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ABSTRACT

Hospital waste is a major environmental concern nowadays. It refers to materials originating from healthcare 
facilities, that are no more beneficial for living beings. Prior its final disposal it requires proper management and 
treatment to reduce its deleterious impacts. The purpose this review is to evaluate the waste management and 
treatment practices/techniques adopted in selected hospitals of four provinces of Pakistan. The study revealed that 
the waste management techniques (incineration, landfilling, autoclave and open dumping) in Pakistani hospitals 
have serious environmental implications. There is also a void in implementation of the existing legal framework for 
the adequate management and treatment of hospital waste, which can be overcome by adopting environmentally 
friendly techniques such as low temperature plasma, irradiation technology, reverse polymerization, and bio-
converters.  
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1. INTRODUCTION 

The World Health Organization (WHO) defines hospital waste as the waste 
produced by hospitals consisting of contagious waste, disinfectants, toxic 
metals, irradiated waste and unsterilized diagnostic materials [1]. 
Hospital waste is also defined as perilous waste which is detrimental for 
the life of living beings. It is produced worldwide in massive amount. Poor 
management of hospital waste has serious implications on environment 
and health of people [2].  Hospital Waste Management (HWM) deals with 
the treatment of precarious waste including hypodermic needles, 
ligatures, pharmaceuticals and amputated body parts which would 
otherwise have deleterious impacts. Frequently usage of unfiltered waste 
results in different ailments due to unhygienic waste management 
procedures [3]. Unsterilized biomedical waste causes AIDS and Hepatitis 
B, C predominantly [4].  

WHO categorized hospital waste as risk and non-risk waste. Risk waste 
present around is 15% in which 5% is contagious and 10% is non-
contagious waste while the non-risk waste present is about 85% [5,6]. 
(Figure 1) 

Figure 1: Composition of Hospital Waste 

The non-risk waste comprises kitchen waste, packaging materials such as  
cardboard etc., whereas risk waste include sharps, glass items, repudiated 
plastic items (contagious waste) and irradiated waste, out dated 
medications, synthesized solvents (non-contagious waste) [7]. 

Different waste management techniques are being used to manage waste 
throughout world. The most common techniques used in Pakistan are 
open dumping, autoclave, incineration and landfilling. Before final 
disposal of waste, the number of steps should be followed which include 
waste segregation (nature and composition) for easy transport ensuring 
minimum exposure to environment, waste labelling, waste storage and 
waste treatment (as shown in Figure 2) [8]. 

Figure 2: Stages of Hospital Waste Management 

Safe hospital waste management is a daunting challenge for developing 
countries including Pakistan due to inadequate and unsatisfactory 
management of waste [9]. Pakistan has enacted its Hospital Waste 
Management Rules 2005 which require public and non-public hospitals to 
manage hazardous hospital waste, but still they are not implemented or 
applied duly [10]. Inadequate practices on side of medical staff members 
and improper monitoring leads to mismanagement of waste [11]. Life 
cycle assessment of hospital waste management in Gujranwala, Pakistan 
shows that incineration and landfills both contribute to the high amount 
of greenhouse gases emissions, for instance the Incinerator led to the 
emission of about 183.20kg of CO2 equivalent/tons of waste [12]. 

The purpose of present review is to evaluate the waste management 
practices/techniques adopted by selected hospitals in four provinces of 
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Pakistan. An effort is also done to ensure whether these management 
practices are up to the mark and align with national standards. The 
potential negative impacts on environment resulting from HWM practices 
are meant to be highlighted, and to identify possible loopholes in the waste 
management form its segregation to dumping in hospitals of Pakistan.  

2. METHODOLOGY

This study is comparative analysis of practices and techniques used for the 
treatment and management of hospital waste in different provinces of 
Pakistan. Both qualitative and quantitative research methods were used. 
Strengths and weaknesses in different hospital waste management 
techniques were also monitored. The research tools used for data 
collection are as follows: 

i. Interview 
ii. Direct observation 
iii. Questionnaire 
iv. Literature review 
v. Analogues 

3. RESULTS AND FINDINGS

3.1 Hospital Waste Management in Punjab 

In province Punjab, various surveys have been conducted in 
different cities i.e. Sheikhupura, Gujranwala, Faisalabad, Rawalpindi and 
Lahore, for studying their hospital waste management methodologies 
[13,14].  

