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Abstract The true cost for the waste is not simply the cost for discarded materials - it includes or involves inefficient use as raw materials, unnecessary use in energy and water, faulty products, waste disposal from by-products, waste treatment and wasted labor. The actual cost for such a waste for UK companies is typically 4 - 5% of turnover, and can be as high as 10%. Waste management has become a complex area, legally, technically and also commercially. Very few organizations can still depend upon the waste collection services provided by the local authorities as a complete answer for their waste management obligations. Thus many firms need to identify and contract one or more reputable, licensed, specialist companies for the disposal of their waste, or discharging their legal obligations. The management of municipal solid waste has become a serious problem due to enhanced economic activities and rapid urbanization. Increased attention has been given from the government side in recent years to handle the same problem in a safe and hygienic manner. In this regard, Municipal Solid Waste Management (MSWM) environmental audit has been carried out for Bangalore city through the collection of secondary data from government agencies, and interviews with stakeholders and field surveys. Field surveys were carried out in seven wards (representative samples of the city) to understand the practice and identify the lacunae. The MSWM audit that was carried out functional-element-wise for the selected wards so as to understand the efficacy and shortfalls, if any, is discussed in this paper. Keywords: solid waste; environmental auditing; functional elements; composting; landfill sites; municipal solid waste management; MSWM;



1. Introduction Solid waste generation is a continually growing problem for global, regional and local levels. Solid wastes are those organic or inorganic waste materials produced for various activities of the society, which have lost their value to the first user. Improper disposal of solid wastes, pollutes all the vital components of the living environment (i.e., air, land and water) of local and global levels. In 2004 the UK produced about 335 million tonnes of waste (Figure 1). This includes 220 million tonnes of controlled wastes from households, commerce and industry (including construction and demolition wastes). Household wastes represent about 9 per cent of total waste produced in the UK [2]. Therefore there is a significant role for businesses to play in reducing the waste that we produce in the UK. The selection of a suitable site and waste vending facility such as landfill involves the interaction of many disciplines. Even within the geosciences area there is often need for the coordinated consideration of geology, geophysics, geochemistry, hydrogeology, geotechnical engineering and landfill design in order to characterize a particular site and then develop an appropriate engineered facility for that site. It is necessary to have an adequate understanding of both the existing site conditons and an understanding of how the proposed facility will affect the existing conditions both in the short term and long term. In this context, the potential short term impacts may extend up to several decades (e.g. during landfill construction) while the potential long term impacts may extend over periods of upto Siddhant Yadav, IJRIT
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several centuries. This latter period of time, during which a landfill will produce contaminants at levels that could have unacceptable impact if they were discharged into the surrounding environment, is often called the “the contaminating lifespan” of the landfill.



Figure 1: The amount of waste and distribution in 2004



2. Dormant for Precaution of Groundwater Condition An assessment of the potential for protecting groundwater quality from degradation due to the migration of contaminants from the landfill may involve consideration of natural geologic protection, hydraulic protection and engineered systems. Natural geologic protection generally refers to the ability of a geologic feature such as clay till aquitard to attenuate contaminants as they migrate from the landfill through the aquitard to some potential receptor aquifer. This potential for attenuation (i.e., a reduction in concentration of contaminants) will depend on the effective thickness and bulk hydraulic conductivity of the aquitard between the base of the engineered facility and the receptor aquifer. The effective thickness will, of course, depend on the existing thickness of the hydro geologic unit (i.e. , the aquitard) but will also depend on engineering and other environmental constraints that will influence the depth of excavation. Thus, even in this case neither the geology/ hydrogeology and the engineered design can be considered in isolation; increasing the depth of excavation may decrease other environmental impacts (e.g. Traffic, noise, dust, visual impacts etc.) which affect people lives in the “short term” ( which could be decades as noted above) but this may be traded off against a consequent decrease in natural protection of groundwater quality in the long term. This may then need to be countered by increased engineered protection. Hydraulic protection involves the use of natural groundwater levels (usually in the potential receptor aquifer) to induce a small flow into the landfill from the aquifer. Clearly where there is groundwater flow into the landfill, there will not be an outward flow of contaminated water (commonly called “leachate”) from the landfill to the aquifer. Also, the inward flow tends to reduce the outward movement of chemicals in the leachate due to the process of molecular diffusion. This concept of hydraulic protection (sometimes called a “hydraulic trap”) has gained popularity since the approval of the Halton Waste Management Facility; however, it is far simpler in concept than in Siddhant Yadav, IJRIT
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implementation. In particular it is important to consider not only the existing groundwater levels but also the landfill base elevations; hydraulic conductivity of the aquitard and/or engineered system between the aquifer and the base of the waste; and the transmissivity of the aquifer to assess the effect of landfill construction and operation on water levels in the aquifer and the consequential potential impact on the effectiveness of the “hydraulic trap”.



