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ABSTRACT

TrafTic-relatcd emissions contiibuic immenscly to ambicnt air pollution in urban arcas and
Traffic Wardens (TW) have been reported 1o be at high risk of respiratory problems. Although
data on road wailic cmissions arc availablc in Nigeria, information on personal exposure of
traflic wardens 10 particulatc matter is lacking. This study was designed 10 characterize 1raffic
cmissions and compare lung function siatus of TW with Regulor Policcmen (RP) in two Local
Govemment Arcas (LGA) of Ibadan.

A comparalivc cross-scctiona! study was conducted involving all 122 TW (cxposed group) in the
study arca and 125 RP (uncxposcd group). lbadan Noith and Northeast LGAs were purposcly
sclectcd based on high t1affic density. Thirtcen Study Locations (SL) were rondomly chosen
froin cightcen identificd SL in the two LGAs. Levels of sulphur dioxide (SO;). nitrogen dioxide
(NO;) and carbon (II) oxide (CO) emissions were measurcd using calibratcd SO; NO; and CO
meltre respectively according 10 WHO guidctine. Respirable Suspended Particulate Matter
(RSPM) was measuicd using personal respirable dust sasopler within 30cnmy range of the TW
nosal region aod values were compared with WHO guidcline limit. Measurements were taken in
the moming (6am - 8am), aficemoon (12pm - 2pm) and cvening (4pm - 6pm) for 12 weeks.
Traffic dcnsity was cstimated via monual counting using tally systcm. An inlervicwer-
administcrcd questionnairc was used 10 clicit information from the 247 respondents on work
hours and 1cspiratory problems. A calibrated spiromctcr was used to dectermine the Foece
Expiratory Volume in | sccond (FEV/) in 6t of the 122(TW) and 63 of the 125RY. Data were

nnalyzc«l using descriptive statistics, Chi-squarc and Pearson correlation testsat p < 0.0S.

Nean goscous cmissions level were CO (38.6 + 22.2ppm). SO, (1.0 £ 0.7ppm). NO: (0.2 %
0.1ppm) and RSPM (28.1 £ 1 1.5pg/m?). These values exceeded the WILO guideline limit for CO
(10ppm). SO; (0.17ppm), NO; (0.17ppm) snd RSPM (25ug/m'). ‘The peok CO cmission level
(165ppm) was recorded in the cvening ($pm-6pm). Mcan 1otal traffic density at the SL was 3478
+ 1043.4/hr. Mcon concentration of trallic emissions wete clevated with increasc in traffic
density at SL. There was a significont positive corrclation between SO and 1raffic density (r=
0.48). Mcon age of TW nnd RP were 37.7 £ 9.3 years and 37.0 £ 7.7 ycars respectively. Majority

(54.9%) of the TW spend more than 8hours at road intersections, Reported respitntory problems

Y
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experienced included: breathing difficulty (TW: 66.4%; RP 6.4%), chest pain (TW: 72.1%!: RP:
5.6%). sorc throal (TW: 60.7%; RP: 14.4%) and cotuth (TW: 68.9%; RP: 41.6%). There was a
significant difference between the observed FEV) among TW (2.2 £ 0.71) and RP (3.4 £ 0.51). A
ncgative correlation was observed between RSPM and the actual FEV) of TW (1= -0.6).

Ambicnt air emissions o1 study locations exceeded the World Fcalth Organization guideline limit
for occupational exposures and respiratory problems weee higher among trafYic wardens. Rouline

air inonitoring ol motor ways and the usc of pcrsonal protective equipment by unfiic wardens

whilc on duty is advocatcd.

Keywords: Air pollution. Lung function stntlus, Traflic emission. Traffic wardens.

Word count: 495
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CUHAPTER GNE
INTRGDUCT!ION
.1 Background Infermation

Thc World hcalth organization (WO, 1990) defnes air pollution as fimited to situation in
which the ambient atmosphere contain materials in concentrations which are harmful to men
and his environment. Air pollution causes some gases in the atmosphere to cxist at higher
than normal conditions and can be seriously harmful to human health. Examples of these
include nitrogen oxides (NOx), sulphur oxides (SOx), carbon monoxide (CO), particulate
mattcr (PM), photochemical oxidants (c.g. omone and lcad (Pb), along with a varicty of
airbome heavy clals and volntile organic compounds (VOCs). Air pollutants arise from

both man-mede and natuml processes (Kyle ¢t af.. 2001),

Air pollution is the introduction into the air of any substance diffcrent from any of its natuml
constituents. 1t can occur as a result of natuml conditions, such as ash from volcanic
cruptions, sand stormss or forcst fires. Natural geomorphic termain, such as low valleys
surrounded by mountains. temperature and wind speed can also exacesbatc already polluted
surroundings in a region. More serious, however are the anthropogenic or human causes of
air pollution that are dircctly linked to energy consumption, industrial emissions and
vehicular exhausts in heavily congested urban ercas. 1t is ofien a combination of both nataml

as well as human activities that iead to highly unhealthy conditions of air {Abatan, 2007).

An air pollutant is known as a substance in the air thal can cause harm 10 humans and the
environment. Pollutants can be in the form of selid particlcs. liquid droplcts, or gascs. In
addition. they may be natural or man-made (EPA. 2006). Pollutants can be classif.ed as eilher
primaty or sccondary. Usually, primaty pollutants are substances direcily emitted from a
process, such as ash [rom a volcanic eruption, carbon dioxide from buming fossil fuels, the
carbon monoxide gas from a motor vehicle exhaust or sulphur dioxidc relcascd (rom
factories. Secondary pollutants are not cmittcd directly. Rather, thcy form in the nir when
primasy pollutants react or intcract. An imporiant example of a secondary pollutant is ground

level ozone -~ one of the many secondary pollutants thay make up photochemical smog.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Air pollution and its public hcallh impacls are drawing increasing concem from the
environmenial health research community, environmental regulatory agencies, industries, as
well as the public. The quality of awr, both indoors and outdoors. is closely' related to
morbidity and mortality lrom rcspiratosy ond carliovascular diseases. (Xianglu er of:, 2006):
Common air pollutants that drew intense concemns tnclude paiticulate matier (PM), ozone
(O;), carbon monoxide (CO), sulphur dioxide (SOz), nitrogen dioxide (NO;), Icad (Pb),

volatile organic compounds (VOCs), and polycyclic aromatic hydrocarbons (PAHs).(Xianglu
et al., 2006).

In 1997, the US Environmenta! Protection Agency (USEPA) modified its Notional Ambient
Aie Quality Suandaids (NAAQS), in which the 24-h and annual average concentration limits
for ambient PM; ¢ were 65 and 15 pg/m?, respectively. Also inctuded in the standards are CO.,
PMia SOz NO; and Ozone, Standards with differcnt ume dusations are defined because of
some pollutants, like Ozone and CO, short-teem eflcct s a concem, while for lcad and
pariiculalc maitcr, more attenlion is focused on its long-term eftiect. In addition, the tlime

duration that is chosen depends on which durations are more associated swith human health

eflects.

Table i.1 NAAQS standards

I'ollutunts Tinte durotion Valucs
CO (ppm) lh 35
8h 9
NO:( ppb) Annual 33
PMo (118/tn’) 24h 150
Annual 50
PAf; s (pg/m’) 24h 65
Annual 15
O3 (Ppb) 1h 120
8h 80
SO; (ppb) 24h 140
Annual 30

Suurce: USEPA (1997)
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In urban arcas mobile or vehicular pollution is predominant and signiticantly contributes ©
nir quality problems. Road uaflic pioduces volatile orgonic compounds, suspended
porticulate mattes (SPM), oxides of sulphur {(SOx), oxides of nitrogen (NOx). and carbon
monoxide (CO), which cause adversc health effects to the exposed population. The panicles
emitted ([rom the vehicular cxhaust of more than | O-micron size are held in upper resptratory
iract and paiticles lcss than 10-micron size (PM10) accumulates in the lung and produccs

respirstory abnormalitics (Ingle ¢t af., 2005).

TrafMic-seloted cmissions are a complex mix of pollutanis consisting of nitrogen oxide s
(including nitrogen dioxide), paniculatc maticr, casbon monoxide, sulphur dioxide, volatile
organic compounds, ozonc, and many other chemicals such as trace toxics and greenhouse
gases. This concentration of pollutants varies both spatially (by location) and temporally (by
time). A signilicant proportion of the population ase exposed through occupatlons thet Icad
10 cxtcndced periods of time on or ncar roads and highways or closc 1o traflic likc asphalt
workers (Randem et af, 2004), ralfic officers {de Paula er 0., 2005; Dragonieri er al. 2006;
Tomura ¢t ol.  2003; Tomao ¢f af.. 2002; Tomei <f af., 2001), strect clcaners {Raachou-
Nielsen er al. 1995), strcet vendoss and tollbooth workers. Health impacts are greater for

these groups who work close to traflic than for those that are not occupationally exposcd.

Lxposure to dust has fong been associated with the prevalence of varying degrees of ainvay
obstruction and respiratory symptoms in man (Noor e/ o/, 2000). A high incidence of cough,
chronic bronchitis, sncezing and eyc imitation coupled with infection of tlic throat has also
been reposicd. There arc many health cffccts of air poliution including iivitation of the eyes.
nosc, mouth and throat, chest pain. laboured bscathing and incrcased susceptibility 1o lung
infection. At vesy law Icvels, air pollution is a nuisance to healthy individuals and a busden to

those with respiratory discasc. (Mandryks s at.. 2000).

Respiratory problem from air pollution can be measured using lung function test also callcd
pulmonary function tests (PFTs) which evaluates how well thc lungs works. The nonmal
valuc tanges for fung function tests is usually adjusted for age. hcight. scx and sometimes
weight and race. Resulis are of:cn expressed in tems of a percentage of the expected valuc,
The test determinc how much air the lungs can hold and how quickly air can move out in and
out of tht lungs, and how well the lungs put oxygen into and remove earbon dioxide from the

blood. Lung function tests provide qualitative and quontitative evaluation of pulmonary
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function and are therefore of definitive value in the diagnosis and therapy of patients with

caidiopulmonary disorders as well as those with obstructive and restrictive lung discase
(Frampton ct. al.. 2000).

1.2 Problems Statcmenlts

Air pollution continues to pose a signifcant threal to health of population worldwide: In
many urban arens of Asia. Lotin America and Africa, detcriorating air quality has been
assccioted with ropidly rising population growth and increased use of motor vehicles, coupled
with inadequately regulated cmissions of air potlution from indusirial plants and power
gencrating facilities. Annuglly, air pollution accounts for an cstimaled 3 million dcaths.

which is 5% ol the $S million deaths that eccur worldwide cach year (Caccrola ¢f al., 2002).

According 10 lhe Uniled Slales Environmental Protection Agency (USEPA). vchicular
cmissions account for 5% ol carbon monoxide, 34% of nittogen oxides and 10% of
particulalc matter rclcesed cach year in the United States. The Uniled Nations estimated that
over 600 million people in urban areas worldwide were exposed 10 dangerous levels of
iraffic-gencroted air pollutants {tluman cxposure 10 these air pollutants is belicved 10 have
poscd severc health problems especially in urban arcas where pollution levels are on the
incrcasc. In accordance with \Vorfd Bank report, the cstimated annual damage of loss of
lite and discases duc to the air pollution is about $640 and $260 million respectively
{Boudaghpour ¢t ul., 2009).

In 2004, Toronto Public [lcalth reporied s study' that cstimated the burden of illness
assaciated with ambicnt {outdoor) levels of air potlution in Toronto. The study showed thal
smog.rclaicd pollutants from all sources contribuled 10 about 1,700 premature deaths and
6,000 hospitalizations cach year in Toronto. The study indicnied that these deaths would not
have occurred when they did without chronic cxposure to air pollution a1 the levels

experienced in Toronto.

Outdoor PM air pollution is cstimatcd 1o be responsible for about 3% of adult

cardiopulmonary discase moitality; about 5% of irachea, bronchus, and lung cancer
mortality; and about 1% of mortality in children from acute respiratory infection in urban

arcas worldwide. This amounts 1o about 0.80 million (1.2%) premature deaths and 6.4 million
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(0.5%) lost lifc years. (Cohen et of. 2004). T hese adverse oulcomes from cxposure 0
vchiculor emissions range from acutc symploms like coughing and wheezing to  more
chronic conditions such as asthmo and chronic obstructive pulmonary disease (COPD), which

includes chronic bronchitis and cmphyscma.(Mckcown.2007),

A recent study conducted in Abuja, Nigeria by Moen in 2008 on the cftect of vehicular
cmissions on the heolih of TralTic wardens shovicd that §6% of the traflic wardens had runny
nosc, 15% had chest pain. 26% had cough whilc 14% and 8% had e¢yc irmtation and sore
throat respectively (Moen, 2008).

i.3 Rationalc for the study

Ibaclan Is the largest indigenous city in the whole of West Afiica. There are cleven (11) Local
Govemments in 1badan Mctropolitan atea consisting of five urban local governments in the
city and six scmi-urban local govemmcenis in the lesser outskin of thc mcttopolis (Arcola.
1992). The city also links Logos thot is the major commercial nerve centre of the. This
linkage has led 10 the introduction of motonzed vehicles and trucks that cmit pollulants and

vchicle exhaust emissions which offccts the air quality of the local government area.

Many studies have been catricd out on the determination of the ambicnt concentration of air
pollutanis ot major road intersections ond they assesscd its cffect on the cxposed population
without a corresponding control group and majority were cairicd oul in developed countrics,

indicative of a dcanth of research on personal cxposure of Traflic wardens to Panticulote

Matter (PM,p) in developing countrics.

TrafTic wardens hove been reported to be ot high risk of respiratory impairment duc to theis
cxposure to trafljc-related air pollutants {Ingle, er ai., 2005) but no studies hove been carried
out on the asscssment of pulmonaiy siatus of traflic wardens in Nigerio. An asscssment of
tralTic-related air pollutonts as scll as the cvaluation of the pulmonaty status of tra:lic
wardens would assist in the devclopment of intcrvention studies in the fiiture ond also provide
a datebasc which would be uscful for the government for policy formwulation on iraflic
cmissions. This is particularly impostont considering the fact that policy and praciical

mcasurcs can be uscd 1o reduce occupational cxposure to traflic emissions.
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1.4 Rescarch Question

1. \Vhat is the perception of Traflic wardens and Regular policemen about air quality?

1o

What is the ambient concentration of gases and particulate maiter within the selected

wrafTic routes in the 1wo Local Government Arcas?

3. \What is the traflic density at the selected traflic routes in the two Local Govemment
Arcas?

4. W hat is the paulmonary function status of TralTic wardens and Regular policemen

1.5 Research Hypothesis

Hq: There is no significant association between the prevalence of respiratory sympioms and

exposure to traffic related air pollutants among traftic wardens.

Hy: There is a significant association between the prevalence of respiratory symptoms and

exposurc to trailic related nir poliutanis among traflic wordens.

Ho: There is no sighilicant diftercnce in the mean force expiratocy volume in 1second (FEV})

of trallic wardens and regular police officers.

Hi: There is a significant differcnce in the mean force expiratory volume in tsccond (FEVY)

of tralTic wardens and regular police officers.
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1.6 Objcctive of the Study
1.,6. Broad Objeclive

The main objective is 1o Characterize trafTic related air pollutonis and to assess the respiralorny’
health problems cxpericnced by pelicemen in Jbadon Nosth and Noriheast Local Govermment

Areas.

1.6.2 Spccific Objcclives

‘The specific objeclives of this study were to:

. describe the iratYic roules.

2. dctcrminc the traflic density at setected traflic routes.

3. determine gascous and particulate moticr concentrotions within the selected traflic routes

in the Local Government aceas.
4. document tic Policemen’s perception of air guality.

5. document the repotied tespimtory sympltoms among Traflic wardens and Regulor

policemen.

6. dectermine the pulmonary function stalus of sclected Traffic wardens and Regulor

policemen.

7. identify possible associalion teiwcen exposure variables and the lung function status of

selected policemen.
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CHAYTER TWO
LITERATURE REVIEW
2.1 Awmosphere

The Earth is surrounded by a blanket of air, which we call the atmosphere. It reaches ncar or
over €00 Kilomelres (372 miles) ltom the surface of the Eanth, This blanket of air is a layer of
gascs surrounding the planct Eorth that is rctoined by Earth's gravity, The atmosphere
protects life on Earth by absorbing ultraviolet solar radiation, warmming the surface through

heal retention (gecenhouse eflect), and reducing lemperalure extr emes between day and
night (NOAA, 2010).

The aimosphere that originally surrounded the carth was probably much diflcrent from the air
we breathe today. The carth’s [irst atmosphere (some 4.6 billion years ago) was most likely
hydrogen and helium- the two most aobundant goases found in the universe- as well as

hydrogen cornpounds, such as methane (CH,) ond ammonia (NH;). (Ahrens, 2008).

Air is the name given to almosphere used in breathing and photosynthesis. Diy aif contains
roughly (by volume) 78.09% nitrogen, 20.95% oxygen, 0.93% argon, 0.039% carbon
dioxide, and small amnounts of other gases. Air also conuins a vocioble amount of water
vapour, on avcrage around 1%. Whilc oir content and atmospheric pressure varies at different
layers, air suitable for the survival of lerrestrial plants and terresicial animals is currently

known only to be found in Earth’s tropospherc and artificial atmospheres.

Oxygen (O;), the second most abundont gas in today's atmosphcre, probably bcgan as an
extremely slow increase in concentration as cnergetic rays from the sun split waler vapour
(H20) into hydrogen and oxygen. The hydrogen, been lighter, probably rose and escaped into

space, whiic theoxygen remained in the atmosphese. {(Ahrens. 2008).
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2.2 Siructurc of the atmosphere

According to Ahrens, (2008), a ver.ical profile of thc atmosphere revieals (hat it can be
divided into serics of layers. Each layer may be defined in a number of ways. by the manner
in which the air tempcmture varies through it by the gases that comprise it, or cven by its
clectrical properiics. These layers include:

' Troposphcre; which is the lowest layer. [t extends up 10 about 16 km in tropical regions
(1o o tempcraturc ol about -79*C, or about -1 [0°F).

. Siratosphere; This is the layer that houses the ozone layer. 1 is located immediately
abovc the troposphere. Temperntures gradually rise within the Stratosphere duc to the
clfects ol the ozonc laycr.

. Mesosphere; The mesosphere is immediately above the sicatosphere and it extends an
additional 53 miles into space. Temperatures fall once again, reaching a low of -93°
Celsius. \WWhen ncteors cnter Earth's atmosphere, they usvally bum in the mesosphere
before reaching the layees below. In the North and South Pole. clouds can form in this
loyer, which is uniquc to thosc regions of the planct.

0 lonosphere: TTic ionosphere is not really a layer, but rther an clectrified region within
the upper atmosphere where lairly large concentrations of ions and frec clectrons cxist.
The lower region of the ionosphere is usually about 60Km above the carth’s surface.
From here (GOKm). the ionosphere cxtends upward o the top of the atmosphere. Hence,
the bulk ol the ionasphere is in the thermosphere.

e  Thermosphere: Atan altitude of about 90Km, temperatures begin fo risc. The layer that
begins ths altitude is the thermosphere, because of high tcmperatures reached in this
layer (about 1200°C, or about 2200°F),

. Exosphere: This is the region beyond the thermosphere. Tt extends to about 9.600 Km

the outer limit of the atmosphere (See Figure 2.1)
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Fig 2.1: An illustration of the Earth’s Aimesphere

Source: Luropcan Space Agency (2010)
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2.3 Physical characieristics of oir
2.3.1 AirComposition

The immedinte cnvironnicnt of man comprises air on which depend oll forms of lile.
Air is mainly composed of nitrogen, oxygen, and argon, which togcther constitute the major
gases ol the aimosphcre. The rcmaining gases arc oficn referred to as trace gases among
which arc thc greenhouse gases such as watcr vapour, casbon dioxide, methane, nitrous
oxide, ond ozone. Apart from supplying life-giving oxygen, air and atmosphcric conditions
scrve severl functions, The humon body is cooled by air contact; the special scnscs of
hearing and smell function through air by dust, smoke, toxic gases and chemical vopours has
resulted in sickncss and decath. Humon beings nccd a continuous supply of oir to exist. The
requirement of air is relatively consiom (about 10-20m*), (Parks. 2006). The composilion of

oir is given in Tnble 2.1.

Air is a mcchanical mixture of gases and depending on location and time, it contains the
molcecules and particles of thousends of differcm matcrials usually scparublc into chemical

matcrials and biologicat forks (Chanlcut, 1993).
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Table 2.1: Composition of Dry Aimospherc by volume

Gas Volume
Nitrogen(N3) 780,840 ppmv (78.084%)
Oxygen (O;) 209.470 ppmv (20.946%)
Argon(Ar) 9,340 ppmv (0.9340%)
Corbon dioxide (CO;) 390 ppmv (0.039%)
Ncon(Nc) 18.18 ppmv (0.001818%)
I tclium (l1c) 5.24 ppmv (0.000524%%)

Mcthanc (Cl )
Kryplon (Kr)
Hydrogen (t;)

Nilrous oxide (N;0)
Carbon monoxide (CO)
Xcnon (Xc)

Ozone (Oy)

Nitraogen dioxide (NO,)
lodine (1)

Ammonia (NF,)

1.79 ppmv (0.000 1 79%)
1.14 ppmv (0.0001 14%%)

0.55 ppmv (0.000055%)
0.3 ppmv (0.00003%)
0.1 ppmv (0.00001%)

0.09 ppmv (9 x 107°%) (0.000009%)
0.0 10 0.07 ppmyv (0 to 7 x 107%%)
0.02 ppmyv (2 x 10°%) (0.000002%)
0.01 ppmv (I x 107°%) (0.000001%)

Troce

Not included in above diy oimosphere:

Water vapour (11;0)

~0.40% ovcr {ull atmosphere, typically 1%-

455 at surlace

Source: NOAA Eorth Sysiem Research Laboratory (2010).
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2.).2 Air Temperature

Air molecules are in constant motion. The speed of air molecules cormesponds to their kinetic
cnergy, which in urn corresponds to the amount of heat energy in the air. Air tempemlure 5
a measure of the average specd ot which air molecules are moving, high speed cornesponds (o
high temperature. The temperature of a substance is measured using a thermomeier. (Ahsens,
2008).

2.3.3 Alr PPressurc

Air is held to the carth by giavity. The strong invisible force pulls the air downward. giving
air molecules weight. The weights of the air molecules exert a force upon the earth and
cveiything on it. The amount of force exeried on a unil surface area is calied atmospheric
pressure or air pressure. The air pressuse ot any level in the atmosphere can be expressed as
the townl weight of air above a unil surlaec areo at thot level in the aimosphcre. The

instrument uscd in measuring air pressure is calied baromcier. (Ahrens, 2008),

234 VWind

Wind is air in motion. 1t is coused by horizonial variations in air pressurc. The grealer the
diflerence in air prcssure between any two places ot the same altitude, the stronger the wind
will be. The wind direction is the direction from which the wind is blowing. Wind speed is
the rate at which the air moves past a stationaty objecl. Variclies of instrument arc used in

measuring wind. A wind vane mcasures wind dircetion while anemomeiers measures wind

speed. (Ahrens. 2008).

2.3.5 Precipliution

Precipitation is ony form of walcr (cither fiquid or solid) that falls from the atmosphere and
rcaches the ground. such as rain. snow or hail. Rain gauge is an instrument thot mecasures

rainfatl. The standord min gouge consists of a funnel-shaped collector that is attached to a

long measuring tube, (Ahrens, 2008).
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2.3.6 flumidhy

lHumidity refers to the aic*s water vapour content, The maximum amount of water vapour that
the air can hold depends on the ait tcmperature; warm air is capable of holding more water
vapour than cold air. Relative humidity is the ratio of the amount of water vapour that the air
couid hold at thnt particular tempesoture. When the air is holding all the moisture possible at
a particular tempernture, the air is s3id to be saturptcd. Relative humidity and dew'-point
temperoture (the temgperature at which air is said would have been cooled for satueation 1o

occur) are often obtained with a device called psychrometcr. (Ahrens, 2008).

2.4 Alrqually

Air quality is defined as a measure ol the condition of air relative to the requitements of one
or morc biotic specics and or to any human need or purpose. Air qualily is therefore an
indication of hcalthfulness of the air based on the quantity of polluting gases and pariiculates
(liquid droplets or tiny solid particfes arc suspended in air) it contains. The Air Quality Index
(AQI) (also known as the Air Pollution [ndex (AP]) os Pollutant Standard Index (PSi) is a
number used by government agencies 10 characterize the quality of the air at a given
location.{EPA. 2003). tt is an index used for reporting daily air quality. [t shows how clean or
unhcahhy the air is, and what ossociated health effcct might be o concern.. The AQI is
calculated for four major air pollutants regulated by the Clesn Air Act: ground- level ozone,
particle pollution. carbon monoxide, and sulphur dioxide. For cach of these pollutants, EPA
has established nationa! air quality standards to protect public health. (EPA, 2009).

As the AQIl increases, an increasingly largc percentage of lhe population is likely to
experience incredsingly severe adverse health cflects. The AQ! includes sub-indices for
ozone, particulate matter. carbon monoxide, sulphur dioxide and nitrogen dioxide, which
relates ambient poliution concentrations 1o index valucs on a scale from O through 500. This
represent @ broad range of air quality from pristine aic (0 aic pollution levels that present
imminent and substantial danger 10 the public (EPA. 2003).Thc purpose of the AQ! is 10 help
understand what local air quality means to health. To make it easier 10 understond, the AQ! is

divided into six levels of health concem:

14
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Table 2.2: Alr Quality Index

Alr quolity index(AQI) L.evels of healih concern Colours

volues

When the AQI Is In thls .. oirquality conditions are ... as symbolized by this

rongc: colour
51 to 100 Modcrate Yellow
101 to 150 Unhealthy for sensitive Orangce
groups ,
151 10200 Red
201 10 300 Purple
301 10 500 Maroon

Each category corresponds toa different levcl of heslth concem:

Good: When the AQI valuc is between 0 and 50. Air quality is salisfactory and poses littlc or

no health risk.

Modcrate: Whenthe AQI is betveen $1 and 100. Air quality is acceptable: however,
pollution in this ronge moy posc a moderote health concem for a very smoll number of

individuals. P'cople who are unusually sensitive lo ozone or periicic pollution may experience
respiratory symploms.

Unhculthy for Scnsitive Groups: When AQI values are between 101 and 150, members of
scnsitive groups may cxpericnce heolth cffects, but the general public is unlikely 10 be

alYected.

s« Qzone: People with lung discase, chifdren. older adults, and people who are active
outdoors arc considered sensitise and therefore at greater risk.
« Particle pollution: People with hecart or lung disease, older adults, and children are

considered sensitive and therefore al grealer risk.

Unhealthy: Everyone moy begin to experience health cifecls when AQI valucs are betwecn

151 and 200. Mcmbers of sensitive groups may expetience more setious heaith effects.
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Very Unhcalihy: AQI values between 201 and 300 trigger a health alert, meaning everyonc

may experience mote serious health cffmcts.

Hazardous: AQI values over 300 trigger health wamings of emergency conditions. The

cntirc population is even more likely to be aflected by serious health elfects- (EPA, 2009).

2.5 Air pollution

Alr pollution can be described as the presence of substances in air in sufTicicnt concentration
and for sufTicicnt time, so as 1o be, or threaten to be injurious t0 human, plant or animal life,
or 1o propcrty, or which reasonably intcrferes with the comfortablc enjoyment of life and
propcrty. (Abatan, 2007). It can also be delined as the introduction of chemicals, pasticulate

maticr. or biological malcrials that cause harm or discomfort 10 orgonisms into the

atmosphcre.

It is the introduction into the air of any substance different from any of its naturl
conslilucnls, Itis usually from four main sources, namcly, industriallsation, tobacco smoking.
domestic cooking and vchicular or machincey fuel combustion (Tanimowo. 2000). Air
pollution is either due lo gascs (carbon nonoxide, nitrogen dioxide, sulphur dioxide, benzenc
and ozonc) or pafticulotes (dust). These, singly or in combination causc respiratory

impairment if inhaled ol adequate concentraiions and over a long cnough period of

time (WHO. 1964; WHO, 1984).

Lifc on carth depends heavily, among many other things, on the resources provided by the
atmosphere. Anthropogenic pollution of the air resources is ceusing a large variety of adverse
impacts on the notusal and built cnvironments including biological, ccological, and

archilcctural values. Espeeially cilccts on the health of human populations have reccived a fot

of atiention lately (H3nnincn et al., 2006).

