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ABSTRACT 

Hospitals are established and operated for providing healthcare services to physically and 

mentally unhealthy human beings. Such facilities, therefore, generate more amount of waste 

than normal domestic waste. Environmental regulations promulgated in Pakistan during 2005, 

make it a binding on concerned authorities for proper management & disposal of hospital 

waste. Hospital Waste Management (HWM) is core to the function of a healthy society but 

unfortunately, the disposal of hospital waste in the developing countries like Pakistan is 

inappropriate and prone to sickening the environment and community rather than curing. The 

objective of this study was to compare the efficiency of two different types of incinerators 

installed at site A & B in order to fulfil the requirements of waste management rules. 

Incinerator A operates in the temperature ranges < 800oC while incinerator B operates in the 

ranges of 600 to 1200oC. Working capacity of these Incinerators is 45 kg/hr and 150 kg/hr 

respectively. To compare working efficiency, segregated waste types (plastics, mix waste and 

pathological waste) were incinerated alone and in combination at different temperatures to 

observe gas emissions and ash content along with its composition using XRF. The flue gases 

produced were analysed through flue gas analyzer Model Testo S-350 at the designated 

emission points. Emissions observed during incineration showed that incinerator “A” 

produced more CO emissions (4050 mg/m3) than incinerator “B” (762 mg/m3) in case of 

Pathological waste, whereas NOx and SO2 remained within NEQs limits in both cases. Ash 

analysis showed its pH of basic in nature due to higher Calcium Oxide (CaO) concentration 

which was further confirmed in both cases using XRF. Moreover; quantity of ash produced 

after incineration was 11% and 4% for incinerator A & B, respectively which confirms that 

three chambered setup is suitable for meeting the HWM rules in the country.
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1 Chapter 1 

INTRODUCTION 

Hospital waste management is a technique that helps in the management of waste produced 

by hospitals, further results in checking and controlling the spread of diseases (Rasheed et 

al., 2005). Waste produced from health care facilities is a unique kind although in small 

quantities but conveying a high capability of contamination and injury (Akter, 2000). This 

waste alludes to all waste, biologic/non-biologic waste that is disposed of and not expected 

for further use. Medical waste is a subdivision of hospital waste; it denotes the material 

produced because of diagnosis, treatment or vaccination of patients and pharmaceutical 

waste related to biomedical research (Rutala and Mayhall, 1992). Hospital waste can be 

further classified as per density, weight and constituents. World Health 

Organization(WHO) has classified medical waste into various categories; infectious, 

sharps, pathological, pharmaceutical and radioactive (Marinković et al., 2008). Besides, 

there are few categories of infectious waste like animal carcasses, human body parts and 

tissues, syringes, blades, drugs, vomits, urine, saws, chemicals and liquid from labs (Prüss-

Üstün, 1999). 

As per the US Medical Waste Tracking Act, medical waste can be additionally classified 

into seven categories, including pathological wastes, animal wastes, cultures and stocks, 

human blood and blood products, isolation wastes, sharps, and unused syringes (Lee et al., 

2002). 
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1.1 Composition of Hospital Waste 

Hospital waste is generally classified as risk and non-risk waste. The risk waste includes 

pathological and infectious material, sharps and chemical wastes (Al-Khatib and Sato, 

2009). According to World Health Policy report (Organization, 2006) the infectious waste 

includes 15-25% of total health care waste among which are body part waste (1%), 

chemical or pharmaceutical waste (3%), sharp waste (1%), and radioactive and cytotoxic 

or broken thermometer(less than 1%) are notable. Hospitals solid waste contains disposable 

syringes (0.3-0.5%), plastics (7-10%), bandages, linen and other infectious waste (30-

35%), glass (3-5%) and other general wastes including food (40–45%) (El-Salam, 2010). 

Table 1.1. Hospital Waste Composition in Calcutta Hospital, India 

                    Composition of Hospital Waste in Calcutta 

Ingredients Average (% by wet weight) SD 

Bandage, cotton clothes etc 36.10 8.27 

Plastic, PVC, and Rubber 6.86 1.97 

Paper 7.65 3.27 

Disposable Syringe 0.43 0.31 

Food Waste 39.85 8.14 

Glass 4.56 2.41 

Inert 4.55 1.79 

 

Source: Patil and Shekdar, 2001 

But the hazardous waste out of this is 10-15% and while rest of the waste composition is 

non-risk and dominated by Food waste. 
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1.2 Importance of Hospital Waste Management 

Despite the fact that waste management is a moderately new phenomenon, it has grabbed 

the eye of governments all over the world. Today waste management term covers waste 

collection, sorting of waste, waste processing, recycling and reusing materials from waste 

that would otherwise be considered as useless. The medical waste management is an 

important issue that is amplified by lack of awareness, training, and financial capitals to 

support solutions. The waste collection and disposal is also known to be a grave problem 

as it can directly impact the health risks to both public and environment. (Abdulla et al., 

2008). The concern of public has been aroused about the collection, storage, treatment, 

transportation and disposal of infectious waste. In developing nations, hospital waste 

generally winds up on street sides and empty plots. Untreated waste bears an economic 

expense for inhabitants of the region and is likewise a natural peril. In such countries, 

management of hospital waste poses yet a bigger challenge. Nowadays, disposal of medical 

waste posed even more difficulties due to syringes, appearance of disposable needles and 

other similar items (Hossain et al., 2011). Various disposal and treatment methods have 

been proposed in recent years to decrease the negative impact of medical wastes. For the 

suitable medical waste disposal, information on the quantity and the characteristics of the 

waste is necessary (Uysal and Tinmaz, 2004). 

1.3 Hospital Waste Disposal 

The management of hospital waste is a herculean task in many countries. A study 

conducted by (Almuneef and Memish, 2003) on effective medical waste management 

showed that the effective waste management can save  money and protect the environment 

by reducing the health risk. In every country, healthcare waste disposal depends on many 
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factors like available resources, sensitization level of the health managers as well as other 

professionals and existing local legislations (Organization, 2002). In Pakistan, despite the 

presence of Pakistan Biosafety Rules 2005, neither proper hospital waste management 

systems have been created in various health sectors nor are the relevant health professionals 

and managers aware of the situation resulting therein (Kumar et al., 2010). The entire 

amount of the waste produced by the health facilities is normally disposed with the 

municipal waste or burned openly into the environment raising environmental concerns. 

Waste storage before disposal is usually open and the element of waste segregation for 

various sections is almost non-existent. Moreover, the reuse of syringes, blades etc. 

enhances the risk of disease transmission (Arshad et al., 2011). 

1.4 Hospital Waste Management in Pakistan 

Pakistan is a developing country and risks become exponential if not properly taken care 

of. Rules in this regard have been devised in 2005.  

