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Abstract 
Healthcare waste management (HCWM) is an important aspect of healthcare 
delivery globally because of its hazardous and infectious components that 
have potential for adverse health and environmental impacts. The paper in-
troduces a set of indicators for assessing HCWM systems in hospitals. These 
indicators are: HCWM policies and standard operating procedures, manage-
ment and oversight, logistics and budget support, training and occupational 
health and safety, and treatment, disposal and waste treatment equipment 
housing. By plotting a mark on a continuum which is defined as good and 
poor on the extremes and is connected with all other marks in a spoke ar-
rangement, it’s possible to describe a baseline for HCWM in any specific hos-
pital. This baseline can be used to improve awareness of the actors and poli-
cy-makers, compare the same hospital at a different point in time, to compare 
observations by different evaluators and to track improvements. Results sug-
gest that in Kenya, the application of such indicators is useful for evaluating 
which priorities should be addressed to improve outcomes in HCWM sys-
tems. Systematic sampling technique was used to identify and collect data by 
use of observational checklist, interviews, visual verification and review of 
documents and a HCWM assessment tool. The objective is to suggest an in-
tegrated management tool as a method to identify prevailing problems with a 
HCWM system. The method can be replicated in other contexts worldwide, 
with a focus on the developing world. The integrated indicators focus on 
management of HCW and not its potential impact on human health and en-
vironment, an area recognized to be critical for future research. 
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1. Introduction 

The management of HCW in developing countries poses public health and en-
vironmental concern due to poor handling processes [1] and inadequate treat-
ment [2]. The absence of effective activities for healthcare waste (HCW) mini-
mization, segregation, and recycling [3], and the low levels of training of health-
care workers, waste handlers and consciousness of waste legislation, policies and 
standard operating procedures [4], increase the spread of diseases [5], decreasing 
the quality of the service provided and the security of the operators [6]. The 
growth of the world population and the introduction of use of disposable medi-
cal products has led to increase of HCW generation [7]. This has enhanced dif-
ficulties in HCW management, particularly in low- and low-middle income coun-
tries [8] [9]. The factors that have been used in earlier studies to estimate the 
generation rates of HCW in hospitals include the income of the country [10], 
are number of beds [11] and the number of occupied beds [12]. Generation rates 
vary in low-middle income countries and range from 0.02 to 3.2 kg·bed−1·day−1, 
since the healthcare facilities in rural areas, towns and cities differ [13]. There-
fore, in low-income countries, inadequate data on HCW generation, the absence 
of programs for waste minimization, appropriate treatment and trained person-
nel affect HCWM planning [14] [15].  

The application of management tools for planning HCWM solutions is of 
great importance. A HCW management tool was developed and applied in a real 
case study at municipal level and in three public hospitals of La Paz-Bolivia where 
the following five management indicators were applied to assess infectious waste 
management, 1) collection and selective collection (SC); 2) storage; 3) local 
treatment; 4) maintenance and monitoring; and 5) awareness, security and pre-
vention [16]. A set of indicators was introduced in a Brazilian public institution 
for assessing the quality of the HCWM system in order to quantify the HCW 
produced [17]. Another set of five indicators for assessment of HCWM, budget 
support, developing policies and legislation, technology and knowledge admin-
istration, treatment and final disposal issues, and quality of the collection and 
transportation system were later introduced [18]. A prediction model for mea-
suring the HCW generation rate for proper handling of infectious waste also ex-
ists [19]; while a form-based checklist, in parallel with quantitative analysis of 
the HCW had been used to assess the quality of the HCWM system in a health-
care facility in Brazil [20]; and a set of parameters for reviewing the scientific li-
terature about HCWM systems was later introduced [21]. These integrated in-
dicators were introduced in order to assess the HCWM systems using quantita-
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tive and qualitative data. However, the indicators reviewed are limited to ap-
proaches suited specifically for the study areas investigated or related to quantit-
ative assessments, providing restricted analysis. Other authors suggested that 
there is a need for holistic approaches and information platforms for the deci-
sion-making process in HCWM [22] for improving scaled capacity building and 
public awareness [23] and that the indicators used as management tools for 
HCW should continually be improved in other future studies [16]. Therefore, 
the present study contributes to the implementation of a holistic approach for 
HCWM generated in hospitals, based on quantitative and qualitative assess-
ments, a topic investigated in many contexts worldwide [24].  

The objective is to propose an integrated tool suited for developing areas and 
replicable in other hospitals, in order to develop a novel and common method 
for comparing and commenting on the pros and cons of the HCWM systems of 
low-middle income countries. For evaluating the state of a HCWM systems in an 
integrated way, an indicator set was developed and applied according to the 
management directives presented by the World Health Organization (WHO) in 
2014 [25]. The five integrated indicators developed and applied in this study to 
assess HCWM systems included: HCWM policies and standard operating pro-
cedures, management and oversight, logistics and budget support, training and 
occupational health and safety of healthcare workers and waste handlers includ-
ing incinerator operators, and treatment, disposal and incinerator housing. For 
assessing the potentiality of its application, the indicators were implemented in 
Kenya, a low-middle income country where HCWM systems are still under de-
velopment. The tool is applied in five county hospitals in Kenya focusing on mi-
nimization, storage, collection, transportation, treatment, disposal, monitoring 
and staff awareness [26] [27]. The aim of the research is to introduce the man-
agement tool developed to provide the results of a real case study. 

2. Literature Review 

Healthcare facilities (HCFs) are the main HCW producers. The most common 
term used to describe waste generated by HCFs is healthcare waste (HCW). There 
are several other terms such as medical waste, biomedical waste, clinical waste or 
health facility waste [28]. HCW is defined as all types of waste generated from 
HCFs, whether it is a hazardous or harmless material, and whether it is infec-
tious or non-infectious in nature or a chemical [29]. It is estimated that HCWs 
constitute approximately 1% - 2% of total produced urban waste [30]. A total of 
85% of the total amount of waste generated as a result of healthcare activities is 
non-hazardous while 15% are hazardous materials, which are infectious, radioac-
tive or toxic. The majority of HCW generators are hospitals, medical centers, 
laboratories, veterinary clinics, research centers, mortuaries, blood banks and 
nursing homes. In low-income countries, HCW is often not segregated into ha-
zardous and non-hazardous waste, making the actual amount of produced ha-
zardous waste much higher [31] [32]. HCW amounts have continued to in-
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crease, and health facilities around the world are producing more waste than ev-
er before. The amount of HCW generation continue to rise with the increase in 
the world’s population, medical facilities’ multitude and with the widespread 
inclination to use disposable medical equipment. Due to the use of advanced 
technological practices and safety considerations, single-use equipment causes 
more waste generation [33].  

Problems in HCW management are more prevalent in developing countries 
that produce several hundred tons of waste daily. Studies performed in Ethiopia 
revealed that 35% of healthcare institutes collect and dispose of needles, syringes 
and other sharp objects in a way that that healthcare personnel and the general 
public constantly exposed to increasing risk and injury [34]. These countries 
typically use HCW management methods such as landfilling, recycling, incine-
ration or storage. Although HCW landfilling without pre-treatment is prohi-
bited, it is the most common method of HCW disposal as it is a cheap and easy 
method. In practice, HCW is stored in open dumps in pits mixed with municipal 
waste and is then incinerated [35] [36]. Further problems include a lack of health 
risk awareness associated with HCW, insufficient training in proper waste man-
agement, inadequate human resources and the low priority given to this matter 
[35]. HCW can have a long-lasting effect on human health, both for the people 
handling, collecting and recycling the waste, and for the general public. The en-
vironment is also suffering from fresh water and soil contamination resulting 
from untreated HCW pollution or by the process of surface waste burning [37] 
[38].  

HCW and by-products are generated as a result of diagnosis, treatment, med-
ical intervention or the immunization of human or animals [39]. They cover a 
wide range of materials and different categories that include sharps waste, infec-
tious waste, pathological waste, pharmaceutical waste, cytotoxic waste, chemical 
waste, radioactive waste and general waste [32] [35] [40]. The purpose of health-
care systems is to provide medical solutions to patients and save their lives, but 
sometimes serve as disease reservoirs where healthcare personnel and communi-
ties are exposed due to unsanitary methods of disposing of HCW [41]. Poorly 
managed HCW can cause long-term and undesirable risks to human health and 
is a potential source of re-infection, posing a significant threat to the environ-
ment. Therefore, the management of HCW which forms an integral part of any 
national healthcare system should be given top priority [42]. Safe HCW man-
agement practices reflect on HCF service quality and cover all activities related 
to the minimization, generation, segregation, transportation, storage, treatment 
and disposal [43]. Further, a good outcome in this process in hospitals depends 
on adherence to HCW management legal frameworks, policies, plans and stan-
dard operating procedures [44]. Healthcare facilities’ managers are responsible 
for introducing and ensuring an appropriate waste management system, as well 
as supervising the compliance with appropriate procedures of all medical staff. 
Therefore, appropriate education and training systems must be available to all 
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personnel responsible and engaged in both segregation and waste collection 
processes [45]. In line with WHO guidelines, waste segregation practices should 
be standardized across the country and included in national regulations for 
HCW management [32]. The key to the effective management of HCW is the 
segregation process at the point of waste generation. Segregation means the se-
paration of various types of waste into different color-coded containers with 
corresponding color coded liners at places where they are generated as a first 
step in HCW management [46].  

The main objective that should be achieved by low-income countries is the 
proper segregation of infectious and non-infectious wastes at generation points, 
which is an essential step towards mitigating environmental and health risks 
[47]. However, the HCW segregation rate suffers from the insufficient applica-
tion of operating procedures, which should be introduced to reduce costs [48]. 
In Cameroon, HCW is disposed of in open dumps mixed with MSW or disposed 
of in incinerators that are often poorly designed, due to the lack of an inte-
grated approach to policy making [49]. In Iran, the lack of separation of HCW, 
specific regulations, proper waste treatment and disposal along with MSW, 
were the main problems detected in introducing a sustainable HCW manage-
ment system [50]. In Ghana, many hospitals do not have any segregation or 
disposal programs for pharmaceutical waste and more than half of the popula-
tion disposed of pharmaceutical waste through the MSW that ends up in the 
landfills or dump sites [51]. However, it has been proved that the segregation of 
HCW decreases the costs of its management in hospitals [52], so it should be 
considered in order to improve environmental, social and economic sustainabil-
ity.  

