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Abstract 
  
The purpose of this study was to characterize the waste generation profile of the tourist destinations in 
the Indian Trans-Himalayan region of Ladakh which are facing acute solid waste pollution. Leh town is a 
hub of touristic activity in Ladakh. However, tourist accommodation sector is a major contributor to solid 
waste generation of the town and poses severe challenge for the sustainable development of the region. 
Hitherto very few scientific studies have been undertaken to analyze the magnitude of waste generation 
from accommodation industry in order to visualize anthropogenic pressure on the destination under 
investigation. Therefore, the present research work was a scientific attempt to estimate the magnitude, 
composition, quantity and temporal trends in solid waste generation in the tourist accommodation of the 
town and suggest a suitable model for its proper management. Direct Waste Analysis Method has been 
used and 10% representative sample selected through random sampling technique. The results reveal 
that tourist accommodation sector generates about 1093.69 annually out of which 60% can be diverted 
for composting and 30% for recycling to relieve burden on the destination. The study depicts that there 
is huge potential of resource recovery for the waste streams of accommodation industry in the area. The 
data set generated through this pilot study could be indispensable for envisaging an integrated solid 
waste management plan for of the town. 
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Introduction 

Solid waste is being regarded as the worst type of pollution because it is discernible unlike other types of 
pollutions and frequently occurring in every passing second (CPCB, 2000; UN, 2000, Obirih, et al., 2002). 
Moreover, urbanization has increased over space and time with more than half the world’s population 
now living in urban centers (Tacoli, 2012), and by 2050, urban dwellers probably will account for 86% of 
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the population in developed countries and for 64% of the population in developing countries (UNDP, 
2012). Thus, solid waste management has become a burgeoning problem for international, national and 
local governments as it is the single largest budget item for the majority of urban centers (UN, 2010; 
Habitat, 1994; World Bank, 2012). Besides the crude open dumping is a common method of waste 
disposal, which poses a huge  potential and real threat to the public health and especially to the quality 
of environment. Thus, the magnitude of solid waste generation is so high, that the existing levels of 
technology, manpower and finance are falling short to handle it properly (Al-Yousfi, 2004; Ahmed and 
Ali, 2004; Tacoli, 2012), which, so far, has exceeded the earth’s natural decomposition and absorption 
ability (Smith, 2004). 
 
The mountainous regions face additional challenges of solid waste management on account of 
inadequate methods to handle it, which has serious cascading effects on its fragile environment (Jain 
and Kuniyal, 1994). Besides, the seasonal tourist influx compounds the problem considerably because 
of the fact that an enormous quantity of waste is generated within a shorter period of time (Wani and 
Shah, 2013). The International Hotel Environment Initiative (IHEI, 2002) reports that every customer can 
produce 1 kg of solid waste a day in a typical hotel, which accumulates into thousands of tonnes annually,  
much of which goes to landfill sites without any suitable treatment. The improper management of waste 
can contribute to the occurrence of global problems, e.g. global warming, ozone layer depletion and 
climate change (Mensah, 2005). Once the waste material is buried in a landfill, it releases CH4, which 
often contributes to air pollution and adversely impacts upon human health and the environment. The 
biodegrading process of waste also causes the formation of leachate, which has the potential to pollute 
underground water (Becklake, 1991; CPCB, 2000; UN, 2000). In this regard, the mechanism of integrated 
solid waste management tries to minimize the quantum of waste disposal through methods like, inter alia, 
reducing, reusing, recycling, recovering, composting, and incineration, etc. (Medina, 2003). It has been 
used in efforts to ensure environmental purity and sustainable management of resources (Cairnes, 1991; 
Kreutzmann, 2001; IHEI, 2002).  

 

Study area 

Figure I: Location Map of the Study Area  Figure II: View of Leh Town 
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The present study was carried out in Leh Town of Ladakh, in India. Historically, the town used to be an 
important stopover for the historical Trans-Himalayan Silk Route (Rizvi, 1995). The town is located at an 
altitude of 3500 meters above  sea level on the right banks of Indus River. Though the region is basically 
a climatic desert (Hussain, 2000, Shah, 2013), harsh climatic conditions and topography have posed 
severe checks on the agriculture and other basic activities (Sagwal, 1991). However, over the years, 
tourism has been gaining ground and opening new vistas for Ladakhis, and in fact more so than other 
Himalayan tourist destinations (Alexander, 2005).The total population of the town is 3.8 million (2011, 
census) and people mainly are Buddhists. The region,when viewed from  a hydrological point of view, is 
a source of some of the subcontinent’s major waterways like the Indus river system, therefore 
environmental management in the region is of vital importance for the long lasting growth and 
development of the subcontinent. Strategically the area is also very politically volatile owing the 
international boundaries with Pakistan and China.  

