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The plight of humanity in refugee camps is an age-old issue, as is the ever-increasing issue of waste management, especially medical waste. Though situations have improved in recent times for refugee camps, the same cannot be concurred about medical waste management, as it increases in amount every day. This is the first study on the refugee camp, which was conducted to assess the status of medical waste management and to quantify and characterize medical wastes disposed of in the Rohingya refugee camp at Cox’s Bazar, Bangladesh. A cross-sectional, qualitative, and quantitative study was done. A total of 499 households, 30 solid waste collectors, 30 HCF workers, and 21 solid waste management (SWM) plant workers were interviewed by KoBo Toolbox. Monthly medical waste collection data from February to June 2022 was also collected. Data collection, processing, and statistical analysis were done using Origin Pro and SPSS software. It was found that the camps did not follow any specific guidelines for medical waste management except for a few segregations in healthcare facilities (HCF). Though 88% of the respondents were aware of the hazardous nature of medical waste, most of them disposed of these wastes in open places (49%) and drains (44%), and 70% did not segregate it from regular waste at the household level. Moreover, 73% of solid waste management workers found medical waste daily in communal bins. The HCF did not keep any records on the production of medical waste. Different types of medical waste were found in communal bins; glass bottles containing medicines were common among them. Data from the material recovery facility (MRF) of this camp showed that the highest amount of medical waste found in the communal bins was in April (65 kg) during the seasonal change from spring to summer and the lowest in February (12.7 kg). Moreover, HCF’s existing medical waste management practices were analyzed with SWOT and DPSIR framework. Based on all the findings, a comprehensive on-site and off-site management plan for medical waste is also proposed here. That will help the concerned prepare a camp medical waste management guideline.
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1 INTRODUCTION
“Nothing on Earth is more international than disease,” said Paul Russel. Health and disease have no political or geographical boundaries (WHO, 1980). Health care facility has been established worldwide to save us from different diseases (Alam, 2019; Barua and Hossain, 2021; Khalid et al., 2021). This facility creates a special kind of waste that is called medical waste (MW). Environmental protection and public health are seriously threatened by medical waste. Due to its rise in volume, medical waste management (MWM) difficulties that exist worldwide have been made worse in the COVID-19 pandemic (Barua and Hossain, 2021; Khalid et al., 2021). The World Health Organization (WHO) defines medical waste as “Waste that is produced in the diagnosis, treatment, or immunization of individuals or animals in research related there, or in the manufacturing or testing of biologicals” (Windfeld and Brooks, 2015). WHO predicts that hazardous compounds that may be infectious, poisonous, or radioactive comprise about 20% of these medical wastes (Birchard, 2002). Medical waste contributes to the second-largest volume of hazardous waste in the nation, according to Asian Development Bank’s hazardous waste inventory from 2008 (Hasnat and Sinha, 2010). MWM is one of the many intricate and demanding problems that humankind is currently experiencing as the world’s population grows and the need for medical services rises (Windfeld and Brooks, 2015). When medical waste is not managed and is therefore disposed of inappropriately, there is a significant danger of infection or injury for medical staff as well as risk for the general public due to the release of microorganisms from medical institutions and hazardous properties of medical waste into the environment (Mohee, 2005; Chauhan and Singh, 2016; Mitiku et al., 2022; Wassie et al., 2022). So MWM is an important event for all countries. Most industrialized countries have laws governing medical waste, but there is typically minimal guidance on campsite medical waste management (Mbongwe et al., 2008; Prem Ananth et al., 2010). As a result, medical waste in different campsites is not adequately managed, and various pathogens and infectious agents can frequently spread (Kwikiriza et al., 2019).
Bangladesh is a small developing country. The population of Bangladesh is higher than its area. This large number of people in Bangladesh requires many healthcare facilities to get proper health treatment. This establishment also produces a large number of medical waste. In Bangladesh, medical waste generation is estimated to be roughly 0.5 kg/patient/day under typical circumstances (Hassan et al., 2008; Biswas et al., 2011). In opposition to this, during the COVID-19 pandemic, waste production increased to 3.4 kg/patient/day, around 6.8 times more than usual (ADB, 2020). Medical waste management was a predicament in Bangladesh even before the pandemic ensued (Barua and Hossain, 2021). After the pandemic, the condition becomes more worst. In 2004, the first environmental assessment and action plan for the country’s sector addressing MWM in the areas of health, nutrition, and population was made public. It was later upgraded in 2011 (Barua and Hossain, 2021). Bangladesh published its first MWM rules in 2008. Later, from 2009 onwards, some Non-Government Organizations (NGOs) came forward for MWM. However, Bangladesh has yet to demonstrate proper implementation of the MWM system’s rules. Failure to implement adequate MWM might endanger the country’s ecology and biodiversity (Hassan et al., 2008; Barua and Hossain, 2021).