1.4.1 Hospital waste management rules 2005 

Hospital waste management rules 2005, were notified vide S.R.O 1013(1)/2005 on 3rd, 

August 2005 (Kumar et al., 2010). According to these rules, each hospital is responsible 

for the safe and proper disposal of waste produced by it. Under the rules every healthcare 

facility requires to constitute a waste management team, make and implement a waste 

management plan. The guidelines for waste segregation, collection, transportation, storage 

and disposal are also available in the Hospital Waste Management Rules 2005. 

 

 



 

 

18 

 

1.4.2 Health facilities in Pakistan 

According to recent study conducted by (Khalid and Abbasi, 2018) the total number of 

registered hospitals and allied facilities in Pakistan in year 2015 are shown in the Table 

below. 

Table 1.2. Total avaiable health facilities in Pakistan 

 

A careful estimation shows population growth of 250 million by 2025 in Pakistan. This 

will eventually result in increase of generation of hospital waste. This increase in hospital 

waste generation alongside higher population growth rate will add to the complexities 

regarding its management. Furthermore, greater hospital waste generation may result in 

casual dumping of hospital waste along with municipal solid waste (Bdour et al., 2007). 

Sr. No. Title Numbers 

1. Hospitals 1167 

2. Dispensaries 5695 

3. BHUs sub health centres 5464 

4. Maternity and child health centres 733 

5. Rural health centres 675 

6. TB centres 339 

7. Total number of beds 118869 

8. Population per bed 161 
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Moreover, it has been found out to be the leading cause of various problems like air 

pollution and water pollution that poses health dangers for the people of Pakistan. Under 

the aforementioned circumstances, the country desperately needs an effective healthcare 

waste management system. In order to cater for this problem, HWM Rules were notified 

in 2005.  It is hoped that these rules will serve to resolve all the problems that are awaiting 

our attention due to mismanagement of hospital waste (Ali et al., 2016). 

1.5 Options Available for Management of Hospital Waste 

Generally, there is not a single plausible solution for hospital waste disposal, so in most 

cases, following waste disposal practices have been applied for management of hospital 

waste: 

1. Landfilling 

2. Incineration 

3. Autoclaving 

4. Shredding/Microwaving/Steam sterilization 

Each practice has its own advantages and disadvantages as explained below (Nemathaga 

et al., 2008). 

1.6 Advantages of Incineration 

Under proper conditions, incineration provides a number of benefits:  It greatly reduces the 

volume of waste that must go to disposal in landfills, a vitally important objective. In 

conventional municipal incinerators, the volume reduction ranges from 80% to 95%.  It 

can be used in combination with landfill mining to reclaim closed landfills and greatly 

extend the operating lifetimes of existing landfills.  The ash generated is relatively 

homogeneous and thus more suitable than raw waste for treatment such as solidification in 
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concrete. A comparatively large proportion of the organic compounds, including 

putrescible and hazardous wastes, is destroyed; thus, there is a net decrease in the quantity 

of toxics (Tammemagi, 1999). Energy can be generated as a useful byproduct, that 

preserves oil, coal and natural gas nonrenewable fuels. By burning the waste fewer air 

pollutants are produced as compared to burning coal or oil. Since about the mid-1980s, the 

use of incineration for burning has been increasing in the United States and currently the 

country burns about 16% of its municipal wastes (Pirkle et al., 1996). This figure is 

significantly lower in Canada—about 4%—but it can be much higher overseas. For 

example, Japan, which faced its waste disposal crisis in the 1950s, 20 years before the crisis 

reached North America, which incinerates approximately 34% of its municipal garbage 

(Hershkowitz and Salerni, 1987). Most Japanese incinerators generate electricity. In 

Sweden, the waste used as a resource, not something to be wasted by landfilling; 

approximately 41% of its waste is incinerated in 21 waste-to-energy incinerators, with 

almost all the energy being delivered to district heating systems (Persson and Werner, 

2012). This energy corresponds to 4.5 terawatt-hours, or 15% of the total district heating 

requirements in Sweden. There are more than 400 waste incinerators in the world.  

The major drawback of waste incineration is that the burning releases contaminants into 

the air, violating the principle of protecting health and environment. Thus, if incineration 

is to be used, it must incorporate rigorous emission controls. There is considerable 

opposition by the public to the use of waste incinerators, at least partly because older 

incinerators certainly caused air pollution. Modern waste-to energy plants have largely 

overcome this deficiency by including improved combustion processes, better pollution 

control technology, and the production of a useful product, energy (Tammemagi, 1999). 
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1.7 Present Study 

In this study, primarily hospital waste data from various hospitals was collected and waste 

was segregated at site A and B before incineration. Different tests were conducted before, 

during and after incineration at selected sites. 

1.8 Aims and Objectives  

Following were the objectives of the study 

 (a) Comparative analysis of flue gas emissions (NOx, SO2 and CO) 

(b) Comparative analysis (qualitative and quantitative) of residual ash 

(c) Recommendation based on analysis 
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2 Chapter 2 

LITERATURE REVIEW 

2.1 Introduction 

Biomedical or hospital waste includes any liquid and solid wastes produced during the 

treatment, diagnosis and immunization of human and animal in research. Basically, health 

care wastes refer to all wastes produced which are discarded and not intended for any 

further use in hospitals (Asante et al., 2014). Other than health care, the relevant activities 

include research involving animals, animal farms, clinical research, dead animals, and 

others. Biomedical waste generation is not limited to specific activity or organizations. 

Waste can generate from homes and medical facilities during dialysis and while using 

insulin injections, animal health activities in rural areas, butchering of sick animals in 

butcher houses, use of sanitary napkins and ear buds, use of diapers, and air ports when 

passengers throw away restricted medicines without prescription (Thomas-Hope, 1998). 

Different types of synonyms for the medical waste are available and they are currently used 

interchangeably in different scientific journals and in different parts of the world. 

According to (Moritz, 1995) some of the easily come across synonyms are biomedical 

waste (BMW), hospital waste and clinical waste. For the medical waste WHO uses the 

term “healthcare waste” in reports and other official publications. 

WHO (2005) considered the BMW is a byproduct of hospitals waste consisting of 

pharmaceutical products, chemicals, sharps, non-sharps, blood, body parts, medical 

devices and radioactive materials (Aseweh Abor and Bouwer, 2008). In general hospital 

waste is broadly grouped into infectious waste and non-infectious waste (Klangsin and 
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Harding, 1998). Medical wastes also includes a larger part of hazardous wastes (Jang et al., 

2006). The production or generation of these wastes is an continuing phenomenon as long 

as human civilization persists (Mato and Kaseva, 1999). Biomedical wastes are considered 

a special case of care where hazards and risks are not just limited to the health of generators 

and operators of hospitals but also the health of other people.  

