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This paper assessed healthcare facilities location and medical waste generation and handling in
Nigeria. Analysis such as descriptive statistics, correlation and factor analysis was carried out to
identify gaps in healthcare facilities location and medical waste management in Nigeria. The population-
to-healthcare provider ratio and healthcare waste generation rates in Nigeria were also analysed. The
north central geo-political zone of Nigeria has over 9,000 healthcare facilities while the south-south
zone has less than 5,000. Public primary health facilities are the most evenly located health institutions
in Nigeria. Seventeen states in Nigeria are under served with regards to healthcare providers in facilities
and can be classified as healthcare provider shortage areas. About 19,864.03 kg/day of waste is
generated in Nigeria with the north central and north east accounting for the highest rates. Standard
incineration facilities for effective medical waste management existed in 22% of all health facilities
surveyed. Tertiary health facilities had adequate capacity (over 70%) to incinerate medical waste while
significant gaps existed at the secondary and primary healthcare levels. Pearson’s correlation of
employee capacities and waste management practices was significant. Factor analysis of variables on
employee capacities and waste management practices showed that the first two components extracted
accounted for 70.43% of the variance. The components matrix revealed that improving the availability of
appropriate waste management equipment and control procedures is required. Healthcare policy
makers in developing countries and Nigeria should strive towards equitable location of healthcare
infrastructure and trained medical personnel, provision of appropriate waste management technologies,
and building capacity of healthcare staff involved with the utilization, handling, and disposal of
infectious and hazardous medical waste items.
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INTRODUCTION

Globally, healthcare policy makers pay attention to quality According to Zhang et al. (2019), accessibility to
of care, level of care, and accessibility factors by citizens. healthcare is influenced by classified levels of care and
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spatial characteristics of the population and healthcare
facilities. Zhang et al. (2019) stated that location of
healthcare services is significant in assessing the unmet
medical needs of a population. In this regard, healthcare
policy makers need to be sensitive to the location of
healthcare services and the distribution of healthcare
types. Healthcare facilities are usually concentrated in
urban areas with a significant relationship between
population and healthcare distribution (Babatimehin, et
al., 2015; Mustapha, 2017). The concentration of
healthcare facilities in densely populated and highly
dynamic urban areas increase exposure levels to
hazardous medical wastes especially in settings where
healthcare waste management is inadequate. The World
Health Organisation (2018) stated that 15% of healthcare
wastes are hazardous and infectious, and that
unsatisfactory medical waste management leads to a
significant risk of new infectious diseases globally (World
Health Organisation, 2018).

Healthcare facilities produce various waste products
including medical waste with risk of transmitting infections
such as Hepatitis B and C (HBV and HCV), the Human
Immunodeficiency Virus (HIV), and Haemorrhagic
diseases such as Lassa fever and Ebola which are now
in existence in West Africa (Tobin et al., 2013). In low-
and middle-income countries, the manual handling and
sorting of medical waste and scavenging of dumpsites
leads to risk of needle-stick injuries and a 30, 1.8, and
0.3% chance respectively of getting infected with
hepatitis B, hepatitis C, and HIV (World Health
Organisation, 2018). Evidence of HIV outbreak linked to
unsafe injection practices and disposal have been
reported in ljeoma et al. (2016). Musa et al. (2015) found
that between 2000 and 2015, the hepatitis B was hyper
endemic in Nigeria and could be the highest in sub-
Saharan Africa. The World Health Organisation (2019)
reported that between January 1 and February 28, 2019,
a total of 327 of Lassa fever infections were confirmed
and 72 deaths were recorded across 20 states and the
Federal Capital Territory in Nigeria. The World Health
Organisation (2019), stated that 12 cases were reported
among healthcare workers in seven states. The Nigeria
Centre of Disease Control Lassa fever situation report for
week six (2020) stated that over 450 Lassa fever
infections were confirmed across 26 states with 70
fatalities. Out of the number of fatalities, the Nigeria
Centre of Disease Control stated that 15 were healthcare
workers.