On the 25th of August in 2017, a previously unprecedented surge of Rohingya refugees from Myanmar’s Rakhine State began arriving in Cox’s Bazar of Bangladesh. They are predominantly Forcibly Displaced Myanmar Nationals (FDMNs) from Myanmar who have fled to Bangladesh. In the Cox’s Bazar area, as of October 2019, there were an estimated 911,566 Rohingya refugees, 905,754 of whom were housed in 34 refugee camps (Security and Management, 2019). This created a humanitarian disaster and necessitated considerable cooperation among several stakeholders to face this. (Alam, 2019; Lewis, 2019; MacLean, 2019; Jeffries et al., 2021). This demographic group also has significant and diverse physical and mental health requirements, including issues with sexual and reproductive health, infectious diseases, chronic illnesses, physical impairments, injuries, and emergencies (Kwikiriza et al., 2019; Al-Khatib et al., 2020; Andrew et al., 2021; Jeffries et al., 2021). To give them medical support, non-governmental organizations such as the United Nations High Commission for Refugees (UNHCR), International Organization for Migration (IOM), Bangladesh Rural Advancement Committee (BRAC), Gonoshasthaya Kendra (GK), and United Nations International Children Emergency Fund (UNICEF) establish health camp facilities. These procedures create massive medical waste containing infectious and pathogenic contaminants. Exposure to hazardous medical wastes can cause infections, infertility, genital deformities, hormonally triggered cancers, mutagenicity, dermatitis, asthma, and neurological disorders in human beings (New WHO Handbook on Healthcare Waste Management, 2013). Typhoid, cholera, hepatitis, AIDS, and other viral infections can be transmitted through sharps contaminated with blood (Oli et al., 2016; Kenny and Priyadarshini, 2021). Considering the issue, managing medical waste is necessary for the Rohingya camp (Chauhan and Singh, 2016). However, there is very little specific and detailed literature on medical waste management in humanitarian campsites (De Montclos and Kagwanja, 2000; Oka, 2014; Ekezie et al., 2019; Karsu et al., 2019; Zarei, 2022). As a result, medical waste poses considerable health and environmental risks to camp people and the surrounding locality. This study has been conducted to eradicate this issue and ensure more efficient medical waste management in campsites. It will also critique existing management facilities and show possible mitigation alternatives. That will help the concerned prepare a camp medical waste management guideline and ensure SDG 3.
The specific objective of this study is (1) to characterize medical waste generated with regular solid waste in the context of the refugee camp, (2) to find out the efficiency of existing medical waste management with SWOT analysis and DPSIR framework, (3) to recommend an alternative for more efficient medical waste management in the humanitarian context.
2 METHODOLOGY
2.1 Study area
The study area is mainly conducted in the Rohingya camps. The refugee camp is situated in the southeast part of Bangladesh, in Cox’s Bazar city of the Chattogram division. The massive influx of refugees into Bangladesh from violence in the neighbouring country Myanmar now stands at 33 crowded camps in Cox’s Bazar district (Figure 1). The main source of quantitative data in this study was from the FDMNs, solid waste management personnel from Camp-15 (Ukhia). This camp houses refugees from the Rakhine state of the neighbouring country Myanmar. The camp and the respondents in the questionnaire survey were selected through a random sampling method, more specifically, the purposive random sampling method, which was done to ensure the most effective data collection in the study to paint out the complete scenario.
[image: Figure 1]FIGURE 1 | Study area of Camp-15 Ukhia, Cox’s Bazar.
2.2 Study population
To do random sampling in this case, the sample size was calculated as follows (Krejcie and Morgan, 1970)
[image: image]
Where N = Population Size; p = Population proportion; Z = Critical value of the normal distribution at the required confidence level; e = Margin of error. N is the sample size which is calculated and determined as 378 (=n) based on the following parameters. N is the population size, 21050; z value is 1.96 at 95% confidence level, e is the confidence interval or margin of error expressed as decimal (0.05), and population proportion, p is 0.5.
This study interviewed 499 households, 30 solid waste collectors, 30 HCF workers from 7 HCF, and 21 solid waste management (SWM) plant workers. Sample selection was made using random sampling. In addition to this, 15 KIIs (Key Informant Interviews), 5 IDI (In-Depth Interviews), and 10 FGDs (Focus Group Discussion) were conducted for collecting qualitative data from relevant stakeholders such as the Government of Bangladesh (GoB), WHO, NGOs, and International Non-governmental Organization (INGOs), hospital workers, doctors, nurses, local people, UNO, chairman, government workers.
2.3 Data collection procedure and its tools
The participants faced the questionnaire (qualitative and quantitative) physically and faced to face. An introductory briefing was given to them where the objectives of the study as well as ethical issues, were described. Then, informed verbal consent was taken from the participants before surveying. Field visits and household surveys were also conducted. Kobo Toolbox software (https://www.kobotoolbox.org/) was used in the continuous collection of data and as safe storage for the database. Interviews are done with the help of it. All of the questions were asked in Bengali and the answers were translated into English when the paper was written.
2.3.1 Interviews
Key informative interviews (KII), In-depth interviews (IDI), and semi-structured interviews are done to explore the experiences of targeted participants and the meanings they attribute to them. Researchers encouraged the participants to talk about issues or tropics they want from them by asking open-ended questions, in one-to-one interviews (Tong et al., 2007). All of the selected people were interviewed by the definite questionaries prepared by the authors, and the answers were collected for further data analysis.
2.3.2 Focus group discussion (FGD)
FGD is a helpful tool for finding specific scientific data from a community. It is often conducted with 4–10 people. However, the moderator has the option to moderate the talking or responding issue. In this part, the selected people answered the moderator’s questions by interacting with each other (Tong et al., 2007). Two to five people from our team were present when this FGD was conducted. One was assigned to give them key point to talk and moderate the conversation. All of their conversations were recorded with their proper consent to ensure accuracy.
In addition, data from the MRF was also collected from their log book from February to June 2022.
