
Journal of Air Pollution and Health (Autumn 2024); 9(4):445-466

Original Article

ABSTRACT

Introduction: The singeing of animals is one of the major sources of human 
exposure to air pollutants in abattoirs especially in developing countries 
and it can cause various adverse health effects among the workers. This 
study assessed the concentrations of particulate matter in selected abattoirs 
and examined the associated health risks among the workers in Benin City, 
Nigeria. 
Materials and methods: Measurements of Particulate Matter (PM2.5 and 
PM10) were performed in three areas in the abattoirs for three months, and 
the noncarcinogenic risks of exposure to PM2.5 and PM10 were determined 
via Hazard-Quotients (HQs) and Hazard Indices (HIs). The occurrence and 
relationship between the reported risk factors and health effects among 
abattoir workers were also examined using the modified American Thoracic 
Standard (ATS) respiratory symptoms questionnaire. 
Results: The levels of PM2.5 and PM10 in the hide roasting areas were 
significantly higher (p>0.05) than those at other sampling points across the 
abattoirs. The indoor and outdoor ratio (I/O) of the particulates was greater 
than 1.0 in almost all the abattoirs. The concentrations of PM2.5 and PM10 were 
higher than the permissible air quality standards. The HQ values exceeded 1.0 
in all the sampling areas, implying that exposure to particulate concentrations 
could result in adverse health effects in abattoirs. The chi-square test revealed 
significant associations between reported risk factors such as: age, work 
experience, duration of exposure, and use of Personal Protection Equipment 
(PPE) and health effects (dry cough, eye irritation, asthma, difficulty 
breathing, sore throat, and chest pain) among abattoir workers. 
Conclusion: This study revealed that hide roasting at abattoirs results in 
poor air quality in the abattoir environment and contributes to adverse health 
effects among workers.
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Introduction

Air pollution is currently a significant problem 
worldwide because of its impact on individual 
and public health, which is caused by its critical 
risk factor for increased health effects [1]. 
Abattoirs, essential for meat production, can also 
be significant sources of air pollution, particularly 
in urban areas like Benin City, Nigeria. One of 
the primary contributors to this pollution is the 
process of singeing cow hides, which involves 
burning off hair and residual tissue using open 
flames. This practice releases Particulate Matter 
(PM) into the air, containing a complex mixture 
of solid and liquid particles, including dust, soot, 
and other harmful substances. To prepare the hide 
of the corpse for eating and to evoke flavours in 
the meat that are acceptable to customers, the fur 
on the skin of the animal must be removed during 
the singeing process [2]. This is often done by 
butchers in abattoirs over open flames using a 
variety of materials, such as firewood mixed with 
used motor oil, used tyres, plastics, and Liquefied 
Petroleum Gas (LPG), before being transported 
to marketplaces and sold to consumers [3, 4]. The 
smoke produced from wood during the burning 
of meat is one of the sources of particulate matter 
in abattoirs [5]. Particulate matter is a known 
pollutant that is an aggregate of solid and liquid 
particles with varying metric sizes, forms and 
chemical compositions released in the atmosphere 
[6]. PM has drawn much attention because of its 
significant impact on human health [7, 8]. The 
toxicity of particulate matter stems from its ability 
to permeate through the pulmonary system via 
alveolar obstruction [9]. The extent of penetration 
of particles is largely determined by the particle 
aerodynamic size [10]. They have been grouped 
as coarse particles with an aerodynamic diameter 
of ≤10 µm(µm) and fine particles with 2.5 µm or 
less. The inhalation of particulate matter, which 
is composed of tiny solid or liquid droplets, has 
been associated with several health problems 
[11]. The respiratory system is the first point of 
entry of particulate matter, although it can be 
detected in different organs of the body. In 2019, 

