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ABSTRACT 

Trnffic-rehucd emissions c-0ntributc immensely to ambient nir pollution in urbnn areas ond 

Traffic \Vnrdcns (T\V) hove been reported 10 be nt high risk or rcspirotol') problems Although 

dnta on rood traffic en1issions arc nvnilnblc in Nigeria, information on personal exposure of 

lroffic wardens to particulate matter is  locking. This study \\11S designed to characterize traffic 

emissions and con1parc lung function sLntus of T\V ,vith Regular Pohccn1cn (RP) in 1,vo Local 

Oovcmmcnt Arens (LOA) of Ibadan. 

A comparotivc cross-scc1ionnl study \VOS conducted involving all 122 T\V (exposed group) in the 

study nrca and 125 RP (unel(poscd group). Ibadan North and Northeast LGAs ,vere purposely 

selected based on high troflic density. ·n1irtccn Study Locations (SL) \\'Cre rundon1ly chosen 

frorn eighteen identified SL in the t,vo LGAs. Levels of sulphur diol(idc (S02), ni1roi;cn d1ol(ide 

(N02) nnd cnrbon (II) oxide (CO) emissions were mcMured using cnlibrotcd S02• N02 and CO 

n1ctrc respectively according to \VI 10 guideline. Rcspirnblc Suspended Particulate lvlauer 

(RSPtvl) ,vus measured using pcrsoonl rcspirnblc dust snroplcr \vithin )Oen, runge of the T\V 

nasal region nod values ,vere con1porcd \vith \VHO guideline limit �leasurements \verc token in 

the 1noming (6nm - 8nm), afternoon (12pm - 2pm) and evening (4pm • 6pm) for 12 ,veeks. 

Traffic density \VOS estimated via manual counting using tally S)'Stcm. An intervie,ver

odministercd questionnaire ,,'US used to elicit information from the 247 respondcnLS on \VOrk 

hours and respiratory problems. A calibrutcd spiromc1cr ,vus used to determine the Force 

Expiratory Volurne in I second (f'EV 1) in 61 of the 122( l'\V) nnd 63 of tl1c l2SRP. Dato \VCrc

nnn]yl.C<l using descriptive statistics, Chi-squnrc and Pcnrson correlation tests ot p < 0.0S. 

Mean gaseous emissions level \Vere CO (38.6 ± 22.2ppm). S02 (1.0 ± 0.7ppm). N02 (02 ± 

0.1 ppm) and RSPM (28.1 :I: I I .5µs/m1
). 1l1esc values exceeded Ille \VI 10 guideline limit for CO 

(IOppm), S01 (O. I 7ppm), N01 (O. I 7ppm) ond RSPM (25µg/rn1
). 111c peak CO emission level 

( l65ppm) \\35 recorded in the evening (4pm-6prn). Menn lot.ol trnffic density at Ille SL \\':IS 347S 

± I 043.41hr. Menn concenlrution of 1.ruffic emissions \\'ere elevated \vith increase in traffic 

dcnshy at SL. Then: \VOS a significant positive co"clotion bct\\Cen S02 nnd 1rnffic dcnsit) (r" 

0.48). �lean oge ofT\V nnd RP \Vere 37.7 :I: 9.3 years and 37.0 :I: 7.7 ycnrs rcspeclhel)'. tvlujority 

(54.9%) of the T\V spend more thnn 8hours nt rood intersections Reported rcspimtory problums 
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experienced included: breothlng difficulty (T\V· 66.4%; RP 6.4%), ches1 pain (T\V· 72. I%: RP: 

5.6%), sore lhron1 (T\V: 60.7%; RP: 14.4%) nnd co1o.rrh (T\V: 68.9%; RP: 41.6%). There \\'ll.5 a 

signititru1t difference bclY.'Ccn the observed Fl!V1 lllTlong nv (2.2 ± 0.71) ond RP (3.4 = 0.51). A 

ncgolive corrclntion ,vos observed bc1,vccn RSP�I ond lhc oc1unl fEV I ofT\V (r- -0.6).

Ambicnl oir emissions 01 s1udy loco1ions exceeded the \Vorld I lcallh Org.aniz.otion guideline limi1 

for occupational exposures ond rcspin11ory problems ,,·ere higher among troffic \\'Ordcns. Rou1inc 

air 1noni1oring of motor ,vays nnd the use of pcrsonnl protective equipment b) unffic ,vnrdcns 

,vbilc on duty is odvocutcd. 

