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Abstract Atmospheric pollution and inhalation studies have focused on particulate matter due to correlations with various
adverse health effects and mortalities. This research analyzed ambient concentrations of inhalable particulate matter (PMy)
around a cement factory in Tema, a suburb in Ghana, in order to evaluate the potential health risks to the factory workers and
residential settlements. Hourly, daily and monthly PM,, measurements made at two sampling stations, using MiniVol air
samplers from January to March, were assessed. Mean daily, 24-hour concentrations of ambient PMy, level between
125.4090 — 514.0443 pg/m*® were recorded at the AFKO monitoring station, while mean daily 24-hour concentrations
between 55.5360 — 429.0520 pg/m® were recorded at the entering point of the plant. Daily 24-hour averaging PM
concentrations at the exit monitoring station of the cement factory exceeded recommended guidelines for measured PMy,
concentration of NAAQS for each day for all three months of data collection, and at the entering monitoring station for 27 of
45 days. In the month of March, at the entering monitoring station, PM,, concentrations were compliant for all days measured,
and this may be partly due to the frequent rainfall events during this month. Finally, for all the days for the three months, data

collected at both monitoring stations exceeded the WHO recommended guidelines for PMyg.
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1. Introduction

Air pollution may be considered an environmental health
risk, having been associated with a number of acute and
chronic effects [1-3]. The effects are seen in overall mortality
and specific areas such as chronic bronchitis, respiratory and
cardiovascular diseases and cancer [3, 4-6]. The association
between air pollution and deaths from respiratory diseases
and cardiovascular disease is of general concern to
epidemiological researchers [4, 7, 8]. In the last few decades,
many studies [4, 5, 9-14] have applied time-series methods
to search for associations between air pollution and its health
effects. It has been suggested that up to 8% of premature
mortalities globally are related to both indoor and outdoor
concentrations of particulate matter (PM), though these
findings are difficult to interpret given the uncertainties
present in the respective study design [1, 6, 15-17]. Several
studies have suggested association between long-term
exposure to PM and various health effects, including
accelerated cardiovascular and respiratory mortality,
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compromised lung function and relative increase of lung
cancer risk [1, 9-22]. Inhalable particulate matter (PM),
specifically, has been associated with increases in daily
mortality and hospital admissions for respiratory distress
(pneumonia, asthma and decreased lung function in children)
[1, 20, 23].

Particulate air pollution is a mixture of particles that vary
in size, composition and origin. Commonly used indicators
describing PM that are relevant to health concerns refer to
the mass concentration of particles with aerodynamic
diameter of less than 10 pm and of particles with
aerodynamic diameter of less than 2.5 pm often called fine
particulates [5, 6, 24].

Many factors contribute to the chemical composition of
PM, including combustion sources, climate, season, and type
of urban and/or industrial pollution [1, 25]. Particulate
matter can be emitted from both natural and anthropogenic
sources with both primary (directly emitted) and secondary
(atmospherically derived) components [1, 26]. Primary
sources include wildfires, sea spray, organic matter and the
combustion of both fossil fuels and biofuels. Secondary
sources of PM include wood smoke, gaseous vegetative
emissions and vehicular emissions and other condensates
from atmospheric chemistry [1]. The major components of
PM consist of inert compounds, semi volatile organic
compounds, metals, carbonaceous material mainly from
combustion and vehicle exhaust, biological material, and
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minerals. The density, concentration, and composition of PM
can vary widely among geographical locations [1, 6].

Cement production operations have been associated with
air emissions of a wide variety of criteria air pollutants,
but most significantly, particulate matter. The cement
production processes, including controlled technology and
refined products, influence the variability, composition and
amount of emissions from one cement industry to the other.
One of the largest and oldest cement factories in Ghana is
Ghacem, which is located at Tema, close to the Port (Tema
Harbor).

The objective of the study was to monitor and analyze
hourly, daily and monthly concentrations of PM;, generated
within and around the cement factory, compare measured
concentrations to standards and determine any health
risks to workers and settlements around the factory, in
order to recommend air pollution control measures for
implementation.

