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Abstract: Healthcare waste is a major public health hazard in developing countries. The aim of this study was 

to assess healthcare waste management (HCWM) system currently employed in selected healthcare facilities 

(HCFs) in Madagascar.Data was collected through a questionnaire and field visit in 2009. Seventeen HCFs 

were randomly selected from seventy six HCFs whose staff had undergone HCWM in 2006. The quantity of 

infectious waste generated per day at the HCFs was in proportion to the number beds (r= 0.838 and p<0.05). 

Non-sharps infectious waste was positively correlated with sharps (r=0.709, p=0.001). The availability of waste 

management plan was reported in 52.9% while the implementation of color coding system for waste segregation 

was reported in 76.5% HCFs. Waste segregation was reported by majority of HCFs (82%). Moreover, the most 

common disposal method was Montfort incinerator (65%). In general, there was improved HCWM system in 

HCFs surveyed, although certain HCFs still had poor management due to inadequate infrastructure and 
equipment for segregation, collection, transport, and disposal of medical waste (MW) as well as poor waste 

generation records. Interventions strategies should include adherence to national regulatory framework, 

periodic training and sensitization of healthcare worker and increased allocation of resources for HCWM. 
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I. Introduction 
As a basic definition, United States Environmental Protection Agency (USEPA) has defined medical 

wastes (MW) as containing all waste materials generated by HCFs, such as hospitals, clinics, physician’s 

offices, dental practices, blood banks, and veterinary hospitals/clinics, as well as at medical research facilities 

and laboratories. This definition contains, but is not limited to, blood-soaked bandages, culture dishes and other 
glassware, discarded surgical gloves, discarded surgical instruments, discarded hypodermic needles (e.g., 

medical sharps), microbiological cultures, stocks, swabs used to inoculate cultures and withdrawn body organs 

after a surgery [1]. According to the World Health Organization (WHO), HCW is defined as the total waste 

streams [2] that include a wide range of materials, such as used needles and syringes, soiled dressings, body 

parts, diagnostic samples, blood, chemicals, pharmaceuticals, medical devices and radioactive materials [3]. In 

detail, it can be classified into eight main categories including general waste, chemical waste, pathological 

waste, radioactive waste, infectious waste, sharps, pharmaceutical waste and pressurized containers [4].  

Improper MW management results in adverse effects on the environment and the public health [5]. 

Numerous studies have reported that the inappropriate handling and disposal of HCW poses health risks to 

health workers who may be directly exposed and to people near health facilities, particularly children and 

scavengers who may become exposed to infectious waste and a higher risk of diseases like hepatitis and 
HIV/AIDS [6-8]. For instance, 5.2 million people including 4 million children are reported to die annually from 

MW-related diseases [9]. WHO estimated that in 2000, around 23 million people were infected with Hepatitis B, 

Hepatitis C and HIV worldwide due to injections using contaminated syringes in HCFs [10]. In addition, 

environmental nuisance may also arise due to foul odor, flies, cockroaches, rodents, and vermin as well as 

contamination of underground water tables by untreated MW in landfills [11]. The use of poorly designed 

incinerators can cause the generation of hazardous pollutants [12,13] including particulate matter, mercury, 
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dioxin and furans [14] that pollute the environment and may lead to impairment of the immune system, and 

impaired development of the nervous system, the endocrine system and the reproductive functions [15].  

In fact, Healthcare waste management (HCWM) entails all activities that lead to proper and safe 
disposal of waste produced from HCFs or a process that helps ensure proper hygiene in the health institution and 

safety of healthcare workers and communities [16,17]. These activities or process consists of generation, 

segregation, transportation, storage, treatment and safe disposal of all type of waste generated in HCFs [18] 

where national legislation must be followed.Waste generation designates the weight or volume of materials and 

products that enter the waste stream before recycling, composting, landfilling, or combustion takes place [19]. It 

can be dependent on type of HCFs, hospital specialization, available waste segregation options, seasonal 

variation, the number of hospital beds, and proportion of patients treated on a daily basis [20]. Four major 

categories of HCW have been recommended for organizing the process of HCWM such as sharps, whether 

infectious or not; non-sharps infectious waste; general waste; and other hazardous waste. Collection, storage and 

treatment of these wastes are differed from each other.Segregation of waste separates the HCW by type and puts 

all them in a safety box and other containers with different colors [21]. For example, keep infectious and 
potentially infectious waste in yellow or red containers with a biohazard logo; place non-infectious general 

waste in black containers or bags. Brown bags are often used for pharmaceutical and chemical waste. 