Keywords: Air pollulion. Lung function status, Tmnic emission, Traffic \\'tltdcns 

\Vord rount: 495 
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1.1 llnrkground lnformn1ion 

C l lAPTER ONE 

11''TRODUCTION 

111c \Vorld hcohh organiution (\VI 10, 1990) defines air pollu1ion os limited 10 silunt,on in 

which the ambient atmosphere conlllin materials in concentrntions which ore ham1ful 10 mllll 

and his environment. Air pollution couscs some gases in 1hc atmosphere 10 c�ist at higher 

than normal conditions ond can be seriously ham1ru1 to humnn health Examples of these 

include nitrogen oxides (NOx), sulphur oxides (SOx), carbon monoxide (CO). par1iculn1c 

mancr (PM). photoc:hemical oxicbnts (e.g. owne and lend (Pb), along with a vorict)' of 

airborne heavy 111c1als nnd volatile organic compounds (VOCs). Air pollu111nts nrisc from 

both mnn-m11dc and natuml processes (Kyle�, til .• 2001) 

Air pollution is the introduction in10 the nir of an} subs111ncc difTcrent from on) of its n111uml 

cons1i1ucnts. It can occur 11s a result of natural conditions, such os a.sh from volc:inic 

eruptions, SDnd stom1s or forest fires. Natural gcomorphic terrain, such as low volleys 

surrounded by mountains, temperature and ,, ind speed cnn also cxocctbntc nlrcndy polluted 

surroundings in a region. l\1ore serious, however ore the onthropogenic or human CllUSCS of 

air pollution tha1 ore directly linl..ed to energy consumption, industrial emissions and 

, chiculnr exhausts in heavily congested urb3Jl on:n.s. It is oflen n combination of both nn111ml 

DS ,vell 11s hum11n octivitics thot lead to highly unhe111thy conditions of air (;\baton, 2007) 

An oir pollulllnt is known as n substance in the air that con cause harm to humllns nnd the 

environment. Pollutants can be in the form of solid pnr1iclcs. liquid droplcb, or gases. In 

addition. they mo)' be natural or rn.in-mnde (EPA, 2006). Pollulllnts CllO be classified as either 

primary or sc:condnry. Usually, primnry pollutnnts ore substances directly emitted from o 

process. such ns ash from n volcanic eruption. carbon dio:i.ide from burning fossil fuels. the 

carbon monoxide gos from a motor vehicle exhaust or 511lphur diosidc reknscd from 

fnc1orics. Secondary pollutants ore not cmlucd directly. Rother, tltC) fom1 in the oir \\hen 

primary pollutants react or intcracL An importont example of a secondary pollutant is ground 

level ozone -one of the many secondary pollullllllS that make up photochemical smog. 
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Air pollution and its public health impQtlS ore drowing incrc:1Sing concern from the 

environmental health reseon:h community, environmcntnl regulatory agencies. industries. a� 

well ns the public. The qW1lity of  air, both indoors 11/ld outdoors. Is closcl} related to 

morbidity and mor10l1ly from rcspinitory and curdiovoscullll' diseases. (Xionglu ct al. 2006) 

Common oir pollulllnlS that dniw intense concerns include par1icul11te molter (P�I). ozone 

(O,). carbon monoxide (CO), sulphur dioxide (SOJ), nitrogen dioxide (NOJ), lcod (Pb). 

volatile organic compounds (VOCs), and polycyclic aromatic hydrocarbons (PAI ls).(Xinnglu 

�, t1l., 2006). 

In 1997, the US Environmental Protection Agency (USEflA) modified its Notional Ambient 

1\ir Quality Standards (NMQS), ln which the 24-h nnd annual nvcr.ige concen1rotion limits 

for ambient PM2 , \\ere 65 and IS 11glni', rtSJ>C(ti\ely. Also included in the �lllndords ore CO. 

PM10. S02. N02 and O,..onc:. Standards with different lime durations ore defined because of 

some pollutnnlS, like Ozone and CO, shon-tcrm effect Is o concern, while for lcod and 

pnnieulalc moncr. n1orc attention ls focused on its long-term effect. In addition, the time 

duration that is chosen depends on which durations ore more o.ssoclotc:d with human health 

effects. 

