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Abstract: 

Bio Medical waste (BMW) can be generated in hospitals, clinics and places where diagnosis and treatment are 

conducted. The management of these wastes is an issue of great concern and importance in view of potential 

public health risks associated with such wastes. The safe and sustainable management of biomedical waste 

(BMW) is social and legal responsibility of all people supporting and financing health-care activities. Effective 

BMW management (BMWM) is mandatory for healthy humans and cleaner environment. This article reviews 

the recent 2016 BMWM rules, practical problems for its effective implementation, the major drawback of 

conventional techniques, and the latest eco-friendly methods for BMW disposal. The new rules are meant to 

improve the segregation, transportation, and disposal methods, to decrease environmental pollution so as to 

change the dynamic of BMW disposal and treatment in India. For effective disposal of BMWM, there should 

be a collective teamwork with committed government support in terms of finance and infrastructure 

development, dedicated health-care workers and health-care facilities, continuous monitoring of BMW 

practices, tough legislature, and strong regulatory bodies. The basic principle of BMWM is segregation at 

source and waste reduction. Besides, a lot of research and development need to be in the field of developing 

environmental friendly medical devices and BMW disposal systems for a greener and cleaner environment. 
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Introduction 

Hospital waste generated primarily from health care establishments is a relatively recent issue and it has become 

a matter of great concern as its improper management could have serious implications for public health and the 

general environment. The proper management of hospital waste is still in its infancy all over the world. There is a 

lot of confusion among generators, operators, decision-makers and the general community about the safe 

management of hospital waste. Hospital waste management in India has become an intractable problem. It is the 

duty of hospital and healthcare centres to take care of public health. This may directly be through patient care or 

indirectly by ensuring a clean, healthy environment for their employees and the community (Patil and Pokhrel, 

2005). Birpinar et al., (2009) analyzed the medical waste management in the light of medical waste control 

regulation (MWCR) in Istanbul. They showed that quantity of medical waste from a hospital was about 22 tons 

per day and the average generation rate was 0.63 kg/bed/day. Recyclable materials were collected separately at 

the rate of 83%. Separate collection of different types of wastes was practiced. However, 25% of the hospital still 

used inappropriate containers for medical waste collection. Since the late 1880’s increased attention has been 

focused on medical waste, its handling and safe disposal. Various public and environment health regulations 

have been enacted at National and State levels such as Ministry of Environment and Forests, biomedical waste 

management and handling rules. Healthcare waste generated from diagnosis activities can be broadly categorized 

as general waste and hazardous waste. This, however, remains true only when proper segregation and separation 

of waste is practiced according to type at the source. There are different estimates regarding the share of 

hazardous and non-hazardous constituents of healthcare waste (Khajuria and Kumar, 2007). The present study 

which was carried at the Govt. Medical College (GMC) Srinagar Associated hospitals is an attempt to explore 

the level of hospital waste management keeping in view the Biomedical waste (Management and handling) rules, 

1998 (second amendment 2000).  In a World Health Organization (WHO) meeting in Geneva, in June 2007, core 

principles for achieving safe and sustainable management of health‑care waste were developed. It was stressed 

that through right investment of resources and complete commitment, the harmful effects of health‑care waste to 
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the people and environment can be reduced. All stakeholders associated with financing and supporting 

health‑care activities are morally and legally obliged to ensure the safety of others and therefore should share in 

the cost of proper management of BMW. In addition, it is the duty of manufacturer to produce environment 

friendly medical devices to ensure its safe disposal. WHO reinforced that government should designate a part of 

the budget for creation, support, and maintenance of efficient health‑care waste management system. These 

include novel and ingenious methods/ devices to reduce the bulk and toxicity of health care waste. Non-

governmental Organization should undertake program and activities that contribute in this incentive. The first 

edition of WHO handbook on safe management of wastes from health‑care activities known as “The Blue Book” 

came out in 1999. The second edition of “The Blue Book” published in 2014 has newer methods for safe 

disposal of BMW, new environmental pollution control measures, and detection techniques. In addition, new 

topics such as health‑care waste management in emergencies, emerging pandemics, drug‑resistant bacteria, and 

climate changes were covered in the second edition. 

