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His long experience in Construction Project Management, Maintenance and Facilities Management around the health and educational facilities has been an inspiration for him to design Healthcare design set which is affordable, sustainable and suitable for the resource poor settings.

Abstract:

Nepal belongs to the category of world's least developed countries. More than 40% of the population are below the poverty line to whom health, hygiene and environment are not of priority. In other hand the Government's commitment for providing curative and preventive health services is an example as its public healthcare infrastructure is very much developed in terms of coverage. However, in actual healthcare delivery much has to be done yet, along with many other requirements lack of proper facility management system is one that needs immediate attention.

Healthcare waste management system is poorly addressed despite of knowledge of hazards attached to it. Some health institutions have tried to manage their solid waste by applying advanced exported technology that could not remained functional for long due to high running cost, lack of spare parts and skilled manpower. Many other institutions are managing their solid waste by adopting poor method using earthen trenches in unsafe sites, burning in low temperature incinerators and further on many institutions were found dumping the waste in nearby ponds, rivers, corners of hospital buildings or anywhere around the premises. For many public and private institutions in urban areas the common practice is to use the municipal waste container without any pre treatment. Liquid wastes including hazardous chemicals and lab wastes have not been addressed in almost all the institutions. An attempt was made to address solid waste as a pilot research study.

The Government has yet not developed its policy guidelines on healthcare waste management, therefore, even the recently constructed health facilities lacks waste management system of any kind. The writer of this paper has developed a healthcare design set for a complete management of healthcare waste. This is a complete "set" of five different components to dispose solid, liquid and lab wastes. The designed set is considered to be affordable and sustainable for the resource poor settings like Nepal. This set has adopted mid level technology for the waste disposal in much safer ways.

GTZ - Health Sector Support Programme / Physical Assets Management (GTZ-HSSP/PAM) is assisting the Government of Nepal in facility management areas. In terms of assisting the Government, healthcare waste management is a priority Programme for the GTZ-HSSP/PAM from its new phase. The healthcare design set was reviewed by international/national experts and is being implemented by GTZ-HSSP/PAM in its Programme districts. External Development Partners (EDP) in the country have shown interest to this design set and the incinerator part of the set has been installed successfully in few facilities. This set is found to be very suitable in solving healthcare waste problems in most of the health facilities in sustainable and affordable ways.

Nepal Brief:
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Nepal is a small landlocked country situated between two large countries India (south, east and waste) and China (North). It has more than 23 Million populations with annual growth rate of 2.2. Among this 88% of the population live in rural areas and only 12% are in urban and per capita income is US$ 190. Adult literacy rate is 50.70 (female 35.4, male 65.8). The total area of the country is 147,181 Sq. Km.

Health System of Nepal:

National Health Policy is in practice since 1991 with primary objective to extend the primary healthcare system to the rural population so that they benefit from modern medical facilities and trained healthcare providers. Ministry of Health of Nepal has developed a 20 years Second Long Term Health Plan (SLTHP) for 1997-2017. The SLTHP vision is a healthcare system with equitable access and quality services in both rural and urban areas. The focus would be on sustainability, community participation, decentralisation, gender sensitivity, effective and efficient management, and private and NGO participation.

Current Health Service Facilities:

Total number of Health facilities including bed numbers and average bed occupancy rate is shown in the following table. 

Table no. 1: Current Health Service Facilities (Public and Private)

	Type of Facility:
	Number
	Total Beds
	% Occupancy

	Public Sector
	
	
	

	Long-stay specially Hospitals
	5
	275
	95

	Regional/Central/Teaching Hospitals
	10
	1860
	95

	Zonal Hospital
	10
	720
	70

	District Hospital
	64
	1030
	60

	Health Centres with beds
	191
	573
	10

	Health Posts
	701
	-
	-

	Sub Health Posts
	3159
	-
	-

	PHC out reach clinics
	13700
	-
	-

	TOTAL
	17840
	4458
	72

	Private Sector

Specialist/NGO/Mission
	123
	3804
	50

	Health Sector TOTAL
	17963
	8262
	-


Source: Nepal Strategic Plan for Human Resource for Health 2003 to 2017, MoH, Nepal -2003

Bed occupancy rate for specialty hospitals, central/regional/zonal hospitals is quite high covering 64% of total available beds. In terms of hospital care, private sector alone covers 41% of the total beds in Nepalese hospitals. The key characteristics of health service facilities are listed as below:

