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Introduction: Biomedical waste is a hazardous waste material that is generated during the
diagnosis, treatment, or immunization of human beings. Hence, it needs special attention and
appropriate management before disposal.

Objective: This study aimed to assess the biomedical solid waste management system in
Jimma Medical Center, Jimma town, southwestern Ethiopia, 2020.

Methods: An institution-based cross-sectional study design was used to assess the biome-
dical solid waste management system from May 12 to 25, 2020. The quantity of biomedical
solid waste generated was measured by using a calibrated weight balance. An observational
checklist and a semi-structured interview guide were used to assess the current practice of
biomedical solid waste management. In addition, during combustion, the concentration of
pollutants emitted from the incinerator was measured at a different distance from the source.
Analysis of variance was used to compare the mean waste generation rates among wards and
the contribution of incinerator emissions at different distances was analyzed by regression.

Result: The average daily biomedical waste generation rate was determined to be 0.92kg/
bed/day and/or 0.75kg/patient/day. There was limited segregation of biomedical waste by
type at the point of generation. Mixed biomedical waste was collected and transported using
substandard open plastic bins. Moreover, the incinerator was operated at a low temperature
and high peak average concentrations of PM, 5 (21.7-999.9 pg/m?) and PM,o (31-1999.9 pg/
m?), total VOC (736-4754mg/m>), NO, (0.00-600 pug/m>) and SO, (0.00-300 pg/m’) were
recorded at different distances downwind from the incinerator.

Conclusion: The average biomedical waste generation rate was above the threshold value
set by the World Health Organization in low-income countries. Its management was also
limited. The high concentrations of pollutants released from the incinerator affect the nearby
air quality and hence interferes with the health of the local community.
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Introduction
The global healthcare system has expanded tremendously in many developed and
developing countries in the past few decades. This enables the provision of health-
care to more people, covering wide geographical areas.' Unfortunately, these
advance in healthcare activities can result in the generation of an ever-growing
amount of waste that is not being treated properly.?

Every year an estimated 16 billion injections are administered worldwide, but
not all of the needles and syringes are properly disposed of afterwards, creating
a risk of injury and infection and opportunities for reuse.> In 2010, the World

Health Organization (WHO) estimated that injections with contaminated needles
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and syringes were still responsible for about 33,800 HIV
infections, 1.7 million hepatitis B viral infections and
315,000 hepatitis C viral infections in low-income
countries.*

Regardless of its impact on the environment and public
health in general, proper handling and management of
medical waste are still substantially undermined in many
developing countries.” A new Joint Monitoring Program of
WHO/UNICEF report in 2019 revealed that there is very
limited safe management of healthcare waste in develop-
ing countries; only 27% of healthcare facilities had basic
waste management services.® In Ethiopia, as in many
developing countries, medical waste production is rising
sharply in recent years due to rapid population growth,
which increases the amount of biomedical waste generated
in the country.’

However, waste management across health institutions
is still inadequate and has received less attention.® The
nature and quantity of waste generated as well as institu-
tional practices with regards to the sustainable manage-
ment of biomedical waste are not examined yet in the
study setting. Furthermore, all health facilities have chosen
incineration to treat healthcare waste (HCW).”'° However,
a survey conducted on the status of hospital incinerators,
found widespread deficiencies in their construction, siting
and operation; most of the healthcare facilities (HCFs)
(80%) use low-temperature technology that generates air
pollution."!

Thus, to minimize and control the risks associated with
improper management of biomedical waste, it is impera-
tive to plan and develop an evidence-based intervention

strategy. 12

However, the quantity of biomedical solid
waste generated as well as the existing waste management
system practiced in Jimma Medical Center had not yet
been examined. Therefore, this study aimed at filling this
gap by providing information on biomedical solid waste
generation rates, current management practices as well as
the concentration of pollutants emitted from the

incinerator.