According to WHO recommendations concerning segregation and collection, 
a general waste container should be black. Sharp, infectious and pathological 
waste containers should be marked yellow. Chemical and pharmaceutical waste 
container should have a brown colour. It is also recommended that almost all 
waste categories should be collected at least once per day, or when three-quarters 
of the container is filled. The exceptions to this are pharmaceutical, chemical 
and radioactive waste, which can be collected on demand [53]. After segregation, 
waste is collected and transported outside the hospital or healthcare facility. The 
transportation of HCW is usually performed using dedicated trolleys and con-
tainers. The trolleys have to be cleaned and disinfected daily. Hazardous and 
non-hazardous waste has to always be transported separately [54]. HCW should 
be stored in designated rooms and appropriate safety and security measures 
should be taken. In general, non-hazardous, infectious and sharp, pathological, 
pharmaceutical, chemical and radiological waste should be stored separately in 
different places with different characteristics depending on the waste stored [25]. 

The most common types of HCW treatments are steam-based treatments 
(autoclaving, microwave and frictional heat treatments), which are used to dis-
infect/sterilize highly infectious and sharp waste by subjecting them to moist 
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heat and steam. Steam sterilization is used for sterilization instruments and for 
sharp and hazardous HCW treatments. To reduce the volume of HCW, steam 
sterilization can be combined with mechanical processes, such as mixing, grind-
ing and shredding [53]. Incineration, the process of HCW destruction by burn-
ing, removes hazardous materials, reduces their mass and volume and converts 
them into ashes. An incinerator that is not properly designed or operated, or is 
poorly maintained, emits toxic substances into the environment. If incinerators 
operate at low temperatures, they generate emissions containing dioxins and fu-
rans, which may cause health problems as they are carcinogenic [55]. Incinera-
tors operating at 850˚C - 1100˚C and containing special gas-cleaning equipment 
can comply with international emission of dioxin and furan standards. Dio-
xin-control technologies use activated carbon (AC) adsorption. Before flue gas 
flows into the dust-collection equipment, AC is injected to adsorb the dioxin and 
then is blocked by a bag filter [56]. The next method used is a chemical treat-
ment process. It mostly relies on using disinfectants, ozone treatment and alka-
line hydrolysis. Composting and vermicomposting (which uses earthworms to 
consume and recycle the organic waste) are successfully used to break down 
hospital kitchen waste, as well as other digestible organic and placental waste. 
Another example of a biological process is the natural decomposition of patho-
logical waste through its burial. Non-hazardous waste should be recycled and 
regularly collected by the municipalities or transported by the facility to public 
landfills [53]. Inadequate HCW treatment can be dangerous for health. Incine-
rator control results in the release of small particulates that affect the functioning 
of the respiratory and cardiovascular systems. Volatile metals, such as mercury, 
lead, arsenic and cadmium, will damage the immune and neurological systems, 
as well as the kidneys, brain and lungs. The incineration of high-metal-content 
materials leads to the spread of toxic metals in the environment [57]. Various 
studies have shown adverse health effects in populations in the vicinity of inci-
nerators, including cancer and reproductive dysfunction [58] [59].  

Results of incineration of HCW is gaseous emissions and bottom ash which 
are also hazardous. Incinerator bottom ash analyses carried out in Tanzania re-
vealed presence of heavy metals (iron, cadmium, lead, copper and manganese) 
[60]. HCW is almost always contaminated with pathogens, and leaching toxic 
heavy metals and chemicals from solid HCW into the soil occurs in poorly de-
signed dump sites and landfills. The leachate can penetrate into the soil and 
contaminate crops, surface and groundwater resources, posing a risk to human 
health through water consumption. To control the safety of these methods, hy-
dro-geological conditions must be considered. Landfills should have restricted 
access, control scavenging, use a soil cover regularly, manage waste discharge, 
and control surface water and drainage [61].  

One study showed a possibility of thermal energy, fuel, and electric-power 
production from HCW through waste-disposable syringes treated with pyrolysis 
at 400˚C - 550˚C were used to produce liquid fuel. The produced pyrolysis oil 
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had physical properties similar to that of a diesel or petrol mixture [62]. Pyroly-
sis of mixed medical waste, such as plastic, cotton and glass, at 500˚C have been 
shown to produce liquid fuel (pyrolysis oil) [63]. These studies bring hope that 
in the future it will be possible to use HCW to produce energy or fuel on a large 
scale. The application of recycling of sterilized plastic and metal parts, mechani-
cal needle removers, safe transport and storage, appropriate treatment, docu-
mentation, training and equipment maintenance can improve the quality of 
HCW management systems, reducing environmental and health risks [13]. The 
steam autoclave is most commonly used to sterilize HCW as an alternative to in-
cineration technologies [64]. However, other appropriate technologies can be 
considered [25]. Studies in developing countries have shown evidence that HCW 
is mixed and collectively combined with municipal waste or burned in the open 
air [65]. Such activities pose risks to public health and the environment. HCW 
can contain potentially harmful microorganisms that can infect healthcare pro-
fessionals, patients and the general public. Potential risks include the release of 
toxic compounds into the environment, such as heavy metals, polycyclic aro-
matic hydrocarbons (PAH), dioxins and furans and drug-resistant microorgan-
isms that spread from HCFs into the environment [32] [66].  

In order to reduce the risk associated with HCW, it is necessary to develop 
and implement policies and procedures for the proper use of single-use or reus-
able items and the identification of recycling options. There is need to engage 
manufacturers and suppliers to avail biodegradable materials, or that can be 
reused for secondary purposes. Another option is to minimize the impact by 
adjusting purchasing strategy and inventory control. This solution can also be 
implemented through the use of physical (steam treatment) instead of chemical 
disinfection, waste minimization by using less materials and finally by checking 
the expiry date of the products upon delivery and refuse to accept items with 
short ones [32] [67]. Major challenges related to the risk of HCW are miscon-
ceptions and a lack of education and awareness regarding which type of waste is 
hazardous and which is not. In particular, educating healthcare professionals on 
the proper segregation and disposal of different waste types would be very bene-
ficial to waste reduction and proper infection control [68]. In summary, the risks 
of HCW can be significantly reduced by implementing appropriate measures. 
This would result in fewer illnesses and accidental sharps injuries, but also less 
environmental pollution [69]. 

3. Materials and Methods 
3.1. Study Area  

The study was conducted in five county hospitals in Kenya numbered from 1 - 5. 
These hospitals were selected purposively and were distributed across the re-
gions from Coast, Eastern and Rift Valley.  

3.2. Study Locations 

This included Hospital 1 (3.3833˚S, 38.5667˚E), Hospital 2 (2˚16'30.00"S,  
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37˚49'12.00"E), Hospital 3 (1.0833˚S, 35.8667˚E), Hospital 4 (0.3500˚N, 37.5833˚E), 
and Hospital 5 (1.0167˚N, 35.0000˚E).  

3.3. Study Design 

A cross sectional study design was adopted and qualitative and quantitative data 
was collected. 

3.4. Data Collection Tools 

The integrated HCW management tool was used together with observational 
checklist, interviews, visual verification and review of documents.  

3.5. Developing the HCW Assessment Indicators 

The study introduces an integrated indicator set that was developed to facilitate 
assessment of HCW management systems in the hospitals sampled. The HCW 
management indicators and criteria used in this study are in agreement with the 
guidelines provided by [25]. The starting point for the application of the indi-
cators is to obtain local and current reliable data from the hospitals which 
should be collected by an impartial expert in the field of HCWM. Therefore, 
fieldwork and cooperation with local hospital administration are important for 
administering questions in the indicator set contained in the assessment tool. 
The experts working in the areas being appraised should be targeted to answer 
questions on each criterion under each of the indicators contained in the as-
sessment tool. Four methodologies should be adopted for completing the indi-
cators:  

• assessment of hospital policies, plans and standard operating procedures of 
HCWM; 

• interviews with hospital directors, nurses, local medical engineers, and waste 
operators;  

• Observation and visual verification during field inspection of HCWM gen-
eration, storage and collection, transportation, treatment and disposal areas;  

• review of local documentation of HCWM (policies, standard operating pro-
cedures, minutes, audit protocols, commodities stock records in stores, IPC 
training records). 

The assessment tool is structured as a function of the five indicators devel-
oped and applied to assess knowledge and practice of hospital technical man-
agers (Infection, prevention and control coordinators, medical superinten-
dents, hospital administrators and public health officers in charge of HCW 
management) and administrators. Other data collection methods that included 
observation, interviews, visual verification and review of documents (policies, 
standard operating procedures, minutes of meetings, service provision audit 
protocols, commodities stock records in stores, IPC training records) were used. 
Conducting interviews to health workers is a method used in other case studies 
[70]; in this study, the indicators would provide an integrated approach for its 
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appraisal, which can be replicable in other contexts. The structure of the indi-
cators introduced by [71] for the assessment of municipal solid waste (MSW) 
management systems in developing countries was used and adapted for the 
specific analysis of HCW. Such an approach is similar to what others have in-
troduced before, [21], although it was implemented for a literature review, 
whereas in this research it is implemented for a real study. Other indicators 
that focus on five key areas of analysis which included: budget support, devel-
oping policies and legislation, technology and knowledge administration, 
treatment and final disposal issues, and quality of the collection and transpor-
tation system exists [18]. In this type of study aiming to calculate the level of 
performance of the selected county hospitals in HCW management, a metho-
dology where several indicators are used for scoring and ranking outcomes 
was modified and adopted [71] [72] [73] [74]. In this study, the indicators used 
for scoring and ranking hospitals HCWM systems included; policies and proce-
dures, management and oversight of HCW management systems, logistics and 
budget support, training of healthcare workers, waste handlers, incinerator op-
erators, and occupational safety and health, and treatment, disposal and infra-
structure.  

