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Abstract Indoor air quality parameters were investigated in an occupied air—conditioned office and unoccupied
air—conditioned office located in the Faculty of Natural and Applied Sciences Complex in Akwa Ibom State
University — Nigeria, during the rainy (June — July) and dry (November — December) seasons of 2016. Particulate
matter (PM;, PM,, PMs, PMy,), temperature, relative humidity, carbon monoxide (CO) and carbon dioxide (CO,)
levels were simultaneously measured in fourteen (14) sampling days using Fluke 985 Particle Counter and Fluke
975 AirMeter. The concentrations of particulate matter in the occupied air—conditioned office during the rainy
season ranged from 5152 — 5984 pg/m’® for PM,; 2744 — 3015 pg/m’ for PM,; 137 — 149 pg/m® for PM; and
36— 50 pg/m’ for PM, and in the unoccupied air—conditioned office, the concentrations of particulate matter ranged
from 1898 — 2556 pg/m’ for PM,; 987 — 1311 pg/m’ for PM,; 38 — 59 pg/m® for PM; and 15 — 24 pg/m® for PM.
During the dry season, the concentrations of particulate matter in the occupied air—conditioned office ranged from
5852 — 6510 pg/m’ for PM; 4490 — 4992 g/m’® for PM,; 335 — 362 pg/m’ for PMs and 59 — 69 pg/m® for PM, and
in the unoccupied air—conditioned office, the concentrations of particulate matter ranged from 2598 — 3112 pg/m’ for
PM;; 1168 — 1694 pg/m3 for PM,; 153 — 257 pg/m3 for PM;s and 29 — 42 pg/m3 for PM,y. This study has revealed
that the particulate matter (PM,;, PM,, PMs, PM)() concentrations in an occupied air—conditioned office were
significantly (P < 0.001) higher than those obtained in unoccupied air—conditioned office during both rainy and dry
seasons. However, the concentrations of PM,, obtained in the present study were found to be much lower than the
ambient maximum contaminant level for airborne PM,, standard promulgated by the United States Environmental
Protection Agency (USEPA) (150 pg/m® daily average and 50 pg/m’ annual average) and World Health
Organization (WHO) PM;, guidelines values (50 pug/m’ daily average and 20 pg/m’ annual average). Although there
were no significant relationships among PM;, PM,, PMs, and PM,, in occupied air-conditioned office, correlation
analysis indicated that PM;, PM, and PM; were significantly correlated at P < 0.01 in unoccupied air-conditioned
office and correlation coefficients were different. Apart from suspended atmospheric dust and settling dust, human
activities in the occupied air—conditioned office significantly influenced the particulate matter concentrations
obtained compared to those obtained in unoccupied air—conditioned office in both rainy and dry seasons. Although
the concentrations of CO and CO, were below detection limit (BDL), they indicated adequate air exchange at the
time of the assessment in the air—conditioned office during the sampling period. The results obtained have revealed
important contributions towards the understanding of particulate matter distribution patterns and provided baseline
data that can be used for potential identification of human health risks associated with airborne particulate matter in
air—conditioned offices in Akwa Ibom State University — Nigeria.

Keywords: indoor air quality, particulate matter, air-conditioned office, staff exposure, Akwa Ibom State
University

Cite This Article: Aniefiok E. Ite, Clement O. Ogunkunle, Clement O. Obadimu, Ekpedeme R. Asuaiko, and
Udo J. Ibok, “Particulate Matter and Staff Exposure in an Air-Conditioned Office in Akwa Ibom State
University — Nigeria.” Journal of Atmospheric Pollution, vol. 5, no. 1 (2017): 24-32. doi: 10.12691/jap-5-1-4.