2. Materials and Methods

2.1. Site Selection: Profile of the Study Area, Tema
Metropolis

Tema Metropolis was established from the erstwhile Tema
Municipality in 2007 with the promulgation of Legislative
Instrument (LI) 1929. In 2012, the Kpone-Katamanso Sub
Metropolitan Council was carved out of the Tema
Metropolis to establish the Kpone-Katamanso District. The
Tema Metropolis has three Sub-Metropolitan Councils,
namely Tema West, Tema East and Tema Central.

Tema Metropolis is a coastal district situated about 30
kilometers East of Accra, the Capital City of Ghana. It shares
boundaries in the northeast with the Dangme West District,
southwest by Ledzokuku Krowor Municipal, north-west by
Adentan Municipal and Ga East Municipal, north by the
Akuapim South District and south by the Gulf of Guinea.
The Ashaiman Municipal is an enclave within the Tema
Metropolis. The Metropolis covers an area of about 87.8 km?,
with Tema as its capital. The metropolis lies in the coastal
savannah zone.

The Greenwich Meridian (i.e. Longitude 0°) passes
through the Metropolis, which meets the equator or latitude
0° in the Ghanaian waters of the Gulf of Guinea. The
Metropolis proximity to the sea, with its low lying terrain
which projects into the sea makes it a natural endowment
for a harbor. This evidently informed the decision of the
construction of the Tema Harbor in 1957, making the
Metropolis “the Eastern Gateway of Ghana”.

The topography of the Tema Metropolis is generally flat
and forms part of the coastal plains. The terrain of the district
barely rises up to 35m above sea level. The flatness of land
has made it flood prone, but this also makes it a good
agricultural/developmental terrain. However, the only major
constraint to this strength is the erratic rainfall pattern in the
region.

The Metropolis lies in the coastal savannah zone and
therefore enjoys a dry equatorial climate. The rainy season is
usually from April to July (major rainy season) and from
September to November (minor rainy season). The highest
amount of rain is experienced in May, June and early July.
Temperatures are high all year round with significant daily
and seasonal variations.

Tema being an industrial hub, some areas have been
demarcated to serve as greenbelts as a result of the absence
of forest reserves (zones), to control the micro climate of
Tema (climatic condition in relatively small area). Also,
areas reserved as green belts are being encroached upon.
This has led to changes in weather conditions with its
associated effects, such as erratic rainfall patterns and loss of
biodiversity. An area photograph indicating the location of
the cement factory is shown in Figure 1.

Figure 1. Map of Tema Metropolis showing the location of the Cement
Factory, Ghacem with the two monitoring stations [27]

2.2. Local Sampling/Monitoring Station Description

Since 2007, two ambient air monitoring stations, located
at the entrance point to the factory and the exit point storage
area (AFKO: AFrican-KOrean), have been collecting
accurate and continuous measurements of air quality
parameters, PMy, and TSP. The MiniVol Tactical Air
Samplers (TAS) at both monitoring stations are located at the
northern side of the sea, by the cement factory within the
industrial area, and measure PMj, and TSP. The TAS was
placed at an elevated height of at least 10 ft above the ground
to sample PMy,.

2.3. Data Collection and Analysis

2.3.1. Mini Vol Tactical Air Sampler (TAS)

The MiniVol Portable Air Sampler, shown in Fig. 2, is an
ambient air sampler for particulate matter and non-reactive
gases. The patented low-flow technology used in the
MiniVol was developed jointly by the U. S. Environmental
Protection Agency (EPA) and the Lane Regional Air
Pollution Authority in an effort to address the need for
portable air pollution sampling technology.

The MiniVol Portable Air Sampler is basically a pump,
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controlled by a programmable timer which can be set to
make up to six "runs" within 24 hours or throughout a week.
When used outdoors it may be hung from a bracket mounted
on a variety of structures such as utility poles, trees, and
fence posts.

Mode of Operation of Samplers:

In the particulate matter (PM) sampling mode, air is drawn
through a particle size separator and then through a filter
medium. Particle size separation is achieved by impaction.
Critical to the collection of the correct particle size is the
correct flow rate through the impactor. For the MiniVol, the

actual volumetric flow rate must be 5liters per minute (5 Ipm)

at ambient conditions. To assure a constant 5 Ipm flow rate
through the size separator at differing air temperatures and
atmospheric pressures, the sampler must be adjusted for each
sampling project. Impactors are available with a 10 micron
cut-point (PMy) and a 2.5 micron cut-point (PMys).
Operating the sampler without an impactor allows for
collection of total suspended particulate matter (TSP).