2.2 Guiding Principles for Hospital Waste  

Five principles are mostly used as underlying the active and controlled management of 

wastes (Williams, 2005).  While developing of policies, legislation and guidance many 

countries used these principles:  

1. Polluter pays principal 

The polluter pays principle suggests that the person or institute who generate waste 

is legally and financially responsible for the safe and environmentally friendly 

disposal of the waste they generate. This principle also efforts to assign charges to 

the party that causes damage (Tudor et al., 2005). 

2. Precautionary principle 

It is an influential principle leading health and safety protection. Under the Rio 

Declaration on Environment and Development (UNEP, 1972) this principle was 

defined and adopted as Principle 15: “If there are serious or irreversible damage 

threats to the environment, lack of full scientific certainty should not be used as a 

reason for postponing cost-effective measures to prevent environmental 

degradation” (Cameron, 1994).  
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3. Duty of care principle 

The duty of care principle specifies that any person managing or handling 

hazardous materials or wastes or something related is properly responsible for using 

the utmost care in that task. This principle is best completed when all the parties 

involved from hazardous waste (including health care waste) production to final 

disposal are registered and licensed to handle the waste (Chartier, 2014).  

4. Proximity principle 

This principle recommends that hazardous waste treatment and disposal take place 

to the nearest possible location of waste generation to minimize the risks involved 

in its transportation. Likewise, every waste generator should be encouraged for 

waste recycling or disposing, inside its own territorial limits, unless it is unsafe to 

do so (Williams, 2005).  

5. Prior informed consent principle 

In this principle various international treaties are designed to protect the health of 

public and the environment from infectious waste. It is necessary that affected 

peoples and other shareholders be explained of the hazards and risks, and that their 

consent be obtained. For the healthcare or hospital waste, this principle could apply 

on the transportation of waste and the siting and operation of waste treatment and 

disposal facilities (Prüss et al., 2014).  

2.3 Historical Perspective 

In 1983, Regional office of World Health Organization for Europe organized a meeting of 

concerned personal at Bergen, Norway, in which this issue was discussed for the first time. 
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The importance of inappropriate BMW management was carried to the attention during the 

“beach wash-ups” during summer 1988, which was examined by the US EPA, and it 

concluded in the passing of Medical Waste Tracking Act (MWTA) Nov. 1988 (Yadav, 

2001). Until recently, medical waste management was not usually considered an issue. In 

the 1980s and 1990s, concerns about exposure to hepatitis B virus (HBV) and human 

immunodeficiency virus (HIV) led to questions about potential risks inherent in medical 

waste. So the hospital waste generation has become a prime concern due to its 

multidimensional consequences as a risk factor to the hospital staff , health of patients and 

extending beyond the limits of the medical establishment to the over-all population (Arshad 

et al., 2011). 

2.4 Hospital Waste Generation 

health care teaching institutes, research institutions, hospitals, laboratories, clinics, blood 

banks, veterinary institutes and animal houses are the places where biomedical waste 

(BMW) is generated (Sharma, 2002). The amount of BMW generated will vary reliant on 

the hospital rules and practices and the type of care being provided. From 1-5 kg/bed/day 

is the waste generated according to the data available from developed countries, with 

substantial inter country and inter specialty differences. According to the meagre data from 

developing countries indicates that the range is lower i.e. 1-2 kg/day/patient (Mohammed 

et al., 2017). In Pakistan, about 4 to 2,000 kg of waste is generated daily by different health 

outlets; of which 75-90% is a non-risk waste produced by the administrative functions, 

housekeeping, and health care premises while only 10 to 25% is infectious waste and that 

needs more careful disposal (Arshad et al., 2011). Research studies in Pakistan show that 

almost 2 kg of waste/bed/day is generated out of which 0.1-0.5 kg/bed/day can be 
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considered as risk waste (Ali et al., 2015). In Pakistan, 1.06 kg/bed/day hospital waste is 

generated leading to a total of 250,000 tons/year waste generation. Karachi is the hotspot 

with hospital waste generation rate of 100 tons/day (Organization, 1999). 

 Because of the variability in BMW definitions, a rather extensive range of medical waste 

generation rates have been reported in the literature. Occasionally, it is not clear whether 

non-hazardous waste (household type) are included in the total medical waste generation 

rates that are reported. E.g. In Jordan, (Bdour et al., 2007) measured BMW generation rates 

ranged 1.9-3.5 kg/bed/day; on the other side, for Jordan too (Abdulla et al., 2008) reported, 

an average bio medical waste production rate equal to 0.61 kg/bed/day. (Mato and 

Kassenga, 1997) have reported a BMW production rate range 0.84-5.8 kg/bed/day from 6 

hospitals in Tanzania. The hazardous medical waste production rates of four big hospitals 

in Korea were found to vary 0.14-0.49 kg/bed/day (Jang et al., 2006). In Egypt (El-Salam, 

2010), measured the production of BMW from eight different hospitals that belonged to 

different categories ranged 0.24-2.1 kg/bed/day. (Birpınar et al., 2009) measured 

0.65 kg/bed/day, based from the analysis of 192 hospitals in Istanbul, Turkey. Same in 

Turkey (Eker and Bilgili, 2011) reported BMW production rates equal to 

2.11±3.83 kg/bed/day. According to (Patwary et al., 2009),  the average BMW production 

rate in Bangladesh was around 0.26 kg/bed/day, while the quantity of hazardous BMW 

were obviously affected by the size and type of health care facilities. (Taghipour and 

Mosaferi, 2009) stated that the hazardous BMW production rates in Iran ranged 0.4-

1.91 kg/bed/day. 



 

 

27 

 

 

Figure 2.1. Medical Waste Generation in Asia (Visvanathan, 2006) 

2.5 International Agreements and Conventions for Biomedical Waste 

For the waste management of health care facilities, environment protection and sustainable 

development the following international conventions and agreements are available. 

2.5.1 The Basel Convention 

The Basel Convention is for the Control of Trans-Boundary Movements of Hazardous 

Wastes and their Disposal. This is the most detailed global environmental agreement on 

hazardous wastes. 170 countries are the members of Basel Convention and it aims to 

protect the health of human and the environment against the adverse effects resulting from 

the production, management, transboundary movements and disposal of hazardous wastes. 

Convention obliges its members to ensure that hazardous wastes should be managed and 

disposed in an environmentally friendly manner. 

Basel Convention specifically refers as:  

Clinical wastes from hospitals, medical centers and clinics-Y1 

Pharmaceutical, drugs and medical waste-Y2 
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Basel convention also has a category of hazardous characteristics defined as “H 6.2-

Infectious substances: the substances or wastes consisting of viable microorganisms or 

toxins that are known or suspected to damage humans and animals life.”  The convention 

secretariat has prepared the detailed document in addition; that is the Technical guidelines 

on the environmentally sound management of biomedical and health care wastes (Y1; Y3) 

(Pinderhughes, 2004). 