Each indicator set is divided into seventeen to thirty-two criteria. The assess-
ment tool containing the five indicators was used to rank the hospitals overall 
performance in HCW management. Each correct answer in the appraisal tool 
earned a score of one and the total per performance indicators calculated as a 
percentage which was interpreted as per the predetermined ranking scale and 
scoring criteria. An aggregate score in each of the five appraisal indicators be-
tween 0% - 49% had a ranking score of one (1) and was interpreted as poor, 
scores between 50% - 74% had a ranking score of two (2) and interpreted as fair 
while those assessment indicators that had scores of 75% and above had a rank-
ing score of three (3) and were interpreted as good (Table 1). The indicators 
used in this study to assess the county hospitals’ HCW management systems can 
be applied in baseline data collection, monitoring progress, and evaluation of 
HCW management interventions, and for comparing different same level hos-
pitals within countries and in particular those in low and middle income coun-
tries. The indicators are presented as percentages, from 0% to 100%, by a radar 
scheme. The rank scores were then used for presentation in a radar where the 
further a score was from the centre of the radar, the better the performance level 
[71] [72] [73].  

 
Table 1. Ranking scale and Scoring Criteria. 

Performance Score Range (%) Rank Interpretation 

0 - 49 1 Poor 

50 - 74 2 Fair 

75 - 100 3 Good 
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3.6. Implementation of the HCWM Indicators in Hospitals  

The criteria considered for assessing the HCWM system in hospitals were di-
vided into five indicators:  

A) HCWM policies and standard operating procedures,  
B) Management and oversight,  
C) Logistics and budget support,  
D) Training and occupational health and safety  
E) Treatment, disposal and incinerator housing. 
Each indicator provides information regarding the topic considered, using 

qualitative and quantitative data about the management activities applied in the 
hospitals.  

For each hospital, the information about its size should be presented, in order 
to compare the data with other hospitals: number of beds; percentage of beds 
occupied per year; number of patients per year; number of workers; and HCW 
produced per year. The indicators were chosen in order to provide a complete 
view of the HCWM system of the hospitals. The first step towards appraising 
health waste management system is the assessment of availability and utilization 
of HCWM policies and standard operating procedures by hospital management 
and HCWM actors. Second, existence and functionality of management and 
oversight structures is assessed. Effective functionality of this indicator is critical 
to ensure coordination of availability of HCW storage commodities at genera-
tion points, protection of waste handlers during collection and transportation 
and safety of the incinerator operators at the treatment and disposal sites. Third, 
provision of adequate and appropriate logistics for efficient and effective HCW 
management is critical. This is made possible through prioritizing financing of 
HCWM through the hospital budgets. Such dedicated budgets voted to support 
HCWM should be used to procure commodities (bins and bin liners, trolleys, 
PPEs etc.) to enhance segregation of HCW, development of information. Educa-
tion and communication (IEC) materials and commodity procurement plans, 
commodity quantification tool, and a waste collection schedule. Fourth, the pre-
vention system and the awareness of local operators is assessed in order to quan-
tify the capacity of the operators in reducing the risk of cuts and contamination. 
Lastly, the fifth indicator is to assess treatment, treatment equipment disposal 
options offered at the facility to reduce pollution of the environment that con-
sequently affects human health. The housing of the equipment is also assessed in 
order to quantify the capacity of the operators in reducing the risk of contami-
nation. This indicator assesses operation and maintenance of the equipment 
through functionality of the equipment, whether the equipment has a tempera-
ture regulation device, waste treatment SOPs, availability and use of equipment 
operator’s manual and a maintenance schedule. A waste treatment equipment 
that is effectively operated and maintained will reduce emissions that pollute the 
air and consequently affect human health. The detailed assessment tool used is 
provided in Tables 2-6. 
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Table 2. Criteria used to assess indicator A. HCWM policies and standard operating procedures. 

Indicator code Number Criterion Description 

A. HCWM 
policies and 
standard  
operating  
procedures 

A1 
Availability of National plan and 
guidelines for HCWM 

This criterion used to assess availability and use of National  
HCW Management plan and National guidelines for safe man-
agement of HCW at the hospitals 

A2 Access to the National HCWM plan 
This criterion used to assess if interviewees could access the  
National HCWM plan 

A3 Understanding of the national plan 
This criterion used to assess interviewees ability to discuss the  
contents of National HCWM plan 

A4 Availability of HCWM guidelines 
This criterion used to assess availability of the Kenya National 
Guideline for safe management of HCWM at the hospital 

A5 
Access to the National HCWM  
guideline 

This criterion used to assess if interviewees had access to the  
National guideline for safe management of HCWM 

A6 
Understanding of the national 
HCWM guidelines 

This criterion used to assess interviewees ability to discuss the 
contents and if knowledgeable on the National HCWM Guideline 

A7 
Domestication of the national 
HCWM plan 

Hospital had its own HCWM plan signed by facility In-Charge 

A8 
Availability of domesticated plan to 
staff 

The hospital plan was available to all hospital staff 

A9 
Training requirement and safety  
procedures 

The hospital plan outlined occupational safety and hospital staff 
training requirements 

A10 HCWM system Audit procedures The hospital plan outlined HCWM audit procedures 

A11 
Understanding of the domesticated 
plan 

Interviewees had access and were knowledgeable of the contents of 
hospital plan 

A12 
Handling, treatment and disposal 
SOPs 

SOPs for handling, treating and disposal of infectious waste were 
available 

A13 Handling and transportation SOPs 
SOPs for in house handling and transportation of infectious waste 
were available 

A14 Liquid waste disposal SOPs SOPs for disposal of liquid waste were available 

A15 
laboratory chemical decontamination 
SOPs 

SOPs for chemical decontamination of laboratory waste were 
available 

A16 Blood and blood products SOPs SOPS for disposal of blood and blood products were available 

A17 Laboratory Vacutainers SOPs SOPs for laboratory vacutainers were available 

A18 Placenta handling and disposal SOPs SOPS for handling and disposal of Placenta were available 

A19 Incineration SOPs SOP for Incineration operation and record keeping were available 

A20 Maintenance and repair SOPs SOPs for Incinerator maintenance and Repair 
 

Table 3. Criteria used to assess indicator B. Management and Oversight. 

Indicator code Number Criterion Description 

B.  
Management 
and Oversight 

B1 IPC committee Presence of an active IPC committee 

B2 IPC meeting Whether committee had met in the last 3 months 

B3 HCWM in minutes Whether HCWM appeared in IPC committee minutes 

B4 Audit checklist Whether IPC committee had an audit checklist 

B5 Inclusion of HCWM Whether checklist included HCWM issues 

B6 HCWM audit Whether IPC committee had conducted HCWM audit in the last 6 months 

B7 Addressing gaps after audit Whether IPC committee had addressed gaps identified in HCWM audit 
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Continued 

 

B8 Giving feedback 
Whether IPC committee had given feedback to hospital management after 
audit 

B9 IPC committee composition Whether the IPC committee was multi-disciplinary in its composition 

B10 
Appointment of HCWM in 
charge 

Whether there was an officer appointed as in-charge of HCWM in the 
hospital 

B11 
HCWM in charge and  
hospital policy 

Whether HCWM in-charge had been identified in the hospital policy 

B12 Job description 
Whether the hospital policy contained job description for the HCWM 
in-charge 

B13 Facility audit 
Whether there was evidence that HCWM in-charge had carried out facility 
audit within 3 months 

B14 Supervisors inspections 
Whether supervisors of the various sections had conducted any inspec-
tions for HCWM within the past 2 months? 

B15 Evidence of inspections Whether there was evidence of such inspections 

B16 
Evidence of inspection  
checklist 

Whether section supervisors had IPC inspection checklists 

B17 
Training and OSH  
requirements 

Whether the supervisors checked their employees HCWM training or 
Occupational Health requirements? 

 
Table 4. Criteria used to assess indicator C. Logistics and budget support. 

Indicator code Number Criterion Description 

C. Logistics 
and budget 
support 

C 1 Segregation Waste segregation was being practiced 

C 2 Color coding Recommended colour coding and labelling was in use 

C 3 Bins and Bin liners Coded bins and bin liners were available 

C 4 Segregation guidelines Waste segregation was done according to guidelines 

C 5 Sharp containers Sharp containers were available in sharp generation areas 

C 6 Sharp containers positioning Sharp containers were positioned within arm’s length 

C 7 Matching of bins and liners Whether coded bins were matched with bin liners 

C 8 Segregation posters IEC materials of signage were placed near bins 

C 9 Posters in wards HCWM/BCC posters were placed at departmental wards 

C 10 Availability of collection schedule Schedule for waste collection was available at collection point 

C 11 Use of waste collection schedule 
Availability and use of a waste collection schedule from waste  
generation points 

C 12 Trolleys Availability and use of trolleys 

C 13 Functionality of trolleys Were the trolleys availed functional? 

C 14 General waste dedicated trolley Was there a dedicated trolley for general waste? 

C 15 Infectious waste dedicated trolley Was there a dedicated trolley for infectious waste? 

C 16 Commodity procurement plans Presence of hospital commodity procurement plans 

C 17 Updated plans The procurement plans were up to date 

C 18 Inclusion of commodities in plans Procurement plan addressed all HCWM commodities 

C 19 Commodity stock outs 
Hospital experienced stock out of HCWM commodities within the 
previous 6 months 

C 20 Dedicated budget There was a dedicated budget for HCWM 

C21 Quantification tool Hospital had a HCWM quantification tool 
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Table 5. Criteria used to assess indicator D. Training and occupational health and safety. 

