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ABSTRACT 

A variety of environmental goods and services provided by lakes make them vulnerable to human 

demand. Society’s demand for economic gains has contributed to the deterioration of water quality and 

aesthetic value of lakes. Pushkar Lake situated in the pilgrim town of Pushkar has been the main 

source of livelihood for the residents of this town. It is facing multifold pressure due to domestic and 

agricultural discharge, intermixing of storm and sewage water and congestion of areas in and around 

the lake. Different ghats of the lake exhibited variations in physicochemical parameters through a 

period of two decades. Most of the parameters were found to be slightly higher than the IS permissible-

limit (IS-10500:1991).This paper addresses two prime concerns –the water quality status of the lake 

and identifying the indicators of sustainable development to facilitate operationalizing and evaluating 

the concept at Pushkar. It is concluded that in its present form, tourism in the study area does not meet 

the criteria for true sustainable development. With little or no interest and intervention from the 

government, tourists often tend to mishandle the resources. The ecological degradation is clearly 

visible in the quality of lake water which has deteriorated with time. More involvement of the 

community in tourism planning, could unlock significant potential for developing ecotourism that 

brings sustainable economic benefits to the community and promotes environmental protection. 

KEYWORDS: Pushkar Lake, Physico-chemical analysis, Biological oxygen demand, pesticide 

residues 

Introduction 

Tourism industry is a major contributor to the gross national product of many nations 

(Riege and Perry, 2000).It is desired worldwide for its potential to generate income and 

economic growth, tourism is expanding fast and ispredicted to double in the next 15 years 

(WTTC,2007).The concept of destination in tourism varies depending on the various 

stakeholders in the tourism business. Every destination is a unique whole, in which physical, 

historical, cultural, social, administrative or functional factors mix in such a way that they 

produce spatial and functional tourism reality. A lake as a tourist destination is generally a 

functionally compact regional whole with clear geographical limits. The lakes and reservoirs 

all over the country are in varying degrees of environmental degradation (Reddy M.S. and 

Char N.V.V., 2004). The Pushkar Lake is one such pilgrim lake which is central to all tourist 
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activities in the town of Pushkar. Society’s demands for economic gains have contributed to 

the deterioration of water quality and aesthetic value of lakes (Ranade, 2008). Sustainability 

of Pushkar is by and large dependent on the lake. The real challenges lie in operationalizing 

sustainable development at Pushkar. 

Study Area 

Rajasthan because of its rich historical, cultural and environmental heritage coupled with 

various fairs and festivals has become a favorite destination for tourists all over the world. It 

had a record arrival of more than 11.3 Lakh foreign tourists and 187 lakh domestic tourists 

during 2005, witnessing a 17% rise in domestic tourists and 16% rise in foreign tourists as 

against 2004 figures (City Development Plan, 2006). Pushkar is situated 12km northwest of 

Ajmer. It is known as the king of the ‘Tirthas’. It is believed to have been created by the 

falling of lotus from the hand of Lord Brahma and hence is associated with sacredness and 

divinity. It is located at a latitude of 26°27’ North and longitude 74°37’ east at an elevation of 

530m above sea level. Pushkar lies on the eastern fringe of the Thar Desert. The town is 

saucer shaped with the Pushkar Lake as the centre of the saucer. The soil and topography of 

the town is predominantly sandy with very low water retention capacity. The climate of the 

town is semiarid with dry and hot summer and cool winter.  The catchment area of Pushkar 

Lake is 1,124 hec. And the lake area is 12 hectares. The depth is approx. 8.3m with a water 

holding capacity of 79,287 cu.m..This semicircular lake is surrounded by hills on three sides 

and sand dunes on the fourth. The lake has 52 Ghats which connect the temples to the water. 

The main economic driver of the town is tourism which promotes the other key industries. 