Kumar et al. (2014) puts the number of pathogens
medical waste can potentially transmit at forty and that
proper medical waste management practices was one of
the most important functions of health workers. According
to Kumar et al. (2014), healthcare facility administrators
need to ensure proper medical waste management
practices and effective compliance monitoring. The
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importance of policy and legislation in proper medical
waste management practices has been emphasised
(Awodele et al., 2016). According to the World Health
Organisation (2015), the percentage of healthcare
institutions  with unsatisfactory waste management
practices is about 42% as several countries had no policy
documents concerning medical waste management. As
posited in Kumar et al. (2014), resource limited settings
such as developing countries in sub-Saharan Africa
grapple with inadequate medical waste management
practices adduced to issues which are economical,
technological, social and capacity based.

In Nigeria, a National Health Act was signed into law in
2014. The National Health Act provides a framework for
regulating, developing and managing health systems and
providing standards for health services in Nigeria. Since
the commencement of National Health Act, some studies
have decried the level of medical waste management in
Nigeria (Oyekale and Oyekale, 2017; Ezechi et al., 2017).
Another study by Ezirim and Agbo (2018) however
reported some improvement in healthcare waste
segregation at selected facilities in Nigeria. Overall, the
management of healthcare in Nigeria is fraught with
several challenges such as inadequate location of
facilities, inadequate human resources, unsustainable
financing, weak government spending, high user fees,
commodity shortages, uptake and access issues, and the
literacy levels of the populace (Obansa and Orimisan,
2013). The World Health Organisation (2016) attributed
the spread of the Ebola virus disease across west Africa
in 2014 to poorly prepared health systems at all levels.
Nigeria, which is the largest West African country in
terms of population and economy size, experience
significant incidences of infectious diseases such as
hepatitis, tuberculosis, Lassa fever and HIV.

Due to a number of factors associated with inadequate
planning and monitoring, logistics issues, storage and
access issues, developing countries including Nigeria
record high amounts of expired medical commodities,
and wastes which are considered hazardous and
infectious (Tull, 2018). According to Aturaka et al. (2017),
the total cost of expired health commodities in Nigeria
from 2013 to 2014 was 51,369.02 United States dollars.
Aturaka et al. (2017) described it as a huge loss to the
nation. Despite the evidence which supports the
existence of risks associated with improper management
of medical waste, the subject has not been given
adequate attention in literature. The risk of infections and
disease outbreaks due to improper management of
medical waste is significant in Nigeria. This paper
therefore draws its relevance from the assessment of
health facilities location and medical waste generation
and handling in Nigeria. This is in a bid to draw the
attention of stakeholders in developing countries to
significant issues which could improve healthcare facilities
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Figure 1. Map of Nigeria showing states and geo-political zones.

location, quality of healthcare waste management, and in
particular, reduce the risk of disease outbreaks from
improper management of medical waste.

MATERIALS AND METHODS
Study area

Nigeria is located between latitudes 4° 1' and 13° 9' North and
longitudes 2° 2 ' and 14° 30' East. It is a tropical country bordered
by Niger Republic to the north; Republic of Chad to the north east;
Republic of Cameroun in the east; Republic of Benin to the west.
Beyond the southern borders is the Atlantic Ocean. Nigeria’s total
surface area is approximately 1, 923,768 square kilometres. Nigeria
has a population of about 140,003,542 which is the highest in Africa
(Federal Government of Nigeria, 2007). Over 60% of Nigerians live
in rural areas (Federal Government of Nigeria, 2007). The Federal
Republic of Nigeria is divided into 36 States and a Federal Capital
Territory (FCT). These states have been grouped for political

convenience into geopolitical zones which are North East (NE),
North West (NW), North Central (NC), South East (SE), South West
(SW), and South-south (SS). The location map is presented as
Figure 1.

Sources of data

Data was collected from secondary sources which included several
journal papers on healthcare waste management, the National
Directory of Health Facilities in Nigeria by the Federal Ministry of
Health (FMOH) (2011; 2019), and the World Bank funded
Environmental and Social Safeguards Audit report by the National
Agency for the Control of AIDS (NACA) (2015).

Information concerning types of healthcare facilities, location and
other attributes was obtained from the National Directory of Health
Facilities in Nigeria (Federal Ministry of Health, 2011; 2019).
Information on healthcare waste generation and handling was
obtained from the Environmental and Social Safeguards Audit
(National Agency for the Control of AIDS, 2015). The Environmental



and Social Safeguards Audit (National Agency for the Control of
AIDS, 2015) was conducted within a sample framework of 7,667
health facilities located in thirty-five states in Nigeria. The
Environmental and Social Safeguards Audit (National Agency for
the Control of AIDS, 2015) utilised the probability proportional to
size (PPS) method to randomly select 1,921 facilities from the
sample framework across local government areas in 35 states.
These facilities were public primary (64%), public secondary
(12.4%), public tertiary (1.6%), and private health facilities (22%).
Therefore, the Environmental and Social Safeguards Audit
(National Agency for the Control of AIDS, 2015) was found suitable
as an information source for healthcare waste management in
Nigeria.

