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Abstract

Background: Upsurge in cardiopulmonary dysfunctions in Enugu, Nigeria, involved mainly cement workers, auto-

mobile spray painters, woodworkers, and Cleaners and was worsened in the dry season, suggesting the need for an
occupation-specific characterization of the disease features and seasonal evaluation of air quality for prevention and
management.

Methods: We conducted a randomized cross-sectional study of eighty consenting participants (in Achara Layout,
Enugu), comprising 20 cement workers (39.50 4 14.95 years), 20 automobile spray painters (40.75 £ 9.85 years), 20
woodworkers (52.20+9.77 years), and 20 cleaners (42.30 £ 9.06 years). The air quality, some haematological (fibrino-
gen-Fc, and C-reactive protein-CRP), and cardiopulmonary parameters were measured and analyzed using ANCOVA,
at p<0.05.

Results: The dry season particulate matter (PM) in ambient air exceeded the WHO standards in the New layout
[PM,q=541.17 £ 258.72 ug/m? PM, s = 72.92 4 25.81 ug/m-] and the University campus [PM,,= 244 4 74.79 ug/
m?, PM, . =30.33416.10 ug/m°], but the former was twice higher. The PM differed significantly (p < 0.05) across the
sites. Forced expiratory volume at the first second (FEV,) (F=6.128; p=10.001), and Peak expiratory flow rate (PEFR)
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(F=5.523; p=0.002), differed significantly across the groups. FEV,/FVC% was < 70% in cement workers (55.33%)
and woodworkers (61.79%), unlike, automobile spray painters (72.22%) and cleaners (70.66%). FEV, and work
duration were significantly and negatively related in cement workers (r=-0.46; r2=0.2116; p=0.041 one-tailed).
CRP (normal range < 3.0 mg/L) and Fc (normal range—1.5-3.0 g/L) varied in cement workers (3.32 40.93 mg/L
versus 3.01 +0.85 g/L), automobile spray painters (2.90 4 1.19 mg/L versus 2.54 £ 0.99 mg/L), woodworkers
(2.7941.10 mg/L versus 2.37£0.92 g/L) and cleaners (3.06 £0.82 mg/L versus 2.54+0.70 g/L).

Conclusion(s): Poor air quality was evident at the study sites, especially in the dry season. Cement workers and auto-
mobile spray painters showed significant risks of obstructive pulmonary diseases while woodworkers had restrictive
lung diseases. Cement workers and cleaners recorded the highest risk of coronary heart disease (CRP > 3.0 mg/L). The
similarity in Fc and CRP trends suggests a role for the inflammation-sensitive proteins in the determination of cardio-

vascular risk in cement workers and cleaners. Therefore, there are occupation-specific disease endpoints of public
health concern that likewise warrant specific preventive and management approaches among the workers.
Keywords: Occupational-specific variations, Cardiorespiratory function, Haematological parameters, Cement
workers, Woodworkers, Automobile spray painters, Cleaners

Background

Air pollution is a very important occupational problem in
various workplaces and poses a threat to health. Air pol-
lution occurs when any substance is found in the ambient
air at concentrations that far exceed the normal levels and
may be injurious to property, plants, animals and humans
[1-3]. Air pollutants are derived from a heterogeneous
complex mixture of gases, liquids and particulate matter,
[4, 5] and increase with industrialization [6]. Exposures
to dust, fumes, and gases such as Portland cement dust,
wood dust, and isocyanate paint mist are associated with
an increased prevalence of respiratory symptoms and
ventilatory impairments [7—11]. Significant decreases in
forced expiratory volume (FEV;), forced vital capacity
(FVC) and peak expiratory flow rate (PEFR), are associ-
ated with exposures to gases and fumes resulting in res-
piratory symptoms including cough, dyspnea and phlegm
[1213]. Although the lungs may not be adversely affected
by some pollutants, however, it provides the means
through which the pollutants enter the bloodstream and
harm other organs or impair the blood’s oxygen-carrying
capacity [12]. The aforementioned studies suggest that air
pollutants are occupation-specific, and likewise the dis-
ease patterns. Therefore, the preventive and management
interventions should be occupation-specific.

As most developing countries build modest economic
growth and aim towards increased urbanization, infra-
structural development and industrialization, [14, 15]
little attention is given to the negative impact on envi-
ronmental quality and associated health issues. Enugu
metropolis, in South-East Nigeria, falls into the category
of rapidly developing urban cities, and has been selected
as one of the 5 resilient cities in Africa by the Rockefeller
foundation [16]. Such tempo of development implies an
increase in the number of residents exposed to airborne
pollution from industrial activities. This could explain the

upsurge in cases of cardiopulmonary diseases at the out-
patient unit of the Physiotherapy Department, Univer-
sity of Nigeria Teaching Hospital (UNTH), Ituku-Ozalla,
Enugu. Most of the patients were cement workers, auto-
mobile spray painters, woodworkers and Cleaners. For
instance, 13 patients were treated with various cardiopul-
monary conditions in 2007 whereas, in 2011, 34 patients
were treated, which represented over 250% increase in
the prevalence rate. The public health team was there-
fore prompted to visit their workplaces and observed that
some of them were directly exposed to paint mist/fumes,
wood dust and cement dust without protective gear, and
adherence to caution (Fig. 1). It was observed that work-
ers carried cement bags on their heads without any pro-
tective measures or mechanized equipment to prevent
inhalation and bodily contact [17]. This is worrisome
because cement workers in Europe reported adverse
health conditions despite strict adherence to protective
cautions [18, 19].

In populations exposed to air pollution, blood viscos-
ity, fibrinogen (Fc), and C-reactive protein (CRP) were
higher, and are forerunners of fatal cardiovascular events
[20]. Air pollution is associated with increased heart rate
[21, 22] and is most marked in individuals who had high
blood viscosity [22]. Some airborne chemicals stimu-
late the immune system to activate leukocytes and mac-
rophages leading to tissue damage especially in the cells
that line human blood vessels [23, 24]. Sustaining the
above cardiovascular and haematological changes could
lead to hypertension and eventually ischaemic heart
disease [25]. Overall, the above scenarios highlight the
need to understand the relationships between air qual-
ity and diseases among workers because air pollution
is associated with high numbers of respiratory and car-
diovascular hospital admissions, bronchitis episodes,
and restricted activity days [26—28]. which should reduce
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Fig. 1 Cement workers covered in cement dust without protective
gears to prevent inhalation and body contact with pollutants at the

workplace

workers’ productivity with negative economic conse-
quences in developing economies like Nigeria. Therefore,
we sought to i. Determine the differences in air quality
(particulate matter concentration) at workplaces in the
market (for cement workers, Automobile spray painters,
and woodworkers) compared to university (non-market
area for cleaners) where workers with respiratory condi-
tions were identified, ii. Determine the variation in lung
function parameters among the workers (cement work-
ers, Automobile spray painters, woodworkers and clean-
ers), iii. Determine the variation in the haematological
(C-reactive protein — CRP, and Fibrinogen — Fc) param-
eters among the workers, iv. Determine the relationship
between work duration and lung function among the
workers, and v. Determine the relationship between the
lung function, and haematological parameters among the
workers in the market area (cement workers, Automobile
spray painters, woodworkers).

Methods

Population and study design

A randomized cross-sectional observational study was
conducted, in New layout, Enugu, involving 80 con-
senting workers — comprising 20 cement workers, 20
automobile paint sprayers, 20 woodworkers and 20
cleaners, who were likewise selected from three facul-
ties of the University of Nigeria, Enugu Campus, in New
Layout, Enugu. New Layout Enugu has many industrial
parks and was selected because most of our patients

Page 3 of 15

with cardiopulmonary conditions come from that area.
Recruitment for the study was conducted at the Keny-
atta market, which is known as the “building materials”
market in the metropolis. With a 5% margin of error, at a
confidence level of 95%, in a population of 123 workers,
a response distribution of 50% was assumed, and a sam-
ple size of 94 was determined. Consenting workers were
recruited immediately after a health talk given by the
research team, at the weekly meeting of the trade union
members, held at Kenyatta Market Fig. 2.

One major eligibility criterion was applied: 1.>5 years
of uninterrupted work experience at the same location.
However, out of 123 workers in the market, only 75 work-
ers with a self-reported history of cardiopulmonary con-
ditions that met the eligibility criteria, were recruited,
out of which 60 consenting participants were recruited
by computer-generated simple random sampling method
while providing for almost equal representation of the
workers. They were recruited at the venue of their weekly
meeting, using a membership list of all registered work-
ers obtained from trade union leaders, who gave their
prior permission. Similarly, 20 out of 69 cleaners (staff of
the University of Nigeria, Enugu Campus), were recruited
at their respective faculties using the same approach.