particles (solids) and liquid droplets of primary and

secondary origin that contain a wide range of inorganic

1. Introduction and organic components. PM can be emitted from both
natural sources such as volcanic eruption, sea spray

Particulate matter (PM), the suspended material of the aerosols and wind-blown desert dust as well as
atmosphere, is a complex mixture of extremely small  anthropogenic sources such as agricultural operations, gas
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flaring and venting, urbanization, forest fires, industrial
processes, power generation, entrainment of road dust into
the air and all means of transportation that use fossil fuels.
Over the years, airborne PM or particle pollution has been
one of the most important parameters in air pollution
studies due to its adverse health and environmental
impacts. It is known that the spatial and temporal
distribution of PM is variable and is strongly influenced
by both climatic and meteorological conditions [1,2].
According to Hinds [3], PM can be categorized into three
size ranges as ultrafine (dp < 0.1 pm, UFP), fine (0.1 <dp
< 2.5 um), and coarse (dp > 2.5 um) particles. It is known
that the size distribution of PM in an ambient air is
trimodal according to the aerodynamic diameter [4].
Although PM is found in both outdoor and indoor
environments, coarse and fine particles sum up to particles
with an aerodynamic diameter less than 10 pm (PM;).
PM can be suspended over long period of time and can
travel over long distances in the atmosphere, and as such
significantly affect local and/or regional air quality,
human health and climate change.

Air quality policy and emissions regulations are
typically based on the mass of size fractions of PM;,
(inhalable fraction which may reach the upper part of the
airways and lung) and/or PM,s (more able to deeply
penetrate the lungs and alveoli) [1]. Over the years,
several epidemiological studies have confirmed that PM,
especially the respirable fraction of PM, the PM;;
(for particles < 2.5 pm diameter), has adverse effects on
human health [5-19]. Some of the human health effects of
inhalable PM include respiratory and cardiovascular
morbidity, such as aggravation of asthma and respiratory
symptoms; chronic lung diseases; premature mortality,
decreased lung function, mortality from cardiovascular
and respiratory diseases, and from lung cancer. According
to Strak et al. [19], increases in airborne PM have been
associated with an elevated risk of stroke, myocardial
ischaemia and coronary heart disease as well as activation
of blood coagulation. It is known that a greater number of
both academic and non-academic staff working in the
higher and tertiary institutions tend to spend more time
indoors than outdoors. Recently, indoor air quality in
private homes and in public places has therefore been of
interest to the various researchers and the general public in
developing countries around the world. Good indoor air
quality in classrooms provides healthy learning
environment to children, promotes learning ability and
also helps to make teachers as well as staff to be more
productive [20]. Some of the main factors affecting indoor
environment include temperature, humidity, air exchange
rate, air movement, ventilation, particle pollutants,
biological pollutants, and gaseous pollutants [21].
Although the wide use of air conditioning helps to
improve thermal comfort, there are several human health
problems associated with poor Indoor Air Quality (IAQ)
around the world [22].

The exposure to ambient PM is a major threat to public
health and poor indoor air quality can cause a wide range
of health-related symptoms that may lead to a significant
reduction in human productivity as well as increased
mortality. Although PM-related air pollution affects
cardiorespiratory health, it is unclear which particle size
fractions and sources of particles are responsible for the

human health effects [13,15]. However, human health
effects associated with both indoor and outdoor
environmental air pollutants have been of great concern
due to the high exposure risk even at relatively low
concentrations of the air pollutants [10]. It is known that
PM may be generated within the built environment or may
be transported into and/or from outside via various
mechanisms. Although few studies have been performed
regarding indoor air quality in offices in developed
countries around the world [23,24,25,26], the exposure of
office workers to health relevant air pollutants have not
been fully characterized in Nigeria. Therefore, the present
study investigates PM and Staff Exposure in an occupied
air—conditioned office and unoccupied air—conditioned
office located in the Faculty of Natural and Applied
Sciences Complex in Akwa Ibom State University Main
Campus during the rainy (June — July) and dry (November
— December) seasons of 2016.

2. Materials and Methods

2.1. Sampling Location and Air Conditioning

This study was carried out in an occupied air-
conditioned office and unoccupied air-conditioned office
within the Faculty of Natural and Applied Sciences
Complex, Akwa Ibom State University Main Campus
located at Tkot Akpaden, Mkpat Enin Local Government
Area of Akwa Ibom State, Nigeria (Figure 1). Ikot
Akpaden is a growing town located within the low lands
of southeast Nigeria. It sits at a latitude of 4° 37' 38.2"
(4.6273°) north and longitude of 7° 46' 22.8" (7.773°) east
with an average elevation of 18 metres (59 feet). Prior to
this study, split air conditioners (AC) in the offices were
installed on the wall and the outdoor air intake of the air
conditioner was 133 litres per second when the AC was
turned on. The mixture of outdoor and return air was
filtered (45 mm thick filter) before passing through the
cooling coil. The windows in the offices were kept closed
during the assessment period and only ceiling fans and the
supply-air fan of the AC unit served as exhaust ventilation
as well as exhaust air system. The characteristics of the
office selected for the study are presented in Table 1.