particulate matter pollution exposure resulted in 
the death of approximately 6.4 million people 
globally, of which 2.3 million were caused by 
fine particulate pollution from the utilization of 
biomass fuel for domestic purposes, whereas 
4.1 million were caused by PM2.5 ambient air 
pollution. In developing countries like Nigeria, 
where air quality regulations may be lax and 
occupational health and safety standards are 
often poorly enforced, abattoir workers and 
surrounding communities are particularly 
vulnerable to the health risks associated with PM 
exposure [12, 13]. Several health effects, such as 
shortness of breath, coughing, and irritation of the 
nose, throat, and eyes, have been linked to short-
term exposure to particulate matter from cows 
singing in slaughterhouses [14, 15, 4]. Prolonged 
exposure has been associated with more severe 
health consequences, such as lung cancer, 
cardiovascular disease, chronic respiratory 
disorders, and unfavourable pregnancy outcomes 
[16]. Because of their extended exposure times 
and proximity to the source of pollutants, 
workers at abattoirs are especially vulnerable 
[17]. Moreover, the dispersal of particulate 
matter into the surrounding environment may 
also increase health concerns for people residing 
near abattoirs [18].  Health risk assessments of air 
pollution have been mostly adopted to determine 
the human health effects of particulate matter. 
Human health risk assessment analyses the 
degree of exposure of individuals to particulate 
matter concentrations based on pollutant levels 
and assesses the risk during a given period [19]. 
The risks posed to human health by particulate 
matter exposure have generally been evaluated 
using short-term exposure assessment, which 
provides information for long-term exposure 
prediction [20, 21] The singing of cowhides with 
wood and other materials is a common practice 
across Nigeria without any consideration of the 
detrimental health risks to the health of workers 
and neighbouring residents. The World Health 
Organization (WHO) has established stringent 
guidelines for outdoor air quality. For Particulate 
Matter (PM), specifically PM10 and PM2.5, they 
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recommend daily average limits of 45 and 15 
µg/m³ respectively [6]. These guidelines are 
based on extensive scientific research linking 
exposure to these pollutants with various health 
problems. In contrast, the Nigerian Ambient Air 
Quality Standards (NAAQS), set by the Federal 
Environmental Protection Agency (FEPA) in 
1999, allow a significantly higher limit for 
PM10, at 150 µg/m³. While this standard may 
seem lenient compared to the WHO guidelines, 
it's important to note that even concentrations 
below these limits can have detrimental health 
effects [7]. Several studies have reported high 
levels of particulate matter exposure in several 
occupational settings, ranging from charcoal 
producers to food processing, agricultural burning 
on farms, wildland firefighters, bushfires, and 
domestic cooking [19]. Few researchers have 
conducted health risk assessment studies on air 
pollutants in abattoirs in Nigeria [16], but there 
are no reports on the associations between the 
reported risk factors among abattoir workers 
and respiratory health effects. While previous 
studies have explored the health risks associated 
with cowhide singeing, many have focused on 
the contamination of the hides themselves with 
heavy metals or other pollutants [16, 22-29], 
this study specifically targets Particulate Matter 
(PM) emissions from the singeing process, a 
direct air pollution concern for both workers 
and the surrounding community. By measuring 
PM concentrations, this study will provide 
quantitative data on the extent of air pollution 
caused by hide singeing. This information can be 
used to assess the severity of the health risks and 
inform potential mitigation strategies and policies. 
The study will also assess the potential health 
risks associated with exposure to these pollutants 
particularly their potential for causing respiratory 
and cardiovascular problems. By providing 
specific data on PM levels and health risks in 
Benin City, this study can contribute to a better 
understanding of the local environmental and 
health challenges. This information can be used 
to advocate for improved air quality regulations 
and safer working conditions in abattoirs. 

Addressing this gap could help decrease the 
exposure level of workers to high concentrations 
of particulate matter from different areas of the 
abattoir and help improve their respiratory health. 
The knowledge of the level of particular matter 
in abattoirs can assist in the implementation of 
targeted interventions and policy formulation to 
reduce exposure risk and promote the quality 
of life of abattoir workers. This study therefore 
assessed the concentrations of particulate matter 
in selected abattoirs and examined the associated 
health risks among the workers in Benin City, 
Nigeria.

Materials and methods

Study area

The Abattoirs used for this study are located at 
the Ikpoba slope area within the Ikpoba - Okha 
Local Council in Benin City which lies along 
latitudes 6°20ʹN to 6°58ʹN and longitudes 5°35ʹE 
to 5°41ʹE (Fig. 1). The area houses the largest 
number of abattoirs in the city and is located 
near residential houses, markets and motor parks. 
Abattoirs are motorable and easily accessible by 
beef consumers and traders, including restaurant 
owners, who buy and sell beef products daily. 
The abattoirs were made up of several workers, 
including butchers, meat buyers and sellers, and 
they hide roasters and cleaners. An average of 
eight to ten cows are slaughtered daily in each of 
the abattoirs in the location. The slaughterhouses, 
which are both public and privately owned, 
are divided into three sections, namely, the 
butchering section, which is also the place where 
the meat is sold to the customers, and the hide 
roasting section, which is built separately behind 
the slaughterhouse and the area outside of the 
abattoir. The abattoirs begin operations by 6 am 
when the cows are slaughtered and close by 4 pm 
daily. Compared with other workers, hide roasters 
usually leave the slaughterhouse late. They burn 
the hides of slaughtered meat with wood and 
kerosene and are often directly exposed to wood 
smoke without any protective equipment.
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Fig. 1. Map of the study area showing the sampling sites

Selection of sampling points

Ten abattoirs (AB1 to AB10) were purposely 
selected from several slaughterhouses in the 
area for this study (Fig. 1). In addition to the 
size of the abattoir, the presence of a separate 
section for the open burning of cow hides and 
engagement in daily abattoir operations were 
criteria for selection. Three sampling points, A 
(cowhide roasting section), B (cow slaughtering 
section) and C (outside the abattoir) were 
selected for particulate matter monitoring across 
the abattoirs.

Air sampling procedure

The sampling of particulate matter (PM2.5 and 
PM10) was performed using a handheld portable 
smart air quality monitor (BR-Smart-126 series) 
manufactured by BLATN Sci. and Tech Co. 
Ltd. (Beijing, China). The BR-Smart-126 series 
is a real-time portable air quality device that 
can measure different aerodynamic metrics 
of particulate matter (PM2.5 and PM10) in µg/
m3 with a precision range of 0–9999 µg/m3, a 
resolution of 1.0 µg/m3 and a resolution of 1.0 
µg/m3. The meter is a portable real-time air 
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Table 1. Categories of hazard

quality monitoring device built with a high-
precision sensor chip. It monitors air pollutants 
via a light scattering mechanism and converts 
atmospheric particulate concentrations into 
visual data. The samplers were calibrated before 
and after each sampling activity in line with the 
manufacturer's prescription to ensure that the 
data being collected were reliable and met the 
objectives of the study. At each sampling point 
A, B and C, the measurement is performed 
by pressing the start button, which begins the 
initialization process approximately two minutes 
before the screen is displayed. The readings of 
the concentration of the particulate of interest are 
taken at each sampling point in triplicate, and the 
start button is pressed to allow for another round 
of measurements at another sampling point. The 
equipment was placed approximately 2 m above 
ground level during each measurement to avoid 
interference from fugitive dust. The measurement 
was performed from 7 am when the roasting of the 
hides begins until 3 pm daily, including Saturdays, 
for twelve weeks across the ten (10) abattoirs. The 
data obtained were cleaned for outliers, and the 
mean particulate concentrations were determined 
statistically and then compared with the WHO 24-
hour air quality standard [30, 6].

