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Abstract: To assess the seasonal variation of quality of groundwater of two adjoining towns of the hill state, Himachal Pradesh 
in the north of India, a study has been carried out. The specific study zone covering an area of about 120 sq. km. was selected 
near the industrial townships of Nalagarh and Baddi in district Solan. A total of 25 and 40 groundwater samples were collected, 
from 65 different locations during post-monsoon season of 2011 and pre and post-monsoon seasons of 2012. The overall 
residual sodium carbonate (RSC) of groundwater was ranged from -7.794 to 1.673 and -7.857 to 1.953 at Nalagarh and Baddi 
industrial areas respectively. The overall averaged residual sodium carbonate value at Nalagarh and Baddi industrial areas were 
less than 1.25, hence suitable for agriculture purposes. The findings also suggest that values of residual sodium carbonate of 
groundwater were far below the recommended standard value. Therefore it is suggested that regular attention should be given to 
the agricultural authorities, policy and decision makers to both the areas for better agriculture production. However, proper 
treatment of effluents from urban and industrial areas is highly desirable to maintain the residual sodium carbonate of 
groundwater in such areas to check further deterioration. 
Keywords: Groundwater, Residual sodium carbonate, Platykurtic, Nalagarh, Baddi. 

I. INTRODUCTION 
In general water quality refers to the degree of suitability for a specific purpose and is largely depends on the physico-chemical 
characteristics/composition of its water [1]. Irrigation water contains certain quantities of dissolved salts originating from different 
sources i.e. either geogenic or anthropogenic. The suitability of water for irrigation purposes should therefore be assessed on the 
basis of its ability to create favourable conditions for crop growth or yield. However, the suitability of irrigation water has to be 
assessed on the basis of specific conditions like different agro-climatic conditions, types of crops (sensitive, semi-tolerant, tolerant), 
its varieties and cultural practices. There are some attempts have been made to classify/measure the quality of water for irrigation 
purpose [2,3,4,5,6,7,8,9,10,11]. Several measurements/guidelines are also developed and used to classify the suitability of water for 
irrigation, including sodium adsorption ratio (SAR), percent sodium (%Na), soluble sodium percentage (SSP), magnesium hazard 
(Mg haz.), Kelly’s ratio (KR), residual sodium carbonate (RSC), base exchange (base exch.), meteoric genesis (met. gen.) etc. Due 
to differences in climatic as well as topographic conditions in different areas, one can consider the above computed parameters for 
evaluating irrigation water quality. 
The concentration of bicarbonate and carbonate influences the suitability of water for irrigation purpose. One of the empirical 
approach was based on the assumption that calcium and magnesium precipitate as carbonate. Considering the above hypothesis the 
concept of residual sodium carbonate (RSC) was proposed for the measurement of high carbonate waters [2]. In this context 
assessment of suitability of irrigation water quality is important for successful crop production. The poor quality of the irrigation 
water may affect crop yields and physical conditions of soil [12]. Studies shows that, the average yield of wheat decreased by 24% 
[13], rice decreased by 39% [14], vegetables decreased by 30% [15], and corn decreased by 21% [16] over normal yield when poor 
quality water was used. The major irrigation water is judged by four important measures of salinity hazard, sodium hazard, toxicity 
hazard and residual sodium carbonate hazard [17]. As different crops require different irrigation water qualities, therefore, testing 
the irrigation water is quite important prior to contribute for effective management and utilization of the groundwater resources by 
clarifying relations among many hydrogeological considerations. 
The groundwater quality studies reveals that water is suitable for drinking, agricultural and industrial purposes if certain water 
quality/computed parameters found within the desired limits. Many studies on quality of ground and surface water sources on 
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drinking water standards have been carried out by several researchers [18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 
34, 35, 36, 37]. Although many studies have been conducted on suitability of groundwater for domestic needs, however, no 
extensive study has been done on suitability of water for irrigation purposes with respect to residual sodium carbonate (RSC) in 
Solan district of the hilly state Himachal Pradesh. Realizing the importance of water for crop growth and existing research gap a 
systematic study was planned and conducted. In order to assess the suitability of groundwater of the two adjoining towns (Nalagarh 
and Baddi) for irrigation purpose, residual sodium carbonate (RSC) was computed and the results obtained have been discussed in 
the light of its suitability. 

