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Abstract: Sacred groves (forest) are a group of trees or a patch of vegetation protected by the local people through religious and 

cultural practices evolved to minimize destruction. Provisioning ecosystem services are the material or energy outputs from ecosystems. 

Four sacred groves of Gwalior region provide provisional ecosystem services in the form of fresh water. The present study was carried 

out to evaluate the seasonal water quality status of four sacred groves of Gwalior from July 2013 to June 2014. Water bodies in these 

sacred groves were found in the form of flowing water and well water. Physicochemical parameters namely pH, EC, TDS, dissolved 

oxygen, total alkalinity, total hardness, calcium hardness, magnesium hardness, chloride, phosphate, sodium and potassium was 

analyzed using standard methods. Results of the study indicated that the fresh water supports the provisional ecosystem services of 

sacred groves and some conservation measures has to be taken to maintain its water quality. 
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1. Introduction 
 
Humankind benefits from ecosystems in a multitude of 
ways. Collectively, these benefits are known as ecosystem 
services. Provisioning services are ecosystem services that 
describe the material or energy outputs from ecosystems. 
They include food, water and other resources. Ecosystem 
services are regularly involved in the provisioning of 
clean drinking water and the decomposition of wastes. Fresh 
water ecosystem plays a vital role in the global hydrological 
cycle, as they regulate the flow and purification of water. 
Vegetation and forests get influenced by the quantity and 
quality of water available locally. Water is one of the most 
valuable natural resources as life without water is impossible 
to exist. The sacred groves of Gwalior provide this natural 
valuable resource as one of the main provisional ecosystem 
service. Water plays an important role for drinking, 
vegetation, wild life, recreation, aesthetic, etc., in these 
sacred groves. People’s changing attitudes, erosion of 
traditional beliefs and human impact have caused 
degradation of sacred groves over the years. Therefore, the 
quantity and quality of water of these sacred groves are 
getting deteriorated as the people nowadays consider these 
sacred groves as picnic spots and perform useless activities 
which degrades the water quality. 
 
2. Materials and Methods 
 
Four sacred groves namely, Panchi K Baba (site 1), Mom K 
Hanuman ji (site 2), Kaner jhir (site 3) and Siddhkho (site 4) 
were selected from which water samples were taken (Table 
1). 
 
Flowing water was found in Panchi K Baba, Kaner jhir and 
Mom K Hanuman ji while in Siddhkho water was available 
in wells. The flowing water and well water was used by the 
local residents for drinking and domestic purpose. The 
quantity of water in site1, site  
 

 

 

 

Table 1: Site Description 

Site Sacred grove District Latitude Longitude 

1. Panchi K Baba Gwalior 26013´58.3´´N 78010´58.1´´E 
2. Mom K Hanuman ji Gwalior 26021´82.0´´N 78017´59.4´´E 
3. Kaner Jhir Gwalior 26003´46.6´´N 77059´47.1´´E 
4. Siddhkho Gwalior 26004´34´´N 78018´29´´E 

 
2 and site 4 was more in rainy season as compared to winter 
and summer season whereas in site 3, water was found in 
good quantity throughout the year.  
 
Water samples were collected on seasonal basis from all the 
four sites in one litre polyethylene bottles properly cleaned, 
labeled and were analyzed in laboratory for different 
physicochemical parameters (1). All the water samples 
were clear, colourless and odourless.  
 
Parameters like pH and electrical conductivity were 
recorded at sampling sites whereas TDS, dissolved oxygen, 
total alkalinity, total hardness, calcium hardness, magnesium 
hardness, chloride, phosphate, sodium and potassium were 
analyzed in laboratory. Study period was divided into three 
phase i.e., Phase I from June to September, Phase II from 
October to January and Phase III from February to May.  
 
3. Methodology 
 
Standard methods and protocol were followed to carry out 
analysis (2). 

 pH – Digital pH meter  
 Electrical Conductivity – Digital electrical conductivity 

meter  
 Dissolved Oxygen – Winkler method  
 Total alkalinity – Titration method  
 Total hardness – EDTA titrimetric method  
 Calcium hardness - EDTA titrimetric method  
 Magnesium hardness - EDTA titrimetric method  
 Chloride – Argentometric method 
 Phosphate – Stannous chloride method  
 Sodium – Flame photometric method  
 Potassium – Flame photometric method  
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4. Results & Discussion 
 

pH 
The pH of water ranged from 6.7 to 8.5. The lowest value 
6.7 was recorded at site 4 during phase II and the highest 
value 8.5 at site 2 during phase II (Graph 1). The high pH 
value may be due to increased organic compound 
degradation and the higher photosynthetic activity by 
macrophytes which results in decrease of H+ concentration 
(10). 
 