Tobie I.I NAAQS stnndnnls 

Pollutnnts Time duration Vnlucs 

CO(ppm) lh 3S 

Sh 9 

N01( ppb) Annual SJ 

PNl10 (11g/1n') 24h ISO 

Annual so 

PNlu(µgtm') 24h 65 

Annual IS 

OJ (ppb) lh 120 

Sh 80 

so, (ppb) 24h 140 

Annual 30 

Source: USllflA (1997) 

2 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



In urban on:DS mobile or vchiculor pollution iJ pn:domin11111 nnd signllic11nll) contributes 10 

11ir qUJ1lily problems. Road llllffic produces vol111ile organic compounds. suspended 

pa1ticulo1c mailer (SPM), oxides of sulphur (SOx), oxides of nitrogen (NO,'(), Md carbon 

monoxide (CO), which cause adverse hcallh effcclS 10 the e,posed populOlion. The p.iniclcs 

emi11cd rtom the vehicular exhaust of more than 1 0 -micron size oro held in upper rcsp1rolOr) 

1rnc1 nnd particles less 1hnn I 0-micron size (P/1.110) o.ccumuloles in lhc lung and produces 

n:spirulory obnon1101i1ics (Ingle cl of., 2005). 

Troffic-rclnlcd emissions ore o complex mix of pollulnnlS consisting of nitrogen oxide s 

(including niuogcn dioxide), pGrticulolc moner, carbon monoxide. sulphur dio>.idc. volatile 

organic compounds. ozone, ond many other chcmiC11ls such IIS trace toxics and greenhouse 

gases. lllis concenlrotion of pollu1onts varies both spa1iolly (by locolion) nnd temporally (by 

lime). A slgnilicnnl proportion of the popula1lon ore c.xposcd lhrough occup:ulons 1h01 lc;id

10 c>.lcnded periods of time on or near ro3ds and hlghw.iys o r  close 10 1roffic lil.e nspholt 

workers (Rondcn1 ti of., 200-1), traffic officers (de Paula ti al., 2005: Drogonieri ct al. 2006; 

Tamura el ol. 2003: Tomoo e1 ol .. 2002: Tomei ct al .• 2001). s1n:c1 cleaners (Roochou

Niclscn et al. 1995), street vendors and 1ollbooth workers. Health impacts ore grcnler for

these groups ,vho \\Ork close 10 traffic 1hon for !hose that ore not oeeupa1ionolly c.,poscd. 

Exposure 10 dusl hilS long been ossocin1cd ,vilh lhc pn:volcncc of varying degrees of airway 

obs1ruc1lon ond rcspirolor) symptoms In m.in (Noor ti al, 2000). A high incidence of cough, 

chronic bronchitis, sneezing and C)C irrlu11ion coupled whh infection of the 1hroat has also 

been n:portcd. Then: ore many health cffcclS of air pollu1ion including irritolion of 1hc t)'CS.

nose, inoulh and ll1roo1, chcS1 pain, laboured brcolhing and Increased susccp1ibility 10 lung 

lnfcc1ion. Al very 10,v lcvel.s, air pollution is a nuisance 10 healthy individuals and n burden to 

those "ilh rcsplro1or) ' disease. (Mandryks ti ol .. 2000). 

Respiratory problem from air pollu1ion con be measured using lung function 1cs1 olso collcd 

pulmonary function lcslS (PF'Ts) "hich c,•11lua1cs how \\tll lhc lungs worl.s. The nonnol 

value rungcs for lung function tests is usunlly adjusted for age, height. sc>. ond sometimes 

wclgh1 and r.icc Rc:.uhs arc oficn expressed in lcm1s of o pcn:cn111gc of the cxpcc1cd value 

The test determine ho,,• much oir lhc lungs con hold and how quickly oir con move ou1 in and 

out of the: lungs, and how ,vcll 1hc lungs put ox:,,gcn inlo and rcmo,•c carbon dioxide from 1hc 

blood. Lung function ICSlS pro,•ldc quollu11ivc and qu11n1iln1i\·c cvnluo1ion of puhnonor)• 
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runction and ore therefore or definitive voluc in the diagnosis and therapy or p:uicnts "ith 

cardiopulmonary disorders 11s well D.S those wllh obstrucll\'c and rcstrictl,c lung dlscll5C 

(Frampton ct. al., 2000). 

1.2 Probltnts Stulcmcols 

Air pollution continues to pose II significant lhrcot 10 health of population ,,orldwidc In 

mony urban orcns or Asia. Lntln An1crico and Africa, dc1criora1ing air quality hos been 

nssociotcd with rapidly rising population growth and increased use or motor vehicles, coupled 

,vilh lnodequiucly regulated emissions of oir pollution from Industrial plants nnd po,1 er 

generating focilitics. Annually, oir pollution occounts for an estimated 3 nlillion dcolhs, 

which is So/o or the SS million dcolhs that occur ,11>rldwidc cnch )COr (Cacc1olo ct al., 2002). 

