 

intrusion 

Topography of the study area 

        Visakhapatnam is located on the east coast of 

India, at 17o42' North and 82o 02' East and spreads 

over in more than 600 km2.It is the second largest 

city of Andhra Pradesh and listed as one of the 100 

Fastest Growing Cities of the World. It was ranked as 

the fifth cleanest city in India according to the 

government's Swachhta Sarvekshan rankings. It has a 

strong industrial base on the south of the city, with 

further  projected  growth  around Gajuwaka and  the  



Sarveswar et al., 2018 

www.currentsciencejournal.info 

planning of the new industrial region along the 

southern coastal belt.The City has been selected as 

one of the hundred Indian cities to be developed as a 

smart city under PM Narendra Modi's flagship Smart 

Cities Mission. It is a major Industrial and fastest 

growing city of Andhra Pradesh after bifurcation of 

united Andhra Pradesh, thus contributing to the local 

economy. The natural port, major, medium and small 

scale industries and ancillary commercial activity, 

availability of natural resources of petroleum, iron 

ore, lime etc. has attracted people and economy from 

all over India making it truly a cosmopolitan city.The 

flourishing ports both Visakhapatnam Port Trust 

(VPT) and Gangavaram Port together with extensive 

rail connections support this industrial growth. 

Visakhapatnam city has characterized by three rivers 

(Thadava, Varaha and Sarada) and three rivulets 

(Megadrigadda, Madhurawada drainage basin and 

Anakapalli drainage basin). The natural drainage of 

the city is towards east direction.Environmental 

pollution and management, particularly from the 

industrial belt needs significant improvement, 

especially if the city is to promote itself as a place to 

live, work and visit.  

         As per census 2011, the population of the city 

was recorded as 2,035,922 making it the 14th largest 

city in the country. The population growth rate in the 

city is inflated due to the high immigration, owing to 

the multitude of economic opportunities that it offers. 

With more than a third of its citizens in slums and 

high in migration adds to the challenges. The 

population of Vizag urban agglomeration increased 

from 1.05 million in 1991 to 1.32 million in 2001. 

The growth of population was more than 80% during 

1971-81 and 37.11% during 1991-2001. The city has 

an average literacy rate of 82.6%, higher than the 

national average of 59.5%. Male literacy is 88% and 

female literacy is 77.1%. Water is said to be polluted 

when it is unfit for its intended use. The quality of 

ground water is an important as its quantity. A 

potable water supply, which is needed for the 

existence of a population, has to be in the right 

quantity and of right quality. In the present study, the 

ground water quality had beenanalyzedin the 

following areasfrom east to west of Visakhapatnam 

city viz., Madhurawada, Yendada, Hanumantawaka 

Junction, Maddilapalem, Akkayapalem, Marripalem, 

NAD kotha road, BHPV, Gajuwaka, 

Kurmannapalem, Aganampudi and Lankelapalem. 

The samples have been collected from the bore wells 

and hand pumps for physico-chemical analysis. The 

objective of the present study is to access the ground 

water quality status in the study area and its 

portability. 
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The water samples have been collected from 

12 Bore Wells in Greater Visakhapatnam Municipal 

Corporation area in 2017. The total water sample 

locations covered by Industrial and Urban areas. In 

this present study, various physical and chemical 

parameters of water samples were determined and the 

results were compared with the values of various 

water quality standards such as World Health 

Organization (WHO), Bureau of Indian Standards 

(BIS) and Central Public Health and Environmental 

Engineering Organization (CPHEEO). The samples 

collected were analyzed for important physical and 

chemical parameters such as pH, EC, Total Dissolved 

Solids, Total Hardness, Ca, Mg, Na, K, Cl, and Cr 

were determined using standard procedures. All the 

chemical constituents are expressed in mg/L 

(milligrams/liter) except pH and EC. 

Results and Discussion  

The results of the present study are shown in 

table 1, which provides a comprehensive picture of 

the physico-chemical characteristics of the analysed 

water samples.The pH values of groundwater ranged 

from 6.8 to 8.2 (Fig. 2) with an average value 7.6 and 

Standard deviation value 0.44.This shows that the 

groundwater of the study area is mainly alkaline in 

Nature. The value of EC varied from 480 μmhos/cm 

to 1245 μmhos/cm (Fig. 3) with an average value of 

947.5 μmhos/cm and Standard Deviation value is 

326. The maximum limit of EC in drinking water is 

prescribed as 1500 μmhos/cm as per WHO (1993) 

standards.The analysis shows that the EC value of the 

drinking water samples are in permissible limits. 

Fig. 2.  The pH and Cr values of GVMC urban area 

water samples 

 

The TDS value ranged from 543.5 to 1325 

mg/l (Fig. 3) with a mean of 937 mg/l and standard 

deviation of 263.25. The BIS specifies a desirable 

total dissolved solids limit of 500 mg/l and study area 

shows all samples were exceeding permissible limit 

as prescribed by BIS (1991). Calcium (Ca) values 

ranged from 124 to 187 mg/l (Fig. 4) with an average 
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value of 154 mg/l and S.D of 22.8. The desirable 

limit of Calcium (Ca) for drinking water is specified 

by BIS (1991) as 75 mg/l and a maximum 

permissible limit of 200 mg/l. It is observed that all 

samples were within the maximum permissible limit. 