Indicator code Number Criterion Description 

D. Training 
and  
occupational 
health and 
safety 

D1 Appropriate PPEs for IO Incinerator Operators (IO) use appropriate PPEs 

D2 Condition of PPEs PPEs worn by IO are in good condition 

D3 appropriate PPEs for WH Waste handlers (WH) use appropriate PPEs 

D4 Condition of WH PPEs PPEs worn by WH are in good condition 

D5 IPC training HCW trained on IPC 

D6 Documentation of training IPC training documented 

D7 Training on HCWM HCW trained on HCWM 

D8 Training new employees Induction training on HCWM to new employees 

D9 Documentation of HCWM training HCWM training documented 

D10 % health workers trained More than 60% HCW trained 

D11 Documentation of WH training WH trained and training documented 

D12 Training of Incinerator operators (IO) 
IO trained on safe management and final disposal of 
HCW 

D13 Basic Incinerator maintenance IO trained on basic maintenance 

D14 Incinerator operations IO trained on incinerator operations 

D15 Sharps injury surveillance register Availability of sharps injury surveillance register 

D16 SOP on injury Availability of documented procedures in case of injury 

D17 Log book register 
Needle stick injuries and other incidents documented in 
a log book register 

D18 SOP on Post Exposure Prophylaxis (PEP) 
Availability of documented post exposure prophylaxis 
(PEP) protocols 

D19 Employee SOP PEP Knowledge Employees are knowledgeable of PEP procedures 

D20 PEP availability Availability of PEP to staff for 24 hours per day 

D21 Use of Personal Protective Equipment (PPEs) Availability and use of heavy duty gloves 

D22 Use of PPEs Availability and use of boots covering feet 

D23 Use of PPEs Availability and use of overalls/aprons 

D24 Use of PPEs Availability and use of face masks 

D25 Use of PPEs Availability and use of Goggles 

D26 Use of PPEs Availability and use of respirators 

D27 Use of PPEs Availability and use of heavy duty gloves 

D28 Use of PPEs Availability and use of boots covering feet 

D29 Use of PPEs Availability and use of overalls/aprons 

D30 Use of PPEs Availability and use of face masks 

D31 Use of PPEs Availability and use of goggles 

D32 Use of PPEs Availability and use of Respirators 
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Table 6. Criteria used to assess indicator E. Treatment, Disposal and Incinerator Housing. 

Indicator code Number Criterion Description 

E. Treatment, 
disposal and 
incinerator 
housing. 
 

E1 Recording of waste generated Evidence of recording of waste generated from various departments 

E2 Incinerator mechanical status (IMS) Functionality of the Incinerator 

E3 IMS Provision of temperature regulation device 

E4 IMS Functionality of the calibrated temperature device 

E5 IMS Provision of Preventive maintenance log book for the incinerator 

E6 Waste treatment plant guidelines Operation of waste treatment plant as per guidelines 

E7 waste treatment plant SOP Operators have SOPs for waste treatment plant 

E8 Equipment operation SOP SOPs followed in the equipment operation 

E9 
Use of Manufacturers operator 
manual 

Equipment manufacturer’s operator manuals readily available to the 
operator 

E10 Monitoring of equipment usage Operation logs used to monitor equipment usage 

E11 Use of data collected Data collected from the logs used to improve service 

E12 Incinerator maintenance schedule 
Waste treatment equipment maintained in a proactive manner to 
minimize downtime and optimize performance 

E13 Spare parts Equipment spare parts locally available 

E14 Maintenance contract Presence of service maintenance contract for the equipment 

E15 Equipment backup procedures Presence of backup procedures for equipment failure 

E16 Environmental safeguards 
Waste treatment equipment in use pose harm to local communi-
ty/environment 

E17 Housing Provision of wash room at the incinerator site 

E18 Housing Provision of running water at incinerator site 

E19 Housing Provision of concrete floor at incinerator-built site 

 
Indicator A: HCWM policies and standard operating procedures 
This indicator provides criteria for assessing availability and utilization of 

policies and standard operating procedures. Table 2 reports the description of 
the twenty criteria used. The first (A1, A4, A8) criteria is to assess availability of 
policies, national guidelines and domesticated hospital HCWM plan, while cri-
teria A2 and A5 are to assess access of the policies and national guidelines of 
HCWM by the healthcare workers at the hospital. Criteria A3 and A6 assesses 
level of understanding of the policies and the national guidelines of HCWM by 
the HCW. Criteria A7 assesses whether the hospital has a HCWM plan in line 
with the national one while A11 assesses HCWs access to the plan and know-
ledge of its contents. Criteria A9 assesses whether the hospital has set out train-
ing requirements and safety procedures that protect healthcare workers, waste 
handlers, incinerator operators, patients and the community from injury and 
contamination that emanates from the process of HCWM. Criterion A10 as-
sesses whether the hospital plan contains a self-auditing procedure. Criterion 
A12 to A20 assesses availability of standard operating procedures (SOPs) for 
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handling, treating and disposal of infectious waste, handling and transportation, 
liquid waste disposal, laboratory chemical decontamination, disposal of blood 
and blood products, disposal of laboratory vacutainers, placenta handling and 
disposal, incinerator operation and record keeping, and incinerator maintenance 
and repair respectively. 

Indicator B: Management and Oversight 
This indicator provides criteria for assessing management and oversight 

structures put in place within the hospitals to facilitate HCWM. Table 3 reports 
the description of the seventeen criteria used. Criteria B1 and B2 assesses pres-
ence of an Infection Prevention and Control (IPC) committee, and whether this 
committee had held a meeting within the last three months respectively. Crite-
rion B3 establishes whether HCWM issues were discussed and appeared in the 
IPC committee minutes while B4 assesses whether the IPC committee had an 
audit checklist and B5 assesses HCWM inclusion into the audit checklist. Crite-
ria B6, B7 and B8 assesses whether IPC committee had conducted HCWM audit 
in the last 6 months, had addressed gaps identified in HCWM audit, and wheth-
er audit feedback was given to the hospital management respectively. Criterion 
B9 assesses whether the IPC committee was multi-disciplinary in its composition 
while B10 assesses whether an officer had been appointed as in-charge of 
HCWM in the hospital. Criterion B11 assesses whether the position of a HCWM 
in-charge had been identified in the hospital policy and B12 assesses whether a 
job description for this officer appeared in the hospital HCWM policy. Criterion 
B13 assesses the functionality of HCWM officer through establishing existence 
of a report of hospital audit carried out in the last three months as evidence. 
Criterion B14 assesses whether departmental supervisors had HCWM conducted 
inspections while B15 looked for an inspection reports conducted in the last two 
months as evidence. Criterion B16 assessed whether section supervisors had IPC 
inspection checklists while B17 assessed whether the supervisors checked their 
employees HCWM training or Occupational Health requirements.  

Indicator C: Logistics and budget support 
This indicator provides criteria for logistics and budget support structures put 

in place within the hospitals to facilitate HCWM. Table 4 reports the description 
of the twenty-one criteria used. Criteria C1 to C9 assesses issues pertaining to 
waste segregation, color coding and labelling, availability and use of color coded 
bins and bin liners, whether waste segregation was done according to guidelines, 
sharps containers were available in waste generation areas, sharps containers 
were positioned within arm’s length, whether coded bins were matched with bin 
liners, segregation posters appropriately placed and waste segregation posters 
appropriately placed at departmental wards respectively. Criteria C10 to C15 as-
sesses HCWM collection, availability of a waste collection schedule at collection 
points, use of a waste collection schedule from waste generation points, availa-
bility and use of trolleys, functionality of waste collection trolleys, provision of a 
dedicated trolley for general waste and for infectious waste. Criteria C16 to C21 
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assessed presence of hospital commodity procurement plans, whether the pro-
curement plans were up to date, whether procurement plan addressed all 
HCWM commodities, whether hospital experienced stock out of HCWM com-
modities within the previous 6 months, whether there was a dedicated budget 
and that the hospital had a HCWM quantification tool respectively. 

Indicator D: Training and occupational health and safety 
This indicator provides criteria for assessing training and occupational health 

and safety procedures put in place within the hospitals to facilitate HCWM. Ta-
ble 5 reports the description of the thirty-two criteria used. The indicator is ap-
praised to ensure that healthcare workers, waste handlers and incinerator oper-
ators are provided with and wear personal protective equipment when at work. 
The expert appraising should also check on whether training has been conducted 
to new hires and practicing healthcare workers and those involved in storage, 
collection, transportation, treatment and disposal of HCW. Knowledge of exis-
tence and use of a twenty-four-hour post-exposure prophylaxis (PPE) protocols 
should be established. Vaccination of healthcare workers, waste handlers and in-
cinerator operators against hepatitis B virus that can be transmitted through 
needle stick injuries should be assessed. Criteria D1 to D4 deals with assessment 
of provision and use of appropriate personal protective equipment to waste han-
dlers and incinerator operators. Criteria D5 to D12 assesses training of waste 
handlers, incinerator operators, and HCW. They also assess induction training 
of new employees and documentation of training. D13, D14 and D15 assess 
training of incinerator operators on basic maintenance, incinerator operation 
and need to maintain a sharps injury surveillance register. Criterion D16 assesses 
availability of documented procedures in case of injury and D17 assesses availa-
bility and use of a needle stick injuries and other incidents documented in a log 
book register. Criterion D18 assesses whether documented post exposure proph-
ylaxis (PEP) protocols are available while D19 assesses whether employees are 
knowledgeable of PEP procedures. Criterion D20 assesses availability of PEP to 
staff for 24 hours per day while D21 to D32 assess availability and use of differ-
ent types of PPEs. 

Indicator E. Treatment, Disposal and Incinerator Housing 
This indicator provides criteria for assessing HCWM treatment, disposal and 

incinerator housing put in place within the hospitals. Table 6 reports the de-
scription of the nineteen criteria used. Criterion E1 looks for evidence of re-
cording of waste generated from various departments within the hospital and E2 
assesses the mechanical status of the incinerator. Criteria E3 to E5 establishes 
provision of temperature regulation device, functionality of calibrated tempera-
ture device and incinerator preventive maintenance log book respectively. Crite-
ria E6 to E16 assesses use of guidelines during incinerator operation, SOPs, 
availability of operator’s manual, monitoring of incinerator usage, use of data 
collected to improve service, availability of a maintenance schedule, availability 
of incinerator spare parts locally, availability of a service maintenance contract, 
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availability of a backup option for waste treatment in case of equipment failure 
and the status of environmental safeguards respectively. Criteria E17 to E19 as-
sesses provision of water and sanitation facilities within the waste treatment 
plant.  

4. Results and Discussion 
4.1. Application of the Indicators in Five Hospitals in Kenya  

The indicators were applied in five hospitals in Kenya as an example for pre-
senting the potentiality of the methodology in a low-middle income country. A 
study that included five hospitals was carried out in five hospitals in Kenya, in 
order to assess qualitatively the generation, storage, collection, transportation, 
treatment and disposal of HCW. The five hospitals studied were considered the 
most representative of the HCWM system in rural Kenya, due to their size, ex-
tent of clinical area and waste generation. Information gathered through filling 
of the appraisal/indicator tool about the HCWM in these hospitals is provided in 
the results section. Data about the HCW yearly generation was not available. 
This represents a limitation of the study and of the HCWM system, underlined 
within the Results and Discussion sections. 