According to the United States Environmental Protection Agent) (USEPA). ,chiculor 

emissions account ror Slo/o or carbon monoxide:. 34% of nitrogen oxides and 10% of 

porticulotc mailer rclCD.Sed each ycor in the United Stoles. The United Notions estimated 1h01 

o,•cr 600 million people in urban areas world\\ ide \\'ere ��posed 10 dangerous lc1•cls or 

traffic-genera1cd air pollutonts (1 lumnn exposure 10 these oir pollutnnts is believed 10 hove 

posed sc,•erc he.11th problems especially in urbilll orcos 11 here pollution levels ore on the 

incrcnse. In occordancc \\ ith \Vorld 011nk report, the eS1imo1ed onnuol domogc of loss of 

lire and diseoscs due 10 the olr pollution Is about $640 and $260 million �pcctlvely 

(Doudoghpour 111 al., 2009). 

In 200-1. Toronto Public lleallh reported B �,ud) 1h01 estimated the burden or illness 

ossociated with on,bicnl (outdoor) levels or air pollution in Toronto. The study sho\\ed that 

smog-relotcd pollulDllts from all sources contributed 10 11bou1 I, 700 premature de31h.s illld 

6,000 hospi1alizo1ions each )'tar in Toronto. The study indicn1cd 1001 these dc111hs \\'OUld not 

hove occurred \\hen they did without chronic cxpo�urc to air pollution 01 the le,cls 

c>.pcric:nccd in Toronto. 

Outdoor P�I oir pollution is estimated to be responsible for about 3�� or nduh 

c.irdiopulmono.ry disease mortality; about S'Yo of trach� bronchus, and lung cancer 

mortality; and about 1% of monalit) in children from ncute rcsplrntory infoction in urb:ln 

or� world11 Ide . This nmounts 10 about 0.80 million ( I .2o/o) premature de.iths nnd 6,<I million 
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(O.S%) lost life )COrs. (Cohen ct al .. 200�). T hcsc ad\crsc outcomes from exposure to 

\Chiculor cmissioru range from ocutc symptoms like coughing and \\hCC'l.mg 10 more 

chronic condiuons such Q.S nsthmo nnd chronic obstructive pulmonnry disease (COPD), which 

includes chronic bronchi1is ond cmphyscmn,(l\1ckco \\n,2007), 

A recent s1udy conduc1ed In Abujn. Nigeria by f,.,locn in 2008 on 1hc effect of vehiculnr 

emissions on the hcohh of Traffic wardens sho\\cd lhat 16% of lhc lruffic ,.,.llfdcns h:id runny 

nose, 15% hud chest pnln. 26% had cough "hllc 14% and So/o had C)e lmtation and son: 

lhroot respectively (Moen, 2008).

1.3 Rotionulc for the study 

lbotlon Is the lar11cs1 indl11cnous city in 1hc whole of\Vcst Africo. There arc eleven (11) Local 

GovcmmenlS in Ibadan Mc1ropoliuin area consisting of five ur� local go.,.emmcnts In 1hc 

city and six scmi-urb3n local gol'cmmcnts in 1he lesser oulSl.in of 1hc mc1ropolls (Arcola. 

1992). The ci1y olso links Logos thot is lhe major commercial nerve centre of lhc. 1l1is 

linkage hos led 10 the inll0duc1ion of motorized ,·chicles and 1rucl.s lhnt cmil polluUlnlS ond 

vehicle exhaust emissions ,�hich olTc:clS the air quality of the local govcmrncnl nrcn. 

�1any s1udics hove been cnrricd ou1 on 1hc dc1crminn1io11 of lhc ornbicnl conccn1rn1ion of air 

pollutonls ot  major rood intersections ond they nsscsscd !IS effect on the exposed population 

"i1hout o corresponding conlrol group and majority were carried oul in developed countries, 

indicative of o dcanh of rcsc3rch on personal exposure of Traffic \\Ordcns 10 ranlculotc 

�tatter (PM,o) In de, eloping coun1rics. 

Traffic \\llrdcns hove been rcponcd to be ot high risk of respiratory imp:ilrrncn1 due to their 

exposure to 1roffic-rclo1ed air polluuinlS (Ingle, et al .• 2005) bu1 no s1udics hove been tllrried 

oul on 1he nssessmenl of pulmonary SIOIUS of uaffic \\ordcns in Nigeria. An nsscssmcnt or 

1rnffic-rclMtd nir pollutonlS os 1\cll Q.S the cv11luo1ion of 1hc pulmonnry status of troffic 

wardens would o.ssisl In the dcvclopmcnl of in1cn-cn1ion studies in 1hc fu1urc ond also provide 

o douibnsc 11hich ,vould be useful for the government for policy fom1ula1ion on traffic

emissions. This is pnnicularly lmpononl considering the foci 1h01 policy ond practical 

mcnsurcs con be used to reduce occupational c:-.posurc 10 traffic c:missioM. 
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1.4 RC3carch Que3tloo 

I. \Vhnt is the perception of Traffic wnrdcns nnd Rcgulnr policemen nbout air qu.nlit)1

2. \Vbnt is the ambient conccnLtDtion of g11Scs ond poniculntc mnncr within the selected

tr.imc routes in the two Local Government Arcos?