Among all, two hospitals of Rawalpindi each from public and private 
sector are selected for the current review. It is observed that the 
hospitals are well maintained and have good cleanliness system, but the 
treatment and disposal of biomedical waste is not satisfactory. The 
selected hospitals do not have any written protocol or operating system 
for waste handling [15]. 

Segregations process is usually followed in these hospitals. Nevertheless, 
the color-coding scheme does not comply with the Hospital 
waste management rules 2005 [11]. They are using Blue and red tapes 
on local polythene bags which is at the risk of damage. Moreover, the 
collection, transportation and dumping of waste is not in lined with 
international standards. Waste is dumped at the backyard of 
hospital. Both these hospitals lack their own incinerator or any 
treatment facility [15]. And for incineration waste is transported twice 
a week to Combined Treatment Facility (CTF) established by WHO in 
2009, which is insufficient for handling the health-care waste of 
whole city [11]. Another incineration facility is available at Attock Oil 
Refinery (Table 1) [16]. 

Table 1: Hospital Waste Management in Rawalpindi, Punjab 

List of Hospitals 
Waste 

Segregation 
Transportation of 

Waste 

Waste 
Management 

Strategies 

Waste 
Treatment 

Waste 
Disposal 

Private Hospital Improper Manual transportation 
No Waste 

management 
committee 

No on-site 
facility available 

No storage 
facility;  

In hospitals 
backyard 

Government 
Hospital 

Improper Proper methods 
Have waste 

management 
committee 

No on-site 
facility available 

Hospital site 

 Both hospitals should follow proper policy and operating procedures to 
deal with the hazardous waste and proper segregation mechanism should 
be followed. 

3.2 Hospital Waste Management in Balochistan 

In province of Balochistan, hospitals of capital city Quetta are focused. Out 
of 71 Hospitals of Quetta Four were selected. Shredding, autoclaving, 
incineration and Incarnation process were used for the treatment of 
waste. Segregation includes use of boxes of different colors showing 

different level of contamination. Non-infectious waste undergoes the 
process of recycling. There is a need for installation of more incinerators 
as only single incinerator is installed in Bolan medical complex for waste 
treatment [17]. Colored waste bins are used for collection of waste in 
Saleem complex hospital but there is only single bin in other three 
hospitals. Disposal of waste take place at either hospital’s backyard or any 
other place is selected for waste disposal. Mostly waste is discharged in 
sewer (Table 2) [18]. 

Table 2: Hospital Waste Management in Quetta, Balochistan 

List of Hospitals Techniques 
Percentage of Waste 

Production 
Waste Management 
Strategies adopted 

Disposal of Waste 

Civil hospital Quetta 
Shredding, Segregation Dumping 

and disposal of waste 
30% 

Use of Proper 
infections control 
rules and training 

Waste is disposed in hospital 
sites(backyard) or sanitary 

landfills. 

Bolan 
Medical Complex, 

Quetta, 

Autoclaving, Incineration and 
dumping, Incarnation (for treating 

human body parts) 
35% 

Incinerator is 
installed 

Either in hospital site or in 
sanitary landfill or sewer. 

Saleem Complex, 
Quetta 

Collection Transportation and 
dumping of waste 

10% 
Waste bins of 

different colors 

Waste is dumped in open 
areas due to lack of 

incinerators 

Children Hospital of 
Quetta 

Collection Transportation and 
dumping 

25% 
Trolleys and colored 

coded bags 
Waste is dumped in open 

areas 

Overall, the waste production is greater in government hospital. 
Management of waste is better in private hospitals compared to 
government hospitals. 

3.3 Hospital Waste Management in Khyber Pakhtunkhwa (KPK)  

In Peshawar hospital waste management practices were reviewed, in 
accordance with the WHO guidelines, in both private and public sector 
hospitals such as Rehman Medical Institute (RMI), North West General 
Hospital (NWGH)and Lady Reading Hospital (LRH), Hayatabad Medical 
Complex (HMC) respectively.  
Standard procedures used for collection of infectious, non-infectious, 
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pathological and pharmaceutical waste at all stages (segregation, collection, storage, handling) were observed and compared. The results are tabulated 
below in Table 3. 