 

Significance of the study 

The Ladakh region is one of the most popular tourist destinations of South Asia and also one of the most 
fragile ecological areas of the Trans-Himalayan region and it is vital to the sustainability of the Indian 
subcontinent (IPCC, 2001). The Ladakh region contributes a large amount of perennial water supply to 
the Indus river system which is the main source of drinking water, irrigation,  hydropower generation and 
tourism development. Tourism businesses have brought new waves of development to Leh, Ladakh, by 
creating enormous job opportunities and, therefore, have been instrumental in trickling down 
developmental socio-economic waves to this relatively backward region.  
 
Over the years anthropogenic pressure has slowly begun to impact negatively on the Ladakh region; 
manifested in the form of glacial recession, scarcity of water resources, water pollution and cloud bursts. 
However, the most threatening and discernible pollution in the Trans-Himalayan region is  improper solid 
waste disposal (Alexander, 2005). Thus, there is every possibility that environs and socio-economic 
quality of life will become severely affected on account of what is improper environmental planning. 
Besides, only a few studies have been carried out regarding the solid waste dimensions in these Trans-
Himalayan towns so far. However, for developing and implementing integrated solid waste management 
a comprehensive data base regarding the quantity and quality of material generated is very crucial 
(Gidarakos, et al., 2005). Against the above backdrop, the present study is a scientific attempt to analyze 
magnitude, composition characteristics and seasonal variation of solid waste generation for the tourist 
accommodation sector of the town and for the formulation of a suitable coping strategy for it.  
 
Research design 
 

The Base map for this study was generated from Ward maps supplied by the Leh municipality and was 
Georeferenced with SIO Topo Sheet of 1971 bearing number 52 F/12, in ESRI’s ArcGIS 9.2.2 software. 
The study has been undertaken to understand the solid waste management system in Trans-Himalayan 
urban tourist centers in order to explore the alternatives and opportunities to achieve higher levels of 
sustainability. The data has been collected using a variety of methods so as to seek to gain a better 
understanding of the challenges, opportunities and alternatives. The present study is mainly based on 
both primary and secondary data. Data collection methods include literature review, sample survey and 
observations. The data regarding tourist accommodation units has been acquired from the Department 
of Tourism, Leh. There are many methods for quantifying and characterizing solid waste stream; including 
direct waste analysis, material flow analysis, survey analysis and empirical analysis and each method 
has certain capabilities and limitations (Chi, 2005). The present study used Direct Waste Analysis, the 
scientific and most commonly used method of the waste estimation and analysis (Maclaven Yu, et al, 
1995). The methods make direct examination of the waste generation sources, characteristics such as 
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weight and composition (Byer, et. al, 2009). To measure each fraction of waste accurately, the 
researchers tried to group waste generated from different source in three broad categories, i.e. 
compostable, recyclable and miscellaneous wastes as shown in the table I. The classification scheme of 
solid waste was developed from the cutting edge research work conducted by researchers like Chi, 
(2005), Kessler, (SE2008), Byer, et al. (2009), Thanh, et al. (2011), Chandrappa, et al. (2012), Parandeh 
and Khanjani (2012), Oyelola, and Babatunde, (2013), Sanaa, et al. (2014) in the different parts of world.    

