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ABSTRACT : Physico-chemical investigations, which are significant for the assessment of ground water 

quality, have been carried out to identify the sources of contamination in the groundwater in Guntur city in 

Andhra Pradesh, India. In the present study, groundwater was found to be highly contaminated in the industrial 

area of Guntur. In essence, high Total Dissolved Solids (TDS), Electrical Conductivity (EC), Total Hardness, 

Total Alkalinity, Sodium (Na
+
), Potassium (K

+
) and Chlorides (Cl

-
) in groundwater reflect additions of 

pollutants from industrial sources that further deteriorate its quality. The results obtained from the study are 

compared with the standards suggested by Bureau of Indian Standards (BIS). The results revealed that the 

water quality parameters failed to meet the drinking water quality standards and were found unfit for drinking 

purpose, and hence were graded as non-potable. 
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I. INTRODUCTION 
It is a well known fact that freshwater hold immense value for all species of animals, plant and human 

beings as it directly reflects their health [1].  Rapid proliferation of industries, increasing urbanization and new 

age agricultural activities during the last few decades have badly affected surface as well as groundwater quality 

[2].  In fact, industrial waste and the municipal solid waste have been regarded as a leading cause of pollution in 

surface and groundwater [3]. The principal factors threatening the chemical properties of groundwater, apart 

from the influence of anthropogenic activities on this valuable resource is well documented in many parts of 

India [4][5][6][7].  

 

Groundwater contamination in an urban environment is a major issue, especially in cities with sizeable 

industrial establishments. Guntur city is one of the most industrialized districts in A.P. and a major automobile 

hub in south India. An increasing population and copious industrial activities make it essential to assess the 

quality of groundwater system to ensure the long-term sustainability of resources [8]. 

The present study has been carried out at three stations in the industrial areas falling within the Guntur city 

limits, namely, (1) Masjid Omar, (2) Autonagar plot no.127 and (3) Acharya Nagarjuna University. The 

Acharya Nagarjuna University near Guntur was chosen as the control station. 

 

1.1 Study area 

Guntur district is in the central coastal part of Andhra Pradesh, comprising 57 revenue mandals, falling under 3 

revenue divisions viz., Narasaraopet, Guntur and Tenali. The district has 729 villages and 1036 hamlets and is 

spread over a total geographical area measuring 11,328 sq. Kms, located between North latitudes 15
o
18’ & 

16
o
50’ and East longitudes 79

o
10’00” & 80

o
55’00” (Figure 1). 

http://www.nagarjunauniversity.ac.in/facultydet.php?id=203
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Figure 1: Location map of study area 

A brief description of the three stations selected for assessment of groundwater quality is given here under in 

Table 1. 

 

Table 1: Description of Sampling Stations 

Sampling 

Industrial Area  

Masjid Omar, near 

Autonagar 

(MOA) 

Autonagar Plot. no. 127 

(APN) 

Acharya Nagarjuna 

University  

(ANU) 

Type of sampling 

station 

25-year old deep-well 

hand pump with a depth 

of 30 feet 

25-year old deep-well 

hand pump with a depth 

of 150-170 feet 

20-year old deep- well 

hand pump, having a 

depth of 150 feet 

Types of Industries 

located 

mechanic works factories 

for tractors and cars, 

scrap factories, plastic 

companies, tyre 

manufacturing 

companies, car wash 

garages, wood-based 

factories and crane 

mechanic works 

car spare parts 

manufacturing units, 

automobile industries, 

crane and lorry mechanic 

works, car showrooms, 

rubber companies, tyre-

manufacturing companies 

and car wash garages 

 

 

 

 

 

Control station 

Type of Soil Black soils Black soils Red soils 

Type of Area Urban Urban Sub-urban 

 

1.2 Physico-Chemical analysis 

All the collected samples were analyzed in the laboratory by using standard methods of analysis [9]. 

A.R. Grade chemicals and double-distilled water were used for preparation of standard solutions for the purpose 

of analysis. A total of three sampling stations were selected for collection of samples from bore-wells in the 

industrial locations of Guntur, in a stretch of about 22 km, out of which the third station i.e., Acharya Nagarjuna 

University site (ANU) is designated as the control station. Various physical parameters like pH, EC, and TDS 

were estimated on the spot with the help of digital portable pH meter, conductivity meter and TDS meter. The 

Total Hardness was measured by EDTA titrimetric method by using EBT indicator. Fluoride presence was 

estimated by the SPADNS method, using Spectrophotometer. The Argentometric volumetric titration method in 

the presence of Potassium chromate provided reliable results related to the presence of chloride.  Sodium and 

potassium were analysed by using Flame Photometer (ELICO make), while Heavy metals such as Zn, Pb, and 

Cd in groundwater samples were determined in their total form. Nitric acid (HNO3) digestion is employed prior 

to conducting Flame-AAS analysis pre-calibrated with standards. 