Table no. 2: The key Characteristics of Health Service Facilities

	Total number of public sector beds
4,458

Ratio of public sector acute hospital beds to population
1 to 5,435

Total acute hospital beds (Public & Private) to population
1 to 2,933

Overall occupancy rates for public sector hospitals and health centres
72%

Ratio of tertiary hospitals to general hospital beds
0.44

Primary healthcare facilities to population
1 to 5,981


Source: Nepal Strategic Plan for Human Resource for Health 2003 to 2017, MoH, Nepal -2003

All health institutions of public sector are under the umbrella of Ministry of Health (MoH). MoH is responsible for providing basic healthcare services. For this purpose the Ministry has established a system with small and large healthcare facilities all over the country administrated by the Department of Health Services (DHS). 

Organisational Structure of the Department of Health Services under the Ministry of Health is followed in the next page.

Abbreviation used in the organisational structure:

CHD
Child Health Division

EDCD
Epidemiology and Disease Control Division

EPI
Expanded Programme on Immunisation

FCHV
Female Community Health Volunteer

FHD
Family Health Division

HIMDD
Health Institution and Manpower Development Division

LCD
Leprosy Control Division

LMD
Logistics Management Division

NCASC
National Centre for AIDS and STD Control

NHEICC
National Health Education, Information and Communication Centre

NHTC
National Health Training Centre

NPHL
National Public Health Laboratory

NTC
National Tuberculosis Centre

PFAD
Planning and Foreign Aid Division

PHC
Primary Healthcare Centre

TBA
Trained Birth Attendant

Organisational Structure of the Department of Health Services 
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There is not any specific department or centre to look after Healthcare waste management. HIMDD recently renamed as Management Division is responsible for Infrastructure development and LMD is responsible for equipment management and healthcare waste management. Similarly, in the government system no trained or qualified human resource is available for Healthcare waste management. All responsibility goes to the hospital sweepers for Healthcare waste disposal. The table below shows the available human resource working in the health sector.

Table no. 3: Human resource for health: Base Year 2003

	Occupation
	Supply in 2003
	Public
	Private
	Population per worker

	Medical specialist

Medical officer

Integrated medical officer

Dental surgeon/dentist

Pharmacist

Asst. Pharmacist

Nurse(certificate)

ANM

Graduate nurse

Medical Technologist

Lab technician/Assist.

Radiographer

Asst. Radiographer

VHW/MCHW

AAW/AHW

Health Asst./Kaviraj/Hakim

Allied health occup.

Allied non-med. Prof.

Skilled support staff

Other support staff

Totals
	1,544

1,186

30

236

38

69

1,585

1,820

264

42

543

48

158

5,221

4,334

1,558

556

594

2,384

12,462

34,912
	363

753

29

37

14

40

967

1,358

193

35

353

14

61

5,132

4,231

1,397

358

414

1,367

9,362

26,716
	1,181

433

1

199

24

29

618

462

71

7

190

34

97

89

103

161

198

180

1,100

3,100

8,196
	14,994

19,521

771,714

98,099

609,248

335,528

14,607

12,721

87,695

551,224

42,636

482,321

146,528

4,434

5,342

14,860

41,639

38,9755

9,711

1,858

694


Source: Human Resource Development and Information System (HuRDIS), MoH Nepal

Legal provision for Healthcare waste management: In Nepal, there are no healthcare waste management specific policies, legislation, guidelines or standards available. However, there are some policies and acts related to municipal waste management and hazardous waste management. The summary of such policies, acts and guidelines are given in the table no. 4. Ministry of Population and Environment (MoPE) is concerned authority for environmental management and monitoring. Since the ministry is newly established, it has very less experience and limited resource. 

Table no. 4: Legal Instrument related to Environment and Waste Management

	Legal Instruments
	Provision/concern
	Concerned Ministry
	Status

	The constitution of Kingdom of Nepal.

Environmental Protection act 1996 and Environmental Protection Regulation 1997

Solid waste management and resource mobilisation Act,1987

The local self governance Act, 1999

Industrial Enterprises Act, 1992

Healthcare Technology Policy

Obligatory waste management plans for healthcare facilities (legal document)

Logistic management strategy


	Article 26 (4) mandates for environmental protection

For Healthcare waste treatment of any type and to establish HCF with more than 25 beds need IEE/EIA

Municipal solid waste management

Management of municipal solid waste at local level. 