Pushkar is witnessing an unprecedented growth of nearly 50% per annum in influx of both 

domestic and foreign tourists. In 2005, Pushkar attracted 8% of the total domestic tourists 

coming to Rajasthan while the share of foreign tourists was 5.6%. Pushkar being 

predominantly pilgrimage town, temples have been the main source of livelihood for 

centuries. The satisfaction of tourism requirements must not be prejudicial to the social and 

economic interests of the population in the tourist areas, to the environment or above all to 

natural resources which are fundamental attractions of tourism (Joint Declaration, World 

Tourism Organization and United Nations Environmental Programme, 1982). 

Tourist arrivals in Pushkar: 

Over the last five years there has been a steady rise in the domestic tourist arrivals in 

Rajasthan except for 2003 when there was a drop in domestic tourists numbers.2005 

recorded a 45% increase in domestic tourists and 44% rise in foreign  tourist arrivals.On an 

average nearly 4000 tourists visits visited Pushkar daily (in the year 2005).Pushkar has a 

steady base load of about 100,000 domestic tourists and about 4,000 foreign tourists in a 

month.The figure shoots up in the month of November for the Pushkar fair. 

Tourist Arrivals in Pushkar from 2001-2005 

Tourists 2001 2002 2003 2004 2005 

Domestic 8,65,000 11,61,859 9,37,850 10,65,703 15,48,600 

Foreign 46,182 28,413 31,190 43,980 63,312 

Total 9,11,182 11,90,272 9,69,040 1,109,683 1,611,912 

Source: Rajasthan Tourism Department, January 2006 
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Profile of tourists visiting Pushkar is of three types:

(i) The largest segment comprises domestic tourists visiting the town for just a day 

primarily for performing pujas and other rites.

(ii) A small segment of premium domestic and foreign tourists 

of them are during the Fair 

(iii) A small segment of foreign tourists who are on long stay(a month or more).commonly 

referred to as ‘backpackers’ 

Each of these types of tourists has different needs and place different levels of burde

on the town infrastructure. 

Materials and methods: 

Water samples were collected from three ghats of Pushkar Lake. Out of 52 Ghats only four 

ghats which were primarily used were studied. Three Ghats namely GauGhat, Brahma Ghat 

and Saptarishi Ghat are used for bathing whereas Jaipur Ghat is used for dispersion of ashes.

Water Analysis 

 The water samples were collected for a period of 12 months starting from January 2010 to 

December 2010. The parameters included temperature, pH, conductivity, dissolved oxyge

(D.O), biological oxygen demand (B.O.D.), alkalinity, total hardness, sulphates, chlorides, 

fluoride, phosphate, potassium. For the estimation of D.O. and B.O.D. water samples were 

fixed at the sites. 

 All the collected water samples were analyzed within

triplicate from each site during the four quarters of the year using PET bottles as per 

standard procedures. The collected samples were stored at 4°C.

followed standard procedures mentioned in ‘Sta

Waste water 20th Edition (1998),”published by APHA and “Chemical and Biological Methods 

for Water Pollution Studies “by Trivedi and Goel

Results and Discussion: 

Physicochemical quality of different water

2.The correlation coefficient matrix between each two parts of parameters were estimated 

to conclude the relationships between different physicochemical parameters (Table

be summarized as follows: 
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Profile of tourists visiting Pushkar is of three types: 

The largest segment comprises domestic tourists visiting the town for just a day 

primarily for performing pujas and other rites. 

A small segment of premium domestic and foreign tourists visiting for a day /two,much 

A small segment of foreign tourists who are on long stay(a month or more).commonly 

Each of these types of tourists has different needs and place different levels of burden 

Water samples were collected from three ghats of Pushkar Lake. Out of 52 Ghats only four 

ghats which were primarily used were studied. Three Ghats namely GauGhat, Brahma Ghat 

for bathing whereas Jaipur Ghat is used for dispersion of ashes. 

The water samples were collected for a period of 12 months starting from January 2010 to 

December 2010. The parameters included temperature, pH, conductivity, dissolved oxygen 

(D.O), biological oxygen demand (B.O.D.), alkalinity, total hardness, sulphates, chlorides, 

fluoride, phosphate, potassium. For the estimation of D.O. and B.O.D. water samples were 

All the collected water samples were analyzed within 24 hrs. Samples were collected in 

triplicate from each site during the four quarters of the year using PET bottles as per 

standard procedures. The collected samples were stored at 4°C. All the nalysis methods 

followed standard procedures mentioned in ‘Standard Metods for Examination of water and 

Edition (1998),”published by APHA and “Chemical and Biological Methods 

for Water Pollution Studies “by Trivedi and Goel (1986).  