Table 1: Biomedical waste classification – categories, treatment, processing, and disposal options 

Category Type of waste Color and type of bag to be 

used 

Treatment and disposal options 

Yellow Human anatomical waste 

Animal anatomical waste 

Yellow-colored nonchlorinated 

plastic bags 

Incineration or plasma pyrolysis or deep 

burial 

 Soiled waste Yellow-colored nonchlorinated 

plastic bags 

Incineration or plasma pyrolysis or deep 

burial. In the absence of above facilities, 

autoclaving or microwave/hydroclaving 

followed by shredding/mutilation/combination 

of sterilization and shredding. Treated waste 

to be sent for energy recovery 

 Expired or discarded medicines Yellow-colored nonchlorinated 

plastic bags 

Expired cytotoxic drugs and items 

contaminated with cytotoxic drugs to be 

returned back to the manufacturer or supplier 

for incineration at temperature >1200° C or 

to CBMWTF or hazardous waste treatment, 

storage, and disposal facility for incineration 

at >1200° C or encapsulation or plasma 

pyrolysis at 1200° C 

 Chemical waste Yellow-colored nonchlorinated 

plastic bags 

Disposed of by incineration or plasma 

pyrolysis or encapsulation in hazardous 

waste treatment, storage, and disposal facility 

 Chemical liquid waste Separate collection system 

leading to effluent treatment 

system 

After resource recovery, the chemical liquid 

waste shall be pretreated before mixing with 

other waste forms 

 Discarded linen, mattresses beddings 

contaminated with blood or body 

fluids 

Nonchlorinated yellow plastic 

bags or suitable packing 

material 

Nonchlorinated chemical disinfection followed 

by incineration or plasma pyrolysis or for 

energy recovery 

 Microbiology, biotechnology, and 

other clinical laboratory waste 

Autoclave safe plastic bags or 

containers 

Pretreat to sterilize with nonchlorinated 

chemicals on-site as NACO or WHO 

guidelines, thereafter for incineration 
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Biomedical Waste Management Situation in Studied Hospitals 
 

 (A) Onsite transport and temporary storage 

In the Studied hospitals (GMC Associated Hospitals), the waste collected in different bins is transferred to 

polythene bags of different colours by the sanitary staff of hospitals and then the bags are loaded on wheeled 

trolleys in order to transport it to the back yard of hospitals. It was observed that the workers involved in 

transport of waste did not have overall gowns, suitable gum boots and gloves which showed that the personals 

involved in this type of work lack proper understanding about using protective equipments. This is alarming that 

the personals are exposed to serious danger of being exposed to the contaminated waste. The hospitals do not 

maintain any record of amount of production of waste and its disposal. The area demarcated for temporary 

storage of waste is usually on the extreme back of the main building of hospitals. However, no sign boards of 

proper bio-medical waste management were observed as the bags containing waste were placed against the wall 

in open. Both infectious and non infectious wastes were stored temporarily in the same area. 

(B) Off site transport of medical waste 

Off site transport of the BMW studied hospitals has been leased to private company known as Kashmir Health 

Care System (KHCS) at Lassipora, Pulwama which is responsible for transport of the waste. As observed by 

investigator in the present study, proper segregated waste was not received. In fact colour coding was not 

observed in waste as HIV syringes and bags were not labeled. There was no sharp differentiation between 

different categories of wastes. There are two incinerators that are double chambered. Ist chamber of incinerator is 

attached with water scrubber that controls particulates of matter. For treatment of contaminated water there is 

Red Contaminated waste (recyclable) Red-colored nonchlorinated 

plastic bags or containers 

Autoclaving or microwaving/hydroclaving 

followed by shredding or mutilation or 

combination of sterilization and shredding. 

Treated waste to be sent to registered 

recyclers or for energy recovery or plastics to 

diesel or fuel oil or for road making 

White (translucent) Waste sharps including metals Puncture proof, leak proof, 

tamper proof containers 

Autoclaving or dry heat sterilization followed 

by shredding or mutilation or encapsulation 

in metal container or cement concrete; 

combination of shredding cum autoclaving 

and sent for final disposal to iron foundries 

Blue Glassware 

Metallic body implants 

Cardboard boxes with 

blue-colored marking 

Disinfection or through autoclaving or 

microwaving or hydroclaving and then sent 

for recycling 
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effluent treatment plant and treated water is mixed with urea, DAP, cow dung cakes. This nutrient rich or treated 

water is used for plantation purpose. Cyclones are attached in chimney that control particulate matter. Height of 

Chimney is 100 feet. Management unit covers a confined land of 8 kanals. All workers of this unit are non local 

and a non local lady Mehmooda engages freash faction of workers every year from outside valley from last two 

years. No special training is given to workers regarding safe collection, transportation, segregation and 

management of bio medical waste but almost all protective equipments like simple gloves, masks, gum boots, 

aprons etc are given but not up to the recommended .Workers are given monthly stipend of Rs. 10000 each. 