Figure 2: Recycle and Waste bins



3. Municipal Solid Waste Management Audit Auditing has become an increasingly popular tool to assess the environmental policies, quality of implementation, compliance with national law and regulation, etc. Auditing has also been widely used in India, especially in industries. The most popular audits that are carried out in India are energy audits (TERI, 2002) followed by environmental management systems audits of which a waste minimization audit is an integral part (Mannan, 2002). Audits on MSWM in India are however, very rare. In western countries however, audits on urban waste management have increasingly been carried out with respect to performance, compliance, risk, monitoring, existence of waste policy, quality of implementation, etc. Most of the countries have established an auditing institution to carry out the above given assessments. The Estonian Government had carried out an audit to assess the necessary conditions for successful implementation of the waste policy. Reports and questionnaires were used for the audit and it was observed that the management had serious shortcomings, such as insufficient finance, in comparison to the goal, lacks of organization in the management no national waste management plan and poor monitoring (Linnas, 2001). The Audit Institution of Costa Rica had carried out an audit on SWM in two municipalities, with multiple focuses such as pollution prevention system, management system and site audit. The audit was carried out by going through the reports, questionnaire interviews, and site surveys. The various aspects that were looked included compliance with national law and regulation, occupational health and safety, operational risk, pollution prevention and resource management. The audit identified that the ministries were not integrated, resulting in repetition of many working plans. The other findings were, insufficient public awareness programmes, lack of new methodologies and technologies, insufficient financial support and improper monitoring. The management and control of the dump was investigated with regard to national health legislation and technical regulations. Checklists and site surveys were used as tools for this audit. From this audit, it was observed that there was no urban cleanliness plan charted out by the municipal authority, Siddhant Yadav, IJRIT
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serious violations of the legislations, no proper monitoring by the supervision agency and delayed closure of the dump (INTOSAI, 2002). This paper presents an audit of the MSWM in Bangalore city. This would help to disseminate the innovative practices that have been adopted for managing municipal solid waste. The study explores the role of various stakeholders in MSWM, the current practices, the role of each entity, the shortcomings of the current practices and issues to be addressed to improve the condition. Auditing of MSWM involved the following objectives: • to review the existing MSWM practices • to audit the MSWM practices, considering the case of Bangalore city. 3.1. Methods The approach to the case study was mainly qualitative. Information was gathered using a variety of methods to gain a better understanding of the situation, issues, perspectives and priorities. Data collection methods included document/literature review, semi-structured interviews, checklists and observation. Different types of audits were carried out to achieve various objectives: • Compliance audit. To check if the current waste management process is being carried out as per the legislation. • Operational risk audit in combination with pollution prevention audit. To check the frequency with which an environmental damage occurs and what the consequence of it is. The measures that have been taken against these possible environmental damages were verified. • Resource management audit. To check the optimal utilization of water, energy and material resources. • Occupational risk audit. To verify the measures of occupational safety.



4. A case study- environmental audit of MSWM in Bangalore city The city of Bangalore (12.97°N and 77.56°E), the state capital of Karnataka is located on the southern part of the Deccan Plateau at the border of two other South Indian states, Tamil Nadu and Andhra Pradesh. At an elevation of 900 m, it is known for its mild, salubrious climate. Since the 1980s, Bangalore has enjoyed the reputation of being one of the fastest growing cities in Asia (Dietrich, 2004). The Bangalore metropolitan area covers an area of 223 sq km, and is the fifth largest city in India. However, with a burgeoning population and the increasing necessities of the Information Technology (IT) sector, the local authorities are not able to provide the necessary services like solid waste management, water supply, road maintenance, etc., to a satisfactory level. The authorities however have taken initiatives and measures to achieve compliance with regulations and reduce complaints from citizens, especially in the MSWM sector. The case study would help to identify techniques suitable for the present scenario, the lacunae or the loopholes in the adopted methods and the possible alternatives. The Bangalore City Corporation (BCC), which has 100 wards within its municipal jurisdiction, has a population of 4,292,223 accounting for 75.48% of the total population of Bangalore Urban Agglomeration of which 2,240,956 are males and 2,051,267 are females. The decadal growth rate of population for the decade 1991–2001 for Bangalore City is as high as 61.36%. This high growth rate can be attributed not only to the extension of the municipal limits of Bangalore City but also to the everincreasing population. The amount of waste generated in Bangalore city varies from 1700 MT/day to 2300 MT/day and the composition of waste is given in Table 2. The Bangalore Metropolitan Area is, on the whole, divided into 30 ranges and 100 Revenue wards under the jurisdiction of Bangalore Mahanagara Palike (BMP). BMP is responsible for the SWM policy, setting up targets and objectives. Revenue wards are further divided into 294 health wards for proper management of the sanitation functions. Out of these 294 health wards 112 are managed by BMP, while 182 wards have been assigned to private agencies on contract basis. Table 1