Table 3: Hospital Waste Management in Peshawar, KPK 

Type of Waste Segregation Collection Storage Handling Disposal 

Infectious Waste 
No segregation except 

NWGH*1 which was 
unsatisfactory 

Specified yellow 
container in NWGH 

only 

Proper central 
storage area in 
RMI and NWGH 

only 

Proper measures 
in RMI and NWGH 

Incineration is carried 
out by both sectors but 
incinerators were not 
working properly in 

public sector; 
also some of the waste 
is handed over to PDA 

by public sector 

Non-Infectious 
No segregation in LRH*2 

while in others were 
unsatisfactory 

Specified containers 
in RMI*3 and NWGH 

only 

Proper storage 
in private; open 

storage in 
public hospital 

Proper measures 
in RMI and NWGH 

Pathological Waste 
No segregation except 

NWGH which was 
unsatisfactory 

Specified yellow 
container in NWGH 

only 

Proper storage 
in private; open 

storage in 
public hospital 

Proper measures 
in RMI and NWGH 

Pharmaceutical waste Not at all 
No specified 
containers 

Proper storage 
in private; open 

storage in 
public hospital 

Proper measures 
in RMI and NWGH 

* 1 NWGH (North West General Hospital)
* 2 LRH (Lady Reading Hospital)
* 3 RMI (Rehman Medical Institute) 

In private sector hospitals waste were handled by housekeepers and 
housekeeping managers were responsible for organizing and managing all 
these practices at administration level. Waste transportation to proper 
storage site is done through well designed trolleys and remain there until 
final disposal that is done by incineration [6,19].   

In public sector, sanitary inspectors were responsible at administration 
level for organization and management. All waste was handled by 
sweepers but with poor protective measures thus endangering their lives. 
Trolleys were overfilled. Waste remained in open area until final disposal. 
Incinerators were there but not working properly. Some of the infected 
waste generated there was handed over to Peshawar Development 
Authority (PDA) [19].  

Comparatively management practices were quite better in private sector 
than public sector hospitals 

3.4 Hospital Waste Management in Sindh  

There are about 33 hospitals in public sector and 356 hospitals in private 
sector, based on the Karachi Strategic Development Plan 2020 (prepared 
in 2007). According to an estimate of 2005 about 650 tons of infectious 
waste generated per day that is expected to shoot up to 1120 tons by 2020 
[20,21].  

The management practices are below desirable level in Karachi. A survey 
was conducted in eight hospitals, few of the hospitals were segregating 
their waste at the source along with the protective gears provided to their 
handlers. Most of the hospitals had separate storage areas but not 
protected from scavengers. Disposal technique adopted by most of 
hospitals was incineration with few have adopted landfilling and open 
burning (Table 4) [19]. According to another report, sharp waste is 
disposed in open garbage [22]. 

Table 4: Hospital Waste Management in Karachi, Sindh 

Waste Segregation 
Proper 

Handling 
Separate 

Storage Area 

Disposal Techniques 

Incineration Landfills 
Open 

burning 

No of hospitals 2 out of 8 2 out of 8 5 out of 8 5 out of 8 2 out of 8 
1 out 

of 8 

4.1 DISCUSSION 

Keeping in view the infectious nature of hospital waste, many 
management techniques were used in Pakistan. Nevertheless, there is a 
room for improvement in effective implementation of relevant rules and 
new techniques, with the aim of minimizing the waste without 
compensating the quality of the environment. Lot of researches have been 
done on the hospital waste and management techniques. Open dumping, 
incineration, autoclave, shredding and sterilization are the most used 
techniques for disposal of healthcare waste in Pakistan. 

4.1 Open Dumping 

Deposition of waste collected from healthcare facilities on open land is the 
most inexpensive and easy-going method used in developing countries 
[12]. Although it saves the cost, but it is the potential source of infectious 
diseases and environmental pollution [10]. It also causes significant 
impacts on population living nearby the dumping site [23,24].  

Openly dumped waste is accessible to scavengers and animals. The plastic 
and sharps can choke and injure the animals [25]. Moreover, the chemical 
components of the waste are incorporated into the food chains. Therefore, 
transmitting the infections, and pathogenic microbes through ingestion, 
inhalation or direct contact. Moreover, the physical agents such as wind, 
leachate or effluent from the dumping site can transport the toxicity of 
waste throughout the environment [9,26].  

Therefore, open dumping is the inappropriate way of hospital waste 
disposal and can be taken up only as a last resort.  

4.2 Landfilling 

On lines of dumping waste and incorporating the pollution mitigation 
concept “engineered landfills” are being developed. These are specialized 
areas, developed in a manner and covered daily so that waste do not come 
in contact with atmosphere, soil, and surface water. The landfill is 
constructed while considering the administrative limitations of the area.  