Measurement of meteorological parameters

Meteorological data, such as temperature, 
humidity, and wind speed, were collected 
simultaneously with air pollutant measurements 
at every sampling point. The ambient temperature 
and relative humidity were recorded with the aid 
of a Windmate 300. The meter has a temperature 
range of -20 - 60°C and accuracies of +/- 1°C and 
0 -100% and +/- 3%, respectively.

Health risk assessment

Health risk assessment has been described as the 
estimation of the burden of mortality of disease 
effects to be expected from an observed exposure 
distribution, i.e., air pollution [31]. In this study, 
the noncancer risk from exposure via inhalation 
was considered. The assessment considered 
adult individuals (over 18 years of age) who 
were involved in abattoir work daily. The Hazard 
Quotient (HQ) was utilized to estimate the risk 
associated with PM exposure in the abattoirs. The 
hazard quotient is the ratio of the hypothetical 
exposure to pollutants and their concentrations 
without adverse health outcomes. The hazard 
level was categorized by the HQ values, as shown 
in Table 1 [32, 33].

HQ value Associated risk 

<0.1 No hazard risk 

0.1-1.0 Low hazard risk 

1.1-10 Moderate hazard risk 

>10 High hazard risk 
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The hazard quotient value was determined as 
follows:

(1)

Where LADD, i.e., the lifetime average daily 
dose (mg/kg day), is the exposure to pollutants 
via inhalation.

RfD is the reference dose (mg/kg day), i.e., 
the estimated level of human daily inhalation 
of pollutants without adverse health outcomes 
during a lifetime. The RfDs of PM2.5 at 5 µg/m3 

and 10 µg/m3 for PM10 according to [34, 35] were 
used in this study.

The Average Daily Dose (ADD) is determined by

(2)

where CA is the mean concentration of pollutants 
(µg/m3) at various sampling points.

IR = Inhalation rate (m3),

EF = Exposure frequency (days/year),

ED =Exposure duration (years),

Body weight (kg)

AT=Average time (yrs)

The total noncarcinogenic risk was obtained by 
calculating the Hazard Index (HI) to estimate 
the exposure risk attributed to the different 
particulate matter metrics at the same time. This 
is represented in Equation 3.

(3)

HQ = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑅𝑅𝑅𝑅𝐿𝐿                        

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =  𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐿𝐿
𝐵𝐵𝐵𝐵𝐶𝐶𝐿𝐿𝐵𝐵  HI = HQ1 + HQ2……. + HQn 

Table 2. Exposure factors for particulates in abattoirs

Parameters Symbol Unit Values References 

Baseline concentrations     

PM10  µg/m3 10 [16] 

PM2.5  µg/m3 5 [35] 

Inhalation rate IR m3/day 14.25 [36] 

Exposure duration ED hours 8 [16] 

Body weight BW kg 62.8 [36] 

Exposure frequency EF - 0.85 [36] 

Average time AT Years 70 [37] 
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Questionnaire survey

The prevalence of respiratory health effects (dry 
cough, shortness of breath, eye irritation, asthma, 
difficulty breathing and sore throat) among 
abattoir workers (cleaners, butchers, meat sellers 
and buyers, and hide roasters) and the reported 
risk factors in the abattoir environment were 
also examined using the modified respiratory 
symptoms questionnaire [38]. Two hundred 
and two (202) well-structured questionnaires 
were collected from ten slaughterhouses. 
The sample size (202) was obtained using the 
Cochran formula [39] based on the prevalence 
rate of 25.2% reported in previous studies [40]. 
Out of the 289 questionnaires, a total of 202 
respondents participated in the survey, including 
cleaners (49), butchers (50), buyers and sellers 
(50) and hide roasters (53) across the ten selected 
abattoirs. The questionnaire comprises three 
sections: A: Sociodemographic; age, sex, level 
of education and level of income; B: reported 
risk indicators among workers; work experience, 
duration of exposure, smoking status and use of 
personal protective equipment among workers; 
and C: reported health symptoms among 
workers; dry cough, asthma, difficulty breathing, 
sore throat, shortness of breath and chest pain. 
All the participants voluntarily participated in 
the study and had no family history of asthma, 
tuberculosis, chest or respiratory disorders or 
previous diagnosis by a physician.

Data analysis

The air quality data obtained were subjected 
to descriptive (mean, standard deviation) and 
inferential (analysis of variance) statistical 
analyses using SPSS for Windows version 22.0. 
The differences between the sociodemographic 
features of the different categories of abattoir 
workers were analysed using the chi-square test 
of significance. Furthermore, the associations 
between reported risk factors and health effects 
among abattoir workers were also determined 
using the chi-square test, and a value of p<0.05 
was considered statistically significant.