Data analysis

Data analysis including the measure of central tendencies,
descriptive statistics, correlation, and factor analysis was carried out
using Microsoft Excel version 2016 and SPSS version 19. These
analysis were used to determine percentage types of healthcare
facilities, zonal and state location percentages, and percentage
distribution of staff, equipment and other attributes relevant for the
management of medical waste. Correlation and factor analysis was
used to establish relational attributes of variables of health facilities
employee capacities and waste management practices. The
methods used in New Mexico’s Indicator-Based Information System
(2019) were used to calculate the threshold for population-to-
healthcare provider’'s ratio. According to New Mexico’s Indicator-
Based Information System (2019), the threshold for population-to-
healthcare provider ratio should be 3,500 to 1. In addition, the
method for healthcare waste generation rate described in Meleko et
al. (2018) was adapted for use in this paper. Meleko et al. (2018)
calculated mean daily waste generation by multiplying amount with
the number of days in one year (365) under the assumption that
waste generating activities are uniform. Results of data analysis are
presented as tables and figures.

RESULTS
Healthcare facilities location in Nigeria

According to the directory of healthcare facilities in
Nigeria (Federal Ministry of Health, 2011), there were
34,173 recognised healthcare facilities in Nigeria which
included 21,463 public primary healthcare facilities, 8,290
private primary healthcare facilities, 969 public secondary
healthcare facilities, 3,023 private secondary healthcare
facilities, 73 public tertiary healthcare facilities, and 10
private tertiary healthcare facilities. The updated Nigeria
Health Facility Registry (Federal Ministry of Health, 2019)
showed that the total number of healthcare facilities in
Nigeria is about 41,098. There are 29,102 public primary
healthcare facilities, 1,172 public secondary healthcare
facilities, and 106 public tertiary healthcare facilities.
There are also 7,025 private primary healthcare facilities,
3,596 private secondary healthcare facilities, and 97
private tertiary healthcare facilities (Table 1). Healthcare
facilities in Nigeria are highest in the north central
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geopolitical zone with 9,101 and lowest in the south-
south zone with 4,869 even though the two zones have
similar populations size. The north-west and south west
zone with the highest population in the country also have
a high number of healthcare facilities (Table 2). As shown
in Table 2, there are a total of 36,127 primary healthcare
facilities, a total of 4,768 secondary healthcare facilities,
and a total of 203 tertiary healthcare facilities in Nigeria.
When the number of healthcare facilities is weighed
against the population, obvious gaps are revealed. For
instance, the ratio of the population and total number of
healthcare facilities in Nigeria is about 3,400 - 1.
However, the ratio of the population and total primary
healthcare facilities is about 3,867 - 1, while that of
population against secondary and tertiary healthcare
facilities is about 29,301 - 1 and 688, 214 - 1 respectively.

The New Mexico’s Indicator-Based Information System
(2019) utilised the threshold for population-to-healthcare
provider to determine “healthcare provider shortage
areas.” According to New Mexico’s Indicator-Based
Information System (2019), the threshold for population-
to-healthcare provider ratio should be 3,500 to 1 or
maintained under 3,500. Using the New Mexico’s
Indicator-Based Information System (2019) method, the
threshold for population-to-healthcare providers in
facilities across Nigeria was calculated (Figure 2). As
revealed in Figure 2, 17 states in Nigeria are under
served with regards to healthcare providers in facilities
and can be classified as “healthcare provider shortage
areas” as determined in New Mexico’s Indicator-Based
Information System (2019). The states with the most
needs include Jigawa, Kano and Rivers States. States
such as Benue, Nasarawa, Niger, and the FCT have
healthcare facilities over the threshold ratio of 3,500 to 1
(Figure 2). Mustapha (2017) stated that tertiary
healthcare facilities are the most equipped and bear the
burden of care. The treatment and care services for
infectious disease epidemics such as hepatitis,
tuberculosis, Lassa fever and HIV are mostly delivered
through tertiary and secondary healthcare facilities
around the country. As emphasised by Mustapha (2017),
there is a need to increase the number of specialised
healthcare facilities and trained medical personnel
around the country to deal with infectious diseases and
haemorrhagic fevers.

