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Abstract 

 

Ground water is an important source of drinking water for humankind and is also a reserve of good quality of water. The present 

research is focussed on the characterization of ground water in the surrounding areas near sugar industry for evaluation of quality 

and its potentials for application. Eight ground water samples were collected and characterized for physicochemical parameters 

viz., pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS), Total Alkalinity (TA), Total Hardness (TH), Fluoride, 

Chloride, Sulphate, Nitrate, Phosphate, Calcium and Magnesium to estimate the chemical contamination status..Irrigation 

parameters Percent Sodium (%Na), Sodium Adsorption Ratio (SAR), Residual Sodium Carbonate (RSC), Kelly’s Ratio (KR), and 

Magnesium Hazard (MH) are also determined for considering these waters for irrigation purposes. The research results revealed 

that higher parametric values of EC, TDS, TH, TA, Calcium, Magnesium, Sodium and Chloride contributes the chemical 

contamination and make the waters unsuitable for drinking and domestic purposes. Higher values of Magnesium hazard (MH) can 

cause Magnesium hazard to the ground waters which in turn deplete the quality of soil in the study area and consequently results 

in the reduction of crop yields. The waters are to be treated properly by the available treatment methods before considering them 

for drinking or domestic use.         
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I. INTRODUCTION 

In India more than 90% population depend on groundwater for drinking and other purposes 1. According to Khan et al.,2 nearly 

one fifth of all water used in world is obtained from ground water resources. The studies of Ibrahim et al., 3 explained that there 

are regional differences in water characteristics, based on geology and climate. Groundwater is the major source of drinking water 

in both urban and rural areas 4. The studies of Singh et al.,5 have revealed that the quality of groundwater changes in accordance 

with variation in physico-chemical and biological environment through which it flows. It is estimated that approximately one third 

of the world’s population use groundwater for drinking.6 several research groups have discussed in detail on the potential health 

impact due to poor quality of water7-9.  

The spatial variations in the geochemical characteristics of groundwater are observed to be related to pollution due to effluents 

from the Mula Sugar Factory and the groundwater pollution is attributed to the effluent carried by a stream flowing through the 

area. According to Bevan10 and Hendrickson11 sugar industry is an agro based industry in India and highly responsible for creating 

significant impact on rural economy in particular and countries economy. Sugar industry is seasonal in nature and operates only 

for 120 to 200 days in a year (early November to April). A huge amount of waste is generated during the manufacture of sugar. 

Zulfiqar Ahmad et al.,12 analysed ground water samples  around a sugar mill for physicochemical parameters viz.,  pH, Electrical 

conductivity (EC), Total Dissolved Solids (TDS), TH, HCO3-, NO3- , SO42- , PO43-, Na+, K+, Ca2+, Mg2+, Fe2+, F-, and Pb2+. 

The analytical results showed that values of the parameters for EC, TDS, TH, HCO3-, SO42-, and Na+ near the sugar mill were 

very high indicating the ground water pollution. According to the research studies of Sohag et al., 13 the effluents generated by 

the sugar industry are highly polluted causes strong impact on the surrounding. 

II. MATERIAL & METHODS 

 Study Area: 

The proposed study area for the present research in West Godavari District of Andhra Pradesh, India located in between coordinates 

16.430 N and 81.090 E. Eight ground water samples were collected around the Sugar Industry located near Bhimadole of West 

Godavari district and the details of sampling are presented in Table-1. 
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Table – 1 

 Details of Sampling Sites, Code, Source Type 

Sample Code Sampling Sites Source Type Depth in ft 

Gw-1 Sugar Factrory BW 120 

Gw-2 Factory Yard BW 105 

Gw-3 Railway Gate BW 100 

Gw-4 Sai Baba Temple BW 95 

Gw-5 Hotel, Gundugolanu OW 45 

Gw-6 Sitampeta BW 45 

Gw-7 Bhimadole Jn BW 95 

Gw-8 Gangalamma Temple, Gundugolanu OW 45 

BW: Bore Well   OW: Open Well 

The samples were preserved for analysis as per the standard procedures and analytical procedures14 and characterized pH, 

EC, TDS Fluoride, Chloride, Sulphate, Nitrate, Phosphate, Total Hardness, Calcium and Magnesium. Irrigation parameters like 

Percent Sodium (%Na), Residual Sodium Carbonate (RSC), Kelly’s Ratio (KR), Sodium Adsorption Ratio (SAR) and 

Magnesium Hazard (MH) were determined by the following relationship and the analytical data are presented in Table-2, 3 & 

4. 

 Determination of Irrigation Parameters: 

The irrigation parameters like Percent Sodium (%Na), Sodium Adsorption Ratio (SAR), Residual Sodium Carbonate (RSC), 

Kelly’s Ratio (KR) and Magnesium Hazard (MH) are determined for the available data of concentration of Na+, K+, Ca2+, Mg2+, 

CO3
2-, HCO-3 presented in milli equivalents/litre. 