Magnesium (Mg) concentration varies from 39 to 94 

mg/l (Fig. 4) with mean values of 54 mg/l and S.D of 

15. According to BIS (1991) the desirable values of 

Mg is 30 mg/l and a maximum permissible limit of 

100 mg/l. All samples were exceeding maximum 

desirable limit. 

Fig. 3. EC values, TDS and Cl values of GVMC 

urban area water samples 

 

A total hardness value varies from 160 to 286 

mg/l (Fig. 4) with a mean values 217 mg/l and S.D of 

172.7. The desirable limit of total hardness (TH) for 

drinking water is specified by BIS (1991) as 300 

mg/land a maximum permissible limit of 600 mg/l. 

Sodium and Potassium are present in a number of 

minerals. The increasing pollution of groundwater 

has resulted in a substantial increase in the sodium 

content of drinking water. Sodium (Na) and 

Potassium (K) values ranged from 37 to 83 mg/l (Fig. 

5) and 12 to 75 mg/l (Fig. 5) with an average value of 

61 mg/l and 35 mg/l, S.D values  with 15 and 20 

respectively (Tables 1 & 2). The Chloride (Cl) ion 

concentration varied between 134 to 273 mg/l (Fig. 

3) with a mean values 213 mg/l and S.D of 43. WS3, 

WS9, WS12 sampling stations were exceeding 

desirable permissible limit prescribed by BIS (1991). 

Fig. 4. TH, Ca, Mg values of GVMC urban area 

water samples 

 

Fig. 5. Na and K values of GVMC urban area water 

samples 
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Table 1. Physicochemical characteristics of water samples analysed in GVMC urban area 

S. 

No.  

Sample 

code 

Sampling 

points/stations 

Parameters 

pH EC  TDS TH Ca Mg Na K Cl Cr 

1 WS1 Madhurawada 7.9 480 790.6 250 146 67 83 34 220 0.02 

2 WS2 Yendada 7.42 677 830.1 195 158 47 67 23 226 0.02 

3 WS3 Hanumanthawaka 7.89 568 1325 237 187 49 79 18 246 0.03 

4 WS4 Maddilapalem 7.3 1245 850.3 286 175 41 58 25 230 0.16 

5 WS5 Akkayyapalem 7.62 1035 1084 174 124 55 52 33 140 0.02 

6 WS6 Marripalem 8.2 970 746 210 167 43 43 24 134 0.08 

7 WS7 NAD Kotha Road 7.65 490 978.4 240 138 63 37 12 167 0.12 

8 WS8 BHPV 8.1 1145 1320 145 179 45 47 26 235 0.03 

9 WS9 Gajuwaka 8.22 1330 1248 280 181 59 61 32 273 0.025 

10 WS10 Kurmannapalem 7.45 1375 928.7 247 130 94 56 59 203 0.04 

11 WS11 Aganampudi 6.82 875 543.5 160 125 39 75 67 235 0.02 

12 WS12 Lankelapalem 7.12 1180 600.3 186 147 53 79 75 248 0.13 

                          

AVG 7.641 948 937.1 217.5 155 54.58 61.4 36 213 0.058 

Standard Deviation  

0.441 326 263.3 46.14 22.9 15.2 15.3 20 43.9 0.051 

Table 2. Comparing physicochemical characteristics of analysed water samples with WHO, BIS, and CPHEEO water 

standards  

Chemical 

Parameters 

Observed Concentration Water Quality Standard   

Min. Max. Mean Stn.Dev WHO BIS CPHEEO 

pH 6.82 8.2 7.6 0.44 6.5-8.5 6.5-8.5 6.5-9.2 

EC  480 1375 947.5 326 ….. ….. …. 

TDS 543.5 1325 937 263.2 500 500 500 

TH 145 286 217 172 300 300 300 

Calcium  124 187 154 22.8 75 75 200 

Magnesium 39 94 54 15.2 50 30 150 

Sodium 37 83 61.4 15.2 100 100 100 

Potassium 12 75 35 20.1 10 10 10 

Chlorine 134 273 213 43.8 250 250 1000 

Chromium 0.02 0.1 0.05 0.05 0.05 0.05 0.05 

People can be exposed to chromium through 

breathing, eating or drinking and through skin contact 

with chromium or chromium compounds. The level 

of chromium in air and water is generally low. In 

drinking water the level of chromium is usually low 

as well, but contaminated well water may contain the 

dangerous chromium (IV) and hexavalent chromium 

(VI). For most people consuming vegetables, fruits, 

meat and grains that contains chromium (III) was the 

main route of chromium uptake. Chromium (VI) is a 

danger to human health, mainly for people who work 

in the steel and textile industry. People who smoke 

tobacco also have a higher chance of exposure to 

chromium. The main human activities that increase 

the concentrations of chromium (III) are steel, leather 

and textile manufacturing. The maximum 
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concentration of Cr (VI) permitted in domestic water 

supplies is 0.05 mg/l. The Chromium (Cr) content of 

the samples water ranged from 0.02 to 0.16 mg/l 

(Fig.2) with an average value 0.05 mg/l and S.D of 

0.051.WS4, WS6, WS7 and WS12 sampling station 

values are exceeding the desirable limit (Tables 1 and 

2). 
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