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ABSTRACT
Background: Poor air quality has been associated with adverse health effects among
‘humans, and inhaled pollutants can directly impact on cardiovascular and respiratory
health, resulting in increased morbidity and mortality. Informal electronic waste recycling
is often not regulated and activities could result in direct pollution of ambient air and

‘with toxic chemical h as inorganic heavy metal dust, organic

bound particulate matter, toxic smoke from open burning of electrical cables among others.
Although several studies have been conducted among e-waste workers to assess the effect

of health, not many studies have been conducted among children who

are at risk of developing respiratory symptoms.

Objective: To assess the respiratory health of children in schools around the informal c-

waste site in Agbogbloshie (cxposed site) and Madina (unexposed or control site).

Methods: An analytical cross-sectional study was conducted from May 2019- July 2019
among school children at Agbogbloshie and Madina. For respiratory health, a standardized
questionnaire and an Easyone spirometer were used lo assess self-reported respiratory
symptoms and lung function respectively. Also, an Aerocette 831 was used to assess air
quality inside and outside various classrooms by measuring particulate matter (PM,, 5.
and PMo) concentrations. Multi-stage sampling method was used to proportionally select
study participants from each school. Mean values and standard deviations were computed
for lung function indices; FEVI, FVC and FEVI/FVC and PM. Pearson correlation

analysis was used to test for association between PMz s and lung function Indices.

Results: The most common self-reported respiratory symptoms among school children at
Agbogbloshic and Madina were; sncezing (24.8% vs 17.1%), thinorrhea (17.8%vrs 8.1%)

iv



and cough (20.2%vs 26.1%). The mean Lung function indices for Agbogbloshie and
Madina were: FEVI (1.652:0.508 vs 1.677£0.696), FVC (2.240940.967 vs 2.745£1.904,
p<0.05) and %FEV I/FVC (76.329£17.705 vs 68.7421.135, (p<0.05). The average PMz s
concentrations of indoor and outdoor air sampled on the first day of measurement were
significantly higher in Agbogbloshic compared with Madina as compared to values on the
second day of air sampling.

Conclusion: The findings suggests that school children around Agbogbloshie recorded
higher respiratory symptoms and reduced FVC compared with their counterparts in
Madina.

Keywords: Respiratory health, Electronic waste recycling. Lung function, Particulate

Matter
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DEFINITION OF TERMS

Forced expiratory volume (FEV1): Volume of air expired in the first second of the blow.

Forced vital capacity (FVC): Total volume of air that can be forcibly exhaled in one
breath.
FEVIFVC ratio: The fraction of air exhaled in the first second relative to the total volume

exhaled.
E-waste: End of life electrical and electronic waste products.

Syneope: loss of consciousness or fainting.



CHAPTER ONE

1.0 INTROPUCTION
1.1 Background
Poor indoor and outdoor air quality have been associated with adverse health outcomes
among humans and contributed to an increase in morbidity and mortality associated with
cardiovascular and respiratory conditions (Guo et al., 2018). Globally, it is estimated that
exposure to particulate matier (PM2.5) results in one million premature deaths annually
(Miller & Xu, 2018). Sources of air-bomne contamination stems from varicd poliutants with
examples such as vehicular emissions, industrialization, cooking with biomass fuel,
agricultural processcs and waste recycling activities. Recently, informal e-waste
processing has been identified as an important source of air poliution in several developing

countries engaged in informal e-waste recycling (Hoek etal., 2012).

Electronic waste generation has increased globally due to the fast advancement of
technology and peoples quest to own the latest technological gadget, causing them to
discard their old gadgets (Torres ct al ., 2016; Oteng-Ababio, 2012). This raid and high
tumover have made e-waste one of the fastest and largest growing waste strcams

worldwide. These end of life gadgets are quite complex in nature, hazardous in nature as it

contains more than 1000 chemical compositions. Some of which are highly toxic (Noel-

Brune et al., 2013) and expensi yel

(Lundgren,
2012). lrrespective of these challenges posed, there are basically no stringent laws to
streamline its safe disposal (Maheshwari, Rani, & Singh, 2013). An estimated 20-50
million tonnes of electrical and clectronic waste items are generated annually and 80% of

c-waste generated finds its way to developing countrics such as India, Nigeria and Ghana
¥



10 be recycled. Methods used in e-waste recycling leads (o the release of organic and
inorganic compounds such as Polychlorinated biphenyls PCDD/Fs. Polychlorinated dibenzo-p-
dioxins and Polychlorinated dibenzofurans and other heavy metal dust into the
environment(Song & Li, 2014b; M. Zhang, 2017) These Contaminants have been linked

o various adverse health effects such i cognitive, hepatic. bone problems

and reduced lung function leading to respiratory health challenges such as asthma,
preumonia, lung cancers (Amankwas, 2014; X. Zheng et al., 2016). These have made the
e-waste menace a serious global environmental concern. Electronic waste (E-waste)
recycling has been a major source of ambient air pollution, leading to a risc in respiratory
symptoms including sneezing, cough, chest tightness. sore throat and other chest infections
among people living within the ¢-waste communitics (Awasthi, Zeng, & Li, 2016; Bonner,
2018: G. Zheng et al., 2013) . These challenges have been linked 1o exposure to fine
particulate mater of size 2.5 microgram and below. Particle sizes of PM 2.5 and below has
the potential to penetrate the lung interstitium and cause an alteration in lung function
(Babatola, 2018, Heacock et al., 2016; Pinto, 2008). The most affected population being

children.

In Ghana, large amounts of -waste are dumped in large tonnes from countries in Europe,
Asia and America due 10 poor regulation of policies and laws. In 2009, an estimated
215,000 toanes of -waste was imported into the country (Dogbevi, 201 1), Unfortunately,
Ghana has no stringent laws that regulates the importation of these second hand electrical
and electronic equipment (EEL) into the country. Agbogbloshie is the biggest site for ¢-
waste recycling in Ghana (Asante et al., 2012; Labunska, Saniillo, Johnston, & Brigden,

2008)lt’s regarded as the largest informal e-waste dumping site in Ghana and west



Africa(R. Grant & Oteng-Ababio, 2012) Globally, it is ranked the 10" most polluted places
in the world(MacDougall, 2014; NT1. 2015). Informal collectors from Agbogbloshie move
around the region to collect outdated, not useful and discarded electric appliances from
homes and offices and bring them to Agbogbloshie for recycling. Informal e-waste
recycling at Agbogbloshie is done using crush hammers and chisels to dismantle and open
up the gadgets for sorting, This is followed by open buming of cables and wires which
leads to the release of heavy metals, organic and inorganic pollutants into the environment.
Common routes of exposure 10 these toxicants are largely by inhalation of particles in the
air, ingestions through contaminated food and water and direct contact with the toxic
substance through dermal routes (K. Grant et al., 2013a; Song & Li, 2015). Exposure to
PM 2.5 has been linked to reduced lung functions among children found within electronic
wasie sites(Song & Li, 2015; Xing, Xu, Shi, & Lian, 2016). Informal E-waste recycling
activities has been ongoing for decades now, hence prolonged exposures are expected to

extend to the iti d the ie electronic waste site.

Numerous studies have also been conducted in Ghana to assess the effect of electronic
waste recycling on cardio-respiratory health of adult population but similar studies are yet
10 be done on the respiratory health of children within the e-waste commuity. A study on
this subject will generate more benefit to public health and establishment of policics that
will protect the children within these communitics

1.2 Problem statement

Electronic waste recycling has grown over the past decades in Ghana because of increased
production of e-waste materials globally. Globally, an estimated 50-70 million of e-waste
is generated annually and 80% of this e-waste is exported to countries in Africa and Asia
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o be recycled. Technology advancement and taste for newer gadgets have coniributed to
the increased growth of e-waste materials as people tend to quickly dump their old gadgets
10 get the latest electrical and clectronic equipment (EEE)(Alavi, Shirmardi, Babaei,
Takdastan, & Bagheri, 2015; Maheshwari et al., 2013).

