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ABSTRACT: 

The present study deals with statistical analysis of physico-chemical characteristics and pesticide residues 

of ground water in Sikrai Tehsil, Dausa District Rajasthan. The objective of this study was to identify some 

selected pesticides along with other water quality parameters of ground water samples for summer and 

winter season. The water sample analyzed for eight Physico-chemical parameters namely Temperature, 

pH, electrical conductivity (EC), Total dissolve solids (TDS), chloride, Total Alkalinity, Total hardness, 

fluoride. For the statistical analysis, values of mean, standard deviations and correlation coefficient 

(r) were also calculated for these water quality characteristics. Analysis of results indicates that the mean 

values of all the measured physico-chemical parameters of ground water were slightly exceeding the 

permissible limits prescribed by BIS and WHO. Pearson’s correlation coefficient (r) value is determined 

using correlation matrix to identify the highly correlated and interrelated water quality parameters. 

Significant correlation was found to exist between Electrical Conductivity, pH, TDS, Turbidity, Total 

Hardness, Total Alkalinity, Chloride, Fluoride. The correlation matrix of Sikrai tehsil suggested that EC of 

ground water is found to be significantly correlated with TDS, Total Alkalinity  and Total Hardness.  All 
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the pesticides were analyzed using by gas chromatography GC-MS/MS& LC-

MS/MS.  The study has shown the presence of both Organochlorine and Organophosphorous pesticides in 

the ground water. Among 20 samples, 06 samples were found contaminated with 

DDT,  09  sample   showed  residues   of  Chlorpyriphos whereas 10 sample found contaminated with α-

HCH  and 08 with  contaminated with β-HCH pesticide residues. The concentration of OCPs and OPPs 

was lower than the prescribed limit of national regulatory agency but such low doses may acts as an 

endocrine disrupting agent and cause metabolic disorders in the local population. 

Keywords: Groundwater, Pesticide, Pearson’s correlation coefficient,  WHO, BIS. 

INTRODUCTION 

 Water is the most vital and versatile resource for all kinds of life on this planet.  It is essential in every 

aspect of human beings. Main source for drinking water are the ground water and surface sources. 

Groundwater is the underground water that fully saturates voids such as fractures and pore spaces in 

sediments and rocks of the Earth’s subsurface. It constitutes approx. 96% of the planet’s liquid freshwater 

and is accordingly an integral part of the hydrologic cycle (Shiklomanov 2000). Groundwater has therefore 

traditionally been considered a relatively safe and high quality source of freshwater.  The Good drinking 

water   quality is vital concern for mankind since it is directly linked with human welfare. In many regions 

of the world, the amount and quality of water available to meet human needs are already limited. During 

the last few decades due to exponential growth of population and increasing industrialization activity the 

quality of water is highly polluted with different harmful contaminants. According to a report published in 

1990 from the Environment Protection Agency (EPA), > 50% of the water pollution of streams and rivers 

occur due to leaching and mixing of chemicals from the agriculture practices (J.L.et al.). Basically, there 

are three main sources of water pollution viz., domestic, agricultural and industrial. While the point 

sources of water pollution like industrial and municipal sources are controllable, the nonpoint pollutions 

(e.g. pollution from agricultural run offs) are difficult to tackle. Besides the other pollutants, pesticide 

residues are also one of the dominant contaminant in water as lot of pesticides are used in agriculture. 

Particularly pesticides like OCP’s and OPP’s leave residues that stay in the environment without breaking 

down for a long time and thus have a great detrimental effect on the environment. Monitoring of pesticide 
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residues in water samples has been an issue of great relevance in the last decades. Water quality analysis is 

an important issue in groundwater studies. Variation of groundwater quality in an area is a function of 

Physical and chemical parameter. The quality of ground water depends on various chemical constituents 

and their concentration, which are mostly derived from the geological data of the particular region.  

  In view of above the present study was aimed to monitor pesticide residues and physicochemical 

characteristics which affecting the water quality of ground water of Sikrai Tehsil, Dausa District, and 

emphasizing probable effect on ecology.  