Results and discussion

Mean concentrations of particulate matter in 
abattoirs

The mean concentrations of PM2.5 and PM10 
during the period of sampling across the 
abattoirs are presented in Figs. 2 and 3. The 
concentrations of PM2.5 ranged between 29.6 
and 796.8 µg/m3 throughout the sampling sites. 
The highest values of 354.7 to 796.8 µg/m3 were 
obtained at point A, i.e., the cowhide roasting 
area, whereas the lowest values of 29.6 to 131.4 
µg/m3 were measured at point C, outside the 
abattoir (Fig. 1). The concentration of PM10 
varied from 879.7 to 342 µg/m3, 75.3 to 320 µg/
m3 and 43.3 to 141.4 µg/m3 at sampling points 
A, B and C, respectively. The concentrations of 
PM10 are in the order of A>B>C. The elevated 
concentrations of PM2.5 and PM10 were recorded 
at the point of hide roasting (A), which is an 
indication that the particulate matter could have 
originated from the burning of the cow fur. 
High levels of particulates have been previously 
reported at the discharge point, i.e., the point 
where the animal is burnt and processed 
[16]. The level of particulates reported in this 
study was higher than that reported by several 
authors [16, 22-28]. The high concentrations 
of particulates recorded in this study could be 
attributed to the direct measurement of PM 
levels at the point and period of hide burning, 
which was informed by the possibility of direct 
exposure of the hide roasters to the emitted 
smoke. The reduction in the concentrations of 
the particulates at the entrance and within the 
abattoir could be explained by the distances of 
these areas from the major pollutant source A 
(the point of roasting of the cowhides). The level 
of air pollutants has been reported to decrease 
with increasing distance from pollution sources 
[41, 42]. This finding contrasts with the report 
of  [16], who recorded higher PM concentrations 
at sampling points away from the pollution 
source in an abattoir facility in Ile Ife, Nigeria. 
This was attributed to the action of wind, 
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which dispersed the particles from the point of 
discharge. The mean concentrations recorded in 
this study were above the 24-h recommended air 
quality guidelines of 15, 45, and 150 µg/m3 by 
the [6] and [30]. This poses a serious health risk 
for abattoir workers, particularly those involved 
directly in the roasting of cow hides by abattoirs. 
The ease with which particulates, especially 
those with an aerodynamic diameter of less than 
10, can enter the lungs of exposed individuals 
aggravates the associated health challenges 
[24]. Long-term exposure to particulate matter 
can lead to serious health outcomes, including 
skin irritation, breathing difficulty, asthma and 
cough [5, 43]. Thus, alternative energy sources 
for processing cowhides and the consistent use of 

face masks by hide roasters to reduce exposure 
to smoke are needed. The effects of location 
on the variations in the concentrations of PM2.5 
and PM10 across the sampling abattoirs were 
determined via one-way analysis of variance at 
p<0.05 and are presented in Table S3. The results 
revealed that the measurements of PM2.5 and 
PM10 throughout the abattoirs indicated that the 
significant values were less than 0.05 (Table S3). 
This finding revealed that there was a significant 
variation in the mean values of PM2.5 and PM10 
across the abattoirs. The observed difference in 
the mean values could be due to variations in 
microclimatic conditions, the location, time of 
the measurements and the influence of prevailing 
anthropogenic factors in the study areas.

Fig. 2. Mean concentrations of PM2.5 at the sampling points at Abbatoirs
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Indoor and outdoor (I/O) ratio of particulate 
concentrations

To assess indoor air quality, indoor and outdoor 
pollutant levels are often compared using 
indoor-outdoor (I/O) ratios [44]. These ratios 
are calculated by dividing the average indoor 
concentration of a pollutant by its average 
outdoor concentration. In this study, the ratios of 
the mean concentrations of particulates within 
and outside the abattoirs were determined 
for various abattoirs in the study area. I/O 
ratios>1 indicate that the indoor concentrations 
of particulate surpass the outdoor probably 
due to the indoor sources. The I/O ratio of 1.0 
implies indoor concentrations are in a state of 
equilibrium with outdoor sources, while the 
I/O ratio of less than 1.0 implies that the indoor 

levels are lower than the outdoor concentrations 
due to the prevailing outdoor factors. The result 
revealed that the I/O ratios of both the PM2.5 
and PM10 across the abattoir exceeded 1 except 
at AB7 where the I/O ratio was less than 1 for 
PM10 (Fig. 4). The result suggests that the indoor 
sources of PM were more compared to the 
outside abattoir environment. This could be due 
to the location of the abattoir directly opposite 
the section of cowhide roasting, resulting in the 
direct infiltration of smoke into the abattoir. The 
design of the abattoir which is open without 
windows also aids the direct infiltration of 
pollutants there by increasing the pollutant 
levels within the abattoir. This finding is similar 
to the reports of several authors who reported 
an I/O ratio between 0.8 and 1.12 in different 
indoor and outdoor environments [45, 46].

Fig. 3. Mean concentrations of PM10 at the sampling points at Abbatoirs
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Correlations between meteorological parameters 
and particulate matter concentrations

The Pearson correlation coefficient (r) indicating 
the strength of the linear relationship between 
the ambient temperature, relative humidity, wind 
speed and particulate matter concentration at the 
various sampling points is presented in Table 3. 
At sampling point, A, the ambient temperature 
was strongly and positively correlated with PM2.5 
(r=0.791, p<0.05) and moderately correlated with 
PM10 (r=0.548, p<0.05). The strong influence of 
temperature on the particulate concentrations 
at sampling point A could be attributed to the 
increase in the ambient temperature at the point 
of hide roasting, thereby contributing to the 
increase in the ground-level concentrations 
of particulates. This is further supported by 
[47], who reported that increased levels of 
ambient pollutants monitored in an environment 
experiencing higher temperatures could lead 
to the downward movement of pollutants and 
consequently higher ground-level concentrations 
[48], explained that when the temperature of 
the ambient air is higher than the temperature 
of the pollutant, the concentrations of pollutants 
at the ground level increase. The correlations 
between temperature and the particulates at the 