The quantities of waste and the features of the hospitals chosen for imple-
menting the indicators are reported in Table 7. Hospital 1 generates about 23.38 
- 39.48, hospital 2, 21.37 - 36.09, Hospital 3, 36.30 - 61.28, Hospital 4, 38.74 - 
65.415 and hospital 5, 48.54 - 81.96 tonnes of HCW per year. The significant 
variation in HCW generation can be a function of various factors: period of the 
year, day of the week, number of in and out patients, seasons in a year, units in 
healthcare, MCH/FP, surgery, emergency unit, obs/gyn ward, maternity ward, 
paediatrics ward, pharmacy, laboratory, VCT unit, TB follow up unit, dental 
unit, mortuary among others. It underlines the difficulty of HCWM and plan-
ning in this structure, a hidden issue if only average data is provided.  

Hospital 2, with about 21.37 - 36.09 tonnes of HCW generated per year and 97 
beds available, and 15 other departments can be considered smaller and gener-
ated the least amounts per year than all the other hospitals. Hospital 5 with an 
annual generation rate of 48.54 - 81.96 tonnes had 250 beds and cots, and 26 
other departments. The HCW generation rates were not reported by all the hos-
pitals and therefore adopted from the results published from a study done in 
Kenyan hospitals that documented HCW generation rates of between 0.61 kg/bed/ 
day to 1.03 kg/bed/day [75]. There was no data on total number of healthcare 
workers, waste handlers and incinerator operators from the five hospitals and 
therefore not reported in either Table 7 or Table 8.  

A brief description of the five hospitals, according to the site visits and inter-
views, is provided below, following the structure of the indicator set. 

Hospital 1  
1) HCW management policies and standard operating procedures (SOPs) 
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Table 7. Qualitative data on the five hospitals in Kenya. 

Hospital 
No. 

No. of 
wards 

No. of 
other 
depts. 

Total No. 
of beds and 

cots 

Average bed 
occupancy rate 

(%)·day−1 

NO. of beds 
and cots  

occupied·day−1 

HCW generated 
per bed·day−1 

(kg) 

Total HCW  
generated·day−1 

(kg) 

Total HCW  
generated·year−1 

(Tons) 

1 4 17 112 93 105 0.61 - 1.03 64.05 - 108.15 23.38 - 39.48 

2 4 15 97 98 96 0.61 - 1.03 58.56 - 98.88 21.37 - 36.09 

3 5 15 170 95.6 163 0.61 - 1.03 99.43 - 167.89 36.30 - 61.28 

4 7 21 248 70 174 0.61 - 1.03 106.14 - 179.22 38.74 - 65.415 

5 8 26 250 87 218 0.61 - 1.03 132.98 - 224.54 48.54 - 81.96 

The HCW generation rates of between 0.61 kg/bed/day to 1.03 kg/bed/day as documented in a study done in Kenyan hospitals 
were used to calculate the total HCW generated·day−1 (kg) [75].  

 
Table 8. Qualitative data on Post Exposure Prophylaxis for the five hospitals in Kenya. 

Hospital No. 
Annual OPD  
attendance 

Annual out-patient  
Injections 

No. of clients with  
occupational exposures 

Number  
receiving PEP 

1 26,419 1260 5 4 

2 69,990 8217 67 39 

3 0 1 6 5 

4 34,744 1859 84 47 

5 96,671 6317 138 121 

 
HCW policies and SOPs were qualitatively evaluated using the criteria set 

(Table 2) and scored 33.3% which had a ranking score of 1 which was inter-
preted as poor (Table 1). This was due to the hospital not having the national 
HCWM plan and therefore healthcare workers not being knowledgeable on the 
national aspirations of HCWM. Although the hospital had the national guide-
lines for safe handling of HCW, the guidelines had not been disseminated to the 
healthcare workers and were therefore not aware of their role in ensuring safety 
in the process of HCWM. The national HCWM plan and the guidelines had not 
been domesticated leaving healthcare workers without guidelines on occupa-
tional safety, training requirements and audit procedures. Hospital 1 had not 
developed SOPs on safe handling, treatment and disposal of infectious waste, 
disposal of liquid waste, chemical decontamination of laboratory waste, disposal 
of blood and blood products, laboratory vacutainers, placenta handling and dis-
posal, incineration operation and maintenance, record keeping and repair which 
are critical in reducing health risks from HCW. 

2) Management and oversight structures for HCWM 
HCW management and oversight structures were evaluated using the criteria 

set (Table 3) and scored 41.2% which had a ranking score of 1 and was inter-
preted as poor (Table 1). Hospital 1 had put an infection prevention and control 
(IPC) committee in place and had met and discussed HCWM in the past three 
months. This hospital had developed an IPC audit checklist which also included 
HCWM. It was noted that the IPC committee had informed the hospital man-
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agement and addressed gaps identified during the audits. However, the IPC 
committee had serious gaps in that it had not addressed gaps identified within 
the last six months, IPC committee was not multidisciplinary, HCWM in charge 
had not been identified in the hospital policy and therefore not appointed. There 
was no job description for that position and therefore no evidence of that the in 
charge had carried out any inspections in the last three months. The supervisors 
of various departments and sections had not developed an IPC inspection check-
list and there was no evidence of inspections within the past two months. The 
supervisors had not checked whether employees had been trained and met the 
occupational health and safety requirements. 

3) Logistics and budget support 
Hospital 1 scored 77.8% on making of provision for HCWM logistics and 

budget support when evaluated using the criteria set (Table 4), a ranking of 3 
and was interpreted as good (Table 1) and was second to hospital 4 on this in-
dicator. Although there were no segregation posters placed near the color coded 
bins, this hospital scored 80% which was good (score of 3) when the criterion for 
assessing healthcare workers waste segregation and color coding practices were 
assessed. Hospital 1 did poorly with 0%, a ranking score of 1 (Table 1) when 
availability, functionality and use of HCW transportation equipment from sto-
rage to treatment sites was evaluated. There was no HCW collection schedule 
and dedicated trolleys for transporting infectious waste to treatment sites. Hos-
pital 1 score 87.7% when the criteria set was assessed. The hospital had a dedi-
cated budget, an up to date procurement plan which addressed HCWM com-
modities and had not experienced HCWM commodities stock outs for the last 6 
months 

4) Training and occupational health and safety 
Hospital 1 scored 46.7% when evaluated on criteria set (Table 5) for this in-

dicator, ranking score of 1 and was interpreted as poor (Table 1). Incinerator 
operators used appropriate PPE, there was evidence of IPC and HCWM training 
to healthcare workers and waste handlers. Incinerator operators had not been 
trained on safe management and final disposal of HCW. An assessment on 
sharps surveillance and availability of post exposure prophylaxis to ensure oc-
cupational safety and health showed that there was a sharps injury surveillance 
register with a lack of a document procedure to be followed in case of an injury. 
All the needle stick injuries and other accidents were documented in a logbook 
register, there lacked a post exposure prophylaxis protocols. PEP to all members 
of staff was availed for 24 hours and employees were aware of PEP procedures to 
be followed. None of the PPEs for waste handlers was provided leaving them 
exposed to all the health risks associated with handling of HCW. Use of PPEs by 
the incinerator operators was assessed and it was found heavy duty gloves, boots, 
overalls and face masks were provided and being used leaving out googles and 
respirators which are important in ensuring occupational safety and health. Only 
one out of five enlisted for PEP did not receive. 
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5) Treatment, disposal and infrastructure 
Hospital 1 scored 20% which was a ranking of 1 and interpreted as poor when 

evaluated qualitatively using the criteria set (Table 6) for assessing treatment, 
disposal and availability of sanitation facilities in the infrastructure provided for 
the incinerator (Table 1). The incinerator was in use, the incinerator infrastruc-
ture had a concreate floor which was easily cleansable, the operator had SOPs for 
waste treatment plant and equipment had a maintenance contract. There was 
lack of evidence of recording of waste generated from various departments, cali-
brated temperature regulation device, running water at the site, preventive 
maintenance logbook for the incinerator, available SOPs not used, operators’ 
manual, operation logs, equipment spare parts, maintenance schedule and the 
waste treatment equipment posed harm to human health and the environment 
since it lacked air pollution control devises. 

Hospital 2  
1) HCW management policies and standard operating procedures 
The HCWM policies and standard operating procedures can be qualitatively 

evaluated at 33.3% which has a ranking score of 1 using the criteria set (Table 2), 
and which was interpreted as poor (Table 1). This was due to the hospital not 
having the national HCWM plan and therefore healthcare workers not being 
knowledgeable on the national aspirations of HCWM. The hospital did not have 
the national guidelines for safe handling of HCW, the guidelines had not been 
disseminated to the healthcare workers and were therefore not aware of their 
role in ensuring safety in the process of handling HCW. The national HCWM 
plan and the guidelines had not been domesticated leaving healthcare workers 
without guidelines on occupational safety, training requirements and audit pro-
cedures. Hospital 2 had not developed SOPs on safe handling, treatment and 
disposal of infectious waste, disposal of liquid waste, chemical decontamination 
of laboratory waste, disposal of blood and blood products, laboratory vacutain-
ers, placenta handling and disposal, incineration operation and maintenance, 
record keeping and repair. 

2) Management and oversight structures  
Although hospital 2 had appointed an in charge of HCWM, all criteria set 

(Table 3) for effective management of HCW were lacking leaving the hospital 
with a score of 5.9%, a ranking score of 1 which was interpreted as poor. This 
hospital lacked IPC committee and therefore no HCW management and over-
sight structures put in place to forestall the effects of pollution to human health 
and the environment. 

3) Logistics and budget support 
Provision of HCWM logistics and budget support is critical. Hospital 2 was 

evaluated using the criteria set (Table 4) and scored 44.4%, a ranking of 1 which 
was interpreted as poor (Table 1). There was HCW segregation practiced in 
hospital 2 together with use of the recommended color codes for the bins and 
bin liners. Sharp boxes were availed and placed in all sharps generation areas 
and coded bins were matched with bin liners. However, waste segregation was 
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not done according to guidelines, no HCW segregation charts displayed and 
there were no waste collection schedules displayed at the generation areas. There 
were no dedicated trolleys provided for waste transportation to treatment sites. 
This hospital didn’t have an up to date commodity procurement plan in place 
and a HCWM qualification tool, and only depended on what was supplied from 
the national commodity supply agency. This hospital had suffered HCWM 
commodity stock outs and had no dedicated budget.  