Methods and Materials
Study Area and Period

The study was conducted in departments of Jimma
Medical Center (JMC), Jimma town, southwestern
Ethiopia from May 12 to 25, 2020. JMC, which was
built to serve as a research and teaching center, was also
providing medical services for the community. It is located

approximately 356 km southwest of Addis Ababa, the
capital of Ethiopia. It has an average altitude of
1760 m above sea level, its temperature ranges from
a maximum of 25-30 °C and a minimum of 7-20°C and

its annual rainfall ranges from 1200-2000 mm."?

Study Design

An institution-based cross-sectional study design was used
to assess the biomedical solid waste management system
in Jimma Medical Center.

Data Collection Tool and Procedure

First, a walk-through inspection of all wards and/or depart-
ments of the medical center was conducted by the inves-
tigators to identify the different types of waste generated.
To determine biomedical solid waste generation rates,
plastic bags of different colors that meet national guide-
lines were distributed to different wards/departments of the
medical center, according to the type of waste generated.
The waste characterization was done following the
National Healthcare Waste Management Guideline in
2008.'* The buckets and plastic bags were labeled to
indicate the different categories of biomedical waste, the
place of generation, date, and time of collection. Then the
quantity of biomedical solid waste generated was mea-
sured by collecting and weighting waste generated from
all wards using a calibrated weight balance for seven
consecutive days.'”

The existing biomedical solid waste management sys-
tem practiced in Jimma Medical Center was investigated
using semi-structured key informant interviews of the
waste management committee of the medical center and
an observational checklist adapted from the Ethiopian
Food Medicine and Healthcare Administration and
Control Authority (FMHACA) inspection checklist for
HCW management in HCFs.'® The key informant inter-
view was held for the waste management committee of the
medical center.’

In addition, during combustion of biomedical waste the
concentration of gaseous emissions from the incinerator
(total VOCs, NO,, SO, and CO) and the suspended parti-
culate matter (SPM) with a diameter of 10 and 2.5 um
(PM;, and PM, 5) were measured at different distances (at
incinerator site, 50 meters, 100 meters, and 200 meters)
downwind from the incinerator, within a maximum 1-km
radius.'” In addition, the upwind site from the incinerator
was selected and measured to represent the background
concentration.'®
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The concentration of the gaseous emissions from the
incinerator was directly measured by a handheld Aeroqual
Gas Sensor model S-500L (Aeroqual Ltd, New Zealand),
a real-time sampler with attached temperature and relative
humidity sensor and interchangeable electrochemical gas
sensor head. The concentration of suspended particulate
matter (PM, 5 and PM;,) was measured by another sensor-
based device called a laser particulate meter (Zhuhai Jida
Huapu Instrument Co. Ltd, China), model number HP-
5800D. The samples were collected at different phases of
incinerator operation: at startup, during continuous burn-
ing and at hours of burn down."”

Data related to meteorological parameters such as wind
speed, wind direction, temperature, and relative humidity
were also measured at each sample site. The wind speed
was measured by cup anemometer, and wind direction was
estimated using a compass and visual observation of the
direction in which visible exhaust smoke from the stack of
incinerator travelled. The wind was generally blowing
from a southeasterly to a northwestern direction for the
duration of the measurements. The distance of sample
locations was obtained with a handheld geographic posi-
tioning system (GPS).

Study Variables
Dependent Variables
e The biomedical solid waste generation rate,
¢ Existing biomedical solid waste management system,
e The concentration of different gaseous and sus-
pended particulate matter.

Independent Variables
e Type of wards/departments,
e Number of patients (both inpatient and outpatient),
e Distance from incinerator,
e Meteorological parameters:
o Wind speed and direction,
o Temperature and relative humidity.