Medical waste management in Nigeria

According to environmental and social safeguards audit
report (National Agency for the Control of AIDS, 2015),
over 70% of all facilities surveyed in the country generate
universal, hazardous, and infectious waste. Over 80% of

all tertiary, secondary, primary, and private health
facilities surveyed in National Agency for the Control of
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Table 1. Distribution of population and location of healthcare facilities in Nigeria.

o Public Private Total G_e_o-
State Population ri. Sec. Tert. Total (A) Pri. Sec. Tert. Total (B) (A+B) pc;lcl)trl](;al
Abia 2,845,380 787 18 6 811 222 245 2 469 1,280 SE
Adamawa 3,178,950 1,079 25 11 1,115 89 13 0 102 1,217 NE
Akwa-lbom 3,178,950 580 67 2 649 40 196 3 239 888 SS
Anambra 4,177,828 876 49 8 933 498 125 5 628 1,561 SE
Bauchi 4,653,066 1,085 24 2 1,111 68 6 2 76 1,187 NE
Bayelsa 1,704,515 223 41 2 266 36 20 0 56 322 SS
Benue 4,253,641 1,285 36 4 1,325 390 66 1 457 1,782 NC
Borno 4,171,104 615 44 5 664 35 9 0 44 708 NE
Cross River 2,892,988 1,106 27 5 1,138 88 82 3 173 1,311 SS
Delta 4,112,445 389 73 2 464 302 40 2 344 808 SS
Ebonyi 2,176,947 662 17 2 681 67 44 0 111 792 SE
Edo 3,233,366 541 35 4 580 382 30 8 420 1,000 SS
Ekiti 2,398,957 378 22 3 403 78 29 0 107 510 SwW
Enugu 3,267,837 56 0 0 56 635 392 7 1034 1,090 SE
FCT 1,405,201 300 22 3 325 509 83 5 597 922 NC
Gombe 2,365,040 595 31 0 626 33 9 0 42 668 NE
Imo 3,927,563 695 40 0 735 217 375 0 592 1,327 SE
Jigawa 4,361,002 690 18 0 708 8 2 0 10 718 NW
Kaduna 6,113,503 1,162 36 11 1,209 253 64 13 330 1,539 NW
Kano 9,401,288 1,227 39 2 1,268 118 129 14 261 1,529 NW
Katsina 5,801,584 1,725 20 0 1,745 63 18 1 82 1,827 NW
Kebbi 3,256,541 909 22 3 934 10 23 0 33 967 NwW
Kogi 3,314,043 918 54 2 974 56 79 0 135 1,109 NC
Kwara 2,365,353 607 43 1 651 122 116 2 240 891 NC
Lagos 9,113,605 450 49 1 500 952 809 0 1761 2,261 SW
Nasarawa 1,869,377 1,127 27 3 1,157 325 16 3 344 1,501 NC
Niger 3,954,772 1,418 30 2 1,450 173 41 1 215 1,665 NC
Ogun 3,751,140 745 32 1 778 232 126 0 358 1,136 SW
Ondo 3,460,877 611 28 3 642 61 64 1 126 768 SW
Osun 3,416,959 834 30 5 869 144 13 7 164 1,033 SW
Oyo 5,580,894 854 44 4 902 339 198 4 541 1,443 SW
Plateau 3,206,531 949 17 2 968 240 20 3 263 1,231 NC
Rivers 5,198,605 417 31 0 448 36 52 4 92 540 SS
Sokoto 3,702,676 787 17 3 807 23 14 3 40 847 NW
Taraba 2,294,800 1,133 22 1 1,156 160 24 0 184 1,340 NE
Yobe 2,321,339 579 14 1 594 7 14 0 21 615 NE
Zamfara 3,278,873 708 28 2 738 14 10 3 27 765 NW
Total 139,707,540 29,102 1,172 106 30,380 7,025 3,596 97 10,718 41,098

Source of Data: Nigeria Health Facility Registry (FMOH, 2019) * FGN (2007)

AIDS (2015) generated hazardous and infectious wastes
(Table 3). The National Health Management Plan
(Federal Ministry of Health, 2012) provided healthcare
waste generation rates in Nigeria. Table 4 shows that
tertiary health facilities in Nigeria

generate about 10.68 kg/bed/day of waste while
secondary and primary healthcare facilities generate
about 2.78 kg/bed/day and 1.1kg/bed/day respectively
(Federal Ministry of Health, 2012). Tertiary hospitals
mainly exist in urban areas and attract a high number of
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Table 2. Zonal distribution of population and location of healthcare facilities in Nigeria.