Table I: Classification of solid waste 

 Waste Category Waste Item 

Compostable 

Fruite 

Food 

Vegetable 

Garden clippings 

Recyclable 

Metal 

Glass 

Paper 

Rubber 

Plastics 

Miscellaneous 

Non-Recyclable Plastics  

Non-Recyclable Paper                                                                                                                                                                                                                                                                                                                                                        

Textile 

Wood 

Sharps 

Bones 

Ash and Dust 

 

Therefore, for the estimation of solid waste generated from tourist accommodation units, the researchers 
employed a random sampling technique to select the sample. Subsequently 41 hotels including guest 
houses out of the total of 405 units were selected as a representative sample that accounts about 10% 
of the total population. The sampling was done during summer season in 2014, 2015, 2016 and 2017 
respectively. For the ease of the waste estimation, polythene bags of 50 kg capacity to sample hotels 
and guest houses. The waste estimation was conducted early in the morning before it was disposed of 
for dumping, and the process was repeated for seven consecutive days for each sample. For the purpose 
of sorting and estimation of solid waste, Safai Karamcharies (Cleaners) were hired from the concerned 
Municipality, which made it possible to determine the composition of the waste by weighing each item of 
solid waste stream like fruit waste, leftover food, vegetable waste, paper, plastics etc. using weighing 
scale. It is one of the widely used methods for waste characterization for site specific sampling via sorting 
and weighing waste by category (Staley and Barlaz, 2009).  
 
Details of each item of waste stream were recorded and the magnitude of solid waste generation was 
expressed in kg/room/day. As a result, figures were adjusted to daily solid waste generation. In order to 
work out the seasonal variation in the amount of solid waste generation, the researchers employed other 
indicators like monthly room occupancy levels of tourist accommodation sector. Hotel room occupancy 
has been used to measures the tourist demand to a particular destination at any given time. The 
occupancy calculation is a simple division, and means the number of rooms available for sale is divided 
into the number of rooms sold or occupied by customers. The hotel occupancy can be computed for one 
night, one month or one year. It is generally expressed in percentages (Vallen  and Vallen,  2013). 
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Formula to work out room occupancy levels in tourist accommodation 

                                    
 

Number of rooms sold or occupied 
 
Room occupancy = ------------------------------------------------------------------------x 100 

Total number of rooms 
 

Results and discussion 
 
Magnitude of waste generation in tourist accommodation 

The hotels and guest houses are becoming important landmarks of the urban landscape of Ladakh 
particularly in Leh town, where the accommodation sector comprises of 405 units with 4105 rooms. On 
an average, tourist accommodation of Leh town generates about 5.11 metric tonnes of waste/day during 
the peak tourist season from April to September, with a per capita waste generation of 1.87 kgs/day/room. 
The tourist accommodation of the town mainly consists of budget hotels and guest houses. It is reported 
that if small budget full service tourist accommodations generate waste between 1.2-1.6 kgs per 
room/day, this is considered a  satisfactory limit (WWF-UK and IBLF2005; Bal and Taleb, 2011). The 
magnitude of solid waste generation in the tourist accommodation of Leh town is 1.8 kgs per room/day 
which is significantly higher. The higher rate of waste generation in the tourist accommodation of Leh 
town is attributed to the fact that it has well developed tourist accommodation, restaurant facilities and it 
is also is a main center of tourist attractions. Moreover, during summer season, tourist flow is so high that 
it out numbers local population of the entire Leh district (Wani, 2016).  As result hotel room occupancy is 
significantly higher. 

Table II: Magnitude of waste generation in tourist accommodation 

Number of  
accommodation 

units 

Number of 
rooms 

Per capita waste 
generation per day/room 

Mean monthly 
room 

occupancy 

Average daily waste generation 
in metric tonnes in tourist season 

405 4105 1.87 

 
 
 

66.50 

 
 
 

5.11 

Source: Field survey  

 

Levels of room occupancy and magnitude of waste generation in tourist accommodation 

As per the table II it is clear that the room occupancy levels increases dramatically during the summer 
season and reaches at the peak level during the month of July, because the best time to visit this wonder 
land is from April to the ending September. However during winter months particularly in December, 
January and February weather is very chilly and snowfall is common phenomena. Temperature often 
plunges below freezing point and Ladakh remains cut off from the rest of the world that is why room 
occupancy remains generally at a low ebb during unfavourable winter months. 
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Table III: Levels of room occupancy and seasonal variation of waste generation in tourist accommodation units 

Month J F M A M J J A S O N D 

Hotel room occupancy in % 0.0 0.0 0.0 34.33 50.50 76.67 100.0 100.0 72.00 32.00 0.0 0.0 

Waste In metric tonnes 0.0 0.0 0.0 79.06 120.17 176.56 237.97 237.97 165.81 76.15 0.0 0.0 

Source: Field survey 

 