II. MATERIALS AND METHODS 
A. Description of Study Area 
To assess the seasonal variation of quality of groundwater of two adjoining towns of the hill state, Himachal Pradesh in the north of 
India, a study has been carried out. The specific study zone covering an area of about 120 sq. km was selected near the industrial 
townships of Nalagarh and Baddi in district Solan. Solan district is located between the latitudes 30° 03′ 00′′ to 31° 09′ 00′′ N and 
longitudes 76° 25′ 12′′ to 77° 12′ 00′′ E. Nalagarh and Baddi tehsils are located between the latitudes 30° 54′ 23′′ to 31° 14′ 36′′ N 
and longitudes 76° 35′ 21′′ to 76° 51′ 30′′ E. Natural storm drainage to the twin industrial towns of Nalagarh and Baddi is provided 
by a perennial river, named Sirsa. The river enters the Solan district near Baddi and soon enters the Punjab state. Near Ropar, it 
finally merges with river Sutlej. Secondary drainage of the region is provided by a number of tributaries, major among which are 
Chikni Khud near Nalagarh and Balad Nadi at Baddi [18]. 

B. Sampling of Groundwater 
A total of 25 and 40 groundwater samples were collected, from 65 different locations of Nalagarh and Baddi industrial areas of 
Solan district, Himachal Pradesh. Sampling of groundwater samples was carried out from post-monsoon season 2011 to post-
monsoon season 2012. The sampling sites were identified after reconnaissance of Nalagarh and Baddi industrial areas of Solan 
district, so as to represent the whole area. All the precautions were taken as given in standard methods for sampling and analysis 
[38]. 

C. Analytical Methods 
The water samples were analyzed in the Environmental Engineering Laboratory (M.M. Engineering College, Maharishi 
Markandeshwar University, Mullana) and all the precautions were taken as per standard methods [38]. Various analysed 
parameters/elements are bicarbonate (HCO3

-), carbonate (CO3
2-), calcium (Ca2+) and magnesium (Mg2+). Calcium (Ca2+) and 

magnesium (Mg2+) were estimated by EDTA titration method. In order to calculate the residual sodium carbonate (RSC) for 
irrigation purposes, following equation/formula was used (for calculation all values were taken in meq/l): 

RSC = (HCO3
-+CO3

2-) - (Ca2++Mg2+) …………………….(i)  [2] 
Residual sodium carbonate (RSC) for irrigation purpose was calculated and presented in Figures 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 

12. 

III.  RESULTS AND DISCUSSIONS 
Residual sodium carbonate (RSC) is defined as the difference in milliequivalents per litre between the carbonate (CO3

2-) plus 
bicarbonate (HCO3

-) ions and those of calcium (Ca2+) plus magnesium (Mg2+) ions present in water. Water having high RSC, 
extended use of that water for irrigation will lead to an accumulation of sodium (Na+) in the soil. The relative sodium concentration 
in the exchangeable complex increases resulting in the dispersion of soil. The results of this include 1) Direct toxicity to crops, 2) 
Excess soil salinity and associated poor plant performance, and 3) Where appreciable clay or silt is present in the soil, loss of soil 
structure and decrease in soil permeability. Calcium and magnesium may react with bicarbonate and precipitate as carbonates. When 
the residual sodium carbonate (RSC) value is less than 1.25, in between 1.25-2.5, more than 2.5 meq/l, water is considered as good, 
marginal, harmful quality respectively for irrigation purposes [2]. 