4) Training and occupational health and safety 
This hospital 2 was evaluated using the criteria set (Table 5) and scored 40%, 

a ranking score of 1 which was interpreted as poor (Table 1). Although the in-
cinerator operators used PPEs that were in good condition, they were not the 
recommended ones for them. There was evidence that healthcare workers and 
waste handlers (WH) were trained on IPC and WH wore recommended PPEs 
that were in good condition. An assessment on sharps surveillance and availabil-
ity of post exposure prophylaxis to ensure occupational safety and health showed 
that there was a sharps injury surveillance register with a lack of a documented 
procedure to be followed in case of an injury. This could be the reason this hos-
pital recorded a higher number (Table 8) of who had occupational exposures. 
All the needle stick injuries and other accidents were documented in a logbook 
register, there lacked a post exposure prophylaxis protocols. PEP to all members 
of staff was availed for 24 hours and employees were aware of PEP procedures to 
be followed. PPEs provided to waste handlers included boots and overalls leav-
ing them without heavy duty gloves, face masks and respirators and therefore 
exposed to all the health risks associated with handling of HCW. Use of PPEs by 
the incinerator operators was assessed and it was found that heavy duty boots, 
overalls and face masks were provided and being used leaving out googles and 
respirators which are important in ensuring occupational safety and health.  

5) Treatment, disposal and infrastructure 
Hospital 2 scored 5% when the criteria set (Table 6) were assessed qualita-

tively for treatment, disposal and availability of sanitation facilities in the infra-
structure provided for the incinerator operators, a ranking score of 1 which was 
interpreted as poor (Table 1).  

The incinerator was in use without any of the requirement set out in the crite-
ria for assessment and the waste treatment equipment posed harm to human 
health and the environment since it lacked air pollution control devises. 

Hospital 3 
1) Policies and standard operating procedures 
Hospital 3 was evaluated using the criteria set (Table 2) and scored 55.5% in 

this indicator, a ranking of 2 and interpreted as fair (Table 1). This hospital had 
the national HCWM plan and the guidelines which were also accessible to health-
care workers who could discuss their contents. In spite of having these docu-
ments, this hospital had not domesticated any of them. SOPs for handling, 
treating and disposal of infectious waste, disposal of laboratory vacutainers, 
handling and disposal of placenta, incineration and record keeping, and incine-
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rator maintenance and repair had not been developed.  
2) Management and oversight structures  
In the indicator of development of management and oversight structures, 

hospital 3 was evaluated using the criteria set (Table 3) and scored 70.6%, a 
ranking of 2 which was interpreted as fair (Table 1). In all the criteria assessed, 
the IPC checklist developed was deficient of HCWM issues, HCWM in charge 
had not been identified and job description not availed, the department in 
charges did not have inspection checklists and could not produce evidence of 
any inspections conducted within their areas of work. 

3) Logistics and budget support 
Hospital 3 was evaluated using the criteria set (Table 4) and scored 66.7%, a 

ranking of 2 and which was interpreted as fair (Table 1). In the logistics and 
budget support indicator, healthcare workers waste segregation and color coding 
practices, trolley availability, functionality and use, and availability of HCWM 
commodity procurement plans and budget allocation were assessed. This study 
found that HCW was not segregated according to guidelines, sharps containers 
were not positioned at the recommended arm’s length locations, bins and bin 
liners were not matched, and there was no segregation chart displayed at waste 
generation points. The hospital had no dedicated trolleys for general waste and 
for infectious waste. The hospital had not developed a HCW quantification tool, 
the procurement plan did not address all HCWM commodities and therefore 
had experienced stock outs in the last six months. 

4) Training and occupational health and safety 
Hospital 3 was evaluated using the criteria set (Table 5) and scored 40%, a 

ranking of 1 which was interpreted as poor (Table 1). In this indicator where 
training of healthcare workers, waste handlers and incinerator is assessed, hos-
pital 3 had no evidence of having conducted IPC and HCWM training to health- 
care workers and waste handlers. Incinerator operators had not been trained on 
basic incinerator maintenance. To strengthen sharps surveillance and to ensure 
availability of post exposure prophylaxis and reduce health risks, this hospital 
had implemented all what was set as criteria. The waste handlers were not pro-
vided with heavy duty gloves, overalls, face masks, goggles and respirators. The 
incinerator operators lacked heavy duty gloves, boots, face masks goggles and 
respirators. This hospital lacked reliable data on PEP (Table 8). 

5) Treatment, disposal and infrastructure 
Hospital 3 was evaluated using the criteria set (Table 6) scored 45%, a ranking 

of 1 which was interpreted as poor (Table 1). The hospital had half of what is set 
as criteria for good practice. In this indicator where treatment equipment, its 
use, maintenance and sanitation at the infrastructure are assessed, this hospital 
was lacking provision of a washroom for the operator, no running water, no 
preventive maintenance logbook, no operators’ manual, spare parts and service 
contract for the waste treatment equipment were not available.  

Hospital 4  
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1) HCW management policies and standard operating procedures 
Hospital 4 was evaluated using the criteria set (Table 2) and scored 44.4%, a 

ranking of 1 which was interpreted as poor in this particular indicator. Availa-
bility and access of HCWM policies at the facility was assessed and national 
HCWM plan and guidelines were lacking making it not possible for the health-
care workers to understand their contents. This hospital had not developed its 
own HCWM plan leaving the healthcare workers without occupational safety 
and hospital staff training requirements, and IPC and HCWM audit procedures. 
This hospital operated without SOPs for in-house handling and transportation 
of infectious waste, disposal of liquid waste, incineration operation and record 
keeping, and incinerator maintenance and repair. 

2) Management and oversight structures  
Hospital 4 was evaluated using the criteria set (Table 3) and scored 64.7%, a 

ranking of 2 and interpreted as fair in performance of this indicator (Table 1). 
The hospital met most of the criteria set for assessing management and oversight 
structures put in place for HCWM but HCWM in charge and job description 
had not been identified in the hospital policy, there were no evidence of any in-
spections conducted in the previous two months, no IPC inspection checklist 
and the supervisors had not checked their employees training or occupational 
health requirements.  

3) Logistics and budget support 
Hospital 4 was evaluated using the criteria set (Table 4) and scored 88.9%, a 

ranking of 3 and interpreted as good (Table 1). This was the highest in this in-
dicator when compared to other hospitals. This hospital scored well in all the 
criteria set for the assessment of HCW segregation and color codding practices, 
but only missed display of segregation charts near points of waste generation. 
This hospital had developed and used a waste collection schedule, dedicated 
transportation trolleys for general waste and infectious waste. The HCWM 
commodity procurement plans were available and requisite budget allocated. 
However, this hospital lacked a HCWM quantification tool which might have 
led to stock outs of essential HCWM commodities in the past six months. 

4) Training and occupational health and safety 
Hospital 4 was evaluated using the criteria set (Table 5) in this indicator to-

gether with hospital 5 and had the highest score of 60%, ranking of 2 and inter-
preted as fair (Table 1). Waste handlers and incinerator operators were provided 
with appropriate PPEs and healthcare workers had been trained on IPC. Incine-
rator operators had been trained on safe management of HCW and final dispos-
al of HCW. However, IPC training had not been documented, healthcare work-
ers had not been trained on handling HCW, new hires had not been trained on 
waste management, and incinerator operators had not been trained on operation 
and maintenance of the waste treatment equipment. Hospital 4 performed well 
in the criterion on sharps surveillance and availability of post exposure prophy-
laxis to ensure occupational safety. They maintained a sharps injury surveillance 
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register, had a documented procedure in case of injury, the hospital had a log-
book register to document needle stick injuries and other incidents, there was 
evidence of documented PEP protocols, employees were knowledgeable of PEP 
procedures, and PEP was available to staff for 24 hours per day. Use of PPEs by 
the waste handlers was assessed and it was found that only heavy duty boots 
were provided leaving out heavy duty gloves, overalls, facemasks, googles and 
respirators which are important to ensure occupational safety and health. Use of 
PPEs by waste handlers was the opposite for incinerator operators who were 
availed and used all the PPEs. 

5) Treatment, disposal and infrastructure 
Hospital 4 was evaluated using the criteria set (Table 6) and scored 10%, a 

ranking score of 1, which was interpreted as poor (Table 1). Out of all the crite-
ria set for this indicator, this hospital missed all of them except having a func-
tional incinerator which was on a concreate floor. 

Hospital 5  
1) HCW management policies and standard operating procedures 
Hospital 5 was evaluated using the criteria set (Table 2) and scored 44.4%, a 

ranking score of 1, which was interpreted as poor (Table 1). This hospital 
missed HCWM national plan and guidelines and therefore the interviewees were 
not aware of the contents of the two policy documents. Hospital 5 had not de-
veloped its own HCWM plan leaving the healthcare workers without occupa-
tional safety and hospital staff training requirements and HCWM audit proce-
dures. The hospital had developed SOPs for handling, treating and disposal of 
infectious waste, chemical decontamination of laboratory waste, and one for 
disposal of blood and blood products leaving out all other set out in the criteria 
(Table 2). 

2) Management and oversight structures  
Hospital 5 was evaluated using the criteria set (Table 3) and scored 35.3%, a 

ranking of 1, which was interpreted as poor (Table 1). This hospital missed most 
of the set criteria (Table 3). There was an IPC committee in place which had 
conducted HCWM audit in the past six months and addressed the gaps identi-
fied in the audit tool. The hospital had identified a HCWM in charge and de-
partmental in charges had conducted inspections and ensured that employees 
were trained on HCWM and that they meet occupational health and safety re-
quirement. 

3) Logistics and budget support 
Hospital 5 was evaluated using the criteria set (Table 4) and scored 55.6%, a 

ranking of 2 and interpreted as fair (Table 1). In the area of segregation and 
color coding practices of HCW by the healthcare workers, sharps containers 
were not place at arm’s length and color coded bins were not matched with bin 
liners. There were no dedicated trolleys for general and infectious waste, HCWM 
commodity procurement plans and requisite budget allocation. 