2.5.2 The Stockholm Convention 

This convention is for Persistent Organic Pollutants (POPs). It is a global treaty to protect 

health of human and the environment from POPs. These chemicals are produced and 

emitted to the environment by incineration of BMW. Countries must choose the best 

available techniques and promote best environmental practices for incineration of BMW 

within 4 years after the convention comes into force for the country (Buccini, 2003). 

2.5.3 Aarhus Convention for Europe 

This convention is based on “Access to Information and Justice in Environmental Matters 

and Participation of Public in Decision Making”. Aarhus Convention was adopted at the 

“Fourth Ministerial Conference” in the ‘Environment for Europe’ on 25 June 1998 in 

Aarhus, Denmark. It was a new kind of agreement, linking the rights of human beings and 

environment. The convention acknowledges that we owe a responsibility of future 

generations (Steele, 2001). 

2.6 Medical Waste Tracking Act (MWTA) 1988 

In the United States hospital waste is highly regulated by the proper legislation of Medical 

Waste Tracking Act (MWTA) of 1988. This act was passed by the Congress as an 

amendment to the act of Solid Waste Disposal, which was on how to safely dispose of large 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/solid-waste-disposal
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quantity of industrial and municipal solid wastes (EPA, 2013), itself written in 1965. 

MWTA took attention in later 1980s, when the large volume of improperly disposed of 

medical waste were already found on beaches, creating public outrage (Wagner and 

Arnold, 2008). This act came into effect on June 24, 1989, and has been the basis for 

medical waste classification, handling, transportation, treatment and disposal in the US 

ever since (Lichtveld et al., 1992). 

The MWTA established (Windfeld and Brooks, 2015): 

• Medical waste definition 

• Criteria on which determination of medical wastes would be subject to regulate 

• Tracking system utilizing a generator-initiated tracking form segregation, 

packaging, labeling, and storage of the waste 

For the waste collection, transportation and disposal MTWA also required US EPA to 

survey different treatment techniques available at the time for the reduction of disease 

caused by the medical waste (Windfeld and Brooks, 2015). Techniques that examined by 

EPA in 1990 included microwave units, autoclaves, incinerators and various chemical and 

mechanical systems (Windfeld and Brooks, 2015). The EPA continues to conduct research 

on improving infectious medical waste treatment methods. 

2.7 Pakistan Environmental Protection Agency (PEPA) 1997 

On 6 December 1997, Pakistan Environmental Protection Act (PEPA) was enacted, 

repealing the Pakistan Environmental Protection Ordinance, 1983. The PEPA’ 1997 

provides the establishment of Provincial Sustainable development Funds, conservation of 

renewable resources, framework for implementation of NCS, Protection and conservation 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/municipal-solid-waste
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of species, establishment of Environmental Tribunals and appointment of Environmental 

Magistrates, Initial Environmental Examination (IEE), and Environmental Impact 

Assessment (EIA). 

2.8 Hospital Waste Management (HWM) Rules 2005 

In workout of the powers conferred under section 31 of the PEPA, 1997 (XXXIV), the 

Federal administration is pleased to make the rules for hospital waste management. These 

rules are approved in order to make HWM according to standard practices. 

2.8.1 Delegation of ministry of environment to provincial governments 

Through the 18th Amendment, some 44 subjects, including environmental pollution and 

ecology, became the sole legislative domain of the Provincial Governments. 

2.9 Hospital Waste Management Rules 2014 (Punjab, Sindh) 

 As per the section 36 of the Sindh Environmental Protection Act, 2014 (VIII), the 

Environmental Protection Agency (EPA) with the approval of the Government of Sindh, 

is pleased to make the rules for the Sindh Hospital Waste Management, 2014. These rules 

are for the proper management of hospital waste and come into force at once.  

As per the section 31 of the Punjab Environmental Protection Act, 1997 (XXXIV), the 

Governor of Punjab is pleased to make the rules Punjab Hospital Waste Management, 

2014. These rules are accepted in order to manage hospital waste according to standard 

practices and come into force at once. 

2.10 Handling of the Clinical Solid Waste 

Unless hospital or clinical waste is properly disposed and handled, it can present risks to 

public, environment and healthcare staff (Al-Khatib and Sato, 2009). A lot of studies have 
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been done in different countries to define the best appropriate management plan for clinical 

waste in order to minimize the health hazards (Alagöz and Kocasoy, 2008). Therefore, for 

handling disposal of hospital waste many developed countries have planned codes of 

guidelines and practices (Bdour et al., 2007). Further modification is still required for 

significant progress in all aspect of hospital or biomedical waste management practices. 

Though, in most developing countries, BMW has not got adequate attention despite the 

fact that it was labeled as hazardous or infectious waste (Alagöz and Kocasoy, 2008). 

Due to enormous quantity of generation, serious threat as well as high disposal cost (Alagöz 

and Kocasoy, 2008), the management of hazardous solid waste is still considered as 

problematic. 

2.11 Disposal and Management Technologies 

2.11.1 Landfill 

It is an easy and low cost method for disposal of waste. If a landfill is not properly managed, 

it increases the health risk of human and increased environmental pollution (But et al., 

2008). Therefore, it is considered as an unsophisticated method, that requires careful 

separation of waste so that it does not pose high health effects on public and environment 

(Visvanathan, 1996). Landfills are operated as an open dump in the developing countries. 

The hospital waste dumped in the landfill mixed with other wastes, and later burned 

(Nemathaga et al., 2008). Waste dumped into landfill produces waste products during the 

waste degradation process in three phases. These are solid (degraded waste), liquid 

(leachate), and gas (referred as landfill gas) (But et al., 2008). Further, these three products 

may pollute air, water and land. Therefore, landfill disposal is not an ideal safe option for  

treatment of hospital waste (Narayana, 2009). 
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2.11.2 Autoclaving 

Autoclaves used as the sterilization of different kinds of hospital waste (Salkin, 2003). 

Autoclaves are mostly used for the treatment of blades, syringes and contaminated items 

with blood, remains from surgery and from isolation wards, linen, gauze, gowns, bandages, 

and other similar materials. The temperature range of 50-250°C in autoclaves, but the 

optimum temperature for the autoclaves are 160°C to kill bacteria. 