Procedure

The study process involved four stages: obtaining
informed consent, administering the questionnaire, car-
diopulmonary assessment and laboratory study.

PM Measurement site selection and Ambient air monitoring
protocol

The designated study sites were at the centre of each
location; and were determined according to the observed
level of human activities, traffic volume and population
density. The coordinates of each site (Kenyatta/Timber
Market / New Layout: 6° 24’ 54.2412” N, 7° 30’ 15.2028”
E; and UNEC: 6° 25’ 38.0568” N, 7° 30’ 31.1796” E) were
also measured using the Garmin global position system
(Model Etrex H, Taiwan). The ambient air quality was
assessed by determining the concentration of the sus-
pended particulate matter at each site using a photo-
metric-laser counter (Aerocet Model 531-9800 Rev. C,
Metone Inc. U.S.A). It provided a digital readout on its
LCD screen and is capable of generating particle data
count for eight sizes of particles (including PM, ., and
PM,,) as well as total suspended particulate (TSP). The
instrument is configured to derive the mass concentra-
tion for the sampled particulates and has been used in
previous studies in Enugu metropolis, and other cities
in Nigeria and Italy [29, 30]. Using the same instrument
allows for the comparison of data across similar stud-
ies. The instrument determined the air quality when the
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Fig. 2 Aerial photograph showing the University of Enugu Campus and Kenyatta market lying adjacent. (Used with permission of the copyright
owner—Okwuchukwu CN, Somtoochukwu CO, Amarachukwu O, Ndukwe EC, Chisom OE. Department of Geoinformatics and Surveying, Faculty of
Environmental Studies, University of Nigeria Enugu Campus, Enugu, 4,000,001, Enugu State, Nigeria)

sampler is held within the breathing zone, which is about
2 m above the ground [31] with the parameter knob
turned on until the data is generated and displayed on
the LCD screen. This procedure lasted for two minutes
at a time, one day in a week, 12 h (6.00 am—6.00 pm)
per day, and at an interval of thirty minutes for 12 weeks
(3 months). The measurements were done in the dry
season, from December 2018 to February 2019, and
repeated in the wet season, from June—August, 2019.
The average of the mean hourly readings of each variable
in twelve hours for each day and week was determined.
The overall mean values in 12 weeks were subsequently
computed.

Spirometric assessment

Before the assessment, the procedures were demon-
strated to acquaint participants with the spirometric
test. They were instructed to wear loose clothing, which
would not limit thoracic expansion and abdominal
mobility. The instrument used Morris/Polgar prediction
[31-33] in its spirometric measurement, the assessment
protocol was observed in an upright sitting position,
in the following steps: i) breathe in and out three times
in a relaxed position, ii) breathe in as much as possible
(TLC level), iii) breathe out as fast and as much as pos-
sible (Forced expiration), and iv) breathe in as fast and as
much as possible (Forced inspiration). Subsequently, the
PEFR, FVC, and FEV1 were obtained and recorded. The
highest value recorded in three trials, with less than 5%
deviation from the other readings, was used. The forced

expiratory volume in one second (FEV1), as a percent-
age of the forced vital capacity (FEV1/FVC%), was also
recorded.

Laboratory studies

Venous blood (5 ml) was taken from a peripheral vein on
the arm of each subject using a hypodermic needle fitted
to a syringe. Thereafter, 4.5 ml of blood was immediately
transferred into sterile Trisodium citrate anticoagulant
bottles and 0.5 ml into a plain bottle. The samples were
later subjected to a clot-based assay to determine the
serum concentration of fibrinogen as already described
elsewhere, [34] while the CRP was determined using an
immunoradiometric assay (IRMA), as already described
elsewhere [35, 36].

Covariates

Sedatives and anti-hypertensives

Some anti-hypertensives and anti-anxiety drugs are
known to induce bronchi constriction, especially beta-
adrenergic blockers [37]. Some of the identified anti-
anxiety and anti-hypertensive drugs used among the
participants according to the Anatomical Therapeu-
tic Chemical (ATC) classification system [38] included
drugs acting on the nervous system (Group N) including
NO5A - Anti-psychotics, NO5BA — Anxiolytics (benzo-
diazepine-derivatives), NO5CD-Hypnotics, sedatives
(benzodiazepine-derivatives) and anti-hypertensives (and
their combinations) including—C03—Diuretics, C07—
Beta blocking agents, C08—Calcium channel blockers,
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C02AB—methyldopa, and C09—Agents acting on the
renin-angiotensin system.

Age

Some of the pulmonary function parameters measured
in this study (such as FVC, FEV(1), FEV(1)/FVC, and
PEFR), are known to decrease significantly with age in
both males and females [39, 40].

Weight

Pulmonary function parameters (PEFR, FVC, FEVI,
FEV1/FVC) vary significantly across various classes of
body mass index [40, 41].

Work duration

Work duration has been associated with changes in pul-
monary function in woodworkers [42], automobile spray
painters [43], cement workers [44] and cleaners (sweep-
ers) [45].

Statistical analysis

Data were presented as means and standard devia-
tions. All clinical and laboratory data were subjected to
one-way ANCOVA, and differences between individual
means were tested by a Bonferroni multiple-range test,
after controlling for the extraneous variables, using the
faculty Vassar computational website software pro-
gramme. The Pearson correlation coefficient was used to
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determine the relationships between the variables. Tests
of significance were performed using Faculty Vassarstats
computation software (website), and alpha was set at
p-value <0.05.

Results

The participants’ flow through the study is presented in
Fig. 3. Participants’ characteristics differed significantly
across the groups (Table 1) for age (F(3,76)=5.386;
p=0.002), weight (F(3,76) =5.064; p=0.003) and work
duration (F(3,76)=6.419; p=0.001). The participants’
socio-demographic characteristics were as follows:

i. Cleaners: The cleaners had a mean age of:
42.3049.06 years; age range: 23—53 years, mean
height: 1.7240.06 m; height range: 1.56—1.82 m;
mean weight: 79 0.60 £ 11. 38 kg; and weight range:
49 - 105 kg.

ii. Cement workers: The cement workers (Fig. 1) had
a mean age of: 39.50 4 14.95 years; age range: 17 —
65 years; mean height: 1.67 +0.79 m; height range:
1.51—1.83 m; mean weight: 67.65+8.35 kg; and
weight range: 53—385 kg.

ili. Automobile Spray painters: The automobile spray
painters had a mean age of: 40.7549.85 years; age
range: 28— 62 years; mean height: 1.73+0.79 m;
height range: 1.60—1.90 m; mean weight:
71.80411.50 kg; and weight range of 59 — 100 kg.

Workers at the market area (cement workers, woodworkers and Automobile spray
painters) at monthly association meetings (n=123)

Cleaners at the University of Nigeria (n=69)

Ineligible to participate (n=78)

Fig. 3 Design and flow of participants through the study

| Eligibility criteria:

1. >5years of uninterrupted work experience

2. Non-use of sedatives four weeks before the study
3. Non-use of anti-hypertensive medications at

Invited to participate in the study (n=114)

Did not give consent to participate (n=34)

Consented to participate (n = 80)

Comprising: Cement workers (n=20); automobile spray painters (n=20); woodworkers (n=20); cleaners
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Table 1 Socio-demographic characteristics of the Participants (n=80)

Variable Category Mean +SD Range F -Value P -value
Age (Years) 5386 0.002*
Civil servants 42.30£9.06 23-53
Cement workers 39.50414.95 17 - 65
Spray Painters 40.75+9.85 28-62