Geo-political zones Population* Primary Secondary Tertiary Total
North Central 20,368,918 8,419 650 32 9,101
North East 18,984,299 5,478 235 22 5,735
North West 35,915,467 7,697 440 55 8,192
South East 16,395,555 4,715 1,305 30 6,050
South South 20,320,869 4,140 694 35 4,869
South West 27,722,432 5,678 1,444 29 7,151
Total 139,707,540 36,127 4,768 203 41,098
Source of data: Nigeria Health Facility Registry (FMOH, 2019) * FGN (2007).
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Figure 2. Variance of population-to-healthcare facilities ratio and healthcare facilities in Nigeria.

patients whereas secondary and primary healthcare
facilities mainly exits in semi-urban and rural areas.
Some literature suggests the burden of care is borne by
tertiary which creates a burden of healthcare waste
management with regards to the systems, personnel, and
infrastructure required. The method used in Meleko et al.
(2018) was used in determining healthcare waste
generation rates in Nigeria. As revealed in Table 5,
19,864.03 kg/day of waste is generated in Nigeria with
the north central and north east accounting for the
highest rates. Table 5 also shows that Nigeria has an
annual healthcare waste generation rate of 7,250,372.17
kg/year out of which about 15% (1,087,555.83 kg) is

potentially infectious and hazardous medical waste.
Figure 3 shows the level of healthcare waste generated
in tertiary healthcare facilities across the country while
Figure 4 shows the same information for secondary and
primary healthcare facilities. When Figures 3 and 4 are
compared, the amount of waste generated is clearly
higher in secondary and primary healthcare facilities than
what is obtainable in tertiary healthcare facilities.
However, a higher percentage of the waste generated by
tertiary healthcare facilities would include hazardous and
infectious medical waste because of the level of care
provided at that level. The highest amount of healthcare
waste is generated at primary healthcare level (Figure 4).
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Table 3. Percentage distribution of health facilities based on waste generated.

Characteristics Generate hazardous  Generate universal  Generate infectious Generate Waste_
waste waste waste banned from landfill

Type of facility

Tertiary 100.0 93.3 96.7 714

Secondary 85.9 82.3 87.0 48.3

Primary 83.7 81.6 86.9 43.3

Private 83.1 81.8 88.2 52.1

Geo-Political Zone

North East 71.2 52.1 65.5 41.7

North West 81.9 70.4 64.5 35.7

North central 82.5 80.1 90.0 47.7

South East 85.7 97.3 95.9 50.7

South West 83.2 77.5 84.8 28.2

South South 88.1 82.2 90.6 51.8

Source of data: Environmental and social safeguards audit (NACA, 2015).

Table 4. Average amount of waste generated in health facilities in Nigeria, Kg/bed/day.

Geo-political zone Tertiary Secondary Private Total Average
North Central 1.09 1.46 0.42 2.97 0.59
North East 3.49 - 0.08 3.57 0.71
South South 1.42 0.19 - 1.61 0.32
South East 0.99 0.57 0.57 2.13 0.43
South West 1.84 0 0.03 1.87 0.37
North West 1.85 0.56 - 2.41 0.48
Total 10.68 2.78 1.1

Source of data: National healthcare management plan (FMOH, 2012).

Table 5. Amount of healthcare waste generated in Nigeria.

Geopolitical Population per fHe_a_lt_h care Average waste Wa§te Annual_waste Infectious and hazar?ous

Zones Zone* acllltlei*per Kg/bediday™* generation per generation per waste generated (15% of
zZone zone (Kg/day) zone (Kg/day*365) annual waste generated)

North Central 20,368,918.00 9,101.00 0.59 5,369.59 1,959,900.35 293,985.05

North East 18,984,299.00 5,735.00 0.71 4,071.85 1,486,225.25 222,933.79

North West 35,915,467.00 8,192.00 0.48 3,932.16 1,435,238.40 215,285.76

South East 16,395,555.00 6,050.00 0.43 2,601.50 949,547.50 142,432.13

South South 20,320,869.00 4,869.00 0.32 1,558.08 568,699.20 85,304.88

South West 27,722,432.00 7,151.00 0.37 2,645.87 965,742.55 144,861.38

Total 139,707,540.00 41,098.00 0.48 19,864.03 7,250,372.17 1,087,555.83

Source of data: *FGN (2007) *FMOH (2019) **FMOH (2012).