Impurities from both natural and human sources are also prescnt in the atmosphere. Wind
picks up dust and soil from the canth’s surface and carries it aloft; small softwalce drops from
occan waves ane swept into air (upon evapogation, thesc drops leave microscopic salt pafticles
suspended in thc atmosphere)}; smoke from forest fires is oflen carried high above the carth;

and volcanic spesv many (ons ol finc ash parlicles and gases into the air. {Ahrens, 2008).
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Urban air is polluted by a number of toxic or poicntially cascinogenic compounds, mainly
originating from thc combustion of fossil fucls. In particular, the occurrence in urban air of
signiﬁcant amounts of organic carcinogens such as benzenc and benzo (a) pyrenc raises

concemns about the possiblc long term cifects in urban populations. (Tomei. er «l.. 2001).

‘The problem of air pollution in urban areas is also aggravaied by inadequate poscr supply for
industrial. commcrcial and residcntial aclivilies due to. which consumers have to use diesel-
bascd captive power genceration units emilting high levels NOx and SOy. [n addition, non-
point sources such as wasic buming, consiruclion aclivities, and roadside air borne dust duc

to vehicular moyement also contributc (o the total emission load.

Ambicnt pollution is furthcr compounded by the rapid urbanization of many devcloping
countries. Thc global urban population reached 50% in 2008 and is cxpecicd to increase to
60% by 2030. This incrcasc will be particularly pronounced in devcloping countrics, in
which 80% of the urban population will be living in 2030 (UNFPA, 2007). Accompanying
this risc in urban populations will be a fourfold increasc in thc number of molorized vehicles
in citics by 2050, making hanspori-reintcd pollution a hazard even in countrics with overall

loww motorization rates (World Bank, 2004).

2.5.1 Bricf history of mir pollution

Air pollution lirs) reccived recognition as an urban problem in England in the ninth century,
when coal was discovered and complaints about foul air began to be hcard. The possible
mcnace 10 human hcalth was recognized in the 17th century by John Evelyn, who dared to
ascribe chronic rcspiratory ailments to the inhalation of ceal smoke, (Millcr, 1998). Thesc
classic cpisodes of scvere air pollution arc importani because they caused so many deaths that
they secved as a “wake up call” to the public and to policy-makers which made them realize
that air pollution was morc than just a nuisance. They led to the lirst major legislation

designed 10 reducc air pollution. After these incidents, there was little doubt that high levels

olair pollution were associated with an increase in prematurc deaths

During the London Smog of 1952, the smog was so thick thal road. rail and air transport wecre

brought almost to a standsitll and a perfonnance at the Sadler’s Wells Thcatie had to be
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suspended when fog in the auditorium made conditions intolerable for the oudicnce and the
performeis. There was a cattlc show going on at the time in Smithfield. and the press reported
that the cattle were asphyxiated. The fog was so thick that in mony pasts of London it was
impossible for pedestrians to lind their way ot night, even in fomilior districts. 1t 1s said that
people could not even see their own feel. This kind of dense fog in London came o be known
as a “'pca soupcr”. 11 was very differcnt from the clcan while fog of the counuiyside because it
conlaincd noxious cmissions from faclosy chimneys which had an unpleasant odour and was
a dinty yellow or brown colour. 11 is not known how many people died as a dircct result of the
fog. Many who dicd already suflcred from chronic respirsioty or cardiovascular discases.
Without the (og, thcy might not have dicd when they did. In England, the Clcon Air Act of
1956 bonned cmissions of black smoke and decreed that the residents of urbon areas and

opcrators of factories must convert 1o smokeless fucls. { Ware ¢f al,, 1981).

2.5.2 Air pollutlon in Nigeria

Air pollution is considcred a major problecm in the major cities of the world. As this dasiger
looms on the dcveloped countrics of the world, Africa can only be descridbed as opcrational
disasicr areas. In Nigeria much ottcntion ts given to general industrial pollution and pollution
from oil rclated industrics, with little refeience on damage of pollution caused by mobile

transpottation soutces of air pollution (Faboya, 1997; Magbatcola, 2001).

The situation of increascd pollution (roin mobile transportation source is on the increasc in
Nigcriit as a result of per capila vehicle ownership, thus resulting to high congestion on major
roads and increasc in the concentration of pollutants in the air. This has consequently,
increased health risk on human population (Abam e al., 2009). Studies conducted in Kaduna
and Abujo citics show higher values of CO; conccntration in heavily congested areas:
1840ppm for Sambo Kaduna, 1780ppm for Stadium roundabout, Kaduna, and 1539ppm for
A.Y.A, Abuja, 1160ppm for Asckoro Abuja (Akpan et al.. 1999).Similar work by Ndokc e/
af., 2000, at Minna, a clty in Nigeria shows the maximum valuc of 5,000ppm for CO; in
congcsted areas. which was sltill lower than \WWHO stipulated moaximum value of 20,000ppm,
The maximum value for CO emission obtained was 15ppm which was still lower than the
base linc of 48ppm stipulated by W.H.O and 20ppm stipulatcd by Federal Environmental
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Protection Agency of Nigeria (FEPA). The 1cason for this low emission concentration in

Minna is due to low teeiTic and industrial activities in the city.

A study of the impacis of urban road transporiation on the ambient air was conducted by
Koku and Osuntogun, (1999) in three cities of Nigeria: Lagos, Ibadan and Ado —~ Ekiti all in
South-west region of Nigeria. Air quality indicators namely CO, SO:. NO;, ond total
suspended particulates ([SP) were dctermined. The highest levels obtained for the air
pollution indicators in Lagos were CO-233 ppm at Idumota, SO2-2.9 ppm at Idumots, NOz-
1.S ppin ot lyana-lpaja and tolal particulates 852 cpm at Oshodi bustop. At lbadan, the CO
and SO; levels at 27] and 1.44 ppm were highest at Mokola round about while NO;:. at
1.0ppm was highcest at3eere round about. Jn Ado - Ekiti the highest level obtained were CO-
317 ppm at Oke Isho, NO: -0.6 ppm at ljigbo Junction and SO;0.8 ppm at Old Garage
Junction. The obtained results of CO. SO;, NOy, and particulatc counts pes minute were
found by Koku, to be higher than FEPA limits. Limits set also by FEPA arc CO-10 ppm.
SO,;-0.0l ppm, NO;-0.04-0.06 ppm. The noise level in all the locations were found 1o be
higher than FEPA limit of 90dB and the WIO limit of 70 d8 — 75 d8 \WHO. (2000).

Conclusions of this investigation show a growing risk of trafTie-reloted problems in Nigeria

Cities and demand for scrious air quality measures.

A cormparative study of emission figures in Lagos and the Niger Delta (Oil producing region)
arca has been rcported by Jerome (2000). Two major cities in the Niger Delta were
considercd, Port-Harcourt and Warvi. The results obtained in Table 2.3 show that the
concentmtions of TSP (Total suspended particulates), NOx, SO, and CO in Lagos and Niger
Dclta were above FEPA recommended limit. Concentiation of CO emissions for Lagos was
quite high, being in the range of 10— 250 ppm recorded higher than the mnges of 5.0 - 61.0
ppm and 1.0 — 52ppm recorded for oil communities in the Niger Dclia. The TSP

concen(rations were also high for both cities when compared (0 WEHO's guideline

However, the overall levels of vehicular rclated air pollution in Nigeria ftom all the studies
conducted show an increasing trend with potential hazards to the population. It is not out of
place (o state that the conceniration of these po!lutants must have increased tremendously in

the past ten years of democratic rule in Nigeris due 10 the influx of old and fairly used

vehicles into the counuy following changes in government policy.
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Kaduna state in Nigeria is an industrialized city considering the number of process indusiries
cited there. The principal sources of emission in Kaduna staic are rcfinery, transportation
(combustion of fuel), incinerators, refuse, buming etc. The major pollutants are gases and
pasticulate matiers. Gases such as oxide of su!phur, nitrogen and carbon, ammonia and
hydrocarbons predominate. Other pollutants are particulate matters such as smoke, dust. log,

mist etc (Perry, 1984),

Tablc 2.3: Ambicnt air pollulanis in Lagos and Niger Delta Area

Lagos Arca  INiger Delta Arca Cities Noo-Traflic  Traffic FEPA

Pollutant Qil Communities Urbanzone  Zonc  Siandards
TSP pim’ 92.2-348.5 396.8-583.3  31.4-746.5 72-950 250
NOx(ppm) 22.0-295.0 35.370 81-81.5 J4-131.6 40-60
SO;(ppm) 7.0-97.0 16-300 0.5-13 20-250 100
CO(ppm) 5.0-61.0 1.0-52 0.5-3.9 i0-250 10

CO/NOK 20 15-130 0.0-6.0 50-200 -

Source: Jerome, 2000

2.6 Sources of Air Pollution.

Sources of air pollution can bc divided into two main groups namely; nafusal sources and

anthropogenic sources. Natural sources of air pollution include;

. Dust from natural sources, usually large orcas of land with litile or no vegetation
. Mcthanc, emitted by the digestion of food by animals. for cxamplc cautle.

. Smoke and carbon monoxide from wildfires

. Vegcelation, in some regions, cmits cnvironmentally significant amounts of VOCs on
warmers days. These VOCs react with primay anthropogenic pollutants specifically,
NO.. SO and anthropogcnic organic carbon compound 10 producc a seasonal haze of
secondary pollutants.

Volcanic aclivity, which praducc sulphur. chlosinc, and ash pasticuletes. (Goldstien ¢t

af.. 2009)
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Anthropogenic sources include;

. Stationary Sources” including smoke Stacks of power plants, manufacturing facilitics
(factories) ond waste incincretors, as well as furnaces and other ypes of fuel.buming

heating devices

: “Mobile Sources” including molor vehicles, marine vessels, aircraft and the effect of

sound elc.
. Chemicals, dust and controlled bum praclices in agriculture and forestry monagement.

. Waste depositlon in londfills, which generste methane. Methane is not toxic: however,
it is highly Mammable and moy form cxplosive mixtures with air. Mcthane is also an
asphyxiant and may displace oxygen in an enclosed space. Asphyxia or suffocotion

may result ifthe oxygen concentmtion is reduced to below 19.5% by displaccment
¢ Military, suchas nuclear weapons, toxic gases, germ sarfare and rockctry

One criterion is whether the source is mobile or not. The fortncr refers to trafMicrelated
sources, including ground (rallic (bus, private car, taxi, combi, molorcycle, eic.),
undesground trailic (metro ©¢ subway) ond air traflic, and the latter ts mainly industrial,

commercial and personal emissions. ( Xianglu ¢t al., 2006).

2.6.1 Mobilc sources

2.6.1.] Automobilcs

Across the entire globe, motor vehicle trafTic has increasced tremendously. in 1950, there were
about 53 million cars on the world's roads. On the average, the flect has grown by 9.5 million
units per year over this period. Simuliancously, the truck and bus flect has been gros<ng by
about 3.6 million vehicles per ycar (Motor Vehicle Manuincturers’ Association, 1991). Whilc
the growth rate has slowed considerably in the industrializcd countries, population growth
and increased urbanization and industrialization are accclerating the usc of motor vehicles
elsewhere If the approximately 120 million two-wheclcd vehicles around the world are

included (growing at about 4 million vchicles per ycar over the last decade), the global motor

ficct is now about 715 million. (Schwela ¢f ol 1997).
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Vehicle emissions repicsent a serious environmental health pioblem. which is expected 10
increase in significance as vehicle ownership incaeases globally (Mocn, 2008). In developing
countrics. molorization growth has been largely unchccked by environmental regulations,
creating high levels of pollution (Han. 2006). Traffic contribules more 10 ambicnt pollution in
descloping countries, accounting for upwards of 40-80%¢ of NO2 and CO conccntmiions (Fu,
2001; Goyal, 2006, Abbaspour, 2004} This situation is alarming and is picdicated on the
poor economic disposition of developing countrics. Poor vchicle mainienance culturc and
impotation of old vehicles which culminaic to an automobile fleet dominated by o closs of
vehicles known as *’super emitters’ with high emission of harmful polluiants, has raised high
this figure of emission concentration. Furthermore, in developing countries the super cmitters
contribute about $0% of harmful emissions 10 the entire average emission {Yrinckeef , 2005).
In Mexico City for examplc these suppcr emitiers is reported 10 be responsiblc for 90% of
hydrocarbon and CO emissions and 80%¢ of NOx emission accounting for 60% of the
kilometres travelled in the countty (UNEP, 1999).The increase of these trafTic-related
pollution is not based on the aforementioncd fnctors only. but also on low quality fuel, poor

trailic reguletion and lack ofair quality implementation force. These are clear indices to high

levels of 1afVic-related pollution in developing countiies.

The UNFPA (2008) rcports sliow that the world urban population reached 50%% in 2008 and 1s
projected 10 incrcase 10 60% by 2030. This increase will have a negative effect in developing
countries where 80% of the urban population will be living in 2030. The rise in urban
population will have o geometrical effect in the increased number of motorized vehicles in
cities by 2050. aggravating the hazord ¢ven in countries vwith overall Jow molorization rates
{World Bank. 2004). Statistics in China show that the concentiations of paiticulate and other

trafic-related pollutants, in China cities arc six times higher than WHO recommended

baseline, The rtio of person to vehicle in China is 8 vehicles per 100 persons compared to

750 schiclcs per 100 persons in the USA (Faiz. 2000).

Dcveloping cities in Asia and Africa are ol high risk to exposure of this traffic-related
pollution. Research conducted in Ethiopia, Mozambique, Kenya ant Republic of Benin, show
that there is o high lcvel of DNA domage in urban residents and higher prevalence of asthma

in urban school children exposed to trailic pollution compared to rural children (Autrup,
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2006). The African continent may be highly alfccted if priority is not given in undcrstanding

the scale ofthis prablem and its control.

2.6.2 Stutlonnry sourccs

Stationary sourccs are non-moving sources, fixed-stic pioducers of pollution such as power
plants, chemicaol plonts, oil rcf:ncrics, manulacturing facilitics, ond other industrial facilities.
Air pollution from stotionay sources is produced by two primary aclivilies, These activitics
arc siationary combustion of fucl such as coal and o1l at power genemting facilitics, and the
pollutant losses ffom industrial processes. Industrial processes include refineries, chemicaf

manulacturing facilities, smelters e.t.c (USEPA, 2010).

Stationary sources have many possible cmission points. An emission pointis the specific
place or picce of cquipment fifom which a pollulant is emilted. Air pollutatits con be cmitted
from smoke stacks, storage tanks. cquipment Icaks, process wastewaler handling/ticoiment
arca, loading and unloading facilitics, and proccss vents. A process ventls basically an
opening where substonces (mostly in goseous form) are "ventcd™ into the aimosphere,
Common process venls in o chemical plant are distillation columns and oxidalion vents.
Emissions from storage tanks arc duc to pollutants that can lcak through the rools, and con
Icak through tank opcnings when liguids expand or cool because of outdoor temperaturc
changes. Also, air pollutants can cscope during the [illing and emplying of o storage tank. Air

pollution produced from wastewatcr occurs when wastcwaler contatning volatile chemicals

comes in contact with the air (USEPA. 2010).

Large, stationaiy sources of cmissions that have specific locations and relcasc pollutants in
quantities above an cmission thrcshold arc known as point sources. Thosc [acilitics or
acltvitics whosc individual cmissions do not qualify them as point sources arc called arca
sources. Arca sources represent numcrous facilitics or aclivitics that individually rclease
small amounts of a given pollutant. but collectively con rclcase signif-cant amounis of a
pollutant. For cxample. dry cleancrs, vchicle ref.nishing and gasoline dispensing facilitics.
and residential heating will not typically qualify as point sources. but collectively the various
cmissions from these sources are classified us area sources. Siotionary sources arc also

classificd as major and minor sources. A major source is onc that emits. or has the potential
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10 emit, pollutants over a major source threshold. A minor source is any source which emits

less pollutant than the major source threshold (USEPA, 2010),

2.6.2.1 Thermnl power p lant

Coal bascd thcemal power planis aifect the air quality of the surrounding region more than
natural plants. For exampie in India, around the coal based plants, the ambicmt sulphur
dioxide eonecntration was in the mnge of 20-25 ug/m’ in and around Rzamagundam. [n case
of Chandrapur Super Therma)l Power Station the concentration of SOs varied from 3.61-189
ug/m’, NO, voricd from 8.89-26.5Sug/m’ and SPM from 52.6-193 2ug/m® The concentration
of SO;, NO. and SPM varied ftom 3-37, S-34, 65.482 ugfm’. respeclively in and around
Gandhinagar Theimal Power Plant (GTPP.) Ambient NO, concentration in case of natural
gos bascd power plant was found 10 be in the 1ange of 5-7 ug/m’. From the epidemiological
data of the areca surrounding the Ramagundain coal based plant, it has been observed that
afound 6.5% of population living within a 2 km radius of the plant sutfers from respiratory
disorders, while the figure dcercases 10 3. 2%al a distance of 2.5 km and becomes negligible
(0.91%5) at over S km (rom the plant. Thus it can be inferred that people living within S km
radius of coal basesf powcr plant suffcr from respiratory ailinents. (NEERE, 2006).

2.6.2.2 Industrin] sources

2.6.2.2.1 Cement industries

Diflerent greenhouse gases and solid panticles derived from cement industries threaten air
with the least supervision. As time passes, these gases and solid particles gradually condense
in the environment and can be a potentis) risk for the atmosphere, inhabitants and animals.
Suspendced solid particles, caibon monoxide, carbon dioxide, dilterent types of nitrogen

oxides, sulphur oxides are the most common pollutants rcicasing from fumaces into

atmosphere ( Boudaghpour ¢/ aof., 2009).
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26.2.2.2 Oil refincries

Air pollutants are emitted [rom o varicty of sources throughout the oil ond gas development
process. Table 2.4 summorizcs the mojorair pollutanis released during oil and gas

dcvclopment ond the mojor sources of emlissions

Table 2.4: Major rir pollulants releascd during oil and gas devclopmeat

Fugltive  Dchydration Vchicles Flaring Engines Pits Venting

emlssions

Particulaic X X X

maitcr

[Hydrogen X X N
Sulphide

Ozonc 0 O 0O 0O

Carbon X X X

Monoxide

Nitrogen hY X X

Oxides

Sulphur hY X X

dioxide

VOCs X X X X X X
BTEX X Y N X X X
PAHs N\

Methane X N pS N
Dust X \

' X" mcans that & pollutant is cmitted as o direct result of the particular activity

‘0" means that the potlutant is genemicd in a sccondary reaction associsted with the

panicular oil and gas development activity.

Source: www, carthworksaction.org (2010)
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2,7 Types ol alr pollution
At pollution can be classificd into two types nomely:

e Indoor air pollution

¢ Outdoor air pollution

2.7.1 Indoor uir pollution

indoor air pollution can be (raced o prehistoric limes when humans first moved (0 icmpenilc
climates approximately 200,000 years ago. Thesc cold climates necessitaled the consteuction
of shcliers and the use of [ire indoors for cooking, warmth and light. Ironically, fire, which
oliowed humnns to enjoy the benefits of living indoors, resulted in exposure to high levels of
pollution as evidenced by the soot found in prehistoric caves. (Albalak, 1997). &t has been
estimated thot approximately hall of the world’s population, and up to 90% of ruml

houscholds in developing countrics, stitl rely on biomass fucls.

Lack of ventilation indoors concentrates air pollution where people oficn spend the majonty
of their time. Radon (Rn) gas. a carcinogen. is exuded from the Earth in centain locations and
iapped inside houses. Building maltcrials including carpeting ond plywood cmit
formaldchyde (1{CO) gas. Paint and solvents give off volatile organic compounds (VOCs) as
they diy. Lead paint can degencrole into dust and be inhaled. Intentional aw pollution is
introduccd when air freskeners, incense, and other scented tiems are uscd in the home,

Controllcd wood fires in sioves and lircplaces can add significam amounis ol smoke

panticuloaics into the air, inside and out (Dullo et al., 2008),

The \World Health Organization stotes that 2.4 million people die each ycar from causes
dircctly attrsbutable to air pollution, with 1.5 million of these deaths attributable to mdoor air

pollution (WHO, 2002),
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2.7.2 Qutdaor air pollution.

Power plants, factories and vchicles spew oul harmful gases and small panticles that can
penctrate decp into children’s lungs. In strong sunlight, oxides of nitrogen from vehicle
cxhaust fumes form ozone ot ground level, which can trigger asthma attacks. Air poflution
does not respect national borders, Heavy metals and persistent organic pollutants are carricd
by winds, conlominating waltcr and soil far from their origin. In the late 1990s, forest {ires,
mainly in Indonesia, couscd o haze of smoke to hang for months over neighbouring Southeast
Asian countrics. Schools and kindergaitens were forced to close, while local hospitals
reporicd large numbers of haze-related illnesses in young children. The Great London Smog
of 1952 focused the world's alicntion on the problem of air pollution, and since then there has
been a marked improvement in air quality in developed countries. Nevcitheless, every ycar
outdoor air pollution is responsible for the death of hundreds of children in Europe, and of
more than 24 000 globally. Industrisl growth and ropid urbanization aggravate the probiem,
with the pressure felt most acutely in the mcgacities of the developing world. Use of cleancr
fucls and technologics, retined motor engines, and public transpoit are crucial in ensuring

that childsen breathe cican air (Gordon ¢f al., 2004),

Outdoor pollution primarily results from the combustion of fossil fucls by industrial plants

und vchicles. This releases cortbon monoxide, sulphur dioxide, parliculate matier, nitrogen

oxides, hydrocarbons und other pollutsnts. The characteristics of ecmissions and solid wastc

disposal may vary for cach spccilic industiy (e.g. smelting, paper production. refining and

others) (WO, 2008).

Air pollution levels are tighlly linked to climate and topogrophy. Air pollution cpisodes can
be particularly troublesome if the aifecicd city is located in a valley surrounded by mountains
(this was the case in the Mcuse Valley in Belgium and is the case in Mcxico City, Mcxico).
Surfaces such as roads (gravel, dirt. asphalt) can generote air pollution when cars drive on
them. The potential risk posed by outdoor air pollution varics by the concentration and

composition of this misture, which can vary by location. time ol the day or year, and weather

cornditions (Etzel, 2003).
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Table 2.5: Estimaic for indoor and outdoor air pollution related discases

Alr hollwidon related discascs Outdoor Imdoor DALY's DALY
(%) (%) Aticlbuiced  Altributed
(0UT) (IN)
Aculc respimtory infections 0| 0.9 1.856.46  16,708.14
Ischemic hcat discase 0.6 04 142,02 94.68
Chronic Obstructive Pulmonary Discase 0.7 0.3 639.1 2739
Asthma 0.5 0.5 178.25 178.25
Trachea, bronchus. lung cancer 0.7 0.3 39.375 16.875
Ccrebrovascular discase 0.4 0.6 183 .8 275.7
Tubecculosis 0.3 0.7 763.8 1,782.20
Trachoma 0.1 0.9 5.24 47.16
Cataract 0.1 0.9 16.22 [45.98

3.824.27  19,522.89

*DALYs: Disobltity Ad)usted Life Years

(Sourcc: WHO, 1999)

2.8 Outdoor Air Pollutents

Air pollution can be carsicd thousonds of milcs across bordees and oceans or from onc urban
area (o nnother. This phcnomenon is common around the world and is referred 10 as **long

rangc atmospheric tropsport** or *‘trans-boundasy pollution (Amalo et af., 2005).

There ore basically three types of air pollutants according to Omofonmivan and Osa-Ldoh,
(2008) nomely:
» Physical

s DBiological

¢ Chemical

The chemical air pollutonts arc further grouped into two namely:.

a) Hazardous pollutants
b) Critcria pollutants
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2.8.1 }lozardous pollutants

Polluted air contains one or ntorc hazardous substance, pollutant or contaminant that crcates a
haznrd to gencrol health. tazardous air pollutants. also knaown as air toxics are those
pollutants that causc or may cause cancer or other serious health cflects such as rcproductive
cNects or bitth defects, (USEPA, 2009).

Air 1oxics are substances that occur in the air in much smaller amounts than ‘criteria’
pollutants, but which are much more potent in teems of adverse impacts. In general, air toxics
are of porticular concem with chronic (long term) exposure, and arc associated with serious

health outcomes such as cancer and reproductive cfTects. (Mckeown, 2007).

\Whilc over 200 of these toxic chemicals have been detected in ainbicnt air, it has been
diflicult to gauge the extent of potential heslth risks because very few communities monitor
this kind of air pollution (USEPA, 2009). Cxamplecs of air loxics include chromium, benzene,
polycyclic aromatic hydrocarbens (PAlls), 1, J-butadienc, formaldechyde, acrolein etc The
sources ol hazardous pollutants originate mostly from man.made activitics. This includes
mobile sources (cars, buses and trucks) and stationary sources (factories, refineries. power

plants etc) as well as indaoor sources (USEPA, 2009).

2.8.2 Criteria pollutants

Criterio pollutants are commonly emitted from the combustion of fossil fuels. whether
gasoline, diesel, propanc, natural gas, oil, coal or wood. (hckeown, 2007). Six pollutants arc
uscd to determine the air Quality of an environment which is regulated by Cnvironmental

Protection Agency (EPA). The pollutants are:

¢ Panticuloie maticr. fine PM2 s and caarse PMia
o Sulphur dioxide

e Nitrogen dioxidc

o QOzonc

e Lead
o Carbon inonoxide (Amato ¢f «f., 2002; Kyle es al., 200t)
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2.8.2.1 PARTICULATE MATTER (PM)

Paniicle poflution is a mixture of microscopic solids and liquid droplcts suspended in air. This
pollution, also known as particulate matter, is made up of o number of components, including
acids (such as nitrates and sulphates), organic chemicals, metals. soil or dust paticles, and

allergens {such as frsgments of pollen or mould spores) (EPA, 2003).

Aitbome particulate matter represents a complex mixture of organic and inorganic
substances. Alass and composition 1cnd to divide pasticulate matier in two principal groups:
coarsc panticles larger than 2.5 um in acrodynamic diomcter and finc porticles smaller than
2.5um. The smaller paiticles contain the sccondarily forined acrosols (gas 10 panicle

conversion), combustion particles and re.condensed oiganic and metal vopours (WHO,

§987c¢).

It also refess 10 panicles or droplets of various sizes, physica! characteristies ond chemical
composilions present in the air. Previously. environmentol cpidemiologists had mainly
focuscd on paiticulate matter with an acrodynamic diameler cqual to or less than 10pg/m’
(PMio). Increasing cvidence links PM; s 1o various respiraiory and cardiac effects, more and
more aticntion is poid 10 the exposurc assessment of PM 25 and its cardiopulmonary impacis

(Goldberg ¢t al.. 2001; lanssen el al.. 2002: Mlogari ef al.. 2002).

Panticle pollution (also known as "‘paniculate matter”) consists of a mixture of solids and

liquid droplets. Some panicles are cmilted dircctly; others form when pollutaats emitied by
various sources react in the aimosphere. Pasticie pollution levels ean be very unheahhy and

cven hazardous during cvents such as forest fires. Panticie levels con be elevated indoors,

especialty when outdoor particlc levels are high. Panticles come in a wide range of sizes.

Those less than 10 micrometres in diameter (smaller than the width of a single human hair)

are so small that they can get into the lungs. where they can cause scrious health problems.

«  Finc particles: The smallest particles (those 2.5 micromelres of less in diomctcr) are

called “fine particles™. Thesc panticles arc so small they can be detecied only with on cleciron

microscope. Major sources of fine pasticles include motor vehicles, power plants, residential

wood buming. forcst fircs, agricultural burning, somc industrial proccsses, and olher

combuslion processes. Ultraline panticles (PMo,) arc 2 subsct of inhalable PM; 5 particles less

AFRICAN DIGITAL HQAQTH REPOSITORY PROJECT



—

than O'lpm in diameter- They are not specifically regulated but hove a strong link 0

combustion and therefore nre gomering special attention.

Coarse particlcs: Particles between 2.5 and 10 micromelres in diamcier are referred to

as “‘coarse." Sources of coarse particles include crushing or grinding operalions, and dust

stirced up by vehicles travelling on roads (EPA, 2003).

"M can also be classified by its source:

* I'rlmary particles: directly emitied from a natural or human source

« Sccondary particles: produced when chemicals from natural and humon sources

react in the atmospherc oflen encrgized by sunlight (EPA, 2003).