Woodworkers 5220+£9.77 34-71
Weight (Kg) 5.064 0.003*
Civil servants 79.60+£11.38 49—105
Cement workers 67.65+835 53—85
Spray Painters 71.80£11.50 59—100
Woodworkers 786511348 51-102
Height (m) 2.250 0.089
Civil servants 1.72+£0.06 156-1.82
Cement workers 1.67£0.79 151-183
Spray Painters 1.734£0.79 1.60 -1.90
Woodworkers 1.69+0.08 1.58 -1.90
Duration of Work (Years) 6.419 0.001*
Civil servants 11.854£8.96 4.00-31.00
Cement workers 10.15+10.07 1.00 - 30.00
Spray Painters 19.104+9.80 4.00-41.00
Woodworkers 222541173 5.00 - 48.00
Demographic Information Frequency Percentage
Academic Qualification
Not educated 03 05.00
FSLSC 29 48.33
SSCE 18 30.00
National Vocational Certificate 05 08.33
National Technical Certificate 02 03.33
Advanced National Technical certificate 03 05.00
Category of skillset
Unskilled Labourers 33 55.00
Skilled Labourers 10 16.67
Foremen 09 15.00
Vendors 07 11.67
FSLC First School Leaving certificate, SSCE Senior Secondary School Certificate, spray painters automobile spray painters
" Significant at p <0.05
The commonly used paint colours by automobile ~ PM concentration
spray painters according to their local demand Seasonal TSP concentration
included ash, grey, black, and navy blue. (Table 2). Kenyatta/Timber Markets mean TSP concentra-

iv.  Woodworkers: The mean age of: 52.2049.77 years;
age range: 34 — 71 vyears; mean height:
1.69+£0.08 m; height range: 1.58 m -1.90 m;
mean weight: 78.65+13.48 kg; and weight range:
51-102 kg. The commonly processed woods
and their uses by local woodworkers are listed in
Table 2 according to priority in their local demand
and include iroko/Orji (Milicia excelsa), Mahog-
any (Khaya) and Agba (Prioria balsamifera), and
Masonia (Mansonia altissimo).

tions were higher in the dry season than wet season
(655.834395.29 pg/m3 versus 105.5+37.93.05 pg/m3)
similar to the UNEC study site (337.5£157.90 pg/m3
versus 74.92+22 ug/m3). (Table 3). However, in each sea-
son, the TSP mean concentration was significantly higher
at the Kenyatta/Timber Market than UNEC (Dry season
TSP mean difference=318.33 pg/m3, t=2.59; dF=22;
p=0.008; Wet season TSP mean difference=30.58 pg/
m3; t=2.41; dF =22; p=0.01). The TSP concentration in
Kenyatta/Timber Market was twice as high as UNEC.
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Table 2 Commonly used types of wood and paint colours by Woodworkers and automobile spray painters, respectively

Types of wood Paints
Common local (botanical0 Names Uses Commonly used paints
Iroko/orji (Milicia excelsa) Doors Ash
Mahogany (Khaya) Household/office furniture, cabinetry, boats, and mouldings, and Grey
used for all purposes because of their quality
Agba (Prioria balsamifera) Bed floors and framework of chairs Black
Masonia (Mansonia altissima) Household/office furniture Navy blue
Gmelina Arborea Household/office furniture Other shades of Blue
Akpu (Ceiba Pentandra) Scaffolding in construction Yellow
Ebenebe (Sterculiaceae) Scaffolding in construction Red
Ora (Pterocarpus spp) Scaffolding in construction White
Ube (Dacryodes edulis) Door frames Green
Western Red cedar (Juniperus virginiana) Furniture Purple
Pine (white, lodgepole, jack) (Pinus contorta) lumber, plywood, and panelling Brown
Obeche (Triplochiton scleroxylon) veneer, furniture, picture frames and mouldings
Teak Furniture, flooring and interior fittings and decorations
Table 3 Mean TSP, PM,, and PM, s concentrations at study sites
Sites New layout/Kenyatta/Timbre Market UNEC
Coordinates 6°24'54.2412"N 6°25'38.0568" N

7°30°15.2028"E

7°30'31.1796"E

WKs TSP (ug/m?3) PM,, (ng/m?) PM, 5 (ng/m3) TSP (pg/m3) PM,, (ng/m?) PM, 5(ng/m°)

D w D w D w D w D w D w
1 455 110 365 109 69 14 539 103 237 66 13 09
2 465 150 470 123 67 08 549 115 265 68 14 12
3 494 126 799 95 70 16 420 95 287 68 23 11
4 995 160 829 89 % 19 523 75 318 70 30 11
5 1540 108 878 79 129 09 450 89 319 64 59 09
6 1303 109 709 49 106 10 305 59 245 56 66 09
7 411 109 900 69 70 17 329 44 245 62 30 08
8 465 125 376 49 67 18 309 69 373 56 29 09
9 506 123 301 59 62 15 166 57 192 89 28 08
10 410 52 343 64 55 17 120 79 182 50 26 08
11 452 45 276 54 49 10 182 65 128 53 22 09
12 374 49 248 49 35 16 158 49 137 48 24 07
R 65583 1055  541.17 74.00 7292 14.08 3375 74.92 244 62.5 3033 9.17
SD 39529 3793 25872 25.12 2581 382 157.90 22,05 74.79 11.18 16.10 147

TSP Total suspended particulate, PM Sizes of particulate matter, UNEC University of Nigeria, Enugu Campus, D Dry season, W Wet Season, CRP C - reactive protein, X

mean, SD Standard deviation

Seasonal PM10 concentration

Kenyatta/Timber Market recorded higher dry and wet
season mean PM10 concentrations (541.17+258.72 pg/
m3 and 74.004+125.12 pg/m3 (ug/m3) than UNEC
(244+£74.79 pg/m3 and 62.5+£11.18 pg/m3), respec-
tively (Table-3). Similarly, the mean difference in PM10

between the two sites was significantly higher in dry
season (mean diff=541.17 pg/m3, t=3.82, dF=22,
p=0.0005), unlike the wet season (mean diff =11.5 pg/
m3; t=1.45; dF=22; p=0.08), respectively. The PM10
concentration at Kenyatta/Timber Market was twice as
high as UNEC.
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Seasonal PM2.5 concentration
PM2.5 concentration varied seasonally similar to

PM10 with relatively lesser values at UNEC, in
both the dry (30.33+16.10 pg/m3) and wet seasons
(9.17+1.47 pg/m3) compared to Kenyatta/Timber
Market (72.92+£25.81 pg/m3 and 14.08+3.82 pg/m3),
respectively (Table 3). Similarly, the mean difference in
PM10 concentration between the two sites was signifi-
cantly higher in dry season (mean diff =42.58 pg/m3;
t=4.85; dF=22; p= <0.0001), than wet season (mean
difF =4.92 ug/m3; t=4.16; dF =22; p=0.0002), respec-
tively. The PM2.5 concentration at Kenyatta/Timber
Market was twice as high as UNEC.

Cardiopulmonary parameters

FEV, (functional index of airway resistance) differed
significantly (F=6.13; p=0.001) across the groups, and
variations from the reference value in FEV, occurred
in 2.10% of the population (Table 4). Cement workers
showed significantly lower adjusted mean FEV, values
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(mean difference = 1.10L; SE=0.29; p =0.001; CI=-1.85
to -0.34) than the cleaners, and automobile spray paint-
ers (mean difference=-0.90L; SE=0.28; p=0.010;
CI=-1.65 to—0.15), respectively. However, FEV; was
significantly higher in cleaners compared to wood-
workers (mean difference =0.90L; SE=0.30; p=0.021;
CI=-1.71 to -0.09). The effect size among the wood-
workers was moderate (d=0.50), small for automobile
spray painters (d=0.20), and large for the cement work-
ers (d=1.10) compared to the cleaners. The post hoc
analysis (Table 5), showed that the group differences in
the FEV, were accounted for by cement workers versus
cleaners (p=0.001; CI=-1.85 to -0.34), cement work-
ers versus automobile spray painters (p=0.01; CI=-1.65
to -0.15) and cement workers versus woodworkers
(p=0.02; CI=-1.71 to -0.92). The most superior effect
on FEV, was observed when comparing cement workers
to cleaners. Adjusted mean FEV; was lower in cement
workers than cleaners and automobile spray painters,
respectively unlike woodworkers.