other sampling points (B and C) were very weak 
for PM2.5 (r = 0.081, -0.028) and PM10 (0.124, 
0.058) and statistically insignificant. This could 
be due to the lower temperatures associated with 
the sampling points, i.e., the entrance and inside 
of the abattoirs, hence the lower concentrations 
of particulates measured at these points. Strong 
and moderate significant negative correlations 
between ambient relative humidity and the PM2.5 
(-0.789, p= 0.000) and PM10 (r = -0.574, p = 
0.000) concentrations were revealed at the point 
of open burning of cowhides. This association is 
due to the relatively low relative humidity due to 
the increased temperature, which does not support 
the adsorption of water vapour onto particles 
in this area [49]. However, the relationships 
between ambient relative humidity and the PM2.5 
and PM10 concentrations at sampling points B 
and C were statistically insignificant (r=0.075, 
0.034, 0.026 and 0.139, respectively). The study 
also revealed a significant negative correlation 
between PM2.5 (r=-0.788, p<0.005) and PM10 
(r=-0.572, p<0.005) and wind speed at sampling 
point A. The recorded wind speed at sampling 
point A was relatively low; hence, the negative 
association also corroborated the increased 
level of particulates at processing point A. This 
finding contrasts with that of [16], who reported 

Fig. 4. HQ values for individuals in the abattoirs
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Table 3. Correlations between the meteorological parameters and particulate matter concentrations at the 
different sampling points

a positive association between the particulates at 
the discharge point in selected abattoir facilities, 
resulting in reduced concentrations of particulate 
matter at the discharge point. The relationship 
between the prevailing wind speed and the 
recorded levels of particulates at the entrance and 
inside the abattoirs was statistically insignificant, 
except for 

PM10 at sampling point C, which exhibited a 
weak positive association (r = 0.2777, p = 0.000).

Human health risk assessment

A human health risk assessment was also 
performed in this study based on the calculated 
noncancer risks of PM2.5 and PM10, and the results 
are presented in Figures 4 and 5. Hazard Quotient 
(HQ) values were utilized to estimate the 
noncarcinogenic risks associated with ambient 
PM2.5 and PM10 exposure at various points in the 
abattoir. The HQ values for the exposed individuals 
across the sampling points were 10.08, 2.48 and 
1.60 for PM2.5 and 5.44, 1.21 and 0.84 for PM10. 
(Fig. 4). HQ values above 1.0 generally indicate 
that the concentrations of pollutants under study 
are likely to cause health effects, whereas HQ 
values less than 1.0 are unlikely to cause any 
health effects on exposed individuals [50]. In this 
study, the HQ values of PM2.5 and PM10 exceeded 

1.0 except for the HQ of PM10 at sampling point 
C (Figure 4). The HQ and HI values in the area 
where the roasting of the hides (10.8, 5.44 and 
19.0) was carried out were higher than those 
estimated at points B (2.48, 1.21 and 4.67) and 
C (1.60, 0.84 and 3.01) Fig. 5. This implies that 
exposure to the concentrations of particulates in 
the study area is likely to cause serious adverse 
health effects on exposed individuals. The results 
indicate that there is an increased risk of exposure 
to adverse health effects by abattoir workers at 
the point of hide roasting compared with those 
working within the abattoir.

This study is similar to the findings of [50], who 
reported adverse effects of exposure to PM2.5 from 
biomass burning. This finding is also supported 
by a report indicating that distance from the 
pollution source could reduce the risk of exposure 
to the adverse health effects of particulate 
pollution (51). A reduction of approximately 
twenty-five percent in the concentration of PM2.5 
was also reported at a 400 m distance from the 
pollution source [52]. In contrast, [16] reported 
that individuals exposed to particulate matter at 
a distance of 100 m from the point of burning of 
hides in an abattoir facility were more likely to 
experience adverse health effects than those at 
the discharge point.

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed) 

 

 TEMPa RHa WSa TEMPb RHb WSb TEMPc RHc WSc 

PM2.5a 0.791** -0.789** -0.788** -0.383** -0.003 0.126 -0.004 0.067 0.040 

PM10a 0.548** -0.574** -0.572** 0.213** -0.086 0.097 0.013 -0.083 0.084 

PM2.5b 0.081 0.075 0.134 -0.051 -0.071 0.000 0.205* -0.074 -0.204* 

PM10b 0.124 0.026 0.114 -0.044 -0.081 -0.041 0.240** -0.084 -0.216* 

PM2.5c -0.028 0.034 0.122 -0.141 -0.037 0.017 0.188* -0.012 -0.176* 

PM10c -0.058 0.139 0.277** -0.176* -0.021 0.027 0.267** -0.024 -0.071 
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Fig. 5. HI values for individuals in the abattoir

Questionnaire survey

Sociodemographic characteristics among 
Abattoir workers

Table 4 shows the comparison of the 
sociodemographic characteristics of the categories 
of abattoir workers. The abattoir workers within 
the age range of 25-34 years had the highest 
percentage (78%) of participants, whereas 
those above the age of 55 years had the lowest 
percentage (6.9%). There were more female 
workers (62.8%) than male workers (37.2%). 
This is because the bulk of the work (buyers and 
sellers, hide roasting, and cleaners) is carried 
out by females. Males are mostly engaged in the 
butchering and processing of cows in the abattoir. 
The educational level of the workers revealed 
that 54.9% of the total respondents were primary 

school certificate holders, which was higher than 
those who had attained secondary (10.4%) or 
tertiary (6.0%) education or no formal education 
(34.5%). Among the 202 abattoir workers, 59 
(29.2%) had spent 11-15 years on abattoir work, 
which was significantly higher than the number 
of workers with work experience lower than 11 
years. Fifty percent of the respondents reported 8 
– 12 hours of exposure to the abattoir environment 
daily, while 75.3% of them did not use any type 
of personal protective equipment. Compared 
with nonsmokers, only 17.8% of the workers 
smoked (82.2%). The chi-square test revealed 
that there was a significant difference between 
the different categories of workers in terms of 
age, sex, level of education, work experience, 
duration of exposure, use of PPE and smoking 
status (P<0.05) (Table 4).
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Table 4. Sociodemographic comparison between the various abattoir workers