Anthropogenic airborne particulate matter comes from a varicty of sources. which include.
but are not restricted 10 trafTle, indusiries, commerce and domestic heating and cooking.
Among them, trafTic-relatcd particulates have been under intensive scrutiny for at least two
reasons. One s due (o the cvidenec that particulates generated from combustion processes,
especially diesel exhaust particulates (DEP), are more potent in posing advecse health effects
than thosc from non-combustion process (Laden ¢t al.. 2000; Jonssen e al.. 2002). Another
rcason is that traflic-gcnerated emissions were estimated to account for more than 50% of the

total emissions of particulate matter in the urban arcas in highly indusirialized countries

(Bniggs ef ai.. 1997, Wiobel ¢1 al., 2000).

In London. UK, more than 80% of paniiculatc matter is (rom road trafTic (Depariment for
Transport, 2002). In Athens, Greece, the contribution of road traflic 10 total PM; s cmission is
cstimated 10 be 66.5% (Economopoulou and Economopoulos, 2002). In addition. many cities
in the developing world arc facing serious problems from traffic-rclated pasticulate emissions
(Kulkami and Patil, 1999; Yang, 2002; Shendell and Nacher, 2002; Wang ¢¢ a/., 2003). In

Molaysia. air pollutant emissions from traffic vchicles were estimated to aceount for 82% of

the 101al emissions in [996 (Afroz ¢f al.. 2003).

Airborme panticulatc pollution is more scrious in the devcloping world than in the developed
countrics, especlally in those developing countries currently under rapid industrialization and
changes in land use (Xinaglu ef al., 2005). Padicles smaller than 10 micrometres in diameter

can couse or aggravate o number of health problems and have been linked with illnesses and
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deaths ftom heart or lung discase. These effects have been associiated with both shoit-term
exposures (usually over 24 hours, but possibly as short as onc hour) and long-tegm cXposures
(ycars) (EPA, 2003).

The biological cifect of inhaled particles is determined by the physical and chemical
propeitics of the particles, the sites of deposition, and the mechanisms by which the particle
injure the lung. The deposition o{ particulate maticr depends mainy on the breathing paticm
and the particle size. Larger particles cre mainly deposited in the cxtm thoracic part of the
respiratory tract (between [0 and 100 pm) and most of the particles in the range of 5to 10
wen arc deposited in proximity to the fine pirways with normal nasal bicathing. With mouth
breathing the proportion of tracheobronchlal and pulmonary deposition increas<s. Becouse of
their small size (line particles), acid ambicntacrosols tend to deposit in the distal lungainvay
and airspace, Some ncutralization of the droplets can occur belore deposition duc to normal
cxcretion of cndogenous ammonia into the ainvays. Deposited free 11" reacts with
components of thc mucus of the respiratory ractchenging its viscosity; the non- rcacting pant
difluses into the sissues (W110. 1987¢). Cursent concepls of particle toxicity emphasize the

role of panicle acidity and the induction of inflammation at the sites of injuiy (Bascom eral.,

1995).

Various studics have becn carvied outon the characterization of particulatc mattcr especially
P M, 4 since it is more reloted wilh uaffic emissions than TSP or PM;o. A particulatc
charocterization study was carried oul in five Asian sites: Manila in the Philippines, Hong
Kong. Cheju Island in Korca. Sado Island, Japon. and lHanoi in Vietnem in 2001. It was
found that, except for the site in Jopan, annual average PMzsand PMio concententions were
well above the USEPA annual stondard of ISpgfm’ for PM:s inthe fourother sites (Cohen ¢!

al.. 2002). 1n addition. the chemical composition of the pollutant is also differcnt in different

rcgions under study. For instance, the contents of organic matter (45%) and clemental carbon

(28%) in PMz 5 were the highest in Manila monitoring sitc compared to thosc in the other four

sites, which ranged from 7%!o 3 8% for clemental carbon and 8%to 25% for organic maticr.
Though the pollutants monitoredat the five sitcs were sampled using the same method dusing
roughly the some period, their comparison may still dilTer from the difTerent locations, since
some l[ocations (Cheju Isterid in Korea and Sedo Island in Japan) were more remotc than

others.
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Fig 2.2: Comparison of particulale malicr sizes

Source; Courtesy of US EPA oftice of Research and Development, 2003,
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2.4.2.2 Salphurdloxide (SO,)

This is a chemical compound with the formula SO;. It is produced by voleanoes and in
various industrial processes. Since coal and petrolcum often contain sulphur compounds,
their combustion generates sulphur dioxide, Further oxidation of SQ3, usually tn the presence

of a catalyst such as NO;, forms 11;50,, and which when absorbs moistuse forms acid main

(USEPA, 2006).

Sulphur dioxide is a colourless gas with a pungent odour. [t is a liquid when under pressure.
and it dlssolves in watcr very casily. Sulphur dioxide in the air results primarily from
activilics associatcd with the buming of fossil fucls {coa!, oil) such as al pow er plants or from

copper smehing. In nature, sulphur dioxide can be released to the air. for example, fiom

volcanic cruptlions (ATSDR, 1998).

Itis pioduced when sulphur-containing fuels such as coal and oil are bumed. Generally, the
highest levels of sulphur dioxide arc found near lasge indusinial complexes. Major sources
include power planis, ref ncries. and industrial boilers (USEPA, 2006). Sulphur dioxide when
relcased into the atmosphere can also be converted to SOy which leads 10 production of
sulphuric acid. When SQOj is inhaled it is likely o be absorbed in moist passages of
respiratory tract. When it is entrained in an acrosol, however, it may' reach far deeper into the
lungs. SO; can cause breathing problems in people with asthma. but nt relatively high levels
of exposurc. There is some evidence that exposure to elevated SO; levels may increase
hospital admissions and premature deaths. Sulphur dioxide can damage vegctation and cause

conosion. Airborne sulphates seduce visibility. It is also the causc of acid rain In some

countries (Sheppard es al.. 1980),

SO; can react with other compounds in thc atmosphere to form small particles. These
particles penetrale deeply into sensitive parts of the lungs and can cause or worsen respiratory
discase. such os cmphysema and bronchitis, and can aggravate cxisting heart discase, leading

to increased hospital admissions and premalture death (USEPA, 2006).
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28523 Niirogen dloslde (NO;)

N;trogcn dioxide is one of the main traffic-related air pollutanis and precursors forming
photochemical smog (together with VOCs) and ground level azonc, The gas is reddish brown
and highly reactive in ambient air. As one member of nitrogen oxides (NOX), it undergocs a
complcx chain of chemical and photochcmical regctions with nitrie oxide (NO), ozonc, and
other gases- Usually the NO; in the atmosphere comes lrom (wo sources, cither directly from
cmission sources (primary pollutant) or fiom chemical reactions in the atmasphere (Xianglu
et al., 2006). NO; is a widcspread contaminant of indoor as well as outdoor air, and indoor
levels can cxceed those found outdoors. Indoor levels of NO; are dctermined by the
infiliration of NO; in outdoor air, by thc prescnce and strength of indoor sources such as gas

cooking stoves, kerosene space heaters, and by oir exchange (Dascom et af, 1993).

NO; sharcs the somc scasonal paitem with severai other air pollutants, its level is usually
higher in the winter than in the summer, Many studies showed that NO: concentration
decrcased dmastically with incrcasing distance downwind from trafTic (Gilben 1 ai., 2003;
Singer er al., 2004). in a Canadian study (Gllbert e ai.. 2003), the authors found that wind
and the logarithm of distance [rom a major highway undcr stady may' serve as surrogales for
wallic NO; exposure, which nceded funther validation. In 1his Conadian study, the NO; levels
ranged from (1.9 to 29.3 ppb. Investigation conducied at schools ncar Northem Califomla
frecways (Singer ¢t ul., 2004) found highest NO; levels (24-30 ppb) in schools downwind
and close 1o frecways. In addition to conditions of vehicles, fuel type plays an tmportant role
in traffic cmissions, The increasing usc of compressed notural gas (CNG) atiributed to
dccreases of ambicat air pollutants in Delhi, Indio. From 1995 to 2001, the annual average
concenirations of suspended pasticulate maiter. CO, and NO~ decreased to 347 (from 405).
4197 (from 4681), and 34 (from 36) ug/m’, respectively (Goyal and Sidhartha. 2003),

In developing countrics, exposure studics on NO; usually' indicate higher cxposure levels
than in the devcloped world. In Taru, Estonia, ambient level ol NO; increascd by 50% to
100%s in severnl monhoring stations, according 10 the yearly monitoring dnta from 1994 to
1999. Ts increasc may have becn mainly caoused by increasing number of vchicles, poor
mainicnance of many of these vehicles and narrow sticets in the city (Nimmcl and Keasik.
2003). At clevated levels, NOx can impair lung fuection. imritolc respirotory system and at

very high levcls, make bicathing difficult, especially for people who aticady suflier from
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asthma or bionchiuis: Almost all NOx ecmissioas are in the form of NO, which has no known
adverse health etfects in the concentrations found in aunosphere. (Lebowitz et al., 1985). NO
can be oxidized to NO; in the atmosphere, which in tum give rise to sccondary pollutants,
which are injurious: NO2 may also lead 1o formation of HNO,, which is washed out of the

aimosphere as acid rain,

2.8.2.4 Carboa monoxide (CO)

Carbon monoxide is an odourless, colourless gas It forms when the casbon in fuels docs not
completely burmn. Vehicle exhaust contribules roughly 75 percent of all carbon monoxide
cmissions nationwide, and up to 95 percent in citics. Other sources include fuc] combustion
tn industrial processes and natural sources such as w'ldfires. Carbon monoxide levels
typically are highest during cold weather, because cold temperalures meke combustion less
complete and cause inversions that trap polluwants close ta the ground (EPA. 2009). Carbon
monoxide is onc of the most common and widely distribuied air pollutants, It is a colourless,
odourless and tasteless gas that is poorly soluble in water. Carbon monoxkle has a slightly
lover density than air. In the human body, it reacis readily with hacmoglobin to form
casboxyl-haecmoglobin, Small amounts of carbon monoxide arc also produced endogenously
(Bascom cl al, 1996). It is another important pollutant in traflic-related exposure studies and
cpidemiologic investigations. It results from incomplete combustion of natural gas. diesel or
gasoline in traffic engines. tligh concentmtions of CO generally occur in arcas with heavy
trallic intensity and congestion, Point sources of CO emissions also include indusirial
processes, non-lransporiation (uel combustion. and natural sources such as wild forest lires

Indoor sources include lcaking gas stoves, heaters, generators, cic. CO is a colourless,

odourless and tastcless gas (Xianglu, e af., 2006).

The annual global emissions of carbon monoxide into the aimosphere have been estimated (0
be as high as 2600 million tonnes, of which about 60% are from human activities and about
40% from natural processes. Anthropogenic emissions of carbon monoxide o1iginate mainly
from incomplete combustion of carbonaceous maierials. The largest propontions of these
cmissions are produced as cxhausts of intemal combustion engines, especially by motor
vehicles with petrol engines. Other common sources include various industrial processcs,

power planis using coal, and wasic incincrators. Petrolcum-derived emissions have greatly

increased during the past few decades (EPA, 1991)
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Tablc 2.6: Selected Trzaflic-reinted Air Pollotants and their known [Tealth Effects.

EE—

Pollutant group (sourcc)

Known health effects

Contributing or polentialing
faclors/agents

Populations especially
vulacrable

Particulatc matter (biomass and
fossil fuel combustion in home
heating, indusity and molor
vehicle engines.

Sulphur dioxidc and acid
acrosols (fossil fitel and
combustion; mctal smelling and
pecaol-chcmical industries; home
heating/cooking with cool).

Qsxidcs of nitrogen (fucl
combusiion ot high tcmpcroturc
(c.g. from vchicle engines, pas
cooking and hecating).

Carbon monoiide (biomass and
fossil fuel combustion, cigaicite
smoke and vchicular cxhaust).

Upper respiratory tract iirilation

and infcction; exacerbstion of and

increased mortality from
cardiorespiratory diseasss.

Throat irritation; exaccrbation of
cardiosespiratory dueases
including asthma.

Eyc irritation, upper respiratory
tract infection (especially n
children), exaccrbation of astluma
and irniation of the bronchi

lIcadache, naused, dizzincss,
breathlessness, (atigue, visual
disturbance. confusion, coma,
death, low birth weight.

Source: WO Air Quality Guidelines, 2005,

Sulphur dioxide, sulphutic acid,
cold. heat and humidity.

Exercise, particulates, asthma

Exercise, respiratoly tract
infection. asthma

Coronary anery discase

Elderly, pecople with respiratory’
and cardiovascular discases;
children with asthma

People with respiratory discases
(c.g. children with asthma);
clderly people with respiratory
and cardiovascular discases,

People with respiratory diseases
(e.g. children with asthma),

People with ischemic hcat
disease.
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2.8.2.5 Ground-level ozone (Q))

Ground level ozone (0)) is formed from NO; and Volotile Organic Compounds (VOCs).
Ozone (O;) is a key constiluent of the troposphere (it is also an important constituenl of
certain regions of the stralosphere commonly kedown as the Ozone layer). Photochemical and
chcmical reactions involving it drive many of the chemical processes thal oceur in the
atmospherc by day and by night. At abnormally high concentrations brought about by human
activities (largely the combustion of fossil fuel), it isa pollutant, ond a constituent of smog).

Ozone is produced from the photochemical reactions of hydrocarbons and oxides of nitiogen
which in urban atmospheres are primarily of motor vehicle origin (60 - 80 %2). At levels of
ozone of ZOOug/m’ and even lower, there is statistically evidence of decrements in lung
function, airway inllammatosy changes, and exaccrbations of respiratoty symptoms in

healthy children and aduhs, and symptomatic ond functional exacerbations of dsthma

(Schwelacr al., 1997).

IVis a highly reaclive gas that is a form of oxygen. [t 1s the main componcnt of air pollution
known as smog. Ozone rcacts chemically (‘oxidizes') with intenal body tissues that il comes
in contact with, such as thosc in the lung. It also rcacts with other materials such as cubber
compounds, breaking thein down. Ozone is formed by the action of sunlight on carbon-based
chetnicals known es hydrocarbons, acling in combination with a group of air pollueants calted

oxides of nitrogen. It is thus called photochemical pollution (Lipseti, 2001).

2.8.2.6 Lead

[tis @ metal found naturally in the environment as well as in manulaclured products. The
major sources of lead emissions have historically been motor vchicles (such as cars and
ttucks) and industrial sources. As o resuft of EPA’s regulatory etforis 10 remove lead from
motor vehicie gasoline, emissions of lead from the 1ranspoaation scctor dmmatically declined
by 95 percent between 1980 and 1999, and levels of lead in the air dccreased by 94 percent
between 1980 and 1999. Today, the highest levels of Icad in air are usually found near lead

smelters. The major sources of lead emissions Lo the oir today are ore and inctals proccssing

and leaded aviation gasofine (USEPA, 2010).
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[n the past, automobile sources were the major contributor of lead cmissions (o the
stmosphcere. As 8 result of EPA'S regulatory cfforts to reduce the content of lead in gasoline,
the contribution frotn the transporiation sector has declined over the past decade. Today,
melals processing is the major source of lead emissions 1o the atinosphere, Lead is similarly
dangcrous as poisoning causcs itreversible ncurobehavioral consequences, such as decreased

IQ and altention deficits, and death o1 high Icvels of poisoning (Schwela, 2000).

Most of the lcad in ambicnt air is in linc particles (10 pm). For adulis the retention rate of
~ airbome paniiculote matter ranges from 20% and 60%. Young children inhale proportioaniely
higher daily air volume per unit measure (weight, body arca) than do adults. It was estimalcd
thol cliildren have o lung deposition rate of Icad that can be up to 2.7 times higher than thot of

edults on 8 unit body mass basis (Schwela, 1997).

2.8.3 Green liouse Gases (GIIG)

Vchicles are a very large source of greenhouse gases (GHGs). Unlike crileria pollutanis and
air toxics which have dircet adverse impacts on heallh, GHGs arc ol health concern because

of sccondary cffects such os global swwarming and climate disruption. (Mckeown,2007).

Tablc 2.7: Annual Emlsslons of Greenhouse Gases for the city of Toronto

Source of Emlissions Grecnhouse gas ecmisslons
{cCO; tonncs/ycar)

Residential 5,997,042
Commeicial & small industry 6.881,767
Large commercial & indusity 2.002.172

Transpostation 8.558,966
Waste transport lo Michigan 35,507
Strectlights & traffic signals 29.203
Waste (methane ltom Jandlfills) 942,550
24,450,207

Tolal

S R i : dS a jlarmoniacd SRy (or
Sousrce; Gleenhause Gases and Air Polluiams ion 1he City of Toaqmo Townr |
Reducing Emis:ions. Pecparad by ICF internationl in collsbocation with Toroato Agmosilicric Fund end

Foronio Envitonment Ollice. Toronio Jure 2007
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The wansponation sector contributes about 35% of the total GHGs emitted as @ result of
activitics in Toronto. Greenhouse gas cmissions have continued to risc in the City during the
period between 1990 and 2004. Over this period. greenhouse gas emissions have risen from
22.0 million tonncs to 24.4 million tonnes annually, with transporiation emisslons from the
usc ol gas and diesel-powered vchicles continuing to be a major conlributor (Mckeown.
2007). 13ascd on recent research, Toronto Pubiic Hcalth has determined that on average (over
the 46 year study period), about 120 people die prematurely from heat-related causes in
Toronto. Furthermore., it is projected that global warming could result in a doubling of hcat-
rclated deaths by 2050, and a tripling by 2080 (Toronto Public Health, 2005).

2.9 Metcorulugical factors that afiect air quality

Amongs! alt thc mctecorological variables, wind speed has been the most closely scrutinised
with regard to exposure since it influcnces the dispession and dilution of pollutants.
Gencerally, both exposure (Kingham ¢f of,, 1998: Alm ¢ ol., 1999: Krsussc and Mardaljevic,
2005) and ambicnt (Molnar ¢t al.. 2002; Tolmes er ul., 2005) studics have identitied that an

increase in wind speed results in a decreasc in cxposure concenurations 0 line particulate

maticr and CO.

Ambicnt tempemture and local meteorology influences the concentration and location of
vchicleemiticd pollutants. For example. clevated sulphur dioxide levels are typically
rcported in the winter and clevated ground-ozone levels in the summer (Goldberg cr of.,

2001). Cold weather can result in higher levels of pollutants in ambient air due to reduced

atmospheric dispersion and degradation reactions.

Scasonal variations in ambient temperatures and tafiic volumes aflect total automotive
cmissions. Likciwise, scasonal variations in wind speeds aflcct the dilution and dispersion of
those emissions on roadways. Ot et af. (1994a) in northem California and Dor ¢t al. (1995)
in France, who both measured in-vehicle CO cxposures for an entice ycar. reporied that they
were generally higher in falt/winter than in spring/summer. This result was attributed to
colder winter temperatures which increase CO cmissions per vehicle mile. Higher summer
temperatures have the opposite eflect. The genotoxic effiects of PMas and PMio have also
been found 10 be greater in the winter months {Abou ¢r af.. 2007). Dispersion of pollutants is
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8ls0 aflected by other mcteorological (actors like humidity, wind speed and direction and

general atmosphetic turbulence.

Some studics have found wind direction to have a considerable Impact on fine particulste
maiter and CO concentiation levels. Lung ef o/, (2005) mcasurcd ultiafine particle count
pedesirian exposures levels during northerly prevailing winds 1o be higher on the south side
compared to the north side of an inicesection, This is the most likely due (0 the wind
dicection, road and building configurmltion cousing recirculation of the wind in the siree
causing pollutants concentrations [o be higher on one side of the street in comparison 1o the
other. Kaur ¢¢ ad., 20052 recorded diflerent levels of ultraline particle count exposurces of
pedesttians on the opposilte sides of the road which ace believed to be due 0 recirculation in

Lhe stecet eanyon generated by the prevailing wind direction during sampling.

2.10 The lluman Respirntory Sysiem

The health of our Jungs ainid entirc respirntory system is aflfected by the quality of the air we
breathe, In addition to oxygen. this air contains other substances such as carbon monoxide,
nitrogen dioxide c.t.c w hich ¢can bc harmful. Exposurc 1o chemicals by inhalation can
ncgativcly aflect our lungs and other ofgans in the body. The respiratory system is
partlcularly sensitive to air pollutants because much of it is made up of exposed membranc.
Lungs are anatomically structured to bring large quantities of air (on average, 400 million

litres in a lifetime) into intimate contact with the blood system. to facilitate the delivery of

oxygen (tlealth Conada. 2006).

Lung tissue cclls can be injured directly by air pollutants such as ozons, mcials and frce
radicals Ozone can damage the alvcoli — the individual air sacs in the lung where oxygen
and corbon dioxide are exchanged. Morc specifically, airway tissues which are rich in
bioactivation enzymes can transform orgailic pollutants into reactive metabolites and cause
scconday lung injwy, Lung tissue has an abundant blood supply that can carry toxic
substances and their metabolites o dislnnt organs. 1n response to toxic insult, lung cells also
release o variely of potent chemical mediators that may csitically afleet the function of other
orgons such as those of the cardiovascular system- This response may also cause jung

inllammation and impair lung funetion (Health Canada, 2006).
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2.10.{ Structurc szd funcilion

The human respiratory system |s composed of the nasal passage, the pharynx, larynx, the
trachea, bronchi and lungs I1 is responsible for the process of respiration that is vital to the
survival of living belngs: Respiration is the process of obtaining and using oxygen, while
climinating carbon dioxide. It is the process by which human bcings 1ake in the oxygen from
theis environment and give out the carbon dioxide that is produced as a result of chemical
reactions within the cells. The specialized system that bsings about this critical process of

tespiration in human bcings Is known as the human respimtory sysiem.

The human respiratory system is dominated by our lungs, which bning fresh oxygen (Q3) in
our bodies while expelling carbon dioxide (CO3). The oxygen travels from the tungs through
the blood stream 10 the cells in all parts of the body. The cells use the oxygen as fuel and give
olt carbon dioxide as waste gas. The wasic gas is carried by the bloodstream back to the

lungs to be exhaled.

The lungs accomplish this vital process called gascous exchange using an automatic and
quickly adjusting control system. This gas exchange process occurs in conjunction with the
central ncrvous system (CNS), the circulatory sysiem and the musculature of the diaphragm
and chest, The human lungs encounter approximaicly 7 litres of air per minuic, Thus it is
cvident Yhot lungs arc a target for sdverse clTects of noxious gases duc 1o air potlution. The
airbome contaminants include: Nitrogen dioxide (?¥O;), Casbon mono oxide (CO). Carbon
dioxidc CO;), Ozonc (O;) Sulphur dioxide (SO;). llydrocarbons and Suspended
pariiculate matiers  SPM). They are responsible for  injuiy to ainvays and lung
parenchyma and lead 10 bronchoconstriction, increascd mucous secretion and increased
alvcolar swclling. Nitrous fumes may results acuie pulmonary ocdema. To prolect it our
body. employs several defence mcchanisms, e.g.. increascd mucous secretion. Inhalation of

NO: and SO; causes bronchoconstsiction. mucosal imtauon and alveolar swelling [cading 1o

obstructive and restrictive disorders of lungs (Binawaraes al., 2010).

The respiratoly sysicm in human beings can be divided into the upper respirstony tract that

consists of the nasal passages, phoiynx and the fatynx and the lower respiratory tract that is

composed of the yrachea, the primary bronchi and the lungs.
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Nasal passagces’ Air entering from the nostrils is led 10 the nasa) passages The nasal cavity
that 15 locatcd behind the nose comprises the nasal passages that form an important past of the
msp;mlmy sysiem in human beings. The nasal cavity is responsible for conditioning the air
that is received by the nose. The process of condilioning inv olves wamming or cooling the air
received by the nose, removing dust particlcs from it and also moistening it, before it enters

the pharynx,

I'haryns: It is located behind the nasal cavity and above the larynx_ It is also e part of the
digestive system of the human body. Food as well as air passes through the pharynx.
Loacynx: It is associatcd with the production of sound. It consists of 1wo pairs of mcmbranes.
Air causes Lhe vocal cords to vibrate, thus producing sound. The larynx is siwated in the neck

of mammals and plays a vital role in the protection of the tnchea.

Trachen: The tcrm refers 10 the airvay through which respiralory air travels. The rings of

cartilage wilhin its walls keep the trachea open.

Bronchi: The trachca divided into two main bronchi. The bronchi exicnd into the lungs
spreading in & trec-likc manncr as bronchial tbes. The bronchial tubes subdivide and with
cach subdivision. their walls gct thinner. This dividing of the broachi into thin-wallcd 1ubes
resulls in the formation of bronchioles. The bronchioles terminate in small air chambers, each
of which conuins cavities known as alveoli. Alveoli have thin walls, which form the

respiratory surface. The exchange of gases between the blood and the air takes place through

these walls.

Lungs: Lungs form the most vital component of the human respiratory systemn. They are

locatcd on the two sides of the heart. They' are responsible for traasporting oxygen from the
atmosphere into blood and releasing catbon dioxide from blood 10 the aumosphere. Other

functions ofthe lungs and the othcr pans of thic respiratory system include the following;

2.10.1.1 Lung Defence NMechanisms

Ainwvay cpithelial eells can sececic a variety of molecules that aid in lung dcfence. Secretary
immunoglobulins (IgA), collectins (including Surfactant A and D), defcnsins and other
peptides and proicases, reaclive oxygcn species, nnd reactive nilrogen species are all

generated by airway cpithelial cells These secretions can act direcily as antimicrobials to
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help keep the airway free of infeclion. Airway epithelial cells also secretc o varicty of
chcmokines and cytokines that recruit the traditional immune cells and others to site of

infections

2.10.1.2 NMletabolic & Endocrine Funclions

In addition to their funclions in gas exchangc. the lungs have a number of melabolic
functions. They manufacture surfactant for local use. as noted obove, They also conwin o
fibrinolytic system that lyses clots in the pulmonary vessels. They sclcase a variety of
subsanccs that enter the systemic artcrial blood and they rcmove other substances from the
systemic venous blood that reach them via the pulmonasy anery, Prostoglandins arc removed
from the circulation. but they are also synthesized in the lungs and rcleased into the blood
When lung lissue is stretched. The lungs also activate one hormone; the physiologically
inactive decapcptide angioicnsin | is converied 1o the pressor, aldosterone-stimulating
octapeptide angiotensin Il in the pulmonary circulation. The reaclion occurs in other tissues
as well. but it is panticularly prominent in the lungs. Large amounts of the angiotcnsin-
converting enzyme responsible for this activation are locatcd on the surlace of the endothelial
cells of the pulmonary capillaries. The converting enzyme also inactivates bradykinin.
Circulation time through the pulmonary capillarics is less than | s, Yt 70% ol the angiotensin
| reaching the lungs is convcrted to angiotcnsin 1l in a single trip through the capillaies. Four

other peptidases have been identilied on the surface of the pulmonary cndathelial cells

2.10.1.3 VYocalization

The movement of gas thiough the larynx pharynx and mouth allows humons 1o spcak,
o phonate. Veocalization. or singing, in birds occurs via the syrinX an organ located at the
base of the Irachea. The vibration of air flowing across the larynx (vocal chords), in humans,
and the syrinx, in birds, results in sound. Because of 1his, gas movement Is cxtrcmcly vilal for

communalion pusposcs (Wikipediz 2010)
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2.11 Human Cardiovascular System

The cardiovascular syStem has two major componcnts: the hcart and a nctwork of blood
vessels. The cardiovascular system supplies the tissues and cells of 1he body with nutricnts,
respiratoty gascs. hormones, and mctabolites and removes the wastc products of cellular
mctabolism as wcll as forcign matter. 1t is also responsible for maintaining the optimal

intemal homeostasis of the body and the critical regulation of body tempcraturc and pH.

The inhalation of air pollutants eventually leads o their absorption into the bloodstream and
tronsport 1o the heart. A wide spectrum of chemical and biological substances may interacl
directly with the cardiovascular system [0 causc structural changcs, such as degenegalive
necrosis and inflammatory reactions. Some pollutants may also ditectly cause functional
alterations that atfect the rhythmicity and contractility of the hcarnt. 1f severe enough,
functional changes may lead to lethal arrhythmias swithout major evidence of structural

damage to the myocardium. There also may be indirect actions secondary to changes in other

organ systems, especially the cenlgal and autonomic nervous systems and sclective actions of

the endocrine system, Some cytokins released from other inflamed o1gans may also produce

adverse cardiovascular effects, such as reducing the mechanical performance and metabolic

c(Ticiency of the bewst and blood vesscls (Health Canada. 2006).