E-waste recycling is a major cause for concern, because of the harmful emissions that are

Seased during i ling. Rudi has crush and chisel are some

of the basic tools used to dismantie the e-waste such as used computers cathode ray
television sets and mobile phone devices. On the other hand, electrical cables of all sizes
are openly bumt to retrieve copper wires using other waster such as foams from dismantled
fridges as sources of fuel. This process of recycling causes the release of organic and
inorganic compounds heavy metal dust and particulate matter into the ambient air causing
air pollution. E-waste recycling doesn't only affect those engaged in the e-waste activities
but also those living and working in the e-waste communities and nearby populations, thus.
exposing them 10 the hazardous emissions from the c-waste site. Previous work among e-

g with

waste

conditions, reduced cognitive function in children,

high prevalence of respiratory illnesses and reduced lung function among people within

the i 2015; Cs 2013; Noel-B: 1., 2013; NTL, 2015;
G. Zheng et al., 2013). Other studies have also associated exposure to heavy metals with
an increased in cases of type 2 diabetes and hypertension and Chronic Obstructive

Pulmonary diseases amang others.(Daum, Stoler, & Grant, 2017)

Agbogbloshie serves as home to numerous families who have migrated from various places
including the northern parts of the country in search of work and better standard of living.
4



A vibrant market thrives in the heart about 200 meters from the informal e-waste site.
Within the community are schools, banks. churches and other business entities (Bonner,
2018).The Ayalolo cluster of schools is located within the electronic waste (e-waste)
enclave and about 500 meters from the electronic waste recycling sitc. The physical
environment of the school, ts cleanliness, and poor ventilation in classrooms significantly
affect the health and well-being of children, hence adverse health conditions are likely to
spread quickly in congested places with limited ventlation and at places with poor hand-
washing facilities and practices. Most students from these school are from low income
eaing families and their parents and guardians are predominantly e-waste workers who
have migrated from the northem parts of Ghana in search of greener pastures. Although
there exist other background pollutants in the arca, e-waste has been identified as the major
source of PM pollution. Previous studies have been done on health challenges associated
with e-waste activities (Noel-Brune et al., 2013; X. Zheng et al., 2016) but few data exist
on the effects of e-waste on respiratory health among school children within the e-waste
recycling community. This study therefore sought to assess the PM levels, respiratory
symploms and lung function among the school children within the informal e-waste

recycling site in Agbogbloshie.

1.3 Conceptual framework
The conceptual framework (fig.J.1.), illustrates the activitics invotved in informal e-waste
recycling that leads to the release of hazardous substances which affects human health, E-

wasie recycling activities such as dismantling, crushing and open-air bumning could lead to

the release of inorgani metal dust, toxic fi taining organic compounds such

as Polychlorinated Biphenyls (PCBs)Poly Aromatic Hydrocarbons (PAH)and PM
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including PMa 5. Electronic waste (E-waste) recycling has been a major source of ambient
air pollution, leading to a rise in respiratory symptoms including sneezing, cough, chest
tightness, sore throat and other chest infections among people living within the ¢-waste
communities(Awasth et al., 2016; Bonner, 2018; G. Zheng et al., 2013), These challenges
have been linked to exposure to fine particulate of size 2.5 microgram and below.

Particulate sizes of PM 2.5 and below has the potential to penetrate the lung interstitium

in i 2018; Heacock etal., 2016; Pinto, 2008).

Other background exposures include vehicular emissions, exposure to biomass fuel smoke
and dust, all of which can impact on respiratory health. Irritations such as common cold,
cough and sneezing are examples of sympioms suffered by these children. Variables such
as age, exposure 1o second-hand smoking, dust particles, ventilation in the classrooms arc

imponant determinants of respiratory health.
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1.4, Justification of the study

Although the Parliament of Ghana has passed an act to regulate and manage the informal
e-waste activities to ensurc a safe environment(“Parliament passes law to Control
Hazardous &amp; E-Waste - Government of Ghana,” 2016), enforcing of such statutory
acts have not been in full force as e-waste recyclers still engage in the use of rudimentary

means (0 retrieve reusable part of the e-waste items.

School children spend an average of 8 hours in school (7am-3pm), These prolonged
exposure to the fine particles of PM in the ambient air, within the school, predisposes them
to adverse health effects. Children have higher baseline ventilation rates and are more
physically active than adults, thus exposing their lungs to more air pollution(Bateson &
Schwartz, 2008). In addition to the e-waste exposures, poor ventilation within the

I d overly congested cl Id compound the problem of exposure to

fine particulates, as contaminated air will be retained within the classroom walls.

Government and local authority need to enforce policies that regulates the activities of
informal e-waste activities 10 help reduce the impact of e-wasic exposures on health of
those living within the e-waste communities especially children. Policy interventions are
required 1o protect child health, prevent an increase in respiratory outcomes and reduce
cost of healthcare(Chan & Wong, 2013). Results from this study could contribute to the
passage of sound environmental policies aimed at reducing the health impacts associated

with e-waste recycling.



1.5. Research Questions

~

=

. Do school children around Agbogbloshie c-waste site have higher prevalence of

respiratory symptoms compared to those in Madina?

s ambient air poliution due to informal e-waste recycling activities at
Agbogbloshie likely to affect negatively on lung function of school children
around e-waste site compared to those in Madina?

Are school children around Agbogbloshie e-waste site exposed to higher levels of
particulate matter compared to those in Madina?

Is there an association between levels of PMz s and respiratory health?

1.6. Study objectives

16.1.

General objectives

To assess the respiratory health among school children in Agbogbloshie, an informal ¢-

waste recycling site (exposed site) compared to those from Madina (unexposed or control

site)

Specific objectives
To determine the prevalence of respiratory symptoms among school children in
Agbogbloshic (exposed site) and Madina (control).
To assess the effects of ambient air pollution on lung function (FEV1, FVC,
FEVI/FVC) among school children in Agbogbloshie and Madina.

To measure and compare concentrations of PMzs and PMyoin indoor and outdoor
ait in schools at Agbogbloshie and Madina.
To determine whether there is an association between PM s levels and respiratory

‘health



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1. Scope of the Review
This literature review focuses on the effects of E- waste recycling activities and ambient air
pollution (section 2.2), comparing what other studies have come out with, the impact of E-
waste recycling on respiratory health (section 2.3), the role of indoor air pollution and
tespiratory health (section 2.4), outdoor air pollution and respiratory health (2.5) and the

particulate matter (PM) and lung function (section2.6)

2.2. E-waste recycling and ambient air pollution

Ambient air pollution occurs when the composition of normal outdoor air gets
contaminated by smoke, dust and pollutants. Mortality often associated with ambient air
pollution is mostly attributed to exposure to particulate of size 2.Smicrons o less as they
ae noted to cause respiratory conditions, cardiovascular disease and some cancers
although sizes above 2.5 also result in other adverse health outcomes(Babatola, 2018;
Heacock et al., 2016; Mannucci & Franchini, 2017). The World Health Organisation
(WHO) guideline for air quality are: PMa s =10ug/m’ for annual mean and 25ug/m for a
daily mean of 24hours, PMio= 20ug/m’ for annual mean and SOug/m’ for daily mean.
Contamination of ambient air can occur through industrial activities, vehicular emissions,
household activities and e-waste recyeling (WHO, 2017), According 10 reports in the
Global Burden of Disease, about 3.7million people died globally from harmful effects of
amospheric air pollution in 2012 and 88% of these deaths were recorded in developing
countries alone( Zhang, 2017). Its noted that ar particles of size PMa sare very fine and can

10



reduce visibility and also enter human lung, cause irritations, lead to reduced respiratory
functions and cause asthma, lung cancer and heart problems. In recent times ¢-waste
recycling has gained much attention due o the complex pollutants released from such
activities. Informal E-waste recycling using chisels and crush hammer to dismantle
electronic gadgets, acid bathing and leaching to melt the cablcs and expose the copper and
aluminum wires and open-air buming. This results in the release of toxic fumes, particulate
‘matter and dust that are often heavily concentrated in the air, food, water and soil samples
around e-waste site. Inorganic and organic pollutants have also been detected in biological
samples of e-workers and inhabitants of e-waste communities(Heacock et al., 2016; Song
& Li, 2014a). Studies have shown that heavy metals enters the human body to the lung
blood stream and target organs through inhalation, ingestion of contaminated food and
waler and dermal contact through direct exposure to the toxic substance leading to life
threatening conditions like kidney damage, impaired lung functions and reduced

intellectual capacity in children, lung cancers among others(NTI, 2014; Zhang, 2017).

2.3, Impact of E-waste recycling on respiratory health

Hamful substances that ocour from e-waste recycling is due to processes such as
dismantling or shredding open-air burning, acid bathing and leaching of the electronic
gadgets. Tiny dust particles bound with heavy metals released through e-waste recycling
has been associated with reduced lung functions among e- waste workers and people
engaged in other works on the field (NTI, 2015). Another study also reported that
exposure to chromate dust and fumes cause asthma and other respiratory sympioms
(Kargar Shouroki ct al., 2018).



A comparative study conducted by Zheng et al (2012), among school children living in an
¢ waste community of Guiyu and a control group Liangying in China revealed that
spirometry readings (FVC) were lower in school children in Guiyu than those in the control
group, likewise the serum Chromium levels. The presence of chromium in the lungs

accounts for the reduced lung function and this predisposes subjects to respiratory

sthma and bronchitis (Zeng, Xu, Boezen, & Huo, 2016). Another study
by Zheng et al (2013) also recorded low FVC among school children and this was attributed
1o the chronic exposure to the toxic substances in the atmosphere. It was concluded that
these exposures are likely 1o affect their growth and development and further destroy the
lung tissues and lower FVC readings. A qualitative survey done among E-waste workers
in Agbogbloshie, Ghana, brought o light a number of health challenges experienced by
workers. This includes throat irritations, chest pains and chronic respiratory tract infections
attributed (o frequent exposure to smoke and fumes of metals from burning of cables, and
dust from crushing of the electronic gadgets. It was evident that most of the workers had

little knowledge on the use of personal protective equipment (Asampong et al., 2015).