Landfill is considered as a final disposal site after applying any modern 
waste treatment technique. The landfilling is significant as it prevents the 
contamination of soil, release of harmful gases and bad odor into air and 
contact with vector animals, birds and microbes [27]. Nevertheless, if not 
constructed properly it can contaminate ground water and soil 
compensating their quality [25]. 

Currently, there are two landfill sites in Karachi at Gond Pass and 
Jam Chakro. Administrative authorities are about to improve them 
upto scientific level for generating electricity too. In Lahore, scientific 
landfill has recently been developed at Lakhodair, that started 
operations in April 2016 [28,29].  

4.3 Incineration 

Incineration is the process of burning substances at high temperatures in 
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closed assemblies known as furnaces. In the process, the substances are 
completely oxidized and the microbes are either killed or denatured [30]. 
The process is also significant to use for minimizing waste as it reduces the 
volume by 20-30% and mass of waste by converting it into harmless ash 
[31]. Reduced volume favors the landfilling at disposal stage. The 
incineration is useful for entities that are 60% combustible.  

The drawback of incineration includes its high installation and 
maintenance costs, and harmful emissions due to chemical composition of 
the waste [32]. The considerable toxic emissions from incinerators include 
carcinogenic furans, dioxins and mercury [25,33]. In developed countries, 
dioxin control methods involving addition of carbon and calcium 
hydroxide to flue gases is carried out. But it is an expensive technique and 
not feasible for all healthcare facilities, thus creating the demand for 
alternative technique [23].  

The harmful emissions from the incinerators can be controlled by 
regulating its operating conditions such as ensuring complete combustion 
at temperature higher than 800o C.  The pollutant control equipment 
should be fitted with incineration facility to meet standard emission 
criteria [34].  

4.4 Autoclave 

It is a low heat process, which uses steam or hot water, and specific 
pressure to disinfect the hospital waste. The temperature range for this 
low-heat thermal process is 93o to 177o C [30]. Autoclave is efficient for 
disinfecting sharps, blood contaminated entities, bandages, gowns, gauzes, 
non-chemical materials and the like. For the hospital waste that is meant 
to be disposed of, autoclaving is done to clean the material of bacteria 
before landfilling. The sterilization occurs at optimum temperature of 
160o C [9]. Nevertheless, the temperature range may vary based on the 
residence time and pressure i.e. Temperature of approx. 120o C at 
pressure of 15 pounds per inch square (psi) for 160 minutes, or 
temperature of approx. 135o C at 31 psi for 45 minutes [35]. 

The environmental hazard of autoclave is the aerosolizing of toxic 
chemicals present in the waste. The aerosols can deposit on the 
equipment, or release into the immediate environment posing threats to 
workers and air quality (Autoclaves for Medical Waste) [36]. Nevertheless, 
it is safer than incineration as it does not have toxic emissions. But, it does 
not reduce the volume of waste material as incineration does. Therefore, 
it occupies larger space in landfills [31]. 

4.5 Shredding  

Shredding in combination with microwave or autoclave, is used as an 
alternative to incineration [37]. Shredding is the method of cutting the 
waste into small pieces or de-shaping them. It reduces the volume i.e. 
required with autoclave and sterilizing techniques for efficient disposal. It 
also ensures that infectious sharps, and waste might not be reused [21]. 

5. RECOMMENDATIONS 

Day by day technology makes rebellion in our lives and also helps 
humans to make their environment pollution free. Hospital waste is 
the biggest problem to manage in environmental friendly way so there is 
a myriad of techniques to manage, control and destroy the hospital 
waste some of which are discussed above and some of their 
alternatives are discussed below: Shredding of medical waste which 
includes (blades, sharps)can be rotated at 1750 revolutions per 
minute and dissolve in disinfection solution and this wet waste than 
dried by hot off- gas in closed chamber, this technique reduce the 
waste about 80%.It is an alternative of shredding with autoclave 
and microwave ,which need high maintenance cost and energy [32,38]. 
Irradiation technology can be used instead of incinerator, it doesn’t 
produce toxic gases like dioxins and furans and reduce the mass of 
waste about 80% and it operates at room temperature and there is no 
need of any extra material for operating the system [39]. Ozone gas 
produced as the end product of irradiation technique, can be used for 
sterilization processes and help in managing the hospital waste [40-55].  