 

a Chi square test, * Statistically significant, p≤0.05 

 

Variables   Frequency (%)     
Cleaners 
(n = 49) 

Butchers 
(n = 50) 

Meat sellers and buyers 
(n = 50) 

Hide roasters 
(n = 53) 

Total 
Freq (%) 

p -Value 

Age      0.016a
* 

18-24years 13(46.4) 7(25.0) 4(14.3) 4(14.3) 28(13.8)  
25-34yrs 14(17.9) 18(23.1) 25(32.1) 21(26.9) 78(38.6)  
35-44yrs 12(21.1) 17(29.8) 15(26.3) 13(22.8) 57(28.3)  
45-54yrs 7(28.0) 6(24.0) 6(24.0) 6(24.0) 25(12.4)  
>55yrs 3(21.4) 2(14.3) 0(0.0) 9(64.3) 14(6.9)  
Gender      0.001a

* 
Male 9(12.0) 49(65.3) 15(20.0) 2(2.7) 75(37.2)  

Female 40(31.5) 1(0.8) 35(27.6) 51(40.2) 127(62.8)  
Level of Education      0.001a

* 
None 11(19.0) 14(24.1) 13(22.4) 20(34.5) 58(28.7)  

Primary 37(33.3) 32(28.8) 19(17.1) 23(20.7) 111(54.9)  
Secondary 0(0.0) 2(9.5) 9(42.9) 10(47.6) 21(10.4)  

Tertiary 1(8.3) 2(16.7) 9(75.0) 0(0.0) 12(6.0)  
Level of Income      0.001a

* 
#20,000 48(77.4) 1(1.6) 0(0.0) 13(21.0) 62(30.6)  
#40,000 0(0.0) 24(49.0) 2(4.1) 23(46.9) 49(24.3)  
#50,000 1(2.0) 24(47.1) 10(19.6) 16(31.4) 51(25.2)  
#100000 0(0.0) 1(2.5) 38(95.0) 1(2.5) 40(19.9)  

Work experience      0.001a
* 

1-5yrs 19(40.4) 15(21.3) 4(8.0) 12(24.0) 50(24.7)  
6-10yrs 19(40.4) 10(21.3) 8(17.0) 10(21.3) 47(23.3)  

11-15yrs 6(10.2) 9(15.3) 23(39.0) 21(35.6) 59(29.2)  
16-20yrs 5(11.6) 16(37.2) 15(34.9) 7(16.3) 46(22.8)  

Duration of exposure      0.001a
* 

<8 hrs 3(3.3) 42(45.7) 45(48.9) 2(2.2) 92(45.5)  
8 -12 hrs 42(41.6) 8(7.9) 5(5.0) 46(45.5) 101(50.0)  
>12 hrs 4(44.4) 0(0.0) 0(0.0) 5(55.6) 9(4.5)  

Use of PPE      0.001a
* 

Yes 22(44.0) 20(40.0) 3(6.0) 5(10.1) 50(24.7)  
No 27(17.8) 30(19.7) 47(30.9) 48(31.6) 152(75.3)  

Smoking status      0.001a
* 

Yes 1(2.8) 28(77.8) 5(13.9) 2(5.6) 36(17.8)  
No 48(28.9) 22(13.3) 45(27.1) 51(30.7) 166(82.2)  

Prevalence of reported health effects among 
Abattoir workers
The prevalence of health effects among exposed 
abattoir workers is shown in Table 5. The results 
revealed a significant difference in the prevalence 
of reported respiratory health effects (sore throat, 
shortness of breath, chest pain, eye irritation, and 
skin rashes) at p > 0.05 except for dry cough, 
asthma or difficulty breathing (p>0.05) among 
the workers. The prevalence rates of dry cough, 
asthma, difficulty breathing sore throat, shortness 
of breath, chest pain, eye irritation, and skin 

rashes among the workers were 66.3%, 18.3%, 
32.7%, 34.7%, 23.7%, 25.2%, 45.5% and 37.1%, 
respectively (Table 5). The high occurrence of 
respiratory health effects reported among the 
workers further supports the high concentrations 
of particles recorded during the quantitative 
assessments. Furthermore, organic dust particles, 
including bioaerosols, reportedly exacerbate 
respiratory symptoms among workers at abattoirs 
[53]. Few studies have been conducted on the 
occurrence of respiratory effects among workers 
in slaughterhouses, especially in Nigeria; hence, 
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Table 5. Comparison of reported health effects among Abattoir workers 

 

aChi square test, *Statistically significant, p≤0.05 

 

Variables   Frequency (%)    
 

Cleaners 

(n = 49) 

Butchers 

(n = 50) 

Meat sellers and 

buyers 

(n = 50) 

Hide 

roasters 

(n = 53) 

Total 

Freq (%) 

p -Value 

Dry cough      0.308 a 

Yes 36(26.9) 35(26.1) 33(24.6) 30(22.4) 134(66.3)  

No 13(26.9) 15(22.1) 1(25.0) 23(33.8) 68(33.7)  