E- waste recycling at a specific location does not only affect those directly engaging in the
recycling but the entire population within the arca and nearby communities. School
children residing within the arca and in nearby communitics, workers and people going
about their daily activities are equally affected by this socioeconomic activity generating

dust and smoke.(Robinson. 2009)



2.4. Indoor air pollution and respiratory health
Indoor air pollution (LAP) is a major environmental health issue in developing countries
causing high morbidity and moriality rates due to acute lower respiratory

W & 2013b). Indoor air pollution could

occur when polluted air from outside gets trapped inside and in the absence of good
ventilation. This contamination may stay trapped for long hours exposing occupants of
such rooms fo respiratory tract illnesses. Rooms that are poorly designed with insufficient
windows for through ventilation, mostly observed in urban slums, may lead to occupants
having a feeling of stuffiness and suffocation(Nandasena, Wickremasinghe, &
Sathiakumar, 20132; Shrestha & Shrestha, 2005). A comparative study was conducted to
analyse particulate (PM2.5, PM10) concentrations of room air, in an urban slum and a
control site in India. Sampled houses were selected from three (3) types of home
categorized as low, middle- and high-income homes and also based on their proximity 10 a
commercial area, cither a railway station or the lorry road. The homes selected from the
control site were quite far from commercial activities. Findings revealed that PM2.5 and
PMuo were higher during winter among the lower- and middle-income homes. This finding

ibuted to type of fuel used, high in homes, poor ventilation and the entry

of outdoor air indoor. Mean FEV1 and FVC scores were lower in the exposed site than in
the control site which indicates high levels of lung impairment mostly among people from
low- and middle-income homes. Women and children were identified in the study as the
most affected because they mostly spend more time at home and i the rooms, hence may
have daily continuous exposure to indoor pollutants from molds and dumpiness, smoke

and fumes from cooking fuels (biomass), strong liquids and detergents. Study showed a

13



negative association between exposure to indoor pollutants and level of household income
(Franklin, 2007; Rinne et al., 2006; Kulshreshtha & Khare, 2010).

Smoking tobacco indoor is another source of IAP and exposes non- smokers to tobacco

smoke. smoke (SHS) comprit f a mai ke first inhaled

by an active smoker and then exhaled) and side-stream smoke (smoke emitted between
puffs). The later smoke accounts for about 85% of total second-hand smoke. Second hand

smoke is & mixture of more than 4000 chemicals, of which over 40 are identified

carcinogens in vapor and paricle phases. The vapor-phase compounds include benzene,

vinyl chloride. acrolcin ere. The particul
its derivatives, aromatic amines, polycyclic aromatic hydrocarbons. 40% of children
globally are exposed to SHS and an estimated 165,000 children under $ die annually from
lower respiratory infections associated with SHS. Two-thirds of these deaths occur in
developing countries of Africa and South Asia. In these same studies, exposure to
environmental tobacco smoke has been linked 10 reduced lung function and abnormally
developed lung in prenatal life(Agrawal, 2012; Cheraghi & Salvi, 2009; Nandasena et al..
2013b). Rinne et al (2006) also identified that fetal or carly postnatal exposure to matemal
smoke was associated with significant deficits in lung function that persisted into young
adultlife. Childhood exposure also resulted in reduced lung function (FEV 1) when results
are compared to a non-exposed child(Rinne et al.. 2006).

2.5. Outdoor Air Pollution and Respiratory Health

Outdoor air pollution is the presence of one or more substances in the atmosphere with a
concentration that exceeds the normal limits. These include substances like Ozone (Os),
airborne lead (Pb) and earbon monoxide (CO)and many more ( Song & Li, 2014a), Recent
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PM2.5), because

© ionon p
of their ability to bypass the muco-ciliary defenses in the airway into the lung to cause 8
disruption in normal lung function leading to cither local or systemic effect (Zheng et al,
2013). A review done by Nandasena, et al. (2013) found out that 32% of the world’s

population lived in areas that far exceeded the WHO level one threshold of 35pgm’.

Ozone i one of the outdoor pollutants and exposure to high levels in the air causes severe
symptoms such as breathing problems, irritations and trigger asthmatic attacks. It can also
cause a reduced lung function and severe lung diseases (Fiotakis, 2016). A comparative
cross-sectional study was conducted in India, Chandrapur district (an industrial area)
revealed that respiratory symptoms were prevalent in villages with multiple industrics than
villages with only one industry. This indicates that ambient air pollution impact on
respiratory health are evident with symptoms of respiratory illnesses. They observed that

the probable cause of morbidity and mortality associated with air-borne pollutants may be

asaresult of i i i these pollutants

Khanvilkar, Kadam, & Salvitthal, 2016).

An assessment conducted in Europe on the impact of outdoor and traffic related air
pollution revealed road traffic as the primary source of PM cmissions, and it plays an
important role in the effects of outdoor air pollution and these are higher in densely
populated areas(Jagla, 2016).

Another study conducted on ¢- waste workers in Agbogbloshie Ghana, showed that their
outdoor exposure to pollutants released in the recycling area led to high complained mostly

of tiredness and sore throat common cold and phlegm (NTI, 2015).



2.6 Particulate matter and lung function

Particulate matier (PM) is @ complex mixture of solids and liquid droplets in the
atmosphere. They are so minute and can't be seen with the naked eye. The smaller the size.
the more Kikely they are to induce an adverse health effect. It ranges from size 10um
(PMio), 4um (PMa). 2.5um (PMa.s) and below. PMas and below have been linked in
several studies as the most hazardous in causing an alteration in lung function(Jiang, Mei,
& Feng, 2016; Miller & Xu, 2018). Combustion of fuel, electronic waste recycling, dust
generated from an untarred road and industrialisation are all sources of PM emissions.
World health Organisation recommends an average annual PMio of <20pg/m’ and <50
ng/m’ for the daily average. The recommended PMy s daily mean is also <25ug/m’ and
<10 ug /m® for annual mean figures. Increased morbidity and mortality has been linked to
exposure to PMzs and below(Guo et al.. 2018; WHO, 2013). Epidemiologists have
cevealed a significant association between PM2.s< and respiratory morbidity and mortality
They found that an increased PM concentration in the air may directly lead to an increased
morbidity and mortality within a population. In European countries, PMys decreased the

average life span by 8.6 months.

A i lation between PM i reduced lung function.

It was observed that a consistent increase in the PM concentrations in ambient air was
associated with reduced lung function in children who had no known respiratory

conditions. Although these findings exists, another longitudinal study conducted in

Californi i onship b high PM ions in ambient air
and reduced lung function(Paulin & Hansel, 2016).



A study in Beijing found that mortality associated with respiratory and cardiovascular
illnesses had significantly increased by 10ug/m’ in PM2.5 annual concentration between
2007 and 2008 and a mean PM2.5 concentration of 122g/m’(Miller & Xu, 2018). They
also observed that the type of weather could contribute to an increase in the effects of

PM2.5 on the general health of humans.

A study conducted in Agbogbloshic among market women revealed a high prevalence of
respiratory symptoms and reduced lung function indices. They also reported daily PM2.5
and PMI0 concentration ranging from 72.09-168.84ug/m’ and 492.41-1690.62 g/m’.
They reported high cases of cough, cold, sore throat and repeated sneezing as the common

symptoms suffered by the market women within the Agbogbloshie market.