 Residual Sodium Carbonate (RSC): 

It is an important parameter to assess the suitability of water for irrigation purposes. Its value can be calculated by using the relation 

and it expressed in milli equivalents/lit. 

 

 Percent sodium (%Na) 

From the concentrations of Na, K, Ca and Mg measured in mg/l, the concentrations are converted into mill equivalents and the 

percent sodium values are calculated by using the following expression.  Their values are expressed in me/l. 

 

 Sodium Adsorption Ratio(SAR) 

From the concentrations of Na, Ca and Mg measured in mg/l, the concentrations are converted into mill equivalents and the SAR 

values are calculated by using the following expression.  Their values are expressed in me/l. 

 

 Kelly’s Ratio 

From the concentrations of Na, Ca and Mg measured in mg/l, the concentrations are converted into mill equivalents and the Kelly’s 

Ratio values are calculated by using the following expression.  Their values are expressed in me/l.   

 

 Magnesium Hazard (MH) 

From the concentrations of Na, Ca and Mg measured in mg/l, the concentrations are converted into mill equivalents and the 

Magnesium Hazard values are calculated by using the following expression.  Their values are expressed in me/l. 
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Table – 2 

 Physicochemical Characteristics of ground water 

S.No. pH EC (µmhos/cm) TDS (mg/l) TA (mg/l) TH (mg/l) Ca2+ (mg/l) Mg2+ (mg/l) 

GW-1 7.3 414 264.96 600 400 80 48.8 

GW-2 7.0 3630 2323.2 1000 1000 120 170.8 

GW-3 7.6 4070 2604.8 600 1300 80 268.4 

GW-4 7.7 595 380.8 700 600 80 97.6 

GW-5 7.8 1250 800 600 500 60 85.4 

GW-6 7.1 2500 1600 1200 700 120 97.6 

GW-7 7.4 4350 2784 600 900 100 158.6 

GW-8 7.5 426 272.64 400 300 80 24.4 

Table – 3 

Physicochemical Characteristics of ground water 

S.No. 
Na+ 

(mg/l) 
K+  (mg/l) Cl- (mg/l) 

F-  

(mg/l) 

SO4
2- 

(mg/l) 

PO4
3- 

(mg/l) 
NO3

- (mg/l) 

GW-1 25.8 10.4 106.35 0.2 38.4 BDL 21.5 

GW-2 683.4 83.2 744.45 0.35 130.3 BDL 35.4 

GW-3 523.6 12 992.6 0.45 103.8 BDL 41.5 

GW-4 46.2 5.2 106.35 0.38 36.1 BDL 15.2 

GW-5 184.8 25.2 212.7 0.62 47.9 BDL 16.3 

GW-6 310.4 56.6 319.05 0.7 74.8 8.1 25.4 

GW-7 593 11 957.15 0.64 74.7 BDL 40.5 

GW-8 39 9.6 35.45 0.82 27.9 2.3 36.4 

Table - 4 

Irrigation Parameters 

S.No. %Na (me/l) RSC (me/l) SAR (me/l) KR MH 

GW-1 12.07 1.93 0.56 0.14 49.39 

GW-2 57.69 BDL 9.48 1.51 69.49 

GW-3 46.9 BDL 6.38 0.89 84.3 

GW-4 14.4 BDL 0.83 0.17 66.12 

GW-5 43.4 BDL 3.62 0.82 69.49 

GW-6 46.94 5.86 5.14 0.98 56.55 

GW-7 58.93 BDL 8.67 1.46 71.73 

GW-8 21.48 0.61 0.98 0.28 32.8 

III. RESULTS AND DISCUSSION 

 pH:  

pH of ground water range from 7.00 – 7.80 and indicating slightly alkaline nature, however the pH range is within the no 

problematic range of drinking water standards 16. 

 EC:  

EC is an indicator of TDS which can be employed as a tool to evaluate the purity of water and a significant measure of salinity 

hazard to crops. EC levels of groundwater range between 414 – 4350 mho/cm. The EC of samples GW -3 and GW -7 crossed the 

range of 4000 mho/cm and exhibit saline nature and are highly unsuitable for irrigation purposes.  

 TDS:  

TDS15 ranges from 264.96 – 2784.mg/l. TDS of water samples GW-2,3,5,6 and 7 exceeded the drinking water standards of 500 

mg/l indicating the presence of soluble solids in these waters and make the water unsuitable for drinking purposes.  
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 Total Alkalinity (TA):  

TA ranges from 400 – 1200 mg/l and exceeded the drinking water standards.16 Higher TA can cause loss of taste of waters and 

make the waters unsuitable for drinking purposes. 

 Total Hardness (TH):  

The total hardness represents the concentration of Calcium and Magnesium. TH ranges from 300 – 1300mg/l. Except in sample 

GW-8 TA crossed the drinking water standards (300 mg/l)16 and the higher TH can cause encrustation on the water supply systems.  