Fig. III: Levels of room occupancy and seasonal variation of waste generation tourist accommodation units  

 

Source: Field survey 

The table III and fig. III shows solid waste generation from the tourist accommodation sector of the town 
is subject to significant the seasonal variations. It is clear that during the winter months i.e. October, 
November, December, January and February there is no waste generation because during this season 
there is chilly weather in the entire region of Ladakh and the mercury plunges to well below freezing point. 
However, during the summer season, waste generation reaches a climax because of the huge volume 
of tourist arrivals, which aggravates anthropogenic pressure on the environment. Similarly there is a rapid 
upward swing in the waste generation in tourist accommodation up to the month of July i.e. about 237.97 
metric tonnes of solid waste. Because the accommodation sector experience maximum room occupancy 
levels. It can be further noticed that waste generation experiences decline with respect to the onset of 
the cold season in the region.  

Gidarakos and Ntzamilis, (2006), and also Wani,  and Shah (2013) reported that tourist areas experience 
prominent variation in the amount of solid waste generation with respect to the change of season. 
Therefore we can safely conclude that higher the level of room occupancy higher is rate of solid waste 
generation and vice versa. Such a statement is also proven by (Wani and Shah 2013; Peterson 2013), 
in their respective studies. Moreover Leh town is used as base camp by visitors to explore the entire 
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Ladakh region, as a result huge amounts of waste are generated in the tourist accommodation of Leh 
town. 

 

Table IV: Quantity and composition of solid waste generation in tourist accommodation of Leh Town 

Material category Items Waste In metric tonnes %age of weight 

Compostable waste 

Fruite 85.09 7.78 

 Food  374.04 34.2 

Vegetable 248.16 22.69 

Garden Waste 13.34 1.22 

Recyclable  

Metal 25.05 2.29 

Glass 114.95 10.51 

Paper 56.87 5.2 

Plastics 40.90 3.74 

Miscellaneous  
Non-Recyclable Material 6.78 0.62 

Others 128.51 11.75 

 Total 1093.69 100.00 

Source: Field survey  

 
The base of successful planning for a waste management programme depends up on the availability of 
reliable information about the quantity (Gidarakoset al., 2005). Effective waste management through 
municipal solid waste composition studies is important for numerous reasons, including the need to 
estimate material recovery potential, to identify sources of waste generation, to facilitate design of 
processing equipment, to estimate physical and chemical properties of the waste (Parissakis et al., 1992; 
Wani and shah, 2013).  From the table above it is evident that about 60% of the total waste generated 
from the accommodation sector is compostable in nature, including wastage of fruit, food, vegetable and 
garden clippings etc. A study by Van Waning, (2010) confirmed that in the accommodation sector about 
60.3% of the total waste generated is organic in nature. Among the compostable items food is dominant 
which constitute about 34.2 % of the total weight generated. The discarded edible items of the hospitality 
sector constitute the food waste in particular (Okazaki, et al., 2008; Pirani and Arafat 2014), this uneaten 
food can be given as donations to the needy people or it can be used as valuable feed for animals and 
poultry. 
 
Among the recyclable material, glass is the most dominant source of waste, which accounts for about 
10.51% of the waste of the accommodation sector. Researchers like (Winter and Azimi 1996; Parfitt, et 
al., 2013), highlighted that in hotel waste streams, more than about 7% of the weight of solid waste is 
constituted of glass. Paper waste comprising of  cardboard, print paper and newspaper constitute around 
about 5% weight of total waste Shanklin, et al., (1991) Alexander, (2002) and also Evans, (2008) have 
come to the conclusion that in the hotel industry, plastics waste constitutes about 6.7% and paper waste 
constitutes approximately 20% of the total weight of the solid waste generated in the hotel industry. 
Among the miscellaneous waste category items, charcoal, ash and dust contents are the major 
constituents of the waste stream. This is because in the low budget hotels, water is being boiled with coal 
and fire-wood. Such types of waste comprise about 11.75% of the total weight stream of the tourist 
accommodation in Leh town.  