Table 4 Variation in lung function, cardiorespiratory, and haematological Parameters of the Participants (n =80)

Variables Cleaners (n=20) Cement Spray Painters(n=20) Woodworkers (n=20) F-value p-value
workers(n=20)
Lung Function Parameters
FVC(L) 334+£345 244+1.86 3.06£0.72 3.01£247 0.10 0.40
FEV,(L) 236+£1.13 1354+0.72 221+£0.87 1.864+0.98 6.13 0.001**
PEFR(L/min) 374+1.71 2494147 440171 3.12£1.31 552 0.002**
FEV,/FVC(%) 071£56 0.55+£142 0.72+80 062+£11.0 0.85 0.10
Haematological Parameters
Fc(mg/dL) 2.54£0.70 3.01£0.85 2.54£0.99 237+£092 267 0.054
CRP Level(mg/L) 3064082 3324093 290+1.19 2.79+1.10 0.86 046
SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, X mean, SD Standard deviation
" Significant at p <0.05
Keys: FVC Forced Vital Capacity, FEV, Forced Expiratory Volume in one second, PEF Peak Expiratory Flow rate
" Significant at p < 0.05
Fc Fibrinogen concentration, CRP C—reactive protein, X mean, SD Standard deviation
" Indicate significant at p<0.05
" indicates significant at p <0.001; spray painters = automobile spray painters
Table 5 Post-hoc Test for Forced Expiratory Volume in 1's
Group Mean Difference Standard Error P-value 95% Cl
Cleaners Vs Cement workers 1.28*% 0.28 0.0071** -1.85t0-0.34
Cleaners Vs spray Painters 042 0.28 1.00 -0.56 t0 0.95
Cleaners Vs Woodworkers 0.77 0.29 1.00 -0.60t00.98
Cement workers Vs Spray Painters -0.86* 0.28 0.01* -1.65t0-0.15
Cement workers Vs Woodworkers -0.51% 0.30 0.02* -1.71t0-0.09
Spray Painters Vs Woodworkers 0.35 0.30 1.00 -0.80t0 0.80

Keys: Vs Versus, Cl confidence interval, spray painters automobile spray painters
“The mean difference is significant at the 0.05 level
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Table 6 Post-hoc Test for Peak Expiratory Flow

Group Mean Difference Standard Error P-value 95% ClI
Cleaners Vs Cement workers 1.25% 049 0.049* 00110268
Cleaners Vs Spray Painters -0.66 049 1.00 -194t00.72
Cleaners Vs Woodworkers 0.62 0.52 1.00 -1.08t0 1.72
Cement Vs Spray Painters -1.91* -042 0.001* -3.28t0-0.62
Cement Vs Woodworkers -0.62 0.53 0.35 -246t0042
Spray Painters Vs Woodworkers 1.28 0.52 048 -049t02.35

Keys: Vs Versus, Cl confidence interval, spray painters automobile spray painters

“The mean difference is significant at the 0.05 level

The PEFR (measure of airway caliber) differed sig-
nificantly (Table 6) across the groups (F(3, 75)=5.52;
p=0.002), with cement workers (mean differ-
ence=1.34L; SE=0.49; p=0.049; CI=0.01 — 2.68) and
automobile spray painters (mean difference=-1.95;
SE=0.42; p=0.001; CI=-3.28 to -0.62) having a sig-
nificantly lower adjusted mean PEF rate than cleaners.
PEFR varied in 17.10% of the sample compared to the
reference value with a moderate effect size in woodwork-
ers (d=0.40) and automobile spray painters (d=0.40),
with a large effect size in cement workers (d=0.80). The
post hoc analysis (Table 6), showed that the group differ-
ences in the PEFR were accounted for by cement work-
ers versus cleaners (p=0.049; CI=-2.68 to -0.01), and
cement workers compared to automobile spray painters
(p=0.001; CI=-3.28 to -0.62 The most superior effect
on PEFR was observed when comparing cement workers
to automobile spray painters. Adjusted mean FEV, was
lower in cement workers than in cleaners and automobile
spray painters, respectively.

FVC (measure of lung volume) did not differ signifi-
cantly (F=0.995; p=0.40) across the groups, and the
effect size was small in cement workers (d=0.30), auto-
mobile spray painters (d=0.10) and woodworkers (d=0.
11), respectively. However, compared to the reference
value, the variation in FVC across the groups occurred

in 2.80% of the sample. In addition, FEV1/FVC% values
across the groups were as follows: cleaners=70.66%;
Cement workers=55.33%; automobile spray Paint-
ers =72.22%; and woodworkers =61.79%. Further analy-
sis of the cardiorespiratory profile within each group
showed that 55%, 50%, 40% and 25% of the cement work-
ers, woodworkers, cleaners and automobile spray paint-
ers had FEV1/FVC values<70%, respectively<70%,
which is typical of obstructive lung diseases.

The serum concentration of biomarkers of inflammation
and coagulability

The adjusted mean CRP serum concentration showed no
significant variation across the groups (F=0.86; p=0.46)
(Table 4). However, the mean serum concentration of
CRP was>3.00 mg/L among cement workers (3.32 mg/L)
and cleaners (3.02 mg/L), but>2.0 mg/L and<3.0 mg/L
in automobile spray painters (2.90 mg/L) and wood-
workers (2.79 mg/L). CRP level varied only in 1.3% of the
workers when compared to the cleaners. There was small
effect size for CRP variation in cement workers (d =0.30),
automobile spray painters (d=0.20) and woodworkers
(d=0.30) compared to cleaners. The blood concentra-
tion of the measures of plasma viscosity, and possibly
blood coagulability (Fc), did not vary significantly across
the groups (F=2.67; p=0.054) and the respective effect

Table 7 Relationship between work duration, and lung function (n=_80)

Variables Cement workers (n=20)

Spray Painters (n=20)

Woodworkers (n = 20) Cleaners (n=20)

r-value(p-value)
Duration of Work and Lung Function Parameters

FVC(L) -0.36 (0.13) 0.33(0.16)

FEV,(L) -0.46 (0.04%) -0.15 (0.53)

PEFR(L/min) -0.42 (0.07) -0.01(0.97)
Duration of Work and serum level of inflammatory proteins

Fc(mg/dL) -0.35(0.13) 0.28 (0.24)

CRP Level(mg/L) -0.35(0.13) 0.19(042)

r-value(p-value)

r-value(p-value) r-value(r-value)

0.16(0.51) -0.26(0.26)
0.14(0.57) -0.38 (0.10)
0.35(0.14) -0.34 (0.14)
0.21(0.39) 0.10(0.58)
0.07 (0.78) 0.10(0.69)

Keys: FVC Forced Vital Capacity, FEV1 Forced Expiratory Volume in one second, PEF Peak Expiratory Flow rate

“ Correlation is significant at the 0.05 level; Fc Fibrinogen concentration, CRP C-reactive Protein, Spray painters automobile spray painters
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size was small in woodworkers (d=0.20), and paint mist
(d=0.001) unlike moderate effect recorded in cement
workers (d=0.60). The Fc value was highest in cement
workers similar to the cleaners and paint workers,
respectively, and the least being the woodworkers.

Relationships between work duration vs lung function
Cement workers had a significant negative correlation
(Table 7) between FEV, and work duration (r=-0.46;
r2=0.21; N=20; p=0.04, one-tailed), unlike automobile
spray painters, cleaners and woodworkers (p >0.05).

The PEFR and FVC were not significantly (p>0.05)
related to the work duration across the groups, respec-
tively. The CRP and fibrinogen levels were not signifi-
cantly related (p>0.05) to the work duration of all the
workers (Table 8).

Discussion

The seasonal mean PM,, levels (62.5+11.18 pg/m? to
541.17 £258.72 pg/m®) at both study sites (Kenyatta/
Timber Market and UNEC) exceeded the WHO annual
average guideline value of 20 pg m™—> and was above the
values reported in some cities within and outside Nige-
ria [46, 47]. In contrast, the recorded PM, . concentra-
tions were within the time-weighted permissible limit
of 10-340 pg/m> reported by other authors [48] who
observed three sites in urban Guatemala during the
summer season. Comparatively, such cities are smaller
than Enugu in terms of size, traffic volume, population
density and built-up areas, and may explain the activi-
ties that often lead to the higher concentration of PM in
the environment. Technically, any amount of particulate
matter in the air is not safe, however, the United States
Environmental Protection Agency (EPA) [49] recom-
mends that the best way to prevent any short or long-
term health effects from developing is to limit exposure
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to PM, . concentrations below a short-term standard
(24-h or daily average) of 35 pg per cubic metre of air
(ug/m3) or a long-term (annual) standard of 12 ug/
m?>. Since our study lasted for a 3-month duration, it is
reasonable to use the EPA long-term standard in inter-
preting the findings than short-term standards. Conse-
quently, the wet season’s mean concentration of PM, ; at
the UNEC study site was within (9.17 £ 1.47 pg/m?) of
the United States Environmental Protection Agency [49]
recommended long-term standard of 12 pg/m?® unlike
the Kenyetta market study site (14.08+3.82 pg/m?3).
However, the dry season means PM, ; concentration at
both sites (Kenyetta market—72.92+25.81 pg/m? and
UNEC -30.33+16.10 pg/m®) exceeded the long-term
permissible limits.