Mostly health condition of workers was good. These companies use small pick up vans. Care is taken so that the 

waste does not spill on the road or in hospital premises because wastes such as body parts, blood and other fluids 

are dangerous as many of these harbor microorganisms that cause mostly airborne bacterial infections like 

Tuberculosis, MRSA (Methicillinresistant Staphylococcus aureus – a powerful staph infection) and other 

infections such as tetanus, a microbial poison. It is recommended by W.H.O that the vehicle carrying hospital 

waste should not have any nooks and corners where contaminated waste can be collected, rather the inner of 

transport vehicle should be smooth and without any corners so that it can be cleaned completely. The vehicle is 

recommended to be a bit slanting so that washing can be done effectively. The vehicles used by these companies 

for transport of hospital waste do not have any such features and therefore, chances of contaminated hospital 

waste accumulating in the corners are always there. 

 

 

(C) Treatment and disposal 

In many developing countries the more common treatment and disposal method utilized in management of 

hospital waste are autoclaves, microwave disinfection system, chemical disinfectants, combustion (low, medium 

and high technology) and land disposal. If the infectious waste is not properly treated it may expose both humans 

and the environment to microbes and toxins and will lead to illness. So all pathogenic materials used in research 

activity must be destroyed by heat or chemical treatment before its disposal as bio-medical waste. 
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(i) Chemical disinfection 

Decontamination is defined as the reduction of microorganisms to an acceptable level which includes 

disinfection by using anti microbial chemical such as sodium hypochlorite, chlorine dioxide, iodine, hydrogen 

peroxide vapour etc. The author in the present study found that chemical disinfection system is found not only in 

all waste treatment sites but also in temporary storage sites of hospitals. During prolonged strike periods in 

Srinagar city, it becomes impossible for vehicles of waste treatment plants to ply on the roads daily due to 

intense curfew and frequent curbs, chemical disinfectants are used during such periods so that contamination, 

foul smell and culture of pathogens can be controlled to a great extent. 

(ii) Disposal 

Disposal of waste was by incineration and land disposal. When the pickup vans reached the disposal site the 

waste from the van was emptied on the ground. Then the sanitary workers transferred the specific categories of 

waste into incinerator and remaining categories for land disposal. No attempt was made to evaluate whether the 

incineration was complete or not. During incineration the door of the incinerator is sporadically opened and the 

waste material is turned upside down for absolute incineration. The author made observations during the waste 

treatment processes and the questions were asked to the working staff in charge of taking care of treating wastes. 

The explanation given by staff of every treatment site was that they are unaware of bio-hazardous materials. The 

author found that specific categories of both medical and other wastes are taken to the landfill sites and are 

treated there. Landfill sites are generally selected in the premises of waste treatment sites where large pits are 

available, may be due to quarrying or gravel, sand or brick clay extraction so that the disposal is at minimum cost 

without looking into future problems. It is fenced so that cattle do not approach the site and in which soil cover is 

used over the waste. The drainage is controlled and basic records are maintained W.H.O (2000). Such landfills 

are covered with vegetation when they are filled. 
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DISCUSSION 

International Agreement and Conventions 

There are three international agreements and conventions which are particularly pertinent in BMWM, 

environment protection, and its sustainable development and therefore should be kept in mind by preparing waste 

management policies. These are Basel Convention on Hazardous Waste, Stockholm Convention on Persistent 

Organic Pollutants (POPs), and Minamata Convention on Mercury. Basel Convention on Hazardous Waste is the 

most inclusive global environmental treaty on hazardous and other wastes. It has 170 member countries, and its 

objectives are to protect human health and the environment against the adverse effects resulting from the 

generation, management, and disposal of hazardous wastes, specifically clinical wastes from health care in 

hospitals, health centers, and clinics. Stockholm Convention on POPs (the Stockholm Convention) is a global 

treaty to protect human health and the environment from POPs (POPs – dioxins and furans). POPs are toxic 

chemicals which accumulate in the fatty tissue of living organisms and cause damage. These chemicals are 

formed by medical waste incinerators and other combustion processes. The guidelines on best available 

techniques and provisional guidance on best environmental practices (BEF) were released in 2006. It deals with 