 

Physicochemical quality of different water samples are shown in the above Table 1 and 

2.The correlation coefficient matrix between each two parts of parameters were estimated 

to conclude the relationships between different physicochemical parameters (Table-4).It can 
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triplicate from each site during the four quarters of the year using PET bottles as per 

All the nalysis methods 
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samples are shown in the above Table 1 and 

2.The correlation coefficient matrix between each two parts of parameters were estimated 
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Table No-1 Analysis of Physico-chemical parameter in water of Pushkar Lake 

 

Table No-2 Analysis of Physico-chemical parameter in water of Pushkar Lake 

Parameter 
Jaipur Ghat Gau Ghat Brahma Ghat Saptarishi Ghat 

Average 2010 Average 2010 Average 2010 Average 2010 

Temperature Range 15°-42° ±0.06 15°-41° ±0.03 15°-42° ±0.02 16°-41° ±0.01 

pH 7.5±0.05 7.8±0.26 7.7±0.06 7.6±0.14 

Dissolved  Oxygen 4.8±0.28 4.98±0.06 4.78±0.23 4.7.±0.19 

BOD 4.8±0.32 5.4±0.17 4.82±0.31 4.7±0.09 

Total Alkalinity 140±0.09 120±0.20 120±0.11 130±0.20 

Chlorides 50±0.02 50±0.08 40±0.16 45±0.04 

Sulphate 33.5±0.10 35.10±0.13 51.4±0.19 6.0±0.11 

Fluoride 0.4±0.44 0.4±0.18 0.40±0.17 0.38±0.28 

Phosphate 1.20±0.15 1.0±0.17 1.25±0.10 1.20±0.25 

Parameter 

Jaipur Ghat Gau Ghat Brahma Ghat Saptarishi Ghat 

Average 

1989-

90 

Average  

2010 

Average 

1989-

90 

Average 

2010 

Average 

1989-

90 

Average 

2010 

Average 

1989-

90 

Average 

2010 

Temp. 

Range 
15°-40° 15°-32° 16°--40° 15°-40° 15°-41° 16°-42° 15°-40° 15°-34° 

pH 7.2 7.96 7.9 7.96 7.4 7.7 7.2 7.8 

DO 5.38 5.35 5.35 5.45 5.21 5.13 5.2 4.88 

BOD 4.4 4.5 4.4 4.2 3.85 4.2 3.7 4.7 

Total 

Alkalinity 
120 135 110 130 104 150 120 125 

Chlorides 16 61 20 70 24 62 20 60 

Sulphate 32.9 39.20 32.2 46.40 33.4 46.4 50.2 49.9 

Fluoride 0.04 .22 .07 .34 .04 .35 0.32 .20 

Phosphate .02 .20 .02 .19 .25 .35 1.20 .30 

Sodium 38 37 36 36 36 37 38 36 

Potassium 3.8 3.1 3.8 2.4 2.9 2.6 8.7 4.8 

Conductivity .32 .42 .37 .42 0.25 .42 0.34 .41 
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Parameter 
Jaipur Ghat Gau Ghat Brahma Ghat Saptarishi Ghat 

Average 2010 Average 2010 Average 2010 Average 2010 

Sodium 40±0.14 50±0.16 45±0.32 40±0.18 

Potassium 9.1±0.33 9.0±0.31 8.8±0.52 9.1±0.20 

Conductivity 0.37±0.24 0.44±0.14 0.44±0.26 0.44±0.23 

 

Table No. 4: Correlation between Physiochemical Parameters in  

Water of Pushkar Lake 

 

The temperature of water varied between 15°-41° during 1989-1990 and has reached a 

range of 15°-42° during 2010.Temperature plays an important role in the physical and 

chemical characteristics of Pushkar Lake. It seems to have a pronounced effect on the rate of 