J. \Vhot is the tr.iffic density 111 the selected traffic routes in the I\\O LOClll Government

Arens?

4. \V hot is the pulmonary function stntus ofTmffic wnrdcns and Regular policemen

I.S llcscnrch llyputhcsls 

H0: TI1cre is no slgnlOcant association bct\\tt n the prevnlcnce of rcspiratol')' symptoms nnd 

exposure to traffic related air pollutants among traffic wordcn6. 

H1: There is a significant association bet,\CCn the prc\•nkncc of respiratory symptoms and 

exp0surc 10 traffic related oir pollutnnlS nn1ong traffic \vordens. 

I 10; There is no si!lJlifiennt difference in the mcnn force expiratory \'olumc in I second (FEV 1) 

of trnOic \\Ordcns nnd regular palice officers. 

111: TI1crc is n significant difference in the mcnn force expiratory volume in !second (FEV1) 

of troffic wardens nnd regular police officers. 
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' 

1.6 ObJcclhc of the S1udy 

J .6.1 Broad Objective 

The mnin objective is to Chnroctcritc unffic related air polluuints and 10 assess 1he n:sp1rolof) 

health problems c.xpcricnccd by policemen in lb3dan North and Nonhe:i.st Locnl Govemmcnl 

Areas. 

1.6.2 Srcclnc Objccth•cs 

111c specific objcclivcs of 1his study \\ere 10: 

I. describe 1hc lrnffic routes.

2. dctcnninc the ironic density 111 selected trnffic routes

3. de1ennine gnscous 1111d pnrticulntc moucr concentrntlons within lhc sclec1cd tmffic routes

in die Local Govcmmcnl nl'C3S.

-1. document d1c Policemen's perception ofoir quality.

S. document the reported rcspirn1ory symptoms nmong Traffic wrudcns and Regular

policemen.

6. determine 1hc pulmonary fune1ion stolus of selected Traffic \\Oldens and Rcgul.ir

policemen.

7. identify possible ossocialion bcl\\ctn exposure variables and lhc lung funclion status of

selected policemen.
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CllAl'TER T\VO 

LrrEl'L\TURE nEVIE\V 

2.1 Atmosphere 

The Earth is surrounded by a blonl..ct or air, ,,hieh we coll 1hc atmosphc:n:. It reaches nCM or 

over 600 kilomelll:S (372 miles) from the surface of the Emh. This blanket of air is a lo.ycr or 

ga.scs surrounding U1c: planet Eru1h that is n:toined by Earth's gr.ivlty. The atmosphere 

protects lifo on l!orth by absorbing uhrnviolet sol:lr rndiation, ,,'llnning 1he surface through 

heal retention (greenhouse clTcct), 1111d reducing tcmpcrnturc c>.tr cmcs bcl\,ccn day and 

nlght,(NOAA, 2010). 

The 01mosphere 1h01 originally surrounded the urth \\llS prob.lb!)' much dilTcrenl from the air 

\\'C brealhc 1oday. The earth 's first otmosphcn: (some 4.6 billion )C.ll'S ago) ,,as most likely 

h)drogcn ond helium- the l\,o most obundont gases round In the universe- ns well os 

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

1\ir is the name given to atmosphere used in breathing and photos)nlhcsi�. Ory air contains 

roushly (by volume) 78.09% nitrogen. 20.95% ox)'gcn, 0.93% argon, 0.039% carbon 

dioxide, nnd small OJnounts of other soscs. Air also conlllins a vnrioblc amount or ,vn1er 

�apour, on ovcmge around 1%. \Vhllc nir con1ent and 01n1osphcric prcssun: varies Al di1Ttren1 

layers, air suitable ror the s11r\
1ivnl or 1em:s1rial plants nnd tcm:striol animals is currently 

kno,vn only 10 be round In Eonh's troposphere and artificial atmospheres. 