Based on the interpretation of PM, ; values relative to
health outcomes as indicated in the updated 2012 EPA
standards [50], the PM, ; value of 72.92 pg/m? recorded in
Kenyatta/Timber Market was unhealthy (55.5 — 150.4 pg/
m?), while the value (16.10 ug/m®) recorded at UNEC
was moderate (12.1 — 35.4 pg/m?3), but not unhealthy for
sensitive groups (35.5 — 55.4 pg/m?). This implies that
the dry season could be associated with the aggravation
of public health issues related to poor air quality, in both
the Kenyatta/Timber Market area and UNEC. The health
implications of these findings were varied and related to
the size of the PM. The coarse particles (also technically
defined as PM, , ;) are inhaled into the upper respiratory
tract, while the finer PM, ; are inhaled deeply into the
lungs (alveoli), [51] resulting in the incidence and sever-
ity of various respiratory diseases. This implies that the
elevated PM, ; levels in the dry season should be of pub-
lic health concern. The study sites in Enugu when com-
pared to some other cities in Nigeria, may attract greater
public health concerns since the PM was higher than the
annual mean of 123.6 pg/m? recorded in some cities in
Nigeria [30, 47, 52].

Table 8 Relationship between lung function, and haematological Parameters in woodworkers, paint workers and cement workers

(n=160)

Variables Cement workers (n=20) Spray Painters (n=20) Woodworkers (n=20)
r-value(p-value) r-value(p-value) r-value(p-value)

Lung Function & haematological Fc CRP Fc CRP Fc RP

parameters

FVC (L) 03(91) 02(.92) 16(.50) 17(49) -16(51) 24(31)

FEV,(L) .18(46) .18(45) -28(.24) -24(31) -16(.50) -17(48)

PEFR(L/min) 22(35) 22(.34) .26(.22) -30(.20) -23(.34) 25(.29)

Keys: FVC Forced Vital Capacity, FEV1 Forced Expiratory Volume in one second, PEF Peak Expiratory Flow rate, Fc Fibrinogen concentration, CRP C—reactive protein

" indicates that correlation is significant at p < 0.05

" indicates that correlation is significant at p<0.001 level; spray painters automobile spray painters
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The cement workers’ plasma CRP—a bio-
marker of systemic inflammation, [53] — was higher
(CRP>3.32 mg/L—indicating high-grade inflammatory
state) than automobile spray painters (CRP>2.9 mg/L
— indicating moderate grade inflammatory state), and
woodworkers (CRP=2.79 mg/L - indicating moderate
grade inflammatory state). Similarly, the cleaners (clean-
ers) experienced a high-grade inflammatory state (hence
CRP>3.06 mg/L). The CRP levels may also allude to
other underlying adverse clinical events. For instance, the
values of CRP > 1.0 mg/L but<2.0 mg/L, represent a min-
imum risk for coronary heart disease (CHD), whereas
values >2.0 mg/L are indicative of moderate risk of CHD,
but> 3.0 mg/L represents the highest risk for CHD [54,
55]. Therefore woodworkers and automobile spray paint-
ers were at moderate risk of CHD, whereas cement work-
ers and cleaners were at the highest risk of CHD, and
should be monitored regularly by public health experts.

Woodworkers, automobile spray painters and civil
servants’ serum Fc values were within the normal range
(1.5-3.0 g/L) unlike cement workers (3.01 g/L). There-
fore, cement workers showed a tendency toward higher
plasma viscosity and hence greater risk of myocardial
infarction [56, 57]. Overall, the trend in Fc is similar to
CRP and could suggest that these inflammation-sensitive
proteins might have a role in the determination of car-
diovascular risk, therefore can modify the strength of
plasma level of Fc to predict the cardiac events associated
with occupational exposure to pollutants.

Lung function was not significantly related to either
CRP or Fc and which does not imply a lack of effect but
rather that there could be some other non-vascular trig-
ger for intrapulmonary inflammation that may influ-
ence lung function. Also, the serum levels of CRP and Fc
were not significantly related to work duration across the
groups. This might suggest that the severity of lung dys-
function associated with work duration or occupational
exposure to pollutants may be determined by other fac-
tors like the quantity and nature of the inhaled pollutants
[58], rather than the duration of exposure to the pollut-
ants. This agrees with our findings that there is a high
concentration of PM at both study sites, which varied
seasonally. All these findings strengthen our initial view
that the increasing trends of respiratory disorders/dis-
eases recorded among workers in the Enugu metropolis
may be related to unhealthy exposure to airborne pollut-
ants and might be occupation-specific.

The FVC was not significantly changed across the
groups and might have diagnostic implications since FVC
is a measure of restrictive, but not obstructive lung dis-
eases [59]. The small effect size recorded when compar-
ing the groups indicates that the variation in FVC is not
of clinical relevance.
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The lower FEV, observed in cement workers and wood-
workers compared to cleaners, respectively, could be evi-
dence of small airway diseases, which should increase
the functional airways resistance [59]. This is typical of
obstructive airways diseases, [59] and suggests the pos-
sibility of allergic responses to inhaled pollutants, which
appears more pronounced among cement workers and
woodworkers. This is reasonable considering the lower
values of FEV, recorded among either cement workers
or woodworkers and agrees with the findings of another
study [60] that exposure to wood dust results in restric-
tive disease (20% and 6.8%), obstructive disease (17.10%
and 5.70%) and mixed pattern (7.10% and 0%] among
woodworkers in Ethiopia and control group respectively.
The moderate effect size in woodworkers indicates that
the findings are of clinical concern, but the large effect
size in cement workers is of clinical significance.

Despite having a lower FEV;, the FEV,/FVC was>70%
in woodworkers in our study. This is a typical feature of
restrictive lung disease [47]. In contrast, despite signifi-
cant decreases in FEV;, the FEV,/FVC ratio was<70% in
cement dust and paint mist, which is typical of obstruc-
tive lung diseases, and was recorded in half of the cement
workers (55%) and spray automobile spray painters (50%).
The significant negative relationship between FEV, and
work duration in cement workers and cleaners (unlike
in woodworkers and automobile spray painters) sug-
gests the possibility of a progressive increase in airway
obstruction and peripheral resistance to airflow, over the
years.

Cement workers showed differences in lung function
which also suggest the involvement of the central air-
ways, such as the larynx, since PEFR was significantly
lower among them than the automobile spray painters,
woodworkers, and civil servants, respectively. PEFR
measures the patency of central airways and under-
estimates airflow limitations in the peripheral airways/
obstructive diseases [59, 61]. Therefore significant
obstructions of small and medium-sized pulmonary
airways would occur before PEFR decreases. In airway
diseases that progress from the smaller distal to larger
proximal parts of the respiratory system, a decrease in
PEFR is a late sign of airway obstruction. In essence,
PEFR can be normal despite small and medium air-
way obstruction [62]. Consequently, decreased PEFR
observed by cement workers could indicate a severe air-
way obstruction that has progressed beyond the small
and medium airways, unlike what was obtained with
automobile spray painters and woodworkers. The mod-
erate effect size in woodworker and automobile spray
painters, respectively, indicates that the findings are of
clinical concern, but the large effect size in cement work-
ers is of clinical significance.
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The above trend is significant considering that the work
duration of automobile spray painters and woodworkers
was greater compared to cement workers, respectively.
It suggests that exposure to cement dust was far more
destructive than paint mist and wood dust; and might
be a PM-related change, which is not dependent on the
duration of exposure. This view is buttressed by the find-
ings that there were no relationships between the work
duration and PEFR, which should be of public health
importance. In addition, since the PEFR is a measure of
elastic recoil and pliancy of the lungs, it should decrease
in fibrotic conditions and could involve hypertrophy of
mucosal cells, probably due to irritation by dust. This
might elicit greater secretion of mucous and formation
of mucosal plugs likely to obstruct the exhaled air [59].
Therefore, differences in the lung function of cement
workers observed in this study might involve fibrotic
changes in the lung parenchyma tissues, unlike automo-
bile spray painters and woodworkers. Previous toxico-
logical and physiological projections, [63, 64] suggest that
fine particles, like cement dust, may play a major part
in determining human health for several reasons. First,
they could be more noxious, since they include sulfates,
nitrates, acids, metals, and particles with various chemi-
cals adsorbed onto their surfaces. Second, compared
to larger particles (e.g., wood dust), finer particles (e.g.,
cement dust — with PM, ;), can be inhaled more deeply
into the lungs, remain suspended for a longer duration of
time, infiltrate easily into indoor environments, and get
transported over much longer distances [63].