Incineration, disinfection, sterilization, plasma arc and land filling have been adopted for the treatment of HCW 

in different parts of the world but in most of the developing Asian countries, infectious, pathological wastes and 

sharps are incinerated rarely with required air pollution control/open burned and the ash is disposed along with 

the municipal waste [18]. 

In light of public health and environmental safety, WHO emphasizes controlling and managing medical 

waste by choosing suitable methods that reflect local condition of each country [22]. However, HCWM 

continues to present an array challenge for many developing countries [23], where it is hampered by 

technological, economic, social difficulties and inadequate training of staff responsible for the handling and 

processing of wastes [24].Several studies in Africa point out that medical waste management is still in its 

infancy; characterized by the lack of awareness on the impacts of HCW, the total absence of medical waste 
regulations and a high incidence of non-compliance in cases where they are existing [25-27]. MW are still 

handled and disposed together with domestic wastes, thus creating a great health risk to municipal workers, the 

public, and the environment [28]. Also, waste disposal options are limited, and small-scale incinerators have 

been used as an interim solution [29]. 

In Madagascar, most of the MW are generally buried [30]. Only about 519,758 kg of wastes are 

generally burnt annually against large quantities of 1,011,537 kg wastes that are reported as disposed by simple 

burial [30]. In 2004, it was reported that more than 60% of 80 health facilities assessed, disposed their wastes by 

open burning and burial. Used syringes and needles are reported to be seen in some courtyards of these HCFs 

[31]. Majority of artisanal incinerators are poorly designed and not efficient in terms of total combustion of MW 

[32]. Additionally, many people are unaware the effects of MW as a source of infections that can lead to death 

[33].Like many developing countries, Madagascar strives to enhance its HCWM and achieve good management. 
The ministry of public health (MOPH) of Madagascar validated a document of national policy (NP) on 

healthcare waste management and injection safer (HCWMIS) defining the objectives, the strategies and the 

national action plan which extended from 2005 to 2008 for tackling the challenges [31]. To ensure the 

improvement of medical waste management and reinforce its strategic interventions in Madagascar, it is 

important to understand and evaluate the currentmedical waste management system before making 

recommendations on proper remediation measures. Therefore, the purpose of this study was to assess the 

amount of HCW, the suitability and adequacy of equipment and infrastructure for safe or proper disposal of 

MW in HCFs of Madagascar. The review on the status of HCWM may provide workable recommendations that 

could foster changes in the way HCW is managed.  

 

II. Materials and methods 
2.1 Study area 

The health system in Madagascar is structured at four levels: Basic Health Center level 1 and level 2 

(BHC1 and BHC2),District Hospital level 1 and level 2 (DH1 and DH 2), Regional Referral Hospitals 

(RRH),and University Hospital (UH) [34]. The total number of the HCFs in each categories were 2494, 86, 18 

and 4 respectively [35].The study was carried out in 17 hospitals such as 1 UH, 07 RRH, 05 DH1 and 04 DH2 

and its number of the beds was included between 15 and 425 beds. These HCFs were selected from the random 

draw of the 76 HCFs in which their leaders were trained in HCWM in 2006. Then, this study focused on 

investigating because it was assumed that the categories of HCFs would generate more HCW in the city than 

others mainly due to their relatively large numbers of staff and patient. Thus, it was conducted on 17 HCFs 

(about 80% response rate). In addition, the study on these HCFs was also considered sufficient to understand the 
current waste management system in Madagascar. 
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2.2 Data source 
The data used in this study come from a survey conducted in 2009.The aim of this investigation was to 

evaluate the effectiveness of NP on HCWM regarding five elements: the structure and equipment of HCFs, the 
legislative and regulatory framework, promotional activities, financing mechanism and the establishment of 

monitoring system.In our study, we were interested inthe structure and equipment of HCWM in the HCFs. 