Electrical Conductivity 

Electrical conductance values ranged from 155 to 666 
µS/cm and indicate the presence of ionic matters in water. 
The minimum value of 155 was recorded at site 2 during 
phase I and maximum value of 666 was recorded at site 1 
during phase II (Graph 2). High value of conductivity is due 
to anthropogenic activities such as domestic waste which 
releases large amount of nutrients in water (9).  
 

TDS 

TDS is defined as the residue of filtered water sample after 
evaporation. The bulk of total dissolved solids include 
bicarbonates, sulphates and chloride of calcium, magnesium, 
sodium, potassium, silica, potassium chloride, nitrate and 
boron. TDS was calculated using the relationship given 
below (8): 
TDS (ppm) = 0.64*EC (micromhos/cm)  
TDS of the water body ranged from 99.2 to 426.24 ppm. 
Subsequently, four classes of water were proposed based on 
the procedures (3) (Table 5). 
 

Table 5: Water Quality Classification based on TDS 
(content by Carroll, 1962) 

TDS (in ppm) Water Quality 

0-1,000 Fresh water 
1,000-10,000 Brackish water 

10,000 to 1,00,000 Salty water 
>1,00,000 Brine 

 
The lowest value 99.2 was found at site 2 during phase I 
whereas the highest value 426.24 was recorded at site 1 
during phase II (Graph 3). From table 5, it is cleared that the 
water sample is of fresh water.  
 

Dissolved Oxygen 

Dissolved oxygen is very important parameter as it reflects 
the biological activity taking place in a water body and 
determines the biological changes. Dissolved oxygen values 
of water ranged from 5.65 to 8.9 mg/lit. The minimum value 
5.65 mg/lit of DO was observed at site 1 during phase II 
while maximum value 8.9 mg/lit was recorded at site 3 
during phase I (Graph 4). The DO at site 1 was found lower 
due to the effect of human activities such as washing, 
bathing, etc., where oxygen is used to decompose these 
organic wastes that causes algal blooms (9). The highest DO 
was reported at site 3 because of water flow and less human 
interferences.  
 

Total Alkalinity 

The alkalinity is the buffering capacity of water. The total 
alkalinity was observed between 70 mg/lit to 310 mg/lit. The 
lowest alkalinity 70 mg/lit during phase I was found at site 4 

whereas highest 310 mg/lit was found at site 1 during phase 
I (Graph 5). The alkalinity gets increased due to the various 
religious activities, domestic waste and especially due to 
soaps and detergents (12).  The alkalinity decreases due to 
onset of rains (14). 
 

Total hardness 

Hardness is often referred to as the soap consuming property 
of water. Cations imparting hardness are Ca+2 and Mg+2 
whereas the anions responsible for hardness are carbonates, 
bicarbonates, sulphates, chlorides, nitrate and silicate. The 
total hardness ranged from 310 to 1090 ppm. The lowest 
total hardness 310 ppm was found at site 2 during phase II 
whereas the highest total hardness 1090 was found at site 1 
during phase I (Graph 6). The increase in the total hardness 
may be due to domestic activities like washing clothes, 
bathing, etc. The hardness increases due to mixing of 
domestic waste and increase in temperature (6). Hardness of 
water indicates water quality as it is not a pollution 
parameter (18) (Table 6).  
 

Table 6: Classification of water based on hardness by 
Sawyer (1960) 

Hardness as CaCO3 ppm Water Class 

0-75 Soft 
75-100 Moderately hard 

150-3000 Hard 
>3000 Very hard 

 

Calcium hardness 

Calcium is essential for all organisms, being an important 
cell wall constituent and regulates various physiological 
functions in animals too. Calcium hardness was observed 
between 178 ppm at site 3 during phase II and 560 ppm at 
site I during phase I (Graph 7). The range of calcium content 
in ground water is largely dependent on the solubility of 
calcium carbonate, sulphide and rarely chloride (13).  
 

Magnesium hardness  

Magnesium solubility in water is around five times that of 
calcium (13). Magnesium ranged from 50 mg/lit at site 2 
during phase III to 530 mg/lit at site 1 during phase I (Graph 
8). Calcium and magnesium together is the cause of water 
hardness. 
 

Chloride 

Chloride ion is a predominant natural form of chlorine and is 
extremely soluble in water. The major sources of chloride in 
natural water are sedimentary rocks (11). Chlorides ranged 
from 3.7 mg/lit at site 3 during phase I while it was 7.44 
mg/lit at site 2 during phase I (Graph 9). However, in natural 
fresh water, quite low concentration is found (9). The 
chloride content may be increased due to domestic water and 
fertilizers (7).  
 

Phosphate 

Phosphorus in water occurs mainly in orthophosphate, 
condensed phosphate and organically bound phosphate. The 
microbial detraction of organic matter releases the 
Phosphorus in phosphate form (11). The quality criteria of 
Phosphorus in waters is only to check the unwanted algal 
growth (5). The phosphate value ranged from 0.06 mg/lit at 
site 3 during phase II to 1.02 mg/lit at site 1 during phase III 
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(Graph 10). Phosphorus in eutrophication process is 
regarded as the key element (4).  
 