Many chemica! Substances may Cause the formation of reactive oxygen. This oxidalive

metabolism is consideicd (0 be critical to the prescrvation ol cardiovascular funciion. For
rolcins, and this reaction is thought to

example, oxygen free redicals oxidize low-density lipop
Oxidized low-density

be involved in the formation of the atherosclerotic ploques
vessel cells and increase adhetence snd the migration of
inflammatory cells lo the injurcd aren The production of oxygen rce radicals in heart tissues
rhythmias, and heart celi death (11ealth Canada, 2006)

lipoproteins can injurc blood

has been assocusted with af

2.12 Fotcof Air ['ollutants in the Respiratory System

palhologicnl dasmage in thvee different parts of the lung. namcly, the

Air pollutants ceuse
d the alveoli (Tanimowo, 2000).

major bronchi, the wctminal bronchioles, an

Mejor bronchi: With acutc CXpOSUIT, there may be reversible bronchospasnt with

considerable individusal vasistion. The longer 1ctm cflects are more imgriant and they result
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from patticles with size 2.0-50.04 and/or gas exposure, such as, sulphur dioxide, nitrogen
dioxide and ozone. These ellects consist of: (i) paralysis of cilia; (ii) hypcr seeretion of

bronchial mucous glands; (iii) mucous gland hypeitrophy and extension into smaller asr

Wa)s.

Terminal bronchioles: Smallcr pasticles (0.01-2.0pn) will penctrate and be deposited in this
region, and thcre could be potentiation of cifects if gases and particles arc inhaled
concurrently as in cagarette smoke. Mosl of the sulphur dioxide that is breathed in is stopped
in the nose, and soluble gases such as oxides of nitrogen are similarly diminished if breathcd
in the gas form. Combined with paiticles, these gases get further down the lung and have
greater effect in lower concentiation There are also some experimental dnta and some human
Jata indicating that acute exposure to high conccntrations of oxides of nitrogen
characteristically produces pulmonay oedema and fbrosing bronchiolitis rather than chronic
bronchitis or bronch iectasis. These gas exposurcs produce the following eflects in the
terminal bronchioles: (i) loss of normal defences; (ii) adverse effect on surfaciant, which has

somcthing 0o do with keeping these small ainvays patent; (ii) goblet cell metaplasia; (iv)

inflammation and obliteration and; (v) premature ciosure of ainvays, which is what has been

demonsirated with increased closing volumc in cigaretie smokers (Tanimowo. 2000).

Alveoll: Particles of range 01der 0.01-0.05y4 are parliculatly likely to get to this region and in
modem city air. there are plenty of particles in this size range. 11 is difTicult lo calculaie how
much of a gas such as ozone aclually reaches the alveolar level because it is 0 reaclive o
surfaces, and it is possible that much of it has dissppeared before reaching the alveolar wall.
Some gases, such as, sulpbur dioxide may be absorbed in the nose and later removed through
the alveoli and then exert their effect not by having them delivered o the alveoli through
the bronchial tree but by re~diffusion out from the blood into alveolar gas. If both pasticulate
and gascous polluion are present there is potentlation of effects, and the major consequences
of each of these is an increase in cells and macropliages in the lung (Tantmowo. 2000). There
is ample evidence that this is the primaty response to most of these challenges, and an
incrased oggregation of macrophages and feucocyles oceurs quite quickly in response (o
most of them (Tanimowo, 2000). The presence of these cells will enbance the release of
proteolytic enzymes, causing alvcolar destruction in individuals with Inherited deficiency of
serum antl- uypsin, with the subsequent possibility of developing cmphysema

47

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



fiom particles with sizc 2.0-50.04 and/or gas exposure, such as, sulphur dioxide, nitrogen
dioxide and o2onec. These cllects consist of: (i) paralysis of cilia; (ii) hyper secretion of

bronchial mucous glands; (iii) mucous gland hypeitrophy and extension into smaller air
woys.

Terminal hronchloles: Smaller particles (0.01-2.0p) will penctraic and be deposited in this
region, and there could be potentiation of cilects if gases and pasticles arc inhaled
concurrently as in cigarctic smoke. Most of the sulphur dioxide that is breathed in is siopped
1n the nose, and soluble gases such as oxides of nittogen are similarly diminished if breathed
in the gas fom. Combined with parlicles, these gases get further down the lung and have
greater cllect in lower conceniration. There are also some experimental data and some human
duta indicating that acute exposure to high concentrations of oxides of nitrogen
characienstically' produces pulmonary oedema and fibrosing bronchiolitis miher than chronic
bronchitis or bronch ieclasis, Tlese gas exposures produce the following elfects in the
terminal bronchioles: (i) loss of normal defences; (ii) adverse ctlect on surfactant, swhich has
something to do with keeping thesc small ainvays patent; (ii) goblet cell metaplasia; (iv)
inflammation and obliteration and; (v) premature closure of airwvays, which is what has been

dcmonstrated with increased closing volume in cigaretic smokers (Tanimowo, 2000).

Alvcoll: Paiticles of range order 0.01-0.05p are paniicularly likely to get 10 this region and in
modem city air. therc arc plenty of particles in thissize mnge 11 ts dillicult to calculate how
much of a gas such as ozone actually rcaches the alveolar level because it 1s so reactive lo
surfoces, and il is possible that much of it has disappaared before reaching the alveolar wall.
Some gases, such as. sulphur dioxide may' be absorbed in the nose and later removed through
the alveoli and then exert their elfect not by having them delivered to the alveoli through
the bronchial tree but by re-dilfusion out from the blood into alveolar gas. If both particulate
and gascous pollution are present there is polentiation of efTects, and the major consequences
of cach ofthese is an increasc in cells and macrophages in the lung (Tanimowo, 2000). There
is ample evidence that this is the primary response 1o most of these challenges. and an
increased aggregation of macrophages and leucocyles occurs quite quickly in response (o
most of them (Tanimowo, 2000). The presence of these cells will enhance the release of

protcolylic enzymes, causing alveolar destruction in indwviduals with wiherited deficiency of

scrum anti- teypsin. with the subsequent possibility of developing emphysema
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2.13 Cardlovasculir and Respiratory EfMectsol Air Pollulanis

The human health eflccts of poor air quality are far ceaching, but principally aflect the body's
respiruatory Sysiem and the cardiovascular system. Individual reaclions to air pollutants
depend on the type of pollutant a person Is exposed to, the degree ol exposure, the
individunl's health siatus and genctics. People who exercise outdoors, for example, o hot,

smoggy doys increase their exposure topollutants in the air (Health Canada, 2006).

There is substantiol evidenee that supports an associgtion between vehicle emissions and
cardiovascular discase; particularly mortality [rom cardiovascular couses (Gehring ¢ al.
2006; Pope ¢f al., 200:a; Miller ¢f al.. 2007). Canliovascular and stroke morfality rates have
been associatcd with both ambient pollution at place of residence as well as residential
proximity 1o traffic (Finkelstein et ol. 2005). Scverlt recent studies also consider nonfotal
cordiovascular outcomes like acule myocardial Infarction (AMI) and have found an
association with exposure to vehicle emissions, particulorly as a result of long-term cxposurc
1o P\ ss and/or close residential proximity to busy roads (HoMmann et al., 2006; Jemeit et al.

2005; Roseniund et o!.. 2006, Tonncc? al., 2007; Perers ¢t al.. 2004).

Short-terin exposures have also been shown (o be associated with ischemic cMects (Lanki ef
al., 2006a). A cosc-crossover study of 772 individuals in Boston found that clevated

concentrations of PMzs werc associoted with on increased risk of AMI within o few hours

and onc day following expasurc (Peters ct al., 2001). Another study of 12,865 individuals in
Utoh found a similor efEcet for both AMI and unstable anginn, and that this cflect \was worsc

for patients with underlying coronan’ arict} discascs (Pope ¢s al. 2006). The specilic

(oxicants m ost commonly associated with these eflects arc PMs. afthough there is also

cvidence of an adverse influence of CO (Lanki e?al., 2006b) and SO, (Fung er ol 2003).

Increased levels of CO and NO; have also been implicated in increased incidence of
¢ visits for stroke (Villeneuve ef al., 2006). 1t has been suggested that it

emergency deparimen
llution and ischemic heart diseasc that drives the

is the sirong association between ai¢ PO

cardiopulmonary association With aif poliution (Jerrelt et al.. 2005). Many plausible patho-

physiological pathways linking PM exposure aad cardiovascular discase have been suggested
ond include systcmic inflammation, 0cc
s in heart rote variability and inercascs in blood

clerted athcrosclerosis. and aliered cardiac

autonomic function reflected by chonge
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pressure {Brook e al*, 2002; Brook et al., 2003; Luttmann-Gibson ¢t al., 2006; Pope ¢! al.,
200:1a; Pope ¢/ af., 2004b; Schwanz et af., 2005; Urch c7 of.. 2005)

Rcsp;rnlory discasc encompasses pathological conditions allecling the organs and lissucs
that make gas c¢xchange possible in higher organisms. and includes sonditions of the upper
respiralory {racl, trachea, bronchi, bronchioles, alveoli, plecura and pleural eavity, and the
nerves and muscles of breathing. It ranges from mild and self-limiting, such as the common
cold. to life-threatening entilies like bacterial pneumonia, pulmonary embolism, and lung

cancer.

The health clfects caused by air pollutams may range from subile biochemical and
physiological changes to diiYiculty in breathing, wheezing, coughing and aggravation of
existing respimtory and cardiac conditions. These cllects can result in increascd medication
use, inercascd doctor or emergeney room visits, more hospilal admissions and even
premature death ((lcalth Canada. 2006).

It is elear that air pollution, infections and alletgies can exncerbate heart and lung itlnesses
An early diagnosis can lead to appropriate treaiment and ensure a noanal os close 10 normal
quality of life. In meny cases however. there is no cure and those affected may dic

prematurely. The following are the most prevalent diseases,

Minor Lung llincsscs: ‘1hie common cold is the most tamiliar of these. with symploms

including sorc throat, stully or runny nose. coughing and sometimes irritation of the eyes

Lung Infeciions: croup, bronchitis. and pneumonia are caused by viruses ot bacteria and arc

ver). common. Symploms moy include cough, fever. chills and shorincss of breath.

Asthma: It is an increasingly: common chronie disease among children and adulis. [t c3uses
shoriness of breath, coughing or wheezing or whistling in the chest. Asthma attacks can be
triggercd by a variety. of factors including exercise, infection, pollen, atletgies and stress. It

can also be tnggered by sensitivity (0 non-allergic types of poliutants present in the air such

as smog.
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Chronic Obstructive Pulmonary Disease (COPD): [t is also known as chronic obstruclive
lung discase ond cncompasses two mejor disorders; emphysema and chronic beonchitis.
Emphysema is a chroni¢ disorder in which the walls and clasticity of 1he alveoli are
damaged. Chronic bronchitis is characicrized by inflammation of the cells lining the inside
of bronchi. which increases the risk of infection and obstructs airflow in and oul of the lung.
Smoking is responsible for approximately 80% of COPD cascs while other forms of air
pollution may also influcncc the development of thesc discases, Symptoms include cough,
production of mucous and shoriness of breath. [t is important o note that no cure exisis for
people suffering from COPD alihough healthy lifestyle and appropriate medication can help
(liealth Canada, 2006).

LLung Cancer: It is the most common c¢ausc of death due (o cancer in women and men,
Cigarette smoke contains various carcinogens and {s responsible for most cases of this often
fotal discase. The symptoms of lung concer begin silently and then progress (o chronic
cough, wheezing and chest pain. Air poliution ltas been linked somewhal weakly (o lung
cancer (HHcalith Canada, 2006).

Coronary Ariery Disease: It refers to the nammowing or blocking of the artenies or blood
vessels that supply blood to the heart. This disease includes angina and heart ottack which
share similar symploms o [ pain or pressure int the chest UnliSe ongina, the symptoms caused
by heant otiack do not subside with rest and may cause permanent dainage to the heant.
Smoking. lack of exercise, excess weight, high cholesterol levels in the blood, family history

ond high blood pressurc are some of the factors that may coniribute to this discase (llealth

Canada, 2006).

I3enrt Failure: [1 Is a condition in which the hecart 1s unable to cope wilth its work load of
pumping blood to the lungs and the rest of the body. The most comston causc is severe

coronaty astery: discase. The main sympioms arc shoniness of breath and swelling of the

ankles and feel,

Heart-Rhy.thm I'roblems: They are irrcgular or abnormal rhythms of the heartbeal. In some
cases heajt.rhythm problems arc coused by coronary ortery’ discase. Symptoms of heart-
rhythm problems inftuticring in the chest (palpilation) and feeling light-headcd. Some hean-

rhythm problems are lifc-threatening and necd emergency ircatment (11calth Canada, 2006).
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2,14 Population ai risk of Respiralory §ymploms

Although evcryonc is al fisk fram the health cifects of air pollution, ceitain sub-populations
are more susceptible: Individual reactions to air contaminants depend on severl factors such
as the ty pe of pollutant, the degree of cxposure and how much of the poliutant is prescnt,

Age and hcalth are also important lactors {llcalth Canada, 2006).

There are some populations swhich are parlicularly susceptible 10 the eflects of traftic-related
pollution. These include foetuses and children, the clderly, and those with pre-existing
breathing and hean pioblems. {lowcever, healthy individuals are also ot risk of these eifecls

from both shoit-term cxposurcs as well as chronic exposure over several years or a lifetime

(Mckecown, 2007).

The human foctus is parlicularly suscepliblc to the clfects of traflic-related pollution given
physiofogical immaturity. A study of the genotoxic effects of exposure to PAlfs in pregnant
mothers in Manhattan, Poland. and China uscd personal air monitors 10 assess exposure (0 aif
pollution. This study reported that in utcro exposure increases DNA damage and carcinogenic
1isk (o the foclus (Percra ef al.. 2005). Prenatal cxposure to high levels of PAtis has been
associated with decreased subseqQuent cognitive development a1 3 ycars of age (Percra ef al,
2006). Focta) growth impairment has also been linked (0 ¢n utcro exposure (0 airbome PALs,

even at relatively low levels of exposure (Choi et /., 2006)

Scveral studies suggest that the etlcct size from exposurc to trailic-relaicd pollution is greater
among the clderly than other age groups (Goldberg ef «f., 2001. Popc 2000, Zcka ot al,
2005). Thesc individuals are also likely 1o have pre-cxisting ilincss and have been subject to o
lifctitne of exposure. Individuals wilh pre-cxisting illness are patiicularly vulnerable (o the
clfcets of trafTic-related pollution, cspecially those with illnesses with systemic elfects like
diabetes and coancer. It has been reported that increased lev els of CO cxacerbate hean
problems in individuals with both casdiac and other discascs {Bumett ¢z al., 1998b). Sevcral
siudics support the suggestion that individuals with diabetes are panicularly at risk of
suffering from hcart discase during periods when air pollution s lngh (Goldberg er of. 2006,
O'Neill ¢r al,, 2005: O'Neill er al, 2007). This has been attribuled to the elfects of fine

particles and elecmental corbon as well as other components of the air pollution mixture.
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A slightly higher risk of monality associaicd with vehicle-related pollutants has been
associated With low sociocconomic status (SES). a variable 1hat i1s known 10 be correlated
with health stolus: This clTect may result from the lact that individuals of low SES may live
in lower valuec dwellings that ore in close proximity (0 major roads and thercfore at a higher
risk of cxposure (Smargiassi er of., 2006). Furthermore, vehicles may be newer and creaice
less pollution in high SES ncighbourhoods, with homes with beticr ventilation and insulation
to ofTer prolection against these ctlccts (Ponce ef o/, 2005).

.15 Lung Capaclty

Lung capacities refer to the volume of air associated with diffcrent phases of the respiratory
cycle. The average total lung capacity ofan adult human male is about 6 litres of air, but only
a small amoun! of this capacity is used during normal breathing (Guyton er af, 2005), Lung
copacily is rclated to body size. and standing hecight Is the most important correlotling
varioble, In children and adolescents, lung growth appears 0 lag behind the increase in
standing hcight during the growth spurt, and there is a shilt in the relationship between lung
volume and height during adolcscence (Dockery, 2001). Height gronth in young males
between 12.5 and I8 ycass of oge peaks | ycar before the growth rate of weight and Forced
Vital Capacity (FVC). and 1.5 ycats before 1the growth mte of maximum flow at 50% FVC.
In young females, growth rates of all spirometnic indices decrease over the same age range
Using simple allomctric relotionships beiween staruee and lung volumes, volume paicediclions

are too high in the youngest age group and too low in the oldest adotescents.

Furthermore, for the same standing height, young males have greater lung function values
than young females, and Coucasians have greater value than blacks. Lung function incrcases
lincarly with age until adolescent growih spurt at age 10 years in fcmalcs and 12 years in

moles. The putmonaty function versus height relalionship shifis with age during adolescence

(Dockery, 2001).

Individuals who live at sea !evel will develop a slightly smaller lung copacity than those who
spend their life at a high altitude, This is because the paitial pressure of oxygen is lower al
higher altitude which, as a eesult mcans that oxygen less readily diffuses inlo the
bloodstream, In response 10 higher altitude, the body’s ditlusing capacity increases in order to

ptocess more ar. When indivtduals living at or ncar sea level 1ravels (o locations at high
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altitudes (e.8., the Andes, Denver, Colorado, Tibet. the Himalayas, ctc.) that person can
develop a condition called altitude sickness because their lungs remove adequate amounts of
carbon dio¥ide but they do not take in enough oxygen, (In normal individuals, carbon dioxide

is the pnmary determinant of respiratory drive.) (Guyton e/ at.. 2005),

2.16 Pulmonsry Function Test

Pulmonary I'unction Testing (PFT) is a complete cvaluation of the respirloty system
including patient history, physical examinations, chest x-ray cxaminalicas, arterial! blood gas
analysis, and tests of pulmonary function, The primary purpose of pulmonary function testing
is (o identity the sevcrity of pulmonary impsimment. There is evidence of considerable

vartations in pulmonary function in different ethnic groups and across gencrations (Ostrowski

cial., 2005).

Rapid lung growth begins in ulero and continues until the late teens in girls and carly 20s in
boys. Lung function reaches a maximum by 18-20 years of age in females and 22-25 years in
males. Some inales may show a small increment in lung function into their mid-20's. Lung
function varics widely among adults. The big difference in lung function in adults are due 0
attained lung function at maturity, which can difter by a factor of (wo for individuals of the
same age, sex. height, weight and mce (Dockery er al., 2005), Thus, factors that can affect
growth of lung function in chiidhood are important in determining the level of lung function
in adulthood. Lung function test (LFTs) have evolved from tools for physiologic study to
clinical tools widely uscd in assessing the respiratory siatus. In addition they have become a
part of routine health examinations in respiratoly, occupational. and sports medicine,
However, the results of LFIs should be inlcrpreted in relation 10 reference values, and in

terms of whether or not they are considercd to be within the normal ranges (Quanjer ¢t a/..

199]).

Sprrometty, the most frequently performed puimonaty function test (PFT) is the comerstone
of occupstional respirlory ecvaluation programs. In the oceupational health sciting,
spiromctyy. plays a critical role in the primary, sccondary, and teniary prevention of
workplace.related lung disease (ACOEM, 2000). ht 1s used for both screening and clinical

cvaluations, spirometry tests are performed in a variely of venues ranging from small elinical

practices 0 |arge lestung facilitics and multiple plant medical depanments within an industey
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Spiromelry s a physiological test that measures how an individual inhales or exhales

volumes of air as a function of time, The primary signal measurcd In spiromelry may be

volume or flow: {1 is invaluable as a screening test of genernl respiratory health in the same

way that blood pressure provides important information about general cardiovascular health,

However. on jts own, it does not lead elinicians directly (o an aetiological diagnosis (Miller ¢f

al., 2009):

The common lung funetion indicators measured with spirometry are:

10

g

Forced Vital Capacity (FVC): This mcasures the amount of air an individual can exhale
with force alter inhaling as deeply as possible.

Foreed Expiratory Volume (FEV); This mcasures the amount of air an individual con
exhale with force in one breathe. The amount of arr exhaled may be measured at |
second (FEV,), 2 seconds (FEV;) or 3 seconds (FEV)), even up 10 6 seconds (FL:V,).
FEV1 divided by FVC can also be determined.

Foreed Expiratory Flow 25% (o 75%. This measures the air flow holfway through an
exhale.

Peak Explrntory Flow (IPEF): This measures how quickly an individual can exhale. [t is
usually measured ot the same time as Forced Vital Capacity (FVC)

Masimum Voluniary Vealtilation (MYV): This measutes the greatest onmount of air an
individual can breathe in and out during one minule.

Slow Vitai Capucity (SVC): Tlus measures the amount of air an individual can slow'ly

cxhale ofler inhaling as deeply as possible-
Total Lung Capaciiy (T.C): This measuses the amount of air in the lungs afler inhaling

as deeply as possible.
Funclional Resldual Capacity (FRC): This measures the smount of air in the lungs at

the end of 0 normal exhaled breathe-
Residual Volume (RV)- This measure the amount of air in the lungs olter an individual

has exhaled completely. It can be done by breathing in helium or nitrogen gas and seeing

how much is exhaled.
Expirntory Reserve Volume (ERV): This measures the ditf¢rence betwern the amount

of air in the lungs aftee a normal exhale (FRC) and the amount afier exhaling with force

(RV).
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The most important parameters of spirometry are the forced vilal capacily (FVC). which is
the volume delivered during an expiiation made as forecfully and complictely as possible
starting from full inspiration, and the forced expinmtory volume (FEV) in onc second, whichiis

the volume delivered in the Jirst second of an FVC manoeuvre (Miller, 2005).

The splromctry mancuver may be divided into the following three steps (or phases), cach of
which requires a diflerent type of effort: (1) **take a deep breath®* (maximal inhalation); (2)
*“*blast out your air** (maximal exhalatlon elTort); and (3) "*keep blowing until ell your air is
gonc™* (prolonged exhalation). Poor effort may occur during any (or all) of these steps and is
usually due to suboptiinal interaction between the technicion and the subject. A sub-maximal
inhalation falsely reduces the PEF, FEV,, and FVC values, A sub-maximal inhalation falscly
reduces the ’ET values, variably alYects the FEV; values, and may incrcase the FVC values.
A premature tennination of the cxhalation falsely reduces only the FVC values provided the
termination occurs afier the first second. Quality assurance measurcments ore designed to
detect all these faults and, thereby, to identify any poorly perfonnned mancuver or test session
Ibat could result in {alse-positive or {alse-negative diagnasis in the clinical setling or in

incrcased measurement noisc/bias in epidemiologic and intervention studies (Enright e2 al..

2000),

2.17 Effect of Alr Pollutants on Lung Fuaction Stalus

Occupational exposure to dust is a well.known phenomenon, cspecially in developing
countries (Algbedion er al.. 2007: Fatusi ef al. 1996). Although sources of air pollutants
include power plants, ccment (actories, relincrics and petrochemical industries, the emission
of patticulotes is quite high from quarrics (Oluscgun e/ af., 2009). The health impacts of
wosking in stonec quastying industiy have been weil documented (Oxman et al., 1993),
individuals working in dusty environment have becn found to canty the risk of inhaling
particulate maerials (c.g.. silica) that may Jead to adverse respiratory ellccts, (Park, 2007)

such as chronic bronchitis, emphyscma, acutc and chronic silicosis lung cancer, lung

function impairment e.l.c (Kasper. 2008). The occupationally reiated lung diseases are most
likely due to the deposition of dust in the lung and are influcnced by the 1ype of dusts, the

period of exposure, the concentsation and the size of the airbome dust in the bscathing zone

(Mengesha, 1598).
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Nwibo er ol 2012 conducicd a siudy on Pulmonary Problems among Quarry Workers of
Sione Crushing Indusirial Sile in Umuogliara communily in E2eo North Local Government
Arca of Ebonyi Staic, Nigeria- They found out that only 13.7% of the dust-exposcd workers
had their mean I'EV;values between the ranges of 4.00-6.50Lindicating that the fung
function of majority of the respondents had been impaited. The significant deeline in the
mean FE V1 ond ¥ VC values and the ncgative comrclation between duration of work and FEV;

(r ™ -0,198, p<0.05) showed that the longer the respondent was exposed st work, the lower

the values:

A swudy by Ingle e/ al., 2005 in India indicaicd o lung function cfliciency of the traffic
policemen exposed (0 vchicular pollution. Similar observations were repoited by Gupla ef
al, 1988 in the rubber factory workers exposed to particulaies prevailing at work place
enviconment. The Forced Vital Capacity (FVC) was 82% of the expecied In traffic
policemen. while the control group shows99% cfliciency. Though the Forced Vitzl Capacity
(FVC) of taflic policemen was less than the control group, it was not much affecied like
FEV: ond PEFR. The Forced Expiratory Volume in one sccond (FE V) of traffic policemen
was affected severely. [t shows 0.81 L dilterence in the expected and observed FEV of the
subjecL This conlirms the delinite acute efYect on forced exptmiory volume (FEV)) in the
traflic policemen. Shanna ¢t al., 2004 studied the effects of air pollution on the respiratory
health of subjects who lived in three arcas of Kanpur. India. They observed that subjeels who
1esided al clean arca performed at predicted values more often than did subjeets who lived ot
move polluled arca. Subjects who svere more exposed o air pollution demonsuated o
substantial average deficit in bascline FVC and FE Vi. Funthermore. o study by Forbes ¢r af.,
2009 in England showed that aduli FEV, was associsted with average outdoor ¢oncenirations
of PM10, NO, and SO; estimaled for postcode scctor of residence. The size of the effect on
populotion mean FEV,, expressed for an increase in poliutant lovel of 10 mg/m’ was about
3% for PMo. and 0 7% for NO; and SO:. The associations were strongest in men, older
adults and In ex-smokery, and were independent of active and pIssive smoking. social class,

region and month of testing
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METHOD@ILOCGY
31 Study Deslgn

The study' design wos a descriptive cross.sectional suncy with a compamlive approach.
Respondents which are police officers were calegorized based on their exposure stalus;

* Traflic wardens (thosc exposed to vehicular emissions duting the performance of their
day to day sciivities).
e Regular Policemen (that are not cxposed to vehicular emissions during the

performance of their activilies).

It involved eollection of bascline dain on perception of police oflicers about air Quality and
the health problems they are experiencing. An exposure assessment involving pulmonary

function test of police oflicers was also canied out.

32 Study Area

The study was carried out in Ibadan North and Northeast Local Govemment Arcas
tespectively. Ibadan is the capitnl city of @yo Siate and the largest indigenous city in West
Alvica. It is located in the south-westem region of Nigeria. It is 130Km inland from Lagos
and is o prominent transit point between the coastal region and the arcas (o the nonh. It lies
between lathude 7° and 9°30° cast of prime meridisn. Ibadan covers a land arca of 12
kilomeires mdius_ It has an altitude generally ranging fromn [52m 1o 213m with isolated
ridges and peaks rising to 274m. Its population 15 estumated (o be about 3 §million aceording

to the \'ationsal Population Commission’s 2006 census cstimates (NPC. 2006). The princepal
inhabitants of the city: arc the Yorubas (3rown, 2009).