Public health Environmental Impact due to industrial activities.

Healthcare technology management

HCR waste management

Among 7 objectives one is healthcare waste management
	Ministry of Population and Environment(MoPE)

MoPE and MoH

Ministry of local development (MoLD)

MoLD

MoPE/ Ministry of Commerce & Industry

MoH

MoH

MoH
	In practice

Principally in practice

In practice

In practice

Industrial waste water standards are available

HCT policy document is available and waiting for approval

Legal document is prepared and waiting for parliament approval

Planning for implementation




Source: EPA 1996, EPR1997, SWMRMC, Local Self-Governance Act 1999, IEA 1992, HCT Policy Document

Municipal Waste Management in Nepal: Organisational effort for solid waste management in Nepal was started in 1981 first time by establishing solid waste management project in Kathmandu with GTZ support. The first sanitary landfill site was operated in 1986, however the site is now no more in operation due to public protest. Currently all types of municipal waste of the valley including hazardous wastes is being dumped along the riverbanks of Bagmati river (a holy river for Hindu). The following table gives key information on waste management system of Kathmandu Metropolitan City office.

Table no. 5: Waste Management of Kathmandu city:

	Population of Kathmandu Metropolitan & Lalitpur sub-metropolitan:
987,976

Population growth rate:
6%

Total generation:
0.4Kg/p/day(1 l/p/d)

Total domestic waste generation:
750m3/day

Other (healthcare and industrial):
225 m3/day

Total waste generation:
975m3/day

Collection approx.:
862m3/day

Efficiency:
88%

Expenses(% of total municipal budget):
40%


Source: Rajesh / Kathmandu metropolitan city office, June 2003

Ministry of Local Development is developing another sanitary landfill site located at 22kms away from the city centre outside the Kathmandu valley. The Ministry of Population and Environment (MoPE) has approved the Environmental Impact Assessment report to operate new landfill site for Kathmandu valley waste management that proposed by the Ministry of Local Development (MoLD). However the municipality is not agreed with this proposed site because of long distance and high transportation and operational cost. This is an example of lack of co-ordination between the concerned stakeholders. Regarding the healthcare waste management this proposed site would prohibit for healthcare risk waste disposal. All public central hospitals, most of the specialty hospitals, Teaching hospitals and Private hospitals lie in this municipality. Since the municipality is dumping the collected waste along the riverbanks that includes healthcare waste from more than 80% of healthcare facilities, it poses a serious impact on overall environment. Almost all other municipalities of the country, 56 in number are managing their waste locally without any planned landfill sites.

The major cause for this situation is political instability and lack of strong commitment from political parties. In Nepal, waste management is a political issue for the leaders during the election to get votes. In addition, the co-ordination mechanism of public participation for waste management is very poor in Nepal. Waste segregation, waste reduction, reuse and recycle concept is not in practice. Private public participation for waste management could be a tool for this purpose but no efforts from the government are made to encourage this sector.

Current situations of Healthcare Waste Management in Nepalese Health Facilities:

Healthcare waste management system is found poorly addressed despite of knowledge on hazards attached to it.  In recent days management of Healthcare waste has become even more challenging due to the growing use of disposable needles, syringes, saline bottles and similar items. Similarly expanded immunisation Programme of the government is increasing the waste volume significantly. Likewise increasing number of HIV/AIDS infected people in the country and injecting drug users is making Healthcare waste management more an urgent issue to deal.

In 2001 and 2002 the author had conducted a situation analysis survey covering 346 Health facilities of different levels varying from central to the grass root level. These health facilities cover all the geographical and all five-development regions. Information was collected by site visit and interview. The summary of the study is given in the following table no. 6:

Table no. 6: Current Practice of Waste Disposal System in Nepalese Health Facilities: 

	Health Facilities
	No.
	Incinera-tor in function
	Waste pit
	Open dumping & burning
	Using municipal waste container
	Waste segre-gation system
	Injury by HCRW to health staff/HCF/Year
	Know-ledge of legal respon-sibility

	Central/Regional/Teaching Hospital and Specialty Hospital
	30
	7 (23%)
	3 (10%)
	9 (30%)
	18 (60%)
	2 (6%)
	20-30
	2 (6%)

	District Hospital
	33
	3 (9%)
	2 (6%)
	29 (89%)
	2 (6%)
	1 (3%)
	10-15
	0%

	Primary Healthcare Centre (PHC)
	52
	2 (4%)
	5 (10%)
	45 (86%)
	x
	3 (6%)
	8-10
	0%