 

The table IV and fig. III show that the content of organic waste or compostable waste is quite high in the 
waste stream of tourist accommodation. However among compostable items, food waste is the highest 
contributing item i.e. Kargil town produces about 19.89 metric tonnes and while  Leh town produces about 
374 metric tonnes annually. The second largest portion came from vegetable waste, which amounted to 
about 16.26 metric tonnes in Kargil and 248.16 metric tonnes in Leh town. Among the recyclable wastes, 
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glass constitutes highest quantity i.e. 14.95 metric tonnes in the waste stream, and this is because elite 
groups of  domestic and also foreign tourists are accustomed to consuming wine and beer which results 
in the generation of huge quantities of glass. Moreover there is an easy availability of wine and beer in 
the town which results in the generation of a huge quantity of glass.  

 

Sustainable integrated solid waste management plan for tourist accommodation units of Leh 
Town 

It is a holistic approach to deal with issues of management of solid waste in an environmentally 
sustainable and economically feasible and socially acceptable manner. It requires an integration of 
various processes associated with solid  waste management planning process like prevention, 
minimization, compositing, recycling, incarnation, design, construction and operation of landfills etc. It 
has been observed that no single method can tackle the solid waste menace in isolation. Therefore all 
the methods have to work together in order to ensure proper solid waste management by evaluating the 
local geo-environmental and socio-economic conditions of the area (Tchobanoglous et al., 
1993).Integrated solid waste management is a comprehensive waste prevention, recycling, composting, 
and disposal program to optimize and enhance efficiency of waste management within urban areas 
(UNEP, 1996, 2002), and can be implemented in all types of waste management including solid, liquid 
and gas (USEPA, 2006). 

 

Therefore, the basis of successful planning for an integrated waste management programme depends 
upon reliable information about the quantity, the type of material being generated and an understanding 
of about how much of that material can be prevented, captured and recycled (Parissakiset al., 1992; 
Shah and Wani 2012). Figure 6.1 is widely used by waste management researchers to show the methods 
associated with integrated solid waste and environmental sustainability associated with each approach, 
depicted by green and red colours i.e. apex of the pyramid represents the best method and bottom 
represents the least favorable method. Therefore we have tried to generalize these methods of ISWM 
onto the data set of table 6.1 which shows the category-wise quantity of solid waste generation. 

 

Fig IV: Integrated solid waste management hierarchy 

Source: www.romero-waste.co.uk 
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A perusal of table IV provides essential data sets which are a prerequisite for envisaging the successful 
planning for the integrated solid waste management in Leh town, keeping in view the environmental 
suitability and sustainability requirements. The waste disposal options on the basis of environmental 
sustainability are listed below.  

1) Prevention 

2) Composting 

3) Recycling 

4) Incineration 

5) Landfill 

6) Open dumping 
 
Prevention 

Waste prevention is a strategy that involves the reduction of  volume or toxicity of the wastes before it is 
sent for disposal, or mixes with the general waste stream. It is considered the best approach to solid 
waste management as it eliminates waste generation in the first place, thus eliminating the need for 
recycling, composting and disposal. These benefits make waste prevention the highest priority for the 
effective management of solid waste for Leh town owing to the previously described fragile geo-
environmental setup. Leh town is the only town in Jammu and Kashmir where there is to some extents a 
ban on polythene carrying bags with the full cooperation from the local community, which is a smart 
example of pollution prevention in the region. However the tourism industry is rapidly developing in Leh, 
in order to cater for  tourist flows, huge amounts of packed material are imported into the area resulting 
in the generation of a huge amount of hazardous materials like polythene and plastics. Therefore, keeping 
in view the environmental impacts of packing material of goods it is better to develop and use the local 
resources to replace the packed goods i.e. it is better to develop dairy farming as the region has huge 
potential for it. Moreover, it helps in reducing the dependence on packed milk and by-products of milk. 
Such kinds of smart initiatives will likely reduce the potential of unnecessary waste generation and help 
in solving the problem of ever-increasing volumes of plastics and polythene in the town. 