BEP including source reduction, segregation, resource recovery and recycling, training, and proper collection and 

transport. Minamata Convention on Mercury is a global treaty to protect human health and the environment from 

the adverse effects of mercury. On October 10, 2014, in Japan, more than 90 nations signed the first new global 

convention on environment and health. This treaty includes the phasing out of certain medical equipment in 

health‑care services, including mercury containing medical items such as thermometers and blood pressure 

devices. 
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Table 2: M a j o r  difference between biomedical waste rules 1998 and 2016 

 

Table 3: Difference in schedule for biomedical waste of 1998 and 2016 

Schedule 1998 2016 

Schedule I Categories of 

waste 

Color code and type of waste with 

treatment and disposal 

Schedule II Color/code 

type of waste, 

waste category, 

treatment option 

Standard for treatment of 

disposal of BMW (Autoclaving/ 

Microwaving/deep burial/dry heat 

sterilization/chemical disinfection) 

Schedule III Label of BMW 

category/bags 

List of prescribed authorities and 

their duties 

Schedule IV Label for 

transport of 

BMW 

Part A - label for container/bag 

Part B - label for transport of 

BMW bag/container 

Schedule V Standard for 

treatment and 

disposal of BMW 

Added to schedule II 

Schedule VI List of prescribed 

authorities and 

their duties 

Added to schedule III 

BMW = Biomedical waste 

 

Table 4: Different forms with biomedical waste 2016 

Forms Use of the Form 

F1 Accident reporting 

F2 Application for authorization or renewal of 
 authorization (submitted by occupier of HCWs of 
 CBMWTFs) 

F3 Authorization (for operating, facility) for generation, 
 collection, reception, treatment, storage, transport, disposal 
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F4 Annual report 

F5 Application for filling “appeal” against order pass by the 
 prescribed authority 

HCWs = Healthcare workers, CBMWTFs = Common bio-medical waste treatment and disposal facilities 

 

Biomedical Waste Management Outside India 

In 2012, WHO conducted a survey on the BMWM status of 24 countries of West Pacific area, which included 

countries such as Japan, China, Australia, New Zealand, Philippines, Malaysia, Vietnam, Cambodia, Republic of 

Korea, Micronesia, Nauru, and Kiribati. The survey included a literature search, review of publications, 

newspaper articles, and other sources of information. The status in each country was assessed on five main areas 

of BMW, namely, management, training, policy and regulatory framework, technologies implemented, and 

financial resources. In the field of management, training, and policies regarding BMWM, all West Pacific 

countries fared satisfactory except Micronesia, Nauru, and Kiribati. Only Japan and Republic of Korea use BAT 

(best available technologies) for BMW logistics and treatment, which were well maintained and regularly tested. 

Most of the countries had no or very less financial resources for BMWM. Therefore, HCWM is still far from 

ideal in most of West Pacific countries, and additional backing for the expansion of HCWM systems in countries 

is vital to ensure that within the next decade, safe HCWM systems are applied. In Canada, there is variation seen 

in the medical waste – management practices across different provinces. Not all provinces have regulations 

governing the handling and disposal of medical waste. However, Canada’s hospital appears to moving away 

from on‑site incinerators toward centralized provincial facilities for BMW sterilization. 

Biomedical Waste Situation in India 

 
In July 1998, first BMW rules were notified by Government of India, by the erstwhile Ministry of Environment 

and forest. In India, BMW problem was further compounded by the presence of scavengers who sort out open, 

unprotected health‑care waste with no gloves, masks, or shoes for recycling, and second, reuse of syringe 

without appropriate sterilization. During 2002–2004, International Clinical Epidemiology Network explored the 

existing BMW practices, setup, and framework in primary, secondary, and tertiary health care facility (HCF) in 

India across 20 states. They found that around 82% of primary, 60% of secondary, and 54% of tertiary HCFs in 
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India had no credible BMWM system. In 2009, around 240 people in Gujarat, India contracted hepatitis B 

following reuse of unsterilized syringes. This and many more studies shows that despite India being among the 

first country to initiate measures for safe disposal of BMW, there is an urgent need to take action for 

strengthening the existing system capacity, increase the funding and commitment toward safe disposal of BMW. 

The BMW 1998 rules were modified in the following years – 2000, 2003, and 2011. The draft of BMW rules 

2011 remained as draft and did not get notified because of lack of consensus on categorization and standards. 