2.4 Data variables
The questionnaire was designed to facilitate the assessment of the current pattern of medical waste management in the Rohingya camp, which adds to the challenges of SWM in Rohingya camps at Cox’s Bazar. The information collected by this questionnaire attempted to accumulate information addressing the generation of different medical wastes amount and sources from other locations at the community level. All of the surveys started with demographic questions such as name, age, and sex, followed by questions about household-level practices to manage solid and medical waste. The interviewer asked about the respondents’ knowledge of medical waste status as a hazard if they purchased medical items and the availability of medical items. If yes, where and what do they do after using the medical articles, and is any medical waste collection point available in their community? The solid waste management workers survey questionnaire included questions on their view of the impact of solid waste disposal on polluting the environment, the status of waste (existence of waste communal bin nearby, regular waste collection, waste left in communal bins, drains, roads/open space), where, by whom, the process of, at what time of the day, and how often household waste are disposed. The types of waste generated, segregation of waste into organic and inorganic, knowledge about waste processing, satisfaction with the collection level, and if any knowledge or message was provided to them were also among the questions asked.
Survey questions to waste collectors included how often they collected daily waste in the week, methods used to collect day-to-day waste, where they were collected from if they found medical waste during regular waste collection, and what they did with it.
Survey questions to SWM plant workers/volunteers/stuff contained, plant location, coverage block of solid waste management plant, population coverage from this plant, if any medical waste came to the plant from community level, how they are processed, and finally, how they are managed. In the case of HCF workers, questionaries contain the amounts of medical waste generated in HCF, what is the type of waste they generate, do they segregate them, how they manage their waste, do they satisfied with the existing waste management procedures, and what can be done to improve it.
For IDI, FGD the moderating conversation points were as follows: do they have knowledge about medical waste, is medical waste properly managed here, what is the procedure to manage them, is there any regulatory body for monitoring medical waste, are they satisfied with the management, and what should be done for the betterment of medical waste management.
2.5 Data analysis
Microsoft Excel was also used in the processing and analysis of the data. The collected data is analyzed with descriptive statistics in narrative form and through percentage analysis. Pearson Correlation Coefficient values were calculated, and a correlation matrix was produced for some datasets as required. Origin Pro-2022 was also used for creating graphs and statistical analysis. SWOT and DPSIR were performed based on the qualitative and quantitative data. The details are provided in the following subsection (SWOT analysis and DPSIR analysis).
2.5.1 SWOT analysis
Based on the KII, IDI, and FGD from the relevant stakeholders, SWOT analyses are performed. SWOT means strength, weakness, opportunity, and threat analysis of a definite organization, system, or guidelines (Büyüközkan and Ilıcak, 2019; Shammi et al., 2022). Among them, strengths and weaknesses are internal factors, and opportunities and threats are external factors. For the strength, weakness, opportunity, and threat part, the strengths, weaknesses, opportunities, and threats of existing waste management procedures are identified. This is done based on the KII, IDI, FGD, and literature surveys.
2.5.2 DPSIR analysis
A causal relationship is established for portraying societal and environmental interactions using the Driver-Pressure-State-Impact-Response (DPSIR) framework. It is a tactical and logical instrument for identifying, evaluating, and summarizing environmental issues at various spatial and temporal scales (Tscherning et al., 2012; Skondras and Karavitis, 2015; Vardopoulos et al., 2021). This analysis was also performed based on KII, IDI, and FGD information and a literature review. It is often used to link different parameters or factors with each other in qualitative data representation.
2.6 Literature review
For reviewing the literature, first of all the available literature, reports of different NGOs and governments in medical and solid waste management were collected. Then they were analyzed, and information related to our research question was segregated for use and compared with our analyzed data.
2.7 Ethics statement
All of the participants are first informed about the research objectives, and they were interviewed only if they agreed to participate. No interview was taken without their consent. In a continuous interviewing process, if anyone wished to terminate, they were able to do so.
3 RESULTS
3.1 Analysis of the household survey respondents
The respondents belonged to Refugee Camp 15 (Blocks A, C, D, E, F, G, H). There were 279 (55.9%) male respondents and 220 (44.1%) female respondents. Their age varied from 19 to 60 years, with a mean age of 35. The current mechanism of waste disposal in this community location was documented since the medical waste was disposed of mixed with household waste. The respondents were asked questions to find their knowledge of the relationship between waste disposal and the environment. The refugees of the camp responded that unplanned dumping might have a serious effect on the environment and opined some causes or a combination of causes for this happening.
Most of the respondents (about 91% respondents) have an idea about the fact that inadequately disposed of solid waste can pollute the environment; 88% of respondents also concluded that medical waste could also pose threats to nature (Table 1). Moreover, most people opined that the disruption of nature was due to the absence of any communal bins nearby and the consequent existence of the waste being left in open drains. Many people also thought it was due to waste not being collected regularly and them being left on roadsides or open places. Many of them said that they came to know of this knowledge of disruption of the environment by waste through various WASH agencies and NGOs that helped build their awareness on the matter. However, at the community level, no system is yet established for medical waste management.
TABLE 1 | Opinion of the household survey respondents on the relationship of waste disposal with the environment and the reason for pollution of the environment due to unplanned disposal of solid waste.