Table 1. Overview of office characteristics

Number of occupant 1
Volume (m®) 1000
Floor area (m?) 100
Number of windows 2
Number of fans 1
Cleaning frequency Once daily

2.2. Monitoring Protocol

Measurements were carried out for 14 days in two
campaigns performed in June — July (rainy season) and
November — December (dry season) of 2016. The indoor
PM,, PM, PMs;, and PM,, mass concentrations were
monitored simultaneously using Fluke 985 Particle
Counter (Fluke Corporation, United Kingdom). The Fluke
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985 Particle Counter (with six channels and particle size
range of 0.3 — 10.0 pm) is ideal for troubleshooting and
monitoring of indoor air quality issues and verifying
heating, ventilation and air conditioning (HVAC) filter
performance. In addition, the Fluke 975 AirMeter was
used to simultaneously measure, logs, and display
temperature, relative  humidity, CO,, and CO
concentrations (Fluke Corporation, United Kingdom). The
Fluke 975 AirMeter automatically compensates for
barometric pressure changes and has an extensive discrete
or continuous data logging capacity.

2.3. Statistical Analysis

Descriptive statistics were used to characterize indoor
particle concentrations and the air quality parameters were
grouped according to the occupation status of the office
and rainy or dry seasons in which they were obtained.
Statistical analyses were conducted to determine and
evaluate the impact of relevant parameters on the particle
concentrations and staff exposure in the the occupied
air-conditioned and unoccupied air-conditioned offices. A
value of P < 0.05 was considered statistically significant.
All data analyses were carried out using statistical

software — SigmaStat”, Version 3.5 (Systat Software Inc.,
USA). The airborne PM distribution profiles are presented
using graphing software package — SigmaPlot”, Version
12.5 (Systat Software Inc., USA).

3. Results and Discussion

Among the indoor air pollutants monitored, PM
concentrations were found to be significant in the
occupied air—conditioned office. The CO and CO, levels
were below detection limit (BDL) inside both the occupied
air—conditioned office and unoccupied air—conditioned
office during the monitoring period. The BDL of CO and
CO, show adequate ventilation in the air—conditioned
office during the assessment period. Table 2 presents the
descriptive statistics of daily average IAQ parameters
during the sampling period. The data were grouped into
two periods: the rainy season (June — July) and dry season
(November — December) of 2016. The seasonal variations
of PM (PM;, PM,, PM;s, PM;,) concentrations in both an
occupied air—conditioned office and an unoccupied air—
conditioned office during rainy and dry seasons are
graphically presented in Figure 2 — Figure 5.
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Figure 1. Map of Nigeria Showing the Location of Akwa Ibom State (Study Area: Akwa Ibom State University Main Campus Located in Ikot Akpaden,

Mkpat Enin Local Government Areas)
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Table 2. Descriptive statistics of daily average Indoor Air Quality (IAQ) parameters

Period Pollutants Comfort parameters
Season PM, PM, PM; PM;, Cco
CcO m T(°C RH (%
(ugm’)  (ugm’)  (ugm’)  (ug/m’)  (ppm) 2opm)  TCO) oo
Mean 5559.00 2900.64 141.43 41.21 BDL BDL 25.16 79.51
. Min 5152.00 2744.00 137.00 36.00 BDL BDL 24.60 78.60
Occupied
Rainy Air-Conditioned Max 5984.00 3015.00 149.00 50.00 BDL BDL 25.70 79.90
Office Median 5486.00 2921.50 140.50 41.00 BDL BDL 25.20 79.90
SD 325.08 92.16 3.72 3.68 BDL BDL 0.38 0.60
Mean 2082.0 1096.86 46.57 20.14 BDL BDL 24.89 79.51
. Min 1898.00 987.00 38.00 15.00 BDL BDL 23.70 78.60
Unoccupied
Air-Conditioned Max 2556.00 1311.00 59.00 24.00 BDL BDL 25.60 79.90
Office Median 1996.00 1054.00 44.00 20.00 BDL BDL 25.15 79.90
SD 210.78 113.61 7.12 2.93 BDL BDL 0.67 0.60
Mean 6101.93 4838.00 344.14 63.36 BDL BDL 24.85 78.41
. Min 5852.00 4490.00 335.00 59.00 BDL BDL 24.20 76.50
Occupied
Dry Air-Conditioned Max 6510.00 4992.00 362.00 69.00 BDL BDL 25.40 79.90
Office Median 6120.00 4908.00 340.50 63.00 BDL BDL 25.00 78.600
SD 204.92 180.03 7.66 3.57 BDL BDL 0.38 1.04
Mean 2903.21 1375.29 192.64 35.64 BDL BDL 24.86 76.93
. Min 2598.00 1168.00 153.00 29.00 BDL BDL 23.70 74.60
Unoccupied
Air-Conditioned Max 3112.00 1694.00 257.00 42.00 BDL BDL 25.60 78.40
Office Median 2957.50 1323.50 183.00 36.00 BDL BDL 24.90 77.00
SD 158.72 195.52 33.16 3.99 BDL BDL 0.64 1.32