3.2.1 Bricl description of Ibadan North Local Government Areg

Ibadan North Local Government was founded by the Federal Military’ Government of Nigeria
on 27 of September 1991. The Local Government was carved out of the defunet Ibadan
Municipal Government along with others, The components of the Local Goyvernment coy e
areas betw cen Deerc roundabout through Oke-Are (o Mokols, Oke-itunu and ljokodo' The
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othesr components are ascas from Becre roundabout (0 Gate, Idi-ape o Bashorun and up To
Logos/ibadan Exptess way, Secretariat, Bodija, University of Ibadan and Agbowo arcas. The
headquatters of the Local Government is Bodijs. The Local Government headquaiters is
tcmporasily accommodatcd at Quarter 87 at Government Reserved Area in Agodi where the
Secretariat is located. Ibadan North Local Government is bounded by other L.G.As including
AKinyele, 1do, Ibadan Southwest, badan Southeast ond Lagelu L.G.A’s. Ibadan Noith Local
Government hus o population of about 308,119 people, comprising 152.608 males and
females (National Population Commission. 2006). Using a growth rate of 3.2% from 2006
census, the 200 estimnted population for the Local Government ases is put at 347,998

people.
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Table 3.1: lbadan Nurth Local Govcraoment \Wards

EI NO WARDS

I Beere, keninke, Agbadagbudu, Oke Are, Odo Oye
2  Odo Oole, lnalende, Oniyanrin and Oke Oloro
3  Adeoyo. Yemetu, Oke Aremo and Isale Alfa

N 4+ lhuteba, Idi omo, Oje lgodun, Kube, Oke apon. Abenla. Alino/Towal gorden and
1 NTA arca

S gashorun, Oluwo Ashi, Akingbolu, lkolaba and Gate
6 Sabo Arca

7  Okc lunu, Cocacole and Oremeji Areas

8  Soango. ljokodo

9  Mokole, Ago tapa and premier llotel Areas

0  Bodija. Secrctariat, Awolowo. Obasa. Sanusi

i1 Samonda, Polytechnic, University of ibadan

12 Agbowo Bodija matket, Ojuirin, Barika. Iso pako, L agos/lbadan Express Road

Source; Brown, 2009
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3..2 Dricl description of 1hadan Nortbeast Local Goverament Arca

lbadan Northeast Local Govemment has a land mass of about |8 km squarc. This fcature
makes it onc of the smallest LGA's in Oyo State, The Local Govemment administmiive
headquasters is at [wo road. [badan Northeast Local Govemment Is approximately 120 km
from Lagos by the most direct routc and 440km from Abuja, Federal Capital Tenzitory (FCT).
it is bound by Zcnith bank Pic and Oba AKinycle shopping complex in the west and cast
respcctively, (badon Northemst Local Govemment has a populstion figure of 330,399
accoiding to the ling] result of 2006 census relcased by the National Populaion Commission
(NPC). There are 12 wards within the L.ocal Govemment Arca
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Stnic showing the 33 Local Governmeol Areas

Figl.1: Mapof Oyo |
Ibadan North Local Government Authority

Source: Town plaoning Dcpartment,
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3.} Description of sampling points

The tist of malor trafTic intersections where 1rafTic wardens perform theirday to day activities
was obtained from the Divisional Traffic Oiticers (DTO) inthe respective police stations in
the two Local Governments. Simple random sampling then was used 10 sclect thiricen
interscctions from the cightecen major road intessections within the two Local Govemment
Areas which serveas the sampling point (SP) for Ihe study. (See table 3.2)

3.} Sampling uroccdure

A 1o1al sampling of oll police ofiicers in the two Local Governments was carried out for the
survey: A systematlc random sampling was used (0 select participants for the human

exposurc assessment (See able 3.3)

3.5 Determinution of sampling covrdinates and production of risk maps

A hand held battery-ponered factory calibmied Gannin Geogrophical Positloning System
(GP'S) (Sce Plate 3.1) was used 1o determinc the geographical coordinates of the locations
selecied for air quality assessment. The GP'S is a saictiic based navigation sysicm that sends
ond rececives the radio signal and provides information on location. velocily and time, 24
hours a day, in any wealher in the world. The GI'S was obuined from the Department of

Cnvironmental | icalth Selences, College of Medicine, University of (badan

The eoordinates was enltered into Google canh software. The mean concentration of sulphur
dioxide, carbon inonoxidc and nitrogen dloxide at the sampling locations was elassified into
three calegorics acconiing o the Unilcd Staies Environmental Protection Ageney (USEPA)
critcria for determining ambient air quality: For sulphur dioxide: low risk (0 —~ 0.03ppm),
modcralc risk (0 03 — 0.04ppm) and high risk (> 0.06ppm). for carbon monoxide: low risk (0
_ 4.0ppm). moderate risk (4.1 - 6.0ppm) and high nsk (>9.0ppm) while the risk level of
nitrogen dioxide was classificd as: low risk (0 — 0.03ppm). moderate risk (0-03 ~ 0.04ppm),
and high risk (> 0.06ppm), A red place mark was used 10 represent areas with very' high rigk,

a blue placc-mark was used (0 represent arcas with moderate risk while a green place-mark

was uscd 10 represent arcas with low risk

63

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Plate J.1: A GARMAIN GI'S
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Table 3.2: Description of Sampling Poiats

SN Sam pling arca Sampling code Description

} Mokola LI Inalende junction, in front of Total filling stetion
2 Mokola L2 In front of AP Petrol station

3 Sango L3 Sango cemetery junction

4 Sango LA In front of Towl Petsol siation

5 University of 1badan LS At the main enwance gate of the University opposite the rpad thal cnters

Agbowo community.

6 Bodisa L6 Entrance to Bodija abbatoir in front of First Bank

7 Bodija L7 Oju irin juaction opposite Ola mummy' lood canteen

B Osuntokun avenue L8 in front of Zenith bank

9 Awolowo avenue L9 Awolowo junction, in front of UBA Bank

10 Total Garden L10 Total garden junction opposite Orita-mefa Baptist Church
11 Agodi gatc L1 Entrance of Agodi gale spase pans market

12 Idi ape L12 Opposite Mr Bipggs Restzurant

13 Oremc;ji L13

Junction before Oremeji overlicad bridge
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Table 3.2: NDescription of Sampling Points

SIN Sampling area Sampling code Description

) Mokola LI Inalende junction, in front of Total filling station
2/ Mokola 7. In front of AP Petrol station

3 Sango L3 Sango cemclery’ junction

4 Sango L4 In ffoat of Total Petro) station

b] University of Ibadan LS At the main entrance gate of the University opposite the 10ad that enters

Agbowo community.

6 Bodija L6 Enuance 10 Bodija abbatoir in front of First Bank

7 Bodija L7 Oju irin junction opposite Ola mummy food canteen

8 Osuntokun avenue L8 In frontof Zenith bank

9 Awolowo avenue L9 Awolowo junetion, tn frontof UBA Bank

0 Total Gorden LIO Total garden junction opposite Orita-mela Baptist Church
11 Agodi gate LIl Entrance of Agadi gale spasc pasts markct

12 Idi1 ape L2 Opposite Mr Biggs Restaurant

13 Oremeyi L13 Junction before Oremeyi overhead bridge
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3.6 Ficld sanipling of air quality parameclcers

Goseous ond particulate matiler sampling was carried out for a period of twelve weeks (June-
August. 201 1). The mcasurements were done twice within the working days of the week for
cach of the sampling points and onec weekend. Ssmpling was carried out in the momimg
{6am-8om), allernoon (12pm-2pm) and evening (4pin-6pm). The purposc of this periodic
determination of the air quality parameters was to identify peal: periods for these parameters

which arc duc to variation in the traffic density and also the locstion of the sampling points

3.7 Study Populatlon

The study population comprised police olficers (urafTic wardens and regulor police officers)
working in lbadon Notth and Northcast Local Govemments.

3.8 Elipibility criterin for study particlpants
3.8.1 Inclusion Criterin
The inclusion criteria for thls study were that study participants.

o Must have been a Police ofYicer for at least three years.

o Must have been working in the Local Govemment Aress for at Ieast six month.

3.8.2 LExclusion Crilerio
The following exclusion criteria werc observed for the study:

« Policcmen thaet weree just transferred o the Locol Govemmesit that have not spent up

to six months werce left out.
+« New, police recruits who have not spend up 1o three years in service weee left oul.
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3.9 Sample Size Determinatlon

Using the formula below, the required sample size was calculated as follows:
N = [{(ZiaoYPoAl-Po)*+ Z 14 XPuI-P) I

(Po-Pi)?

Whcre!
N = the desired samnple size
Z 1. n™ standard devistion at 5% level of signilicance = 1.96
Z 1.p = standard deviation cotresponding to 95% power = 1.28
Pi = prevalence o fcough among traffic wardens in Bangalore = 27%

P2= prcvalence of cough among non-trafTic police officers in Bangalore = 14.40%

N= x + v0,144 (1-0.144) 12

(0.27-0.144)°

= [0.8702 +0.4495F
0.015876

- “2191]2

0.015876

= §09.69 (approx 110)

10% of 110, would be added to take care of aftrition (no response)

Ne 110+ 11 =21

Since tlie study is a compamiive cross sectional design, the sainple size would be doubled in

order 10 account for the comparative group and for betler precision in the study.

Therfore N= 242
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310 Air qualhy sampling
3.10.1 Particulatc mattcrlcvcl determination

An Envirotech personal respirable dust sampler model APM 801 was used to delemMtine
yaffic worden's exposure lo total suspended particulatc matier (sce plate 3.2). The sampler is
made up of a rotameter (pump unit) which houscs a OC 6V rechargeable baticry, s sampling
head (which holds the filter paper) to be worn on the collar of the worker so that it could suck
air from his breathing zone, a flexible wbe (which connects the sampling head 1o the

rolemeter) and a side clamp (which allows the institument 1o be wom on the belt of the

worker),

The sampler was used 10 collect ssmples of air borme particles ot diffcrent sampling points.
The particles (PMjoy,) were collected by drawing air theough a weighed high cfficiency
(sntall pore size) microfiber filier housed in a icak proof teflon filter holder fitted ot the top of
thesampling hecad a1 a known volumetric flow rate. The flexible tube was used to connect the
sgrupling head 10 the puinp unit and the pump was started and sct 8t desired flow mte. The
sampler was tumed on and allowed to run for two minutes to ensure that there were no loose
connections. The pump unil was then auached to the beh of traffic wardens through its clip.
The flcxible tube was passed through the traffic wardens shint and the sampler head was

clipped to the collar oftheir shirt so that it was close 10 their breathing zone (see plate 3.-4),

The sampler was then swilched on and allowed 10 run for two hours. The initia} flow rate of
the samplcr was noted at the dbeginning of sampling. The final Mlow rate of the sampler was

obtaincd just before the unit was swilched ofY o obrain the average flow rate
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#
f-‘ Enwiralech

Plate 3.3a: Filter paper before sampling Plate 3.3b: Filicr paper afler sampling
showing concentric ring of dust particles
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" The filter paper was carefully removed and placed in the desiccator to remove moisture. The
' {iller paper was then reweighed to determine the net gain in the collected panticulate matter.

The result was expressed in micrograms per cubic meter (pg/m’) of air sampled.

PM Concentrtion (C) = (W, -Wp) X 10°
T(Ri+R2)
2

\Where Wo = [nitial weigin of filter paper before sampling (mg)
Wy = Final weight of filter poper after sampling (mg)
R1 = Initial flow rate before stont of sampling
Rz = Final Nlow rate just before the unit Is tumed ofY

T = Sampling time in minutes
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Plate 3.5: Sampler unit strappeil to the belt of o tratiic warden
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Plate 3.6: A traffic warden on duty with the personal respriruble dust sampler
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3.10.2CGascous emisslans deicrmination

TrafYic related air pollutants levels comprising casbon monoxide (CO), Sutphur dioxide (SO-)
and Nitrogen dioxide (NO1) were determined using cxiech carbon monoxide monitor model
COI0. environmental sensors sulphur dioxide monitor model Z-13060 and environmental
sensors nitrogen dioxide monitor mode] Z-1400 respectively. Prior calibration of the monitofs
was done according lo standard proccdures. Tlic gas monitors were hand held st the sampling

Jocations and stretched at arm's length 10 determine the ambicnt levels of the polfutans.

Measusements were Laken 81 cach sampling location and the means were computed.

Platc 3.7: Air gamplers: nitrogen diovide and suiphur dioside monitors model 2-1400

ond Z-31300 respectisely.
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Platc 3.8: Extcch carbon nionoxide monltor inodel COI10

3.10.30n-silc obscrvations

Anobservational checklist was used to assess the following;

¢ Location of sampling point

e Nasturc of road

®* Aclivities within and around the study site

3.10.3.1 Traffic dcnsity estiniation

According 1o Abam et af.. 2009. tallic density can be estimatcd through manual counling.

Three research assistants were recruited 1o count the number of cars. buses. bikes and g;ucks

that pass through the sampling points for a period of 10 minuics and this was used to estimate
lhe hourly wraflic density. This is then comipared with the standard sct by (Ozkurt ¢/ al.,

2009). The imflic density is calculated ns the number of vehicles or aytomabiles over (the

time as showrt below:
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Density, = vV,
-

Density,: TrafTic density of vchicles type i

Viz Nuinber of vehicle type I that passed the road in time period T

T: Time period

The classitication of 1raffic density isdescribed below:

Calegory Cart/minuie Cars/hour
High TrafYic >30 >1600
Medium Traflic 10- 39 400 - 1600
Low TrafMic <10 <400

Source: Ozkun er al., 2009

J.11 Survecy

3.11.1 Qucstionnairce Administration

A 46 itcm semi structlurcd qucstionnnire was designed and used to elicit rRlcvant information

from police oflicers in the 1wo Local Governments. This instrument has four major sections:

Socio.demographic information, perception of itspondents of air quality, household

charactcristics and hcalth conditions. A pre-test was carried ost among Federal Road Safcty

Corps (FRSC) in Ibadon and a reliability value of 0.7 was calculated which showed that the

instument was valid and reliable 1o clicit vital information fom the respondents. Two

tesearch assistants were cmployed and trained on administration ol queslionnaires to the

cesPOndents. A total number of 247 quesﬁonnnims were adminisiered to both Traflic watdens

and Regular policemen.
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3.11.1.1 Pcrception Scoring

» Poin! Scale: §

» Maximum Score: | and Minimum Score: 0
s 50® percentile nnd Above = High Perception

e Below 50" Percentilc = Low Perception

3.12 lluman exposure asscssmcnt
3.12.1 Lung function test
3.12.2.1 Dcscription of particlpants

Panticipants recruited werc police officers thal took pant in the questionnaire suncy . Those
that show willingness to partake in the test and who also met the eligibility critesia for the 1est
were chosen from those that paniicipated in the survey. Systemotiec random sampling was
used 10 sclect 124 police ofTicers (61 traffic wordens and 63 regular policemen) representing
50% of thc study population (See table 3.3 for details). The proportion used in this study is

twice that used in o previous study catried out by Kogevinasct et af.. 1998.

3.12.2.2 Eligibility criteria for study participants for the lung function test
The major criteria for selection of study participants were as (ollows:

e Participants must not have a family histoiy of respirotory symplom or disecasc from
the response got {rom questionnaire.

* Panticipants must be a non-smoker.

¢ Panticipants must be willing to take port in the test.

* Panticipants must have been a police officer for at least 3 years.

The rationale behind the above eligibility criteria was 10 reduce the influcnce of confounders,

3.12.2.3 Materials for lung function test
Spiromcicr: A white digitel spiromelcr was U

FEV| paranicicr used in assessing Jung function.

sed by the sclected paricipants to dcterminc

7
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Mouthplece: 124 mouthpieces for the 124 participants were anached to the spirometer before
usage lo avoid mouth infeciious discase.

Welghing scale: This instrument is used for measuring the weight of the lung function test
participants (o be able to dctermine the ML

i test
Platc 3.9: A participaut vadcrRoIng lung funclion tcs
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Table 3.3: Proportional allocation of participants for spiromelsy -

Local Covernment  Occupation Number of Proportional Participants for Systematic ssmpling
participants allocatian (50%) spiromcetry strateyy =
Ibadan Nortls T™™ 83 (50°153yl00=T77 42 153/83 =2
RP 70 35 153/70 =2
Total 153 17
ibadan Nortlicast TV 39 (50*94)/100 =47 19 NG9 =2
RP S5 28 94/55 =2
Toul 94 47
Key

TW = Traflic waudens

RP = Regular police officer
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:Mun:rule: Tlte long meire rod was used t0 mcasure the heighi of the panticipanis for both
lung function and BMI estimetions.

Lung function calculotor:

: 1his is the instrument uyed in calculaling the expecied jung
fanciion value of people afier Inserting the 0ge, s¢x and height of the paiticipant. The
programmed value on the calculntor which is the expected lung function s the lung function

value of o s;milat healthy black population.

3.12.2.4 Procedurc used In tlie Lung function test

Lung function test was carried out through the use of Ferraris digital spirometer to determine
the actual forced expiratory volume in one second (FEV,). A disposoble mouthpicce was
inserted al the lip of the spiromeler to prevent spread of mouth mfection among the
participants. The spirometer was calibrated 10 0.00 beforc the paiticiponts were asked to
Inhaie air and lotes exhale air with force into the spirometer. This was used on an individual
al threc manocuvres and the best i.c. the highest was recorded for each participant. The height
and wcight of the pasticipants were mcasured using a meler rule and weighing scale
respeclively to calculale the Body Mass index (BMI) and 1o be able 1o input thesr values into
the lung function colculetor in order 10 get the predicted FEV,. The actue! FEV,was
compared with the predicted FEV\ 10 reveal the vatiation between the values and percentage
predicicd FE V.

3.13 Dnia analysis

Questionnaires were serially numbcered for control and recall purposes ond data coltected
were checked for completeness and accuracy before it was then edited and coded manually,
The dota was impuicd into the computer while analysis was casticd out using SPSS sofiware

version 16. Descriptive statistics (proportions. mcans and standard deviations) was employed.

Chi square was used to test for association between qualilalive variables [fom the

questionnaite survey. ANOVA was used 1o determine the diffcrence in the mean levels of

respirable suspended particulote matter (RSPM) ond tealfie related air pollutants at different

sampling points and time s well as determining the variation between the observed values

and the guideline limits. Speanmnan-Ronk correlation test was used 10 establish relationship

between the particulate burden and lung function slatus of traffic wardens as well as the

relationship benween the concenirafion of the tral¥ic.related air pollutants and raffic density.

Allanalysis was carried out at 5% Jevel of significance
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14 Informed consent and Ethical Cansideration

Ethical approval was obtained from the joint UIVUCH institutional review boasd (sec

appendix V). Informed consent informing respondents’ on their right 10 cither to take part or

not was donc bcfore any interaction wilh the respondent afier laving showsn full

understanding of the siudy. Confidentiality of information obtained from respondefnis Was

ensurcd. Identificrs were stripped from the respondents’ responses and number codes used for
respondent-

1.

Non-Muleficence: This research did not in any way Inflict harm on the partictpants and

cvery participant was ircated cqually as much as possible.

Confidentiality of Dmia: Assurance of sbsoluic eonfidentiality and all information
provided by the rescarch participant were kept secret, nol to be used in a non-research

purpose.

Disclosurc of Informntion: All rescarch participants werc duly snformed of all the
process involved in the rescarch before commencement of the project. No biological
samples werc collected

Beneficonce to participants: The pasticipants of this study benefited from free
pulmonary funclion test,

Right to withdraw from study: Rescarch participants who wish (o withdraw from the

study. were free lo do s0. at any' poini in lime, without any fear:
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CIIAPTER FOUR

RESULTS

Tlus chapter presents the results of the gaseous emissions and particulate marter monitoring

across the selceled sampling points. The results from the questionnaire survey which included

informatlon on socio-demographic characteristies, PCreeplion on air quality. houschold

characieristics and health conditions of respondents firom the two LGA's arc also presenied,
Also included in this chapler are the resul(s of the lung funclion tests casried ouvt on 8 subsel
of the study population.

3.1 Geaeral deseription of sampling locations

Table 4.1 shows the onsite obscrvations rclated to air quality in the sclecied sampling
locations. Majorily of the sampling locations were situated in arcas with high eoinmertial

aclivily though there were no industries localed in the study sites.

Activities around the study sites include bush buming, construclion processes c.Le There
were also dumpsites and generalors in some study siies. Due to the presence of a cemelery’ at
location 3, the bushes in the ceinetery were regulorly cleared and bumt 1o beautsfy' it and this
accounied for generation of some air pollutants. Localion 4 1s suluvated around Sango market
while locations 6 and 7 are sited within the popular Bodija market- Usually, large volume of
waste is peneroled from markets and due to the ineiticiency in the disposal of waste in this
markcts, large expanse of land develop into dumpsite. Bumning of waste in this dumpsite also
contributcd 10 the poor air quality in these arces. Generator emission was also a major
menace al location S because of its closencess to the main compus of the University of Ibadan

Due 10 the ermatic supply: of electricity in Nigeria, most commetcial ventures nround the

University, depend mainly. on generators.

The dualization of the road along location 10 increased the ol LIPS HChla e

gencrated in this area coupled with the fact thal it is the only location shere the road acound

it is not tarred.
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Tablc 4.3: General information about sampliog lucolions

Indicziors LI L2 L3 L4 L5 L6 L7 L8 19 L0 LI LIZ Li3

L.ocation of saempling point

Residential area + = - + ++ L + H =+ + + +—
Commercial activitics H+ e i A e e e
lﬂdﬂﬂ!ial &thiﬁﬁ - = w - x| L4 & - - - = - -

Nature of road network
Paved roads H+ R e e e . 4+
Unpaved (20aded carth ) roads . . - . - - . - = ++ < - ~

Activitics within and around study location

Bush buming - . + - . + + - - . - . -

Dumpsitc = - . . . - + . - . . . L

Genceralor emissions 2 ~ 4 + 4+ + ¢ o+ . T+ - =

Construction activities . - - - - - = . ~+ -~ =
Key: ++ + highly presen 4+ + modevaiely presenn + proenl - absent
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42 Trend of respirable parilcshite matter (PMgp) concentration at sampling locatlons

The trend of the particulaic matier concentrotions at the selected sampling locatiofis is
graphically shown in Figure 4.1. The valucs on the chan represcnt the concentrations
measuicd in cach locotion a1 three distinct periods (moming: 6am-8a.m, aflemoon: 12P.m-
2p.m and cvening: 4p.m-6p.m), Concentration of PM;p peaked at focation 10 (48.38 pc/mj)
during the evening period ond this is higher than the WHO guideline limit whilc the teast
conccnimotion wns recorded ot localion 7 during the moeing period. The highest
concentration of PMip in the moming was recorded at tocation 13 (16.13 pg/m’) whilc the
icas! concentmtion was recorded at location 2. PMyg concentration recorded at location L0

(48.39 pg/m’) was about four folds higher than the concentmtion during the moming hours
(10.75 p¥/m’).

The mean levels of PM o mcasuicd a1 various sampling points are graphically tepresented in
Figure 4.2. Thc values on the chart shows the mean pasticulate maticr concentration of the
locations ot three different periods (moming: 60.m-8a.m. afemcon: 12p.m-2p.m and
evening: 4p.m-6p.m) in comparison with the World Health Organization guideline limit
(W1IO) for air quality (25pg/m’). The mean particulste concentration in the moming,
altemoon and cvcning werc 10.12 4.34pg/m’. 23.80 + 1 1.89pgfm’ and 28.11 % 11.45ug/m’
respectively (p< 0.05) and they were higher than the World Health Organization guideline

limit for air quality exccpt during the moming and aflemoon sampling houss
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Figure 4.1: Treods in conceniralion of PMio at the sclected sampling locations
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4.3 Gascous Emlssions Concenlrution

$.3.1 Sulphur dioxide (SO,;) concentration

The Weekly mean concentrations of gascous emissions delennined at the thineen selecied

sampling locations are presenied in Tables 4.2 0 44

Table 42 show's the wcekly mean concentration of SOz across the 13 sampling localions at
various period of the doy (moming, evening and aftermoon). Levels of SO: measured at
location | were high in the motning, sflemoon and were at their peak In the evening with
conceniration as high as 1 .2dppm. This was higher than standard of 0.17ppm_

The least conceniration of SO was recorded at location 10 with concenteation ranging from
0.07ppm in the moming 1o 0.56ppm in the evening period. However they were alt above the
WHO guideline litnit of 0.17ppm. There was o signilicant difference in the concentrations of

SO: detennined ot each of the sampling point at ditlerent sampling periods (p<0.05).

SO; concentrations recorded al location 11 duing moming. aflemoon and evening sampling
periods showed that tocation || had the highest levels of SOz in all the 13 sampling points in
the o [.ocal Governments, Concentrations werc highest in the evening period and were all
abovc the WI10 guideline limit which is 0.17ppm (See Table 4.2). it was obsenrs ed that most

of the concentrations of SO: recorded during the evening period werc two folds higher than
the moming concentrations.

Figures 4.3 10 4.5 show, the comparison of mean concentration of SOy ot different periods in

all the 13 sampling posnts in compasison with WO guideline limit,
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4.3 Gascous Emissions Concentrution

3.1 Sulphur dloalde (80;) concentration

The weekly mean concentrations of Bascous cmissions determined at the thirteen selected

sampling locatlons are presented in Tables 4.2 to 4.4,

‘fable 42 shows the weekly mcan concentration of SO; across the 13 sampling locotions at

various period of the day (moming, evening and aflemoon), Levels of SOx measured al

location | were high in the moming, aftemoon and ‘vere at their peak in the evening with

concentration as high as |.24ppm. This was higher than standard of 0.1 7ppm.

The least concentration of SO; was recorded at location 10 with eoncentration ranging from
0.07ppm in the moming o 0.56ppm in the cvening petiod. However they were all above the
WHO guideline limit of 0. I7ppm. Therc was a significant differcace in the concentrations of

$0; determincd at each of the sampling point at dilferent sampling perniods (p<0.05).

SO: concentrotions recorded at location |1 during moming. aflemoon and evening sampling
petiods showved thot location |1 had the highest levels of SOz in all the |3 sompling points in
the wo Local Governments, Concentmtions werc highest in the evening penod and were all
abose the WO guidcline limit which is 0.1 7ppm (Scc Table 4.2). It was obsen ed that most
of the concentrations of SO+ rccorded dusing the evening period were two folds higher than

thc moming eoncenirations

Figures 4.3 1o 4.5 show the comparison of mean concenwation of SO; ot diflerent periods in

altthe 13 sampling points in compasison with \WVHO guideline limu
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able 4.2: Weckly mcan conceniration of SO; across locations at differenl periods

?__l:ocallom 62.m -8 n.n 12pm-2p.m ipm-6p.m - voluc
LI 0.2620.13 0831035 =

L2 0.36£1.33 0.95+0.43 1,50£0.72

L3 0.2440.17 0.7940.34 1. 47£0.87

L4 0.7240.35 1.23£0.54 1.24£0.75

LS 0.45£0.36 0.754£0.29 1 2420.87

<0.05

L6 0.5240.49 0.99+0.59 1.3540.46

L7 0.59+0.29 0.860.37 1.39:0.69

L8 0.60+0.26 0.75£0.47 1.1320.77

L9 0.8510.13 0.9740.52 1.3040.59

L10 0.07+0.06 0.37+0.31 0.56+0.39

Lil 0.70+0.3 | 1.69£0.42 2.0740.64

L12 0.640.32 1.1520.38 1.34£0.16

L13 0.5120.26 0.99+0.61 1.26+0.76
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33 Carbon (11) oxide concentration

Fable 1.3 shows the weckly mean concenuation of CO measured in all the 13 sampling

locations at various periods of the day (morming, evening and aflemoon)

O concentrations recorded 3t location 11 during both aflemoon and evening periods showed
that location 11 had the bighest conceniration ainongst all the 13 sampling points in the two
LGA’s except during the moming periods. All the evening concentrations were higher than
the aftemoon concentrations and these were all above 10ppin (WHO guidefine limits) (Sece
Table 4.3).

CO concentration at location 4 peaked in the cvening period (61.63ppm) while in the
moming period, CO concentration at location 4 was higher compared to location 1 1.

CO concentration was highest in the moming period at location 8 while it was lowes! ot
location 10.

The least concentration of CO was recoided at location 10 with concentration ranging from
6.88ppm in the moming to 30.38ppm in the cvening peiiod and they were all above the
Buideline limit of 10ppm. There was a signilicant diflercnce in the conceniration of CO

determined in cach of the sampling points at diflerent sampling period (p<0.05).

Figures 4.6 to 4.8 show tlic comparison of mean concentration of CO at difYerent periods for

the 13 sampling points with \WHIO guideline. CO concentrations at all sampling points were
above WLH{O guideline limit of 10ppm.
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""Locations Ga.m -8 a. m l:.’.p.m -2p.m dpm-6 nm TR

1i£35.10 34.04410.26 63.2012.06

1,2 12.9614.97 40.86215.13 66.23+31 48

L] 11.548.27 34.33410.24 60.04+28.12

L4 25.58410.88 41.871215.88 61.63+21.19

LS 23.70411.83 36.88£8.22 53.04£24.46

L6 19.78+8.10 41.39210.47 65.91.65£17

L7 25.67+9.10 38.21212.09 53.38+18.16 < 0.05

L8 31.67+10.06 40.6749. 17 50.011£8.36

t.9 26.29+6.92 36.1348.12 46.:(6+10.82

LIO 6.88+2.27 21.0-1+:8.89 30.38+8.09

Ltl 22.5426.35 50.38+19.53 66.20421.23

L2 24.68:8.04 41.15£13.0t 60+28.83

L13 28.20+11,70 43.42+21.99 55.04421.69
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Figure 4.7: Comparison of weckly mean CO concentration with WHO guideline limit
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Nitrogen dloxide (NO;) concentration

ic 4.4 shows the wcekly mean concentration of Nitrogen dioxide measured in all the (3

ling points at various periods of the day (moming, cvening and afternoon).

cls of NOz at location 1 were high in the moming and aflernoon but peaked in the
vening ‘ith concentrations of 0.04ppm. 0.12ppm and 0.20ppm respectively and they were
higher thon the guidceline limit of 0.17ppm except in the moming and aflemoon hours.
meentrations of NO2 in the moming hours in oll the sampling locations were oll below the

. tdeline limitof 0.17ppin.