CO2 fixation by phytoplankton (primary productivity). In addition temperature affects the 

bacterial activities which are responsible in the decomposition of organic matter for nutrient 

cycling as well as solubility and liberation of dissolved gases like O2, CO2, and NH3 etc. The 

average pH values for 1989, 2000 and 2010 were 7.2, 7.9 and 7.8 respectively. The desirable 

limit of pH recommended by IS is 6.5-8.5. This was positively correlated by the pH of Ganga 

and Ghaghara river water where the pH ranged between 7.3 to 7.9 (Gupta ,2003).The pH 

value of Morana river was also in the alkaline range (Mussadiq, 2002).The reason for the 

alkalinity may be due to mixing up of the alkaline chemicals, soap and detergents etc. 

produced due to commercial, agricultural and residential activities. On the other side the pH 

value of water according to Target Water Quality Range (TWQR) for domestic use is 6.0 to 

9.0 (Mishra and Yadav, 1978). E.C. Values in lake water varied from 0.32 µmhos/cm in 1989-

1990 to .44 µmhos/cm in 2010. The absolute maximum value was measured at Gaughat. The 

desirable limit of total hardness is 300-600 mgL-1 in water as per IS. The Total hardness has 
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been found to vary from 180 mg/l to 319 mg/l. Similarly total alkalinity was also found to 

increase from 104 mg/l to 130 mg/l. The permissible limit of alkalinity in the water samples 

is 200-600 mgL-1 (IS). TDS,Total Alkalinity(Maruthanayagam et.al.,2003) showed their 

maxima in summer. The permissible limit of chloride content in the water is 250-1000 mgL-1 

(IS). The amount of chlorides has also been found to increase from 16 mg/l to 50 mg/l.. The 

National River Water Quality (NRWQ) standard range is 45-155 mg/l (Singh et al., 2008). 

The amount of sulphates was found to increase from 32.9mg/l to 50.1 mg/l. The average 

NRWQ standard range for sulphates is 200 mg/l. The results were similar to Lake Nasser 

(Toufeek and Korium) in which sulphates varied from 5.15 mg/l to 13.8 mg/l. The 

permissible limit of fluoride content in the water is 1-1.5 ppm (IS). The fluoride levels were 

found to increase from .04 in 1989-90 to .35 in 2010. Phosphate levels were found to be as 

high as 1.20 mg/l in 2009-10 from .02 mg/l in 1989-90. Sodium levels were found to be as 

high as 50 mg/l during 2010 from 36 mg/l in 1989-90.  Potassium level on GauGhat and 

Saptarishighat was found to be 9.0 mg/l and 9.1mg/l during 2010. The low oxygen level was 

recorded during summer (Toufeek and Korium) due to the removal of free oxygen through 

respiration by bacteria and other animals (Korium and Toufeek, 2008) as well as the oxygen 

demand for decomposition of organic matter. There is a very strong negative significant 

relationship between DO and water temperature. Dissolved oxygen was also found to be 

declining from 5.35 to 4.70 mg/l .The Biological oxygen demand (BOD) has also been found 

to increase from 3.7 in 1989-90 to 5.4 mg/l in 2009-2010. Besides pesticide residues were 

also found in trace amounts in the water samples as shown in Table 3. 

Table No-3 Pesticide Residue in water of Pushkar Lake: Table 

 Total BHC Aldrin Dieldrin Total DDT 

Bharatpur Ghat 6.50 NT NT NT 

Jaipur Ghat 8.41 NT 7.80 2.53 

Gau Ghat 8.40 NT 5.66 1.76 

 Source: Pushkar Municipal Board 

The data reveal that only eight pairs of physiochemical parameters (x and y) show high 

degree of positive correlation (>0.90) (Table 4).The high positive correlated values were 

found between BOD with Temp (0.986), Total Alkalinity and Na (0.944), Phosphate and 

Temp (0.977), Na and BOD (0.910), However, Conductivity with DO (0.085) and Phosphate 

with sulphates (0.044) showed weak correlation. The positive value of correlation coefficient 