27 Respiratory symptoms and children’s health
Studies have found a consistent associations between outdoor particulate matter
concentrations and various adverse health effects, such as an increase in asthma, other
respiratory tract diseases, and decrease in lung function among humans especially
children(Langkulsen, Jinsart, Karita, & Yano, 2006) The high concentration of respirable
particulate matter (PMu) in ambient air is one of the serious environmental problems in
Bangkok city, particularly in the traffic-congested areas. PMyo levels were monitored
systematically at 32 Pollution Control Department (PCD) monitoring stations. In many
areas, annual average PMio concentrations were found to be higher than the National
Ambient Air Quality Standard. In 2004, annual average concentrations of total suspended
particulate matter (TSP) and PMio at roadside monitoring stations were ~0.18 mg/m’ and
78.50 pg/m’, exceeding the standard” by ~8.3 and 8.4% days, respectively, There is a
potential increase in the concentration of pollutants cach year. Furthermore, PMo in
17



Bangkok has been associated with serious health effects, such as increased hospital

admissions and mortality. The associations were also reported between air pollution and
. Th dies have mainly been

respiratory health traffic poli i wi
conducted in healthy adult groups. It is not clear to what extent such associations could be
revealed in children, who might be more susceptible to air pollution than adults. A few
researchers have reported that there is an increase in respiratory symptoms and impaired
lung function among asthmatic children near Maemoh Power Plant, Thailand. However.
chronic health effects for the children remain uncertain, particularly for Bangkok children.
Therefore, with the help of a cross-sectional design, possible chronic effects of exposure
to air pollution in Bangkok school children were investigated (Langkulsen et al., 2006)
Children living in highly polluted areas would possibly indicate higher prevalence of
respiratory symptoms and impaired lung function than those living in moderately and less-
poliuted arcas(Budhiraja, Singh, Pooni, & Dhooria, 2010; Paulin & Hansel, 2016; Zeng et
2l 2015)



CHAPTER THREE

3.0 METHODS
3.1. Study site
The main study area Agbogbloshie, covers a total surface arca of 15 acres of land and is
located on the west border of the Odaw river. Within the Agbogbloshie community are
bunks, a large and vibrant open food market, schools, a pharmaceutical company, a soft
drink bottling plant, shops, mosques and churches and also a community where the
migrants and electronic waste workers stay. The densely populated community has few
social amenities that is shared by approximately 40,000 members of the community.
(Amankwaa, 2014; Asampong et al., 2015). The study was conducted in two schools from
the Ayalolo cluster of school (Agbogbloshie) namely Central Mosque primary and Akoto
Lantey Junior high school (Fig. 3.1). These schools® share the same compound with the
Amamomo JHS, Richard Akwei memorial JHS, the Ayalolo 1 and 2 JHS and the Ussher
Polyclinic. The school is located on latitude 5.54507 and longitude -0.2167 with a GPS
address of GA-181-7429. On its right border is the SDA church and Schools. The schools
are about 500meters from the E-waste recycling site and about 300metres from the
Agbogbloshie Market, The school compound is untarred with the buildings scattered all
over the compound with inadequate ventilation in the classroom. The windows are closed
due to the dusty nature of the school compound. Dust is mostly obscrved during play breaks
and when there is an activity within the compound. Dark smoke can be observed from the

e-waste recycling site while in the school premises.

The control group on the other hand is from two schools within the LaNkwantanang cluster
of schools (Madina) namely, the LaNkwantanang “5” basic school and LaNkwantanang
19



7" basic school (Fig:3.2). It's within another heavily populated community in the Accra
metropolis within the LaNkwantanang municipality. The schools are located on Latitude
5.68290, Longitude -0.1697 with a GPS address GM-014-2194. The community is quite
unstructured and serves as home to many businesses such as banks, telecommunication
companies, schaols, churches and mosques. A vibrant market thrives in the heart of the
community. It covers a total area of 166acres of land. Madina is a fast-growing community
with small rural setlements fast developing and catching up with the urban communities.
The school is approximately 200metres from the Madina market. It is about 200metres
from the main Accra- Aburi road and directly opposite the Elim preparatory school and
200metres from the Republic Bank of Africa. The compound is untarred and dust can be
seen in the environment during play times and during closing time. There is a major
construction site right on the left border of the school. The School buildings are quite
unstructured and poorly constructed with inadequate ventilation into the classrooms. The
classrooms are also congested and classroom window have all been shut due to the dust
within the school compound. The control site, LaNkwantanang *7” Basic school is similar
in characteristics with the Ayalolo cluster of school. Both schools have similar
environmental exposures to vehicular emission, dust and particulate from the school

mpound: ing in ic and cultural

characteristics
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Faonre S0 Map showaca s o sioogbloshic and sites.
Sanrces Adapted from (Azheho, 2005)

e waiin @ - ~

Figure 3.2 Map of Madina shewing LaNkwantanang cluster of schools.
Source: Adapted from Google maps
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2 Study Design
ytical ional study ducted from May 2019- June 2019, among 240

chool children from the Central Mosque primary and Akoto Lantey Junior high school
vithin the Ayalolo cluster of school (Agbogbloshie) and the LaNkwantanang “5™ basic
chool and LaNkwantanang “7” basic school also within the LaNkwantanang cluster of
chools (Madina). Multi stage sampling and systematic random sampling were used to
andomly select the participant; At each site, schools were grouped into clusters and the
equired clusters selected, after which each class were put into subgroups to determine the
ippropriate number to select at each stage. Systematic random sampling was used to select
sarticipants within each class. The target population were children from primary 4 to Junior
1igh School 3, whose ages are between 9-14years. This age was selected because of their
1bility to express themselves and perform the study procedures. Four schools were enrolled
n this study; two within the informal e-waste recycling community and the other two from
he control site Madina within the LaNkwantanang municipality. School selected from
Madina had similar characteristics such as school setting (both are public schools), similar
2thnic and socio- economic characteristics and similar sources of exposures to school in
Agbogbloshie but the difference lies in the E-waste recycling activities at Agbogbloshie.

A d questionna x ic data and "
was used also record self-repor

respiratory signs and symptoms among the school children at both study sites. Lung
function was compared among the two study sites and PM concentration also comparcd

‘among the two study areas.



3. Study Variables
3.1. Dependent Variables

1¢ outcome (dependent) variables of interst were measures of lung function forced
piratory volume in one second (FEVI), forced vital capacity (FVC) and the ratio
SVI/FVC and prevalence of respiratory symptoms including sore throat, commen cold,

heezing, chest pain and shortness of breath.

3.2 Independent Variables
he explanatory (independent) variable of interest were, PMzs and PMio measured in

irrounding ambient air, weight, height and Body Mass Index (BMI).

3.3, Confounding factors
ge, sex, biomass fuel use, proximity of home and school from the main road, proximity

fhome from market place, second hand smoking exposures.

4. Study Population

ource population was the Ayalolo cluster of schools in Agbogbloshie and the
aNkwantanang cluster of schools from Madina. A total of 240 school children were
scruited from these two cluster of schools. One hundred and twenty-nine (129) school
hildren were selected from Ayalolo cluster of Schools (98 from central mosque primary
nd 31 from Akoto Lantey Junior high school) and 111 school children from
aNkwantanang 5" and “T” basic schools were recruited (56 school children from
‘aNkwantanang “S” and 55 school children from LaNkwantanang “7" Basic schools). All
articipants were between the ages of 9-14ycars and selected from primary 4- JHS 3.
«hool children were recruited based on voluntary participation as described in section 3.6
or sample size calculation.
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-4.1. Inclusion criteria

chool childsen were included if they were within the age range of 9-14years. Study
anticipants were also recruited if they had been in the school for not less than an academic
car as al the time of the study.

-4.2. Exclusion criteria

ccent thoracic, abdominal or ¢ye surgery (due to pressure from hard blowing) or refusal
fconsent, mental illness with inability to follow procedure or history of recurrent syncope
.5. Sample size Determination

ising an estimated prevalence of 18.2% from a results of pre-test conducted among school
hildren at Abokobi landfill site with 8 5% margin of error in the formula Z{1.@/2)'P(1-
‘¥d®, & sample size of 229 was arrived a1, where z=is for the z-score of 95% is 1.96, P is
voportion from previous study=18.2%, and d is for margin of error =0.05. This is the

vinimum sample size required for this study.

1= (1.96Y(0.182(1-0.182) 1 (0.05)?
4= (1.96)'(0.182*0.818) /0.0025

= (3.8416) (0.148876) / 0.0025

= 0.57192/0.0025

=2287

istimated population for Central Mosque primary and Akoto Lantey JHS = 200 students
“stimated population for LaNkwantanang “5” and =7 basic school = 154
Fotal: 200+154= 354



907354 x 229 = 13937,

Tinimum sample required from schools in Agbogbloshic = 130
541354x229= 99,62

tinimum sample required from selected schools in Madina < 100

6. Recruitment/ Sampling Method

fulii stage sampling and systematic random sampling were used to recruit the study
articipants. Schools in Agbogbloshie and Madina were put into three clusiers each and
ne cluster sclected randomly from cach of the study locations. Two schools were
ndomly selected from each cluster and included in the study. The next stage of the
h school. At the

chool level, Classes 4 to JHS 3 classes were considered for inchusion based on the age
riteria (9 - 14 years) provided for the study design. The total student population between
e class category (Class 4 to JHS 3) and the overall study sample guided in estimating the

wget sample for each class,

st the class level (Class 4 to JHS 3), each class contributed a certain number of sudents
roportional to size of that class. Systematic random sampling technique was used to select
articipants within each class. A total sample of 240 respondents participated in this study
sample in excess of 10 respondents purposively selected and included). Parent's informed
onsent was obiained on behalf of the students from alt 240 respondents afler which the
chool children assented o partake in the study. AN study Procedures and protocals were
learly stated in the consent form and appropriately explained to school children and their

eachers prior to data collection.