Now Ministry of Environment, Forest and Climate change in March 2016 have amended the BMWM rules 

[Table 1].These new rules have increased the coverage, simplified the categorization and authorization while 

improving the segregation, transportation and disposal methods to decrease environmental pollution [Table 2]. It 

has four schedule, five forms and eighteen rules [Tables 3 and 4]. The new biomedical waste management rules 

have been notified to efficiently manage BMW in the country. These rules have been modified to include the 

word handling and bring more clarity in the application. In addition, strict rules have been made to ensure no 

pilferage of recyclables item, no secondary handling or in advent scattering or spillage by animals during 

transport from the HCFs to the common BMW treatment facility (CBMWTF). There is an effort to improve 

collection, segregation, transport, and disposal of waste. Simultaneously, the role of  incinerator in increasing 

environmental air pollution has been checked by issuing new standards for incinerators and improving its 

operations. Data from Government of India site indicates the total BMW generated in the country is 484 TPD 

(tonnes per day) from 1, 68,869 HCFs. Unfortunately, only 447 TPD is treated, and 37 TPD is left untreated. 

There are 198 CBMWTF in operation and 28 under construction. The number of HCFs using CBMWTFs are 1, 

31,837, and approximately 21,870 HCFs have their own treatment facilities on‑site. As per the BMW Rules, 

1998, and as amended, any HCF or CBWTF operator wanting to use other innovative and improved technologies 

other than stipulated under Schedule‑I of the Rules, shall approach the Central Pollution Control Board (CPCB) 

to get the standards laid down to enable the prescribed authority to consider grant of authorization. During the 

year 2010–2013, CPCB have granted conditional or provisional approval to new technologies (other than notified 
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under BMW Rules) for treatment of BMW. These are plasma pyrolysis, waste sharps dry heat sterilization and 

encapsulation, sharp blaster (needle blaster), and PIWS‑3000 technology (Static/Mobile). 

Recommendations 

In the light of the study made, following recommendations have been framed with the hope of improving the 

management of bio-medical waste in the studied hospitals of Srinagar city. It is important to measure and 

quantify the amount of medical waste generated in each unit of the hospital periodically to ascertain which unit 

or department generates the highest and lowest amount of wastes. This could have implications for resource 

allocation in managing medical waste. There is a need for proper segregation of infectious and non- infectious 

medical waste. Bags and containers for infectious waste should be marked with Biohazard symbol. Effective 

waste reduction should be planned. Regular chemical disinfection of waste should be followed. Budget allocation 

should be increased. 

• Medical College students should be trained and given responsibility of supervising the bio-medical waste 

treatment. 

• Medical waste should be transported in suitable dedicated wheeled leak-proof containers. 

• Proper training is necessary to develop awareness of health, safety and environmental issues. It is important for 

workers to know and understand the potential risks associated with healthcare wastes. The hospital should 

institute regular training and education of all workers, from doctors to ward boys, laborers, rag pickers and also 

workers of the private waste management company. 

• NGO’S should take up work of surveillance of biomedical waste and should present recommendations 

periodically. 

• Awareness programme should be planned for public including information, education and training. 
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SUMMARY AND CONCLUSIONS 

“Thinking well is wise, planning well is wiser, and doing well is best of all”. This study examined the medical 

waste management practices in the studied hospitals of Srinagar City. From the results of the study, it is evident 

that medical waste management is not practiced according to W.H.O's recommended standards and BMW Rules. 

The premier hospital is severely lacking in actions to dispose of its waste and uphold its statutory responsibilities. 

This is due to the lack of education, awareness and trained personnel to manage the waste in the hospital, as well 

as the paucity of the funds available to proper waste management system. The results of the study demonstrate 

the need for strict enforcement of legal provisions and a better environmental management system for the 

disposal of biomedical waste in hospitals as well as other healthcare establishments. A policy needs to be 

formulated based on ‘reduce, recover, reuse and dispose’. The study concludes that healthcare waste 

management should go beyond data compilation, enforcement of regulations and acquisition of better equipment. 

It should be supported through appropriate education, training and the commitment of the healthcare staff, 

management and healthcare managers within an effective policy and legislative framework.. The author hopes 

that this study will create awareness regarding the problem of medical waste management in healthcare units and 

will generate interest for systematic systematic control efforts for effective medical waste management. 
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