  STUDY AREA 

Sikrai occupies the position of 26.910 latitudes and 76.690 longitudes. The total area of Dausa district is 

about 918.88 sq.km in which urban area is 11.00sq.km and rural area is 907.88 sq.km. The climate in the 

tehsil  is arid and dry, but by late June and onwards the South West monsoon lashes the region’s parched 

land quenching all those that were Sun dried through the scorching heat of an Indian summer or rather the 

legendry heat of the Rajasthan’ deserts. Sikrai’s economy is primarily an agrarian based economy. Mostly 

people depend on agricultural sector directly and indirectly.  Crops that are grown are those requiring less 

of water. The soil of the tehsil is yellowish to dark brown dominantly fine textured, generally suitable for 

all types of crops.  

       The study was conducted for physicochemical parameter and pesticide residue analysis in ground 

water samples collected from Sikrai Tehsil of Dausa district of Rajasthan. For ground water study the 

samples of tube well, open well and hand pumps from agricultural sites had been collected from 20 

different sampling sites .Field samples were analysed  for Organochlorine (OCPs)  and Organophosphate   

pesticides (OPPs). 

MATERIAL AND METHODS  

Water quality criteria of various groundwater has been studied from different sources e.g. Dug well,  Tube 

well, Bore well etc. total of twenty samples of water were collected in pre-cleaned two litre polythene 

bottles from the sampling site for two seasons i.e., summer and winter of 2017 to assess  the groundwater 

quality. Water samples were preserved by adding 1.5ml of Conc.HNO3 to each sample. Preserved water 
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was assessed by standard methods with necessary precautions. (Brown et al.1974). The samples were 

analyzed for physico-chemical parameters such as temperature, pH, Electrical conductivity total hardness, 

alkalinity, chlorides, Fluoride by using standard methods. Temperature and pH were recorded at the time 

of Sample Collection, by using Thermometer and Pocket Digital pH Meter. Total hardness was estimated 

by the complex metric titration with standard EDTA solution using Eriochrome Black T as indicator. 

Whatman 541 filter papers were used for the determination of TDS.  while other Parameters Such as 

Chlorides, Fluoride ,Alkalinity were Estimated in the Laboratory By using Standard Methods as Prescribed 

By APHA(1985). The residues of pesticides were analyses using by GC-MS/MS & LC-MS/MS. TG-5MS 

(30 m x 0.25 mm ID x 0.25µm) Analytical Column was used.  

                      Table-1: Physico-chemical parameters of water sample studied and methods.  

 

RESULT AND DISCUSSION 

        Statistical Analysis    

In the present study Minimum, Maximum, Average, Standard Deviation and Correlation coefficient (r) has been 

calculated for each pair of water quality parameters by using Excel spread sheet for the experimental data. 

The standard formula was used in the calculation for statistical parameters are as follows (S.P. Gupta, 1999): 

S.No. Parameters Unit Method Employed 
1. Temperature - Mercury Thermometer 
2. pH – Digital pH-meter 
3. Electrical Conductivity µ mhos/cm Digital Conductivity-meter 

4. Total Alkalinity Mg/L Titrimetric method (With HCl) 

5. Total Hardness (as CaCO3) Mg/L Titrimetric method (with EDTA) 

6. Chloride Cl- Mg/L Titrimetric method (With AgNO3) 

7. Fluoride(F-) Mg/L Ion Selective Electrode 

8. Total Dissolved Solids Mg/L Digital Conductivity-meter 
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x = Value of Observation 

N = Number of Observation 

 

x = Values of Parameter 

n = Number of Observations 

 

x,y = Values of array 1 and array 2 respectively. 

n = Number of Observations 

Correlation analysis: 

In the present study the correlation coefficients (r) among various water quality parameters have been 

calculated and the numerical values of correlation coefficients (r) are tabulated in Table- 3 and 4. A 

correlation coefficient r=0 that means there is no connection between two variables. The positive 

coefficient value means the relationship between the variables is positively correlated, or both the values 

increase or decrease together or similarly negative values indicate the negative correlation between two 

variables that means the relationship between the variables is negatively correlated, or as one value 

increases, the other decreases.  
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The variation in physico-chemical characteristics of the ground water have been summarized in the Table 

2. The statistical results for various physicochemical parameters were depicted in tables 3 and 4 for ground 

water with correlation matrix of summer and winter season respectively. 

Temperature - Temperature is the measure of the hotness of any material. The measure of temperature in 

water is important basically for its effects on the chemistry and bio- chemical reactions in the organisms. 