Data Analysis

The raw quantitative data collected from the field was
coded and entered into Epi-Data version 3.1. After the
screening and correction of the data entry errors, the data
was exported to SPSS version 25 for analysis. The analysis
of biomedical solid waste generation rates among wards
was computed by one-way ANOVA. The mean concentra-
tions of air quality parameters were computed, and two-

way ANOVA was employed to test significant variation in
concentrations of pollutants among sample sites. The
paired sample #-test was also used to compare significant
differences in concentrations of emissions from the incin-
erator at different downwind sites relative to upwind back-
ground concentrations. Moreover, regression analysis was
conducted to evaluate the contribution of incinerator
emissions on selected air quality parameters at different
distances downwind from the incinerator. Furthermore, the
Pearson correlation coefficient was used to test the corre-
lations of concentration of air pollutants with meteorolo-
gical parameters and the daily total amount of biomedical
solid waste generated with the patient flow.

Qualitative data from key informant interviews and
observation was analyzed by theme. Thematic analysis of
the data was conducted manually, by sorting and organiz-
ing information according to its thematic similarities and
differences. Then, the information was categorized and
studied to understand the relationships between it and/or
within the overall context of the study.

Data Quality Assurance

To assure data quality, training was given to data collectors
before collection, and the weighing scale was calibrated
before the actual measurements started. Daily on-site
supervision was made by the supervisor during the actual
measurements. Key informant interview questionnaires
and observation checklists were pretested with a pilot sur-
vey of a similar study population at Shenen Gibe general
hospital before the actual data collection period to ensure
the trustworthiness of the data collection tool. The air
sampling instruments were calibrated before use according
to the manufacturer’s instructions. At each location, the
digitally displayed values of each parameter were recorded
stabilized.
Additionally, the measurement of the selected parameters

when the equipment reading became

was taken in triplicate.

Ethical Consideration

Ethical approval and clearance was obtained from the ethical
review committee of Jimma University, Institute of Health
and Faculty of Public Health. A formal letter was given to
Jimma Medical Center administration office and a letter of
permission for data collection was obtained from the JMC
administration office. The purpose of the study was
explained to respondents. The respondents were also assured
that data was and would remain confidential. During data
collection, each respondent was informed about the purpose,
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scope, and expected outcome of the research and appropriate
verbal and written consent was obtained.

Dissemination Plan of Study Findings

After the analysis and interpretation of the data, the neces-
sary information was disseminated to concerned bodies,
the research and publication office, Jimma Medical Center,
and Jimma University.

Results

Patient Flow in Jimma Medical Center
During data collection, a total of 3809 patients visited all
wards and outpatient departments of the medical center
within a week, of which 3103 (81.46%) were admitted to
the inpatient department and the remaining 706 (18.5%)
were seen in the outpatient department. The total average
daily patient flows in the medical center, inpatients and
outpatients only, were 544.14+76.67, 443.28+26.92, and
100.8+50.95, respectively.

Biomedical Solid Waste Generation Rate
The total biomedical solid waste generated in Jimma
Medical Center within seven consecutive days was
2872kg/week. The average biomedical solid waste genera-
tion rate determined in kg/day, kg/patient/day (sum of
occupied bed and outpatient attendants) and kg/bed/day
(occupied beds) was 410.29+78.46kg/day, 0.75kg/patient/
day and 0.92kg/bed/day, respectively. The daily distribu-
tion of total biomedical solid waste generation was higher
on weekdays and lower on weekends (Figure 1).

600
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300

200

Waste generation rate

100

Biomedical Solid Waste Generation Rate
in Different Wards

The daily average biomedical waste generated in all
wards/departments of Jimma Medical Center was 410.29
+78.46kg/day. A great amount of biomedical waste was
OPD ward (69.43+16.89kg/day
(16.92%)), whereas fewer amounts of biomedical waste

generated from the

were generated from the ophthalmology ward (0.86
+1.57kg/day (0.21%)). There was a statistically significant
variation in the average biomedical waste generation rate
in different wards (F = 39.087, p = 0.000) (Table 1).