[image: Table 1]In the case of waste disposal practices of the respondents, it was found that disposal methods of their household wastes varied from person to person, as shown in Supplementary Table S1. Most people dump waste in an open place near households (48.92%) and into the drains (43.91%). Some people say that the waste collector collects their waste from their door; some also throw it in the communal bin. At the same time, a portion of the population dumps it by the side of the road (22.58%). The community’s current practices of medical waste disposal systems were also found through the gender roles of household waste disposal. The HH’s waste disposal activity was carried out majorly by women at 414 (74%), while men disposed of HH’s waste 85 (15%) times. Most people were found to dispose of their waste on an everyday basis (70.79%), majorly in the morning and the evening. People used polythene (57.17%) and household bins (32.08%) to contain and throw waste outside. When asked about the type of waste produced in their household, they listed organic and inorganic materials, including vegetable waste, fish waste, polythene bags, papers, packets, clothes, leaves, etc. Almost 70% of the participants did not segregate their waste into organic and inorganic categories. Some people demonstrated that their waste materials were taken to their camp’s solid waste management plant, some by CARE (Cooperative for Assistance and Relief Everywhere) and some by BDRC (Bangladesh Development Research Center). However, 32.62% of people had no idea about the processing of their disposed waste or where they were being taken. However, most people seemed satisfied with their locality’s waste collection practices. Yet more than 70% of participants claimed they were made aware of waste disposal or the importance of segregation by different organizations.
The status of medical waste generation, disposal practices, and the respondents’ knowledge level are demonstrated in Table 2. 83.87% of respondents said that they purchased medical items for their families. The medical item type they bought included syrup bottles, tablets, capsules, and syringes for injections. They bought vitamins, paracetamols, metero, omeprazole, diarrhea medicine, cough, fever, and gastric medicines such as the domperidone family of medicines. They purchased these medicines from markets (they named five such markets), hospitals (3 hospitals), pharmacies, and other small shops around their locality. This gives the idea of the availability of many places to buy medicines from the locality. 86.74% said medical items were relatively available. On the other hand, 81.9% of respondents said that there were no medical waste collection points in their community. As a result, they mostly threw the medical items in communal bins after using them (23.48%), kept them in their household (39.78%), or threw them in an open place after using them (15.05%). Some people threw them in the drains. The rest of the respondents disposed of them in latrine rings, on the ground, or buried into the ground and given to waste collectors. From our observations and the respondents’ statements, it was pretty clear that the camp has no establishments or infrastructure for hazardous medical waste.
TABLE 2 | Status of medical waste generation and disposal practices as well as the knowledge level of the respondents.
[image: Table 2]3.2 Solid waste management workers survey findings and analysis
Solid waste collection is mainly done by the WASH actors in the camps. They are mostly government employees employed to collect waste. Camp local waste collectors collect waste from the community level, and by transportation, this waste is sent to MRF for further processing (Supplementary Table S2). Key findings from the respondents showed that predominantly 100% of waste collectors were male. The waste collection was done 5 days a week. As shown in Supplementary Table S2, solid waste vans and wheelbarrows are used for daily waste collection in camps. Wastes are mainly collected from household levels, roads, drains, shared spaces, and communal bins. This matches with the responses from the form of the household respondents where they expressed that they threw waste at these exact places. After the collection of waste, all waste was transferred to the solid waste management plant. They found medical waste mixed with general waste regularly. The current practice is to store medical waste in plants, and finally, the medical waste is dumped or open burned in most themes.
3.3 Health care facility (HCF) survey findings and analysis
The HCF is one of the major sources of medical waste generation. A total (of n = 7) healthcare facilities were surveyed. They included BDRCS (Bangladesh Red Crescent Society), Save the Children, BRAC, GK, IOM, and others. To identify the current practices at the camp level HCF survey was conducted. Different types of hazardous waste can be generated in all clinical institutions, including hospitals, health centers, dispensaries, and special clinics. The average waste generation rate for HCF was 2 kg per day. Types of waste generated in the healthcare facility as per our survey, were general waste, infectious waste, sharp objects, recyclables waste, chemicals (liquid and solid) waste, pharmaceutical waste, and anatomical waste. In terms of safe handling of medical waste, 57% of HCF said their safety levels were satisfactory, whereas 43% of HCF said it was insufficient. In this study, all the facilities used plastic bins for disposal and containing waste.
Medical waste has not received much attention in camps, and this study shows that it is disposed of together with domestic waste by the community. Figure 2 shows that 71% of HCF have their medical waste management system, 15% of HCF are transferred to a third party, and 14% dump their waste, which is threatening the environment. This is a clear indicator that through HCF, hazardous medical waste can be released in the camps as a wellbeing threat to public health. The authorities claimed they have some medical waste treatment facilities, but they cannot properly manage medical waste. They are suffering from a lack of equipment, training, and monitoring systems. 86% of the facilities did not recycle or put to recycle any of their wastes. All of this indicates less concern about the environment among the individuals in the refugee camp.
[image: Figure 2]FIGURE 2 | HCF’s current method for the treatment and disposal of generated medical waste.
3.4 Medical waste found in the communal bin
A significant finding and drawback of the existing healthcare management of medical waste are being found regularly in the communal bin (Figure 3). Among 21 SWM workers, 73% of waste collectors said that while collecting waste, they found medical waste regularly during the collection of solid waste. Whereas 27% of respondents said that they did not find medical waste on a daily basis. Figure 3B shows the average medical waste found in a communal bin, and Figure 3A shows the waste in a segregated way.
[image: Figure 3]FIGURE 3 | Current practice of storage of medical waste in MRF (Material Recovery Facility) In (A) (Medical waste in a segregated way), (B) (Medical waste is mixed with other Solid waste).
After collecting waste from the communal places, waste collectors transport waste to SWM plants. Finally, medical waste is dumped or buried in the soil, posing a threat or creating a hazard to the environment.