 

II. Results And Discussion 
The mean values of the measured physico-chemical parameters from the underground water for dry 

and wet seasons are presented in Tables 3 and 4 respectively. The sampling was done for all seasons for two 

annual cycles from June 2015 to May 2017.  

Greater ionic concentration in the groundwater of the post-monsoon period indicates an increasing addition of 

leachates into the groundwater from the soils in the monsoon and anthropogenic activities, leading to 

deterioration of groundwater quality as compared to pre-monsoon [10]. 

 

 

 

Guntur India Andhra Pradesh 
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Table 2: Physico-chemical analysis of groundwater quality during 2015-2016 

 
 

* All values in mg/L except for pH and EC    (p= 0.05 level) 

Table 3: Physico-chemical analysis of groundwater quality during 2016-2017 

 
 

* All values in mg/L except for pH and EC (p= 0.05 level) 

 

 2.1 pH   

 
Figure 2                                                             Figure 3 

The pH of the groundwater was nearer to neutral during the wet seasons of 2015-16 and 2016-17, while 

remaining slightly acidic during the dry period at all the three stations that includes the control station. The 
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lowest pH (i.e.7.13) was in April 2017 during the dry period, whereas the highest pH (i.e. 8.5) was recorded in 

the month of May 2017 during dry season. The low pH value indicates an acidic condition, which could be 

associated with a combination effect of depleting calcium in the soil, oxidation of sulphide deposits, release of 

aluminum and presence of organic acids in natural water [11][12][13]. Low pH enhances the solubility of metals 

in water, some of which are toxic to humans. The pH values reflect hydrogeology of the area since pH can be a 

fingerprint of samples and their locations [14]. Similar trends in pH distribution from borehole/well have been 

observed and reported from several parts of India [14][15][16]. In the present study, the pH was found to be 

near-neutral to alkaline and within the BIS specified range of 6.5-8.5 for drinking water during the three seasons 

at the MOA. The pH values ranging from 6.84-8.5 indicated an increase in the wet season compared to dry 

season. 

 

2.2 Total Dissolved Solids (TDS): 

   
Figure 4                                                             Figure 5 

The mean of Total Dissolved Solids (TDS) in the groundwater samples collected from the study area 

ranged between 356 to 15180 mg/L beyond the permissible limit prescribed by BIS (i.e. 500 mg/L) at all the 

stations during the study period. The lowest value of Total Dissolved Solids (i.e. 356 mg/L) was in December 

2016 and the highest value of Total Dissolved Solids (i.e. 15180 mg/L) was in recorded in September 2016 

during the rainy season. The increase of TDS in rainy season is on the higher side than the dry season as surface 

pollutants mix during the infiltration and percolation of rainwater [17][18].  

 

2.3 Electrical Conductivity (EC): 

 
Figure 6                                                             Figure 7 

The mean of Electrical Conductivity (EC) was found to be in range between 540 μmhos/cm and 23000 

μmhos/cm. The Electrical Conductivity of the groundwater at all the stations exceeded the maximum 

permissible limit (750 μmhos/cm) as prescribed by BIS. The lowest value of Electrical Conductivity (i.e. 540 

μmhos/cm) was in December 2016 and the highest (i.e. 23000 μmhos/cm) was in September 2016 in the rainy 

season. The Electrical Conductivity was found to be high during rainy season than the dry season at all the 

stations during the study period. The electrical conductivity within the range i.e. <325μmhos/cm classifies 

groundwater as potable [19]. 

 

2.4 Total Alkalinity (TA): 
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Figure 8                                                             Figure 9 

The Total Alkalinity was higher than the BIS limit of 200 mg/L. The lowest value of Total Alkalinity 

(i.e.140 mg/L) was in the months of March 2017 while the highest (i.e.500 mg/L) was in May 2017. At all the 

stations, the Total Alkalinity was high during the wet season compared to the dry season. And Total Alkalinity 

was observed to be above the BIS specified limit of 200 mg/L during both the seasons. 

 

2.5 Total Hardness (TH): 

 
Figure 10                                                             Figure 11 

Total Hardness (TH) of water depends mainly upon the amounts of divalent metallic cations of which 

Ca2+ and Mg2+ are more abundant in groundwater. The hardness values in water samples ranged from 140 to 

500 mg/L as recorded during the dry season. The low values of TH recorded in the wet season were possibly 

due to flushing and dilution. The concentration of Total Hardness was very high compared to the BIS specified 

limit of 300 mg/L during most of the period in the study area. The highest recommended limit of total hardness 

is 80 mg/L-100 mg/L CaCO3 [20]. The groundwater that exceeds the limit of 300 mg/L CaCO3 is considered to 

be very hard [21]. The maximum permissible limit of TH for drinking water is 500 mg/L as against the set 

desirable limit of 100 mg/L as per the WHO international standards. The results indicate that none of the water 

samples in the study period fall in the very hard water category and are otherwise below the maximum 

permissible limits. 