However, in Lagos, Imo, Enugu, and Akwa Ibom States, most of the healthcare waste is generated by secondary
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Figure 4. Healthcare waste generation in secondary and primary facilities in Nigeria.
Healthcare facilities. Depending on the nature of Tertiary healthcare facilities in the country are better
infrastructure and human resource available, some equipped to handle and dispose hazardous and
secondary and primary healthcare facilities may generate infectious medical waste, and also to recycle waste
a significant amount of hazardous and infectious medical banned from landfills. Many health facilities in Nigeria are

waste. familiar with waste identification methods and are familiar
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Table 6. Descriptive statistics of healthcare employees’ waste management practices in states.

Variable Mean Std. deviation N
Are staff exposed to infectious body fluids 62.2686 22.74204 35
Infectious control procedures appropriate 70.0714 20.69134 35
Equipment to comply with workplace practice available 46.2114 24.12165 35
Work environment cleaned and disinfected after contact with blood 86.7829 13.70649 35
Infectious waste placed in closable, leak-proof holders 68.9343 21.91330 35
Medical surveillance and vaccination available to exposed staff 43.4743 24.46557 35

Sources of data: Environmental and social safeguards audit (NACA, 2015).

with recommended waste characterization methods.
However, their ability to demonstrate effective medical
waste management is hindered by inadequacies of
incineration facilities and capacity to recycle waste items
banned from landfills. The environmental and social
safeguards audit report (National Agency for the Control
of AIDS, 2015) found that only 22% of all health facilities
surveyed had standard incineration facilities. Tertiary
health facilities had over 70% capacity to incinerate
medical waste. Tertiary health facilities also had the
highest capacity for all round healthcare waste
management in the country. Considering that tertiary
health facilities make up the least percentage of health
facilities in the country, this is inadequate. The
percentage of secondary healthcare facilities with
incineration facilities was 36.5 % while the percentage of
primary healthcare facilities with incinerators was 19.5%.
As observed, only the north west had over 40% capacity
for effective waste incineration while that of the north
east, south west, south east, and south south were all
under 20%.

According to the environmental and social safeguards
audit (National Agency for the Control of AIDS, 2015),
95% of all incineration waste treatment facilities are
government owned and only 5% is privately owned. The
types of incinerators available are brick and mortar
(28.8%), closed combustion (23.3%), and open pit
(47.9%). This places a huge resource burden on public
expenditure for health which may not be reflected in the
quality of management. This is simply because public
sector owned entities are perceived to operate less
effectively and less efficiently.

The results suggest gaps exist in Nigeria when it
comes to emergency preparedness for public health
diseases of international concern. This can be triggered
by poor handling of medical waste among other factors.
According to National Agency for the Control of AIDS
(2015), 66.7% of tertiary health facilities, 36.9% of
secondary health facilities, and 17.6% of primary health
facilities have written emergency plans. In addition, 69%
of tertiary, 45.5% of secondary, and 24.9% of primary

health facilities have trained personnel with specific
emergency response task. The trend among the facilities
was similar for emergency response test exercises
(National Agency for the Control of AIDS, 2015). The
percentage distribution of basic emergency response
capacity among healthcare facilities across the geo-
political zones in Nigeria was inadequate.

The paper observed that over 60% of employees of
sampled health facilities were exposed to infectious body
fluids, while only 46.2% and 43.5% had access to
protective  equipment, medical surveillance and
vaccination respectively (Table 6). The results of
Pearson’s correlation carried out on variables of
employees of sampled health facilities in Nigeria revealed
that there was a significant relationship between some of
the variables at p<0.01 and p<0.05 (Table 7). Factor
analysis using the principal component extraction method
was carried out on the same data set (Tables 8 and 9).
Table 8 shows the initial eigenvalues for six extracted
components and the first two accounted for 70.43% of
the variance. The components matrix (Table 9) revealed
that the first component will increase with increases in the
following variables which include infectious waste placed
in closable, leak-proof holders, infectious control
procedures appropriate, work environment cleaned and
disinfected after contact with blood, medical surveillance
and vaccination available to exposed staff, and
equipment to comply with workplace practice available.
These variables fluctuate together and an increase in one
can lead to an increase in others. Therefore, the first
component is a measure of the quality of the mentioned
variables. The second component (Table 9) clearly
revealed that an increase in the first variable concerning
exposure to body fluids is a negative indication of the
quality of the other variables.