The lcast concentration of NO; was recorded at location 5 with concentration ranging from
0.04ppm in thc moming to 0.12ppm in the evening period. Coneenusation of NO: during the
oftemoon and the cvening hourss were below the guideline limit. There was a significant
difference in the concentrations o f NOz determined in cach of the sampling points at different

sampling periods (p<0.05).

NO; conccnirotions during the moming and cvening periods peaked at location 12 while NQ;,
concentration peaked during the aftermoon period at location 1. All evening concentrations
were higher than the aftermoon and moming concentrations (Sce Table +4.4). Figures 4.9 10
4.11 show the comparison ol mcan concentration of NO;z at different periods in all the 13
locstions with \WHOQ guideline limit.
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;blc 1.4: Weekly mean cencentration of NO; across locations at different periods

Locations

6a.m-8a.m

12p.m - 2p.m

Jp.m - 6p.m I’- value
Ly 0.04 + 0.02 0.120.10 0204 0.11
12 0.08 +0.07 0.11£0.06 0.15 £0.08
L3 0.05+0.04 0.07 £ 0.05 0.13+£0.07
L4 0.07 £ 0.06 0.12 £0.07 0.18x0.10
LS 0.05 4 0.04 0.07 + 0.05 0.12+0.07
L6 0.06 £ 0.05 0.07 £ 0.03 0.13 £ 0.06
L? 0.07 £ 0.05 0.08 £ 0.06 0.15x0.10 <0.05
L8 0.08 £ 0.06 0.09 £ 0.05 0.14 £ 0.06
L9 0.08 £ 0.06 0.10x£ 0.06 0.15%0.07
L10 005+0.03 0.1040.05 0.14 £0.09
LIt 0.10 £0.05 0.18+0.11 0224£0.14
LI12 0.11 £0.07 0.15+0.09 023 £0.15
L13 0.06 £ 0.05 0.12 £ 0.07 0.16 £ 0.08
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Figure 4.9: Comparison of weckly mcon N@: cooccntration with WHO guidclinc limit for all the thirtcen locations in (he morning
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Mate 4.2: Risk map for mean concentration of carbon ([1) oxide at selected locations

neYy:
Risk Catepory Risk Symbol Range (ppm)
1tigh Risk ? >9
Moderate Risk ' 4.1-60
Low Risk ? 0-40

*L.Y Jnalende junction £.2 Mokola LY Sango cemetery 1.4 Sango junction LS University of 1badan main gaie { 6 Hodija 1.7 Bodip rallway junciion L8 Qsumnlokun svenue
1.9 Awolowo punction 110 Tosel garden LII Agodi guie L 12 Idi ape L1 Oremeji
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C ;llguslty cslimation
¥

ificant diffcrence i the number of vehicles across the sampling period was observed
the sampling locations. The weckly mecen wailic count recorded in the moming (6om _

i;,iﬂcmoon (12pm = Ipm) and cvening (4pm — Spm) across all the 13 sampling points
 presented in Tablc 4.5

nenlly. location 12 had the highest traitic count/hr (270.136) while location S had the
st troflic count/hr (197,382). Location 9 had the highest number of cars/hr (169, 394)
hilc location | hid the lowest number of carslir (80274), On the other hand, the highest

umber of buses/hr was recorded at locotion 4 (34. 564) while the lowest was recosded at

on 12 (18,276).

['unthcrmore, locotion 4 had the highest number of trucks/hr (4578); total number of trucks at
focation 12 was 3436 whilc location 8 had the lowest number of wuck/hr (2082). In addition
the totaf number of bikes/hr (a combinotion of total number of motorcy cles and tricycles) was
on the high sidc in locations |- 4 as well os locations 11-13. Location 11 had the highest
number of bikes/hr (144.550) and this was higher than the corresponding number of cars/hr
(57.170) nt this location while the lowest nuinber of bikes'hr was recorded ot location S

{43.552).
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Table 4.5: Weekly mcean traffic deasity for the sampling

Sampling Cars Buses Trucks
locations
Moraning Aftcrnoon Eveniag Moraiag Afternoon Fvening Morning Afternoon FEvening Morniag ANtermooa Frening
LI 655 1390 1652 252 354 317 39 53 55 665 1718 2424
12 1038 2118 2057 334 429 390 4] 66 57 1007 1973 2461
L3 102] 1985 2139 313 339 426 46 39 48 831 1600 1801
L4 1180 1843 2246 454 643 516 49 79 63 L4 1753 1996
LS 1674 1742 1945 581 533 425 38 44 bY| 563 651 685
L6 1524 178] 2150 373 419 335 27 96 b]| 652 850 866
L7 209] 2237 2460 345 94 3ol 22 44 39 957 632 722
1.8 1958 2183 2422 274 320 316 20 26 41 1004 900 1201
L9 2392 2209 2457 412 320 3% 28 39 28 1010 916 965
LI0 496 1470 1674 360 36l 414 26 49 37 387 1150 1283
L] 555 943 885 343 478 423 26 37 48 1699 2121 2203 |
L12 1886 2023 2096 300 431 324 38 48 58 116} 2010 2038
L13 2003 1865 1864 231 323 282 29 45! 13 1283 1908 181
* Dk es;: Moroecycks & Tricyeks —_—

‘LI inalende junciion 3 Mokolas (.3 Sangoccmaoy L4 Sango junclion 1S Uniseraity of lbadan main gate 16 Bodlja L7 Bodips raituay jusnction
LE Onavuckin gvenuc L9 Awolowo juncioa LIO Towl gaden LI Agodl eme L12 [diepe L1I Oremeii
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pact of tralflc dcnsity on the concentration of traflic- reloted air pollutants

“'3 1o 4.18 show Lhe outcome of the Pearson correlation lest between the
centrations of suiphur dioxide, nitrogen dioxide, corbon (lI) oxide and taflic count. A
positive correlotion was observed between concentration of sulphur dioxide and traffic
iy (1s = 0.73). Trallic count was found 1o be positively corvelaied with the concentratlon
c:atbon (t1) oxide (rs = 0.79) whilc a posilive correlation also existed betwecn teallic count
the concentration of nitrogen dioxide (rs = 0.60). Figures 4.16 0 4.17 also show the
gth of the linear relationship betwecn traflic count and concentration of sulphur dloxide
! = 53 1%) waflic count and concentration of nitrogen dioxide (R? = 36.0%) os well as
tnaflic count and concentration of catbon (11) oxide (R? = 61.8%).

AFRICAN DIGITAL HEf&H REPOSITORY PROJECT



ve 1346 00 2702
R'=0S83
®o
0.5 1 15 2 2.5 3

Conceatration of sulphur dloxlde (ppm)

Fleure 4.16: Relationship between traflic count and conceniralion of sulphur dloide
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ocho - demographlc characteristics of respandents

‘Sosio-demographic characteristics reported in Table 4.5 included scx. religion. cthnic
@ marital status and cducational status. Majority 87 (71.3%) of the Traffic wardens were
oales while 35 (28.7%) were females and the male 10 female ratio was 1:32. Among the

Regulos Policemen (RP), rnore than half of the respondents 83 (66.4%) were also males and
hemalc to female rotio was also 1:2 (Sce Table 4.6).

A higher proportion 96 (78.7%) of Trallic wardens were married whitle 26 (21.3%) weee
single. Among thc Regular Policemen, 95 (76.0%) were marricd while 29 (23 2%) and ]

{0:8%) were single and divorced respectively.

Majotity 47 (38.5%) of the Trallic wardens and Regular Policemen (44.8%) werc in the age
group 30-39 yrs, Age group 20-29 yrs accountcd for 21.3% of Trallic wardens and 19.2% of
Regular policenmen while 32 (26.2%) of Traftic wardens and 33 (26.4%) of Rcgular
Policemen were in the 40-49 yrs age group. 13.9% of TrafYic wardens and 9.6% of Regular
Policcmen were in the 50-59 yrs age group (Sce Figure 4.19).

Seveaty two (59.0%) Traffic wardens wcie Christians while 50 (41.0%0) were Muslims
compared 10 Regular Policemen where 84 (67.2%) were Christians and 39 (31.2%) and 2

(1.6%) were Muslims and traditionalists respeciively,

Majority of respondents combined (i.c. Tra(lic waidens and Recgular Policemen w€rc
Yocubas). Alorc than half 97 (79.5%) of the Traftic wardens weie Yorubas. 5 (4.1%) were
Hauses while 16 (13.1%), 3 (2.5%) and | (0.8%) were [bos. Edos and Igbira respectively. A
higher proportion 68 (54.4%) ol the Regulas Policemen were Yorubas. 14 (11.2%) werc
Hausas gnd 34 (27.2%) were Ibos, Other cthnic groups included Edo (2.49%). Elix (0.8%),

Boko (1.6%), Igaia (1.6%) and Igbira (0.8%).

(64.0%%) of Regular Policecmen had tertiary

In tenns of level of cducation, Majority 80 :
ively

' : : Spec
edication while 44 (35.2%) and | (0.8%) had sccondary and pnman educotion respe

. : d
tompared to Traftic wacdens Whcre more than hall 75 (61.5%) had scenddry CHlERME A2

47 (38.5) hod tertiary cducation,
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Eg&éfo:uemogmphic characlcristics of respondenis

Opitlons TrafTic wardcns Regular Policemen  P-value
N (%) N (%)
Male 87(713) 83(66 4)
Female 35 (28.7) 12(33.6) 2L
Manital Status Single 26 (21.3) 29 (23.2)
Married 96(78.7) 95 (76.0) 0.57
Divoiced 0(0.0) i (0.8)
Religion Christianity 72 (59.0) 84 (67.2)
Istam 50 (41.0) 39 (31.2) Pl
Traditional 0 (0.0) 2(1.6)
Ethnic group Yoruba 97 (79.5) 68 (51.1)
Hausa 5(4.1) 14(11.2)
igho 16 (13.1) 14 (27.2)
Edo 3(2.5) 3(24) 0.04
Efik 0(0.0) I (0.8)
Isoko 0(0.0) 2(1.6)
Igala 0(0.0) 2(1.6)
Ebira 1(0.8) 2(0.8)
Educational stotus Primary 0(0.0) 1(0.8)
Seeandary 75(61.5) 4 (35.2) 0.00
Tertiory 17 (38.5) 80(64.0)

‘Manage of Traflic wardens: 37.7 £ 9.3 year

“Mcm age of Regular policemen: 37.02 7.7 ycard
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Opilens Traffic wardens N Regular P-value

(%) Policcmen
N (%)
0-9 ycars 66 (54.1) 61 (48.8) 0.078
"DfCSSiOfl 10-19 ycars 26 (2]3) 44 (35.2)
20 - 29 ycass 23 (18.9) IS (12.0)
30 =35 ycars 7(5.7) 5 (4.0)
Hours al work < 8 hours 15 (12.3) 0 (0.00) 0.000
dsily
8 hours 30 (32 8) 9(7.2)
> 8 hours 67 (54.9) 116 (92.8)
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upational history of respondcats

fesulis on Occubational history as shown in Table 4.7 revegled that majority of
ohdents have been serving in their respective profession betwecn 0 — 9 years. There was
significant difference (p >0.05) in the years of service of respondents as mojority 66
1%) of the TrafTic woardens have been in the profession for about 9 years, 26 (21.3%)
¢ served between 10 -19 years, 23 (18.9%) have served between 20 - 29 ycars while 7
%) have served for aboul 35 ycars. Similarly, o higher proportion 6) {48.8%) of the
cgular Policeinen have been in the profession for about 9 yenrs. 44 (35.2) have served

ween 10~ 19 years, 23 (18.9%) hove been in the profcssion belween 20 <. 29 years while 5

(4.0%) have served for about 35 years.

There was a signilicant dillercnce (p <0.05) in the number of hours respondents work doily as
" mjority 67 (54.9%) of the TrafTic wardens work for more than 8 hours a day. 40 (32.8%)
work (o1 8 hours while 5 (4.1%) work for less than 8 hours a doy compaied o their

counterpart, the Regular policemen where a higher proportion 116 (92.8) work for more than
S hours daily and 9 (7.2%) wark for 8 hours.

A higher proportion 121 (99.2%) of the Traffic wardens do not use Perscnal Protective
Equipment (PPE) while pcrfonning their duties on the road while only | (0.8%) usc Personal

Protective Equipment while warking (See Figure 4-20),
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ndcats® perception ol Air Qualily

g‘ltc on the perception of respondents of air quality as presented in Table 4.8 revealed
the propostion of TmfTic wardens and Regular policemen thot agieed that the use of nose
sk by people normally exposed Lo emissions from vehicles is necessary accounted for
0% and 69. 2% cspectively while 16.4% and 19.4% disagreed.

lajority (66.4%) of Traflic wardens ond 64.8% of Regulor policemen disagrecd that air
lity is not afVected by high traffic density while 23.8% and 24.0% agreed respectisely.

Aboup (59.0%) of Trallic wardens and 70.4% of Regular policemen agreed that air quolity is
aflecied by, pascous ond pasticulale emissions from industrics, 14.8%% and 6.4% were

indifferent while 26.2% ond 23,2% dlsagreed respectively,

A good propostion (50.8%) of Traflic wardens ond 60.0% of Regular policemen disagreed
with the fact that air quality is not alfected by different scosons of the year, 16.4% and 8.8%
nere indilTercnt while 32.8% and 31.8% ogrecd respectively:

ortion (57.4%) of Traftic wardens and 54.4% of Regular policemen disagrecd

suecable pro
A prop couse accident, 9.0% and 6.4% wcre

with the fact that driving swhen air quality is bad cannol
indilTerent while 33.6% ond 39.2% ogrecd respectively.

ap of Repular policcmen 0giced that

. e and 62.4
Majority (67.2%) of Traffic wardens o ensure goad gir quality, 9.0%

enforcement of law by the Govemment con 0 8 long \Way i)
i 6 clively.
11 12.8% were indiflerent whilc 23.8% and 24.8% disagreed Fe39<
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e Options  Traffic wardens Regular policemen
N (%) N (%)
usc of nose mnsk by p::oplc Agree 89 (73.0) 170 (69.2)
nally exposed 10 cmissions from IndifTicrent 13 (10.7) 28 (11.3)
bicles is Necessary Disagree 20 (16.4) 48 (19.4)
ir quality Is not niTected by high traffic Agree 29 (23.8) 30 (24.0)
Jensity IndifTerent 12 (9.8) 14 (10.2)
Disagrce 81 (66.4) 84 (64.8)
Gascous emissions from vehicles do not Agree 39 (32.0) 34 (27.2)
‘cause poor sir quality IndilTerent 19 (15.6) 10 (8.0)

‘ Disagrec 64 (52.5) 8) (64.8)
~ Air quality is afTected by gascous and Agree 72 (59.,0) 88 (70.4)
puticulate emissions (rorn industries IndifTerent 18 (14.8) 8 (6.4)

Disagree 32 (26.2) 29 (23.2)
Air quality is not nffected by differcnt Agree 10 (32.8) 39 (31.2)
seasons of the year IndifTerent 20(16.4) 11 (8.8)
Disagrce 62(50.3) 75 (60.0)
Driving when air quality is bad cannot Agrce 4 (33.6) 19 (39.2)
ausc accident indiffercnt 11(9.0) 8 (6.1)
Disagrec 70 (57.1) 68 (54.4)
Enforcemcntof law by the Govermment Agrec 82(67.2) ;’2 :?;8';
€an go a long way to ensurc good ni? IndilTcrent 11(9.0) 4.8
quality Disagicc 29 (23.8) 31 (24.8)
40(32. 50 (10.0)
Continuous inhalation of vehicular Agree L) 9(7.2
B ! IndilTcrent 14(11.5) (7.2)
enissions docs not really affect onc’'s ¢ 66(52.8)
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. Variations In perceptlon of respondents about air quality

Traffic wardens ®-valuc ch:lir policemen P.value
(I’erception gradce) (I’erception grudc)

MHigh Low High Low
N (%) N (%) N (%) N (%)
&{,]c 60 (69.0) 27 (31.0) 0.564 65 (78.3) 18(21.7) 0.822
Female 24 (68.6) 11 (31.4) 32 (76.2) 10 (23.8)
Educationa!
Stalus
Pamary 0 (0.00) 0 (0.00) 1 (100) 0 (0.00)

Secondary S0 (66.7) 25 (33.3) 0.325 20 (659) 15 (34.0) 0.064

Tertiary 34(723) 13 Q1Y) 67(83.8) 13 (16.3)

’M and above = High perception betow $0° Percentile = Low parception
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pondents’ | louscholi Characteristics

I wardens rate their residential arcas being fair in tenns of air quality, 35 (36.8%)

f the oPinion that the air quality of their area was 80od. 8 (6.6%) reported excetlent
wise 8 (6.6%) reported that theirs was poor while a higher Propoition 74 (59.2%) of the

guler policemen rate their residential arca as being good in terms of air quality, 26 (20.8%)
lkent. 24 (19.2%) fair and ! (0.8%) poor.

;}!ou than half 78 (63.9%) of the Traflic wardcns reside in areas where access roads are not
ted while 44 (36.196) resido in arcas with tarred roads as compared (o0 their counterpait. the
Regular policeinen where majority 67 (53.6%) reside in areas with tasred access roads while

$8(46.4%) inhabit arcas without tarred access roads.

Majority 89 (73.0%) of the Traflic wardens reside in areas where there are no industrics
while 33 (22.0) reside in industrialized arcas. A higher proportion 109 (87.2%) of the Regular

Mlicemen on the otlier hand live in arcas where there are no industries while 16 (12.8%)

reside in arcas where there arc industries.

The propontion of Traflic wardcns that niade use of mechanical ventilation (fans and air
emditioner) respectively were 122 (100.0%) and | (0.8%) while 121 (99.2%) depended on
aaura] ventilation through opening of windows. On the other hand, among the Rcgular
polisemen, 113 (90.4%) and 23 (18.4%) made use of mechanical ventilation (fans and ar

condilioncr) respectively while 113 (90.4%) depended on natural venlilation through opcning

of windows.

fic wardens usc kerosenc stovc for cooking while
chareoal, clectricity and fire wood as
8.8%6) and 49

Ahigher propontion 89 (93.7%) of the Tral

Y9.5%). 11 (11.6%), 22 (23.2%) and 9 (9.5%) usc Bas.

king at home. On the other hand. majority 81 (9

3ucces of energy for coo
. ¢ cooker respectively to cook

(59.8%) of the Regular policemen use kerosenc stove and clcctn

fire wood as
# lome while 18 (22.0%), 17 (20.7%) and 2 (2.4%) usc gas, chatconl and Tie

*orces of encrgy for cooking.
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: llouschold characterlstlcs of respondents

0[‘“0”5 Traﬂ-lc wardens Reg viar pollccmcn _valuc
= . N (%) N (%)
of tesidential Excellent 8 (6.6) 26 (20.8)
 in terms of air Good 45 (36.8) 74 (59.2) 0.00
tity Foir 61(50.0) 24 (19.2)
Poor 8 (6.0) 1 (0.8)
arred road within Yes 44 (36.1) 67 (53.6) 0.04
sidential arca No 78 (63.9) S8 (46.4)
Presence of industry Ycs 33 (27.0) 16 (12.8) 0.04
within residence No 89(73.0) 109 (87.2)
‘Meansol
vestilation in
 respopdents’ houscs
Fans Yes 122 (100.0) 113 (90.4) 0.00
No 0 (0.0) 12 {9.6)
Air conditioner Ycs 1 (0.8) 23 (18.4) 0.00
No 121 (99.2) 102 (81.6)
Opening of windows Yes 121 (992) 113(90.4) 0.02
No 1 (0.8) 12 (9.6)
*Mode of cooking
0.18
Gas cooker Yes 9 (9.5) 18 (22.0)
No 86(90.5) 64 (78.0)
)
Charcoal Yes 11 (11.6) 17 (20.7) 0.73
No 84 (88.4) 65 (79.3)
9 (59.8 0.00
Elechiic cooker Yes 22 (232) ; 3 :.'0.2;
, 81(98.8) 086
Kerosene siove Yes 89 (93.7) 2
6(6.3 Ats)
2 (2.4) 0.49
F!{t wood ch 9 (9.5) 976
X7 86 (90.5) SOYNT.00
.“mpk
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lealih conditions

Lh‘(? <0.05)as malority 71 {58.2%) of the iraffic wardens claimed that their current state
alih was 800d, 43 (35.2%) reported that their state of health was cxcellent, 8 (6.6%)
imed that their current state of health was fair while morc than half 74 (59.2%¢) of the
egulor policemen cloimed that their current state of health was exccllent, 47 (37.6%)
cd that health status was good whilc 4 (3.2%) reported that their statc of health was fair

sec Tobled.11).

4101 Resplratory symptonis rcported hy respendents

Table 4.12 shows the respiratory symploms suflered by respondents in six months preceding
this study. Among the ‘[roffic wardens, 59 (8.4%%) had cough. 81 (66.4%) had breathing
difficulty, 88 (72.1%) suflercd (iom chest pains while 74 (60.7%) and 84 (68.9) sulfered
fom calarth and sorc throat respectively. On the other lwand, the proportion of Regular
policemen that suflcred from cough, breathing difliculty, chest pains. sote throat and cotaerh
were 22 (7.6%), 8 (6.4%), (5.6%), 18 (14.4%) and 32 (41.7) respectivcly.

4102 Non-respirutory symptoms rcported by respondents

Table 1 13 shows the non-respiratory symploms experienced by respondents in six months
preeading this study. The proportion of Traflic wardens that reported body wcakncess. itching
&yes and light-headedness were 93 (76.2%), 81 (66.4%%) and 98 (80.3%) respectively while
anong the Regu lar policemen, the proportion that suffered fiom itching c) es, body wecakness
ond light-headedness weit 16 (12.8%), 57 (45.6%) and |4 (1 1.2%) respeciively
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e B T
Baeclient—dIQSY) T Wgey
Good Tl (58.2) 2076 ool

Fair 8 (6.6) 4(3.2)

Poor 0 (0.0) 0(0.0)
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reathing difTiculty

the Study

A éspirhfo‘ry-symptoms rcported by respondents io six (6) moaths precediag

Optlon  Trafficwardens Repular policcmen P.valuc
N (%) N (%)
Yes 59 (48.4) 22 (17.6) 0.00
No 63 (51.6) 103 (82.4)
Yes 81 (66.4) 8 (6.4) 0.60
No 41 (33.6) 117 (93.6)
Yes 88 (72.1) 7 (5.6) 0.00
No 34 (27.9) 118 (91.49)
Yes 74 (60.7) 18 (14.4) 0.00
No 48 (39.3) 107 (85.6)
Yes 84 (68.9) 52 (41.6) 0.00
No 38 (31.1) 73(58.4)
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Non-respiratory symptoms reforied by respondenis in six (6) months

preceding the study

Option Traflic wardens Kegular policemen P-value
N (%) N (%)

Yes 93 (76.2) 57 (45.6) - 0.00
No 29 (23.8) 68 (54.4)
Yes 81 (66.4) 16 (12.8) 0.00
Na 41 (33.6) 109 (87.2)

Light-hcadedness Yes 98 (80.3) 14 (11.2) 0.00
No 24 (19.7) 111 (88.8)
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03 lu'”'io'n'dcmg’ perception in rclation to occupationally induced health eflcct

Il' 4 14 shows the result of respondents’ perception to occupalionally induced health
,; Majority 109 (93.2%) of the Traffic wardens scported that the health symptoms they
,\pcncach worsch While at work, 7 (6.0%) rcporicd that there was no change whtle |
g','f.) rcported that there was improvement. On the other hand, a higher proportson 109

2%6) 5aid thot their condition did not change whilc at work (p <0.05),

A higher proportion 84 (71.2%) of the Traffic wardens claim that the symptoms they
- experience becoine more ficquent ond severe in the late afiemoon during high traflic, 25
{21.2%) rcporied that the sympioms they experience become frequent and severe during low
talMic, 8 (6.8%%) cxpericnce severe symptoms in the moming during high traffic whilc 1

| (0 §%) cxperience no change with time of the day and tnaflic,

4.10.4 Treatment ficuctices by respondeiits

Fheee was a signiticant difference (p <0.0S) in the management of air pollution iclsicd
symptoms by respondents os mnjorily 70 (56.0%) of the Regular policemen claimed the)
ounaged their air pollution reloted syinptoms by visiting clinics, those that patronize locol
chemists were 43 (3:1.4%). 12 (9.6%2) practiced scif-medication wWhile a good propottion 42
(34.4%) of the TrafTic wardens patronized local chemist. 42 (34.4%4) visit clinics and 31
(25.1%) and 7 (5.8%) practiced sclf-medication and traditional therapy rcspcctiscly (sec

Teble 4.14),
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H};‘R‘upondcuu’ pereeption in rclalion 10 occupalionaily induced health cffects

More frequent and 81(71.2)
scvere in the latc
sftemoon during high
traflic

wardcns policemen
_ N (%) N (%)
w does Your symptoms Impsove { (0.8) 16 (12.8) 0.00
nge While at work No change 7(6.0) 109 (87.2)
Get worse 109 (93.2) 0¢0.0)
How does your symptoms More [requent and 8 (6.8) 0 (0.0)
change with time of the day scvere in the moming
and wof¥ic during high traflic
Morc (recquent and 25(21.2) 0 (0.0) 0.00
scvere during low
trafic
0 (0.0)
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. Managcment of air poltution related symplowms

Traditionn) thcrapy 7(5.8) 0 (0.0)

Optlon TrafMc wardens  Regular policemen  P.valuc
N(%) N (%)
Sclf-medication 31(254) 12 (9.6) 0.00
Local chemist 42 (34.9) 43 (34.4)
Visil clinics 42(34.9) 70 (56.0)
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Figure 4.22: Respiratory symptoms experienced by TrafTic wardens in comparison with Regular policemen
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Figure 4.23: Non-respiratory symptoms cxperienced by Tra(Tic wardeas in compacison with Regular policemea
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ﬁ;‘.dém‘ogrophlc charucicristies of participanis for lung function icst

.[‘c'{i' 124 respondents {50% of the to1al study population) who consenied to take part in
study were cnrolicd for lung function test oul of the toial population of 248 that took part
Iiha survey: Sixty onc (61) Traftic wardens and sixty three (63) Regular policemen were
ly selected from Ibadan North and Ibodan Northeast Local Government Arcas.

\ I number of 96 males and 28 femalcs participated in the lung function test. Age group
psitkipanis as shown in Table 4.6 revealed that majority 29 (47.5%) of the tfTic
adens were from 20 — 29 age group, 22 (36.1%) were from 30 - 39 age group while $
B2%)and 5 (8.2%) were ftom age groups 40 — 49 and 50 -59 respectively. l.ikewise 29
(46.0%6) ol thc Regular policemen were from the 20 - 29 age group, 25 (39.7%) were from 30

-39 age proup while 5 (7.9%) and 4 (6.3%) were from sge groups 40 — 49 and 50 — 59
respectis cly.
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-.Eo'cib'-dc'mogr'nphic characteristics of participants for lung function test

Option  Traffic wardens  Repular policemen P-value

N (%) N (%)
Male 46 (75 4) 50 (79.4) 0378
Female 15(24.6) 13 (20.6)
ge groun 20-29 29 (47.5) 29 (46.0) 0.721
30-39 22 (36.)) 25 (39.7)
40- 49 5(8.2) 5(7.9)
50 - 59 5(8.2) 4(6.3)

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

136




roPomelric characicristics of the participants

resvlts of anthropometric choracleristics of participants as illustrated in Table 4.17
ed that the mean agce of Traffic wardens that ook part in the lung function test was
8{ + 8 28ycars whilc that of Itegular policemen was 33.89 4 7.52years. The age of Traflic
sdens and Regulor policemen ranged from 23yrs — 58yrs and 25yrs — S6yvs respectively
o oo Significant diflerence. The mean height of Traffie wardens was 1.72 + 0.05m witha
aoge of 1.62m — 1.84m while the mcan height of Regular policemen was | .74+ 0.05m and
itsanged from 1.60 m ~ 1.84m. The mean weight of Trallic wardens that took partin the lung
fenction Lest were 67.95 £ 10.73kg whilc the mean wcight of Regular policemen was 73.06%
1327kg. The weights of Traflic wasdens and Rcgular policemen ranged fiom 48kg — 100%g
i 52kg — 1 12kg respectively. In addition, the mean Body Mass Index (BMI) of Traltic
asrdens was 22.84 + 3.47 kg/m? whilcthe mean BMI of Regular policemen was 2401+ 382
kgm’ with no significant diflerence. A weak and significant positive corvelation was
edstlished between age ond BMI (7= 0. 192, p< 0.05). There was 8 weak posinve corrclation
kerween BMI nind actwol FEV) (Force Expimtory Volume in one seconds) though significont

(0272, p< 0.05).