6. CONCLUSION 

Hospital waste is a matter of serious concern in Pakistan due to 
inadequate waste management practices. Methods of waste 
management (segregation, transport, storage, treatment, disposal) 
are calling improvement in both public and private sector hospitals 
of Pakistan. Furthermore, there is a dire need of modifying the 
technological processes of waste treatment to reduce the negative 
environmental impacts (noxious gases). Development of monitoring 
systems on lines of Hospital 

Waste Management (2005) rules, and capacity building of the 
management labor is necessary, as safe handling of hospital waste is 
indispensable for human health as well as for the environment. 

REFERENCES 

[1] WHO. 2015. Fact Sheet No 253. Retrieved from
http://www.who.int/mediacentre/factsheets/fs253/en/> World Health 
Organization (accessed November 2015). 

[2] Park, K. 2010. Hospital waste management. In Parks text book of 
preventive and social medicine. M/s Banarsidas Bhanot Publishers 
Jabalpur, 699-700. 

[3] Kumar, S., Manjunatha, M., Vijetha, B., Pradeep, P.R. 2012. Biomedical 
Waste Management: a review. Journal of Oral Health and Community 
Dentistry, 6(3), 141-44. 

[4] Singh, A., Singh, J., Singh, A.P. 2014. Biomedical Waste Management and 
their Possible Health Risks with Controlling Measures in the Bareilly City, 
UP, India. Octa Journal of Environmental Research, 2(4), 296-302. 

[5] Chartier, Y., Emmanuel, J., Pieper, U., Pruss, A., Rushbrook, P. 2014. Safe 
management of Wastes from Health-care Activities, World Health 
Organization. 

[6] Amin, R., Gul, R., Mehrab, A. 2013. Hospital Waste Management.
Professional Medical Journal, 20(6). 

[7] Mathur, P., Patanand, S., Shobhawat, A.S. 2012. Need of Biomedical 
Waste Management System in Hospitals– An Emerging Issue– A Review.
Current World Environment, 7(1), 117-124. 

[8] Mathew, J., Abitha, J., Farah, F.M., Agnes, A.A. 2017. A Study on the need 
for Bio-Medical Waste Management-Available Treatment Techniques and 
Suggestions. 

[9] Hossain, M.S., Santhanam, A., Norulaini, N.N., Omar, A.M. 2011. Clinical 
solid waste management practices and its impact on human health and 
environment–A review. Waste management, 31(4), 754-766. 

[10] Arshad, N., Nayyar, S., Amin, F., Mahmood, K.T. 2011. Hospital waste 
disposal: A review article. Pharmaceutical Sciences and Research, 3(8), 
1412-1419. 

[11] Kumar, R., Khan, E.A., Ahmed, J., Khan, Z., Magan, M., Nousheen, N., 
Mughal, M.I. 2010. Healthcare waste management (HCWM) in Pakistan: 
current situation and training options. Journal of Ayub Medical College 
Abbottabad, 22(4), 101-106. 

[12] Ali, M., Wang, W., Chaudhry, N. 2016. Management of wastes from 
hospitals: A case study in Pakistan. Waste Management and Research, 
34(1), 87-90. 

[13] Ullah, J.H., Ahmad, K., Khan, M.A. 2010. Managing the healthcare solid 
waste in selected Districts of Punjab, Pakistan. Pakistan Journal of Medical 
Sciences, 26(4). 

[14] Anwar, O., Malik, N., Asim, M. 2013. Evaluation of Hospital Waste 
Management in Public and Private Sector Hospitals of Faisalabad City, 
Pakistan. Academic Journal of Interdisciplinary Studies, 2(2), 161. 

[15] Ali, S., Mahmood, U., Malik, A.U., Aziz, F., Naghman, R.B., Ahmed, I. 
2015. Current hospital waste management practices in Pakistan: Case 
study and curative measures. Public Health and Preventive Medicine, 1(3), 
125-129. 

[16] Zaib, N., Umer, N., Masood, R. 2015. Waste Management at Dental 
Hospitals Of Rawalpindi–Islamabad Region. Biomedica, 31(4), 277. 

[17] Zafar, R., Ali, S.S., Uddin, Z., Khan, M.A. 2013. A Case Study of Hospital 
Waste Management in Balochistan and Its Impact on Health and 
Environment. Research Journal of Environmental and Earth Sciences, 5(2), 
98-103. 