Strengths and weaknesses of the study

The primary strength of this study is its focus on assess-
ing and validating the responses of various body systems,
that are vulnerable to pollutants, with one another. Thus,
the pulmonary differences found in workers with likely
long-term occupational exposure to airborne pollutants
were simultaneously investigated in a well-described
population. In addition, advanced statistical modelling
methods reinforced and related the findings to the vari-
ables of interest and eliminated the possibility of explain-
ing the outcome using any other alternative hypothesis.
The sample was profiled with well-characterized lung
function parameters and biomarkers of systemic inflam-
mation and coagulability of each participant.

This study also has some weaknesses, because it can-
not establish cause and effect relationship. Given that this
study was also designed to gain insight into responses
of pulmonary function among workers who were likely
to be occupationally exposed to pollutants, a longitu-
dinal study design would have provided strong causal-
effect evidence of work exposure to airborne pollutants
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and consequent changes in lung function. Such objec-
tive evidence can be established by tracking PEFR over
duration at duty, and duration off-duty, or by a specific
inhalation challenge test with specified extracts. Evidence
of sensitization can likewise be established when a skin
test returns positive or presence of specific IgE antibod-
ies with the specified extracts. However, these were not
done since the purpose of this study was not to establish
a causal relationship, but to appraise the feasibility of a
large-scale epidemiological study by observing time point
variations in individuals unexposed and exposed to vari-
ables of interest that might improve our understanding of
the nature of responses likely to occur in each context.

Implications for care teams and policymakers

Various reliable pathological mechanisms have been pro-
posed that give credence to the biological plausibility of
the findings of our study. These include systemic oxidative
stress [64], systemic inflammation [65], thrombosis [66]
and coagulation [67], and vascular (including endothelial)
dysfunction [68] — all of which have profound clinical
relevance for healthcare providers. This understanding
might have both diagnostic and prognostic value, which
will guide the nature of intervention and rehabilitation in
relevant cases. The greatest risk of coronary heart disease
was among cement workers and civil servants. It sug-
gests that beyond occupation-specific exposure to pol-
lutants there is an environmental pollution concern that
affects individuals who are not occupationally exposed to
industrial pollutants in Enugu metropolis, and requires
urgent public health action. Therefore, it brings to the
fore the serious health implications of regulatory failure
in ensuring that industries that produce airborne pollut-
ants are not situated in residential and office districts, as
currently obtains in New layout, Enugu Metropolis, in
Enugu State, Nigeria, where this study was done. It was
considered that chronic exposure to cement dust and
paint mist, could worsen any established cardiopulmo-
nary symptoms. Therefore, respiratory therapists and
physicians must routinely examine and advise cement
workers, automobile spray painters, woodworkers and
Cleaners whose offices are located in a poorly regulated
environment on the adverse consequences of prolonged
occupational exposures to airborne pollutants. The need
to live a healthy lifestyle at the population level must be
advocated in government policies, matched with strict
implementation of guidelines that aim to cut environ-
mental pollution in residential areas and workplaces.
Consequently, all the workers exposed to airborne pol-
lutants should wear protective gear and exercise appro-
priate caution while at work to minimize bodily contact
with pollutants. The findings of this study further high-
light the need for respiratory therapists and physicians to
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periodically monitor all workers who are occupationally
exposed to airborne pollutants for early detection and
treatment of those at risk of respiratory conditions to
forestall any health complications.

Conclusion

There is evidence of poor air quality at the study sites,
especially in the dry season. The endpoint of the health
outcomes included significant dangers of ventilatory
impairments, especially obstructive pulmonary dis-
eases, in cement workers and automobile spray paint-
ers; and restrictive lung diseases in woodworkers. The
trend in Fc is similar to CRP suggesting a role for the
inflammation-sensitive proteins in the determina-
tion of cardiovascular risk but is of greater concern in
cement workers and civil servants. Therefore, regula-
tory actions are required to control ambient air quality
and minimize exposures to airborne pollutants. Public
health promotion programmes must target workers at
risk of serious clinical cardiovascular events that may
arise from poor air quality at workplaces by improv-
ing the overall state of cardiovascular health in the
population.

Abbreviations

PEFR: Peak expiratory flow rate; FVC: Forced vital capacity; FEV1: Forced
expiratory volume at the first second; FEV1/FVC%: Forced expiratory volume
in one second, as a percentage of the forced vital capacity; Fc: Fibrinogen;
CRP: C-reactive protein; ECG: Electrocardiogram; UNTH: University of Nigeria
Teaching Hospital; CHD: Coronary heart disease; PM: Particulate matter; MESA:
Multi-Ethnic Study of Atherosclerosis.

Acknowledgements

We wish to acknowledge with gratitude the trade union leaders of Kenyatta
market, New Era Timber Market, Maryland, Enugu, and Safety Molecular Labo-
ratory, Rangers Avenue, Enugu, for all their support, permission, assistance,
and contributions to the success of this work.

Authors’ contributions

SC conceived the study, participated in fieldwork, its design and coordination,
performed the statistical analysis, and helped draft the manuscript. RNA con-
ceived of the study participated in fieldwork and drafted the manuscript. GCI
participated in fieldwork and drafted the manuscript. AE, ETU, MIN, HM, NA,
ES NAO and 0 participated in the design of the study, fieldwork, coordination,
and helped draft the manuscript. GF participated in the design and helped
draft the manuscript. All authors read and approved the final manuscript.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial, or not-for-profit sectors.

Availability of data and materials

The datasets generated and analyzed during the current study are not pub-
licly available due to privacy and ethical concerns but are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the University of Nigeria Health Research Ethics
Committee on certificate number—-NHREC/05/01/2008B. Participants’

Page 13 of 15

confidentiality was maintained by using code numbers instead of names,
and ensuring that records were destroyed at the end of the study. Stud-

ies reviewed included only those where the participants gave their written
informed consent, before participation, and after the purpose of the study
was explained to them. They were informed of their right to withdraw from
the study at any time of their choice, and these rights were strictly respected
following the Helsinki declaration.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interest.

Author details

'Department of Medical Rehabilitation, Faculty of Health Sciences, College

of Medicine, University of Nigeria, Enugu Campus, Enugu, Enugu State, Nige-
ria. 2Department of Nursing Sciences, Faculty of Health Sciences & Technology,
College of Health Sciences, Ebonyi State University, Abakaliki, Ebonyi State,
Nigeria. *Department of Physiotherapy, Faculty of Health Sciences, School

of Therapeutic Studies, University of the Witwatersrand, 7 York Road, Parktown,
Johannesburg, Gauteng 2193, South Africa. “Department of Physiotherapy,
University of Nigeria Teaching Hospital, [tuku/Ozalla, Enugu, Enugu State,
Nigeria. >Department of Radiation Medicine, Faculty of Medical Sciences, Col-
lege of Medicine, University of Nigeria, Enugu Campus, Enugu, Enugu 400001,
Nigeria. *Department of Medical Rehabilitation, Faculty of Health Sciences,
College of Health Sciences, Nnamdi Azikiwe University, nnewi Campus, Nnewi,
Anambra State, Nigeria. ’Owerri Study Centre, National Open University

of Nigeria, Owerri, Imo State, Nigeria. ®Faculty Ill, Hochschule Hannover Uni-
versity of Applied Sciences & Arts, Hannover, Lower Saxony, Germany. °Clinical
Trial Consortium Research Group, University of Nigeria, Enugu Campus, Enugu,
Enugu State, Nigeria. '°Department of Physiotherapy, Faculty of Health Sci-
ences, David Umahi federal University of Health Sciences, Uburu, Ebonyi State,
Nigeria. ""UNIRED Research Group, Faculty lll, Hochschule Hannover University
of Applied Sciences & Arts, Lower Saxony 30159 Hannover, Germany.

Received: 1 June 2022 Accepted: 7 September 2022
Published online: 22 September 2022

References

1. Sarkar S. Air pollution: its perilous chronic hygienic impacts. J Hum Ecol.
2004;16(2):129-32.

2. Gifford F. Atmospheric chemistry and physics of air pollution. EOS Trans
Am Geophys Union. 1987,68(46):1595.

3. Danielson JA. Air Pollution Engineering Manual. 2nd ed. Los Angeles:
Publication., number; 1973. p. AP-40.

4. Delang CO. China’s Air Pollution Problems. 1st Edition. London: Rout-
ledge; 2016. p. 116. https://doi.org/10.4324/9781315617886.

5. Brook RD, Franklin B, Cascio W, Hong Y, Howard G, Lipsett M, Luepker R,
Mittleman M, Samet J, Smith SC Jr, Tager I. Air pollution and cardiovascu-
lar disease: a statement for healthcare professionals from the Expert Panel
on Population and Prevention Science of the American Heart Association.
Circulation. 2004;109(21):2655-71.