This technology is considered as an alternative technology of the incinerator for hospital 

waste management, but it is more costly method as compared to incineration (Al-Khatib 

and Sato, 2009). This is because of, autoclaving treatment of hospital waste require another 

treatment method for the final disposal of water (Jang et al., 2006). Furthermore, it can’t 

handle large volume of hazardous hospital waste. Autoclave also cannot treat wastes from 

volatile and semi-volatile organic compounds, mercury, chemotherapy treatment, and 

radioactive wastes (Lee et al., 2004). Large body parts, animal remains and other large  

items are also not possible to treat in autoclaves (Prüss-Üstün, 1999). 

2.11.3 Microwaves 

In microwaves there are electromagnetic waves having frequency between radio and 

infrared waves. For the treatment of waste in microwaves, in order to create the thermal 

process, it is important that the waste is wet, either by the naturally occurring moisture or 

by the addition of some steam. For the formation of steam some treatment processes utilise 

microwaves to heat water, which is then applied to the hospital waste stream. Low 

frequency radio waves are applied in some systems to inactivate microorganisms contained 

within the waste. The microwaves start heating the waste from the inside of the materials 

to their external surfaces. 
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Though, this method for waste treatment might be economically not feasible compared to 

the incinerator (Lee et al., 2004). Nevertheless, this technology is also not suitable for the 

treatment of large quantities. For the developing countries the treatment cost is also 

expensive and is not affordable. It is also reported in the literature that microwaving of 

hospital waste refers inadequate microorganism sterilization capability (Cha and Carlisle, 

2001). 

2.11.4 Incineration 

It is a high temperature dry oxidation process in which the organic and combustible waste 

reduce to inorganic, incombustible matter. Incineration also reduces the significant volume 

and weight of waste. In incineration high heat thermal treatment processes take place at 

temperatures about 200°C to more than 1000°C. Chemical and physical breakdown of the 

organics take place by the processes of combustion, pyrolysis or gasification. Release of 

combustion byproducts into the atmosphere and production of ash is a disadvantage of 

these technologies (Supply and Programme, 2014). 

2.12  Determination of Suitable Method 

Safe disposal of hazardous waste is still a problem. According to the WHO guidelines 

“currently, there are practically no low cost, environmental friendly options available for 

the safe disposal of hazardous wastes” (Birchard, 2002). In the US, studies have found that 

almost 49 to 60% of medical waste is incinerated, 20 to 37% of the waste is autoclaved, 

and 4 to 5% of the waste is treated by other technologies (Zhao et al., 2009).  

It seems that the existing infectious waste management options are not able to preserve 

human health and environment from infection and deterioration. The transmission of the 

viruses such as enteric, respiratory, and pathogenic infections through improper hospital 
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waste treatment is not well described in the literature. Studies showed that if the 

incineration of waste is properly handled, it would be the best treatment method to treat 

and manage hospital solid waste. Harmful pollutants produced due to inappropriate 

incineration of hospital waste is still fearful and that’s why requires proper handling (Jang 

et al., 2006). 

2.13 Types of Incinerators 

There are three major types of incinerators available; Controlled air incinerator, Excess air 

incinerator, and Rotary kiln incinerator. Of all these three, Controlled air or Starved-air is 

the most widely used. 

2.13.1 Controlled air incinerator 

Controlled air incinerator is also known as two-stage incineration, starved air incineration, 

or modular combustion. Combustion of waste in this type of incinerators occurs in two 

processes. In the first process, waste is fed into the combustion chamber, which is operated 

with less than the stoichiometric amount of air required for combustion. In the second 

process, excess air is supplied to the volatile gases formed in the first process to complete 

combustion. 

2.13.2  Excess air incinerator  

It is typically a small modular unit. That are also stated as batch incinerators, multiple 

chamber incinerators, or "retort" incinerators. It is typically a compact cube with a large 

number of internal chambers and baffles. They are usually operated in a batch mode. 
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2.13.3 Rotary-kiln incinerator 

 As the other incinerators rotary kiln incinerators are designed with primary chamber and 

secondary chamber, in a primary chamber waste is heated and volatilized, and in a 

secondary chamber combustion of the volatile fraction is completed (EPA, 1998). 

2.14 Advantages and Disadvantages of Incinerators 

Some of the benefits of the controlled air system include high thermal efficiency as a result 

of lower stoichiometric air use, higher combustion efficiencies, and less-intensive in terms 

of capital costs (which may increase as more controls are required). Similarly, almost with 

all types of incinerators, disadvantages include potential incomplete combustion under 

inappropriate operating conditions and complications associated with achieving proper 

operating temperatures during startup of a batch unit. Most incineration systems made 

before the early 1960s were of the multiple-chamber types (sometimes referred to as excess 

air types). They operated with high excess air levels and so required scrubbers to fulfil air 

pollution control standards. Few multiple-chamber incinerator units are being installed 

today. Instead, older units of this type are used primarily for non-infectious wastes. A small 

number of rotary kiln incinerators are presently operating, although greater use of them is 

being promoted by some. These incineration systems consist of a cylindrical, refractory-

lined (usually brick) combustion primary chamber. This chamber alternates slowly 

(between 1 and 3 rpm) on a slightly inclined, horizontal axis. This rotation offers excellent 

turbulence (i. e., mixing). Yet, the rotary kiln systems tend to be costly to operate and 

maintain, usually require shredding (i.e., some size reduction of wastes), and often require 

emission controls (Tchobanoglous et al., 1993). 
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2.15 Best Practices for Incineration  

Best practices for include the following elements (Batterman et al., 2004):   

(1) Ensure that only minimum amount of waste is incinerated by the effective waste 

reduction and waste segregation  

 (2) Ensuring the combustions condition (i.e. enough residence temperature and time) is 

appropriate by engineered design of the incinerator  

 (3) Minimizing the risk and exposure by siting incinerators away from populated areas  

(4) Avoiding the flaws by construction following detailed dimensional plans, that can lead 

to incomplete combustion and higher emissions 

(5) Achieve the desired combustion conditions and emissions by proper operation e.g., 

appropriate startup and cooldown procedures, minimum temperature before waste is 

burned, use of appropriate loading rates, properly disposal of ash, and PPEs for 

safeguarding workers 

 (6) Regular maintenance to replace or repair defective components  

(7) Enhanced training and management for operators, certification and inspection 

programs, the availability of an operating and maintenance manual.  
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3 Chapter 3 

METHODOLOGY 

The methodology adopted is as in the flow chart: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1. Methdology adopted for the study 
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All the research work complied with the following procedure: 

3.1 Hospital Waste Management Rules 2005 

EPA Section 34, (3): Waste management responsibility: Each hospital is responsible for 

the management of the waste generated till its final disposal. 

3.1.1 Waste management team 

Waste Management Officer responsible for day to day implementation and monitoring of 

the waste management plan. 

3.2 Study Area Selection 

 Study area selected included two sites having incinerators for hospital waste management. 