413 Luog function stntus of respontcnts

d lower among the Traflic wordens comparcd
dicted valuc of o normal

ofier the height; age

The values of the lung function indices appcarc
Wik Reguiar policemen. The cxpected FEV) is the expected of pre
od healihy jndividual. This was got from the lung function colculalor
and gender of the porticipants have been imputcd into the calculator. The actusl or observed
PEV) is the valuc got from the digital spiromcicr

aanoeuvres, The best of the theee manocuvrcs Wis inkcn 8S . AL
8 then comparced with the FEV, predicted to deicemine the cxtent or magnitude ©

individuol. The mecan
from the FCV; predicted which is the normal EEV, valuc of a healthy n ivi i
VESIC <
observed or actual FEV| in litres of the Traffic wardcns and Regular policemen

T I ) N incrobility dnong the Troffic
0.71 .« (o< 0.05) indicating higher vu

predicied FEV which &

used on the patticipants aftes three

the FEV; actual. The FEV, acual

“rdens while the predicled Of expected FCV) (Litees)
rpectively with no signilicant diffesence. Themean pefcehSes
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ulaed as FEV actual/ FEV( expected * 100% of Traftic wardens and Regular policemen
wcre 55.46 and 78.40 respectively (p< 0.05).

4|4 lmpact of cxposurc to particles on lung function status

Figure 4.26 show's the outcome of the Spearman correlation test between the concentsation of
paticulate matter and the nctual Forced Expiratory Volume in 1 sccond (FEV;) of the traflic
wardens that 0ok pant in the lung funclion test. A significant negative correlation was
cwenved between the particulate burden and their FEV, (r = -0.20, p < 0.05). This implics
that the obscrved FEV of the Troffic wardens decreases with increase in the concenuation of
PM;, Similarly. Figure 4.26 also shows the strength of the linear relationship betsween the
particulate burden and the actual FEV; of the traffic wardens (R? = 34.9%). Figurc 4.27
- shows the outcome of the Spearman correlation test between the concentration of particulate

ouncr and the actual Forced Expiratory Volume in | second (FEV,) of the Regular

policemen. A positive correlation was observed between the particulate burden and their

EEV, (r = 0.04. p > 0.05).
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e d17: Comparison of anthropometric characteristics vith
paramctcrs among participants

lung function

in Allhtopﬁ'f‘cfl’ic Trafficwardens  Regular policemen  Povaloe
characicrisiics
Mean £ SD (¥7s) 32.84 £ 8.28 33.89 £+ 7.52 0.460
Range (¥T5) 23 -58 25 .56
Mile N (%) 46 (47.9) 50 (52.1) 0.378
Female N (%) 15 (53.6) 13 (46.4)
- HEIGHT
: Mean £ SD (m) 1.72 £ 0.05 1.74 + 0.05 0.083
Range (m) 1.62 - 1.84 1.60 — [.84
|
. WEIGHT
' Mean & SD (kg) 67.95 £ 10.73 73.06 % 13.27 0.020
Range (kg) 48 — 100 $2-112
BMi
Mean + SD (kg/m°) 22.84 £3.47 2401 +3.82 0.076
Range (kg/m’) 16.6 - 33.0 17.3-35.8
Spiromelry
FEV, actual
Mean £ SD (litre) 2.21 £0.71 3.07 % 0.55 0.000
Range (litic) 0.88 -3.97 2.15-4.57
FEV; expexicd
Mean + SD (litie) 4.01+0.57 3.95 %+ 0.67 0.647
Range (litic) 2.07-4.96 2.07-4.80
% Predicted FEV, —
Mean + SD (%) 5546 2 18.17 78.40+ 1618 |
Range (%) 23 - 112 03
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Platc 4.3: Risk map for mcan concentration of nitrogen dioxide monoaide tif sclected locations

hey:
Rivk Catepon Risk Symbol Range (ppm)
High Risk ? >0.04
Moderate Risk , 0.03 - 0.04
Low Risk @ 0-0.03

*L1 Inadende jurstson 1.2 Mubola Sango comelery 1.4 Sangn jundion 1.S Liniversity of thadan main gote 1.6 Thadija 1.7 Rodijs ruilway junction 1.8 Osunickun avenue
L9 Awchrwo sunction 1.10 Tolat ganfen LI1 Agodi gate L12 Idiape LI Oromeji

106
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CHAPTER FIVE

DISCUSSION

istics, Pereeption of respandents of air quality, houschold charactcristics of
ts and their reported health conditions. The results of the gaseous emissions as well

#e Pticulate concentration are equally discussed. The health risk in terms of lung

status and other respiratory symptoms of study participants are also presented.

¢ Mature of traffic route

Badeo had been the centre of administiation of the old Weslern Region. Nigeria since the
dns ofthe Brinsh colonial rule and parts of the city's ancient protective walls still stand till

xdsy. Until recently. ibadan was little more than an overgrown rural town with nasrow

[ ssxdmg pot-hole infested roads serving as major roads.

Memity of the selected road intersections which served as sampling locations for this study
| 8oz dual caniage roads and were usuzlly characterized by heavy traffic. A high proportion
of the sclected roads network major areas within Ibadan metropolis viz the premier
Usnensity (University of Ibadan), the state Sccretariat, commercial banks and the popular
Bodyy market just to mention a few: areas. This has led to major 1raffic congestion on these
mady.

2 Traflie Density

boad \affic is 2 major factor in ambients air pollution in industrialiscd couniries contnbuting
Pbents jncluding fine patticulate matter, carbon monoxide and oxides of nitrogen. Traflic

B result in small scale spatial variations and higher concentrations within short

Saces from major roads (Smargiassi e/ ol.. 2005).

g weekly mean traflic count at study location showed that location 12 had the highest

the popular spare-pars market at Agodi

5 sount . This is as a result of its proximily to .
a. This is consistent w ith the findings of a

Cross-Rjver state who reported that the
pular markel

A and also due to the presence of banks inthe arc

%) carried out by Abam er ., 2009 in Calabar.
B traflic volume in one of its study stte was asa result of its closencss (0 a PO
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_Concentration of nitrogen dioxide. sulphur dioxide and corbon monoxide in
il the study locations were above the WHO guideline limit and 1his can be auributed
e Bigh iraffic volume 8t these study locations. A study conducted by by Fu, 2001
, 2004 and Goyal in 2006 revealed that traflic contributes more 10 ambicnt

in developing countries, accounting for 80% of nitrogen dioxide and carbon

o
jo 01 8

) |
pmride concentrations,

 Fatemore, fecent Govermment policies in Nigeria have increased the impoitation of old
wedities by 30% with the extension of the age of uscd motor vehicles from [0 ycars 10 15
 yac from the year of manufacture (www.nigerionclitcforurn.com). This coupled with poor

\igle muinienance culture in Nigeria has rcsulted in automobile highly dominated by old

wdicks that produce high emissions of harmful air pollutants. This is i line with the

. ffiogs of a study cairied out in Mexico City in 1999 by United Nations Environmental

mgamme (UNEP). They reported that old vehicles are rtesponsible for 90% of

hdoarbuns and carbon monoxide emissions as well as 80% of nitrogen dioxide emissions

| o & country.

§} Gaseous emissions
cesults from incomplcte

Coten monoxide (CO) is an important air pollutant which
trations of CO

embesion of natural gas. diesel or gasoline in traflic engines. 1ligh concen
gnlly occur in areas with heavy iraflic intensity ond congestion. 1t 15 8 colourless.

abwrcss and (psteless gas and unlike nitrogen dioxide, CO is comparatively stable in the air

Mgl 1 /., 2006). Carbon monoxtde conccntration in oir is ol primary imponflncc
kause of its high toxicity, inducing human health impacts even gt lower conceplirations.
Cabog monoxide impacis on health by reducing the 0Xygen caryjng capacily of the blood
s occurs because CO binds mose 1cadily 0 hncmoglobin thon OX)g¢cn ond rcsu‘ll
kvmamon of carboxyhaemoglobin (COLtb), which lcaves Jess hacmOglob?n osmlnb::l ::
" ¥mstering oxygen asound the body (Fisheres dl. 2002). This and other respimicn proble

: ' JifTerent Study
] W with CO cxplnin the prima‘y impo“ancc of ils toXic efflects ol the Jiitci

aions.

s in the

o the howsof 6a.m

: ded beiweS
e weekly mean concentration of carbon monoxide 1€€O! 110)

re all abose the World jlealth
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La iy the sampling locations We




y except at location 10 which had concenuati

concentration recorded in all locations bem:: nt:cr ::8 N e
. | urs of i2p.m - 2pm
y were all above the WHO guideline limit and it peaked at location |1 (50.38 +
;9 S3ppem) This was five-fold higher than the WHO guidcline. Also, between the hours of
pa-6pm (cvening), carbon monoXide concentrations in all the study tocations were above
2 WHO guidelinc limit and peaked at location 2 (66,23 4 3| 48ppm).This was six fold
sbes than the WHO 8uideline limit. This finding was consistent with a sdy on thc impacts
o e ro3d transporiation on the ambient air conducted by Koku and Osuntogun (1999) in
gree cities Of Nigeria: Lagos, 1badan and Ado-Ekitiall in South-west region of Nigeria. They
goried the highest concentration of carbon monoxide (27 1ppm) at mokola round about
| ohich is location 2 of this study. The high level of carbon monoxide in all study focations
a5 as a result of the high traffic density at these locations. This is in agrcement with the
fafings of the study by Xianglu, (2006) who reported that high concentiations of CO

goenily occur in areas with heavy traffic intensity and congestion.

1k arckly mean concentration of sulphur dioxide (50:) recotded in all study locations

ferneen (ke hours of 6a.m — 8a.m (morning) were all above the WIIO guidcline limit of

L)7pm except at location 10 where concenteation was 0.07ppm. Concentration of SO:

seated at |ocation 9 (0.85 £ 0.13) and this was s times higher than the WHO guidcline limit.

locations bctween the hours of 12p.m -2p.m
e WHO pguideline limit with
h is 12 fold higher than the
Koku and Osuntogun

90: concentration recorded in all study

#eoom) and 4p.m — G6p.m (evening) were all above th
axxatalions ot some locations as high as 2.07 + 0.64ppm whic
| WHO guidelinc limit. This is consistent with 3 study conducted b

[I9%9) in thvee cities of Nigcria: Lagos, Ibadan and Ado-Esiti. They tecorded the highest
emxrintion of NO; (1.44ppm) in Ibadan at mokola round about

itant effects b) stimujating nerves N the

- adiey have shown that sulphur cxcrcises its v
X ¢ such &s cough,

B3 of the nose. throat and the lung’s DiTwaYs. This causes reflex actlon .
3 ! sniowing of the 3iMvays Hals
&, and a feeling of chest tightncss, which may lead {0 A0 honic lung
T, . - . ffering fiom 0sthma and €O

elfect is particularly likely 10 occur in people sY . ed (Gaudcrman ¢/ a.
b, whose girways are ollen casily inflamed and S

s}mp‘oms among
8} These findings cxplain why there was  HiEher burden of '*sP!
policemen.

islory

e Tiaflic wardens gs compared 10 the Regular
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y mean concentration of Nitrogen dioxide (NO;) recorded in all study location

the hours of (6a.m — 8a.m) were all below the WHO guideline limit (0.|7ppm)s
.. concentration of NO:2 recorded in all the study locations between the hours oI:
390 - 2p.m) weee oll below WHO guideline limit except ot location 11 where NO,
E‘mim was 0.18ppm. On the other hand, concentrotion of NO; recorded in all the
ﬂ’S‘Wtions between the hours of (4p.m — 6p.m) were lower than the WHO guideline limit

ocept at locations 1,4, }1 and [2.

Rezeny stidics by Garcia-Aymerich er al., 2000 have linked ambient NO; exposure with
aressed mortality, increased respiratory impairment, and increase in cacdiac arthythmias as
ol 8 icrcased intrauterine mortality. This therefore suggest thot nitrogen dioxide has a
gegdine cffect on the respiratory functions and suggest reasons why therc was a lower lung

gzt among baffic wardens who are exposed to higher levels ofthis poliutant.

54 Particolate matter

fuch combustion (from motor vchicles,
ireplaces and wood stoves. Fine
as sulphur dioxidc. nitcogen

nerally ¢mittcd from sources

tadies hove shown that line particles result from
pomer genemtion and industriol focilities). residential f
packs can be formed in the atmosphere fiom gascs such
&mide and volatile organic compounds. Coarse particlcs arc g€

8 a5 yehicles travelling on unpaved 10ads, materials handling and crushing and grinding

goations (EPA, 2005), With exception of natural events such as volcanic
sadgoms the highest particulate matter concentrations o<cur on busy roadway$ with levels
Aresing as the distance rom the roadway increases (Municipality of Anchorag®. 2005).

. Bmathing fine particles con also adversely affect individuals with heart discase, cmphysema

; i articulate
B chronic bronchitis by causing additional medical g fine parucuia
4 hospital odmissionss

cruptions and

trcauncnt. 1nhalin
emergency foom visits and

. 885 lias been ottributed 1o increasc
| -
FasT death pmong sensitive populations

12p.m - 2p.m)
8 mean concentrution of particulatc maticf recoided between the hours of (1P

higher than their respective moming Orkl cvening
houss of (8am ~ log.m) ond (lpm 6p.m)
study by Seaton ¢ al., (1995) that reported that

[&“""’) 81 the study locations Wefe
leations measured between the
Raively, This is consistent with 8
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matter concentration increased progressively from 1he moming hours hi

: ‘ . . reaching
pir peskc during the midday hours. The mean concenuation of particulate (PM o) at the
s U9y locations rccorded between the hours of (4p.m — 6p.m) were all above the
gHO guideline limit (25pg/m°).

Iwa)- ofien affects the particulate concentration level duc t the differences in
apnlure, windspeed, rainfall and relative humidity. The temperaturc and humidity might
o0 have affected the concemirations of particulate matter in the morning since the
| gmpetatuie is normally low in the moming and this makes the environment moist and may
frdes Lap dust paiticles in the air thereby reducing the particulate concentrations in the
saning. However, in the aftemoon, the temperature is higher and this may dry up thc moist
pices fast thus making them more active to be dispersed into the atmosphere thereby
aousiog the particulate concentratims during the aftemoon period. This meteorological
aodisao had implications on the particulate kinctic propertics and this might also be

opasible for higher concentrations of particulates in the aficmoon than in the moming

riads (Chan, 2002).

$$ Soclo-demographic cbaracicristics of respondcnts

A sndy by Moen (2008) in Abuja, Federal Capita) Territory (FC'T) of Nigcria showed that

fir man age of Traflic wordens was 31 £ 6 years with majority ($8%) being males. The
mlogs of this study revesled that, the mean 3gc O f Tvaffic wardens and Regular poficemen
b 327 £ 9.] years and 37.0 £ 7.7 years respectively. Their age ranged {rom 22.0 — 59.0
jnand 26.0 - 56.0 years respcctivcl). The reason the mcan og¢ was refatively you
%sed on e fact 1hat majority of the population were less than forty years. There \\crc-morc
Ries than female paticipants ainong the Traffic wardens and Regular poticemen. This can

: | F
ke atibaed 1 (he sensitivity and the risk associatcd with the profession- The 'F‘Poﬂ
hnic group, which 15 expecicd

dents Were marricd- A
ey i {ore than half of the respof
¥ carvied out in Yoruba land. M SR S )

o @opontion of (he Traflic wardens had secondar
J tion they have atwined and this can be attributed
%00) Cetificate Examination (S.5.C.E) is the basic 1€ |
8 Ober hang. majority of the Regular policemch had undergong fertiary ed

ng was

o the fact that the Senior Sccondan

quitetnent for their fecru
ucatton. This Is

jimem. OA
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(he basic requircment for their employment which is an Ordinaiy National Diploma

6 Respondenss perception of air quality

ity of the TrafTic wardens and Regular policemen had a good perception of air Quality
o Be risks associated with cxposurc to tiallic related air pollutants. Majority of the
@“d‘ms believed that lung function impairment can tesult froin cxposure to high levels of
fix relalc

| pants while catrying out their daily activities had a better understanding of this risk when
| apared with the Trafllc wardens. This may be duc to their high level of education.

d air pollutants. Howcver. Regular policemen who arc not exposcd to these

57 Practicc of respondents in relation to air quality

ike smoking or non-usage of Personal Protective Equipment (PPE) while

Ao practices | |
in cotpromising the quality of air and

swkmg in high emissions arca can go a long way .
walh of respondenis (Breton ez al., 2009). Though Traflic wardens had a good perception of

= qRlity and the risks associated with exposurc (o traflic related air pollutants. this did not

aect it their practice because majority do notuse personal protective cquipment.

3 Perceived environmental chaructcristics

iety whichis
Sics have shown that Trafic wardens belong 1o the fower class of the socict)

[ f the area
elated (o their educational status. This and other factors may aifcct the choices of the

1 ! . O'Neilt et al. (2003)
®hidh ey reside. A recent teview of health, wealth and air pollution by O’Neill ;c R
stgtus and s rclationship 1o PooOr health may

bl : - c Statu
i o air pollution, By socioccol™ ] 2003). If poximily to afcas of

REWD 20 class bias in land-use decisions petia ar dwellings e likely to anmcl
ices for
values. the lower Prices sures. This eflect

mgpests that socioeconomic

dynamics,

S 1naffic depresses propcrty
K0ple of lower socipeconomic status, who often h
\ : c status
88 addiion 10 the likely impact of sociocconomie

People use .

igher FlSOﬂnl cXpo

ave h
on the mode of transpoftation that

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

152




o y higher risk of monality associated with vehicle-related poltutants has Heep
cired With low socloeconomic status (SES). a variable that i5 known 10 be comrelated
nealth status, This effect may result from the fact that individuals of low SES may livc

akwer valuc dwcllings that are in close proximity 1o major roads and Lherefore at g higher

nk of exposurc (Smargiassi et al., 2006). Furthermore, vehicles may be newer and create

The respondents commented on how polluted their residential environment were in lerins of
- wruliny. Maojority (59.2%) of the Regular policcmen repoited that the air quality of their

xc was good while a8 pood proportion (50.0%) of the Traffic wardens ssid that the air
galy of ther area was fair. This could be as a result of the nature of the activities around

#xp residence coupled with the fact that majority of the roads in their area are not tarred.

' Yeilasion according to Etzel, (2003) has been considered related 1o air pollution since
pofimants such as pasticulate matter may be brought into indoor environment from outdoor
" ar by nanural and mechanical ventilation. A higher propoition of the respondents (Traffic
szdas and Regular policemen) made use of mechanical means of ventilation in their
wnous homes. In addition. majority of the respandents also utilise the natural means of
mtilation i opening of windows. Inadequate ventilation can increase indoor pollutauts’
levels. Adequate ventilation would ideally bring enough outdoor air 1o help in the reduction

" dmddoor pollutants especially where outdoor air is compromised or highly polluted. In many

S, guldoor pollution has a significant contribution to the indoor Jevels.

% Sell-reportcd hcalth symptonts

91 Respiratory symptoms

| ' . g -t d a diversity of
Wavus 1y di association with vehicle emissions an
studies have found an 12 syMmploms like

- from acute
¥y sympioms and discases, These adverse oulcomes range

Whin chronic obslructive
g and wheezing to more chronic conditions such as asthma and

" » c ] . :
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ulis on the relationship between NO; exposure and respiratlory heaith (Me k
cown,

: mificant proportion of the population arc cXposcd through occupations that jead

i periods of lime on or near roads and highways or close 10 traffic like asphat:
ers (Randem e1 al., 2004), wnaffic officers (de Paula ey al.. 2005: Dragonicri et af., 2006:
zn ¢ al- 2003; Tomao er al. 2002: Tomei e al.. 2001), strect clcaners (Ra;chOu:
Nelen ¢ of. 1995), street vendors, and tollbooth workers. Healih impacts are greater for
gese POops Who Work closc to traftic than for those that are not occupationaily exposed

| Tix poporon of respondents that reported respiratoiy sytnptoms in six months preccding
| gy were higher among the Traffic wardens than the Recgular policemen with significant

.t
&fvences A comparison of respiratory symploms obscrved among the control and test
| shects in the study by Nku e al., (2005) showed that a significantly higher prevalence of

L espruny symploms among the cxperimental group and their control group. While in this
mdy a comparnison of the respiratocy symptoms among the ‘I'raffic wardens (cxposed group)
#d the Regular policemen (Unexposed gioup) indicated that breathing difficulty topped the
| i of the respiratory symploms (66.4% vs. 6.4%) P< 0.05, cough (-18.:1% vs. | 7.6%5) P< 0.05.
dedpain (72.1% vs, 5.6%) P< 0.05, sore throat (60.7% vs. 14.4%) P< 0.05, Catarth (68.9%
R 1.6%) P< 0.05. This is in conformity with a study camicd our by Mc keown (2007)

F A&y by Inglc e of., (2005) in India also showed thal respirolory symptoms werc
U with exposure (o traffic related air pollutants. Signilicani difTerences were
%aved in respirdlory symploms between the Traffic wardcns than their corresponding
= group. Thiis corroborates the Gndings of this study where significant dilferences were
%erved in the respiralory symploms expericnced by the Traffic \wa:dens and the Regular
PRcticn A nother study by Urom es al., (2004) compared the TCSpiratm? S.)mploms
Riened emong (he dust-exposed and control groups and reported tlut the incidence of
Soductive (dry) cough. chest pain. calarrh werc also significamly higber in the dust-

P5ed roup than in controls (p<0.05).
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s Nom respirafory symptoms

o

. the non-respirat
| W’b“ .of € espiratoly symptoms among Traffic wardens and Regular
lecmen in this study showed that body weakness topped the list (76.2% vs. 45.6%), itching
o (66.4% vs. 12.8%) and light. ;
e imution ( .° Vs o) and light-hcadedncess (80.3% vs, 11.2%). This is consistent
i the study carvicd by Urom cr al., (2004) in Colabar, South-south Nigeria in which the
wéaof non-resPiratory Symploms was found 1o be significantly higher in the dust-cxposcd

o 1han intheir controls.

[0 Anibropometric factors and lung function status of study participants

uarous studics have shown that anthropometric parameters have significant relationship

\
i g function indices (Aderele and Olusvolc, 1983). There was no significant difficrence

e amlyopometric characteristics of the Traffic wardens and Regular policemen. This is to
there were no confounders in the study. It has bcen established from various
agc, scx. height and weight arc factors that

asax Ui

aafes that anthropomelric patamelers, viz;

e for variations in FVC, FEV) and PEFR (Adcrele and Oluwole, 1983; Joaja and

fggenro, 1995).

There was @ weak posilive correlation benween the BMI (Body Mass Index) and FEV) actual

p<0.05).This suggests that as BM| increases,

| (g funclion status o [ respondents) (r=0.272,
(2008) in

JEVi also jncreascs. This is in conformity with a study by Thyagasian ef al.,
Usied States where paiticipants with baseline BMI < 21.3kg/m’ cxpericnced 10 year

al Capacity (FVC) and 60ml in FEV1. In contrast. pa rticipants

aens of71m! in Foiced Vit
C and 64 ml

tihjageline BM1 2 26.4 kg/m® expef

BEEV. FEV,/FVC increascd with increasin

' 79
Lag function. This can olso further be exploined by the mcan age of participants (33.3 %
A study conducted by Thyagorsjan ¢f af., (2008) among

he BMI of thin respondents “as

¢ 38.. The finding ofthisstudy
in the United

icnced 10 year decreascs of 185 ml in IV

g BMI Weight gain vas also ossociated Whb

K1) which is rclativcly young,
®02 adults in United States revealed that an Pl

2ied with increasing then stable lung function through a8 ;
<y ntana ct 3. (2001)

body fatness afte
pulations that

8B contrast with the finding of the study carricd out b}
=0 They found out that lung function is decrensed bY c.\ccss. Fo
h%fxtors such as age, height, race, sex, 8sthma and sinoking S1AWS

¥® R factocs for reduced lung function

¢ adjusting
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S ,-."étiou and traflic-relaled air pollutants

_ was a significant difference in the mean observed Forced EXpiratory V ;
o _FEV" between Traflic warden ang Regular policemen, Tiic Wn‘:f:o ':lumc m. onc
‘1";' ’ ”.‘mmlcd by Ingle ¢/ al., (2005) in India. They' found out that the FE\'/“C:: !" 4

=emen Were Scverely aflected when coinparcd to the controls. They recomledl ag 8::“:
in the expected and observed FEV, of the trafTic policemen. This is an ind.zmi::
o i ®linite acutc eflect on their FEV,, Another study carricd out by Pravali. e/ of., (2010)

 foodicherry India indicated a decrease in the FEV, of Traflic policemen compaicd 1o the
F’" poficemen.

" Qymic exposure 1o t1alTie-relatcd air pollutants may be a factor that contributes to lung
fxtion imPAirment. Braucer ¢r al., (2001) reported an association besveen lung function
mi pessonl exposure to particulate matter in a panel of subjects with COPD in Vancouner,
BC. Albough not signilicant, deceement of 3% and 1% in FEV werc associated with PM,
or PM < 250 0 diameter respectively. Also in a study in Finland. Penttinen et al., (2001)
| apanad that both the concentration and the size of particles (0.1 to | pm) were determinants
of associations betvween particulatc matter and decreased lung fiinction. This is in line with

& fdings of this study where correlation test betwecn particulate concentration and lung

| Bmaiog s of respondents showved a significant negative correlation which means as

l Aadar load inereased. lung function decreased and vice-versa.

312 pydlic liealth Importance of Traffic cxposure ussessments in Nigeria

Fiimgs from this study have public health imponance and suggest the need for multiple
Renentions directed at tackling exposure (o traflic-related air pallutants i Nigena. Some of
e Strategies have been used in developed countrics to abatc the nuisance assoc isted with
- M emissions, Studies carricd out both in the developing and developed countries have
"™ that waflic wardens are at high risk of respiratory impairment. Concentration of
M relaicd air pollutants at the sclected road inteisections excecded the WHO Buidcline

g g occuPyional expasures and the burden of respitatory problems was higher lmo.ng
ps must be (aken (o combat this menace. EfTective

[ %
"flic wasdens Hence pro-active ste nd on the
n
-y measures are based on the understanding of the peoblem Which “[:: ; a1 major
" oulad
ke fegulations. Routinc air monjtoring of our niotonvays Sfotid e SRR
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intersections within the country (0 ensure compliance with stipulated guideline limit and

g ssue abstement nolice where necessary.

ogd majority of the traffic wardens had 3 good perception of mir quality. this did not
clict in their practice. Majority of the tralfic wardens do not use Personal Protective

ponen (PPE) while on duty, Government should enact laws that would enforee the usage

b
o prona] protcciive cquipment by URffic wardens while on duty.

gudies have shown that old vchicles are responsible for 90% of hydrocarbons and casbon
pnavde emissions as well as 80% of nitrogen dioxide emissions. Hence, Govemment
phicies aimed at reducing the rate of importation of old vehicles in to Nigeria should be

axied. Likewise, the age of imported used vehicles s used motor vehicles from |5 ycarsto 8

yexrs from the year of manufacturc.
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CHAPTER SIX

CONCLUSIONS AND RECOMENDATIONS

6l Conclusions

This stdy assesscd the level of gascous emissions and particulate bunden generated by
vehicutay movement on sclected uaflic roules in Ibadan and the pulmonaty function of
Polcanen in the sclecied Local Govemment Areas. The burden of the pollutants was

deznnined through the estimation of patticulate level and concentrutions of sclected traffic

rclaled gascous cMissions.