DISCUSSION

The total number of healthcare facilities may seem to be
sufficient to support universal access to healthcare in
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Are staff . Equipment to Work environment  Infectious waste Medical surveillance
Infectious control - - A
Parameter _ exppsed to procedures comply with _ .clleaned and placed in apd vaccination
mfectloys body appropriate workplaqe practice dlsmfect_ed after closable, leak- available to exposed
fluids available contact with blood proof holders staff
Pearson Correlation 1 0.289* -0.033 0.346* 0.105 -0.103
Sig. (1-tailed) 0.046 0.426 0.021 0.274 0.278
Pearson Correlation 1 0.494* 0.625* 0.491* 0.433*
Sig. (1-tailed) 0.001 0.000 0.001 0.005
Pearson Correlation 1 0.236 0.401* 0.421*
Sig. (1-tailed) 0.086 0.008 0.006
Pearson Correlation 1 0.687** 0.313*
Sig. (1-tailed) 0.000 0.034
Pearson Correlation 1 0.645**
Sig. (1-tailed) 0.000
Pearson Correlation 1
*Correlation is significant at the 0.05 level (1-tailed) **. Correlation is significant at the 0.01 level (1-tailed).
Sources of data: Environmental and social safeguards audit (NACA, 2015).
Table 8. Total variance of health facilities’ employee waste management practice in states explained.
Initial Eigenvalues Extraction sums of squared loadings
Component . ; : :
Total % of Variance Cumulative % Total % of Variance  Cumulative %

1 2.963 49.390 49.390 2.963 49.390 49.390

2 1.262 21.037 70.427 1.262 21.037 70.427

3 0.742 12.360 82.787

4 0.486 8.103 90.890

5 0.392 6.531 97.421

6 0.155 2.579 100.000

Extraction Method: Principal Component Analysis.

Nigeria. However, the number, location and management

Table 9. Component matrix of health facilities’ employee waste management practice in states.

Variable Components
1 2
Are staff exposed to infectious body fluids 0.257  0.857
Infectious control procedures appropriate 0.815 0.164
Equipment to comply with workplace practice available 0.621 -0.370
Work environment cleaned and disinfected after contact with blood 0.790 0.369
Infectious waste placed in closable, leak-proof holders 0.852 -0.101
Medical surveillance and vaccination available to exposed staff 0.705 -0.467

systems of health facilities in Nigeria may pose access, criteria and modelling to address

referral, and service uptake challenges. There is a need
to locate new healthcare facilities in healthcare shortage

areas and new facilities should be guided by deliberate

location disparities

between secondary and tertiary facilities. As stated in
Olukanni et al. (2014), tertiary health facilities in Nigeria
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are the most equipped, have the highest number of
trained specialists, and serve as referral hospitals.
Healthcare policy makers need to optimise location and
upgrade the infrastructure and equipment of secondary
and primary healthcare facilities to effectively scale up
care and complement tertiary healthcare facilities. An
effective ‘hub and spoke’ relational arrangement can
enable healthcare policy makers strengthen the
operational relationships between public and private
healthcare facilities in the country. The ‘hub and spoke’
model can be used to network existing healthcare waste
handling capacities to improve medical waste
management in Nigeria. This can be achieved by
effectively linking the healthcare waste management
logistics and value chain with existing incineration
infrastructure. In addition, it is necessary to improve the
distribution of trained and specialised medical personnel
across the types of healthcare facilities. Improving
welfare conditions for medical personnel and leveraging
on technological advancements, electronic medical
records and telemedicine will enable the availability of
more trained specialists in lower level healthcare facilities.