The site A selected hospital is named as Margalla Hospital and had a small-scale 2 

chambered incinerator without APCDs except sprinkling of water. It was compared with 

another standard incinerator, having 3 chambered installed at site B. This facility too had 

an allied hospital named Sahara Hospital. Moreover, this installation received waste from 

outside for incineration. The two different incinerators had different capacities respectively 

i.e. 45 kg/hr and 150 kg/hr. An amount of 10/15 kg of hazardous waste was generated in 

Margalla hospital while the second facility received more hazardous waste on daily basis. 

In Margalla hospital, incineration was carried out after every alternate day while at site B 

it was carried out on daily basis. 
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Figure 3.2. (a) Site A government hospital (b) Site B private hospital (c) Site A location 

and (d) Site B location 

3.3 Data Collection 

Initially data from two selected hospitals was collected i.e. Margalla (a govt hospital) and 

Sahara (a private). Interviews were conducted with their Waste Management Officers 

(WMO). During interview, the Operation theatre days were noted with higher generation 

of waste. Then in order to understand the scenario, a larger base point was selected. 

Hospital waste data of randomly selected hospitals of all 10 divisions of Punjab was 

(a) (b) 

(c) (d) 
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collected. Further, data of DHQ hospital in Narowal was collected with different types of 

wastes from different wards. Furthermore, comparison was made for burial and 

incineration.  

3.4 Generation of Waste 

At the outset, weekly waste generation from the two hospitals was documented. Each of 

the two hospitals had different waste generations/bed/day. For Margalla, total 81 kilograms 

of waste was generated for 50 beds per day where for Sahara, 108 kilograms of waste was 

generated for the 60 beds per day. Site B, in addition, also received external waste for 

incineration. DHQ hospital in Narowal had different types of waste generation from 

different wards. That data was analyzed for different types of waste such as Placenta, 

Sharps and Mix waste. 

 

Figure 3.3. Pharmaceutical waste lying ready for incineration at site A 
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3.5 Segregation of Waste 

 Waste in each hospital was categorized into hazardous and non-hazardous waste. Different 

colored bins were there for different waste types. Yellow bin was allotted for hazardous 

waste, white for glass waste, and green bin for non-hazardous waste. For highly hazardous 

waste collection, a bin of red color was to be used. All of the hospital waste was divided 

into sub-categories for the incineration i.e. plastic waste, mixed waste, and pathological 

waste. Plastic waste consisted of plastic shoppers, drips, bottles, syringes, gloves, discarded 

plastic material. Mixed waste was contributed by cotton swabs etc. in addition to other 

types of waste, Pathological waste was all of the human waste and bandages. 

 

Figure 3.4. Color coding for waste bins 

Waste collected was categorized as Mix waste, Plastic waste and Pathological waste.  

3.6 Transportation of Waste 

Since the waste was sorted for incineration on spot, and therefore lesser waste was made 

available for incineration and the transportation to the incinerator site was carried out on 

the same day. At site A, the incinerator was in the vicinity of the hospital and the waste 
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was physically transported there. For the site B, waste was mechanically transported 

through a customized vehicle. 

3.7 Incinerator Operations at Site A and B 

The incinerator at site A was a two chambered incinerator that had a nominal burning rate 

of 45 kg/hr. Temperature ranged from 0-800oC. Waste was fed at room temperature i.e. 

25oC. 

The incinerator at Site B is a three chambered large incinerator which not only incinerates 

the waste of Site B but also the waste from external sources. There 150 kg/hr was 

incinerated. Waste was fed at 600oC and could achieve a maximum of 1200oC. While the 

temperature range was from 0 degrees to 1200oC. 

3.8 Incineration Process at Site A and B 

Primarily, individual component incineration was carried out at site A. First of all, Plastic 

waste was incinerated at both sites. Different types of emissions were observed. Emission 

readings at different temperatures were noted and graphs were plotted accordingly. 

Similarly, mixed waste was incinerated, and readings were noted. Same procedure was 

carried out for pathological waste at both site A and B. 
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Figure 3.5. Incinerator at site B 

 

Figure 3.6. Incinerator at site A 
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3.9 Tests 

Following tests were carried out during the study 

3.9.1 Flue gas emission analysis 

Flue gas emissions were analysed through Testo S-

350.The analyser could analyse four types of 

emissions i.e. CO, SO2, NOx. The analyser recorded 

emissions in ppm which were converted to mg/m3. 

All of the waste types were incinerated at both the 

incinerator sites. A number of readings were noted at 

different temperatures at both sites for all type of 

wastes. Readings were noted and graphs were 

plotted. They were then compared to the NEQs and 

conclusions drawn. 

Formula used for conversion of ppm to mg/m3 (at 

standard temperature of 25ºC and 1 atm): 

Concentration (mg/m3) = 
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑝𝑝𝑚)×𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑊𝑒𝑖𝑔ℎ𝑡

24.5
   (i) 

Formula used for conversion ppm to mg/m3 (at standard temperature of 0ºC and 1 atm): 

Concentration (mg/m3) = 
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑝𝑝𝑚)×𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑊𝑒𝑖𝑔ℎ𝑡

22.4
   (ii) 

3.9.2 XRF analysis  

 Ash samples were prepared for analysis through x-ray fluorescence. XRF analysis is 

carried out for the purpose of elemental detection. Ash was compacted into pellets by 

Figure 3.7. Flue gas analysis through 

flue gas analyser Testo S-350 
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hydraulic presser. The pellets were introduced into XRF. Elemental analysis report was 

generated. 

 

Figure 3.8. XRF analyser 

3.9.3 Bomb calorimeter analysis  

 Pre-incinerated sample (mix waste, predominantly Plastic) was prepared by shredding into 

very small pieces for energy content determination. A total weight of 0.6g was weighed 

and placed in bomb calorimeter named Parr 6200 for energy content. 

 

Figure 3.9. Shredded sample being weighed 
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Figure 3.10. Sample placed in bomb calorimeter 

3.9.4 Moisture content 

 A weighed sample of pre-incinerated waste, w1 was placed in oven at 105 degrees Celsius 

for 24 hours. Sample was weighed again as w2. Moisture content was then calculated 

according to the formula; 

                                        (w1-w2) / w1 × 100. 
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Figure 3.11. Sample being weighed 

 

 

Figure 3.12. Sample placed in oven at 105oC 
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3.10 Waste Characteristics for Incineration  

Incineration of waste is affordable and feasible only if the heating/calorific value of the 

waste reaches at least 2000 kcal/kg or 8370 kJ/kg. While the value for hospital wastes 

containing high levels of plastics can exceed 4000 kcal/kg or 16 740 kJ/kg, some hospital 

wastes have much lower calorific values due to presence of high proportion of moisture. 

For waste incineration moisture content in the waste should be less than 30 % (Supply and 

Programme, 2014). 