1l school children who had been in school for at least one academic year and also met the

1¢ criteria of 9-14 years were enrolled in the study.

chool children were assembled in an empty classroom that was allocated for the snady.
I study procedures and objectives were carefully explained to the school children and
1cir teachers in English, Twi, Ewe and Hausa, Demonstration sections on how to perform
1e blowouts was done prior to commencement of the data collection. A Spirette was used
» demonstratc on how t0 take in deep breaths and how well to blowout continuously.
ections of decp breathing exercise was conducted to help expand the fungs. They were
1en taken through filling of the questionnaires by trained research assistants. They were
sterviewed in English, Akan, Ewe and Hausa for casy understanding. Participants were
sided in performing the mancuvers required to perform the spirometry. The Forced
‘xpiratory volume in one second (FEVI), the Forced Vital Capacity (FVC) and the

‘EVI/FVC ratio was measured and documented.

“he Met One Aerocet units were also set at various locations within the school premises to
ample air quality. Both indoor and outdoor air quality were sampled simultaneously.
M2.5 <, PM4 and PM10 were recorded. Air quality sampling was done throughout the
seriod the children were in school only. This was to measure the on-site exposures during
ichool hours. Observations were noted at certain times of the day, when school children
were on breaks and when certain activities that could affect the PM concentration in the

umosphers were being carried out. This was to help identify the cause of any spurious

is. School childs with fruit

uice 10 replenish them after performing the Spirometry.



3.7. Data collection fools and procedures
Tools for data collection included a standardised questionnaire, a spirometer for lung
function measurement, an Acrocet 831 for indoor and outdoor air sampling, a stadiometer

was used for standing heights and weight measurement.

3.7.1. Questionnaire

The questionnaire was sectioned into four parts. The first part asked questions on their
personal data (age, sex), the second section asked questions about the home situation (the
number of people at home, how many rooms shared by the members of the house, work of
parents, whether a parent smokes, where cooking is done, and the type of cooking fuel
used, whether child helps in the kitchen, whether child works at the e-waste site and
whether they use a personal protective equipment and whether the child was exposed to
certain determinant of respiratory health such as smoke, dust, fumes and irritating liquids
at home). The third part was focused of identifying the current respiratory health situation
of the child and how often they have respiratory infections. It sought to identify where the
child had most respiratory health triggers; whether home or school. The last part had
recordings of the child’s weight, height and values of FEV1, FVC an FEV1/ FVC, being
values produced during spirometry. There was space provided for any other comment or
observation during the performance of spirometry.

3.7.2. Spirometry

An EasyOne spirometer (NDD, USA) was used to measure the lung function (FEV1, FVC,
FEVI/FVC) of the school children. The portable spirometer is an easy to use, battery
powered machine with a disposable mouthpicce (Spirette). It has the advantage of storing
over 6,000 data of spirometry values. The machine is designed to allow for 6 blow outs
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3.7, Data collection tools and procedures
Tools for data collection included a standardised questionnaire, a spirometer for lung
function measurement, an Acrocet 831 for indoor and outdoor air sampling, a stadiometer
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observation during the performance of spirometry.

3.7.2. Spirometry

An EasyOne spirometer (NDD, USA) was used to measure the lung function (FEV1, FVC,
FEVI/FVC) of the school children. The portable spitometer is an casy 1o use, batiery
powered machine with n disposable mouthpiece (Spireti). It has the advantage of storing
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and the best three values were recorded and the quality of the test graded from A-F. Weight
and standing height of the school children were recorded as a standard requirement for
performing spirometry. A GLC/ 2017 mechanical personal weighing scale was used to

check the weight and a stadiometer was used to check their standing height measurement.

Spirometry test was conducted by Principal investiy assisted by a
The spirometry procedure was demonstrated to the school children. The right position to
assume (stand up, take in deep breaths and blast out), how o blow the air and when to stop
blowing. They were encouraged to take deep breaths prior to performing the procedure.
Each student spent approximately Sminutes performing the spirometry. Values of lung
volume was computed based on the height, weight, sex and ethnicity of respondents. The

Spirometer was disinfected with mild lution and one Spil was given 1o an

individual student and discarded after use.

3.2.3. Particulate matter (PM) measurement with Aerocet 831
Indoor and outdoor air samples were collected from the selected schools. First from those
located adjacent the Agbogbloshic e-waste recycling site and those in the Madina Zongo
community, using a light weighted, battery powered and hand-held Met One Aerocet 831
(2.8 Umin) (Met One Instruments INC) sampling pump. This sampler simultancousty
measures PMy, 15 and PMio levels at each minute. Prior to sampling cach pump was
calibrated and flow rate checked. Indoor (in classroom) and outdoor (within school
compound) sampling within school premises were done concurrently. Sampling at both
sites was done within four days and continuously for 6 hours each day. Retricval of Met

One Acrocet 831 stored data was done using “Comet” software package onto a computer,



and the best three values were recorded and the quality of the test graded from A-F. Weight
and standing height of the school children were recorded as a standard requirement for
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calibrated and flow rate checked. Indoor (in classroom) and outdoor (within school
compound) sampling within sehool premises were done concurrently. Sampling at both
sites was done within four days and continuously for 6 hours each day. Retrieval of Met

One Aerocet 831 stored data was done using “Comet” software package onto a computer.



3.7. Data collection tools and procedures
Tools for data collection included a standardised questionnaire, a spirometer for lung
function measurement, an Aerocet 831 for indoor and outdoor air sampling. a stadiometer

was used for standing heights and weight measurement.

3.7.1. Questionnaire
The questionnaire was sectioned into four parts. The first part asked questions on their
personal data (age, sex), the second section asked questions about the home situation (the
‘number of people at home, how many rooms shared by the members of the house, work of
pasents, whether a parent smokes, where cooking is done, and the type of cooking fuel
used, whether child helps in the kitchen, whether child works at the e-waste site and
whether they use a personal protective equipment and whether the child was exposed to
certain determinant of respiratory health such as smoke, dust, fumes and irritating liquids
at home). The third part was focused of identifying the current respiratory health situation
of the child and how often they have respiratory infections. It sought to identify where the
child had most respiratory health triggers; whether home or school. The last part had
recordings of the child’s weight, height and values of FEV1, FVC an FEV1/ FVC, being
values produced during spirometry. There was space provided for any other comment or
observation during the performance of spirometry.

37.2. Spirometry

An EasyOne spirometer (NDD, USA) was used to measure the lung function (FEV1, FVC,
FEVI/FVC) of the school childsen. The portable spirometer is an casy 1o use, bartery
powered machine with a disposable mouthpiece (Spirette). It has the advantage of sioring
over 6,000 data of spirometry values. The machine is designed 10 allow for 6 blow outs

27



and the best three values were recorded and the quality of the test graded from A-F. Weight
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One Acrocet 831 stored data was done using “Comet” software package onto a computer.



3.8. Training of research assistants
Rescarch assistants were trained on what the questions in the survey entailed and how to
explain the questions to the children so that they could understand. This was 1o prevent
interviewer biases. They were trained 1o conform 10 the ethics guiding the study. Trained
nurses from the University Hospital were recruited and taking through the use of the
spirometer and how to guide the children to perform the spirometry. This was facilitated

by an occupational health physician from the University of Ghana Hospital.

3.9. Data Processing and Statistical analysis

Data was entered into a computer database using SPSS Statistics Data Editor and analysed
with [BM SPSS version 21 and Microsoft excel 2010. Data was crosschecked and missing
values and inconsistencies addressed. Descriptive analysis was conducted on all the study
variables. Students t-test was used to mean of lung function indices and PM concentrations
of indoor and outdoor air for Agbogbloshie and Madina. A 95% confidence interval (p-
value <0,05) was used to test for significance. Pearson correlation analysis was used to find
the relationship between the indoor and outdoor PM2.5 and lung function indices,
normality was tested and a One -way ANOVA used 1o test for association between lung
function indices and PM2.5. Confounders such as parent's occupation, type of fuel used
for cooking at home, proximity of home to school were controlled for during analysis
3.10 Ethical considerations

Ethical clearance was sought from the Institutional Review Board of the Nogouchi
Memorial Institute of Medical Research (NMIMR), University of Ghana. Permission was
taken from the Director of Accra Metropolitan office of the Ghana Education Service
(GES).the Director of LaNkwantanang District Education Office, Madina and heads. ofthe
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schools under study. Written consent was sought from parents and teachers of the students
and a written assent from school children who were participating in the study. Participants
were taken through the purpose of the research, the risk, benefits and questioned answered
o allay all fears. Participants were informed about their right to stop at any point in the
study. They were reassured of their anonymity and privacy and that whatever was
discussed will be protected from unlawful asses by anybody. All data collected were kept

under lock and key to prevent unlawful access to unauthorized persons.

3.11 Pre-test of Questionnaires
Questionnaire was pre-tested at the Pantang Presby Basic school. A school located at the

Abokobr Landfill site.