3.4.1 Quantity and pattern of medical waste found in the MRF
In Camp-15 Block-E, an MRF survey and regular data collection were conducted to identify the amount of medical waste coming to MRFs from camps. These MRF facilities mainly collect solid waste, followed by segregation, storing, and recycling of solid waste. Data on waste coming to the plant was collected every day for 5 months to know the amount of medical waste coming from camps. Figure 4 shows the monthly amount of medical waste generated in the camp’s communal places. The trend of generation of medical waste shows less in February (12.7 kg) and March (22.7 kg) at the end of the winter season in Bangladesh. After the winter season, the generation of waste increases. At the beginning of the summer season, medical waste generation is highest in April (65 kg) and then in May, which then somewhat maintains the high rate up to the rainy season in June.
[image: Figure 4]FIGURE 4 | Medical waste generation in Rohingya camp. Here, (A) Monthly MW generation (B) Average waste types generation.
During data collection, emphasis was put on the pattern of medical waste which is coming to MRF. This was done to understand the category of medical waste generated. Total data of 5 months were collected from MRF. Supplementary Figure S1 shows the breakdown of different categories of medical waste throughout the 5 months and an overall depiction. In February of 2022, medical waste was comprised of 64% bottles, 8% Plastic syrup bottles, 24% syringes and 4% saline bags. In March, there were 94% of bottles, 4% of Plastic syrup bottles, 2% of syringes and 0% saline bags generated in communal places. In April, the month of highest generated waste, 67% bottles, 26% Plastic syrup bottles, 5% syringes and 2% saline bags were collected. A somewhat similar trend was followed in May and June as well. A positive linear correlation exists between wastes generated every month (Supplementary Table S3). This shows a consistent trend of waste generation from month to month. An opposite trend is observed between different categories of waste, with only the exception of the use of glass bottles of medicines and syringes which have a positive linear correlation between them. Thus, the use of glass bottles of medicines has changed consistently with the use of syringes. The others had a negative linear correlation, as they did not increase or decrease usage with their counterparts. Overall, 94% of the medical waste was found to be general waste, including the daily use of medicines and non-infectious particles. Also, 5% sharp waste was found in the study, which is a threat to the community and also the environment because; it can cause injuries to humans and animals.
3.4.2 Ratio of solid waste and medical waste in the communal bin
During this study, the waste type of camp-15 was observed. The percentage and amount of medical waste found in the communal bin were measured. Monthly data collection from the camp’s MRF showed that a total of 48,518 kg of solid waste was generated, containing 221 kg of medical waste in 5 months. The average medical waste in the communal bin is 44.2 kg/month. Moreover, the percentage shows that a total of 0.5% of medical waste is generated in camps while segregating from solid waste.
3.5 Medical waste management (MWM) rules and process: current scenario of the refugee camp
HCF inside the camp generally generates general wastes (such as packaging materials, food wastes, papers, etc.), sharps (such as syringes and needles, slides, cover slips, etc.), pharmaceutical waste (such as vials, expired vaccines, medicines, etc.), and infectious waste (PPE including used gloves and masks, band-aids, gauges, blood, placenta, etc.). These medical wastes were first segregated into different color-coded bins. Based on the field observation, only one of them had proper on-site treatment facilities (Autoclaving/Ash pit/Deep burial pit), they mostly handover to a third party (WASH collectors and sharps to the nearby Ukhiya Upazila health complex) without any disinfection processes (Figure 5). But they are suffering from a lack of infrastructure facilities, space, and electricity. In some cases, they also do open burning or open dumping of medical waste. Moreover, there was no liquid waste management facility in any HCF. According to them, liquid waste generation is very low in health camps. For this reason they don’t treat it, and instead dump it in the drainage system. There were no specific guidelines or SOPs (standard operating procedures) for camp medical waste management in the Rohingya camp. Moreover, they needed to correctly maintain occupational health safety protocols for medical waste management workers, and there is no training facility for medical waste management workers and authorities. A logbook and monitoring system to preserve the amount of medical waste generation and treatment are also unavailable.
[image: Figure 5]FIGURE 5 | Medical waste treatment scenario in Rohingya camp.
3.6 SWOT analysis of medical waste management (MWM) scenario in the refugee camp
SWOT analysis is the most helpful tool to assess the efficiency of the existing facility or process. It also helps us to find out the weakness, opportunities, and threats. All of these characteristics make it more feasible in strategic management (Büyüközkan & Ilıcak, 2019; Shammi et al., 2022). Figure 6 represents the SWOT of the existing medical waste management scenario in the Rohingya camp.
[image: Figure 6]FIGURE 6 | SWOT analysis of medical waste management (MWM) scenario in refugee camp Bangladesh.
Strength
The main strength of this MWM in the campsite is that authorities are willing to implement proper MWM procedures. Every HCF in the campsite contains a color-coded segregation waste bin. Moreover, international organizations are involved in funding and managing refugee campsites.
Weakness
Proper guidelines and SOPs for campsite MWM are the main weakness of existing campsite MWM. Because there are no specific guidelines and SOPs for medical waste management available now, for that reason, campsite medical waste is not managed correctly. It also suffers from the lack of monitoring systems, infrastructure, training systems, power supplies, and water supplies issues. The humanitarian crisis and shortage of area are other weaknesses in proper MWM.
Opportunities
Tremendous opportunities are available for better campsite MWM. One of the most significant opportunities is to create SOPs and specific guidelines for medical waste management in the campsite. Implementing new infrastructure facilities (Autoclaving, Deep burial pit, Ash pit, and Placenta pit) is another opportunity to make it more efficient. Furthermore, a robust monitoring system and training program on MWM can be implemented.