Figure 2. A MiniVol Tactical Air Sampler (TAS) [28]

2.3.2. Process of Data Collection and Calculations

Monitoring was conducted for 15 days in January 2016, as
well as 15 days for February and March 2016. The amount of
dust that collects on the filter paper each day was determined
with an analytical balance and recorded in micrograms.
Additional parameters such as the flowrate, atmospheric
pressure, ambient temperature, height of monitoring post and
volume of air, required were obtained.
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2.3.2.1. Ambient PM10 Concentration Estimation

To calculate air flow rate at ambient conditions Q., the
slope of the calibration curve (m,) and the intercept (by,)
are taken from the calibration curve and eqn. 1 is used.

P.std. y T.std. )
P.act. T.act.

Qact =My X (Qjng +Pyol)

P« = standard atmospheric pressure (760mmHg)
Tsa = 298K
Tat=273+Tgy

5.25
) Pea=Pyg. (@

Where T = ambient temperature at the monitoring area

Qing = adjusted flowrate on the flowmeter of the TAS
(51/min)

E = height of the monitoring post from ground in feet

To calculate the volume of air that passes through the filter
during sampling time at ambient conditions, equation 3 is
used

Pt =Pean x| 1—
act — "sea [ 145330

60mins
x Qapt x time(hr)
hr act ,m3 (3)
1000 |
To calculate the concentration of PM in the ambient air,
equation 4 is used

Vact =

M g 4
Cact =— (%) (4)
o Vact m3

Where M = mass of PM collected on the filter paper
during sampling within 24 hours
and C, = daily 24-hour PM,, concentration [28]

3. Results and Discussion

3.1. Ambient Concentrations of Inhalable Particulate
Matter

—&— PM10, ug/m3

Figure 3. Daily 24-hour mean PM, concentrations (ug/m?) collected at plant Entering point air monitoring station at Ghacem from January to March, 2016.
Current daily 24-hour guidelines recommended by NAAQS-EPA GH and the WHO occur at 100 pg/m?® and 50 pg/m? respectively
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Figure 4. Daily 24-hour mean PM, concentrations (ug/m®) collected at Exit air monitoring station at Ghacem from January to March, 2016. Current
24-hour guidelines recommended by NAAQS-EPA GH and the WHO occur at 100 pg/m® and 50 pg/m? respectively

Daily PMy, concentrations were obtained from the
monitoring stations (entering point to plant and exit point of
plant) from January 2016 to March 2016. The 24-hour daily
mean concentrations ranged from 55.54 — 429.05 pg/m® for
the entering monitoring station and 125.41 — 514.04 ug/m?®
for the exit monitoring station. Figure 3 and 4 show the mean
daily 24-hour ambient concentrations of PM 4, for the plant
entering point and exit point (AFKO) monitoring station,
respectively.

Figure 5 shows the average monthly concentration of
PMy, at the entering monitoring station and exiting
monitoring station.
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Figure 5. Average monthly concentration of PM;, at the entering

monitoring station and exiting monitoring station

From Figures 3 & 4, the PMy, concentrations recorded at
the exit monitoring station were generally higher than those
recorded at the entering monitoring stations. The increase is
assumed to be due to the additional PM;, generated within
the plant for each day for the three months. For both
monitoring posts, the highest PMy, concentrations were
recorded in mid-January, which corresponds to the peak of
the dry (Harmattan) season for the year 2016. Mid-February
also recorded relatively high concentrations of PMy at both

monitoring stations. During these periods, the concentrations
recorded were excessively above the World Health
Organization (WHO) and NAAQS-EPA recommended
24-hour averaging guidelines of 50 pg/m? and 100 pg/m®,
respectively. The lowest concentrations were recorded
in March (Figure 5), during which time the average
temperature was lower and there were frequent rainfall
events.