	Health Post
	86
	12 (14%)
	18 (21%)
	56 (65%)
	x
	X
	4-5
	0%

	Sub Health Post
	145
	3 (2%)
	41 (28%)
	101 (70%)
	x
	X
	2-3
	0%

	Total
	346
	27 (8%)
	72 (21%)
	240 (69%)
	20 (6%)
	6 (2%)
	9-13
	0.6%


This study clearly shows three different scenarios in the use of technology and management practice. The first one is almost all health facilities were found focussing only on solid waste management mostly by method of incineration. Many different types of incineration system were installed at different point of times. 70% percent of the incinerators were found not working properly as planned due to the lack of skilled man power, spare parts, high fuel consumption, cultural and public objection and lack of management commitment. The table given below shows the situation of health facilities those have the incineration facilities.

Table no. 7: Health Facilities using Incinerator:

	Visited Health facilities with incinerator
	No.
	Function
	Not Function
	Reasons

	Central level/regional/zonal and teaching HCF

District hospitals

Primary Health Centres

Health posts

Sub Health posts

Total 
	27

 8

13

32

11

91
	 7

 3

 2

12

 3

27 (30%)
	20

5

11

20

8

64 (70%)
	-High fuel consumption, lack of spare parts, public protest.

-Maintenance and management problem

· Lack of resources, knowledge, management commitment and Cultural issue   

-     Same as above




Similarly, the second scenario is most of the health facilities mainly district and below level, have adopted very poor method of waste disposal such as drum incinerator, pit burning, earthen pit disposal, open dumping and burning. Many health facilities are dumping or throwing waste on the back yard, ditches, ponds, rivers or on the open field. The third scenario is use of municipal waste container. About 60% of the big hospitals in different parts of the country are using municipal waste disposal system for final disposal of the Healthcare waste. A recent study done by National Dental Hospital in Kathmandu revealed that 88% of city healthcare facilities are using municipal waste container for their infectious waste disposal and 100% of health facilities are not aware of their legal responsibilities towards the healthcare waste they produce. The municipalities are dumping the collected waste very unsafe manner along river banks or open dumping places because the municipalities have no any sanitary landfill sites in the country and nor any treatment facilities available.

The situation analysis revealed that the Healthcare waste management in Nepalese healthcare facilities is a neglected area that needs an urgent attention. Healthcare waste is creating nuisance around the facilities and adverse effect on the health and environment. Availability of the resources and technology were not the major problem but overall management of the system was lacking. Issues around the poor healthcare waste management were like, lack of adequate plans, policies, and strategies at national level and at the facility level commitment from the facility management team to have waste disposal system in place.

To improve the situation institutionalisation of waste management system as well as training on healthcare waste focusing on waste reduce, reuse, recovery, recycle and segregation system at operational level is essential. At the same time, introducing and establishment of economical, sustainable, environment friendly waste disposal system that covers the whole healthcare waste i.e. solid and liquid waste is required. 

Quantity Estimate of Healthcare Waste in Nepalese Health Facilities:

Different survey and research done at different point of time in various Healthcare facilities by different organisations and individuals shows the quantity of infectious Healthcare waste varies from 0.1 to 0.48 kg/bed/day. This difference may be due to very weak mechanism of waste segregation. Here, for Healthcare risk waste quantity calculation, 0.1 kg/bed/day and bed occupancy rates of 61% are taken as reference data. The amount of total HCRW generation is given in the following table:

Table no. 8: Healthcare Risk Waste Quantity Calculation

	Type of HC facility and services
	No.
	HCRW generation
	Total Quantity of HCRW, kg/day
	Assumptions

	Public and private hospitals (occupied beds)
	5040
	0.1 kg/b/day
	504
	Bed occupancy rate 61% (average of public and private)

	OPD visits (Gov. HCF) in 2001 
	7,846,667
	0.02 kg/p/visit
	430
	Lab and emergency services generates 0.02kg/p/visit

	OPD visits (private HCF)
	6,695,040
	0.02 kg/p/visit
	367
	Per bed patient flow for OPD service = 1760 (derived from Gov. HCF per bed patient flow.

