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ABSTRACT: Groundwater is an essential source of drinking water supply. The worth of groundwater depends not 

only on its obtainability but also in its reliable good quality. Most of the industries discharge their effluents without proper 

treatment into nearby open pits or pass them through unlined channels, which move towards the low lying depressions on 

land, resulting in the contamination of groundwater. The present study aims at evaluating the extent of industrial pollution 

in the area, identifying the problematic pollutants and suggesting mitigative measures. The physical and chemical properties 

of the constituents influence their performance in the subsurface and are likely to impact the groundwater quality. The 

Visakhapatnam city is located among the Eastern Ghats and the Bay of Bengal and coordinates lies between North latitude 

17.7041 N and East latitude 83.2977 E. The study includes collection of ground water samples during Pre monsoon and 

Post monsoon for reached the objectives and taken the subsequent laboratory analysis, for physico chemical parameters 

include pH, Conductivity, Temperature, Chlorides, Total Hardness, Calcium Hardness, TDS, sodium, Potassium, Nitrates, 

Sulphates, Phosphates, and heavy metals include Cobalt, Nickel, Copper, Chromium, Iron, Zinc, Lead, Manganese. From 

Metal pollution index, there is the reduction in the metal pollution index in the samples collected during the post-monsoon 

period compared to samples collected during pre-monsoon period in most samples. But the reduction in metal pollution 

index is not observed in sample IP3, IP5, and IP8. This may be due to the lower level of recharge in these areas. It may also 

be due to the higher level of metal contamination compensating the effect of recharge. The seasonal Heavy metal Pollution 

index values of the present study indicate that all the water samples ranged above 75-100% both pre and post-monsoon, 

which demonstrates that the groundwater quality of the industrial area is very poor and not fit for drinking purpose. The 

result of the Metal pollution index (MPI) suggested that the selected groundwater is affected with respect to heavy metal 

pollution. The study revealed the impact of Industrial activity of in the area particularly with respect of Ni, Pb, and Cu in 

groundwater. Due to the appreciable the study period (pre and post-monsoon), salts through precipitation, dissolution of 

the minerals are the major processes. 
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1. INTRODUCTION 
 

Groundwater is an essential source of drinking water supply. The worth of groundwater depends not only in its obtainability 

but also in its reliable good quality. Groundwater pollution is one of the most significant environmental complications in 

the present world where heavy metal pollution has main concern due to its high toxicity even at low concentration (Momodu 

and Anyakora 2010). The quickstep of industrialization that has just become the need of the hour for a developed country 

like India has turned into a major source of groundwater pollution. The water pollution is mainly due to unselective disposal 

of industrial wastes both on land and surface water canals.  
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Withdrawal of water for industry is usually much greater than the amount actually expended. Most of the industries discharge 

their effluents without proper treatment into nearby open pits or pass them through unlined channels, which move towards 

the low lying depressions on land, resulting in the contamination of groundwater (Purandara and Varadarajan 2003). Huge 

inputs of pollutants have been taking the pollutants’ levels beyond the absorptive capacity of the environment. Given this 

huge collection of industries, there are equally large numbers of heavy metals, organic solvents and hydrocarbons associated 

with them. Ground Water continuously comprises dissolved and suspended substance of organic and mineral source. When 

these substances in water go above the acceptable limits is called as water contaminants. There are many reasons of 

groundwater contamination. These contaminants include: Careless human approach, harmful liquids leak from subversive 

storage tanks into the groundwater source, poorly built landfills or septic systems, runoff from fertilized areas, cattle areas, 

wild mines and industrial zones and dumping of household wastes torrential them on the ground. Auspiciously, these 

associations are well known and predictable. Information intended precisely to help recognize industries and materials most 

likely to become groundwater pollutants. Many scientists made valuable studies on groundwater contamination and have 

shown that it is contaminated to varying steps at different Industries. The present study aims at evaluating the extent of 

industrial pollution in the area, identifying the problematic pollutants and suggesting mitigative measures. The physical and 

chemical properties of the constituents influence their performance in the subsurface and are likely to impact the 

groundwater quality. Variations also result in different sample due to closeness to the industrial activity and from variations 

in the depth of sample points. To assess the impact of industrialization on the water quality in selected zone in the study 

area, water samples were drawn from hand pumps during Pre-monsoon and Post-monsoon period. 