Asthma      0.305a 

Yes 5(8.3) 9(15.0) 10(27.0) 13(35.1) 37(18.3)  

No 44(31.0) 41(28.9) 40(24.2) 40(24.2) 165(81.7)  

Difficulty in Breathing   
  

 

 

0.064a 

Yes 10(15.2) 14(21.2) 19(28.8) 23(34.8) 66(32.7)  

No 39(28.7) 36(26.5) 31(28.8) 30(34.8) 136(67.3)  

Sore throat      0.001 a
* 

Yes 29(41.1) 18(25.7) 10(14.3) 13(18.6) 70(34.7)  

No 20(15.2) 32(24.2) 40(30.3) 40(30.3) 132(66.3)  

Shortness of breath      0.001 a
* 

Yes 5(10.4) 17(35.4) 3(6.3) 23(47.9) 48(23.7)  

No 44(28.6) 33(21.4) 47(30.5) 30(19.5) 154(76.3)  

Chest pain      0.001 a
* 

Yes 29(56.9) 12(23.5) 1(2.0) 9(17.6) 51(25.2)  

No 20(13.2) 38(25.2) 49(32.5) 44(29.1) 151(74.8)  

Eye Irritation      0.001a
* 

Yes 13(14.1) 23(25.0) 20(21.7) 36(39.1) 92(45.5)  

No 36(32.7) 27(24.5) 30(27.3) 17(15.5) 110(54.5)  

Skin Rashes      0.001 a
* 

Yes 13(17.3) 18(24.0) 13(17.3) 31(41.3) 75(37.1)  

No 36(28.3) 32(25.2) 37(29.1) 22(17.3) 127(62.9)  

the challenge of comparing these results with 
those of similar studies in the region, except a few 
in other parts of the world, remains. This finding 
is similar to the reports of [53, 40], who reported a 
similar prevalence of respiratory health disorders 
among slaughter workers. The prevalence of 
difficulty breathing (34.8%), shortness of breath 
(47.9%), eye irritation (39.1%) and skin rashes 

(41.3%) was significantly higher among hide 
roasters than among other abattoir workers. Sore 
throat (41.1%) and chest pain (56.9%) were 
significantly more common among the cleaners. 
The significant increase in the prevalence of 
respiratory effects among the hide roasters can be 
explained by direct exposure to smoke from the 
burning of biomass used for cowhide processing.
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Associations between reported risk factors 
and health effects among Abattoir workers

The relationships between the reported risk 
factors and respiratory health effects among 
abattoirs were examined using the chi-square 
test, which indicated that associations with 
p-values greater than 0.05 had no significant 
relationships (Table 6). The results revealed 
that the age of workers was significantly 
associated with reported health symptoms. 
There was a significantly higher occurrence 
of reported health effects among abattoir 
workers aged 45-54 years (p > 0.05) than 
among workers in other age ranges. [54] 
suggested that ageing may increase the 
vulnerability of individuals to developing 
respiratory symptoms, particularly in 
response to environmental pollutants. The 
respondents with 16 to 20 years of work 
experience reported a significantly higher 
occurrence of dry cough (46%, p = 0.003), 
whereas those who had spent 6 to 10 years 
at the abattoir had a significantly higher 
prevalence of sore throat (46.3%, p = 0.016) 
than did those with other years of work 
experience. This finding is similar to a 
study that reported a significant relationship 
between the number of working hours 
among intensive poultry workers and various 
respiratory health problems in Pakistan [55]. 
This further indicates that the greater the 
length of workers’ years of experience is, the 
greater the risk of exposure and occurrence 
of health effects among workers [56]. The 
duration of exposure at the abattoir was 
significantly associated with only chest pain 
(36.6%, p=0.001) among the respondents. 
This finding is in tandem with the findings of 
the National Institute of Occupational Safety 
and Health [56], which opined that long hours 
of working and repeated movement within 
the work environment predispose workers to 
health effects. The percentage occurrence of 

dry cough among those who smoked (66.7%) 
was significantly greater than that among 
nonsmokers (41.7%) (p = 0.006). Several 
studies have reported significant associations 
between smoking and symptoms of respiratory 
diseases [57, 58]. The occurrence of reported 
health effects was higher in respondents who 
did not use personal protective equipment 
(PPE) than in those who used PPE, but the 
association was not statistically significant 
(p>0.05). Onsite assessment during this study 
revealed that there was no use of PPE among 
the workers, especially the hide roasters 
who were directly exposed to high levels of 
smoke pollution. The use of PPE by workers 
to reduce occupational exposure and health 
effects has been reported by [59].
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Table 6. A

ssociations betw
een reported risk factors and health effects am

ong A
battoir w

orkers

 

a Chi square test, *Statistically significant, p≤0.05 

 

Factors 
D

ry cough 
 

Eye 

Irritation 

A
sthm

a 
 

D
ifficulty 

in breathing 

 
Sore throat 

Shortness 

of breath 

 
C

hest pain 
 

 
Freq 

(%
) 

P 

value 

Freq 

(%
) 

p 

value 

Freq 

(%
) 

p 

value 

Freq 

(%
) 

P 

value 

Freq 

(%
) 

p 

value 

Freq 

(%
) 

P 

value 

Freq 

(%
) 

P value 

A
ge 

 
0.001

a * 
 

0.050 
 

0.019
a * 

 
0.004

a * 
 

0.160 
 

0.239 
 

0.099 

18-24years 
8(28.7) 

 
8(28.6) 

 
0(0.0) 

 
9(32.1) 

 
10(35.7) 

 
6(21.4) 

 
7(25.0) 

 