These data  were  obtained  by  administering questionnaires  to  hospital  staff  such  as  consultants,  medical 

officers, paramedics (matrons, nurses, cleaners, pharmacists), and administrative  personnel.  The  

questionnaires  were  designed  in such  a  way  as  to  enable  respondents  indicate the HCW generated  in the 

HCFs and its management system. It was structured to generate the following data:   

1. Number of beds  and quantity of waste produced in the HCFs 

2.  Availability of waste management plan 

3.  Use of proper color coding system with recommended containers for sorting, collecting and transporting 

waste  

4. Waste segregation practice 
5. Waste disposal methods provided.  

6. Adequacy of the protective wear and cleaning equipment  

7. Availability of information education and communication (IEC) materials or tools 

 

2.3 Data analysis 
Data about the quantity of HCW was analyzed using SPSS version 16. Although it was abnormally 

distributed, medians and ranges were determined to calculate the MW generation in these HCFs. Then, 

significance testing the bivariate associations between the total amount of waste and the number of beds was 

conducted using Spearman’s rank correlation coefficient (r) [36]. P-value and r have been reported to present the 

extent strength between two variables [37]. P-value < 0.05 was considered significant. Different descriptive 

statistics were used to evaluate the waste management system. 

 

III. Results 
1.1 Generation rate of HCW 

The median generation rate of non-sharps infectious waste and sharps in these HCFs was about 23.57 

kg/day (range: 13.57- 92.86 kg/day) and 3.43kg/day (range: 1.00-28.57 kg/day) respectively (Table 1). The 

highest generation rate of total HCW studied was found at UH (121.43 kg/day) and the lowest at DH1 (15.29 

kg/day). With regard to the number of the beds, the median generation rate of non-sharps infectious waste and 

sharps totaled about 0.57 kg/bed/day (range: 0.22-1.34 kg/bed/day) and 0.08 kg/bed/day (range: 0.03-0.18 

kg/bed/day) respectively. The highest generation rate of this total HCW was found at DH1 (1.48 kg/bed/day) 

and the lowest at UH (0.29 kg/bed/day). The median was valued 0.65 kg/bed/day. It was observed that the 
variation of the MW amount depended on the factors such as number of the beds, categories of hospitals, 

management of HCW and so on. There was a positive correlation between the total MW generated (kg/day) and 

the number of beds (r= 0.838 and p<0.05) (Figure 1), between the quantity of non-sharps infectious waste 

(kg/bed) and the number of the beds (r= 0.813; p<0.05) (Figures 2) and between the sharps (kg/day) and the 

number of the beds (r= 0.656; p=0.004) (Figure 3). Similarly, the quantity of sharps (kg/day) was positively 

correlated with the quantity of non-sharps infectious waste in these HCFs (r=0.709 and p=0.001) (Figure 4). 

 

Table 1 Daily quantity of infectious wastes generated in the HCFs 
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Figure1. Scatter plot showing the number of beds correlated with the quantity of infectious waste  

(r= 0.838 and p<0.05) 

 

 
 

Figure2. Scatter plot showing the quantity of non-sharps waste correlated with the number of beds  

(r= 0.813 and p<0.05) 

 
Figure3. Scatter plot showing the quantity of sharps correlated with the number of beds 

 (r= 0.656 and p=0.004) 

 
Figure4.Scatter plot showing the quantity of sharps correlated with the quantity of non-sharps infectious 

waste (r= 0.709 and p=0.001) 
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3.2 Waste management systems 

Availability of waste management plan (WMP) 
The eventual existence of validated WMP in the selected HCFs was found that several HCFs including 

DH1, DH2, RRH still hadn`t WMP (60%, 50% and 43% respectively) but in general, nine out seventeen 

(52.94%) implemented the plan (Table 2). 

 

Table 2 Availability of validated WMP in the surveyed HCFs in Madagascar. 