Q;,.-ygcn ((¾), 1hc second mosl obundonl gas in today's oln1osphcrc, prob.ibly bcgnn as on 

extremely slow increllSC in conccn1rn1ion as cnerse1ic rnys rrom the sun splil \\'Iller vapour 

(H20) inlo hydrogen 1111d oxygen. The h)drogen, been lighter, probably rose ond C5C11pcd into 

space, wh ilc the oxygen remained in the atmosphere. (Ahrens. 2008). 
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2.2 Structure or the atmosphere 

According to Ahrens, (2008), n vcrticnl profile of the otmoi,phcrc n:\eals that i1 can be 

divided into seri es of layers. coch layer may be defined in o number of 11 a}s, b) the mllllncr 

In which the air ternpcmtun: \ llfics through 11, by the gases that comprise It, or even b} its 

electrical properties. These la}ers include: 

• Troposphere: which is the lo1vesl layer. II C)l.tends up 10 about 16 km in tropical regions

(to a 1cmpcmturc ofabout -79°C, or about-1 I0°F),

• Stratosphere: TI1ls is 1he layer 1h01 houses 1he ozone layer. l l  Is located ,mmc:diolc:ly

above the troposphere. Tcmpem1ures gmduolly rise: 11 lthm 1he S1ra1osphcre due: 10 the

e1Tcc1s of the ozone foyer.

• Mesosphere: The mesosphere is immcdiatcl> above the strolosphcrc 411d it c.\tcnds an

additional 53 n1ilcs into sp:iec. Tcmpcralurcs foll once again, reaching a l011 of -93°

Celsius. \Vhcn ,netcors enter Earth's 111mosphcre, the) usually bum In the mesosphere

before reaching the la}crs below. In the North and South Pole. clouds can form In this

layer, \1hich is unique to those regions of the: planet.

• Ionosphere: 11,c: ionosphere is not really o layer, bu1 m1her an clcc1rilicd region 1vithin

the upper atmosphere where fairly large eonccntra1ions or ions and free electrons exist

The lower region or the Ionosphere is usually about 60Km above the canh 's surface.

From here (60Km), the ionosphere extends up\\nrd 10 the top ortJ1e atmosphere. I fence,

the bulk of the ionosphere is in the thcrmosphcre.

• Thermosphc:rc: At an altitude: of about 90Km, temperatures begin 10 rise The la}er that

begins this alliludc is 1he thermosphere, bec.,usc or high 1ernpern1urcs rc:ichcd In this

layer (about 1200°c, or obout 2200°1').

• E.'(osphere: 1l1is is 1hc region beyond the thcrmospherc. It C.\lcncls lo oboul 9.600 Km

the outer limit of the atmosphere (Sec Figure 2. J)
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Layer 

EICOlphere 

tooo1phere 

Me1osphere 

Stratosphere 
Troposphere 

8Slou 

55 lou 

15km 
n -

--- Outer Space 

<lll�F- Aurores

4- Ozone Layer

4--CJouds/WeaU,er 

Fii: 2.1: An illus1r111ioo or 1hc Enr1h's Almosph�rc 

Source: (;uropcun Spocc Agency (20 I 0) 
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2.J Physical ch1rac1crb1ic., or air

2.J. t AJr Composlclon

TI1c lmmcdln1c 0nvlronn1cn1 of mon comprises air on \\hich depend all fonns of life. 

Air Is mainly co,nposctl of nhrogen, oxygen, ond argon. ,�hich 1ogcthcr cons1itu1c 1hc mojor 

g115cs of 1hc olmospherc. The remaining g11Scs ore oOcn referred 10 llS tnicc gases omong 

which arc 1he greenhouse g11Scs such as ,voter ,•npour, CMbon dioxide, methruic, nitrous 

o,ide, and ozone. i\parl from supplying life-giving oxygen. air ond atmospheric conditions 

serve several functions, TI1c human body is  cooled b} air conlllct; the special senses of 

hcnrlng and smell function through air b} dust. smol.c, to.,ic gases ond chcmiClll , opours hitS 

resulted In sic1J1ess ond dc111h. Human beings need II continuous suppl) of air 10 exist TI1c 

requirement of air is rel11tlvcly constant (obout I 0-20m1
), (P.irls. 2006). The composhion of 

air is gh en in Tnblc 2.1. 

Air is o mcchnnicol mlx1urc of g11SCs and depending on loc11tion Q/ld time, it con111lns the 

mokculcs and particles of thousands of dilTcrcnt molerials usually separable into chcmicol 

materials and biological fo,ks (Chonlcll, 1993). 
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Table 2.1: Com()Osilion or Dry Almosphrrc by ,olumc 

Gu 

Nitrogcn(N1) 

Oxygen (01) 

Argon(Ar) 

Carbon dioxide (CO2) 

Neon(Ne) 

I lclium (I le) 

lvlcth:inc (Cl 1.) 