 

Potential for the composting 

Composting though an old traditional method is still an effective method to increase nutrients in soils from 
organic wastes (Drescher and Zurbrugg, 2006). It is a process in which waste is broken down biologically 
under  controlled conditions so that the end product can be used for the agriculture and horticulture as 
an effective eco-friendly fertilizer (Webster, 2000).Composting reduces the formation of leachate and 
methane formation, decreases volume of the waste, and also kills pathogens (Bandara, et al., 1999).It  
also reduces the chances of unwanted weed germination in agricultural fields (Jakobsen, 1995).It has 
been adopted by many municipalities all over the world as a viable method of waste management (Otten, 
2001;Taiwo, 2011). With an increasing interest in organic agriculture, the production of compost is 
simultaneously also gaining popularity because of its positive effect on biological, physical and chemical 
characteristics ofsoil (Iglesias-Jimenez and Alvarez, 1993).It is an odour free process normally taking 
between three and six months depending on the how the wastes are handled and the period can be 
reduced by turning over the material regularly. This process can be commercially undertaken or even 
done at home using common agricultural equipment such as manure-spreaders and spades which have 
been effective in moving and turning the compost pile for centuries now (Fedrikeaet al., 1989). 
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The organic waste including fruit, food, vegetables and garden clippings have high potential for resource 
recovery in the form of high quality compost (Hoorweg, et al., 1999). Leh town generates about 
720.63metric tonnes of compostable solid waste annually which account for 66% of the total  solid waste 
generation of the tourist accommodation enterprises in the town.  Apart from preventing waste entering 
into dumpsites, composting process can enhance the fertility effectively because the soils of the Ladakh 
are coarse and generally highly deficient in the organic matter thus rendering them minimal capability for 
moisture retention (Bisht,  2008). Compost can increase the humus content, moisture retaining capacity 
and fertility of the soils. Therefore, composting has  promising prospects for the Ladakh because it can 
help in developing the horticulture and agriculture with the negative least impact on the fragile ecosystem.  

 

Potential for recycling 

Fig. V: The researcher gathering information from scavengers at Leh dumpsite 

 

Recycling is one the most environmentally conscious and cost effective methods of waste disposal (Nas 
and Jaffe, 2004). Recycling of waste can subsequently reduce the quantity of waste reaching dumpsite 
and landfills. Recycling not only improves waste management process but also brings economic benefit 
to those involved in it. There is presently no recycling unit for waste in Leh, Ladakh. However like other 
parts of India, the waste scavengers in the town were observed recovering valuable recycling items like 
bottles, glass and metal etc. as shown in the fig 6.4. They earn about Rs. 200-300 per day from the 
material recovered from the solid waste stream. It is clear from the table that about 237.77 metric tonnes 
accounting about 22% of the total annual waste stream of tourist accommodation, including items like 
glass, bottles, metal containers, cardboard and paper etc. can be potentially recycled. The main benefits 
of this informal recycling which is presently going on in the town are desperately needed employment 
generation, the reduction of collection and disposal costs, conservation of natural resources and the 
provision of raw materials at comparatively low costs. Thus, it means a huge amount of solid waste can 
be diverted for the recycling process. These materials can be used in various industrial units as raw 
materials for making the new product at relatively lower costs like for example, glass making units, metal 
smelting, paper and cardboard factories and tile industries .    

 

Incineration 

Incineration is another option for waste reduction and disposal, as far as  the integrated sustainable solid 
waste management is concerned. In this process the solid waste is burned under controlled burning at 
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extremely high temperatures often as high as about 600° C. Table 3 Shows about 1241.17 metric tonnes 
in Leh town are of miscellaneous category because of low market value. However, among these 
miscellaneous waste items, wood , non-recyclable paper and low grade plastics, textile and bones, can 
be diverted for incineration plant disposal. The waste can then be burned at a very high temperature and 
the resultant heat energy is covered into electric energy (Jain, et al, 2014).  Waste-to-energy incineration 
is presently used in some of the metropolitan cities of India and it helps greatly to reduce the volume of 
the waste that must otherwise be land-filled (Jain, et al, 2014). It also decreases gas and smoke 
emissions, however, there are some problems associated with waste to energy incineration as it 
contributes to the concentration of greenhouse gas emission and suspended particulate matter (SPM) in 
the atmosphere. The residues released by incineration method particularly SPM contain high levels of 
heavy metals i.e. cadmium, mercury and lead (USEPA, 2006) which are all very harmful to humans and 
the environment in general. Nevertheless, this method can ensure sustainable environmental 
management in general for Ladakh and meet the growing demand of electricity in hospitality sector of 
Leh town in particular.  