 

2. STUDY AREA 
 

The Visakhapatnam city is located among the Eastern Ghats and the Bay of Bengal and popularly known as Vizag is a multi-

faced city located in south-east India.  The city coordinates lie between North latitude 17.7041 N and East latitude 83.2977 

E and covering an area of approximately 111.6 Sq.Km. The study area will have a large industrial belt. Major industries such 

as the Visakhapatnam Steel Plant, the Bharat Heavy Plate and Vessels and the Hindustan Zinc, Textiles and Pharma 

industries will come under the limits of Visakhapatnam. The geological coordinates were given in the Table-1. The spatial 

distribution map is given in fig.1. 

Table.1: Geological coordinates from the study area 

 

Code of the 

sample 

Name of the sampling 

station 

Type of 

well 

Latitude Longitude 

IP1 Zinc gate BW 17.689744° 83.218547° 

IP2 Malkapuram  BW 17.685467° 83.24324° 

IP3 Sriharipuram  BW 17.687423° 83.235879° 

IP4 Mindi  BW 17.704261° 83.211782° 

IP5 Gyanapuram  BW 17.720752° 83.284715° 

IP6 Seelanagar  BW 17.715577°  83.198390° 

IP7 Autonagar BW 17.696113° 83.189015° 

IP8 Port area BW 17.695416° 83.29742° 

IP9 Scindia BW 17.692437° 83.268259° 

IP10 Steel plant  BW 17.67693° 83.212816° 
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Fig: 1 Spatial distribution map of Visakhapatnam 

 

3. METHODOLOGY 
 

Ten groundwater samples were collected from both the borewells and open wells in the industrial area and analysis work 

carried out by using APHA (2012) methods of analysis and Bureau of Indian standards (2012). The study includes collection 

of groundwater samples during Pre-monsoon and Post monsoon for reached the objectives and taken the subsequent 

laboratory analysis, for physicochemical parameters include pH, Conductivity, Temperature, Chlorides, Total Hardness, 

Calcium Hardness, TDS, sodium, Potassium, Nitrates, Sulphates, Phosphates, and heavy metals include  Cobalt , Nickel , 

Copper ,  Chromium ,Iron, Zinc, Lead, Manganese which has been carried out, in the Environmental Monitoring Laboratory, 

Department of Environmental Sciences,  Institute of sciences, GITAM .  

 

Heavy metal pollution index is indexing approach shows the combined effect of different heavy metal on the complete 

quality of water. In heavy metal pollution index, weights (Wi) between 0 and 1 were chosen for each heavy metals. The main 

rating is based on the comparative significance of individual quality considerations and defined as inversely proportional to 

the suggested standard (Si) for each parameter. Water quality and its appropriateness for drinking purpose can be examined 

by determining its quality index (Boulos Abou Zakhem, Rania Hafez 2015). The HPI is calculated with the following 

equation:  
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Where Wi is the unit weight, Qi is the sub index, n is the number of parameters measured. Weighted arithmetic index method 

has been used for calculation of heavy metal pollution index. 

 

The unit weight (Wi) has been found out using formula:       Wi = K/Si 

 

where K is the relative constant and Si is the standard permissible value. The subindex of (Qi) is: 

 
where Mi is the monitored value of the heavy metal, Ii is the ideal value, which is taken from the Beaurou of Indian Standard 

specification, Si is the standard value of the ith parameter, in ppm (mg/L). After completion of the result, the concentration 

of each pollutant was converted into HPI. The higher HPI value causes greater damage to the health. Generally, the critical 

heavy metal pollution index HPI value is taken to be 100 (Prasad B, Mondal KK 2008). 

 

Table-2: Water quality scale with reference to HPI 

Heavy metal Pollution Index Quality of Water 

0-24 Excellent 

25-49 Good 

50-74 Poor 

75-100 Very poor 

>100 Unfit for Drinking 

 

4. RESULTS AND DISCUSSION 
  

In the present study total ten samples collected from different locations and sources of groundwater due to industrialization 

were analyzed for twenty one parameters including five metals. The results for physicochemical analysis and critical water 

quality parameters are given in Table 3. In the results the pH in the samples ranged between 7.7 and 8.3 in pre-monsoon, 

7.4-8.2 in post-monsoon respectively. This shows the water is slightly alkaline in nature, the total alkalinity values range with 

minimum value is 233mg/ L, and maximum values are 322mg/l in pre-monsoon. In post monsoon the values ranged from 

222-293 mg/l. The total alkalinity has crossed the permissible limit as per BIS 2012 standards. It can impart unpleasant 

perception to water and can be harmful to humans in presence of high pH, hardness and TDS (Kamaldeep et.al 2011). The 

electrical conductivity values range from 1367 -4351 µs/cm in pre-monsoon and 1313 -3650 µs/cm in post monsoon. In 