Sodium 

Sodium has wide variations in its concentration in ground 
water (13). The sodium content of the samples ranged from 
9.49 ppm at site 3 during phase II to 28.23 ppm at site 1 
during phase I (Graph 11). Domestic sewage and effluent 
are the main source of sodium (17). 
 

Potassium 

The analysis of water samples in the study area indicates 
that a potassium value varies between 0.99 to 9.26 ppm. The 
minimum value 0.99 ppm was found at site 3 during phase I 
whereas maximum value 9.26 ppm was found at site 4 
during phase I (Graph 12). Potassium concentration in 
ground water is very less as compared to sodium (nearly one 
– tenth or one – hundred that of sodium). The fact is that the 
potassium minerals are resistant to decomposition by 
weathering (13).  
 

5. Conclusion 
 
The study of physical and chemical characteristics of water 
provides a considerable insight into the quality of water 
present in sacred groves. Though the rate of change in water 
quality of sacred groves varies from site to site with 
maximum in area receiving anthropogenic disturbance, yet, 
the impacts has been actually observed throughout the 
sacred groves water quality in undesirable changes being 
accompanied by wide environmental degradation. From the 
present study, it is clear that the three sacred groves still 
maintain good water quality but water quality in Panchi K 
Baba sacred grove is getting change due to anthropogenic 
activities. Panchi K Baba sacred grove may reach to a 
critical stage from all ecological angles and if proper 
conservation measures are not taken, the sacred grove is 
likely to deteriorate further. Therefore, the water quality in 
Panchi K Baba sacred grove must be protected by the 
responsible priest and local people by restricting or 
precluding certain type of activities which is fruitful for the 
growth of sacred grove. Hence, the sacred groves support 
the provisional ecosystem services in the form of fresh 
water. 
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Table 2: Physicochemical characteristics of water samples in monsoon season (Phase I) 
S.No. Parameter Units Site 1 Site 2 Site 3 Site 4 

1. pH - 7.5 7.8 7.4 6.8 
2. EC µS/cm 612 155 229 218.5 
3. TDS mg/lit 391.6 99.2 146.5 139.8 
4. Dissolved oxygen mg/lit 6.24 6.55 8.9 6.9 
5. Total alkalinity mg/lit 310 110 85 70 
6. Total hardness ppm 1090 395 465 450 
7. Ca hardness ppm 560 310 350 265 
8. Mg hardness ppm 530 85 115 135 
9. Chloride mg/lit 4.10 7.44 3.7 4.25 

10. Phosphate mg/lit 0.99 0.60 0.55 0.075 
11. Sodium ppm 28.23 19.30 11.67 30.72 
12. Potassium ppm 3.98 2.58 0.99 9.26 

 
Table 3: Physicochemical characteristics of water samples in winter season (Phase II) 

S.No. Parameter Units Site 1 Site 2 Site 3 Site 4 

1. pH - 6.80 8.5 7.2 6.7 
2. EC µS/cm 666 165 242 298 
3. TDS mg/lit 426.2 105.6 154.6 190.4 
4. Dissolved oxygen mg/lit 5.65 6.05 6.46 6.05 
5. Total alkalinity mg/lit 300 80 120 160 
6. Total hardness ppm 1040 310 415 395 
7. Ca hardness ppm 520 190 178 224 
8. Mg hardness ppm 520 120 219 171 
9. Chloride mg/lit 5.31 7.21 4.79 5.32 

10. Phosphate mg/lit 0.88 0.79 0.06 0.12 
11. Sodium ppm 24.2 15.9 9.49 21.67 
12. Potassium ppm 2.96 2.1 4.29 7.45 

 

Table 4: Physicochemical characteristics of water samples in summer season (Phase III) 
S.No. Parameter Units Site 1 Site 2 Site 3 Site 4 

1. pH - 7.5 7.8 7.4 6.8 
2. EC µS/cm 625 158 218 235 
3. TDS mg/lit 400 101.2 139.5 150.4 
4. Dissolved oxygen mg/lit 6.2 6.7 8.13 7.1 
5. Total alkalinity mg/lit 280 110 167 76 
6. Total hardness ppm 995 340 441 498 
7. Ca hardness ppm 550 290 338 265 
8. Mg hardness ppm 445 50 103.5 233 
9. Chloride mg/lit 4.15 7.05 3.9 4.45 

10. Phosphate mg/lit 1.02 0.80 0.6 0.14 
11. Sodium ppm 27.25 20.01 11.43 27.13 
12. Potassium ppm 4.02 2.95 1.15 8.28 

 

 

Paper ID: NOV151603 2190



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2014): 5.611 

Volume 4 Issue 11, November 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 

 

 

 

 

 

Paper ID: NOV151603 2191



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2014): 5.611 

Volume 4 Issue 11, November 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 

Paper ID: NOV151603 2192