A. Residual Sodium Carbonate (RSC) of Nalagarh Industrial Area 
The residual sodium carbonate values of the groundwater samples of industrial area of Nalagarh varied from a minimum value of -
7.593 at sampling location N3 to a maximum value of -1.261 at sampling location N21 during post-monsoon season 2011, minimum 
-4.814 at sampling location N3 to maximum 1.673 at sampling location N21 during pre-monsoon season 2012 and minimum -7.794 
at sampling location N3 to maximum -0.85 at sampling location N21 during post-monsoon season 2012. The observations have 
been presented in Figures 1, 3, 4 and 5. The average values of residual sodium carbonate (at individual sampling locations) varied 
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from a minimum value of -6.734 at sampling location N3 to a maximum value of -0.361 at sampling location N21 (Figures 2 and 6). 
The average values of RSC (average of all the 25 samples) were found to be -3.479±1.409, -2.133±1.644, and -3.615±1.623 during 
post-monsoon season 2011, pre-monsoon season 2012, and post-monsoon season 2012 respectively thus accounting for an overall 
average RSC value of the groundwater samples of industrial area of Nalagarh as -3.076±1.449 (Figure 6). The results indicate that 
only one groundwater sample (sampling location N21) having residual sodium carbonate (RSC) value more than 1.25 and below 2.5 
during pre-monsoon season of 2012, hence found marginally suitable for irrigation [2]. Considering the average values no 
groundwater samples having residual sodium carbonate (RSC) value exceeding 1.25 and found very good in quality for irrigation 
purposes [2]. 
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Fig. 1 Variation of RSC values of groundwater at sampling locations of Nalagarh industrial area 
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Fig. 2 Variation of average RSC values of groundwater at sampling locations of Nalagarh industrial area 
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One blue-coloured horizontal line has been drawn on the Figures 1 and 2 which show the suitability of quality of groundwater for 
irrigation purposes. 
The graphical manifestation of the statistical summary for residual sodium carbonate of groundwater samples is presented in 
Figures 3, 4 and 5. While the curves for residual sodium carbonate in Figures 3 and 5 are negatively skewed (-0.846 and -0.388), 
Figure 4 is positively skewed (0.372) indicating spatial variation of residual sodium carbonate for the groundwater samples 
within the study area. The figures show that the curves are platykurtic or the values of the coefficient of fourth standardized 
moment β2 < 3. The graphical depiction of the statistical summary for average RSC values of groundwater samples is also made 
in Figure 6 and the distribution is found to be platykurtic. 
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Fig. Graphical presentation of statistical summary for RSC of groundwater at Nalagarh industrial area (Post-monsoon season 2011) 
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Fig. Graphical presentation of statistical summary for RSC of groundwater at Nalagarh industrial area (Pre-monsoon season 2012) 
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Fig. 5 Graphical presentation of statistical summary for RSC of groundwater at Nalagarh industrial area (Post-monsoon season 2012) 
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Fig. 6 Graphical presentation of statistical summary for RSC of groundwater at Nalagarh industrial area (Average) 

Student’s t-test conducted on the mean RSC values of groundwater samples of Nalagarh industrial area for different seasons is 
shown in Table 1. The test was conducted with two seasons dealt with at one time. 
 

TABLE I 
RESULTS OF THE STUDENT’S T-TEST OF THE MEAN VALUES OF RSC OF GROUNDWATER SAMPLES OF NALAGARH INDUSTRIAL AREA 

Seasons t-value Significant Not significant 
Post-monsoon 2011 vs Pre-monsoon 2012 3.11* √ X 
Pre-monsoon 2012 vs Post-monsoon 2012 3.2* √ X 
Post-monsoon 2011 vs Post-monsoon 2012 0.315 X √ 
Pre-monsoon 2012 vs Avg. of Post-monsoon 2011 and 2012 3.184* √ X 