3.12. Quality Control

The following was done to cnsure data collected was of superior quality and validity.
Research assistants recruited were nurses who were fluent in Ga, Hausa, and Twi to help
interpret questionnaire as and when required. Principal investigator was actively involved
to ensure the accuracy and validity of data collected and 10 ensure that research assistants

adhered to all it ion. Batteries for Spi and new

‘ones fixed on a daily basis to ensure aceuracy of data collected. Acrocettes were charged
and calibrated on daily basis o ensure its sharpness in air sampling. Research participants
were informed of the risks of dizziness during spirometry. School children who were found
to have respiratory symptoms were given referral notes to be given to their parents (o asses.
the right medical care at the health facilities.



CHAPTER FOUR

4.0 RESULTS

4.1 io- i ic of |

o hundred and forty (240) school children were involved i the study, with 129 and 111
from Agbogbloshic and Madina respectively. The mean ages of school children were
12.27(20.75) and 12.18(1.65) years for Agbogbloshie and Madina respectively. The sex
distribution was 56 males (43.4%) and 73 females (56.6%) for Agbogbloshie, and 42

(37.8%) males and 69 (62.2%) females for Madina.

The age distribution for Agbogbloshie and Madina were as follows; 9-10 years: 20 (15.5%)
v 20(18.9%), 11-12 years: 43 (33.3%) vs 32(28.8%). and 13-14 years: 66(51.2%) vs
38(52.3%) respectively. The mean height for Agbogbloshie was 143.9cm:10.92 while
Madina was 148.28cm11.7%). Mean weights of school children in Agbogbloshie and
Madina were 38.5kg:8.8 and 43.3kg#10.7, The overall mean weight and height for
Agbogbloshie and Madina were 40.91kg£9.79 and 146.1kg11.32 respectively. The mean
Body Mass Index (BMI) was 18.36(22.66) for Agbogbloshie and 19.43(:2.97 for Madina.
The mean (standard deviation) BMI for both study area wasl8.9(+2.81). Based on
similarities in demographic characteristics of the Exposed and control group, there is
enough reason 10 compare data from the two sites. A total of 29.5% school children in
Agbogbloshie reported of having respiratory symptoms as at the time of visit in compared
with those in Madina 27%. (tab.d.1),
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Table 4.1: i ics of schools in and Madina.

Characteristics of Agbogbloshie (N=129) Madina (N=111) Total N- 2
study Participants i
(
Sex NEo) N (%)
Malc 36 (43.4) 42(37.8) 98(40.
Female 73 (56.6) 69 (62.20 142(59
Total 129(100) 111(100) 240(10
Age group
9-10yrs 20(15.5) 21(189) 41017
11-12yrs 43(333) 32(28.8) 75(]9.f
13-14yrs 66(512) 38(523) 104(43.
Total 111(100) 129.(100) 2400106
Mean age 12.2740.75 12.18+1.65 122241,
Mean height (cm) 143.9410.92 148.3411.72 146.1£11.3
Mean weight (kg) 38512:8.84 4331410.74 4091129.7
BMI (kg/m?) 18.36+2.66 19.4342.96 18.90:2.8
Child has respiratory
symptoms at time of
Visit
Yes 38(29.5) 30 27.0) 68(28.3
No 91 (70.5) 81(73.3) 172717
Toul 129(100) 111 (100) 240(100

Ever had respiratory
mnu. (vnlhm pest 1

Yu 123(95.3) 104 (93 7 227(94.6
No 6(4.7)

3) 13(5.4
Tou! 129 (100] m 100 (mol




42 Prevalence of respiratory symptoms among exposed and control groups.
The graph below (fig.4.1) shows self-reported respiratory symptoms by school children
from Agbogbloshic and Madina. It was observed that colds, cough and sncezing were the
most rocorded cases Agbogbloshic had most cases for almost all symptoms with the
highest recorded in cold (24%) as against Madina (23.4%), sneezing, Agbogbloshic
(24.5%) as against Madina (17.1%) except for cough where Madina recorded 26.1%
agunst Agbogbloshic’s 20.2%. The least recorded symptoms were wheezing
(Agbogbloshic, 3.1%: Madna, 3.6%) and shoriness of breath (Agbogbloshie 3.1%:
Madina 1 8%). In all the symptoms recorded, the exposcd group had higher rates in most
of the reported symptoms than the control group (fig. 4.1)

B Self-reported respiratory symptoms

Porcasnt (%)

CoMh g meemg orethost dwexbes chestpain  phiegns wheenng  shortnes
ang brascy

= Aebogtioshie (%) = Madina (%)

3;;:" Prevalence of respiratory symptoms amoug the schools in Agbogbloshic



43 Indoor and outdoor airborne concentrations of PM in schools at Agbogbloshie

and Madina
The average indoor and outdoor PM 2.5.and PM10 values over the two days (day! and day
2) at Agbogbloshic and Madina were as follows; Day! indoor, Agbogbloshic vrs Madina
PM:s.54.77ug/m*vrsd1.46pug/m’ PMio. 161.07pg/m’ vrs 86.88g/m” respectively and day

2 indoor values were PMz+. 50.56ug/m® vrs S1.43pg/m® and PMio- 109.23ug/m’ vrs
d Madina

153.10pg/m’ For outdoor air PM: s and PMio for
were; dayl PMzs. 56.81ug/mvis38.45ug/m’ and PMio- 761.63ug/m’vrs260.50ug/m’.
Day 2 values were: PMy.5.63.88 pg/m*vrs39.91 pg/m’ and PMuo. 732.41 pug/m’vrs239.41
pg/m’.

There was statistically significant difference of PM 2.5 values between Agbogbloshie and

Madina (P-value = 0.019), (Table4.2),

Table 4.2 Particulate Matter concentrations inside and outside classrooms in schools
at Agbogbloshie and Madina.

Days ™M AGBOGBLOSHIE MADINA t-test
Indoor  Qutdoor  Indoor Outdoor Power
Dayone PM2.5(ug) 54.77 56.81 41.46 3845 0.019
Dayone PMI10(ug) 16107  761.63 86.88 260.50 0.454
Daytwo PM2.5(ug) 50.56 63.88 51.43 3991 0316

Daytwo PMIO(ug) 10923 73241 15310 23941 0549
“p<0.05 significance level (-test)




4.4 Indoor and outdoor mean PM values (Day | and 2) at Agbogbloshic and
Madina.

The mean PM concentration of outdoor and indoor air monitored for the two days,
compared between Aghogbloshic and Madina showed a significant difference in outdoor

PM2 5 concentrations between Agbogbloshic and Madina (fig.4.2)
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4.5. Lung function for school children in Agbogbloshie and Madina

In the table (4.3) beiow, the Mean (standard deviation) values of FEV1 among the exposed
and control group was 1.652+0.505) and 1.6770.696) respectively (P-value 0.814). FVC
was 2.2409+0.967) and 2.745+1.904) respectively (P-value of 0.004). the % FEVI/FVC

was 76.329+17.705) and 68.74+21.135) respectively with a p-value of 0.010 (Table. 4.3).

Table 4.3 Lung function indices for school children in Agbogbloshie and Madina

AGBOGBLOSHIE MADINA Tiest
Chancteriic Mean St deviation Mean St deviation _ p-value
FEVI 1652 0.508 1677 069% 0814
Fve 22400 0967 245 1904 0.004
Men %
FEVIFVC  se3m 17905 6874 21135 0010

*p<0.05 significance level (students t-test)

4.6 Pearson correlation between PMas indoor and outdoor, lung function indices

and other determinants of respiratory health.

Pearson’s correlation was done 10 determine the relationship between PMa s concentrations
(indoor and outdoor) and lung function indices. It was observed that a weak negative
corrclation existed between PM. (indoor and outdoor) and FVC (-0.163, P<0.05). A unit
isc in PMa.s wil reduce FVC by 0.163. There was a weak positive correlation between

PMz ¢ (indoor and outdoor) and FEVI/FVC (0.167 and 0.169, P<0.01) (Table.4.4)



Table 4.4 Correlation between PMzs (indoor and outdoor) lung function indices and
determinant of respiratory health.