Biomedical Solid Waste Generation Rate
by Type of Waste

Biomedical waste generated in Jimma Medical Center
consisted of: infectious waste, sharps, pathological waste,
pharmaceuticals, and radiological waste (Table 1). The
majority of these were infectious (348.4+20.26kg/day
(84.93%)) and pathological waste (40.5+6.64kg/day
(9.87%), and the rest were pharmaceutical (11.5+1.64kg/
day (2.8%)), sharps (6.57+0.31kg/day (1.6%), and radiolo-
gical waste (3.29+0.71kg/day (0.8%)).

Comparison of Daily Biomedical Solid

Waste Generation Rate and Patient Flow
The Pearson correlation coefficient (r) was used for testing
the existence of any bivariate correlation between the daily
total amount of biomedical solid waste generated and the
total number of patients who visited the medical center on
a daily basis. Accordingly, there was a strong positive

0

il

%
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Figure | The daily distribution of the total amount of biomedical solid waste generated in Jimma Medical Center, Jimma zone, south western Ethiopia, May 2020.
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Table | Total Biomedical Solid Waste Generated in Different Wards by Type of Waste Within 7 Days of Data Collection Time in
Jimma Medical Center, Jimma, Southwestern Ethiopia, 2020

Type of Wards/ Biomedical Waste Generation Rate (kg/Week)
Departments

Infectious Sharps | Pathological Pharmaceutical Radiological Total Mean SD % by

Waste Waste Waste Waste weight
Medical 172 25 0 6 0 180.5 257 10.61 6.28
Surgical 440 5 0 10.5 0 455.5 65.07 10.88 15.86
Orthopedics 6 | 0 2 0 9 1.29 3.40 0.31
Gynecology 77 3 0 2 0 82 11.71 2.56 2.86
Maternity 146 2 0 | 0 149 21.29 12.99 5.19
Delivery 198 2 200.5 1.5 0 402 57.43 12.79 14.00
Pediatrics 190 6 0 85 0 204.5 29.22 15.74 6.80
Oncology 60 0.5 0 2 0 62.5 893 5.14 2.18
Ophthalmology 6 0 0 0 0 6 0.86 1.57 0.21
Psychiatry 16 1.5 0 1.5 0 19 2.71 315 0.66
Dentistry 25 2 0 3 0 30 429 427 1.04
OR 347 25 83 2 0 434.5 61.79 19.33 15.13
ICU 164 2.5 0 3 0 169.5 2421 4.74 5.90
Radiology 0 0 0 0 23 23 329 6.21 0.80
Dialysis 20 | 0 0.5 0 21.5 3.07 4.25 0.75
Laboratory 49 4.5 0 0 0 53.5 7.64 4.01 1.86
Pharmacy 0 0 0 20 0 20 2.86 3.58 0.70
MCH 36 | 0 | 0 38 5.43 3.19 1.32
ART 24 0 0 2 0 26 371 5.86 091
OPD 463 9 0 14 0 486 69.43 16.89 16.92
Total (kg/week) 2439 46 283.5 80.5 23 2872 410.29 78.46 100.0

Abbreviations: OR, operation room; ICU, intensive care unit; MCH, maternal and child health; ART, antiretrovial treatment; OPD, outpatient department; SD, standard

deviation.

correlation between the amount of biomedical solid waste
generated and total patient flow (r = 0.88, p = 0.009).

Biomedical Solid Waste Management

System

Segregation of Biomedical Solid Waste

In Jimma Medical Center, there was limited segregation of
biomedical waste into infectious, pharmaceutical, radiolo-
gical waste by use of waste containers with a standard
color coding and labeling at the point of generation. It was
observed that different categories of biomedical waste
were deposited together in perforated plastic baskets
(Figure 2A—C). The sharps and placentas were kept sepa-
rately in red plastic buckets, but the bucket used for sharps
was misplaced at the side of the doors at the entrance and
exit gates used by patients and visitors (Figure 2D).