Relative composition of household waste in low, medium and high-income countries
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Source: INTOSAI working group on environmental auditing (2002) Table 2



Physical characteristics of Bangalore MSW



Organic waste (%) Dust (%) Paper (%) Plastic (%) Glass (%) Metal (%) Bio Medical Waste (%) Card Board (%) Rubber (%) Miscellaneous (%)



Parameter Contents physical and chemical properties



60 5 12 14 4 1 1 1 1 1



Low-income



Medium-income



Countries



Countries



High-income Countries



Organic (putrecible), 40–85 20–65 20-30 % Paper, % 1-10 15-30 15-40 Plastics, % 1-5 2-6 2-10 Metal, % 1-5 1-5 3-13 Glass, % 1-10 1-10 4-10 Rubber, leather, etc., 1–5 1–5 2–10 % Other, % 15–60 15–50 2–10 Moisture content, % 40–80 40–60 5–20 Specific weight, kg/m3 250–500 170–330 100–170 Calorific value, 800–1100 1000–1300 1500–2700 kcal/kg The above given tables shows the relative composition of household waste in low, medium and high-income countries as well as the physical characteristics of Bangalore MSW.
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Figure 3: The Current MSW is explained in this figure
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A list of necessities was listed in a checklist with regard to the specific target and the presence and absence of each was marked for MSWM auditing. Site survey was done in seven representative sample wards (Shivajinagar, Malleswaram, Koramangala, Indian Institute of Science campus (IISc), Hindustan Machine Tools colony (HMT), Airport Road and Chikpet). A checklist was prepared prior to the visit to check the presence or absence of techniques used, safety measures adopted, compliance with regulatory measures, and the pollution prevention system adopted. Interviews with health Inspectors, workers and lorry drivers were done at the ward level. Discussions with range health officers, zonal health officers, the chief health officer and the special commissioner helped in understanding the structure and management of the system, which helped to understand the objectives, strategies, success, failure of strategies and the issues faced while implementing strategies. The site surveys and ward level interviews helped to verify the process and to identify the lacunae in each functional element. Site visits to the Karnataka Compost Development Authority, Terra Firma Biotechnologies, Betahalli dump yard, K.R. Puram dump yard and the quarry site in Bomanhalli were done during the study to understand waste processing and disposal. The current MSWM is explained in detail in Figure3.



Figure 4: Way to dispose Waste in Japan



5 Results and discussion The techniques and the shortcomings of the techniques adopted have been identified in all sampled wards. Door-todoor collection is adopted in Malleswaram area, which has resulted in efficient collection of waste and reduction of littering, foul odour and unaesthetic appearance of bins. However, in commercial areas, due to the absence of community bins, sudden waste, generated at odd hours, is disposed in the street. A few waste heaps can be found on the roadsides in commercial areas. All the trucks that are used for transportation of waste have meshes that prevent littering of waste, but 40% of the trucks have partial polythene cover and 20% have no polythene cover and this results in scattering of waste and foul odour during transport. The recycling process is carried out by the informal sector that has resulted in high efficiency of recovery of recyclable material. There is no other process carried out, leading to the entire waste being disposed. There is a large quantity of organic waste that is produced in this ward, including organic waste generated in a market. The waste is disposed off in the Betahalli dump yard, causing foul odour, scattering, leachate formation, and air pollution from burning and methane emission from decomposing organic matter. Siddhant Yadav, IJRIT
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