Threats
One of the most hazardous and concerning threats to the existing management of medical waste management MWM is untreated medical waste which has been found in the communal bins. It will spread the infectious disease among the contacted people. It will create a serious health threat to the entire community. Moreover, open waste burning helps spread disease and causes air pollution.
3.7 DPSIR framework on medical waste management (MWM) in Rohingya camp
The DPSIR model is the most often used method for establishing the connection between ecological causes and any problem’s impacts (Vardopoulos et al., 2021). The DPSIR framework has some limitations, such as its inability to indicate non-linear links, account for natural drivers of environmental changes, and clearly define fresh indicators of progress or trends unless investigated at frequent intervals (Skondras and Karavitis, 2015). A total of 499 household surveys, 30 solid waste collectors, and 21 SWM plant workers KII, FGD, IDI, newspaper reports, research organizations report, and existing literature on MWM are the critical elements of the DPSIR framework. The summary of qualitative findings of the responses is shown using a DPSIR framework. The driving forces-pressure-state-impact-response (DPSIR) framework (Figure 7) was developed based on the stakeholder analysis and presented here to visualize the actual scenario of medical waste management in the Rohingya camp.
[image: Figure 7]FIGURE 7 | DPSIR framework for assessing the scenario of medical waste management in Bangladesh.
Environmental safeguard policy, international organizations, national and international guidelines, and international fundings are the main driving force of medical waste management in the Rohingya camps. They had the capability to improve or degrade pressure (congested area, over population, regulatory restriction) and states (unemployment policy, lack of MWM facility, lack of training, guidelines, and monitoring facility). In combination, these could be used to control the impact of the mismanagement of medical waste in the Rohingya camp. The adverse effects of MW mismanagement include communal waste, community transmission, environmental degradation, and human health risk.
This negative impact has also pressurized the community to respond in order to solve these issues. The response includes creating medical waste management guidelines and ensuring treatment facilities for campsite MWM, establishing SOPs, training an inspection team, ensuring record maintenance for MWM, and building up awareness among the stakeholders. All of this response will also modifies the state, pressure, and impact.
For the creation of an MWM procedure for the campsite, top-down and bottom-up management procedures should establish (Figure 8). Top-down and bottom-up approaches can be implemented to ensure sustainable MWM in Rohingya camps. In the top-down segment, a set of well-regulated stratified national bodies will exist, including the national advisory body, policy, stakeholders, technical body, capacity building, source of finance, and medical waste management system (MWMS). These bodies will be responsible for developing a campsite medical waste management policy and SOPs which are further directed towards forming an MWMS with the help of the technical committee. After that, sufficient stakeholder engagement will be done, followed by capacity building in terms of separations, collections, and final treatment, and the potential financial policy will also be settled by this top-down segment authority.
[image: Figure 8]FIGURE 8 | Top-down and bottom-up approach for proper management of medical waste.
On the other hand, the bottom-up segment will be responsible for implementing the developed systems through capacity building of stakeholders, creating skilled manpower by ensuring training and education, awareness development, creating social enterprises, monitoring and evaluation, and performance review and evaluation of the system. This comprehensive approach (top-down and bottom-up) could ensure sustainable medical waste management in the Rohingya camp in Bangladesh.
3.8 Existing medical waste rules and policy review in Bangladesh
In 2008, Bangladesh’s government established the country’s first laws governing the handling of biomedical waste. That is entitled “Bangladesh Medical Waste (Management and Processing) Rules 2008”(Bio-Medical Waste Management (Amendment) Rules (BMD), 2008) and governed by the Environment Conservation Rules, 1997 (ECR′97), the Bangladesh Environmental Conservation Act (1995) (Amended in 2010). According to medical waste management and processing rules 2008, waste should be segregated at the generation source in definite color-coded bins. Then this waste should be treated according to its category. Waste treatment methods are fixed for each type. There were also guidelines and standards fixed for treatment methods and safe disposal. A strong penalty is also mentioned for violation of these rules are also enacted. Above all the strengths, it also suffers from various weaknesses. Due to interministerial disagreements and rivalry among the authorities, the rules were not well implemented. Even after 13 years, the national advisory council was never established because of the rivalry between the authorities. The 2008 regulations did not specify the roles and responsibilities of government entities such as the Department of Environment (DoE), which is part of the Ministry of Environment, Forest, and Climate Change, the Directorate General of Health Services (DGHS), which is part of the Ministry of Health and Family Welfare, and the Dhaka North and South City Corporations (DNCC/DSCC), which are in charge of managing municipal solid waste and medical waste, respectively. A major weakness is that there is no strong monitoring team to ensure this management. The standard and treatment method should also improve with modern technology. There should be a provision for reporting system in every healthcare facility. Record of waste generation and treatment must be kept in a log book.
4 DISCUSSION
Medical waste is any by-product of medical institutes, hospitals, health camps, pharmacies, pathologies, or other related organizations and establishments. In Rohingya camps, 88% of people are familiar with the hazardous effects of the mismanagement of waste. The knowledge rate about waste management is comparatively more satisfied than in other studies (Alomari et al., 2021). This is probably due to the benefit of different NGOs working in campsites.
A total of 91% of respondents said solid waste in Rohingya camps must be managed properly. They are found in roads, open places, and drains. This scenario is similar to the study of Nigeria (Orhorhoro and Oghoghorie, 2019) and the United States (Abdel-Shafy and Mansour, 2018). That indicates the mismanagement of solid waste worldwide and in the Rohingya camps.