Collection, Storage, and Transportation of
Biomedical Solid Waste

Jimma Medical Center has no proper and purpose-built
waste storage area. It was observed that mixed biomedical
waste was collected from all wards (Figure 3A) and

transported to incineration facilities using open plastic
bins twice daily (Figure 3B). In addition, it was observed
that healthcare waste handlers were using a cracked plastic
bin to transport waste and waste was leaking on the road to
the treatment facility (Figure 3C and D).

Treatment and Disposal Practice

The most common biomedical waste treatment method
used in Jimma Medical Center was a high-temperature
double-chamber incinerator (Figure 4A). However, the
incinerator was operated at low temperatures (at about
203°C in the primary chamber and 458°C in the second-
ary chamber) (Figure 4B) and dense smoke emission was
observed from its chimney (Figure 4C). Some systems,
such as the door opening/closing crane and burner button,
were also not functioning automatically and, instead, were
operated manually. There was a fugitive emission
observed at the waste inlet site (Figure 4D). The patholo-
gical waste was buried in the placenta pit, which has an
unsecured cover (Figure 4E). Furthermore, the medical
center was also practicing burning in the old brick incin-

erator and open dumping (Figure 4F).
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Figure 2 The photographs show biomedical waste segregation practices at the point of generation (A—C) and the placement of a bucket in which sharp materials are

deposited (D) in Jimma Medical Center, May 2020.

Waste Management Guideline, Instructions, and
Minimization Practices

The Ethiopian Federal Ministry of Health prepared the
National Healthcare Waste Management Guideline in
2008. But Jimma Medical Center does not use this guide-

line; it has its own written instructions to implement waste

segregation. The waste minimization practices were
almost absent in the medical center.

Training and Safety Devices
The medical center had organized training related to
infection prevention and biomedical waste management

4 o 4 2 https:;
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Figure 3 The photographs show biomedical waste collection (A), transportation by open plastic bin (B), cracked bin (C) and scattered waste on the road (D) in Jimma

Medical Center;, May, 2020.

for waste handlers, environmental health professionals,
and heads of departments on a yearly basis. There was
no regular training given for all staff and waste
handlers.

Moreover, it was observed that in some instances
waste handlers were using disposable and surgical
gloves for handling biomedical waste because of the
unavailability of appropriate gloves. In addition, some
of the waste handlers were not wearing gloves while
handling waste. The incinerator operators do not have
all necessary personal protective equipment (i.e., face
mask, eye goggles, safety shoe, etc.).

Concentration of Suspended Particulate Matter and
Gaseous Pollutants

The high peak average concentrations of PM, 5 (999.9ug/m>)
and PM;, (1999.9ug/m?), were recorded at the stack of the
incinerator and waste inlet site, while high peak average con-
centrations of gaseous pollutants, total VOC (4754mg/m’),
NO, (600pg/m’) and SO, (300pg/m’), were recorded at the
stack of the incinerator and the least values, PM; 5 (27ug/m3),
PM,o (31.6pg/m*), NO5(0.00pg/m?), SO, (0.00pg/m?), were
measured at the upwind site and the least values of total VOC
(736mg/m*) were measured at a downwind site 200m away.
The CO emission was not detected at all sites of gas

Risk Management and Healthcare Policy 2021:14
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Figure 4 The photographs show the incinerator site (A), temperature display board (B), dense smoke emission from the chimney of the incinerator (C), fugitive emission
and manual waste firing (D), placenta pit (E) and open dumping (F) in Jimma Medical Center, May, 2020.

measurement (Table 2). There were significant variations in
the concentrations of suspended particulate matter and gaseous
measures among the sample sites (F = 282.446; p = 0.000).