3.11 Salient Features of Incineration 

Following were the salient features of incineration 

• Food waste was not disposed of as hospital waste in Margalla case  

• Margalla hospital’s waste was transported physically to site A as it was in the 

immediate vicinity. 

•  Incinerator B received waste from private health establishments and small clinics 

•  Incinerator B had a well-organized hierarchy for incineration of hospital waste.  

• Pre-heating was carried out in case of incinerator B. 

• No pre-heating was done in the case of incinerator A. 

• Similarly, pre-heating was carried out at the small-scale incinerators installed for 

hospital waste management by the government of Punjab. 

• Ash produced after incineration was landfilled/buried in both cases i.e. A and B. 

• The ash was buried under a three –feet soil cover in both cases. 

• Human waste was buried instead of incineration in the case of DHQ Hospital 

Narowal. 
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4 Chapter 4 

RESULTS AND DISCUSSIONS 

4.1 Waste Generation 

Waste generation data was collected from two selected hospitals and data from DHQ 

Narowal. Each of these hospitals had different number of beds. The data from two hospitals 

was for a period of one week while that of DHQ Narowal was for a period of one month. 

The data was analyzed for waste generation rate on normal(weekdays) and selected days 

(OT days). 

4.1.1 Waste generation at site A 

Following graph shows waste generation at site A. 

 

Figure 4.1. Weekly hospital waste generation at site A 
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A total of 572.6 kg of waste was generated from site A hospital. Two weekdays i.e. Monday 

and Tuesday being the Operation theatre (OT) days had the highest generation i.e. 118 kg 

and 105 kg respectively. Furthermore, the pathological and glass waste accounted for the 

highest waste generated on OT days. The waste generated per bed per day was calculated 

as 1.63 kg for a period of one week. 

4.1.2 Waste generation at site B 

 

Figure 4.2. Weekly hospital waste generation at site B 

A total of 753.7 kg of waste was generated at site B hospital over a period of seven (7) 

days. Again, higher amount of waste generation was recorded on Tuesday, Wednesday and 

Thursday being the OT days at Site B hospital. Moreover, similar trend was observed for 

higher amount of glass and pathological waste generation on OT days. The total waste 

generated per bed per day was calculated as 1.8 kg. 
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4.1.3 Comparison of waste generation between site A and B 

Site A had a 5O bed hospital while Site B had a 60 beds hospital. Site A hospital had waste 

generation rate of 1.63 kg/bed/day while Site B had 1.8 kg/bed/day. Since Site A was a 

govt a hospital and Site B a private hospital and as evident from the data, Site B being 

private hospital had higher waste generation (El-Salam, 2010). 

 

Figure 4.3. Waste generation comparision between site A and site B 

4.2 Waste generation at DHQ Narowal 

Waste generation at DHQ Narowal (300 bed) was 7816 kg for a period of one month. The 

 waste per bed was calculated to be 0.86 kg/bed/day. Waste was segregated into Mix waste 

(white, red and yellow), Placenta and Sharps. 

As can be seen in the graph, each ward contributed differently in the total waste generation. 

Emergency and Orthopedic ward generated the highest amount of waste.
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Figure 4.4. Waste generation at DHQ Narowal 
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4.3 Composition of Waste 

Waste generated at each of these wards had different composition. Waste composition was 

analyzed in terms of Sharps and Placenta. 

4.3.1 Sharps generation 

 

Figure 4.5. Sharp generation of watse in each ward 
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Sharps generation from respective wards at DHQ Narowal were analyzed. Emergency, 

Labor room and Dialysis unit generated the highest number of sharps with other wards 

such as surgical and medical wards also contributing considerably to the total waste 

generation. 

4.3.2 Placenta generation 

Total Placenta generation from the DHQ Narowal hospital for the entire month was 356 

kg. Only Labor room and Gynae OT contributed for Placenta generation. Labour room 

generated 252.5 kg of Placenta while Gynae OT generated 103.4 kg. 

 

Figure 4.6. Placenta generation 
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• Total Waste Generation = 7816 kg  

• Incinerated waste = 7460 kg 

• Buried waste = 356 kg which is 4.5 % of the total hospital waste 

4.5 Comparative Flue Gases Emissions  

Pollutant emission levels depend on the chemical and physical processes taking place 

within the device. Pollutant concentration levels differ depending upon the chemical 

kinetics (Bowman, 1975). Interplay between the following reactions may be considered in 

the context of the flue gases such as CO, NOx and SO2 (Wielgosiński, 2012). 

C + 
1

2
 O2 → CO  (i) 

C + O2 → CO2  (ii) 

CO + H2O → CO2 + H2 (iii) 

N + O2 → NO + O  (iv) 

N2O + O → N2 + O2 (v) 

S + O2 → SO2   (vi) 

SO2 + 
1

2
  O2 → SO3  (vii) 

S + H2 → H2S  (viii) 

H2S + 
3

2
  O2 → SO2 + H2O (ix) 
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4.5.1 CO emission from plastic waste  

Following are the CO emissions at both site A and B from Plastics 

4.5.1.1 CO emission from plastic waste at site A 

It can be seen in the graph that CO emissions for plastic waste were high at the initial 

temperatures and saw an increase with the increasing temperature but observed a decrease 

as higher temperature for incineration was achieved. This behavior may be attributed to 

incomplete combustion, upset conditions as incineration was not carried out according to 

the best operating practices, particularly in Site A case. This could also be due to relatively 

higher moisture content in the waste. Similarly, Plastic itself is an organic compound and 

in oxygen-rich environment, the Carbon in Plastic can form CO with the help of Oxygen 

(McKone and Hammond, 2000). 

 

Figure 4.7. CO emission from plastic at site A 

4.5.1.2 CO emissions from plastic at site B 
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level (800 mg/nm3). This site had better APC arrangements and all the relevant devices 

were functional during incineration. Various emission readings were recorded at 

temperatures of 950,1100 and 1200oC.  

 

Figure 4.8. CO emission from plastic at site B 
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temperature incineration caused fewer CO emissions. Now the same CO emissions were 

investigated for another incinerator at site B. 

 

Figure 4.9. CO emission from mix waste at site A 
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Figure 4.10. CO emission from mix waste at site B 

4.5.3 Comparative CO emissions from pathological waste 

Following are the comparative CO emissions from Pathological waste  

4.5.3.1  CO emissions from Pathological waste at site A 
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Humongous emissions were noted for Pathological waste at site A during incineration. 