Temperature was recorded on spot by Mercury Thermometer. The observe temperature was ranging from 

29.9°C to 35.1°C and 20°C to 26.3°C during summer and winter season respectively. In the present study 

temperature was recorded minimum during the winter season 20°C as compare to summer season.  

pH - pH is measurement of intensity of acidity or alkalinity of water. Lower the pH value higher is the 

corrosive nature of water. In our findings pH varied between 6.4 to 8.6 in summer season that is indicating 

that the nature of water is slightly basic to strong basic. The pH values were varied in winter season is 6.2 

to 7.9 showing in (Table 2). According to WHO (1992) specification, all the samples fall under desirable 

limit of pH (6.9-9.2). pH was positively correlated with electrical conductance and total alkalinity (Gupta 

2009).  The pH showed positive correlation with EC (r = 0.5736, p< 0.01), Alkalinity (r= 0.8756, p<0.01), 

Fluoride (r= 0.379261, p<0.01) in summer.  The pH showed negative correlation with TH(r = -0.9537, 

p<0.01), in summer. In winter season pH showed positive correlation with EC (r= 0.1731, p<0.01), 

Alkalinity (r= 0.2741,p<0.01), chloride (r= 0.3638,p<0.01). Negative correlation showed with TDS (r= -

0.2490, p<0.01) and Total hardness (r= -0.2521, p<0.01) in winter season. 

Total dissolved solid -TDS indicates the total amount of inorganic chemicals dissolved in water samples. 

The result revealed that TDS of different samples ranged 2352 mg/l to 527 mg/l in summer season and In 

winter season values was recorded 639 mg/l.to 201mg/l. Based on the concentration of TDS (Wilcox 1955) 

groundwater can be classified as follows: Up to 500 mg/l as desirable for drinking; up to 1000 mg/l as 

permissible for drinking and up to 3000 mg/l as useful for irrigation.  

TDS shows the positive correlation with Alkalinity (r= 0.4877, p<0.01) Total hardness (r= 0.8307 

P<0.001) and negative correlation with chloride and Fluoride in summer season. TDS showed positive 
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correlation with Total hardness (r=0.7254, p<0.01), and Fluoride in winter season and negative correlation 

shows with Alkalinity (r= -0.3406, p<0.01) and Chloride.  

Electrical conductivity (EC) - The electrical conductivity of water depends upon the concentration of ions 

and its nutrient status. On the bases of electrical conductivity, the water quality can be classified as poor, 

medium or good   (Gupta et.al.). The conductivity of various samples ranged between 895 μmhos/cm to 

4281 μmhos/cm.   

EC shows the positive correlation with TDS (r= 0.738, p<0.01), Alkalinity(r= 0.618, p<0.01) Total 

hardness (r= 0.829, p<0.01) and negative correlation with chloride (r= -0.238, p<0.01) in summer season. 

In winter season EC showed positive correlation with TDS (r= 0.988, p< 0.01), Alkalinity (r= 0.712, 

p<0.01) and negative correlation with Total hardness (r= -0.753, p<0.01). 

Total Alkalinity - Alkalinity of the water is its acid neutralizing capacity. Alkalinity of sampling sites 

ranged from 159 mg/l to 890 mg/l in summer season and in winter season ranged found from 113 mg/l to 

763 mg/l. According to WHO classification, 79%of samples belong to out of permissible limit.  

Total Alkalinity showed the positive correlation with TDS (r=0.487, p<0.01), and negative correlation with 

pH (r=0.875, p<0.01), EC (r=0.618,p<0.01) and negative correlation with total hardness (r=-0.302, 

p<0.01), Chloride in summer season. 

In winter season total alkalinity shows the correlation with pH and EC and Negative correlation with Total 

hardness (r=-0.319, p<0.01), Chloride. 

Chloride - Chloride occurs naturally in all types of water with a very low concentration. The values of 

chlorides range from 53 mg/l to586 mg/l in summer season. In winter season values ranged from 72 mg/l 

to 992 mg/l. According to WHO (1992) the acceptable range of chloride is 200 to 600mg/l. Maximum 

value recorded after the Monsoon season. Chloride showed the negative correlation with EC (r=-0.432, 

p<0.01), total hardness (r=-0.202, p<0.01) in summer season. 

Total hardness - Total hardness is defined as the sum of the calcium and magnesium concentration. WHO 

permissible limit for total hardness of water is 500 mg/l. The total hardness of various samples ranged 

between 184 mg/l to 848 mg/l in summer season and in winter season ranged from 122 mg/l to 751mg/l.  