Concentration of Pollutants at Upwind and
Downwind Sites

The peak average concentration of suspended particulate mat-
ter and gaseous pollutants emitted from the incinerator mea-
sured at the stack, waste inlet site, 100 and 200m distance
downwind to the incinerator were significantly higher than the
upwind background concentration (t = —3.896, p = 0.001;
t =—4.747, p= 0.00; t = 2.217, p = 0.013 and t = —2.779,
p = 0.048), respectively. On the contrary, there was no

observed statistically significant variation in concentration of
pollutant measured at a S0m distance downwind site relative to
the upwind background concentration (t = —2.075, p = 0.053)
(Table 2).

Concentration of Pollutant Emitted from the
Incinerator at Different Distance Downwind Site

As shown in Figure 5, the peak average concentrations of
all pollutants emitted from the incinerator were highest at
incinerator site (Om) and gradually declined across dis-
tance downwind to the incinerator, and least values were
measured at 200m distance downwind from the incinera-
tor. The concentration of each pollutant was background
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Table 2 Concentration of Incinerator-related Emission at Different Sites from the Incinerator of Jimma Medical Center, May 2020

Type of Concentration of Pollutant at Different Sites
Pollutant Upwind Stack Waste Inlet Downwind Sites

50m 100m 200m
PM, 5 (ug/m?) 21.6 999.9 999.9 27 48.8 31.7
PM,o (ug/m?) 29.5 1999.9 1999.9 3.6 56.1 39
TVOC(mg/m?) 1575 4754 2675 1978 2006 736
NO, (ug/m?) 0.00 600 0.00 0.00 41 0.00
SO, (ug/m®) 0.00 300 0.00 0.00 5 0.00
CO (mg/m?) 0.00 0.00 0.00 0.00 0.00 0.00

subtracted using values from the corresponding sample
collected at the upwind site. It was found that the concen-
trations of all pollutants were negatively correlated with
distance downwind from the incinerator (R = —0.69 to
—0.87; p<0.004). Relatively, total VOC and PM;, had the
highest negative correlation with distance downwind from
the incinerator (R = —0.87 and R = —0.86), followed by
PM, 5(R = —0.85), SO, (0.70), and NO, (R = —0.69).

As shown in Table 3, the distance between the incin-
erator and downwind sites explained between 48-76% (R*
= 0.48-0.76) of the observed variations in the concentra-
tions of different incinerator emissions. Total VOC and
PM, had the highest determination coefficients (R2 =0.76

Pollutants
—PM25
30007 PM10
TvVOC

—NO2
—S02

c -

o 2000

=

©

S

c

L

o

c

o

(&)

10001
| \ -
T T T T T
O meter  0*meter 50 meter 100 meter 200 meter
(Stack) (waste inlet)

Distance

Figure 5 The mean concentrations of emissions at different distances downwind to
the incinerator, Jimma Medical Center, May 2020.

Table 3 Correlation and

Determination Coefficients of

Regressing Pollutant Levels on Distance

Pollutants | R-value | R? Std. Error of | B- Sig.
Estimate value Level
PM, 5 —0.85 0.74 | 255.0 —288.75 | 0.000
PM)o —0.86 0.75 | 519.2 —588.9 | 0.000
TVOC —0.87 0.76 | 587.9 —=702.7 | 0.000
NO, —0.69 0.48 | 183.0 —115.9 | 0.004
SO, —-0.70 049 | 91.16 —59.5 0.003

and 0.75), while the relatively lowest were found in PM, 5
(0.74), NO, (R* = 0.48) and SO, (0.49).

Correlation of the Meteorological Parameters and
Concentration of Pollutants

The temperatures recorded in the sample sites were mini-
mum 24 OC to maximum 26 OC and mean values were
25.16+0.7 OC. The correlation analyses performed indi-
cate that the differences in temperature measurements at
different sample sites had a significant negative correlation
with variation in concentrations of PM2.5 (R = —0.62),
PM10 (R = —0.67), total VOC (R = —0.63), NO2 (R =
—0.73) and SO2 (R= —0.76) (p<0.05).