3.2. Air Quality Index (AQI) - A Guide to Air Quality and
Human Health Pertaining to Ghana

AQI is a measure of the quantity of harmful particles and
other pollutants in the air. The AQI is an index for reporting
daily air quality, and whether the associated short-term
health effects might be a concern. EPA-Ghana calculates the
AQI for five major air pollutants regulated by the Clean Air
Act: ground-level ozone, particulate matter, carbon
monoxide, sulfur dioxide, and nitrogen dioxide. For each of
these pollutants, EPA has established national air quality
standards to protect public health. Ground-level ozone and
airborne particles are the two pollutants that pose the greatest
threat to human health in this country. [29]

The AQI is a yardstick that runs from 0 to 500 (ug/m°) on
a scale. The higher the value, the greater the value of air
pollution and the greater the health concern. For example,
the AQI value of 50 represents good air quality with little
potential to affect public health, while an AQI value over 300
represents hazardous air quality. An AQI value of 100
generally corresponds to the national air quality standard for
pollutant, which is the level EPA has set to protect public
health. AQI values below 100 are generally thought of as
satisfactory. When AQI values are above 100, air quality is
considered to be unhealthy - at first for certain sensitive
groups of people, then for everyone as AQI values get higher.
[29]

For better understanding of the AQI, it is divided into six
categories. Each category corresponds to a different level of
health concern. The six levels of health concern are
color-coded and their meaning are shown in Figure 6.
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Figures 7 & 8 show the number of days in the month that
PMj, concentrations exceeded recommended guidelines for
both air monitoring stations at the entering and exit points of
the plant.

Mean 24-hour daily maximum concentrations of PMy,
recommended by NAAQS-EPA is 100 pg/m® (corresponds
to AQI of 100) for satisfactory air quality, the WHO is 50
ng/m? (corresponds to AQI of 50) for good air quality. Also
according to Figure 6, an AQI value of between 101-300
represents unhealthy air quality and above 300 corresponds
to hazardous air quality. The number of days that have
exceeded the 24-hour daily maximum concentration of PMy,

Air Quality Index (AQI)

When the AQI is in this range:

Levels of Health Concern/Protect Your Health
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for the recommended values of 50 & 100 were all the 15 days
monitored during the study for the months of January and
February (Figure 8). Seven days in January exceeded
unhealthy AQI with none of the days in February and
March exceeding (Figure 8). The majority of March
(100%), few of February (20%) were compliant with the
recommended guidelines for measured PMyq concentrations
of NAAQS-EPA (Figure 7). Conversely, a total of 100% of
January exceeded recommended 24-hour daily maximum
guidelines for PMy, concentrations for the NAAQS-EPA and
all 15 days in each of the three months monitored exceeded
the WHO recommended guidelines (Figure 7).

..air quality conditions are:

Good (0-50)

No health impacts are expected when air quality is in this range

Moderate (51-100 )

Unusually sensitive people should consider limiting prolong outdoor exertion

Unhealthy for Sensitive Groups
(101-150)

Very Unhealthy (201 to 300)

|The following Groups should limit prolonged outdoor exertions: § People with lung disease. such as asthma, § People
Jwith lung disease, such as asthma, § Children and older adults and § People are active outdoors

|The following groups should avoid all outdeor exertions: § People with lung disease, such as asthma, § Children and
older adults, § People are active outdoors and Everyone else should limit prolonged outdoor exertion

Figure 6.  Air Quality Index [29]
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Figure 8.  Number of days per month PM;, concentrations exceeded recommended guidelines at exiting monitoring station
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4. Conclusions and Recommendations

Daily 24-hour averaging PM concentrations at the exit
monitoring station of the cement factory exceeded
recommended guidelines for measured PM,, concentration
of NAAQS for each day for all three months of data
collection, and at the entering monitoring station for 27 of 45
days. In the month of March, at the entering monitoring
station, PMy, concentrations were compliant for all days
measured, and this may be partly due to the frequent rainfall
events during this month. Additionally, for all the days for
the three months, data collected at both monitoring stations
exceeded the WHO recommended guidelines for PMy,. The
PMy, emissions results therefore present health risk to
factory workers and closest population to the factory.

It is however recommended that future research work
should collect additional PM;q measurement data at a site
downwind to confirm whether nearby population are at
health risk from the factory’s operations. Further, analysis of
weather patterns affecting downwind circulation of PMy, for
a period of twelve months should also be considered.

Finally, for better knowledge of PM,, concentration
generated in the industrial area and within the cement factory,
it is recommended that future research work should consider
a twelve-month data collection. Further, data monitoring
equipment should be equipped with software to enable daily
24-hour averaging data be automatically recorded on the
internet to be downloaded when needed for analysis.
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