 
*Numbers in parentheses represent the total of HCFs studied in different categories 

 

Waste segregation, collection and transportation 
Most of the HCFs used color coding bins (60% of DH1, 75% of DH2, 86% of RRH and 100% of UH) 

and all of HCFs assessed had recommended containers for sorting, collecting and transporting waste (Figure 5 

and 6). Those that didn’t have were observed especially in the small HCFs as DH1. Most of HCFs practiced the 

waste segregation except 40% of DH1 and 14.3% of RRH where the general waste was still mixed with 

infectious waste in the dustbins from the production until the disposal of waste (Table 3). 
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Table 3 Waste segregation practice in the designated HCFs 

 
 

Waste disposal methods and other equipmentneeded 
Open air burning, single chamber incinerator and Montfort incinerators were most common type of 

disposal methods in the surveyed HCFs (Figure 7). Many HCFs (65%) disposed their waste in the Montfort 

incinerators because it was considered to conform according to the national policy. 35% of HCFs reported using 

non-conformity waste disposal.The most common type of cleaning equipment found in these HCFs was shovels, 

scrapers and brooms (Figure 8). The main protective equipment used by most HCFs was gloves, masks, boots 

and coveralls (Figure 9). Only DH1(60%) and RRH(14.3%) didn`t display IEC materials needed for sensitizing 

visitors, patients, healthcare workers and others to pay attention to  HCW in order to prevent health and 

environmental risks (Table 4). 
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Table 4 Availability of IEC tools for sensitization in the studied HCFs 

 
 

IV. Discussion 
1.2 Generation rate of HCW 

The highest generation rate for infectious wastes in the surveyed HCFs in Madagascar was found at 

DH1 (1.48 kg/bed/day) and the lowest was at UH (0.29kg/bed/day). This difference may be due to number beds 

and the waste management process because UH had a larger number of the bed than DH1 and those that 

reported provided a poor HCWM were found especially in DH1.HCFs generate different kind of wastes in 

which non-sharps infectious waste and sharps are among the hazardous wastes that can cause serious health 

problems particularly for waste collectors, hospital patients and healthcare workers. The infectious 

wastegenerated from the surveyed HCFs (0.65 kg/bed/day) was higher than that estimated by the NGO Voarisoa 

in 1999 at the hospitals in Madagascar (about 0.065 kg/bed/day) [32].The increase in waste production was not 

only due to the increase in population, but also the improvement of waste management process because before 

2005, there was no national policy, internal regulations, sensitization as well as training on HCWM in 
Madagascar. Thus, most of the HCW was put together with the general waste which decreased the quantity of 

HCW and increased the risk and spread of the diseases related to it as it was no longer handled as HCW. 

The proportion of MW generated differs between countries. For example, about infectious waste, the 

mean waste generation in a university teaching hospital reached about 2.43 kg/bed/day in Iran. In 10 hospitals in 

Tabriz (Iran), the average total production for infectious waste was 1.039 kg/bed/day. Quantities of waste 

generated depended on the status of the hospital, level of instrumentation and sometimes location of the medical 

facility [38]. There were positive correlation between this total MW (kg/day), quantity of non-sharps infectious 

waste (kg/bed) or quantity of sharps (kg/day) and the number of beds (r= 0.838, p<0.05; r= 0.813, p<0.05 and r= 

0.656, p=0.004 respectively) in this study. Similar results were reported for nine general hospitals and twelve 

government hospitals in Central Macadonia where the amount of infectious waste (kg/day) was linearly 

correlated with the number of beds [39]. Additionally, our study found a significant positive correlation (r = 
0.709, p=0.001) between the quantity of non-sharps infectious waste (kg/day) and sharps (kg/day). This 

correlation may be due to the separation of sharps from other infectious waste according to the classification of 

HCW. It means increase in non-sharps infectious waste leads to increase use of sharps which may increase 

injury and health hazards, thus needed to be handled and well-disposed in a controlled manner to safeguard 

public health against injuries. 
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1.3 Waste management systems 

Availability of waste management plan (WMP) 

In the present study, about half of surveyed HCFs didn’t have waste management plan or procedure of 
internal HCW.In addition, there was the lack of reliable data on the waste generation because the quantities of 

waste had been estimated by observations and interview of the people responsible for incineration. A similar 

survey conducted in the 85 HCFs in Zambia revealed that there was no waste management plan prepared in 

most of the HCFs (47 out of 85 HCFs) [40]. Most of the HCFs did not maintain records of waste generated 

contrary to ministry policy, legislation or regulations. This may lead to improper planning and allocation of 

resources. 