4) Training and occupational health and safety 
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Hospital 5 was evaluated using the criteria set (Table 5) and scored 60%, 
ranking of 2 and interpreted as fair (Table 1). The criteria set to assess health-
care workers, waste handlers and incinerator operators training on occupational 
health and safety were missed with this hospital only training incinerator opera-
tors on safe management and final disposal of HCW together with basic incine-
rator maintenance. This may explain the high numbers (121) of occupational 
exposures recorded in hospital 5 (Table 8). The hospital scored all the criteria 
set for assessment of sharps surveillance and availability of PEP to ensure occu-
pational safety. There was a low uptake of PEP in this hospital with only 47 re-
ceiving out 84 whom been exposed (Table 8). Waste handlers were not provided 
with any of the PPEs except boots. The incinerator operators were provided with 
all the PPEs assessed except goggles. 

5) Treatment, disposal and infrastructure 
Hospital 5 was evaluated using the criteria set (Table 6) and scored 10%, a 

ranking score of 1, which was interpreted as poor (Table 1). Out of all the crite-
ria set for this indicator, this hospital missed all of them except having a func-
tional incinerator and running water at the waste treatment site. 

4.2. Use of Indicator Scores to Describe the Baselines for HCWM  
by Plotting a Mark on a Continuum 

The introduction of the indicator set allows the hospitals to be compared in a 
simple scheme. The results of the scores obtained for the five hospitals in Kenya, 
are in agreement with the previous section, and are reported in Figure 1 (Hos-
pital 1), Figure 2 (Hospital 2), Figure 3 (Hospital 3), Figure 4 (Hospital 4), 
Figure 5 (Hospital 5) and Figure 6 that presents average score of the five hos-
pitals when all the indicators are combined. Moreover, in Table 9, the quality of 
the data collected is reported for each of the indicators and for each of the hos-
pitals.  

In hospital 1, the indicator on logistics and budget support scored the highest 
(77.8%), a rank of 3 which was interpreted as good level of HCWM while the in-
dicator on treatment, disposal and infrastructure scored the least (20%), a rank 
of 1 which was interpreted as poor level of HCWM. According to the assessment 
criteria set (Table 1), this hospital scored poorly in the other three indicators 
with scores ranging from 20% for treatment, disposal and infrastructure to 
44.7% for training of healthcare workers, waste handlers and incinerator opera-
tors on HCWM handling, health risks and safety requirements. This hospital 
had an overall score of 43.4%, ranked as 1 and interpreted as poor, when all the 
indicators were combined to form an integrated criterion of assessing the level of 
HCWM systems (Table 9). In Hospital 2, all the indicators assessed scored poor 
with scores ranging from 5% to 44.4%, ranked as 1 and interpreted as poor 
(Table 1) and scoring 25.72% as overall for HCWM system, ranked as 1 and in-
terpreted as poor (Table 1) when the five indicators were combined to form an 
integrated criterion of assessing the level of HCWM systems (Table 9).  
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Figure 1. HCWM system assessed in hospital 1. 
 

 

Figure 2. HCWM system assessed in hospital 2.  
 

Table 9. Data quality of the information used to complete the indicators at the hospitals. 

Indicators 
Hospital 1 Hospital 2 Hospital 3 Hospital 4 Hospital 5 

% score Rank % score Rank % score Rank % score Rank % score Rank 

A 33.3 1 33.3 1 55.5 2 44.4 1 44.4 1 

B 41.2 1 5.9 1 70.6 2 64.7 2 35.3 1 

C 77.8 3 44.4 1 66.7 2 88.9 3 55.6 2 

D 44.7 1 40 1 40 1 60 2 60 2 

E 20 1 5 1 45 1 10 1 10 1 

Average 43.4 1.4 25.72 1 53.56 1.6 53.6 1.8 41.06 1.4 
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Figure 3. HCWM system assessed in hospital 3.  
 

 

Figure 4. HCWM system assessed in hospital 4. 
 

Hospital 3 had a fair level of HCWM system with an overall score of 53.56% 
(Table 9), ranking of 1 (Table 1). This hospital had indicator scores ranging 
from 40% in indicator D to 70.6% in indicator B. Hospital 4 had an overall score 
of 53.6%, ranked as 2 and interpreted as fair with score ranging from 10% in in-
dicator E to 88.9% for indicator C (Table 9). Hospital 5 had an overall score of 
41.06% ranked as 1 and interpreted as poor in HCWM systems. This hospital 
had scores ranging from 10% for indicator E to 55.6% for indicator C (Table 9). 

Hospital 3 scored fairly (55.5%) in indicator A while the rest of the hospitals 
scored poorly (<50%). Hospital 3 and 4 scored fairly in indicator B with 70.6% 
and 64.7% while other hospitals scored poorly. Hospital 1 and 4 were rated good  
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Figure 5. HWM system assessed in hospital 5. 
 

 

Figure 6. Average indicator scores per hospital. 
 

in indicator C with 77.8% and 88.7% respectively while hospital 3 and 5 were 
rated to be fair. Hospital 2 was poor in indicator C with score of 44.4%. Hospital 
4 and 5 were rated fair in indicator D with a score of 60% each, while the rest of 
the hospitals were poor with a score of <50%. All the hospitals assessed scored 
poorly in indicator E (Table 9).  

Hospital 2 scored poorly in all the indicators according to the criteria set 
(Table 1) with scores ranging from 5% for the indicator on treatment, disposal 
and infrastructure to 44.4% (Table 8) for the indicator on logistics and budget 
support (Figure 2). 

Hospital 3 scored 40% for training and occupational health indicator and 45% 
(Table 8) for treatment, disposal and infrastructure, a ranking of 1 which was 
interpreted as poor while this hospital scored between 50% - 74% which was in-
terpreted a fair (Table 1) level of HCWM (Figure 3). 
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Hospital 4 scored the poorest (10%) in the area of HCWM treatment, treat-
ment equipment management, disposal and infrastructure. The hospital was also 
poor in the area of policies and standard operating procedures and scored 
44.4%, (Table 8) a ranking of 1 and interpreted as poor (Table 1). However, this 
hospital was good (88.9%), a ranking of 3, in the area of planning for HCWM 
logistics and providing the necessary budget support. Management and over-
sight, and training and occupational health and safety scored fairly with scores of 
64.7% and 60% respectively (Figure 4). 

Hospital 5 also had the lowest score in the area of HCW treatment, disposal 
and infrastructure (10%), ranking score of 1 and interpreted as poor (Table 1). 
Policies and SOPs, and management and oversight indicators were also rated 
poor with scores below 50%. Indicators of logistics and budget support for 
HCWM, and HCWM training and occupational health and safety scored fairly 
(Table 1) with scores of 55.6% and 60% (Table 8) respectively (Figure 5). 

Figure 6 presents the average indicator scores form each hospital when all the 
scores for all the indicators were added together. Hospitals 1, 2 and 5 scored be-
low 50% which was ranked as 1 and interpreted as having a poor level of 
HCWM. Hospitals 3 and 4 scored in between 50% and 74%, (Table 8) which has 
a ranking score of 2 and interpreted as a fair level of HCWM. The hospitals can 
be ranked from highest to lowest level of HCWM as follows; Hospital 4, 3, 1, 5 
and 2. 

5. Discussion 

Main goal of the study was to develop and apply a management tool for HCW 
management systems from generation to disposal in five county hospitals in 
Kenya. Key insights as concerns performance indicators for HCW manage-
ment systems include the variety and diversity of successful models—there is no 
“one size fits all”; the necessity of good, reliable data; the importance of focusing 
on governance as well as technology; and the need to build on the existing 
strengths [76]. This study developed integrated indicators sought to be most re-
levant to developing countries and which are consistent with various studies 
[1]-[6] [25] [74] [76] in this area. The five management indicators were devel-
oped and applied to assess HCWM systems using a predetermined ranking scale 
in the five county hospitals. These indicators included policies and standard oper-
ating procedures, management and oversight structures, logistics and budget 
support, Training and Occupational Health and safety, and treatment, disposal 
and infrastructure. The scores obtained were used to rank the county hospitals’ 
HCW management systems as poor (0% - 49%), fair (50% - 74%) or good (74% 
and above).  

5.1. Policy and Standard Operating Procedures 

HCWM in Kenya can be considered poor due to inadequate national policy dis-
semination to the county level and consequently affecting development of spe-
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cific standard operating procedures, lack of development of management and 
oversight structures in hospitals poor treatment and disposal infrastructure. 
However, the five hospitals studied in Kenya could be considered a good exam-
ple regarding provision and use of HCWM commodities that facilitate provision 
of PPEs for handling HCW during segregation of waste at generation points, 
collection, transportation, treatment and final disposal. Further, it’s still a good 
example in training of healthcare workers, waste handlers and incinerator oper-
ators on HCWM and infection prevention and control to ensure safety to hu-
man health and the environment as compared with other developing cities [2] 
[77] [78]. The lack of national policy dissemination, inadequate development of 
HCWM and IPC management and oversight structures, and environmental 
friendly on-site treatment plants, are the main barriers for implementing sus-
tainable HCWM systems in Kenya. Some of the policy documents found to be in 
place at the National level in Kenya included Environmental Management and 
coordination Act [79]; Environmental Management and Coordination (Waste 
Management) regulations [80]; National HCWM strategic plan, 2015-2020, [81]; 
National HCWM Implementation plan, 2016-2021, [82] and Kenya National 
Guideline for Safe Management of HCW, [83]. While this study found that 
Kenya has developed requisite policy and guidelines at the national level, several 
other studies have found lack of clear policies and legislation from governments 
of Cameroon [49], Haiti, [84], and Iran [85] and attributed non treatment of 
hazardous waste and anatomical waste being left undisposed to lack of clear pol-
icies and legislation from government bodies. The findings indicate that the cur-
rent management of HCW is not capable of adequately preserving public health 
and may cause environmental contamination and infection. This finding agrees 
with [86] who concluded the same from their systematic review on health and 
environmental impact of hospital wastes. This study agrees with the recommen-
dation made by [77], that the quantities of HCW generation and consequently 
requirements for its disposal are increasing.  