Since Pathological waste (Placenta) contains higher amount of moisture content and is 

almost aesthetically impossible to be oven-dried before incineration. So, this upon 

incineration causes very high CO emissions. Initial reading at 600o revealed CO emissions 

of 4050 mg/m3. Another reading was taken 700oC and CO emissions observed were 1114 

mg/m3.There was significant drop in CO emissions and another reading at 770oC recorded 

CO emissions of 758 mg/m3, thus bringing it under NEQs level. This significant drop could 

be attributed to Water gas shift reaction and better temperature for incineration (Frey et al., 

2003). 

4.5.3.2 CO emissions from Pathological waste at site B 

 

Figure 4.12. Human Waste and Bandages(Pathological waste),CO, at site B 
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emissions of 762 mg/m3.Another reading was taken at 800oC and CO emissions recorded 

were 696 mg/m3.Final reading was taken at 1100oC where substantial decrease in emissions 

(297 mg/m3) were recorded. 

4.5.4 Comparative NOx emissions at site A and B 

NOx emitted from incineration processes consist in 95% of NO nitric oxide and 5% 

NO2 nitrogen dioxide (Skalska et al., 2010). NOx figures among flue gases and was 

recorded at both site A and B for comparison. 

4.5.4.1 NOx emissions from plastic at site A 

NOx emissions were recorded at different temperatures at site A. Negligible NOx 

emissions were recorded initially but it started to increase as temperature went up. With 

increase in temperature, NOx emissions tend to increase. Various readings were taken at 

temperatures of 380, 497,615 and 730 and the emissions recorded were almost nil. But, 

however, it saw an increase at 770oC and the emissions recorded were 35 mg/m3. 

 

Figure 4.13. Comparative NOx emission at site A 
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4.5.4.2 NOx emission from plastic waste at site B 

NOx emissions at site B were also recorded. Since site B had higher temperature range and 

thus produced considerably higher amount of NOx as compared to site A. Initial reading 

at 950oC observed emissions of 303 mg/m3 and then it lowered and the emissions recorded 

were 157 mg/m3 at 1100 and then again it went up with increase in temperature as observed 

at 1200oC which gave 241 mg/m3. 

 

Figure 4.14. Comparative NOx emission at site B 
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Figure 4.15. NOx emission from mix waste at site A 

4.5.5.2 NOx emission from mix waste at site B 

At site B, the incineration was also carried out at different temperatures as following, at 

temperature 720oC the emissions were 254 mg/m3 and then at 800 and 1100oC the 

emissions were 291 and 332 mg/m3 respectively. The NOx emissions increased 

proportional to increase in temperature. 

 

Figure 4.16. NOx emission from mix waste at site B 
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4.5.6 Comparative NOx emissions from pathological waste at both site A and B 

NOx emission from pathological waste is as explained below. 

4.5.6.1 NOx emission from pathological waste at site A 

The Pathological waste was incinerated at different temperatures of 650, 700 and 760oC 

respectively and the emissions were 113, 182, 204 mg/m3 respectively which are less than 

NEQs standard of 400 mg/m3.These emissions were little higher than the corresponding 

temperatures and it could be attributed to the presence of higher Nitrogen content in the 

waste. 

 

Figure 4.17. Comparative NOx emission from pathological waste at site A 

4.5.6.2 NOx emission from pathological waste at site B 
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Figure 4.18. Comparative NOx emission from pathological waste at site B 

4.5.7 Comparative SO2 Emissions from plastics 
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Figure 4.19. Comparative SO2 emission from plastic at site A 

4.5.7.2 SO2 emission from plastic waste at site B 
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standard operating procedure for incineration. At site B, the temperatures noted were, 950, 
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mg/m3. Emissions increased initially but then decreased later on. 

 
Figure 4.20. Comparative SO2 emission from plastic at site B 
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4.5.8 Comparative SO2 emissions from mix waste 

Following comparison of SO2 emissions is as explained 

4.5.8.1 SO2 emissions from mix waste at site A 

The Mix hospital waste was also incinerated at both sites, so at site A the Mix waste was 

incinerated at the temperatures of 670, 705 and 770oC respectively and the emission at site 

were recorded 42, 126, and 108 mg/m3.Again, it can be seen that emissions increased 

initially and marginally decreased later and this too could be attributed to interplay of 

reactions resulting in interconversion of SO2 and H2S. 

 

Figure 4.21. SO2
 emission from mix waste at site A 
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Figure 4.22. SO2
 emission from mix waste at site B 

4.5.9 Comparative SO2 emissions from pathological waste 

Following comparison of emissions is made as in case of Pathological waste.  

4.5.9.1 SO2 emissions from pathological waste at site A 

Pathological waste was incinerated at site A and negligible SO2 emissions were recorded. 
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Figure 4.23. SO2 emission from pathological waste at site A 

4.5.9.2 SO2 emissions from pathological waste at site B 
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1100oC. 
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Figure 4.24. SO2 emission from pathological waste at site B 

4.6 Energy Content of Waste  

Pre-incinerated waste sample was prepared for energy content determination. The calorific 

value determined through bomb calorimeter was 15008 Btu/lb which is consistent with the 

fact that it contained substantial amount of plastic. 
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4.7 XRF Analysis site A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This XRF Analysis of Ash sample 1(site A) showed the presence of Calcium Oxide in 

higher quantity and also indicated substantial presence of Iron Oxide besides Chromium 

and Strontium oxide and few others. 
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4.8 XRF Analysis site B 

 

 

 

 

 

 

 

 

 

This XRF analysis of ash (site B) showed the presence Silica Oxide besides Calcium Oxide 

in higher quantities. This implies that ash collected was more basic than acidic and that is 

consistent with the pH results through pH meter.  
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4.9 Quantity of Ash Generated  

The below graph shows the quantity of ash produced for 100kg of waste at both site A and 

B. The ash produced during incineration of 100 kg of waste was 11 kg at site A and 4 kg 

of ash at site B.  

 

Figure 4.25. Ash produced at site A and B 
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5 Chapter 5 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusions 

From the analysis of this study following is being concluded that incineration carried out 

at lower temperatures generated exorbitantly higher amount of flu gases. 

Pre-incineration temperatures were not achieved in case of site A and thus resulted in 

Incomplete Combustion which led to higher CO concentration. 

Incineration above 600 Celsius showed substantial decrease in flue gas emissions and even 

remarkable results were achieved at temperature around 800o C. 

5.2 Recommendations 

Following recommendations are being forwarded for further considerations. 

Segregation of waste should be carried out. 

Energy recovery is a viable option specifically in case of Plastic waste. 

Siting of incinerator is of immense importance. It must not be near any public place and 

should be sited with all due considerations. 

Policy intervention from the government is extremely mandatory for proper functioning of 

incinerators. 

Inspection and Maintenance(I/M) record must be carried at different intervals. 

Proper training and guidance of the staff is of utmost importance.  

Awareness across the board, from patient to employee in and out of hospitals is key to 

successful management of Hospital Waste. 
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