6. Morgan J. Asia’s air: population health after rapid industrialisation. Lancet
Respir Med. 2016;4(12):957-8.

7. Salg J, AltermanT. A proportionate mortality study of bricklayers and
allied craftworkers. Am J Ind Med. 2005;47(1):10-9.

8. Kazerouni N, Thomas TL, Petralia SA, Hayes RB. Mortality among workers
exposed to cutting oil mist: update of previous reports. Am J Ind Med.
2000;38(4):410-6.

9. Robinson CF, Petersen M, Sieber WK, Palu S, Halperin WE. Mortality of
carpenters’union members employed in the US construction or wood
products industries, 1987-1990. Am J Ind Med. 1996;30(6):674-94.

10. Kreis K, Aumann-Suslin I, Lideke A, Wegewitz U, Zeidler J, Graf von der
Schulenburg JM. Costs of isocyanate-related occupational diseases: A
systematic review. J Occup Environ Hyg. 2019;16(7):446-66.

11. Ugheoke AJ, Wahab KW, Erhabor GE. Prevalence of respiratory symp-
toms among sawmill workers in Benin City, Nigeria. Int J Trop Med.
2009;4(1):1-3.


https://doi.org/10.4324/9781315617886

Ibeneme et al. Archives of Public Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

(2022) 80:213

. GhasemKhani M, Kumashiro M, Rezaei M, Anvari AR, Mazloumi

A, SadeghiPour HR. Prevalence of respiratory symptoms among
workers in industries of south Tehran, Iran. Industrial Health.
2006;44(2):218-24.

Gomes J, Lloyd OL, Norman NJ, Pahwa P. Dust exposure and impairment
of lung function at a small iron foundry in a rapidly developing country.
Occup Environ Med. 2001;58:656-62.

Rauch T, Beckmann G, Neubert S, Rettberg S. Rural Transformation in
Sub-Saharan Africa. Conceptual Study. Albrecht Thaer Institute. Centre for
Rural Development (SLE), Humboldt-Universitat zu Berlin, 2016. Available
online: https://edoc.hu-berlin.de/bitstream/handle/18452/18666/01-en.
pdf?sequence=1&isAllowed=y. Accessed 28 Jan 2022.

Guldin GE. Desakotas and beyond: Urbanization in Southern China. In
Farewell to peasant China: Rural urbanization and social change in the
late twentieth century. Edited by G. E. Guldin, Armonk, NY: M. E. Sharpe;
1997. p. 47—67.

Dietz AJ. Sustainable city initiatives in Africa and comparison with the
OURSUS approach: paper for the IGU Congress in Beijing 22 August
2016.The Netherlands: African Studies Centre Leiden. Available online:
file:///C:/Users/user/Downloads/1887_42108-asc%20working%20
paper%20135%20(1).pdf. Accessed 12 May 2021.

Cement Sustainability Initiative. Health and safety in cement industry:
example of good practice. HSE Manual Version. 2004;1.0:18-24.

Nordby KC, Notg H, Eduard W, Skogstad M, Fell AK, Thomassen'Y, Skare @,
Bergamaschi A, Pietroiusti A, Abderhalden R, Kongerud J. Thoracic dust
exposure is associated with lung function decline in cement production
workers. Eur Respir J. 2016;48(2):331-9.

Donato F, Garzaro G, Pira E, Boffetta P. Mortality and cancer morbidity
among cement production workers: a meta-analysis. Int Arch Occup
Environ Health. 2016;89(8):1155-68.

Donaldson K, Stone V, Seaton A, MacNee W. Ambient particle inhalation
and the cardiovascular system: potential mechanisms. Environ Health
Perspect. 2001;109(suppl 4):523-7.

Irikefe OS, John IC, Peter AC. Impact of gas flaring on cardiopulmonary
parameters of residents in gas flaring communities in Niger Delta Nigeria.
Br J Med Medic Res. 2016;15(6):1-13.

Becerra AZ, Georas S, Brenna JT, Hopke PK, Kane C, Chalupa D, Frampton
MW, Block R, Rich DQ. Increases in ambient particulate matter air pol-
lution, acute changes in platelet function, and effect modification by
aspirin and omega-3 fatty acids: a panel study. J Toxicol Environ Health A.
2016,79(6):287-98.

Wong J, Magun BE, Wood LJ. Lung inflammation caused by inhaled
toxicants: a review. Int J Chron Obstruct Pulmon Dis. 2016;11:1391.
Taylor PR, Roy S, Meszaros EC, Sun'Y, Howell SJ, Malemud CJ, Pearlman

E. JAK/STAT regulation of Aspergillus fumigatus corneal infections and
IL-6/23-stimulated neutrophil, IL-17, elastase, and MMP9 activity. J Leukoc
Biol. 2016;100(1):213-22.

Gislason, Stephen J. Air and Breathing. Canada: Alpha Education Books;
2011.978-1-894787-73-4.

Xu Q, Li X, Wang S, Wang C, Huang F, Gao Q, et al. Fine particulate air
pollution and hospital emergency room visits for respiratory disease in
urban areas in Beijing, China, in 2013. PLoS One. 2016;11(4):e0153099.
D'’Amato G, Liccardi G, D'amato M, Cazzola M. Outdoor air pollu-

tion, climatic changes and allergic bronchial asthma. Eur Respir J.
2002,20(3):763-76.

Brunekreef B, Holgate ST. Air pollution and health. The lancet.
2002,360(9341):1233-42.

Invernizzi G, Ruprecht A, Mazza R, De Marco C, Mo¢nik G, Sioutas C, West-
erdahl D. Measurement of black carbon concentration as an indicator of
air quality benefits of traffic restriction policies within the ecopass zone in
Milan, Italy. Atmospheric Environ. 2011;45(21):3522-7.

Ngele SO, Onwu FK. Comparison of particulate matter levels in major
urban centres in Eastern Nigeria. Int J Environ Sci. 2015;5(4):765.
European Parliament and of the Council on ambient air quality and
cleaner air for Europe. 2005, COM (2005) 447 http://ec.europa.eu/envir
onment/air/cafe/pdf/cafe_dir_en.pdf. Retrieved 20 May 2020.

Morris, James F, et al. Spirometric standards for healthy non-smoking
adults. Am Rev Respiratory Dis. 1971;103(1):57-67.

Morris JF, Temple WP, Koski A. Normal values for the ratio of one-second
forced expiratory volume to forced vital capacity. Am Rev Respir Dis.
1973;108(4):1000-3.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 14 of 15

Seifarth C, Trenkel S, Schobel H, Hahn EG, Hensen J. Influence of Antihy-
pertensive Medication on Aldosterone and Rennin Concentration in the
Differential Diagnosis of Essential Hypertension and Primary Aldosteron-
ism. Clin Endocrinol (Oxf). 2002;57(4):457-65.

Polgar G, Varuni P. Pulmonary Function Testing in Children: Techniques
and Standards. Philadelphia: Saunders; 1971:273.20.

Suchman AL, Griner PF. Diagnostic decision: diagnostic uses of the
activated partial thromboplastin time and prothrombin time. Ann Intern
Med. 1986;104(6):810-6.

Groth S, Tannesen P, Asted M, Dirksen H, Sgrensen PG. Assessment of the
relative safety of the beta-blockers ICl 141,292 and atenolol in patients
with bronchial asthma. Eur J Clin Pharmacol. 1986;30(6):653-8.

WHO Collaborating Centre for Drug Statistics Methodology, Norwegian
Institute of Public Health. Guidelines for ATC classification and DDD
assignment. Oslo: WHO Collaborating Centre for Drug Statistics Meth-
odology; Norwegian Institute of Public Health; 2012. Accessed: https://
www.whocc.no/filearchive/publications/1_2013guidelines.pdf.

Ren WY, Li LI, Zhao RY, Zhu L. Age-associated changes in pulmo-

nary function: a comparison of pulmonary function parameters in
healthy young adults and the elderly living in Shanghai. Chin Med J.
2012;125(17):3064-8.

Mankar K, Sunitha M, Dindugala R. Effect of age, gender, and body mass
index on peak expiratory flow rate and other pulmonary function tests in
healthy individuals in the age group 18 60 years. Nat J Physiol, Pharmacy
Pharmacol. 2022;12(4):441.

Mathias KC, Smith DL. Response to “Obesity is a Pulmonary Function
Confounder”J Occup Environ Med. 2021,63(7):e478-9.

Awoke TY, Takele AK, Mekonnen WT, Abaya SW, Zele YT, Alemseged EA,
Abay BG. Assessment of dust exposure and chronic respiratory symptoms
among workers in medium scale woodwork factories in Ethiopia; a cross
sectional study. BMC Public Health. 2021;21(1):1-2.