5.2. Management and Oversight Structures for HCWM and IPC 

The study revealed that only 2 (40%) of the hospitals studied were rated fairly 
while the rest were poor in having put in place management and oversight 
structures for HCWM and IPC. that lack of IPC committees affected resource 
allocation to facilitate management of HCW and also hindered accessibility and 
establishment of reliable HCWM plans and Standard Operating Procedures. 
This is in agreement with [87] in their study in Nigeria which found that the ac-
tivities of waste managers in HCW facilities are rarely subjected to administra-
tive scrutiny or supervision.  

This finding concurs with a qualitative rapid assessment of Infection Preven-
tion and Control (IPC) practices in twelve HCW facilities in five provinces which 
revealed significant differences which were attributable to the presence or ab-
sence of Infection Prevention and Control Committee (IPCC) and an IPC lead 
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person [88]. Another finding which concurs with our study was that presence of 
sharps containers, waste bins, incinerators, and personal protective equipment 
(PPE) did not necessarily lead to their correct use in the absence of functional 
IPCCs and active IPC lead persons who acted as catalysts, trainers, and role 
models [88].  

5.3. Logistics and Budget Support 

All the five hospitals studied had practiced segregation, used the recommended 
color codes, color coded bins and liners and sharps containers were available at 
service delivery points during the time of study. This may have been contributed 
to by low knowledge on HCW segregation practices. These finding agree with 
another study in Nigeria, which found that poor or no training of healthcare 
workers on the management of HCW can be a pointer to poor funding available 
in the country for health sector in the country [89]. However, all the hospitals in 
this Kenyan study had a challenge in provision of dedicated trolleys to transport 
HCW from generation points to the treatment sites which may be due to lack of 
dedicated budgets. In two (40%) out of five hospitals, waste segregation was not 
done according to guidelines provided, sharps containers were not positioned at 
arm’s length and coded bins not matched with bin liners. A study done in Nigeria 
reported that non adherence to HCW management guidelines was as a result of 
absence of specific budgets and financial allocations to cater for waste manage-
ment within hospitals [90]. Majority (80%) of the hospitals in this study indicated 
that lack of adequate waste bins and liners was the greatest challenge that hin-
dered waste segregation. 

This is in agreement with a study on HCW management carried out in Ethi-
opia which noted that there was a general lack of basic knowledge of HCW solu-
tions and segregation was not practiced [28]. Further, it is reported in Malaysia 
that even after provision of a HCW policy and training of healthcare workers, 
poor waste segregation continued in the healthcare facilities because of the ab-
sence of tools required for the segregation [91].  

5.4. Training and Occupational Safety and Health of Healthcare  
Workers, Waste Handlers and Incinerator Operators 

This study established that all the five hospitals appraised had all their waste 
handlers wearing PPEs that were in good condition, had a sharp injury surveil-
lance system in place, needle stick and incidents documented in a logbook regis-
ter, employees were knowledgeable of post exposure prophylaxis (PEP) proce-
dures and that PEP was available to staff for twenty-four hours a day. This is 
contrary to a study done in Nigeria that found that majority of workers handling 
waste without working tools and infection control materials, which exposed 
them to infection [92]. The disagreement could be due to the fact that we studied 
all the health workers while they studied only the dental workers. It was only in 
one out of four hospitals (hospital 4) that incinerator operators used all recom-
mended PPEs (heavy duty gloves, boots covering feet, overalls or aprons, face 
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masks, eye goggles and respirators while waste handlers in hospital 1 used none 
of the PPEs while handling HCW. Only hospital 1 had IPC training documented, 
induction training on HCWM done to new employees and documented; and 
had trained more than sixty healthcare workers. This may be the reason only 5 
had needle stick injuries in one year out of 26,419 outpatient attendants. 

The study concurs with another study that emphasized training of healthcare 
workers, waste handlers and incinerator operators to equip them with know-
ledge in handling of HCW to ensure safety measures are observed and protects 
them from the risk of infection that would emanate from handling of HCW [93].  

5.5. Treatment, Disposal and Housing of HCW Treatment  
Equipment 

Incineration was the technology used in the five county hospitals studied as a 
HCW treatment method. This concurs with the findings of a study done in Por-
tugal where they found similar results [94]. This study found that although 
there was segregation being practiced at the point of HCW generation, general, 
infectious, highly infectious waste and sharps all ended up in the treatment fa-
cility. This finding concurs with that of another study in Botswana which con-
cluded that due to lack of formal training, non-clinical waste was often trans-
ported for unnecessary internal incineration with hazardous clinical waste lead-
ing to over-crowding, overuse and overwhelming of staff and incinerator [95].  

In this study, type of incinerator, functionality of incinerator, provision of 
temperature regulation device and its functionality, existence of standard oper-
ating procedures for the waste treatment facility, availability of equipment man-
ufacturer’s operators manuals, readily available equipment spare parts, preven-
tive maintenance logbook for the local biomedical engineers or a proof of a ser-
vice contract for the equipment, presence of backup procedures in case of 
equipment failure and that waste treatment equipment that was in use posed no 
harm to incinerator operators, local community and the environment were im-
portant issues studied. On-site incineration of HCW was favored in the five hos-
pitals studied. This is because it is seen as fast and cost-effective, but its tho-
roughness attracts speculations and major concerns relating to design, operation 
and maintenance. All the hospitals visited used a de-montfort type of incinerator 
which had no temperature monitoring gauges except hospital 3, which had a di-
esel fired incinerator. It has been recommended that low temperature incinera-
tors should be banned if incineration was seen as the solution to HCW treatment 
[85]. However, hospital 3 incinerator though a more recent technology lacked 
pollution control devices for cleaning gaseous emissions from HCW incinera-
tion. All the incinerators assessed did not meet the national guidelines for waste 
management as set standards by the National Environment Management Au-
thority, 2006.  

A study on Environmental impacts of the US concluded that, pollution is the 
greatest environmental cause of disease and premature death around the globe 
and the healthcare sector has been noted for being a significant contributor to 
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acid rain, greenhouse gas emissions, air pollutants, stratospheric ozone depletion 
and carcinogenic air toxics [96]. Further, other studies found that pollutants 
such as carbon monoxide, nitrogen oxides and Sulphur dioxide from HCW treat-
ment led to global warming and as such many related diseases have affected 
global populations and that global warming has also led to the emergence of 
numerous parasitic diseases often in parts of the world never previously seen 
[97] [98].  

5.6. Potentiality of the HWM Indicators  

The HCWM management indicators introduced in this article allowed HCWM 
system to be compared among five hospitals in Kenya. Moreover, through the 
comparison with the data quality, the indicators can be assessed in terms of their 
reliability. The indicators and the methodology applied can be useful for pro-
viding suggestions to local hospitals’ stakeholders and policy-makers both at na-
tional and county governments on improvements required for obtaining the 
highest score and for taking into account management issues that have not been 
considered. The indicators presented in this article can be used to monitor and 
track improvements in HCWM systems, compare hospitals and for providing 
benchmark for baseline that can be used by the management internally or by an 
external evaluator. Therefore, the indicator set can be a tool for contributing to 
the improvement of the awareness about HCWM issues and management re-
quirements for boosting sustainability and health at a global level. This method 
will require to be applied in other case studies in Kenya, in order to compare 
other realities in terms of quality of the HCWM system. The results of the appli-
cation of this management tool will provide suggestions about which specific 
criterion requires to be prioritized in an indicator leading to improvement in 
waste segregation, storage, collection, treatment and final disposal. spreading the 
awareness about health risks and introducing new options regarding prevention 
and monitoring systems.  

5.7. Study Limitations and Future Improvements  

The research conducted in Kenya was implemented only in five hospitals which 
only provides a minimal indication of the Kenyan HCWM system. Therefore, it 
is suggested that the tool be applied in more hospitals and that the indicators 
should be continually improved. Moreover, the indicators were implemented 
only in Coast, Eastern, Rift Valley regions in Kenya while more research should 
be done in all regions to assess if there would be differences and whether the in-
dicators can be applied in all levels of hospitals. The approach was not replicated 
in other countries. The research should be repeated in other contexts with dif-
ferent regulations and social behaviour, in order to assess the reliability of the 
indicators for other case studies. The generation rates for the hospitals assessed 
were not included since this data was missing. The last limitation of the study is 
its implementation over a limited period. The indicators should be implemented 
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in a hospital as a baseline, all HCWM actors in a hospital should then be trained 
and equipped with necessary tools and reassessed after implementing HCWM 
for a period of time in order to provide a dynamic view of the HCWM system 
implemented at hospital.  

6. Conclusions and Recommendations  

1) The approach presented in this article can be considered a contribution 
towards development and application of a management tool for planning, mon-
itoring and tracking HCWM systems in developing countries, in agreement with 
the suggestions provided by WHO.  

2) The indicators suggested can be considered as a decision support tool for 
assessing and comparing the current HCWM system in hospitals in low-middle 
income countries, since the availability of a list of management requirements, as 
well as a method for classifying the main weak points that require prioritization 
for improvement, can be useful for planning appropriate training, provision of 
appropriate PPEs, storage, collection, transportation, treatment and disposal 
systems by governments, authorities and hospitals.  

3) This study is a useful starting point for introducing the methodology pro-
vided, which can be applied in assessing and monitoring hospitals’ HCWM sys-
tems in other developing countries worldwide and help guide policy makers into 
needy areas of HCW management that would require improvement to prevent 
nosocomial infections.  

4) Studies related to the background of HCWM systems are important for as-
sessing the best future scenarios.  

5) The objective is to assess the main weak points of each study area in terms 
of availability and use of HCWM policies and standard operating procedures, 
putting in place management and oversight structures for HCWM and IPC, mo-
bilizing HCWM logistics and requisite budget support, ensuring that all health-
care workers, waste handlers and incinerator operators are trained for occupa-
tional safety and that the hospital is equipped with HCWM treatment and dis-
posal facilities.  

6) This study is a contribution as regards the investigation of HCWM systems 
in Kenya, and the introduction of management tools useful for understanding 
current storage, collection, transportation, treatment and final disposal practices 
in this context.  

7) HCWM in Kenya represents an issue that should be investigated, in partic-
ular as regards appropriate treatment technologies.  

8) The evaluation team using this assessment tool should undertake deliberate 
weighing of wastes delivered at the incinerator to assist in calculation of wastes 
generated per bed per day. 
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