In addition, the amount of relative humidity recorded in
the study area was minimum 64% to maximum 67%, with
mean values of 65.5+0.94%. The variations in relative
humidity among the sample sites were negatively correlated
with the variation in concentration of all air quality para-
meters: PM, 5 (R = —0.75), PM;, (R = —0.74), total VOC
(R = -0.90), NO, (R = —0.72) and SO, (R = —0.73) at
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different sample sites. The wind speed measured at all sites
was very low and variations ranged from 0.07m/s to 0.09m/s,
with mean values of 0.0813+£0.006m/s (calm wind speed
<Im/s). From these results, it could be deduced that wind
speed was relatively constant and there was no significant
variation across locations (p>0.05) in the recorded wind
speed values.

Discussion

The average biomedical solid waste generation rate in
Jimma Medical Center was determined to be 0.92kg/bed/
day and 0.75kg/patient/day. The result of this study was
lower when compared with a study conducted in the USA
(2.79 kg/bed/day,) as mentioned in a WHO report,” and the
study conducted in Bahrain (1.177kg/patient/day).”® The
higher biomedical waste (BMW) generation rate in devel-
oped countries may be due to the higher per capita gross
domestic product (GDP), that is, the developed nations’
lifestyles need a large supply of healthcare services, which
tends to generate a higher amount of waste in HCFs.*' But
our results was higher when compared with the study
conducted in public healthcare facilities in Bujumbura,
Burundi (0.22kg/patient/day),%* another study conducted
at the municipal hospital of Ghana (0.39kg/patient/day),>
and the local study conducted in Mizan Tepi University
Specialized Hospital (0.073kg/bed/day)'? and the Gondar
teaching hospital (0.37kg/patient/day).” The variations in
average waste generation rates could be speculated to
result from the differences in size and levels of healthcare
facilities, types of service offered and, on a country to
country basis, on the level of economic development.

Moreover, according to WHO, developed countries
generate on average up to 0.5kg of hazardous health care
waste per hospital bed per day, while low-income coun-
tries generate on average 0.2kg of hazardous health care
waste per hospital bed per day.” However, the results from
this study identified about 0.92kg/bed/day of total biome-
dical (hazardous) wastes generated from Jimma Medical
Center, which was not congruent with the stated WHO
value. The major reason for the high percentage of hazar-
dous waste generation may be due to the limited waste
segregation system practiced in the medical center, which
possibly may increase the biomedical waste generation
rate.

The results of this study confirmed that there was
limited segregation of biomedical waste into different
categories using color-coded containers and labels. This
finding is inconsistent with a study conducted in different

hospitals in the USA, which reported that most of the
hospitals are segregating infectious waste from other med-
ical waste.”* But similar non-compliance was reported by
different national studies conducted in hospitals in Addis
Ababa,® the Referral Hospital of Hawassa University,*®
and Mizan Tepi University Teaching Hospital.'> These
indicated that the implementation of biomedical waste
segregation is a challenge in different healthcare facilities
in Ethiopia.

The medical center has no temporary waste storage
area and it was observed that mixed waste was collected
and transported in open and substandard (cracked) plastic
bins to the incinerator facility. This finding is similar to the
study conducted in public healthcare facilities in the city
of Adama,”” which reported that open or unprotected
devices were used for on-site transportation of healthcare
waste; another study conducted in HCFs of Amhara
region, Ethiopia’ reported that a sub-standard waste con-
tainer was used to transport healthcare waste and the waste
was scattered on the road surrounding treatment sites. This
may contribute to the risk of injury and infection for waste
handlers, healthcare providers, patients, and visitors.

In Jimma Medical Center, a high-temperature double-
chamber incinerator was used for the treatment of biome-
dical waste in addition to other types of waste disposal
methods, including a placenta pit. However, the incinera-
tor was operated at a low temperature (<850 "C). This was
against the WHO and national guidelines, which recom-
mend biomedical waste incineration at above 850 °C to
minimize the formation and release of chemicals or hazar-
dous emissions.'> These indicate that the current practices
of biomedical waste treatment in the Jimma Medical
Center could contribute to the generation of air pollutants
and affect nearby air quality.