‘r’ ranged from 0.000 (Between Potassium and Temperature) to 0.986 (between BOD with 

Temp). On the other hand low negative correlation value of ‘r’ ranged between Potassium 

and Temperature (-0.000) as well as Total Alkalinity and pH (-0.944). The study reveals that 

correlation of BOD with pH, Temp and DO and Na with pH, DO, BOD, sulphates and Fluoride 

is highly significant. Keeping in view the above investigation, the correlation of physico-

chemical parameters of the ground water indicates that all the parameters may be more or 

less correlated with others. The negative correlation between dissolved oxygen and water 

temperature was also observed by Singh et al. (2000). Sharma et. al., (2001) studied the 

ground water quality of an industrial town Bhilwara, Rajasthan and reported that 

correlation among various physiochemical characteristics of ground water samples of 195 
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hand pumps of Bhilwara has highly significant (>0.90) positive correlations for parameters 

TH and EC with Mg, Cl and TDS. Thus it was concluded that the ground water of the study 

area was not potable and most of the parameters were found beyond permissible limit.The 

drop in water table of Pushkar Lake is of serious concern as the water table has fallen from 

10.5 below ground level in 1971 to 23.81m below ground level by the year 2004.The 

maximum level of lake has come down gradually to 4.6 m during the last 10 years.This low 

level not only disappoints the pilgrims but also affects the water quality. 

Conclusion: 

Currently there is an unsustainable approach to managing tourism at Pushkar. The 

ecosystem process of the lake has been altered and has resulted in loss of biodiversity, 

eutrophication, siltation and toxic contamination over the years. Lakes are closed 

ecosystems and hence pollution tends to accumulate in the lake body. High pollution and 

silting of the lake are causes of serious concern. Congestion of areas in and around the lake 

have restricted the natural drainage into the lake .Water quality in the lake has been 

deteriorating continuously primarily due to uncontrolled flow of sewage and waste water 

and disposal of solid waste in the catchment drains. Regular offerings of flower and bone ash 

have caused the water quality to deteriorate further. Excessive siltation also results in 

reduction of carrying capacity of the lake resulting in shrinkage of the lake. During the last 

ten years the maximum level has gone down to 4.6 m (City Development Plan,2006).This not 

only disappoints the pilgrims but also affects the water quality. An intense tourist activity 

within the limited space and fragile environment of lake has caused adverse impacts on its 

water quality. There are growing concerns over the impact of sewage discharges from local 

lodges and settlements. If there are no proper regulations, growing tourist activities, roads 

and other infrastructure lead to adverse impact on the fragile lake ecosystems. 

Environmental attitudes and preferences may not have enough explanatory power for 

sustainable behavior of tourists (Dickinson and Dickinson, 2006).Assumptions based on 

incomplete information may lead industry and government to waste resources and energy 

by making demands that will conflict with tourist choices. A good understanding of how 

attitudes ,personalities and lifestyle influence tourist choices will support the design of more 

effective policies (Cao and Mokhtarian, 2005) and of successful propositions of sustainable 

tourism products that match tourist’s willingness to behave in an environmentally 

responsible way(European Environmental Agency, 2005) 

 Recommendations: 

• It is suggested to channelize and line the feeders so as to increase the water storage in 

the lake. 

• Seasonality of tourist inflow is a serious concern. Huge inflow of tourists in a short 

period places tremendous pressure on civic amenities and other available 

infrastructure. Pushkar needs to find out a mid way between providing quality services 

to its tourists and at the same time does not results in undue stress to its infrastructure. 

• There is a lacuna on easy availability of information about the town from tourist’s 

perspective. 

• Regulations regarding proper town planning need to be enforced as early as possible. 

• High bathing rates, offerings and inflow of sewage needs to be checked and controlled by 

the local authorities 



 INTERNAL MARKETING 191 

• The drain network should be strengthened to enhance water storage capacity. 

• Rejuvenation of Lake through measures like conservation, maintenance of water quality, 

regular cleaning, weeding, treatment of water and screening should be done. 

• Conservation of Ghats and improvement of Catchment through aforestation should be 

the prime focus of the stakeholders. 
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