Aturaka et al. (2017) recommended improved
coordination, network and capacity development of
healthcare staff to achieve the level of efficiency desired
to address gaps in the utilisation of high amounts of
health commaodities for various public health interventions
such as hepatitis, tuberculosis, Lassa fever and HIV to
mention a few. As presented in the results, inadequacies
with regards to management of medical waste can be
addressed through compliance with healthcare waste
management policies in Nigeria. Oli et al. (2016)
assessed healthcare waste management in southeast
Nigeria and found that compliance with policy guidelines
on handling and disposal was quite low and needed to
improve. According to Oli et al. (2016), non-availability of
waste disposal materials, inadvertence to procedure, and
lack of adequate training were major issues in both public
and private hospitals assessed in south east Nigeria.
Awodele et al. (2016) studied medical waste management
in healthcare facilities in Lagos Nigeria and found that all
the facilities surveyed did not have policies and
guidelines on waste management at which should guide
health workers in the proper handling of medical waste.
Similar findings have been reported in Anyika (2014) and
in Oyekale and Oyekale (2017).

There is a need to advocate for the implementation of
the National Healthcare Act nationwide to ensure health
facilities domesticate policies and guidelines on waste
management and imbibe a culture of compliance with
appropriate waste management practices. This amplifies
the role of staff of health facilities in maintaining an
effective medical waste management system. The results
have reflected gaps in capacity of staff to effectively
carryout duties related to proper waste management

segregation, handling, and disposal. Capacity building for
healthcare workers on medical waste management is
quite important. This will reduce exposure of staff of
health facilities to injury and infections and ensure
medical waste is properly disposed. In all health facilities
surveyed by Olukanni et al. (2014), none of the medical
waste handlers pre-treated waste before disposal and
they claimed there was no need for medical waste pre-
treatment before disposal. Similarly, Ogoina et al. (2014)
found an unusually high rate of exposure of health
workers in Nigeria to body fluids and most cases were
newly qualified medical personnel.

Amira and Awobusuyi (2014) posited that medical
waste handlers and health workers involved with the
handling of blood contaminated items face a high risk of
infections such as hepatitis B (HBV), hepatitis C (HCV),
and Human Immunodeficiency Virus (HIV). Haemorrhagic
diseases such as Lassa fever and Ebola virus diseases
are also highly infectious from blood contaminated waste
items. According to the study by Amira and Awobusuyi
(2014), 40.2% of health workers sampled had
experienced an infection from exposure to infectious and
hazardous waste. Non segregation of waste and the lack
of use of protective clothing during waste handling are
major factors contributing to infections from medical
waste (Erekpitan et al., 2015). Inadequacies of
appropriate  management practices and infrastructure
make medical waste management in Nigeria
unsustainable (Ezechi et al., 2017). Infrastructure for
incineration which is a preferred healthcare waste
management practice for the treatment of a wide range of
waste materials including infectious and hazardous waste
should be developed in Nigeria (Abila and Kantola 2013;
Ikpeze, 2014; Ezechi et al., 2017). The inadequacy of
incineration infrastructure was evident from the results.

The main limitation of this paper was the reliance and
utilisation of data from secondary sources as no ground-
truth was carried. However, the findings are significant for
the assessment of healthcare facilities location and
medical waste management in developing countries and
in Nigeria.

Conclusion

This paper has assessed healthcare facilities location
and medical waste generation and handling in Nigeria.
This paper found inadequacies with the location of
healthcare facilities and medical waste management in
Nigeria. The gaps observed in healthcare access, and
medical waste management practices and infrastructure
may affect the sustainability of the health system in
Nigeria. An effective relational arrangement can
strengthen the network of healthcare facilities, create
operational linkages between the various facility types,



encourage public and private healthcare partnerships,
and strengthen existing healthcare waste handling and
management capacities. Provision of sustainable
healthcare waste management practices in Nigeria would
require appropriate waste management technologies in
sufficient quantities, and building capacity of healthcare
staff that are involved with the utilisation, handling, and
disposal of medical waste items. As the country
progresses with the implementation of the National
Health Act, healthcare policy makers in Nigeria should
strive towards equitable location of healthcare
infrastructure and trained medical personnel to enhance
universal access to healthcare services. Addressing the
challenges facing the management of healthcare in
Nigeria has become a necessity of high significance in
the light of recent public health diseases of international
concern. These recommendations can build the resilience
and preparedness of the healthcare systems in
developing countries with regards to public health disease
outbreaks, attendant consequences of climate change,
and achievement of the sustainable development goals
related to health.
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