The results of this study also confirmed that the higher
average concentration of suspended particulate matter
(PM, .5 (999.9 ug/m®) and PM,, (1999.9 pg/m?)) and gas-
eous pollutants total VOCs (4754mg/m”), NO, (600 pg/
m®) and SO, (300 ug/m3) were recorded at the stack of the
incinerator relative to the other sites. The results of this
study were higher when compared to those conducted in
India®® and Nigeria®® and lower compared to the study
conducted in Kenya.*® The variation in concentration
measures may due to the type of incinerator, the operating
practices employed and variation of meteorological para-
meters (temperature and relative humidity) (p<0.05). This
indicated that people (especially incinerator operators)
who stayed near the source of emissions during waste
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incineration might be more exposed to health risks. Non-
use of protective measures by the incinerator operators as
observed in this study indicates their exposure to high
occupational risk.

The concentration of suspended particulate matter and
gaseous pollutants measured at different downwind sites
(near stack, at the waste inlet, 100 and 200m) from the
incinerator were significantly higher than the upwind
background concentration (p<0.05), while there was no
observed significant difference in concentration air pollu-
tants measured at a 50m downwind site relative to an
upwind background one (p>0.05). This indicated that the
incinerator emissions made a significant contribution to
the incremental differences in air quality parameters near
stack, at waste inlet site, at 100 and 200m distance down-
wind to incinerator relative to the upwind background.
However, incinerator emissions made no significant con-
tribution to variations in pollutant concentrations at
a 50m downwind site. The results from the present study
were consistent with the study conducted in Vietnam,
which reported that incinerator emissions increase the
concentration of pollutants at downwind sites relative to
upwind sites.®>' It was also consistent with a study con-
ducted in Jordan which revealed that the concentration of
pollutants reached the ground level and increased the con-
centration of pollutants at about 200m downwind distance
from the source.*

Moreover, there was a significantly higher concentra-
tion of all air quality parameters near the incinerator
sites, while more remote ones had reduced levels.
Distance between the incinerator and downwind sites
explained between 48-76% (R® = 0.48-0.76) of the
observed variation in the concentrations of selected air
quality parameters. This indicates that emissions from
biomedical waste incineration significantly pollute the
nearby air quality. Relatively, a much higher rate of
change in the total VOC and PM;, concentrations can
be observed close to the incinerator site when compared
with those at greater distances (R* = 0.76 and 0.75,
respectively). The large diameter suspended particulate
matter quickly settles under gravity and may only have
an effect in the limited surrounding area. This steep
decrease in the concentration of pollutants was very
similar to that observed in other studies in the USA*
and Nigeria,>* which revealed that the distance from the
source of pollution is negatively correlated with the con-
centration of pollutants. On the other hand, it is not in
agreement with the study conducted in Bangladesh,

which reported a higher concentration of pollutants at
nearly lkm distance far from the incinerator. This may
be due to the variation in meteorological factors among
the studies sites. In general, the study result indicated
that the low temperature (<850°C) incineration of bio-
medical waste contributed to the significant air pollution
impact in the area nearest the source and it was not likely
to be discernible at sites distanced downwind from the
incinerator.

Conclusion

The average biomedical waste generation rate in Jimma
Medical Center (0.92kg/bed/day and/or 0.75kg/patient/
day) was above the threshold value of the hazardous
healthcare waste generation rate in low-income countries,
as reported by WHO, and its management was poor. There
is a lack of appropriate waste segregation, storage, trans-
port, treatment, and disposal practices in the medical cen-
ter. Consequently, all biomedical wastes were mixed,
collected, and transported using sub-standard open plastic
bins. Moreover, the incinerator was operated at a low
temperature for the treatment of biomedical waste, which
contributes to the release of huge amounts of air pollutants
that create potential local air pollution and health risk for
the nearby community.
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