 

Waste segregation, collection and transportation 

It was found in this study that the majority of HCFs (76%) implemented color coding system for waste 

segregation and recommended containers for sorting, collecting and transporting waste were practiced at all 

surveyed HCFs. This was significantly better compared with a study in Ethiopia which reported that none of the 
hospitals surveyed used a complete color coding system [37]. Comparable survey in Zambia showed that the 

majority of HCFs had no color coding in place which may lead to difficulties in segregation of waste [40]. 

According to the Alagoz and Kocasoy, in Istanbul, most of the healthcare institutions did not have appropriate 

color coded bags or containers for sorting the different types of waste [41]. Concerning the waste segregation 

practice, it was revealed that about 82% of the surveyed HCFs followed this practice.  This result was 

comparable to studies done in South Africa and India which reported that about 97% and 67% respectively of 

HCFs segregated HCW into readily available waste bins [42, 43].A similar survey conducted in China showed 

that 73% of the hospitals used segregation in collection of HCW for all medical waste, while 27% of the 

hospitals did not implement segregation in collection of medical waste [44]. 

The present study also reported cases of noncompliance in segregation practice and color-coding 

system found especially in the small HCFs such as DH1. This may result in hazardous waste not only being 

disposed inappropriately, but also with members of the community gaining access to such waste.Likewise, in 
China, Gai et al. (2010) reported that primary health-care centers demonstrated a number of waste management 

inadequacies which were bigger than those of secondary or tertiary establishments [45]. Similar noncompliance 

had been reported in PHC assessments conducted in several developing countries such as Laos, Turkey, 

Mongolia, among others [46, 10 and 41]. 

 

Waste disposal methods and other equipmentneeded. 

The disposal methods for HCW in the surveyed hospitalsconsisted of single chamber incinerator (6%), 

open air burning (29%) and use of Montfort incinerator (65%). This was better than that reported by Muluken 

Azage where only four out of ten health centers (40%) used local type of incinerators, while the rest (60%) used 

open burning for the final disposal of HCW [47]. Similarly, a study in Hawassa city revealed that about 89% of 

the HCFs used low combustion incinerators and 11% of the HCFs used open burning of the waste as a treatment 
method [48]. Also, assessment conducted by WHO in 22 developing countries showed that the proportion of 

HCFs that do not use proper waste disposal methods ranges from 18% to 64% in 2002 [49]. Cleaning and 

protective equipment were applied in most of the surveyed HCFs (70.6% and 76% respectively with gloves used 

commonly in about 70.6% of HCFs). These results were comparable to other places such Istanbul, where 

approximately 77% of the hospitals used appropriate equipment for collection and personnel [50]. Displayed 

IEC materials as instructive posters was found generally in most of HCFs (70.6%) but those didn`t implemented 

found particularly in DH1 (60%).  The use of instructive posters was important for sensitization visitors, 

patients, healthcare workers and others to pay attention to the risks involved in reusing syringes and hypodermic 

needles or the infection-control benefits of waste segregation and treatment. A similar study achieved in Saudi 

Arabian hospital was reported the importance of providing instructive posters as tool to promote effective 

segregation of HCW [51]. 

 

V. Conclusion 
It can be concluded that the performance in terms of implementation and adoption of NP on HCWMIS 

in Madagascar HCFs is moderately satisfactory. Comparable judgment was reported by the staff of the World 

Bank in 2008. However, majority of lower level HCFs still had some cases of poor HCWM and therefore we 

give the following recommendations:   

- to emphasize adherence to set guidelines on safe management practices and safety procedure on HCWM 
and provision of equipment and infrastructure needed for HCWM 

- guidelines Lobby for increased allocation of resources for better HCWM and implementation of set policies 

- educational, informative and instructive posters, pamphlets  and audio-visual aid to sensitizing health-care 
personnel as well as the public on safe HCWM practices 
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- periodic audit of HCWM practices at all HCFs and recommendations for improvement 

- continuous periodic training of healthcare workers and cleaning staff because staff training becomes 
imperative to create awareness on wastes, their effects, importance of existing guidelines and the 

implementation of the waste management options for the different categories of wastes so that hospitals do 

not become infection centers that contribute to health risk to the environment and humans [52].  

 

Future research should include introduction of other factors such as patient flow in HCFs and inclusion 
of private HCFs to obtain specific information on HCW generation rate and its management system which is 

representative of the situation in the whole country. Finally, HCWM needs the involvement of all stakeholders.  
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