* p < 0.05 

B. Residual Sodium Carbonate (RSC) of Baddi Industrial Area 
The residual sodium carbonate values of the groundwater samples of industrial area of Baddi varied from a minimum value of -
6.701 at sampling location B22 to a maximum value of -1.129 at sampling location B23 during post-monsoon season 2011, 
minimum -5.707 at sampling location B11 to maximum 1.953 at sampling location B7 during pre-monsoon season 2012 and 
minimum -7.857 at sampling location B22 to maximum -1.634 at sampling location B23 during post-monsoon season 2012. The 
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observations have been presented in Figures 7, 9, 10 and 11. The average values of residual sodium carbonate (at individual 
sampling locations) varied from a minimum value of -6.567 at sampling location B22 to a maximum value of -0.609 at sampling 
location B7 (Figures 8 and 12). The average values of RSC (average of all the 40 samples) were found to be -3.622±1.101, -
3.059±1.889, and -3.801±1.262 during post-monsoon season 2011, pre-monsoon season 2012, and post-monsoon season 2012 
respectively thus accounting for an overall average RSC value of the groundwater samples of industrial area of Baddi as -
3.494±1.286 (Figure 12). The results indicate that 100, 97.5, and 100 % of groundwater samples having residual sodium carbonate 
(RSC) value remained negative during post, pre and post-monsoon seasons of 2011, 2012 and 2012 respectively, hence found 
suitable for irrigation [2]. The results also indicate that only one groundwater sample (sampling location B7) having residual sodium 
carbonate (RSC) value more than 1.25 and below 2.5 during pre-monsoon season of 2012, hence found marginally suitable for 
irrigation [2]. 
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Fig. 7 Variation of RSC values of groundwater at sampling locations of Baddi industrial area 
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Fig. 8 Variation of average RSC of groundwater at sampling locations of Baddi industrial area 
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One blue-coloured horizontal line has been drawn on the Figures 7 and 8 which show the suitability of quality of groundwater for 
irrigation purposes. 
Figures 9, 10 and 11 show the statistical summary for residual sodium carbonate of groundwater samples. The curves for residual 
sodium carbonate in Figures 9 and 11 are negatively skewed (-0.071 and -0.986), Figure 10 is positively skewed (0.637) indicating 
spatial variation of residual sodium carbonate for the groundwater samples within the study area. The figures show that the curves 
are flat-topped which indicate that the curves are platykurtic or the values of the coefficient of fourth standardized moment β2 < 3. 
The statistical summary for frequency distribution of average RSC values of groundwater samples is also presented in Figure 12 and 
shows the distribution be platykurtic. 
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Fig. 9 Graphical presentation of statistical summary for RSC of groundwater at Baddi industrial area (Post-monsoon season 2011) 
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Fig. 10 Graphical presentation of statistical summary for RSC of groundwater at Baddi industrial area (Pre-monsoon season 2012) 
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Fig. 11 Graphical presentation of statistical summary for RSC of groundwater at Baddi industrial area (Post-monsoon season 

2012) 
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Fig. 12 Graphical presentation of statistical summary for RSC of groundwater at Baddi industrial area (Average) 

 
Student’s t-test conducted on the mean RSC values of groundwater samples of Baddi industrial area for different seasons is shown 
in Table 2. The test was conducted with two seasons dealt with at one time. 

TABLE II 
RESULTS OF THE STUDENT’S T-TEST OF THE MEAN VALUES OF RSC OF GROUNDWATER SAMPLES OF BADDI INDUSTRIAL AREA 

Seasons t-value Significant Not significant 
Post-monsoon 2011 vs Pre-monsoon 2012 1.63* X √ 
Pre-monsoon 2012 vs Post-monsoon 2012 2.06* √ X 
Post-monsoon 2011 vs Post-monsoon 2012 0.674 X √ 
Pre-monsoon 2012 vs Avg. of Post-monsoon 2011 and 2012 1.87* X √ 

* p < 0.05 

IV. CONCLUSIONS 
A. Significant conclusions derived from the study are 
1) Only one groundwater sample (sampling location N21 & B7) at both the industrial areas having residual sodium carbonate 

value more than 1.25 and below 2.5 during pre-monsoon season of 2012, hence found marginally suitable for irrigation. 
2) The overall average value (-3.076±1.449) of residual sodium carbonate (RSC) of Nalagarh industrial area remained negative, 

hence suitable for irrigation. 
3) The overall average value (-3.494±1.286) of residual sodium carbonate (RSC) of Baddi industrial area remained negative, 

hence suitable for irrigation. 