NOTES: CO = Carbon monoxide, CO, = Carbon dioxide, T = Temperature, RH = Relative humidity, BDL = Below Detection Limit.

The concentrations of particulate matter obtained in the
occupied air—conditioned office during the rainy season
ranged from 5152 — 5984 pg/m’ for PM;; 2744 — 3015
pg/m’ for PM,; 137 — 149 pg/m’ for PMs and 36 — 50
ng/m® for PM;y and for an unoccupied air—conditioned
office, the concentrations of particulate matter ranged
from 1898 — 2556 pg/m’ for PM;; 987 — 1311 pg/m’ for
PM,; 38 — 59 pg/m3 for PMs and 15 — 24 ug/m3 for PM;,.
During the dry season, the concentrations of particulate
matter obtained in the occupied air—conditioned office
ranged from 5852 — 6510 pg/m’® for PM;; 4490 — 4992
ug/m’ for PM,; 335 — 362 pg/m’ for PMs and 59 — 69
ng/m® for PM;o and for an unoccupied air—conditioned
office, the concentrations of particulate matter ranged
from 2598 — 3112 pg/m’ for PMy; 1168 — 1694 pug/m’ for
PM,; 153 — 257 pg/m’ for PMs and 29 — 42 pg/m’ for
PM,. The results obtained from this study revealed that
the particulate matter (PM;, PM,, PMs;, PM,g)
concentrations obtained in an occupied air—conditioned
office were significantly (P < 0.001) higher than those
obtained in unoccupied air—conditioned office in both
rainy and dry seasons. It is known that human activities
may act as an important indoor source for PM in
classrooms considering the fact that the occupant density
in the schools was several times higher than those
obtained in the other buildings [27,28,29]. In the present
study, it was found that indoor PM,, concentrations varied
significantly with occupant’s activities and higher PM,
concentrations obtained in an occupied air—conditioned
office were attributed to the presence of people with
resuspension activities being the most important source
for particle sizes larger than 1 pm [23].

Apart from resuspension of previously deposited PM;,
particle in the occupied air—conditioned office, their
delayed deposition/settlement as a result of induced
turbulence created by occupant’s movements might have
contributed to higher indoor PMj, concentrations obtained
[30]. According to Thatcher and Layton [31], even low
activity can have a significant impact on the concentration
of air borne particles with diameters greater than 5 pm.
Apart from particles with diameter < 5 um which are not
readily re-suspended, it has been revealed that just
walking into and out of the room can increase the mass of
coarse particles by almost 100% [30,31]. Over the years,
several studies have been conducted with the aim of
understanding indoor air quality of school environments
across the world [27,28,29,30,32-38]. In a study,
Tippayawong et al. [38] found that the highest
concentrations were obtained for particles in the 0.3 — 0.5
um size range with an average value of 180 cm™ while the
lowest concentrations were obtained in the 2.5 — 5 um size
range with an average of 0.05 cm™. In a related study,
Parker et al. [39] reported that while the smallest particle
(0.3 — 0.4 pm) concentrations remained relatively constant
over a day between about 4 and 8 cm™, coarse particles
(7.5 — 10 pm) concentrations rose with occupancy from
zero to about 0.025 cm™ during typical days. The building
studied by Tippayawong et al. [38] was naturally
ventilated and had higher concentrations than those
obtained in this study, while Parker et al. [39] studied a
mechanically ventilated building which had lower
concentrations. In the present study, the investigation of
IAQ was carried out in an air—conditioned office and the
windows were kept closed at all times. However, the
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entrance door was open for the occupant which may have
served as a route for PM transport from outside.