25-34yrs 
21(26.9) 

 
38(48.7) 

 
18(23.1) 

 
14(17.9) 

 
23(29.5) 

 
16(20.5) 

 
15(19.2) 

 

35-44yrs 
17(29.8) 

 
24(42.1) 

 
10(17.5) 

 
25(43.9) 

 
27(47.4) 

 
19(33.3) 

 
13(22.8) 

 

45-54yrs 
18(72.0) 

 
17(68.0) 

 
8(32.0) 

 
13(52.0) 

 
7(28.0) 

 
3(12.0) 

 
9(36.0) 

 

>55yrs 
4(28.6) 

 
5(3.7) 

 
1(7.1) 

 
5(35.7) 

 
3(21.4) 

 
4(28.6) 

 
7(50.0) 

 

A
battoir w

ork 

experience 

 
0.033

a * 
 

0.327 
 

0.107 
 

0.081 
 

0.016
a * 

 
0.230 

 
0.193 

1-5yrs 
12(24.0) 

 
18(36.0) 

 
8(16.0) 

 
13(26.0) 

 
18(36.0) 

 
13(26.0) 

 
11(22.0) 

 

6-10yrs 
10(21.3) 

 
19(40.4) 

 
5(10.6) 

 
14(29.8) 

 
22(46.8) 

 
14(29.8) 

 
18(38.3) 

 

11-15yrs 
25(42.4) 

 
30(50.8) 

 
13(22.0) 

 
19(32.2) 

 
14(23.7) 

 
11(18.6) 

 
11(18.6) 

 

16-20yrs 
20(46.0) 

 
23(53.5) 

 
9(20.9) 

 
17(39.5) 

 
13(30.2) 

 
8(18.6) 

 
10(23.3) 

 

>20yrs 
1(33.3) 

 
2(66.7) 

 
2(66.7) 

 
3(100) 

 
3(100.0) 

 
2(66.7) 

 
1(33.3) 

 

D
uration of exposure 

 
0.518 

 
0.632 

 
0.809 

 
0.434 

 
0.355 

 
0.531 

 
0.001

a * 

<8 h 
27(29.3) 

 
39(42.4) 

 
18(19.6) 

 
26(28.3) 

 
27(29.3) 

 
19(20.7) 

 
11(12.0) 

 

8 -12 h 
38(37.6) 

 
48(47.5) 

 
18(17.8) 

 
36(35.6) 

 
40(39.6) 

 
26(25.7) 

 
37(36.6) 

 

>12 h 
3(33.3) 

 
5(55.6) 

 
1(11.1) 

 
4(44.4) 

 
3(33.3) 

 
3(33.3) 

 
3(33.3) 

 

Sm
oking status 

 
0.046

a * 
 

0.006
a * 

 
0.081 

 
0.246 

 
0.509 

 
0.501 

 
0.154 

Y
es 

17(47.2) 
 

24(66.7) 
 

10(16.3) 
 

14(38.9) 
 

12(33.3) 
 

8(22.2) 
 

39(23.5) 
0.154 

N
o 

51(30.7) 
 

68(41.0) 
 

27(27.8) 
 

52(31.3) 
 

58(34.9) 
 

40(24.1) 
 

12(33.3) 
 

U
se of PPE 

 
0.390 

 
0.059 

 
0.408 

 
0.064 

 
0.865 

 
0.084 

 
0.580 

Y
es 

54(35.5) 
 

75(49.3) 
 

30(19.7) 
 

55(36.2) 
 

52(34.2) 
 

41(27.0) 
 

40(26.3) 
 

N
o 

98(64.5) 
 

77(50.7) 
 

122(80.1) 
 

97(63.8) 
 

100(65.8) 
 

111(73.0) 
 

112(73.7) 
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Conclusion

This study assessed the concentrations of 
particulate matter in different areas of selected 
abattoirs and examined the associated risk 
factors and health risks to abattoir workers. The 
results indicated that the level of particulates was 
highest in the area where hides are being roasted, 
implying a high risk of exposure to air pollutant-
related health effects on the hide roasters. The 
study also revealed that the concentrations of 
particulates across the sampling points were 
far above the national (FEPA) and international 
(WHO) recommended air quality standards. This 
is a serious public health concern for workers 
at abattoirs. The ambient temperature and 
relative humidity were found to be significantly 
associated with increased particulate matter 
concentrations, particularly at the point of 
cowhide burning. There was an increased risk 
of workers being exposed to adverse health 
effects across the sampling areas, as revealed 
by the estimation of the noncarcinogenic risk 
assessment. The risk was found to be highest at 
the point of cowhide signing, implying that the 
continuous practice of open hide burning results 
in the deterioration of air quality in the abattoir 
environment and subsequently contributes to 
the increased risk of adverse health effects. 
The study also revealed significant associations 
between reported sociodemographic factors, 
including age, sex, and other risk factors such 
as duration of exposure, the use of PPE, and 
reported health effects among the different 
abattoir workers. Generally, the prevalence of 
reported health effects was significantly higher 
among hide roasters across abattoirs. There is a 
need to consider alternative energy sources for 
processing cowhides and the consistent use of 
face masks by hide roasters to reduce exposure 
to smoke. For proper and effective control 
of this occupational health hazard among 
abattoir workers, the introduction of subsidies 

for alternative clean energy sources by the 
government to discourage the use of biomass for 
hide processing, education and training on the 
effects of short- and long-term exposure to air 
pollutants among abattoir workers, interventions 
such as the provision of face masks to workers 
as part of safe work procedures and the 
enforcement of existing laws governing abattoir 
operations are highly recommended.
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