IP5 the EC values increased as per standards of drinking water.  This is due to dissolution in groundwater, rapid ion exchange 

between the soil and water, or basically poor and rather insoluble geological rock and mineral types (H.H. Oyem 2014). The 

TDS values ranges from 551 -3198 mg/l in pre-monsoon and 671-2465 mg/l in post monsoon. TDS values are increased 

as per drinking water quality standards in all sampling stations. Some hydrochemical methods, which may comprise an 

association of groundwater through rocks encompassing soluble mineral resources, Attentiveness of water by vaporization, 

and pollution of water due to industrial waste disposals may cause a huge increase in the total dissolved solids. The total 

hardness values range from 147-530 mg/l in pre-monsoon and 146-479mg/l in post monsoon. IP1, IP3, IP5, IP8, IP9, IP10 

areas increased the concentration as per standards.  The abundantly of Ca and Mg elements in earth crust have been 

hierarchical ingredients of natural waters. The occurrence of these elements in water provisions results from passage through 

or over deposits of limestone, dolomite, and gypsum. Ca and Mg are significant providers to the hardness of water. In plenty 

of research studies, death rates from cardiac disease are contrariwise connected with water hardness, but there is inadequate 

proof that either Calcium or Magnesium is directly involved. Potassium values ranged from 17-44mg/l in pre-monsoon and 

14-45mg/l in post monsoon. Sodium and potassium concentration is above the permissible limit in IP3 and IP4, the higher 

concentration of sodium and potassium was observed in post monsoon compared to pre-monsoon and, the increased 

sodium into groundwater is likely due to leaching of soaps influence and study area.  The Copper (Cu) values ranged from 

0.06 to 0.247 in pre-monsoon and 0.037-0.187mg/l in post monsoon.  
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Copper values are above the permissible limit in all station (IP1-10). High levels of copper may get into the environment 

through mining, farming, manufacturing operations, and municipal or industrial wastewater releases into rivers and lakes. 

Copper can get into drinking water either by directly contaminating well water or through corrosion of copper pipes if your 

water is acidic. Corrosion of pipes is by far the greatest cause for concern. Lead (Pb) values ranged from 0.02-0.07mg/l in 

pre-monsoon and 0.02-0.06 mg/l in post monsoon. It can found in lead-based paint, batteries, ammunition, metal products 

such as solder and pipes, and devices to shield X-rays. Because of health concerns, the amount of lead found in gasoline, 

paints and ceramic products, caulking, and pipe solder has been reduced in recent years.  In the table-4 apart from 

industrialization effect the ground water quality is effected due to industrialization such as Iron and Steel, Aluminium, 

Copper, Zinc, Coal and Ferro Alloys- Manufacturing Industries , HPCL, Oil Refinery (Mineral Oil / Petro Coramandal 

Fertilizers Ltd., Vizag Steel Rerolling (P) Ltd., (Re-rolling mill), Fertilizer (SSP Unit) , Essar Palletisation plant Gas Authority 

of India Ltd , Bharath Heavy Electrical Ltd., Petro chemical industries and shipping companies , Calcinations unit and power 

plant, Iron Ore Pellets, Ship Building Centre, Iron And Steel (Involving Processing From, Ore/Scrap/Integrated Steel 

Plants) fossil-fuel combustion, cement-plant emissions, mineral leaching, waste incineration., metal plating etc. 

 

Table-3: Physico chemical Characteristics of ground water in the industrialized lying areas 

 

 
 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 5, ISSUE 5, MAY/2018

ISSN NO: 2394-8442

http://iaetsdjaras.org/128



 

 

 
 

Table 4: Effect of Industrialization on different parameters 

 Sample 

 

Parameter 
IP 1 IP2 IP 3 IP 4 IP 5 IP 6 IP 7 IP 8 IP9 IP 10 
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EC                     

TA(mg/l)                     
TDS 

(mg/l)                     

TH(mg/l)                     

Ca(mg/l)                     

Mg(mg/l)                     

K (mg/l)                     

Cr(mg/l)                     

Cu(mg/l)                     

Mn(mg/l)                     

Ni(mg/l)                     
Zn(mg/l)                     

Pb(mg/l)                     
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4.1 METAL POLLUTION INDEX:  

 

The variation between pre-monsoon and post-monsoon given from the Figure-2 that there is the reduction in the metal 

pollution index in the samples collected during the post-monsoon period compared to samples collected during pre-

monsoon period in most samples. But the reduction in metal pollution index is not observed in sample IP3, IP5, and IP8. 