In this study, the concentrations of PM;, obtained in an
air—conditioned office during the sampling period were
found to be much lower than the ambient maximum
contaminant level for airborne PM,, standard promulgated
by the United States Environmental Protection Agency
(USEPA) (150 pg/m’ daily average and 50 pg/m’ annual
average) and World Health Organization (WHO) PM,,
guidelines values (50 pg/m’ daily average and 20 ug/m’
annual average). The WHO suggested Global Air—Quality
Guideline values are as follows 10 pg/m’ annual mean,
25 pg/m® 24-hour mean for PM,s and 20 pug/m’ annual
mean, 50 pg/m® 24-hour mean for PMj, [40]. Apart from
the suspended atmospheric dust and settling dust,
activities carried out in the occupied air—conditioned
office significantly influenced the particulate matter
concentrations obtained compared to that in the
unoccupied air—conditioned office. It has been observed
that the TAQ of the school building could be influenced by
outdoor pollutant sources [41] and the PM concentrations
obtained in the present might have been affected by the
extent of human activities (including the number of
students visiting the office daily as well as the number of
times the door have been opened) and the surrounding
environment. Review of findings from various studies
investigating particulate matter in ambient air at selected
locations in Nigeria from 1985 —2015 showed that
PM, s concentration ranged from 5-248 pg/m’® and
PM,, concentration ranged from 18 — 926 pg/m’ [42].
According to Offor et al. [42], about 50% of the outdoor
PM concentrations in Nigeria exceeded both the WHO (25
pg/m’, 50 pg/m’) and National Ambient Air Quality
Standards (NAAQs) (35 pg/m’, 150 pg/m’) guideline
limits for PM,sand PMj, respectively. Based on the
PM, s/PM g ratios (which fall below the WHO guideline,
0.5 — 0.8) for the selected outdoor studies, it has been
observed that the aerosols in Nigerian environment are
mainly made up of more coarse particles and less fraction
of fine particles. In a study, it has been observed that
built-up areas of Nigerian cities are characterised with
high levels of annual mean ambient airborne PM;,
concentration of > 120 pg/m’ while rural areas had annual
mean ambient PM,, values of 57.4 ug/m3 [43]. In a related
study, Lee and Chang [44] investigated IAQ of five
classrooms in Hong Kong and reported that the average
respirable  suspended particulate matter (RSPM)
concentrations were higher than the Hong Kong air quality
objective and the maximum indoor PM;y level which
exceeded 1000 pg/m’.

There were no significant relationships among PM
(PM;, PM,, PM;s, PM,) in occupied air-conditioned office
during both rainy and dry seasons as shown in the
correlation Table 3 and Table 5 (P > 0.050). However,
correlation analysis indicated that PM;, PM, and PM;
were significantly correlated at P < 0.01 in unoccupied
air-conditioned office during the rainy season and
correlation coefficients were different (Table 4). In
addition, correlation analysis also indicated that PM, and
PM;s were significantly correlated at P < 0.05 in
unoccupied air-conditioned office during the dry season
(Table 6). In the present study, the highest coefficient was
0.735 for the relationship between PMs and PM, in

unoccupied air-conditioned office during rainy season.
The relationship of PMs and PM, in the study is very
similar to the results reported by other researchers [45,46].
The results of correlation analysis indicated that fine
particle (PM;) are mainly particles from atmospheric
and/or settling dust and also, PM, accounted for most of
PM; levels in the unoccupied air-conditioned office.
Although the BDL of CO and CO, concentrations
suggested that ventilation was sufficient in the air—
conditioned office during the sampling period, however,
there is a need to provide a preventive cleaning strategy in
order to further minimize health risks associated with PM
pollution. However, relatively short time of the
measurements and the small number of the monitored air—
conditioned offices potentially limited the ability to
identify clear associations between the particle
concentrations and other obtained indoor and outdoor air
parameters.