Krypton (Kr) 

Hydrogen (I b) 

Nitrous o,._idc (NiO) 

C:irbon nionoxidc (CO) 

Xenon (Xe) 

01onc (OJ) 

Nitrogen dio11idc (NO,) 

Iodine (1,) 

Ammonio (NH,) 

Not included in obo,•c dry otmosphcrc: 

Volume 

780,840 ppmv (78.084%) 

209,470 ppmv (20.946%) 

9,340 ppmv (0.9340%) 

390 ppmv (0.0390/4) 

18.18 ppmv (0.001818%) 

S.24 ppmv (0.000524'•)

I. 79 ppm, (0.000179%)

1.14 ppmv (0.000114'•)

O.SS ppmv (O.OOOOSSo/a)

0.3 ppmv (0.00003%)

0.1 ppmv (0.00001%)

0.09 ppmv (9" 10�%) (0.000009%) 

0.0 to 0.07 ppmv (0 10 7 " I 0�) 

0.02 ppmv (2 " I 01¾) (0.000002%) 

0.01 ppm, (I "10�) (0.000001%) 

Trace 

\Voter vapour (I 1,0) -0.40% o,•cr full otmospherc, typic:illy IY.-

4,� 01 surrocc 

Source: NOM Eonh System Rcsenrch Laboratory (20 I 0). 
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2.J.2 Air Tcmpcr111urc 

Air molecules nrc in constnnt motion. The speed of nir molcculcs corTCSponds 10 their kinetic 

energy, \\hlch in tum com:sponds 10 lhe amount of hc111 cncrg) in lhe air. Air 1cmpen11urc is

a mcnsurc of 1he overage speed 01 which oir molecules ore: 010, ing, high speed corresponds 10 

high 1e1npcm1ure. 11te 1cmpcro1ure of o substa.ncc is mc:uurcd using a thcrmomc1cr. (Ahrens, 

2008). 

2.3.J ;\Ir Pressure 

Air Is held 10 the earth by gravity. The suong invisible force pull� lhc air do\\nwnrd. giving 

air molecules weight. The \\eights of 1hc olr molecules e,.crt o force upon the C3rth nnd 

everything on ii. The amount of forco exerted on a unit surface oren Is called atmospheric 

pressure or air pressure. 111c air pressure 01 any level In the 111mosphcrc can be e,pressc:d as 

the Iota.I weight of air nbove o unit surface area 01 1h01 level in the atmosphere The 

instrument used in mcnsurlng air pressun:: ls called b.lromelcr. (Ahrens, 2008). 

2.J.4 \Vinll 

\\llnd is air in motion. It is ct1uscd by horizonta.1 v11rio1ions In air pressure. 111c grc111er the 

difference In oir pressure bc1,vccn ony t\\O places 01 the same ollhudc, the stronger the \\ind 

will be. The wind direction Is the direction from ,,hich lhc wind is blowing. \Vind speed is 

the role 01 which the air mo\'cs past a stationot) object. Varieties or lnstrumcn1 nn: used In 

mc11Suring \\'ind. A ,, ind vane measures "ind direction "hilc oncmomc1crs n1e11sures "ind 

speed. (Ahrens. 2008). 

2.3.S Prcclpi1n1io11 

Prccipillltion is any form of w1111:r (either liquid or solid) that falls from the atmosphere and 

rcnchcs the ground. such C1S min. snow or hail. Rain gouge is on instrument 11101 measures 

rainfall. TI1e s111ndDrd min gouge consists of a funnel-shaped collcc1or that is otlllched 10 11 

long measuring tube. (Ahrens, 2008). 
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2.3.6 llun1ldlty 

I lumidlty refers to the oir's wotcr vopour content. The moximum omount of wntcr vapour thot 

the nir con hold depends on the oir tcmpcroturc; wnrrn nir is cop.ible of holding more \\iller 

vnpour thon cold olr. Relntlvc humidity is the ratio of the amount of water ,opour 1h01 the air 

could hold ot thnt p.irticulor tcmpcraturc. \Vhcn the cur is holding oll the moisture po�ible ot 

o porticulor temperature, the oir is s:iid to be S11tum1cd. Relative humid it> and de" •point

temperature (the temperature at which oir is soid would hove b«n cooled for s:iturntion to 

occur) ore often oblllined with a device coiled psychron1ctcr. (Ahrens, 2008). 