Medical items are available to purchase from outside the healthcare camp. They can easily buy medical items from outside. But medical items sold and purchased in campsites are forbidden (De Montclos and Kagwanja, 2000; Werker, 2007). This medical item by-product medical waste needs to be properly handled. They generally mixed it with household waste or dumped it on roadsides or other open places. It converts general waste to infectious or hazardous waste (Jang et al., 2006; Oroei et al., 2014). This presents health risks to the surrounding community, waste management workers, and the environment.
Healthcare facilities generate medical waste of around 2 kg daily. The medical waste generation rate in healthcare camps is lower than in different hospitals (Cheng et al., 2009; Taghipour and Mosaferi, 2009). The medical waste is properly segregated in different color-coded plastic bins. Among different types of medical waste, liquid waste generation is very low in Rohingya camp healthcare centers. According to them, 71% have their own waste management facilities, 14% took help from a third party, and the rest open-dumped this waste. Generally, Wash and upazila health complex are the third party in Rohingya camp medical waste management.
Medical waste, such as sharp waste, may carry germs of diseases such as hepatitis B and AIDS (Henry et al., 1990; Almuneef and Memish, 2003)). This waste also increase the risk of exposure range from gastro-enteric, respiratory, Ocular infection, Anthrax, Meningitis, Acquired immunodeficiency syndrome (AIDS), Viral hepatitis A, B &C, Avian influenza, Haemorrhagic fevers, Septicaemia, Bacteraemia, and skin problems to more lethal diseases such as HIV/AIDS and Hepatitis (Rao, 2008; Babanyara and Ibrahim, 2013; New WHO Handbook on Healthcare Waste Management, 2013). Around 5.2 million people (including 4 million children) die annually from waste-related diseases globally (Akter, 2000). Despite this progress, in 2010, unsafe injections were still responsible for as many as 33 800 new HIV infections, 1.7 million hepatitis B infections, and 315 000 hepatitis C infections (Pépin et al., 2014). Furthermore, medical waste contains potentially hazardous microorganisms that might infect hospital patients, healthcare employees, and the general public. Additional potential infectious concerns include the transmission of drug-resistant microorganisms from healthcare facilities into the environment. It may also threaten doctors, patients, workers of HCF, workers of solid waste management workers, waste collectors, transporters, and visitors. Al-Khatib, (2013a) also mentioned the health risk of waste workers in his study. In another study, Jagger, (1999) reported that workers in support services linked to low-level health facilities (LLHFs) such as laundries, waste handling, and transportation service are often at risk.
In general, sharp waste management is a significant problem due to its ever-growing and endless generation. Though sharp waste constitutes a small fraction of solid medical waste, its potential environmental and health hazards could be deleterious if improperly handled. Syringes and needles are of particular concern because they constitute an essential part of the sharp waste and often are contaminated with patient body fluids.
The major concern of medical waste management in Rohingya camps is medical waste found in communal bins. This waste is mostly glass bottles, plastic bottles, syringes, and saline bags. Data from the MRF shows that 0.05% of the waste they collected is medical waste. This data also cleared that medical waste generation increased in the winter season. A study in Southern Gana also found medical waste in their daily communal bin. The probability of founding this waste was 89% (Udofia et al., 2017). Brazil (Da Silva et al., 2005) and Korea (Jang et al., 2006) also faced similar patterns of a problem in managing their waste. If medical waste is mixed with general waste in this process, it increases the volume of infectious waste, as it can contaminate general waste. For that reason, if this mixing process continues in Rohingya camps, it will create a considerable health risk for the camp community, the surrounding local community, SWM workers, and the environment (Al-Khatib, 2013b). It will also create a crucial burden for sustainably managing waste.
Another major concern is that the health camps of in the Rohingya camps also suffer from a lack of infrastructure facilities and water facilities, power shortage, area shortage, and inadequate training and proper monitoring systems. This causes a serious hamper in the medical waste management sector. Moreover, none of the health camps treated their liquid waste. According to them, the generation of this type of waste inside the health camp is very low. In addition, there is no provision for maintaining log books for medical waste generation and treatment entry. It creates a loop in proper medical waste management procedures. There is also no standard operating procedures (SOPs) or specific guideline maintaining rules for the health camps. That makes mismanagement in medical waste management. A lack of strong monitoring or regulating body and improper training makes it worst.
Overall medical waste management in a humanitarian context is challenging, as basic human needs are not adequately available. But the current situation of the Rohingya camp is comparatively well organized than Palestine (Al-Khatib, 2007; Al-Khatib, 2008). But adequate steps must be taken for proper waste management in Rohingya camps.
4.1 Proposed medical waste management guideline for Rohingya camp
Medical waste management guideline for Rohingya camp is created based on the field experience of health camp from KII, FGD, IDI, and the available literature. Medical waste from the health camp can be treated in two ways. One is being treated at an on-site waste management facility, and another is being handed over to a third party after disinfecting. HCF should record the amount of medical waste generation and treated waste amount. They must submit a report every month to the corresponding authorities. All of the processes must be regulated by a proper monitoring system and strong penalties must be fixed in case of violating guidelines.