High value of hardness during summer can be attributed to decrease in water volume and increase of rate 
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of evaporation of water. Total hardness showed the positive correlation with EC (r= 0.829, p<0.01), 

TDS(r=0.830,p<0.01) and negative correlation with pH (r=-0.953, p<0.01), and Alkalinity  (r=-

0.302,p<0.01) and chloride  in summer season. In winter season showed correlation with EC (r=0.753, 

p<0.01), TDS (r=0.725,p<0.01), Negative correlation with pH, Alkalinity and chloride . 

Fluoride: Fluoride is important in human nutrition for the normal development of bone .The MRL value 

of fluoride is 1.0 to 1.5 mg/L (WHO). Fluoride concentration in sampling sites ranges from 1.5 to 9.5 mg/L 

in summer season and in winter ranges from 1.3mg/l to 8.6 mg/l. Fluoride showed the positive correlation 

with pH and negative correlation with TDS (r=-0.503, p<0.01) in summer season. In winter season showed 

correlation with alkalinity (r= 0.460, p<0.01), EC and TDS. Negative correlation with pH, chloride and 

Total hardness. According to result most of the samples are having fluoride 

concentration more   than   the   permissible   limit   and suffering from the acute fluoride problems. 

 

    Table 2: Physicochemical parameters of ground water in Sikrai Tehsil (Rajasthan). 

Parameter Summer 
 

Summer Winter 
 

Winter WHO 

 
Minimum Maximum Mean SD Minimum Maximum Mean SD MRL 

Temperature 29.9 35.1 32.09 1.6016 20 26.3 23.3 2.039 - 

pH 6.4 8.6 7.6 0.7 6.2 7.9 7.004 0.509 
6.4-

9.2 

Electrical 

conductivity 

µmhos/cm) 

895 4281 2323 1190.7 729 5303 4147 2074.9 1400 

TDS mg/l 527 2352 1498 693.76 201 639 419.4 128.13 1200 

Alkalinity 

(mg/L) 
159 890 411.2 124.78 113 763 406.6 181.56 120 

Chloride (mg/L) 53 586 1402 1101.2 72 992 1093 851.15 400 

Total hardness 184 848 426.8 235.36 122 751 480.7 280.55 600 
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Table 3. Correlation matrix for physicochemical parameters of ground water in summer season of selected sites in Sikrai Tehsil Rajasthan. 

 

Table 4 . Correlation matrix for physicochemical parameters of ground water in winter season of selected sites in Sikrai Tehsil 

Rajasthan. 

 
Temperature  pH 

Electrical 
conductivity 

TDS mg/l 
Alkalinity 
(mg/L) 

Chloride 
(mg/L) 

Total 
hardness 
(mg/L) 

Fluoride 

Temperature  1               

pH 0.1597 1             

Electrical 
conductivity 

0.2726 0.173118 1           

TDS mg/l -0.2351 -0.24904 0.9884 1         

Alkalinity 0.34172 0.2741 0.712327 -0.34069 1       

(mg/L) 

Fluoride  

(mg/L) 
1.5 9.5 1.876 0.4357 1.3 8.6 1.967 0.5572 

1.0-

1.5 

  Temperature  pH 
Electrical 
conductivity 

TDS 
mg/l 

Alkalinity 
(mg/L) 

Chloride 
(mg/L) 

Total 
hardness 
(mg/L) 

Fluoride 

Temperature  1               

pH -0.1796 1             

Electrical 
conductivity 

-0.0764 0.573 1           

TDS mg/l -0.0112 0.071 0.73836 1         

Alkalinity 
(mg/L) 

0.00195 0.876 0.61848 0.48779 1       

Chloride 
(mg/L) 

0.04554 -0.06 -0.432 -0.0685 -0.5365 1     

Total 
hardness 
(mg/L) 

-0.0806 -0.95 0.8297 0.8307 -0.223 -0.202 1   

Fluoride 0.09734 0.379 0.016368 -0.50328 -0.2722 -0.022 -0.04596 1 
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(mg/L) 

Chloride 
(mg/L) 

-0.2528 0.36387 -0.52649 -0.27745 -0.46776 1     

Total 
hardness 
(mg/L) 

-0.9169 -0.25212 0.753 0.72541 -0.31997 -0.14931 1   

Fluoride 0.379134 -0.10023 0.268613 0.29329 0.46099 -0.17602 -0.17316 1 

 

Table 5 Average Concentration of different pesticides (in ppb) in Ground Water samples. 