 

2.6 Chlorides (Cl
-
) 

 
Figure 12                                                             Figure 13 

The Chlorides in the samples ranged between 72 mg/L at control station i.e., ANU during dry season to 

6000 mg/L at APN during wet season which was much more than the permissible limit of 250 mg/L as specified 

by BIS. Cl
- 
was higher during the wet season than the dry season due to industrial, domestic wastages and/or 

leaching from upper soil layers in dry climates [22].  

2.7 Fluorides (F
-
): 
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Figure 14                                                             Figure 15 

Low concentration value of F- i.e., 0.1 mg/L at ANU was recorded in wet season indicating limited lithogenic 

input of this ion, whiles high value of 2.6 mg/L at APN was achieved during dry season. The Fluoride 

concentration in groundwater was much higher than the BIS-specified limit of 1 mg/L during most of the study 

period possibly due to the weathering and leaching of fluoride rich rocks in the study area. 

 

 

 

 

2.8 Sodium (Na
+
): 

 
Figure 16                                                             Figure 17 

Na
+ 

ranged between 80 mg/L at ANU and 377 mg/L at MOA as recorded during the wet season. Comparatively 

higher values were observed in the wet season, possibly due to the weathering of feldspar (plagioclase bearing) 

rocks as well as due to over exploitation of the groundwater resources [23]. 

 

2.9 Potassium (K
+
): 

 
Figure 18                                                             Figure 19 

K
+ 

ranged between 8 mg/L at ANU during the wet season and 35 mg/L at MOA as recorded in the dry 

season. The higher levels of K+ is possibly due to the weathering of K-feldspars and clay minerals from aquifer 

matrix, apart from the significant anthropogenic sources including salt and animal wastes. 

 

2.10 Heavy metals (Zn, Pb, Cd): 

The distribution of metals at all the sampling stations maintained  more or less similar concentrations, during 

both wet and dry seasons, while higher concentrations of the metals from the underground water were found 
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during the dry season than the wet season. This observation could be associated with local concentration during 

the dry season, a period when most shallow wells get dried up. 

2.10.1 Zinc (Zn): 

 
Figure 20                                                             Figure 21 

The concentrations of Zn in groundwater at the study area ranged between 0.004 to 0.085 mg/L. Both 

the highest and lowest values were recorded during dry season at MOA. However, Zn was not detected at the 

control station i.e., ANU during the study period. Hence, it was observed that the concentration of Zinc showed 

no significant variation during the dry and wet seasons. The concentration of Zinc in the groundwater was much 

lesser compared to the BIS-specified limit of 5 mg/L and found to be not harmful, incapable of changing the 

taste of water. Hence, the potability of groundwater is found unaffected. 

2.10.2 Lead (Pb): 

 
Figure 22                                                                         Figure 23 

 

The concentration of Pb in groundwater at the study area ranged between 0.002 mg/L at MOA and 0.19 mg/L at 

APN. Both the highest and lowest values were recorded during dry season at MOA. However, Pb was not 

detected at the control station i.e., ANU during the study period. The Lead was absent during wet seasons and 

was found to be slightly higher than the BIS-specified limit of 0.01 mg/L during the dry season. The presence of 

lead in water at elevated levels is not desirable due to the toxic effect on consumers and end users in the food 

chain. 

 

2.10.3 Cadmium (Cd): 

 
Figure 24                                                             Figure 25 

 

The concentrations of Cd in groundwater at the study area ranged between 0.001 mg/L at APN during 

dry season and 0.026 mg/L during the wet season at APN. However, Cd was not detected at the control station 

i.e., ANU during the study period. The solubility of Cadmium in water is influenced by the nature of source of 

Cadmium and the acidity of water. The concentration of Cadmium showed no significant variation during wet 
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and dry seasons. The concentration was found to be slightly higher than the BIS-specified limit of 0.003 mg/L 

during both the seasons. 

 

III. Conclusion 
The physico-chemical analysis of groundwater quality at the industrial areas of Guntur city reveals that the 

groundwater was largely affected by various types of contaminants from the industries. The results of the 

present study revealed that the Total Dissolved Solids, Total Hardness, Total Alkalinity and Chlorides were very 

high in the groundwater in the peripheral regions around the industrial locations.  These parameters, do not 

directly affect human health, yet indicate an alarming increase in ions in the groundwater through industrial 

leachate contamination. It further suggests that an evaluation of the environmental impact of human activities as 

well as strategies for ground water conservation should be considered on a high priority basis. The low pH 

levels in the groundwater samples during the dry season indicate a future threat that might lead to the dissolution 

of more heavy metals, thus rendering the water unsuitable for potability. Hence, a continuous monitoring, 

coupled with lessening the exposure of groundwater to industrial activities will keep this most precious resource 

at an optimal pH level. 
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