	Sub total
	
	
	1301
	

	Health Post and sub health post (total in number)
	3860(701+3159)
	0.5 kg/HCF/day
	1930
	For HP and SHP average HCRW is 0.5kg/HCF/day

	PHC outreach clinic
	13700
	0.5 kg/HCF/day
	225
	PHC outreach clinics runs once in a month in place.

	Health laboratories & private clinics
	225 (75x3)
	0.5 kg/c/day
	125
	3 in district in average

	Sub total
	
	
	2280
	

	Total HCRW kg /day
	
	
	3581
	


Source: Annual report of Department of Health Services 2000-2001 (for HCF and beds only)

Looking at the Health facilities waste disposal needs GTZ-HSSP/PAM has started a special Programme for HC waste management in its Programme districts in Nepal. GTZ-HSSP/PAM is an external development partner for MoH in Nepal and working in the area of health facility management. In terms of assisting the Government HC waste management is a priority Programme for PAM. The writer of this paper has designed a HC design set to manage healthcare waste both solid and liquid in sustainable and affordable way. This set was reviewed by international/national experts and the set is found quite suitable for resource poor settings. Till date incinerator part of this set has been installed successfully in few health facilities and is operating for testing purpose. This HC set consists of the following components:

1. Healthcare Incinerator with an autoclave, a smoke filter water jacket and attached waste pit: This incinerator is designed to burn only plastic free infectious and general solid waste and sharps. The capacity of the set can be vary as per the need. The attached autoclave and water jacket is to sterilise the infectious plastic waste and to filter the smoke before passing through the stag so that it produces the white smoke only. Attached waste pit is for disposing the burnt residue and placenta from the delivery room. This Incinerator is a component of the whole set and now in operation only for testing proposes.

2. Simsar Ponds: These ponds are basically based on the concept of constructed wet land. Among the two ponds one is vertical flow bed and another horizontal flow bed to treat healthcare liquid waste except lab chemicals. The size of both beds can also vary as per site condition and quantity of liquid waste. This wastewater treatment plant can also be constructed in circular shape so that it occupies less ground area.

3. Compost Box: This is designed for biodegradable waste from healthcare facilities. This double-roomed compost box can be used for hospital staff quarter also. Healthcare risk waste is prohibited for this compost box.

4. Lab Waste Treatment Pit: This is simple, leak-proof underground pit for lab wastewater collection and treatment. After treating the liquid waste in this pit, it can be disposed off in safe area.


5. Store for Plastics and bottles: This store is designed to transmit the message that Healthcare waste can be a valuable resource. Recycle plastic and all type of glass bottles have resale value in local market and in India. This helps to minimise the environmental impact by burning the plastic and also helps to generate income for healthcare facilities.

Cost calculation:

Total cost for installation, treatment and operation for district level healthcare facilities is summarised in the following table. The cost calculation is based on the local market price and it includes salary of only one local trained operator. On the basis of unit cost for one Health facility, an attempt has made to estimate the total cost required for all health facilities in Nepal (table no. 9).

Table no. 9: Cost summary sheet for Healthcare Waste Management (HC Design Set):

	Description
	Unit
	Rate(US$)
	Quantity
	Amount (US$)
	Remarks

	
	
	
	
	Establish-ment Cost
	Mgmt. & Operational Cost
	

	Installation of the complete set
	No.
	7,000
	1
	7,000
	
	

	Waste management equipment and safety tools
	Set
	300
	1
	
	300
	

	Waste management training 
	Package
	
	
	
	250
	

	Operation cost including maintenance and salary for one operator /Year
	No.
	
	
	
	600
	

	Total cost for first year/ HCF
	
	
	
	7,000
	1150
	8850/HCF

	Total cost for all types of bedded HCF (public & private) complete set
	No.
	
	403
	2,281,000

(403x7,000)
	463,450

(403x1,150)
	

	Total cost for Health Posts (Incinerator, Waste Pit, Store)
	No.
	1,500
	701
	1,051,500

(701x1,500)
	210,300

(701x300)
	

	Total cost for Sub Health Posts (Pit)
	No.
	100
	31,159
	3,115,900

(31159x100)
	3,115,900

(31,159x100)
	

	Total Cost
	
	
	
	6,988,400
	3,789,650
	

	Total Cost of HCRW (Establishment and Management & Operation Cost)
10,778,050
	

	Total Cost per HCF in 1st year (National Total)
	
	334
	32263
	10,778,050
	

	Mgmt. & Operational Cost per HCF (National Total)
	
	117
	32263
	3,789,650
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