This may be due to the lower level of recharge in these areas. It may also be due to the higher level of metal contamination 

compensating the effect of recharge. The seasonal Heavy metal Pollution index values of the present study indicate that all 

the water samples ranged above 75-100% both pre and post-monsoon, which demonstrates that the groundwater quality of 

the industrial area is very poor and not fit for drinking purpose. Therefore the use of normal hand pump and bore well water 

should be discouraged. People dependants on this water are often prone to health hazards due to contaminated potable 

water. Therefore, indigenous technologies should be adopted to make water fit for various purposes. 
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Fig.2. Seasonal differences of Pollution Index 

 

Table 6 :Classification of water in the study area as per HPI 

Sl.No Station HPI Classification as per HPI 

  Pre Post Pre Post 

1 IP1 142.8 115.4 Unfit for Drinking Unfit for Drinking 

2 IP2 192.5 154.6 Unfit for Drinking Unfit for Drinking 

3 IP3 105.1 102.14 Unfit for Drinking Unfit for Drinking 

4 IP4 217.5 152.2 Unfit for Drinking Unfit for Drinking 

5 IP5 90.9 83.1 Very Poor Very Poor 

6 IP6 252.1 197.9 Unfit for Drinking Unfit for Drinking 

7 IP7 187.8 160.8 Unfit for Drinking Unfit for Drinking 

8 IP8 134.1 127.1 Unfit for Drinking Unfit for Drinking 

9 IP9 237.9 187 Unfit for Drinking Unfit for Drinking 

10 IP10 165.3 145.4 Unfit for Drinking Unfit for Drinking 

 

4.2 HYDRO GEOCHEMICAL FACIES CONCEPT AND CLASSIFICATION BY USING PIPER DIAGRAMS:   

 

 
Fig.3 ground water composition by using piper plot in pre monsoon 
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Fig.4 ground water composition by using piper plot in post-monsoon 

 

A Piper diagram (see Fig. 3 and 4) was created for the Perambalur area using the analytical data obtained from the 

hydrochemical analysis (Piper A.M 1944). In general, we can classify the sample points in the piper diagram into 6 fields. 

They are 1. Ca-HCO3 type 2. Na-Cl type 3.Ca-Mg-Cl type 4.Ca-Na-HCO3 type 5. Ca-Cl type 6. NaHCO3 type. In the current 

study water types were restricted to the three types in pre-monsoon. Majority of the samples (30%) are plotted in the Ca-

Na-Mg- Cl-HCO3-SO4 field. 50% of the samples showed Ca-Na-Mg-HCO3 type. Rest of them was fall in the Na-Ca-Cl-

SO4-HCO3 & Ca-Na- Cl-HCO3 types. Assessment of the water types using piper plot proposes that there is a clear suggestion 

of the influence from the weathering of hard rocks. In Post monsoon period, 20% of the samples Ca-Na-Mg- Cl-HCO3-

SO4 type, 30 % of the samples Ca-Na-Mg-Cl-HCO3 type, 20% of samples Ca-Na-Cl-HCO3, 20 %of the samples Ca-Cl- 

HCO3 type. The  appreciable change  in  the  hydro-chemical  facies  was  noticed  during  the  study  period  (pre and  post 

monsoon), which  was  might  be  due  to  the  leaching  of  alkali  salts  through precipitation, dissolution of the minerals 

are the major processes occurring. 

 

5. CONCLUSIONS 
 

The concentrations of certain pollutants are found exceeding the limits in the industrial area in both pre monsoon and post 

monsoon periods. It is found that ground water is generally not fit for drinking. Outcomes of the hydrochemistry propose 

that all the ground water samples are alkaline in nature. Main practice monitoring the water quality is the mineral dissolution; 

Cation exchange, reverses Cation exchange methods and silicate weathering. Topographical undulations and the 

groundwater flow were identified as the other supporting factors for the hydro chemical processes. It can be seen that there 

is reduction in the metal pollution index in the samples collected during post monsoon period compared to samples collected 

during pre-monsoon period in most samples. Again the reduction is heavy after cyclone but the concentrations of certain 

metal ions increased. But the reduction in metal pollution index is not the same in all locations. This may be due to lower 

level of recharge in these areas. It may also be due to higher level of metal contamination compensating the effect of recharge. 

Ni, Cu, Pb and Cr were found to have anthropogenic origin and mainly came from industrial activities, though municipal 

sewage, local wastes, traffic sources and atmospheric depositions, chemical weathering of minerals, might also be responsible. 

Further the contamination levels increased after heavy cyclone due to leaching of metal contamination by leaching of metal 

ions from various other sources. The result of the Metal pollution index (MPI) was suggests that the selected ground water 

is affected with respect to heavy metal pollution. The study revealed the impact of Industrial activity of in the area particularly 

with respect of Ni, Pb and Cu in ground water. 
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