4.1.1 On-site treatment plan
At first, camp medical waste must be segregated in color-coded bins like Figure 9. Infectious waste must be disinfected using an autoclave or chemical disinfection. If there is no lack of electricity issues, then they can use an autoclave. Otherwise, they will use a chemical disinfection process. Then, after disinfecting, sharp and pharmaceutical waste should be transferred to a deep burial pit, ash pit, or placenta pit. After this process, the end product can be disposed to a landfill site, or the material recovery site for reused and recycling. General waste can be transferred to a communal bin and handover to a third party (Figure 9). If liquid waste is produced in HCF then it will go through a chemical disinfection process. All medical waste management workers must wear proper PPE (personal protective equipment) to protect them from the hazardous effects of medical waste. The authority for medical waste management must adequately follow the occupational health and safety rules, as this profession has many occupational health risks (Al-Khatib, 2013a). Moreover, if it is needed to store medical waste in the on-site treatment plant or HCF, it must be stored by properly maintaining medical waste storage guidelines (WHO, 2005a; Al-Khatib, 2013b). In addition, medical waste management workers and authorities at HCF, On-site, and off-site treatment plants must be adequately trained. They should know the importance of medical waste management and its mismanagement effect. All of the processes must be monitored by a strong regulatory body. If any non-conformity occurs, then there must be rules and regulations for penalty. Moreover, all of the treatment quality standards must satisfy the Medical waste management rules 2008 and WHO guidelines.
[image: Figure 9]FIGURE 9 | On-site Medical waste management procedures in Rohigya camp health camp.
4.1.2 Off-site HCF waste management
Off-site management can be done in a definite place, where HCF waste will be collected from every camp HCF facility and treated separately (Figure 10). This place can be the nearest Upazila healthcare establishment. As it already managed the HCF waste. But proper infrastructure, training, and logistic support must be ensured for the HCF workers of the Upazila complex. At first infectious waste must be disinfected by autoclaving or microwaving, or a chemical disinfection process depending on the availability of electricity. Then it can be further treated in a deep burial pit or ash pit or placenta pit or sharp pit. Pharmaceutical waste (expired medicine, saline, discarded vials) can be chemically disinfected and further treated by a deep burial pit, ash pit, or sharp pit. Sharp waste (needles, broken vials) must be decontaminated by autoclaving or shredding. Then it can be further treated by deep burial pit or ash pit or sharp pit or incineration. General waste can be reused, recycled, or handed over to a third party. In the case of liquid waste, it goes through a chemical disinfection process. Moreover, occupational health safety protocols for waste management workers must also be implemented appropriately (Al-Khatib, 2013a). If waste needs to keep stored for off-site treatment, then it should also follow the guideline of medical waste storage (WHO, 2005b; Al-Khatib, 2013b).
[image: Figure 10]FIGURE 10 | Off-site Medical waste management procedure.
There were several medical waste guidelines for the safe handling and disposal of medical waste worldwide (WHO, 1999; UNEP, 2001; WHO, 2005a; UNEP, 2006; UNDP, 2010; DoE, 2012; Medical Waste US EPA, 2022; New WHO Handbook on Healthcare Waste Management, 2013). All of the rules and guidelines go through different amendments and improvements several times. Treatment methods for medical waste depend on the characteristics, quantification, capacity, financial capability, space, infrastructure, operation procedure, and skills to handle medical waste. The available technologies for MWM are thermal process, chemical process, radiation technology, biological process, and mechanical process. In Asian regions, the technology mostly used for medical waste treatment is the autoclave, incineration, chemical disinfection, microwaving, deep burial pit, ash pit, placenta pit, hydrolysis, encapsulation, and pyrolysis (Bio-Medical Waste Management (Amendment) Rules (BMD); Manekar et al., 2022; Medical Waste Management Rules in Pakistan, 2005; The Medical Waste Management Rules, 2008; Ye et al., 2022; Yong et al., 2009).
Waste treatment methods may also pose a threat to humankind. In the incineration process, flue gas is created. This flue gas has a destructive impact on the human body. This effect is also worst when the incineration process is poorly managed. If poorly managed, it also produces volatile metals, polycyclic aromatic hydrocarbons, particulates, dioxins, and furans (Fritsky et al., 2001; Lee et al., 2002; Segura-Muñoz et al., 2004; Al-Khatib, 2013a). This causes damage to our lungs, kidneys, immune system, and neurological system. Some of them are also carcinogenic, it also capable of creating cancer. Ash from incineration, placenta pits, and deep burial pits also poses a health threat to humankind. When sharp waste is handled, it also threatens to cut our bodies. Autoclaving procedures, chemical disinfection, and microwaving must be done carefully, because if temperature and other parameters are not properly maintained, it will create serious health threats for the physical properties of waste. Post-treatment water should also be properly maintained because it contains hazardous organic and inorganic compounds. Deep burial pits, ash pits, placenta pits, and landfill should also contain the threat of creating odour, smoke, and leachate. For that reason, following proper guidelines according to surrounding circumstances is essential when treating this waste.
5 CONCLUDING REMARKS
The disposal of medical waste is a growing environmental problem in the Rohingya refugee camps, owing to the absence of proper management facilities, knowledge, and establishments. In these camps, the management of solid waste has gained attention, but the management of medical waste has received little attention. But medical waste is capable of imposing potential environmental hazards and public health risks on camp people and surroundings. The study has attempted to quantify different medical wastes generated in community places in the study area camp-15. Both non-infectious and infectious wastes were found to be generated in these places. Our field data show that community people do not segregate their generated wastes, and they dispose of their domestic waste at the same site as regular solid waste. Data analysis shows no specific handling process or collection system in camps for MWM. With the complete picture in view, the authors suggest a holistic management system for medical waste in the humanitarian context for the safeguarding of the environment and public health.
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