FEVI FVC %FEVI/FVC PMis  PMas  Person
indoor  outdoor  days in
school
FEVI T 0540 005 0034 0033 0020
FVC 1 -0.620 0163 0163 0.169"
YFEVIFVC 1 0.167" 0169”0191
PMasindoor 1 0997 0.928"
PM; s outdoor 1 0929"
Person days 1
at school

4.7. Association between PMa.s (indoor and outdoor) and lung function
Analysis of Variance (ANOVA) was uscd to determine the relationship between exposure

10 PM2s and its effects on lung function. The table (4.5) showed 2 statistically significant

in the mean indoor PM: between groups

(Madina and Agbogbloshie) and the lung function test of the individual school children on
different days. This significant relationship was also observed for outdoor PMy s exposure
and the effect on lung function tests (P-value = 0.13, 002, 032 for FEVI, FVC, and

FEV/FVC respectively) (Table 4.5)



Table 4.5 Association between Indoor and outdoor PM:s concentration and Lung function indices

Indoor PM2.5 Outdoor PM2.5
Sumof  df Sumof Df  Mean F >
Squares Squares Square  statisties  value
FEVI  Between 3876 3 3953 3 1318 3 on
Groups
Within 82557 236 350 82480 236 349
Groups
Total 86.433 239 86.433 239
FVC  Between 22287 3 7.429 3427 018 2237 3 7412 3419 018
Groups
Within S11.608 236 2168 511659 236 2168
Groups
Total 533895 239 533.895 239
FEVIF Between 3588829 3 1196276 3253 022 360367 3 12012 3267 02
ve Groups 2 %
percenta
g Within 8678997 236  367.754 8677513 236 367.691
Groups 7 5
Total 9037880 239 9037880 239
| 7 7




48 Comparison of mean FVC values across ages for Agbogbloshic and Madina.

Mean FVC values for age 910 was 1.17 and 182 for Agbogbloshie and Madina with  p-
value of 0.842. this shows that the difference between these groups was not statistically
significant. The mean FVC for 11-12 years was 1.57 and 2.14 for Agbogbloshie and
Madina respectively (P-value =0.136). This denotes that the difference in values of FVC
of this age category between the Agbogbloshie and Madina s not statistically significance
but due to chance. the mean FVC values of the age 13-14 read 1.82 and 3.88 for
Agbogbloshie and Madina respectively, with a P-value of 0.002. Meaning the difference
in the value for the different group is statistically significant at a 95% confidence interval

and not due to chance. (Table.d.6)

Table 4.6 Mean FVC value across age categorics for Agbogbloshie and Madina.

AgeGears) | No. ‘Agbogbloshic  Madina pvalue
(Agb./ Mad)

9-10 20121 L7 1.82 0.842

112 4332 1.57 2.14 0.136

1314 66/58 182 388 0.002

*p<0.05 significance level (student’s t-test)

»



CHAPTER FIVE

5.0 DISCUSSION
5.1 Summary of findings
From the findings of this study, it was observed that most of the school children from
Agbogbloshie had more self-reported respiratory symptoms than Madina. Children in
Agbogbloshie reported more cases of sneezing (24.7% vrs 17.1%) and rhinorrhea (17.8%

vs8.1%) although Madina recorded more cases in cough (26.1%vrs20.2%) than

Agbogbloshie. For PM (PMi, PM2s and PM i i val
in Agbogbloshie than Madina for both indoor and outdoor air. There was statistically
significant difference between FVC values among school children in Agbogbloshie and

those Madina(P<0.05).

5.2 Method validity

Several studies have been conducted in this area among adult populations, but this study is
the first among school children in the enclave of Agbogbloshie. The questionnaire was
administered in English and other local languages; Twi, Hausa and Ewe when and where
necessary for clear understanding of the questions. Spirometry was conducted by two
trained clinicians (o ensure that spirometry was performed according o the American
Thoracic Society (ATS) guidelines. The major limitations of the study were the study
design, The cross-sectional nature of the study made it difficult 1o establish causality. A
longitudinal study will be requircd to detect a causal relationship. The sample size was also

100 small, so lacked the power to detect an effect.



5.3 Comparison of resalts to previous findings.

Ialaion is the major route of exposure 1o airbome pollutants. Open air buming of e
waste, especially burning of lectrica cables of al sizes to efrieve copper Wire release
©oxic smoke/fumes containing _polychlorinated biphenyls (PCBs), poly aromatic
hydrocarbons (PHAS), and particulate matier (PM) among others. These airbome
pollutants have bee lnked to respiratory symptoms such as common cold, sneczing nd
rhinorehea (NTL, 2015). School children in Agbogbloshie reported increased cases of
respiratory symploms than their counterparts in Madina.

The main aim of the study was to assess respiratory health among school children at
Agbogbloshie (an informal electronic waste site) compared 1o those in Madina (control

site). Studies have observed high rates of respiratory tract symptoms and reduced lung

hildren found withi jic waste recycling sites (Grant et al., 2013b;
Xing etal., 2016; Zheng etal., 2013). In this study, the prevalence of respiratory symptoms
was slightly higher among the children in Agbogbloshie (29.5%) as compared to their
counterparts in Madina (27%). School children in Agbogbloshie reported high cases of
sneezing (24.8% vs 17.1%) and rhinorrhea (17.8% vs 8.1%) than Madina. Higher PM

concentrations were measured inside and outside the classrooms in Agbogbloshie. The

h ing on the direction of the wind, school children
almost always come into contact with residual smoke and dust particles. It was also
observed that the schools in Agbogbloshic and Madina had poor ventilation in the
classrooms and the few windows were always closed during the course of the visit to the
schools. Poor ventilation causes stale air and high concentration of pollutants within an

enclosed space and can encourage the spread of respiratory symptoms. The schools in
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Agbogbloshie were just about 500metres from the informal e-waste site and 16.3% of these
children live within 200-400metres from the informal ¢-waste site, whiles 48.8% live
within 100-200metres from the informal e-waste recycling site. The nature of housing in
Agbogbloshie, with less ventilation and often crowded may have contributed to the higher

prevalence of some respiratory symptoms compared to children in Madina.

Although there is 1o e-waste activity in Madina, the Zongo community is similarly
unstructured and congested with majority of the population relying on use of biomass fuel
for cooking and heating purposes as well as the close proximity 10 an open market with
heavy vehicular traffic. Like Agbogbloshie, Madina Zongo is close to a major road and an
open market. The rate of respiratory symptoms among the school children in Madina could
also be associated with the presence of other background pollutants such as dust from
construction site, and dust from untarred school compounds. This is similar to findings by

Xing et al.(2016) where they identified dust from other- d vehicular

causes for cold, cough and sneezing. Therefore, it is not surprising that respiratory
sympiom like cold was even slightly high among school children in Madina than
Agbogbloshie. These are all sources for particulate matter (PM) exposures. Children are at
more risk to any form of environmental pollution because they are still growing and their
body is vuincrable to these pollutants in the ambient air. Their intake of air is more than
the aduls, they require more air to perform normal functions in the boy. Because of the
high intake of air, high intake of pollutants s also inhaled into the lung to cause morbid
conditions in their lungs.

Average concentrations of particulate matter in the ultra-fine range PM2 s and PM1 for both
indoor and oundoor air were on the high side for Agbogbloshie compared to Madina, The
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average indoor and oudoor concentrations of PM2.5 in Agbogbloshie were higher
(54.77ug/m?, 56.81ug/m’ respectively) than Madina (41.46pg/m’, 38.45pg/m’) (P<0.02).
PMzslevels on Day 1 (54.77g/m?) was slightly higher than that of Day 2 (50.56 pg/m’).
This could largely be due to increased ¢-waste burning activities, which was visible on day
1 of data collection. Change in wind direction could also be a contributory factor. Madina
on the other hand recorded high values for indoor air monitored on Day 2 (143 pg/m’).
compared to Day 1(41.46 pg/m?). This could be as a result of the dust from a nearby
construction site that engulfed the school environment on the day 2 of data collection. This
finding is similar o a study done on particulate air pollution and impaired lung function by
Paulin and Hansel where higher PM s concentration was associated with reduced lung
function among 112 healthy Dutch children (Paulin & Hansel, 2016). Both Agbogbloshie
and Madina exceeded the WHO's daily guidelines for PMas (25pg/m®) and PMio
(50ug/m’) (WHO, 2018). Kulshrestha et al (2009) in their study realized that urban areas
have high concentrations of PMa.s and PMio due to heavy vehicular emissions, construction

‘work, emissions from industries and informal e-waste recyeling.

A normal lung can empty 80% of its volume in 60seconds. FVC is the most important
spirometry maneuver because it's the total volume of air that can be exhaled in a maximal
forced expiratory effort. The normal FEVI should be >80% of the predicted
value[(observed/predicted) x100] and the normal FEV1/FVC ratio should be >0.7(Global
ntative for Chronic Lung Diseases, 2010.; Stanojevic, Wade, & Stocks. 2010). The mean
FEVI for both Agbogbloshie and Madina were less than 80% FEVI(1.652L vs 1.677L)
(predicted value of FEV1 is 4L, A sttistcally significant difference was observed for

mean FVC scores for school children in Agbogbloshie compared 10 those in Madina (p-
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value=0.04). This shows that school children in Agbogbloshie have some level of reduced
lung capacity to exhale air compared to those in Madina, These findings are similar to
another analysis by Paulin and Hansl (2016) who reported lower FEV1 and FVC values
in 163 healthy Australian children after they sampled outdoor air for 8-hours and recorded
high PM2.5 and PMI0 values. In a study among children in Califoria, those cxposed to
low levels of PM had better lung function than those exposed to higher PM concentrations
(Paulin & Hansel, 2016). FVC among the various age categories, showed an increase in
FVC values as the age progressed, with statistically significant increase recorded for 13-

14years category(P<0.05). This finding is similar to a study conducted by Budhiraja et

al.(2010). where they observed a strong positive correlation between age and

FVC(P<0.01)(Budhiraja et al., 2010).



CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS
6.1. Conclusions.
Study identified higher prevalcnce of some respiratory symptoms; sneezing, rhinorthea
(running nose) among school children in Agbogbloshie than Madina. PM concentrations
in indoor and outdoor air sampled were higher in Agbogbloshie with a significant
difference in PMz s (day 1) and PM; (day 2) due to the persistent informal e-waste recycling
activities. Overall, school children in Agbogbloshie had reduced lung function than those

in Madina. There was an association between PMzsand FEV 1, FVC and FEV1/FVC ratio.

6.2. Recommendations.

1. School authorities, parents and school children must be educated on the potential
adverse health effects of ambient air pollution.

2. Good ventilation should be provided in classrooms and windows should always be
kept open 10 allow free movement of fresh air..

3. Alongitudinal study needs to be done to establish the relationship between e-waste
recycling activities and respiratory health among younger people in Agbogbloshie,
‘and perhaps, schools in general.
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APPENDICES
Appendix I: Parental Consent Form
Title: Respiratory health among school children around an Elcctronic wasie site and a

control site at Madina Zongo junction
Principal Investigator: Gifty Enyonam Okotah

Address: School of Public Health, University of Ghana, Legon
General Information about Research:

The Objective of the Research is to find out how often respiratory symptom occurs among.
school children near Agbogbloshie e-waste recycling site and a control site at Madina and
factors that expose the children. Data will be collected on your ward and it will be
collected in a day. Your Ward will be asked series of questions to which he may provide
answers t0. He will also be required to blow air into a device which will record how his/
et lung s functioning.

Possible Risks and Discomforts

There is no associated risk to this project and the processes of Data collection. Means of
Data collection is non-invasive; hence no harm will be done to participants. However,
signs such as slight dizziness may occur among some participant in the process of

checking for their lung function.



Possible Benefits

School children with reduced lung function will be encouraged to seck medical treatment
and the information gathered will be given to the stakeholders which could influence
future planning and siting of schools within E-waste sites.

Confidentiality

Al data collected and field notes will be kept in confidentiality by the principal
investigator, The field note will be developed and saved in files on the computer with
security codes that will only be known by the principal investigator. Data will not be
labelled to any study participant but with an identification number known only to the
principal investigator in the person of Gifty Enyonam Okotah (student), school of Public

Health, University of Ghana Mobile Number: 0242553095

Compensation

Ne ion will be given for participation in this research.

Additional Cost

No cost will be incurred by the participants as every cost has been covered by the
Principal investigator.

Voluntary Participation and Right to Leave the Research

School children will participate in this study by their own free will and that, refusing to
enter the study, or answer a particular question or even partake in the Spirometry will

have no negative consequence.



Contacts for Additional Information

Please ifty Enyonam Okotah on if you have any question about the

study.
Your Child’s Rights as a Participant

This rescarch has been reviewed and approved by the Noguchi Memorial Institute for
Medical Research Institutional Review Board (NMIMR-IRB). If you have any questions
about your child’s rights as a research participant you can contact the IRB Office between
the hours of 8am-Spm through the landline 0302916438 or email addresses:

nirb@ noguchi.ug.edu.gh



VOLUNTEER AGREEMENT

The above document describing the benefits, risks and procedures for the research title
(Respiratory health among school children around an Electronic waste site and a control
site at Madina Zongo junction)

has been read and explained to me. [ have been given an opportunity to have any questions
about the research answered to my satisfaction. I agree that my child should participate s

a volunteer.

Date Name and signature or mark of parent or guardian
If volunteers cannot read the form themselves, a witness must sign here:

1 was present while the benefits, risks and procedures were read to the child’s parent or
guardian. All questions were answered and the child’s parent has agreed that his or her

child should take part in the research.

Date Name and signature of witness

1 certify that the nature and purpose, the potential benefits, and possible risks associated

with participating in this research have been explained to the above individual.

Date Name Signature of Person Who Obtained Consent



Appendix II: Child Assent Form

General Information

My name is Gifty Enyonam Okotah and I am from the Department of Behavioural,
Environmental and Occupational Health and at the University of Ghana. [ am conducting
a rescarch study entitled RESPIRATORY HEALTH AMONG SCHOOL
CHILDREN AROUND AN ELECTRONIC WASTE SITE (AGBOGBLOSHIE)

AND A CONTROL GROUP (MADINA ZONGO JUNCTION).

Lam asking you 1o take part in this research study because [ am trying to learn more
about how often you get respiratory symptoms and the factors associated with it, This
will take 40 minutes of your time

1 you agree to be in this study, you will be asked to answer some questions and blow air

into a tube.
Possible Benefits

Your participation in this study will help you know how well your lung is, and if you
have any health problems with your lungs you will be directed to the appropriate health
facility for health care.

Possible Risks and Discomforts

However, the risks associated is you may fee) some slight dizziness because of the force

that will be used to blow air into the tube.



Voluntary Participation and Right to Leave the Research

You can stop participating at any time if you feel ble. No onc will be angsy with

You if you do not want to participate.
Confidentiality

Yourinformation will be kept confidential. No ane will be able to know how you responded
0 the questions and your information will be anonymous.

Contacts for Additional Information

You may ask me any questions about this study. You can call me at any time on
0242553095 or talk to me the next time you see me.

Please talk about this study with your parents before you decide whether or not to
participate. | will also ask permission from your parents before you are enrolled into the
study. Even if your parents say “yes” you can still decide not to participate.

Your rights as a Participant

This research has been reviewed and approved by the Institutional Review Board of
Noguchi Memorial Institute for Medical Research (NMIMR-IRB). If you have any
questions about your rights as a research participant you can contact the IRB Office
between the hours of 8am-Spm through the landline 0302916438 or cmail addresses:
nicb@noguchi.ug.cdu.gh

VOLUNTARY AGREEMENT

By making a mark or thumb printing below, it means that you understand and know the
issues conceming this research study. If you do not want o participate in this study, please
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o not sign this assent form. You and your parents will be given a copy of this form after

you have signed it

Ihus ussent form which describes the benefits, risks and procedures for the research titled
RESPIRATORY HEALTH AMONG SCHOOL CHILDREN AROUND AN
ELECTRONIC WASTE SITE (AGBOGBLOSHIE) AND A CONTROL GROUP
(MADINA ZONGO) has been read and or explained to me. I have been given an

opportunity to have any questions about the research answered to my satisfaction. | agree

o participate.
Child’s Name: Researcher’s Name:.
Child's Mark/T} i s Signat

Date: Date:



Appendix [1I: Questionnaire for Respiratory Assessment.

Section A. Soci i data (please tick where

1. Age: 9-llyrs [ | 12-14yrs [ ]
2.Sex:  male [ ] female [ ]

Section B, The next set of questions are about the home

3. How many are you at home? 3-5[ ] 638 []

4, How many living rooms do you have at home? [ ]

5. Where is cooking done? Inside [ ]  outside [ ]

6. In which room is cooking done? kitchen [ ] living room [ ]

7. What work does father do? E-waste worker [ ] welder{ ] trader [ ]

Others specify ....... .

8. what work does mother do? Trader [ ] E-waste worker [ ] Unemployed [ ]
Other specify ... i

9. What does your mother use to cook at home? Firewood [ ] charcoal [ ]

gasstove [ ] other [ ]
10. Do you help in the kitchen? Yes [ ] No [ |
11. Does any parent smoke? ~ Yes [ ] No [ |
12. Do you work at the E- waste site? Yes [ ] No [ ]

If yes, do you use protective clothing? Yes []  No [ }
Section C. Other fators
13. Are u exposed to any of this at home?
Pollutant Yes No
Smoke

Fumes

Dust

e}
| |



Molds/ Dumpiness

Tritating Tiquids

14. How far is the home from ¢- waste site? 100 -200metres [ ] 300-400metres [ ]
500metres — 1000metres [ ]

15. how far is the home from the market?  100-200metres [ ] 300- 400metres [ )
500metres - 1000metres [ ]

S

.. St
15. Do you have any respiratory health condition? Yes [ | No [ |
16. Have you ever had any respiratory illness? Yes [ ] No [ ]
If yes how often do you have it? Daily [ ] weekly [] Monthly (]
17. Do u currently have any of this?

Symptom Yes [No
cold
cough
sneezing
Sore throat

Chest pain and
tightess

phlegm

Wheezing
Shortness of breath

Ttchy nose and throat

Tichy and watery eyes
Easy tiredness




o= 1T ]

18. Do you have any respiratory symptoms when you come to school? Yes[ ] No[ ]
19. When are symptoms severe? At home [ ] Atschool [ ]

20, how many years in current school ? [ ]

21. how many days do u come to school? [ ]

22, how many hours do u spend in school? [ ]

SPIROMETRY DATA ENTRY SECTION
WEIGHT | HEIGHT | FEV-1 [FVC FEV-1/FVC | TEST GRADE

Additional Test Comments

Thank you for being a part of this project
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