Coureau E, Fontana L, Lamouroux C, Pélissier C, Charbotel B. Is Isocyanate
Exposure and Occupational Asthma Still a Major Occupational Health
Concern? Systematic Literature Review. Int J Environ Res Public Health.
2021,18(24):13181.

Saji KG, Zubair M, Nair SB, Varghese PR. An epidemiological study on
effect of occupational exposure of cement. Int J Community Med Public
Health. 2018;5:5105-9.

Dagnew B, Andualem Z, Angaw DA, Alemu Gelaye K, Dagne H. Duration
of exposure and educational level as predictors of occupational respira-
tory symptoms among adults in Ethiopia: a systematic review and meta-
analysis. SAGE open medicine. 2021;9:20503121211018120.

Zheng J, Sun Z, Guo X, Xie Y, Sun Y, Zheng L. Blood pressure predictors of
stroke in rural Chinese dwellers with hypertension: a large-scale prospec-
tive cohort study. BMC Cardiovasc Disord. 2019;19(1):1-7.

Report of European Commission Technical Working Groups on Directive
96/62/EC (1997), Ambient Air Pollution by Particulate Matter: Position
Paper 8th April, (1997). Available online: https://ec.europa.eu/envir
onment/archives/air/pdf/pp_pm.pdf. Accessed 3 Feb 2021.

Abam Fl, Unachukwu GO. Vehicular emissions and air quality standards in
Nigeria. Eur J Sci Res. 2009;34(4):550-60.

Shendell DG, Naeher LP. A pilot study to assess ground-level ambient air
concentrations of fine particles and carbon monoxide in urban Guate-
mala. Environ Int. 2002;28(5):375-82.

United States Environmental Protection Agency. Office of Air and
Radiation, Office of Air Quality Planning and Standards, Fact Sheet. EPA's
Revised Particulate Matter Standards, 17, July 1997. https://www.epa.gov/
sites/default/files/2016-04/documents/2012_aqi_factsheet.pdf.

El Morabet R. Effects of outdoor air pollution on human health. Effects
of outdoor air pollution on human health. In reference module in earth
systems and environmental sciences Elsevier; 2018. 278-286. https://doi.
org/10.1016/B978-0-12-409548-9.11012-7.

Efe SI. Spatial distribution of particulate air pollution in Nigerian cities:
implications for human health. J Environ Health Res. 2008;7(2):107-16.
Koenig W, Sund M, Fréhlich M, Lowel H, Hutchinson WL, Pepys MB.
Refinement of the association of serum C-reactive protein concentration
and coronary heart disease risk by correction for within-subject variation
over time: the MONICA Augsburg studies, 1984 and 1987. Am J Epide-
miol. 2003;158(4):357-64.

Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, Kastelein

JJ, Koenig W, Libby P, Lorenzatti AJ, MacFadyen JG, Nordestgaard BG.


https://edoc.hu-berlin.de/bitstream/handle/18452/18666/01-en.pdf?sequence=1&isAllowed=y
https://edoc.hu-berlin.de/bitstream/handle/18452/18666/01-en.pdf?sequence=1&isAllowed=y
http://ec.europa.eu/environment/air/cafe/pdf/cafe_dir_en.pdf
http://ec.europa.eu/environment/air/cafe/pdf/cafe_dir_en.pdf
https://www.whocc.no/filearchive/publications/1_2013guidelines.pdf
https://www.whocc.no/filearchive/publications/1_2013guidelines.pdf
https://ec.europa.eu/environment/archives/air/pdf/pp_pm.pdf
https://ec.europa.eu/environment/archives/air/pdf/pp_pm.pdf
https://www.epa.gov/sites/default/files/2016-04/documents/2012_aqi_factsheet.pdf
https://www.epa.gov/sites/default/files/2016-04/documents/2012_aqi_factsheet.pdf
https://doi.org/10.1016/B978-0-12-409548-9.11012-7
https://doi.org/10.1016/B978-0-12-409548-9.11012-7

Ibeneme et al. Archives of Public Health (2022) 80:213 Page 15 of 15

Rosuvastatin to prevent vascular events in men and women with
elevated C-reactive protein. N Engl J Med. 2008;359(21):2195-207.

55. Ridker PM, Cannon CP, Morrow D, Rifai N, Rose LM, McCabe CH, Pfeffer
MA, Braunwald E. C-reactive protein levels and outcomes after statin
therapy. N Engl J Med. 2005;352(1):20-8.

56. Saldanha AL, da Rocha Martinez TL, Margeotto AP, Gasparoto AL.
Fibrinogen as a cardiovascular risk marker. J Int Med Cardiovasc Res.
2022;1(1):1-9.

57. Koenig W, Sund M, Filipiak B, Doring A, Lowel H, Ernst E. Plasma viscos-
ity and the risk of coronary heart disease: results from the MONICA-
Augsburg Cohort Study, 1984 to 1992. Arteriosclerosis, Thrombosis, and
Vascular Biology. 1998;18(5):768-72. https://www.env-health.org/IMG/
pdf/8._patients_with_lung_disease_-_info_leaflet_-_en.pdf.

58. Brand PL, van der Ent CK. The practical application and interpretation of
simple lung function tests in cystic fibrosis. J R Soc Med. 1999;92(Suppl
37):2-12.

59. Fentie D, Mulat E, Reta W. Assessment of respiratory symptoms among
woodworkers in Jimma Town, Southwest Ethiopia, a comparative cross-
sectional study. Biomed J Sci Tech Res. 2019;18(2):13425-30.

60. Quanjer PH, Lebowitz MD, Gregg |, Miller MR, Pedersen OF. Peak expira-
tory flow: conclusions and recommendations of a Working Party of the
European Respiratory Society. Eur Respir J. 1997;10(24):2s.

61. Rodriguez-Roisin R, Han MK, Vestbo J, Wedzicha JA, Woodruff PG, Mar-
tinez FJ. Chronic respiratory symptoms with normal spirometry. A reliable
clinical entity? Am J Respir Crit Care Med. 2017;195(1):17-22.

62. Wilson WE, Suh HH. Fine particles and coarse particles: concentration
relationships relevant to epidemiologic studies. J Air Waste Manag Assoc.
1997,47(12):1238-49.

63. Nagar JK, Akolkar AB, Kumar R. A review on airborne particulate matter
and its sources, chemical composition and impact on human respiratory
system. Int J Environ Sciences. 2014;5(2):447-63.

64. Gangwar RS, Bevan GH, Palanivel R, Das L, Rajagopalan S. Oxidative stress
pathways of air pollution mediated toxicity: Recent insights. Redox biol-
0gy. 2020;34:101545.

65. Araujo JA. Particulate air pollution, systemic oxidative stress, inflam-
mation, and atherosclerosis. Air Quality, Atmosphere & Health.
2011;4(1):79-93.

66. Robertson S, Miller MR. Ambient air pollution and thrombosis. Particle
and fibre toxicology. 2018;15(1): 1-6.

67. Lippi G, Favaloro EJ, Franchini M, Guidi GC. Air pollution and coagula-
tion testing: a new source of biological variability? Thrombosis Res.
2008;123(1):50-4.

68. Huang YC, Ghio AJ. Vascular effects of ambient pollutant particles and
metals. Curr Vasc Pharmacol. 2006;4(3):199-203.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.env-health.org/IMG/pdf/8._patients_with_lung_disease_-_info_leaflet_-_en.pdf
https://www.env-health.org/IMG/pdf/8._patients_with_lung_disease_-_info_leaflet_-_en.pdf

	Evidence of seasonal changes in airborne particulate matter concentration and occupation-specific variations in pulmonary function and haematological parameters among some workers in Enugu Southeast Nigeria: a randomized cross-sectional observational stud
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion(s): 

	Background
	Methods
	Population and study design
	Procedure
	PM Measurement site selection and Ambient air monitoring protocol
	Spirometric assessment
	Laboratory studies

	Covariates
	Sedatives and anti-hypertensives
	Age
	Weight
	Work duration

	Statistical analysis

	Results
	PM concentration
	Seasonal TSP concentration
	Seasonal PM10 concentration
	Seasonal PM2.5 concentration

	Cardiopulmonary parameters
	The serum concentration of biomarkers of inflammation and coagulability
	Relationships between work duration vs lung function

	Discussion
	Strengths and weaknesses of the study
	Implications for care teams and policymakers

	Conclusion
	Acknowledgements
	References