[18] Ruqqia, A., Asim, I., Kasif, K., Saima, I., Saeed, Arif, S., Nosheen, R., 
Hamidullah, K., Shaheen. 2017. Hospital waste management at different
government and private hospitals of Quetta city in Baluchistan, Pakistan. 
J. Bio. Env. Sci., 10(1), 20-25. 



Environmental Contaminants Reviews (ECR) 1(1) (2018) 13-17 

Cite The Article: Shakira Mukhtar*, Hamna Khan, Zainab Kiani, Saba Nawaz, Sana Zulfiqar, Noshabah Tabassum (2018). Hospital W aste Management: Execution In 
Pakistan And Environmental Concerns - A Review. Environmental Contaminants Reviews, 1(1): 18-23. 

[19] Khan, M.I., Khan, E.A., Irfan, S., Muhammad, A. 2016. Wastes 
Management Practices in Selected Public And Private Hospitals Of 
Peshawar, Khyber Pakhtunkhwa. Journal of Medical Students, 2(1). 

[20] Ahmed. N. 2014. Status Review of Health Care Waste Management in 
Karachi. IEP Seminar [Slides]. Retrieved from 
http://iepkarachi.org.pk/Downloads%5Cearth/4.%20IEP%20Seminar%
20-%20Noman.pdf. 

[21] Rasheed, S., Iqbal, S., Baig, L.A., Mufti, K. 2005. Hospital Waste 
Management in the Teaching Hospitals of Karachi. J Pak Med Assoc, 55(5), 
192-195. 

[22] Qaiser, S. 2012. Survey of sharp waste disposal system in clinics of 
New Karachi. JPMA-Journal of the Pakistan Medical Association, 62(2), 
163. 

[23] Abah, S.O., Ohimain, E.I. 2011. Healthcare waste management in 
Nigeria: A case study. Journal of Public health and Epidemiology, 3(3), 99-
110. 

[24] Mmereki, D., Baldwin, A., Li, B., Liu, M. 2017. Healthcare waste 
management in Botswana: storage, collection, treatment and disposal 
system. Journal of Material Cycles and Waste Management, 19(1), 351-
365. 

[25] Babanyara, Y.Y., Ibrahim, D.B., Garba, T., Bogoro, A.G., Abubakar, M.Y. 
2013. Poor Medical Waste Management (MWM) practices and its risks to 
human health and the environment: a literature review. Journal of 
Environmental Health Science and Engineering, 11(7), 1-8. 

[26] Al-Khatib, I. A., Sato, C. 2009. Solid health care waste management 
status at health care centers in the West Bank–Palestinian Territory. 
Waste management, 29(8), 2398-2403. 

[27] Chartier, Y. 2014. Safe management of wastes from health-care 
activities. World Health Organization. 

[28] First scientific landfill site operational. 2016. Retrieved from 
https://www.thenews.com.pk/print/113654- First-scientific-landfill-
site-operational 

[29] Mansoor, H. 2018. PC-I approved for improving landfills in city on 
'scientific grounds'. Retrieved from
https://www.dawn.com/news/1387529 

[30] Hirani, D.P., Villaitramani, K.R., Kumbhar, S.J. 2014. Biomedical waste: 
an introduction to its management. International Journal of Innovative 
Research in Advanced Engineering (IJIRAE), 1(8), 82-87. 

[31] Verma, R. 2014. Medical Waste Disposal: Incineration and Non-
Incineration Technology Their Effects and Prospects. Nat. Environ, 19, 
195-198. 

[32] Shareefdeen, Z.M. 2012. Medical waste management and control. 
Journal of Environmental Protection, 3(12), 1625. 

[33] Insa, E., Zamorano, M., Lopez, R. 2010. Critical review of medical waste 
legislation in Spain. Resources. Conservation and Recycling, 54(12), 1048-
1059. 

[34] WHO. 2018. Health-care Waste. Retrieved April 25,2018, from 
http://www.who.int/en/news-room/fact-sheets/detail/health-care-
waste. World Health Organization. 

[35] Chandrappa, R., Das, D.B. 2012. Biomedical Waste. In Solid Waste 
Management,  147-175. Springer Berlin Heidelberg. 

[36] Autoclaves for Medical Waste. (n.d.). Retrieved from 
http://www.malsparo.com/autoclave.html 

[37] Sapkota, B., Gupta, G.K., Mainali, D. 2014. Impact of intervention on 
healthcare waste management practices in a tertiary care governmental 
hospital of Nepal. BMC public health, 14(1), 1005. 