Tbese was @ Variation in the level of panticulate matter and gascousemissions recorded across
te dillerent sampling locations. The study revcaled that 1he high iraffic density at the various
=ady locations contributcd to the high level of trafTic-related air pollutants recorded at these

jocations.

t the mcan particulale concentations obscrved betaeen the hours

1k snudy also revealed tha
e;e above the World Health

of 4pm — 6p.m (evening) at the differcnt locations w
Orgnization (WHO) guidcline limit Mean particulate matter conc cnirations determined
between the hours of 6a.m — 8a.m and 12p.m — 2p.m were below WIIO guideline limit. On
t other hand, the levels of various trailic-related air pollutants at the different study

beations were higher than the WHO guidctine limit and this posed serious health risks to the
trafiic wardens.

the Traffic wardens and Regular policemen had a good perception of

the risk gssocialed poor air quality and cxposure 10 difTerent traflic-relatcd air pollutsmis but
Bis did not affect their practicc while working. Majority of the Traffic watdens do not usc

fasonal  projective Equipment (PPE) while controlting waflic al the various rood

GAncxtions.

A higher proportion of

wardens feside in a1cas where the air
'This may be aitributed to their

lous air pollutants.

This study also revenlcd that majority of the Tr(Tic

d to the Regular policemen

fR&Ay is compromiscd compare
pOosue (0 VBr

b socio-economic staiiis and this increased thelr risk of ex
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. « of the TeafTic wardens complained more aboul respiratory symptoms than the

;?‘ policemen. The apparent lowering of all respiratoty function indices among the

I&ﬁ,‘_“w“s compared 10 the Regular policemen suggests the possibility of serious lung

son impaitment duc 1o chronic exposure 10 higher levels ofurafMic-related ajr polluants.

<

Tbe CeSpirBtory and non-respiratoty symptoms reported by respondents in this study were
b"ﬁ@"' and a higher propoction of the Traflic wardens cxperienced this symptoms
campared to the Regular policemen. The findings of this study also showed a signilicont
mfuction in the mean lung function valucs of Traffic wardcns compared to Regular

poficemen though it was not possiblc to determinc all the various lung function parameters.

A dxline in the fung f:inction status of majority of the Traffic watdens end o high
meeniation of taffic-related air pollutants were recorded at the various study locations
shich was higher than the WHO guideline limit. Although the relatively higher levels of
Best polluisints might be a contributing factor, there may be other underlying factors.

Therefore. there is need to institute a longitudinal study o establish true causality in rclation.

&2 Recommendations

6] lodividuals

L There is necd to introduce and cnforce salety measures such as the wearing of nosc

masks amongst Tra(Tic wardens that work in areas with high troflic density®

I )

The number of shifis at work should be increased thereby reducing the number of

hours of exposure of Traffic woardens to these pollutants. S

: r
Traffic wardens should visit the hospitals for regular checlkups and should desist rom
sell-medication or usc of traditional therapy.

There is need for adequate health cducano . A
change the heslih seeking behaviour and pioctice about auf quality

n. awdrencss and sdvocacy in order 1o
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\<

(21 Government

Thete is nced for government to formulatc specific policies aimed ap improving tialTic
flow a1 major traflic routes.

The implc micntation ol various traflic emission control and management progrommes
on air quality in Nigeria should bc done.

There should be periodic monitoring of ambicnt air quality in the various
municipalitics as it isdone in developed counirics.

There in nced for repular and periodic assessment of the lung funclions status of

TrafTic wardens,
Relevant government regulations bodies and organizations such as NESREA should

enact various cnvironmental protection laws where there are nonc, cnforce (e

existing oncs and revies th e out-dated laws on air quality.
Govemment should reduce the age of used vchiclces that arc imporied form developed

countries from 15 years 10 5 years Irom the ycar of manulacture.

Fature outlook

An extended or longitudinal study spanning dilferent scasons should be carried out 1o

encble the comparison of the variation in the concentrations of the traflicrelmed air

poliutants and the associated health risks,
Other lung function paramelcrs e.p Foreced Vital Capacity (FVC) and Forced

Expiratory Flow Rate (FET'R) should be detemiined.
Studies aimed at asscssing the levels of some biological markers of air pollutants in

the blood and urine of the respondents should be carried oul
There is nced 10 characterize the filter paper obtained from the peisonal pacticulale

matter sampling for hcavy metals, moulds, PAll’s e.t.c
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APPENDIX I

GEOGR,\[‘“ICAL COORDINATES OF SELECTED SAMPLING LOCATIONS

‘ “ lLocatlion

Latitudc Lonaguude Elevation

B LI N07°24.020° E003” 53.387° 195m
2 N 07°24.044° E 003" 53.409° 200m
13 N 07 25.157° E 003" 53.774° 190m
L4 N 07°25.394° E 003° 53.908 215m
LS N 07%26.461° E 003" 54.400' 230m
Lé N 07" 25.022° E 003° 54.704’ 237m
L? N 07" 25.850' E 003%54.769° 23im
L8 N 07" 25.044° E 003" 54.591° 214m
L9 N 07Y 25.022° E 003° 5:.661° 205m
L10 N 07°23.908° E 003" 54.542° 178m
L1 N 07’ 23.72¢° E 003" 55.136' 246m
Li2 NO7' 24.171° E 003" 55.541° 2o
L13 N 07’ 22.842° E 003Y 56.035° 220m
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APPENDIX 1f

QUESTIONNAIRE

DEPARTMENT OF ENVIRONMENTAL HEALTH SCIENCES, COLLEGE OF
MEDICINE, UNIVERSITY OF IBADAN.

QUESTIONNAIRE ON ASSESSMENT OF RESPIRATORY CONDITIONS OF
TRAFFIC WARDENS IN IBADAN.,

Dear Respondcents,

| ama posigradunte student of the Department of Environmental Health Sciences. Collcge of
Mediinc. University of [badan curvently working on “Characterizution of (raffic rclated
alr pollutants and assessment of respiratory conditions of Tralfic wardens in |badas”.
Please be informed that participation is voluntary. | wish to inform you that there are no right
and wrong answers Lo the questions. Plcase be rest assurcd that s!l information provided by

you would be used for rescarch purposes only and sinct conlideniiality would be ensured
Pax try and Bive honest responses to the Questions as much as possible. | heredy solicit for

your cooperation.
Tanks for your cooperation.

Olamijule J.O
FOR OFFICE USE ONLY

SERIAL NUMBER..........

INSTRUCTION: PLEASE TICK (¥) OR FILL ANSWERS WHERE APPROI'RAITE.

SECTION A: SOCIO - DEMOGRAPHIC INFORMATION

L Age of respondent (as at fast birthday).

L Sex: I.Male[ | 2. Female[ ] d
L Marital status 1. Single [ ] 2 Morried | | 3. Divorced [ ] 4. Scparic [ |
S. Cohabiting| ] 6. Widowed [ ] : LR
. Traditiona crs
Y Religion I. Christianity { ) 2. Islam [ ] g
(speci
4 3.1b0[ ] 4.Others [specify)..

2. Housa [ )

S Ethnic
group ! Yorubal }
] 2 Secondary { 13 Terisry | )

s Educational Statss . Primary |
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oN B: OCCUPATIONAL HISTORY

. How long have you been on this profession? ..........................
‘: How long have you been working in this Locsl Government? .............

How many hours in a ddy are you at work?.........

2. No[ ] If No, goto question 15

11 ifyes o 11 above, how often do you use i1? 1. Every time [ ]
3O0nccina while[ ] 4. Never( ]
13 Whaltype(s) doyou use?.........

PR gPPO oo

SECTION C: PERCEPTION OF AIR QUALITY

sailes your oplion for cach statement.

A-Apree(3) 1 lodifferen (2) D - Disagrec (})

P
40990 °°046000000°0000909099P09 %0000 09vebe

[y the past 6 months have you been on the road controiling traffic? |, Yes [ ]

1 Do You use Personal Proteciive Equipment (PPE) while working? 1. Yes (] 2.{ ]

2. Sometime [ ]
|4 When doyou use it? 1. Whileon duty [ ] 2. While ofV'duty [ | 3. Every time [ )

IS5 The followiog are some issaes aboul air qualily; please lick the word thal besl

| Agree
Statemen! | AR

[iliffereat | Disagree |

SN

3 | The use of nose mask by people notmally cxposcd |

g—

b | Air quality is not affected by high traflic density |
t | Caseous emissions fiom “vehicles do not cause poof

air quality = )
by_m and panticulatc

emissions fiom indusuics — s
aficcicd by different seasons O

|

4 | Air quality is affected

t | Air quality is not |

lhe year

 — e T TP causc'*'
h Diving when the arr quality 15 bad cannol

sacident . T
kaforcement of law by the GOsctﬂmcﬂi can €0 | |

long way Lo ensure good 8if quslity o | SN =
on of Vehicular Cmnssions

Continuous 1nhalati

| really affect one's healih =

e

——

-;FRICAN DIGITAL HEALTH REPOSITORY PROJECT
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sECTION D: HOUSENOLD CHARACTERISTICS

t6. ow long you rote your residential ares in terms of air quality? 1. Excellent [ ]
- 2.Good[ ] 3.Fair[ ] 4.Poor| ]

17, Is the road within your residential area tacred? ). Yes{ ] 2. No| ]
18. s your residence located close to an indusuy? 1. Yes| ] 2.No| ]

19. What is the means of ventilation in your house? 1.Yes[ ] 2 No| ]

= Yes No

Fons
Air conditioning
Opening of windows ]

| 30. Does your houschold havea personal generator? 1. Yes [] 2-Nol)

2§. If"Yes" to20above how many hours a day does it FUNT cotueenesslocsancen

22. If “No" lo 20 above, does your neighbor has a personal gencralor? 1. Yes [}

2.No|[ ]
23, Doyoucookosthome I.Yes[] 2No| ]

2. If*Yes" to 23 above, what doyou use to cook a1 home?

ch_ | No _—1
Gas cookcr \ B ______i
_Shmoal =4 —— _—:!
Electiric cooker A NI e
Keroscne stove ;_ o l
Firewood ) == e

i .Yes 2. Nol ]
25. Is your residence located close o 8ny dumpsite? | i)
your house?

: in
3. How many rooms do your family member's OCCUPY

.......

27 .Howmany people Stay in your FOOMT oovmvmeoteess

ORY AND CONDITIONS

o 5t ! ' lIlST -
SECTION E: HEALTI | Execllent| ] 2 Good [ ] 3 Fuir

i
28 Mow do you rate yYour curicnt St of healil
Tt i ble for your
;. bove, \What arc the factors hich may' be respons|b
| 29.  If poor from question 2 8aDOVE: iR 1

...l‘."

poor state ofhealth? ...ooceee
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~ faveyou ever smoked? L Yes{ ] 2.No|}
Do you still smoke? 1.Yes[ ] 2.No[ ]
Do You drink alcohol? 1. Yes[ ] 2.Nof ]

\Which of the following symptoms have youhad in the pasi 6 months?

e Ves (Y) No ()

I‘ 'ﬁ'ﬁéhing (diyor wct)
Shoriness of breatly
'r'io(fy'“enknessf tigue

umy;.ritated eyes

Chest pain
Sore throa!
Runaing Nose/sncezing

Light headedness/fainting
Other allergies {specify) |

(the above sympioms? 1. Yes| ] 2.No | )

- : ny o
34 Have you visited the hospital for any he  hospital?

T |
5. If “Yes® (o question 34 obove, how. many days 0

e
1ecssv0)0®0®gacce0®”® co®e°®

proms/conditions? . Yes | ]

y 11
16. Have you missed work because of ony of the above SY

2.Nof ]

37. How do your symptoms change ‘whil

c ot work? . improve [ 1 2 N0 change | ]

3. Get worse [ | ", .
rk? . Yes
38. Ifthey “getworse” do they improve 1.2 hours ofter leaving
2.No[ ] : , nliyor over the
39. If*N tion (o Question 35 above dothey tmprove ovemig
. If*No” to question
AV st o time of the d3} and traflic?

schange With e
. pinh raflic| ) 2. More T

6 dunng h.:’gh}dorc rrcquml and scvere N the

' imc ofday end traflic

40. How do your symptoms and condition

he MOomin

troffic € ]
g low hange wilh l

4 1 1
1. Mote frequent and Se¥ cr; ln.
and scvere in the moming durtn

: ; 4.No¢€
lote aflemoon during high tiaffic ( ]
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a{--‘

chof ihe following ailments are you on trcatment for and for how long?

ves (V)

No (N

Duration in Years

(e
[Asbma

TubercUiosis

.,; Yronchitis

[Pacumonia

[Lape cancer

Othier diseases
10

|
|
| Rnow [ )

34, What is you reason for using any O

6. Would you like to underg

| 13. How do you manoge air on e
: 3. Local chemists | ) 3. Visitclinics [ )

45. Have you undergonc d lung function test?
o a (ree lung function test?

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

pollution reloted res

L T R S TV DR REOYRY. wpe

piratory discases? 1. Self medication [ ]
4. Traditional therapy | ) 3. Don'l

f the health managemenl (ACIlItiES D cenere comsusanees

2.Nol( |
b, Yes| ]

1.Yes [ ]

32, Which of the fotlowing named ailment have you been admitted for in the post 6

2.Nof ]




Obscrvatlonal checklist for Characierization of trafffc related air pollutants in two

scleeted Local Governmeat Arca of Ibadan.

Sa‘ﬂp'ing pOiﬂ‘-o.o 68 geav0000a0,0000 05004009,

LOCATION OF SAMPLING POINTS

ldicalors obscerved Highly present | Moderately preseal I’resent | Absent

Commerciol &ctivity
Industrial activity

Residential arca

NATURE OF ROAD

e r—r Ty Iv oresent | Present | Avsent
' nl ' Modcrutely presen
Imlicators observed | Highly prese |2 b | S
Tarred roads 2N I —— S,
Graded roads e ———

: ; POINT
ACTIVITIES WITIIIN AND AROUND SAMPLI NG PO

e Tresont | ADSENT
" Highly present “Moderately Present | Present |/
Indlcators observed AL | i =
—.—-_-_._-_'_-_'— -
Bush buming e — | |
Dumpsilc — | |
Generator emission i s 1 [ J
— g _-_'_.-_._'_._'_._ i
Construction activity | e T —
Al e
- absent
¢ present
++ madenately present ¢

Key: 4+ <+ highly present
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APPENDIN UL

RECORD SHEET FOR AIR QUALITY ASSESSMENT

\\‘ékl.‘oblo".oﬂt cevton,

FARAMETERS Ll L2 I L4

50, 6a.m-8a.Mm

12p.m-2rm

(ppm) dn.m-bp. M

co Gam-8a.m

12p.m-2p.m

(pp m) -‘p. m-0 p.ﬂ\

N0, 6a.m-8a.m

12p.m-2p.m

(ppm)
4p.ne6p.m
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- ;

b ‘:_.'.ﬂ::' ‘. i'ifg D:'.l! 4

LUNG FUNCTION TEST

I
T Ea‘lw.-l:"l"rllrﬂo-i 10620000000 00000000000s.re

—

/ ""__.T"-'ei ht 'lﬁglul- Actuanl PEY [ Expecicd = ’/: il s
r‘ﬁc' (Kﬁ) (o) FEV, (Litres/miny) FEV, Predicted

: (Litres FEV, |
{Litres) | {Litres) | 1
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~ SPIROMETRY DATA FOR RECRUITED PARTICIPANTS

—oecGpATION | FEV( ACTUAL | FEV) EXPECTED | PEF | % Predicted FEV,
v 2.49 3.70 280.0 67.0
— TW [ 220 3.27 2600 | __ 67.0
=W | 397 3.70 3120 | 1070
 TW 0.94 345 202.0 270
7w 1.10 3.38 162.0 32.0
- W 1.29 4.08 239.0 31.0
TW 2.37 3.68 371.0 g;.g
162.0 i
' W 0.98 3.59
| ---:TTW 3.18 3.94 401.0 80.0
17 TW 2.53 4.48 340.0 ig.g
| TW 1.63 4.71 182.0 0-0
| TW 1.31 4.29 202.0 30.
n | , 1 80 3.06 171.0 58.0
| Lk 221 4.66 192.0 47.0
| TW' 0'88 3.73 162.0 23.0
| TW 2’34 307 327.0 112.0
1 TW 2'1 ' 3.16 156.0 50.0
TW ' .45 187.0 37.0
| TW | 8] .44 209.0 | 63.0
= TW il 329 187.0 49.0
LA, e E 1.16 367.0 J1.0
TW e 394 133.0 62.0
B TW 2.46 305 312.0 75.0 =
TW s T35 376.0 16.0
TW 2,31 156 3910 610
TW 2828 L —5v 4400 700
TwW 3.06 _._.—-~-—-—F——4—'7-3—'—'_'_' 2340 37.0
Tw 1.75 . 301.0 55.0
3.76 - =
2.63 3050 53.
s 2.42 451 550 340
TW M 341 159. 0
| 1.97 1970 3.
| v 2‘20 AU 291.0 57.0
TW - a3 1oL
251 _ _—_L——7% 2910 | : —
; 1.69 1 12230 0
| Ly . I FTTI0 58.0
™ 2.06 362 J =30
1.69 - — 239.0 :
L TW " 3. '9 . = 48 0
2.34 e 347.0 : !
| T A =t 30.0
s 1.78 = [ 1560
TW | 354 o 15.0
1,07 2410 —
: TW e 301 et 680
| TW _______'_'.31——#—-:——___1:;3_______. 0 —— 60
e e e L
| .64 b
|J TW e
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FEV, ACTUAL | FEV, EXPECTED | PEF | % Predicicd FEV, |
| 1.96 431 162.0 45.0 i
B 1.67 411 | 197.0 47.0 |

1.93 4.06 218.0 70 |
| 1.19 4.23 239.0 280 |
2.06 4.14 208.0 49.0 =
2.15 4.29 202.0 50.0
2.28 4.52 205.0 50.0
2.53 4.55 218.0 55.0
2.61 [ 437 301.0 59.0
1.85 4.25 1202.0 43.0
1.39 3.07 247.0 45.0
2.7 3.78 368.0 72.0
| 33 4.43 317.0 74.0
’J 3.54 341 312.0 80.0
3.75 4.58 340.0 81.0
2.45 4.63 363.0 52-%
3.86 4.58 394.0 8.
- 286.0 64.0
4 - —_
2.15 33
2'01 33 2890 59.0 —l
51 33 270.0 63.0
166 a4 517.0 81.0
o 45 563.0 75.0
—n 32 1620 86,0
3 4.2 296.0 | 64.0
L 32 501.0 85.0 o
3.96 ol 497.0 87.0
3.67 K 3400 | 81.0
3.75 4.6 275.0 53’0 —
2.65 - 505.0 82.0 ad
3.68 34 317.0 73.0
3.3 o 4'5 2830 680
38 | ——[291.0 63.0
~ 2,98 T ~17391.0 80.0
3.69 4'4 517.0 | 81.0
3.59 —s 5120 gg-g
3.63 30 339.0 :
3.21 394.0 80.0 !
" 4.8 108 20
— 393 L ——y5  [471.0 80.0
361 L —0 182.0 7:60
== 3.15 128 =
2l —— 14 928 L
4.57 348.0 102.0
—————— 4.2 e 80‘0
4.4\ ___..Aw_.--g_—'**"“ %gl%% F——o5
- 718 1 — — [as0] &=
.00 ___ﬁ_%’l—————ﬁ 2860 |  84.0 5
_'_-_._"-__-_--_._-L'_.________-—‘——'_'_'_-_._-_m_-_._._-_.
2.69
269
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2.46

hey

Trafic wardens - TW  Regular Potiecmct
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- RP

2.9 [2230 83.0
2.82 34 1307.0 82.0
= 2.9 239.0 80.0
2.78 33 317.0 83.0
s 3.1 387.0 82.0
2.43 42 2340 57.0
228 3.6 249.0 63.0
2.57 3.1 256.0 80.0
2.39 29 247.0 81.0
2.81 34 | 4330 80.0
3.16 39 456.0 80.0
3.36 4.0 3720 82.0
2.75 4.1 3710 66.0
2.99 3.7 368.0 79.0
2.88 4.13 417.0 69.0
3.25 425 502.0 76.0
2.76 3.42 316.0 80.0
3.61 4.06 375.0 89.0
2.53 4.55 275.0 55.0
3.03 4.5 3010 68.0
2.76 2.07 13010 133.0
2.77 2.07 362.0 133.0
3.69 2.07 452.0 | 129.0
3.09 1.74 286.0 65.0
354 13 312.0 600
2.75 3.79 240.0 :;g
2 56 4.42 249.0 :
;06 4.53 402.0 67.0
: 4.48 382.0 49.0
2.23 392 334.0 83.0
Ry 3.79 = oo 63.0
RP Z8 T3 3470 63.0
2.68 4.25 = —
R 427 4120.0
RP 3.17 T 319.0 58.0
B 20 329 | 3200 | 90 |
[ RP 26 L33 | 2860 64.0
RP — 205 ______Iz—q———‘—'_"jj_.'j_ﬁ 62.0
RP 261 = "l ———




APPENDIX v

INFORMED CONSENT FORM|

IRD Research approval number
Thisapproval will elapsc on ...,/ s

Title of rescorch: Characierization of traific relaled oir pollutants and asscssment of
respralory conditions of (raflic wardens in two selected L ocal Gosernment Arecas of lbadan.

Parposc of reseurch: To characterize unflic rclated air pollutants and assess the associated
respiratoty sy mptoms of tiaflic wardens in Ibadon.

Procedure of the rescarch, wbat shall be required of cach participants aad appropriale
toral number of participants that would beinvolved in the rescarch:

This research would be divided into nwo phases. [n the [irst phase. air quality monitoring
would be catried out at major road intersections within the Local Gosemmen! and evci)
research panticipants (trafTic and non-tra!Tic police ofliccrs) would be expecied to complete o
questionnaire and there would be obout 252 participants. In the second phase obout 50% of
the panicipants would bc eniolled. This phasc involves on exposurc oftachmen
(derermnination of the amount of particulate maticr inhaled by the trafTic wardens) and 8 lung

hnciion test (o determine the efficiency of sheir lungs. Phase I ponticipants would be
xkecied on cenoain exclusion and inclusion criteria

Eipecied duration: The research is expected to take obout 5 months

Rhk: There arc no risks involved for t akingpant in this study’ as ever) precaution has been
keo to prevent this.

Cast te participants: Participation inthis study will not cost you anyihing

Beaefits: Free Jung function lest will be casried out on participants This will hefp you 10

know how elTicieni your lungs are,
Cosfidentjality: All information collected in this study would be given code numbers and no
aunes will be collected.

is entirely voluntary. You will not be paid any fecs

fot puticipation in this research. At any time if you decide 10 pu!.l PR rciﬂ;:d‘b)co“
may do s0 without any consequence. Plcase not cthat some of the m[onm:(;o: :’hal as : en
Stincd about you before you choose 0 withdraw may have bc}cn i ':‘ o’:’: h:::
16Pons and publications. These connot be removed anymore. Hlonerct Tl rEieare

promises (o0 make good effort to comply with your wishes as much as possible.
led injury’ in the course of this project .

Volaslariness: Participation in this study

Treatment in case of Injury: Tliere 15 N0 €XP<
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After the rescarch: The rescorcher will infonn you of she oulcome ofthe research through a
news bulletin, During thc. course oflthe research, you will pe informed gbout anv infi g.
that may affect your continued pas ﬁClpauon Of your heaith ; v

1f 1his research ‘Ic.ads 0 any bcl.icﬁls. the rescarcher wili soindy: own it. There is no plan (o
contac! any’ PALICipants NOw or in the future abouy any' such benelits

Coeflict of lnle‘rcst: This research work s strictly for academic purposes, sclf-funded and
there is no conflict ol intcrest.

Statemeni of person obtaining informed consent: | have fully explained this research lo
Bl e agrras e ie e 3580 o Ldie STZHN, eveee-ee and  have given  suflicient

informaiion. including risks and benefits, 10 make an informe d decision.

Datc:lticvcocclclonnvv00.060ov00a’|0090voa Sigmtuma-..,..,..'..‘..,...‘... veeloes o

Statement of the person giving informed consent:

I kave read the description of the research. | understand that my participation is voluntary. |
know enough about the purpose, methods, risks and benefit of the research study 1o judge that
I want 10 take part in it. | understand that | may' freely stop being pan of this study e1 any
mve. | have read a copy of the conseni from and additional sheet to keep for mysell.

Me. 1900008090000 0000ccoprrtOvesBonBBeS T Signaiurn: .

AMIC .. ..co. <oerosanans I B A, Sy ey TR P

Detailed contnct informatlon Including contact address, telephone, c-mail .nnq any olhcr

costact information of researcber(s), iastitutional IIRES and llead of Institution:

This research has been approscd by the Health Reseasch Ethics Comminec of the University
Chairman of this commitiee can be

of iversi llece Hospital and the
AP g Ay : Advanced Medica! Research

i 7 floor. Instiluic lor
eostacied ot BIODE building, Room T10, 2 . _ 1 g
and Trining (IMRAT), College of \fedicine, University College lHospital. Emsil

enchirg@ynhoo com. If you have anj qucstion about yours participation in this research )::::
Qb eontact the Principal Investigator. Otamijulo J.O a1 the Depanument of Environmen

Nealth Seiences. College of Medicine. University of Ibadan Ifis phone number and emaii

address gre 07039394368 and johneucd 74 ahoo com respectively. You can also eontact the
Head of Depariment of ENS. College of Medicine, Untversity of Ibadan
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APPENDIX VI

ETIIICAL APPROVAL

INSTITUTE FOR ADVANCED MEDICAL RESEARCH AN TRAIKING (IMRAT)

COLLEGE OF MED{CINE, UNIVERSITY OF IRADAN, IBADAN, NIGERIA.
L Atad - imraicomullyashoo com

®

LA1/CH EC Regiarnilon Ssmdar. NHRECOS0L 20054
NOTICE. OF FULL APPROVAL AFTER FLLL.CONMMIT TR REVIEW

Res Charuclerizotivn of Omsdore Ve Poliutunn ané Asvierumens ¥f Reapoweer): Cc aditamy of
Yiaffic Warden. in Ibadan Netth et Lace! Govevemvns

LIFUVCH Eilcs Cormmitee aigrad gumdhs, )VECT V036
Ngne ( Mrinclpal loveslpne Olasc)¢ 4. Clamlijelo

Adess of Prirtihal tovestigstor:  Ocyervasot af ENISEIL
Collegr vl Mol

Unurerur) of Thaton
Ihadan

Qate of receigt of valid spplication. 2102201 |

Daae of mevting wheo Ninal ST ination oo ctdkzl PPN 2l me e N/A

etaied v icood the nased fvenrs

Thas & ™ Inform Ynw B s reacaii et w e rewod sad f7ra 0 Wl agyrvivd 8 sl

and cubey PARCF infaronallan mataole ha, v e oy

i'1 €28 baRocs | cambi e ‘
Tiu & (roem 140872011 % 1306720012, [ s W i) (£ rerung Je reolcs

anfurm e UIUCH Drbsos Camaniiee o Ul i d:tcy of LEon s can e mluwed

A corul S bod

] ; of BEUNI rcy 2222 0 e reweovh am) be _

acoard'ingly . Soie O\ ,;,”pnxupd“-ulu;’p_:“ NP EpTTITT % SURR VIR T RS
ontenke ol theee 4gice. . infrorun { tée: m [ ﬁﬂm tha )

A fon of LIVLICH LC agwonm &/ 132 oY EL
i Mﬂu‘a;::: wcll as an ano8| e fo” ke Ml ool © w' L
b= yousr e gyTnal 1 voh] Jisraein of vt eedi-is.

otemo fene™ ab ol ) )
ety & oder s rou 10 compls b bl s o

. h Resenpch LRy vl "
.2 \m"m:ff“kmﬁwmdfm sl with the amets a,’[ 1be fdr mrh:"'ﬁ "IN"‘? it
gy aes, UL VILCH €KX S cnegws ure perm s
0 Nev2t evrTs &F reported prox@ly W !"[’.:l(_‘ll EF v eraye i Clrresatewss Lt D ol

appv<ial by the | vel 4n pue FCs-<Gh
:r::‘?h:‘:-&:;\m raserves (he (1N 2o Combat € P Y

" ;,u;vtmmﬂfw"“"
g -

a

2
g pg 42 oo ...'
X . c I:{:'Q" "2"’

[y !

“ Do J.o 1. Medbeyo.

(hadraias LS A=) ; o:: e
; fWorev iy Callrye ”\”IM ..“t.‘c ire
o Pive t Wi U X1 1330 —
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