SITES DDT Melathion Chlorpyriphos Endosulfan Heptachlor Methyl Parathion  α-HCH β-HCH 

SITE 1 0.005 ND 0.031 0.002 0.0031 ND 0.028 ND 

SITE 2 ND ND 0.001 0.027 0.0016 ND ND ND 

SITE 3 ND ND ND ND ND ND ND ND 

SITE 4 ND ND 0.032 ND ND 0.031 0.021 0.015 

SITE 5 0.003 ND ND 0.003 0.018 0.002 ND 0.0064 

SITE 6 ND ND 0.046 0.002 ND ND 0.026 ND 

SITE 7 ND ND ND ND ND 0.003 0.02 0.041 

SITE 8 0.05 ND ND 0.005 0.03 ND ND ND 

SITE 9 0.017 0.003 ND ND ND 0.002 ND 0.073 

SITE 10 ND ND 0.054 ND ND ND 0.009 ND 

SITE 11 ND ND 0.01 0.012 ND ND 0.103 ND 

SITE 12 ND ND ND 0.009 ND 0.002 ND 0.007 

SITE 13 ND ND 0.052 ND 0.0028 ND ND ND 

SITE 14 0.001 ND ND ND ND ND ND ND 
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SITE 15 ND ND ND ND 0.012 ND 0.018 0.024 

SITE 16 ND ND ND 0.002 ND ND ND ND 

SITE 17 ND ND 0.006 ND ND ND ND 0.122 

SITE 18 0.006 ND ND ND ND ND ND ND 

SITE 19 ND ND ND 0.004 ND ND 0.0294 ND 

SITE 20 ND ND ND ND ND ND 0.0121 ND 

Average  0.013 0.003 0.029 0.007 0.011 0.008 0.029 0.041 

 * Concentration in ppb (µg/l),   ND- Not Detectable  

Analysis of traces both Organochlorin and Organophosphorus pesticides in total 20 ground water samples 

was carried out. The average concentration of different pesticide residues in ground water shown in Table 5.  

The result revealed that out of 20 samples,05 samples showed residues of DDT,  only 1 sample shows the 

presence of melathion, 07 sample showed residues of Chlorpyriphos, and  isomers of hexachlorocyclohexane 

(α and β HCH) present in 16 sample. According to investigation the average concentration of DDT found 

(0.013ppb), Melathion (0.003ppb), Chlorpyriphos (0.029ppb), Endosulfan (0.007ppb), Heptachlor 

(0.011ppb), Methyl Parathion (0.008ppb) α-HCH (0.029ppb) and β-HCH (0.041ppb) in ground water 

sample.  Presently, more Organophosphorus insecticide is used because most of the Organochlorine 

insecticides have been banned due to their toxicity, their wide spectrum application in the environment. 

These insecticides are transported into the ground water through leaching, channelling, direct spillage and 

wind drift. 

CONCLUSION 

The present study concluded that pH level in different water samples has been found slightly alkaline in 

nature. From the results of physico-chemical analysis in the  study area indicates that the quality of ground 

water parameters like  chloride, EC, total hardness and  fluoride  exceed the MRL value of prescribed by 

WHO and Indian standards specification for drinking water. In both case summer and winter EC showed the 

maximum correlation with the other parameter. The correlation study and correlation coefficient values can 
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help in selecting a few parameters which could be frequently measured to determine the status of water 

quality regularly.  The levels of pesticides were either below or trace the local regulatory limits but regular 

consumption of such contaminated water may pose serious health hazard to the people who depend for the 

water on this well- field.  The residue of OC and OP pesticide can move thousand kilometres from the point 

of release through atmosphere as gases and aerosols. Water can provide a means of transporting from one 

place to another. Water and soil becomes the ultimate sink for most of the contaminants. The indiscriminate 

use, and due persistent properties, these compounds were found in water and sediment Ramgarh reservoir 

(Gupta et al.). According to finding results ground water quality of Sikrai Tehsil is not suitable for drinking 

purpose. So, there is a need of continuous monitoring of water quality and proper environment management 

plan must be adopted to control drinking water pollution immediately. 
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