[38] Soelberg, N.R., Rankin, R.A., Klingler, K.M., Lagle, Byers, L.L. 2006. 
Eliminating Medical Waste Liabilities Through Mobile Maceration and 
Disinfection. WM’06 Conference, Tucson, 26 February-2 March 2006.
http://www.inl.gov/technicalpublications/Documents/ 3394936.pdf 

[39] Gulyurt, M. 2012. Biomedical Instrument Application: Medical Waste 
Treatment Technologies. In A Roadmap of Biomedical Engineers and 
Milestones. In Tech. 

[40] Jude, P.A., Pellegrene, S.E., Hofer, M.J. 2015. U.S. Patent Application No. 
14/336,228. 

[41] Datta, P, Mohi, G.K, Chander, J. 2018. Biomedical waste Management
in India: Critical Appraisal. Journal of Laboratory Physician, 10(01), 6-14. 

[42] Ahmed, R., Ahmed, N. 2008. Healthcare Waste Management in 
Karachi, Pakistan. [Case Study]. Retrieved from 
https://www.ircwash.org/sites/default/files/Ahmed-2008-
Healthcare.pdf. 

[43] Ali, M., Wang, W., Chaudhry, N., Geng, Y. 2017. Hospital waste 
management in developing countries: a mini review. Waste Management
and Research, 35(6), 581-592. 

[44] Ali, M., Wang, W., Chaudhry, N. 2016. Application of life cycle 
assessment for hospital solid waste management: A case study. Journal of 
the Air & Waste Management Association, 66(10), 1012-1018. 

[45] Emmanuel, J. 2004. Non-Incineration Medical Waste Treatment
Technologies HCWH. 

[46] Emmanuel, J. 2001. Non-Incineration Medical Waste Treatment
Technologies. Washington, DC: Health Care without Harm. 

[47] Rutberg, G., Bratsev, N., Safronov, A., Surov, V., Schegolev, V. 2002. The
Technology and Execution of Plasma Chemical Disinfection of Hazardous 
Medical Waste. Plasma Science, IEEE Transactions, 30(4), 1445-1448. 

[48] Ananth, A.P., Prashanthini, V., Visvanathan, C. 2010. Healthcare waste 
management in Asia. Waste Management, 30(1), 154-161. 

[49] Li, C.S., Jenq, F.T. 1993. Physical and chemical composition of hospital 
waste. Infect Control Hosp Epidemiol, 14, 145-150. 

[50] Manan, Z. 2015. Assessment of Hospital Waste Management In Ayub 
Teaching Hospital, Abbottabad. Student Journal of Ayub Medical College, 
1(1), 13-16. 

[51] Mininni, G., Sbrilli, A., Braguglia, C.M., Guerriero, E., Marani, D., 
Rotatori, M. 2007. Dioxins, furans and polycyclic aromatic hydrocarbons 
emissions from a hospital and cemetery waste incinerator. Atmospheric
Environment, 41(38), 8527-8536. 

[52] Pruss, A., Giroult, E., Rushbrook, P. 1999. Safe management of wastes 
from health-care activities. World Health Organization Geneva. ISBN 92 4 
154525 9 (NLM classification: WA 790). 

[53] Roohi, Bano, K., Kuddus, M., Zaheer, M.R., Zia, Q., Khan, M.F. 2017. 
Microbial enzymatic degradation of biodegradable plastics. Curr Pharm 
Biotechnol, 18, 429-440. 

[54] United States Food and Drug Administration. 2011. How to dispose of 
unused medicines, Rockville, U.S.A 

[55] Lersner, W. 2007. The Process and Device for the Disposal of Medical 
Waste. Canadian Patents Database. Patent Number 2079003, 2007. 
http://www.ecolotec. com/patents.html 

http://iepkarachi.org.pk/Downloads%5Cearth/4.%20IEP%20Seminar%20-%20Noman.pdf
http://iepkarachi.org.pk/Downloads%5Cearth/4.%20IEP%20Seminar%20-%20Noman.pdf
https://www.dawn.com/news/1387529
http://www.malsparo.com/autoclave.html
https://www.ircwash.org/sites/default/files/Ahmed-2008-Healthcare.pdf
https://www.ircwash.org/sites/default/files/Ahmed-2008-Healthcare.pdf