 

Land-filling  

Land-filling involves the controlled disposal of waste on land with little or no pre-treatment. It is one of the 
simplest and normally the cheapest method for disposing of waste (Taylor and Allen, 2003) and it is 
widely practiced in developing countries. According to recent estimates,  solid waste contributes about 
one-fifth of global anthropogenic methane emissions (IEA, 2005) and methane (CH4) is the second major 
contributing factor to climate change and global warning, after carbon dioxide (CO2) (Hansen and Sato, 
2001). 
 
Land-filling is a method of disposing of waste in a smallest practical area and reducing its volume by 
compaction and covering it with a layer of soil at regular intervals (Robinson, 1986). The successful 
operation of several sites all over the developed world has highlighted the precautions to be taken and 
factors to be considered while designing and operating a sanitary landfill (CPCB, 2000). Presently there 
is no land-filling process followed by the Leh municipality.  However primitive open dumping is practiced, 
which poses a plethora of threats to the environment and public health. The dumping sites have become 
breeding grounds for flies and stray dogs.  These dumping site have been selected randomly without 
taking any environmental and socioeconomic factors into  consideration. The open dumping has been 
linked to many harmful health effects, including skin and eye infections, respiratory problems, vector-
borne diseases such as diarrhoea, dysentery, typhoid, hepatitis, cholera, malaria and exposure to heavy-
metal poisoning (UNEP, 2011). There is an urgent need to develop proper scientific sanitary landfills at 
appropriate places so that waste can be properly disposed of, without threating the environmental 
sustainability of the area. 
 

Conclusion 

Ladakh is northern most part of the India is not only strategically important also from the environmental 
point of view, the region is very fragile. Over the years the Ladakh has emerged as an important touristic 
destination in north India and Leh town acts as the ‘center of gravity’, because tourist use it as a base 
camp for the exploration of the vast region of Ladakh. However due rapid anthropogenic pressure on 
account of increases in urban populations, enormous seasonal tourist inflows, ever-increasing hospitality 
industry operations and an influx of a huge migratory labour force during summer season, these generate 
huge amounts of waste. Therefore, in order to deter environmental degradation caused by the improper 
treatment of solid waste which is not only discernable pollution but also its contribution to an intensification 
of other types of pollution like surface and ground water contamination, air pollution which results in the 
emitting of huge amounts of methane GH4 into the air, also causing traffic jamming and also damaging 
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the aesthetic appeal of what must be a sustainable tourist destination. The existing practices of solid 
waste management adopted therein are improper and  there is also a lack of segregation of waste at the 
source. The problem is further compounded by the fact that during peak tourist seasons,  waste is 
deposited on streets, in streams and vacant areas, thereby making  solid waste management and 
handling very complex. The improper waste management provides a congenital environment to stray 
dogs and flies which is a cause of concern for safety of locals in general, and tourists in particular.  
 
The study has successfully generated a data base pertaining to composition, quantity and seasonal 
variation of solid waste generation in the tourist accommodation of the town. Such types of data are a 
prerequisite for devising effective planning measures for the needed effective integrated waste 
management. The information has been fitted to propose a practical model for solid waste management 
considering the options presented in hierarchy on the basis of environmental suitability. The options 
presented in the model can be implemented to enhance environmental sustainability by considering the 
potentiality of the prevention, recycling and composting in relation to the benefit to other socioeconomic 
activates like horticulture, agriculture particularly vegetable growing and employment generation via 
recycling.  
 
The study has found that more than 54% of solid waste is compostable in nature, which can be 
composted locally at low cost, and then used in agriculture as a cheap and effective fertilizer. Similarly 
about 20% of solid waste can be diverted for recycling which can be used as cheaper raw materials in 
small industrial units like tile-making, paper and even the cardboard industry. The proposed framework 
is expected to reduce the potential negative impacts of improper waste on the surrounding environment 
and improve socio-comic conditions of the town . Finally, it is worthwhile to mention that the data base 
and the results of this study are expected to be used by local municipalities, the Department of Tourism, 
and Planning , the Ladakh Autonomous Hill Development Council (LAHDC) and NGOs for devising 
various planning and developmental strategies. From an academic point of view, it is a pioneering attempt 
to understand the nature of solid waste management in the Trans-Himalayan towns of India. Therefore 
this data base and literature have very good inputs for the student community for various multidisciplinary 
academic purposes. The study can be a platform for the researchers to carry out  further research on 
various issues of sustainable tourism development in the Trans Himalayan region cold deserts of India. 
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