REFERENCES 
[1] Chandrasekhar, S. V. A., (2004), Suitability of water quality for irrigation: A case study of Kondakarla lake, Andhra Pradesh, Records of the Zoological 

Survey of India, 103 (1-2), pp 165-169. 
[2] Eaton, F.M., (1950), Significance of carbonates in irrigation waters, Soil Science, 69(2), pp 123-34. 
[3] Szaboles, I. and Daras, K., (1968), In: Irrigation drainage/salinity (Ed. Kovda, V. A.), FAO Rome, 1973 pp. 201. 
[4] Rhoades, J. D., (1972), Quality of water for irrigation, Soil Science, 113, pp 277-284. 
[5] Sreerama Murthy, K., Bapuji Rao, B. and Narasing Rao, Y., (1995), Water quality for irrigation. In: Water Ecology Pollution and Management Vol. 11. (Eds.) 

Sambasiva Rao, B. and Sankara Pitchaiah, P. Chaugh Publications, Allahabad, 212-231. 
[6] Richards, L.A., (1954), Diagnosis and improvement of saline and alkali soils. Washington: United States Department of Agriculture, p. 160. Agriculture 

handbook: 60. 
[7] Wilcox L.V., (1948), The quality of water for irrigation use. United States Department of Agriculture, Economic Research Service. 
[8] Paliwal, K. V., (1972), Irrigation with saline water, Indian Agricultural Research Institute, New Delhi, Monograph No. 2. pp 198. 
[9] Karanth, K.R., (1987), Ground water assessment: development and management, Tata McGraw-Hill Education. 
[10] Matthess, G., (1982), The properties of ground water, 1st ed. New York: Wiley. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 6.887 

   Volume 6 Issue III, March 2018- Available at www.ijraset.com 
     

 
2577 ©IJRASET (UGC Approved Journal): All Rights are Reserved 

 

[11] Abdel Moneim, A.A., (1988), Hydrogeology of the Nile basin in Sohag province (Doctoral dissertation, M. Sc. Thesis, Geol. Dept., Fac. Sci., Assiut 
University, Assiut, Egypt). 

[12] Talukder, M.S.U., Shirazi, S.M. and Paul, U.K., (1998), Suitability of groundwater for irrigation at Kirimganj Upazila Kishoreganj, Progress Agric. 9:107-112. 
[13] Datta K.K. and Dayal, B., (2000), Irrigation with poor quality water: An empirical study of input use, economic loss and cropping strategies, Indian Journal of 

Agricultural Economics, 55(1), pp 26-37. 
[14] Bai, Y., (1988), Pollution of Irrigation Water and its Effects, Beijing, China, Beijing Agriculture University Press. 
[15] Chang, Y., Hans, M.S. and Haakon, V., (2001), The environmental cost of water pollution in Chongqing, China. Environment and Development Economics, 

6(3), pp 313-333. 
[16] Lindhjem, H., (2007), Environmental economic impact assessment in China: Problems and prospects, Environmental Impact Assessment Review, 27(1), pp 1-

25. 
[17] Michael, A.M., (1978), Irrigation Theory and Practice. Vikas Publishing House Pvt. Ltd, New Delhi, pp. 713-713. 
[18] Rout, C., (2017), Monitoring of ground water quality of Nalagarh and Baddi industrial areas of Solan District, Himachal Pradesh, India, Doctoral Thesis,  

Maharishi Markandeshwar University, Mullana, Ambala, Haryana, India. 
[19] Rout, C., Setia, B., Bhatia, U. K., Garg, V. (2011), Assessment of heavy metal concentration in ground water: A case study, In Proceedings National 

Conference on Hydraulics & Water Resources, SVNIT Surat, Gujarat, India, 29th-30th Dec., pp 477-484. 
[20] Sahoo, N. K. and Rout, C., (2012), Groundwater: Threats and management in India- A review, International Journal of Geotechnics and Environment, 4(2), pp 

143-152. 
[21] Haritash, A. K., Kaushik, C. P., Kaushik, A., Kansal, A. and Yadav, A. K., (2008), Suitability assessment of groundwater for drinking, irrigation and industrial 

use in some north Indian villages, Environmental Monitoring and Assessment, 145(1), pp 397-406. 
[22] Patra, H.S., Rout, C., Bhatia, U. K., Garg, M. P. (2009), Impact of mining and industrial activities on Brahmani river in Angul-Talcher region of Orissa, India, 

Proceedings National Speciality Conference on River Hydraulics, MMEC Mullana, Haryana, India, 29th-30th Oct., pp197-205. 
[23] Rout, C. and Sharma, A., (2011), Assessment of drinking water quality: A case study of Ambala cantonment area, Haryana, India, International Journal of 