Table 3. Correlation matrix among PM,, PM,, PMs, and PM;,
concentrations in an occupied air-conditioned office during rainy
season

Classification PM1 PM2 PMS5S PM10
PM, Correlation Coefficient 1 0.37 0.135 -0.513

P Value 0.193 0.644 0.061

Number of Samples 14 14 14 14
PM, Correlation Coefficient 1 0.411 0.234

P Value 0.145 0.421

Number of Samples 14 14 14
PM; Correlation Coefficient 1 0.094

P Value 0.749

Number of Samples 14 14
PM,, Correlation Coefficient 1

P Value

Number of Samples 14

Table 4. Correlation matrix among PM,;, PM,, PMs;, and PM;,
concentrations in an unoccupied air—conditioned office during rainy
season

Classification PM1 PM2 PM35 PM10
PM, Correlation Coefficient 1 0.139 0.674 -0.309

P Value 0.636 0.008 0.283

Number of Samples 14 14 14 14
PM, Correlation Coefficient 1 0.735 -0.209

P Value 0.003 0.472

Number of Samples 14 14 14
PM; Correlation Coefficient 1 -0.343

P Value 0.23

Number of Samples 14 14
PM,o Correlation Coefficient 1

P Value

Number of Samples 14
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Table 5. Correlation matrix among PM,, PM,, PMs;, and PM,
concentrations in an occupied air—conditioned office during dry
season

Classification PM1 PM2 PMS5 PM10
PM, Correlation Coefficient 1 -0.373  -0.068 0.086

P Value 0.189 0.818 0.771

Number of Samples 14 14 14 14
PM, Correlation Coefficient 1 0.384 0.081

P Value 0.175 0.784

Number of Samples 14 14 14
PM; Correlation Coefficient 1 0.125

P Value 0.671

Number of Samples 14 14
PM,,  Correlation Coefficient 1

P Value

Number of Samples 14

Table 6. Correlation matrix among PM,, PM,, PM;s;, and PM,
concentrations in an unoccupied air—conditioned office during dry
season

Classification PM1 PM2 PMS5 PM10
PM, Correlation Coefficient 1 0.375 0.154 -0.310

P Value 0.186  0.599  0.281

Number of Samples 14 14 14 14
PM, Correlation Coefficient 1 0.626 0.155

P Value 0.017  0.597

Number of Samples 14 14 14
PM; Correlation Coefficient 1 -0.228

P Value 0.434

Number of Samples 14 14
PM,, Correlation Coefficient 1

P Value

Number of Samples 14

4. Conclusions

The indoor air quality parameters (PM;y, PMs, PM,,
PM,, CO, CO,, relative humidity and temperature) were
monitored in an occupied air-conditioned office and
unoccupied air-conditioned office located in the Faculty of
Natural and Applied Sciences Complex in Akwa Ibom
State University Main Campus. The PM concentrations
were significantly higher in the occupied air-conditioned
office compared to those obtained in the unoccupied
air—conditioned office. The higher PM concentration in
the occupied air-conditioned office could be attributed to
various human activities such as the opening of the door,
printing, emissions from electronic devices as well as
re—suspension of settled dust. Since there was no indoor

sources for particle emission (such as smoking, cooking
and vacuum cleaning), other human activities were
probably the paramount factor that influenced the PM
concentration. The results obtained in this study have
shown strong seasonal variations of PM distributions and
the occupied air—conditioned office had the highest
concentration of PM compared to that in the unoccupied
air—conditioned office. There is no evidence of a safe level
of exposure or a threshold below which no adverse health
effects may occur. Therefore, high concentrations of
indoor PM levels obtained in the occupied air-conditioned
office can adversely affect human health, performance and
productivity of any staff. It is known that even at
relatively low concentrations, the burden of air pollution
on health is significant. Effective management of air
quality aiming to achieve World Health Organization
(WHO) Air Quality Guidelines is necessary to reduce
human health risks to a minimum. The results obtained
from this pilot study suggest the need for effective
management of indoor air quality and strategy of using
advanced current technologies to reduce ambient PM
pollutants in our environment. The results obtained reveal
important contributions towards understanding of indoor
airborne PM distribution patterns and provide baseline
data that can be used for potential identification of human
health risks associated with particulate matter in the
air—conditioned office in Akwa Ibom State University —
Nigeria.
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