 Na & K:  

Sodium ion concentration in water samples GW-2, 3, 6 & 7 exceeded WHO standards 17 indicating Sodium hazard in waters. 

Potassium ion concentration in samples GW-2,5&6 exceded WHO standards. The higher levels of Sodium and Potassium may be 

due to excess ground water exploitation in the study area locations and also indicate the leaching and dissolution of secondary salts 

in the pore spaces. 

 Calcium:  

Calcium ion concentration ranges from 60 - 120mg/l Except in sample W-5 the concentration of Calcium crossed the drinking 

water standards16 and hence can cause encrustation on water supply system and unsuitable for domestic purposes. 

 Magnesium:  

Magnesium ion concentration ranges from 24.40 – 268.40mg/l. except in sample W-8, its concentration exceeded the drinking 

water standards. Higher level of Magnesium can cause Magnesium Hazard to waters and can depletion in the quality of soil and 

reduce crop yield. 

 Fluoride:  

Fluoride ion concentration ranges from   0.20 – 0.82mg/l is within the permissible limits of drinking water standard16 (1mg/l). 

 Chloride:  

Chlorides in on certain ranges for 35-45-957.5 mg/l and the concentration levels by needed the permissible limits (250mgc)in 

samples GW-2,3,6 &7 indicating the corrosive nature of waters and make the water on suitable for dirking purpose. 

 Sulphate:  

sulphate levels in ground water samples range from 27.90 – 130.30gm/l and are within the permissible limits of 16directly water 

rate. 

 Phosphate:  

Phosphate ion concentration ranges from BDL – 8.10mg/l.  

 Nitrate:  

Nitrate levels range from 15.20 – 41.50mg/l and are within the permissible limits.  

IV. IRRIGATION PARAMETERS 

 Percent Sodium (%Na):  

The percent Sodium (%Na) range from 12.07 – 58.93mg/l and are within the permissible limits (60mg/l) 18. 

 SAR:  

SAR values range from 0.56 – 9.48mg/l with an average of 4.46mg/land are present within the permissible limits19. 

 RSC:  

RSC of water sample GW-6 exceeded the permissible level white RSC of water samples are which the permissible limit20. 

 Kelly’s Ratio:  

Kelly’s ratio 21, 22 is a measurable parameter to measure Sodium ion against Calcium ion and Magnesium ion and the waters can 

be rated based on this ratio. Waters with Kelly’s ratio value more than one’s considered as generally unsuitable for irrigation. The 

values of KR range from 0.14 – 1.51 KR of water samples GW-2 and GW-7 exceeded the permissible limit while KR of one’s 

water samples is within the permissible limit. 



Chemical Characterization of Ground Waters near a Sugar Industry for Evaluation of Quality and Potentials for Application  
  (IJIRST/ Volume 2 / Issue 07/ 019) 

 

 
All rights reserved by www.ijirst.org 130 

 MH:  

The presence of Magnesium at higher levels adversely affects the soil quality rendering it unsuitable for irrigation 23.  If MH was 

less than 50 then the water is safe and suitable for irrigation 24. The values of MH range from 32.80 – 84.30 except in samples GW-

1 & GW-8 MH exceeded the permissible limit indicating the magnesium hazard of waters. 

V. CONCLUSIONS 

 The pH level indicates slight alkaline nature 

 Total dissolved solids in ground waters are higher than the permissible limits and hence these waters are not suitable for 

drinking purposes as they cause gastro intestinal irritation. 

 The chloride concentration in waters is higher and is attributed to the dissociation of salt content, discharge of effluents from 

the industry and contamination due to leachates and hence these water cause corrosion and hence these waters are  unsuitable 

for drinking and domestic purposes. 

 The Total hardness is on the higher side to permissible limits and can cause adverse effects on domestic use. 

 Total alkalinity of ground waters is higher than the permissible limits and makes the waters unpleasant and is unsuitable for 

drinking purposes. 

 Calcium and Magnesium ion concentrations exceeded the permissible limit and hence the waters can cause adverse effects 

on domestic use as well as on human health. 

 Dissolved oxygen (DO) is at below detectable limits (BDL) as such bacterial and other pathogens growth will be enhanced 

which will become injuries to health. Hence these waters are unfit for drinking purposes. 

 The observed levels of parameter Percent Sodium, Sodium Adsorption Ratio (SAR), Residual Sodium Carbonate (RSC), 

Kelly’s Ratio (KR) are within the permissible limits of irrigation standards. 

 Magnesium hazard of waters exceeded the permissible limits indicating the unsuitability of ground water for irrigation. 

 The Dissolved oxygen level at BDL indicates the absence of oxygen content in the ground waters and hence these ground 

waters are unsuitable for aqua culture purposes. 

The present research results concluded that the waters are unsuitable for drinking, domestic and aquaculture purposes. Pre-

treatment of water is highly necessary even for usage for irrigation purposes. 
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