Environmental Sciences, 2(2), pp 933-945. 
[24] Rani, M., Rout, C., Garg, V., Goel, G. (2012), Evaluation of water quality of Yamuna river with reference to physico-chemical parameters at Yamuna Nagar 

city, Haryana, India, Proceedings AICTE Sponsored National Conference on River Hydraulics, MMEC Mullana, Haryana, India, 22nd-23rd March, pp 67-76. 
[25] Rout, C., Rani, M. (2013, “a”), Seasonal variation of ground water quality in Kala-Amb industrial areas of Sirmaur district, In Proceedings National 

Conference on Recent Trends and Innovations in Civil Engineering, BRCM CET, Bahal, Bhiwani, Haryana, India, 15th-16th Nov., pp 179-183. 
[26] Rout, C., Rani, M. (2013, “b”), Assessment of Physico-chemical characteristics of ground water: A case study. In Proceedings National Conference on Recent 

Trends and Innovations in Civil Engineering, BRCM CET, Bahal, Bhiwani, Haryana, India, 15th-16th Nov., pp 184-188. 
[27] Arun, L., Chadetrik, R. and Prakash, D. R., (2015, “a”), Assessment of heavy metals contamination in Yamuna river in rural and semi-urban settings of Agra, 

India, International Journal of Earth Sciences and Engineering, 8(04), pp 1627-1631. 
[28] Arun, L., Prakash, D. R. and Chadetrik, R., (2015, “b”), Assessment of water quality of the Yamuna river in rural and semi-urban settings of Agra, India, 

International Journal of Earth Sciences and Engineering, 8(04), pp 1661-1666. 
[29] Chadetrik, R., Arun, L. and Prakash, D. R., (2015), Assessment of physico-chemical characteristics of river Yamuna at Agra region of Uttar Pradesh, India, 

International Research Journal of Environmental Sciences, 4(9), pp 25-32. 
[30] Chadetrik, R. and Kumar, B. U., (2015), Assessment of water quality parameters using multivariate chemometric analysis for Markanda river, India, 

International Research Journal of Environmental Sciences, 4(12), pp 42-48. 
[31] Rout, C. and Attree, B., (2016, “a”), Seasonal variation of groundwater quality in some villages of Barara block of Ambala district, Haryana, International 

Journal of Chemical Studies, 4(1), pp 3117-121. 
[32] Rout, C. and Attree, B., (2016, “b”), Seasonal assessment of drinking water quality: A case study of Barara block of Ambala district, Haryana, Advances in 

Applied Science Research,7(1), pp 28-34. 
[33] Chadetrik, R., Setia, B. and Gourisankar, B., (2016), Quantification of ions fluxes in groundwater of semi-urban and urban settings of Baddi tehsil of Solan 

district, Himachal Pradesh, India, International Journal of Earth Sciences and Engineering, 9(05), pp 2034-2041. 
[34] Rout, C., Setia, B. and Bhattacharya, G., (2017), Assessment of heavy metal fluxes in groundwater of semi-urban and urban settings of Nalagarh tehsil of 

Solan district, Himachal Pradesh, India, International Journal of Earth Sciences and Engineering, 10(02), pp 367-373. 
[35] Khawaja, M. A., Aggarwal, V., Bhattacharya G. S. and Rout, C., (2017), Qualitative assessment of water quality through index method: A case study of Hapur 

city, Uttar Pradesh, India, International Journal of Earth Sciences and Engineering, 10(02), pp 427-431. 
[36] Rout, C., (2017), Assessment of water quality: A case study of river Yamuna, International Journal of Earth Sciences and Engineering, 10(02), pp 398-403. 
[37] Rout, C. and Setia, B., (2017), Assessment of groundwater quality in semi-urban and urban settings of Baddi tehsil of Solan district: A case study, 

International Journal of Chemical Studies, 5(5), pp 1511-1518. 
[38] APHA, AWWA, WEF, (2005), Standard methods for the examination of water and wastewater, 21st ed. Washington DC, New York, USA. 
 



 