2.4 Air quollty 

Air quality is defined ns n measure of the condition of oir reloth e to the rcqulrcn1cnLS of one 

or more biotic spccic:5 and or to ony hum1111 need or purpose Air quality is therefore on 

indication of hcohhfulness of the ::iir bll.Scd on the quantity of polluting go.scs 1111d particulates 

(liquid droplets or tiny solid particles ore suspended in olr) it cont111ns. The Air Quolity lndc, 

(AQI) (also kno\\n :is the Air Pollution Index (Al'I) or Pollutant Standard Index (PSI) is o 

number used by government agencies to char.icterizc the quality of the air at a given

locotion.(EPA. 2003). It is on index used for reporting doily air quolit). It sho,,s ho,, clenn or 

unhc:ihhy the air ls, ond what 11ssocinted health clTcct might be a concern .. 111c AQI is 

calculated for four n1njor air pollutanLS regulated by the Cl�n 1\lr Act: ground· level ozone, 

ponicle pollution. Cllfbon monos.Ide, ond sulphur dio)(idc. For coch of these pollut1111LS, EPA 

ho.s established national nir quality stond:irds to protect public health. (EPA, 2009). 

A� the AQI mercilSCS, on incrc3loingly ln111c pcrtcn111gc or Lhc population is likely to 

experience increasingly severe ad,•cr..e health clfccts. The AQI includes �ub-indlces for 

ozone. p.irticulntc: maner. carbon monoi.ide, sulphur dioxide nnd nitrogen dioxide. \\hich 

relates ambient pollution concentrations to index ,•alucs on II scnlc from O through 500. This 

represent o br03d range: or nlr quality from pristine air to air pollution levels thnt present 

imminent nnd substnntiol danger to the public (EPA. 2003).Thc purpose: of the AQI is to help 

undcrsl!lnd ,�hot local oir quality means to heohh. To make It easier to unders111nd. the AQI i� 

divided into six levels of health concern: 
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T1blt 2.2: Air Qualll) lndt,; 

Air quality lndtx(AQI) 

, alues 

\Vhcn 

range: 

the AQI IJ

O 10 50 

51 to 100

IOI 10 150 

151 to 200 

201 to JOO 

JOI to 500

In thlJ 

Levels of he11llh concern 

.... oir quolity conditions ore 

Oooil 

Modcrntc 

Unhealth> for scnsiti,c 

Each category corresponds to a dilTcrent lei cl of he.11th concern· 

Colours 

... IIS S} m boliLcd 

colour 

Green 

Yellow 

Orange 

Red 

Purple 

Mo.roon 

by this 

Good: \Vhcn the AQI l'Oluc is bet\\ccn O and SO. Air quality is s,uisfactol)' ond poses linlc or 

no health risk. 

i\1oder111c: \Vhcn1hc AQI is bc111c:cn SI ond 100. Air quoli1y is o.ccc:p111blc; ho11ever. 

pollution in this range mil) pose a moderate health concern for o very small number of 

individuals. People \\ho ore unusually scnsi1ive 10 ozone or paniclc pollution may experience 

respira1ory symptoms, 

Unhculthy for Scnsith•c Groups: \\/hen AQI values ore bel\1ccn 101 ond ISO, members of 

scnsilil e croups may experience health clTccts, but the general public is unlikely 10 be 

olTccted. 

• Ozone: People 1vith lung discnse, children, oldc:r adults, ond people II ho ore octive

outdoors ore considered scnsitile ond therefore 01 grc:iler risk.

• Purticlc pollution: People II ith hcon or lung discnsc, older odults, and children arc

considered scnsiti1e and therefore 01 Cft'31er risk.

Unhealthy: Everyone may begin to experience health clTcclS when AQI ,olucs ore bet\\Ccn 

1st ond 200. Members or sensitive groups may experience more serious hcolth elTects. 
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Very Unbcallhy. AQI ,-olucs bel\\c:cn 201 ond JOO lrigger o hcahh alert. meaning c,·cr)one 

moy experience more serious he:ihh cffccl5. 

HAurdou�: AQI volucs over 300 trigger hl'llhh warnings of emergency condi11ons. The 

cn1irc populn1ion Is even more likely 10 be 11rrec1ed by serious he:illh effects (EPA, 2009). 

2.S Air pollullon 

Air pollution cnn be described IIS u,e presence of subs111ntcs in oir in sufficienl concen1ro1ion 

and for suffieicnl lime. so as 10 be, or lhrc,ucn 10 be injurious 10 human. plonl or animal lire. 

or 10 propcny, or which rco.sonably ln1crfcrcs \\ilh 1hc comronnblc enjo}men1 or hfc and 

propcny. (Abn1nn, 2007). fl cnn also be defined n.s 1he i111roducllon of chemicals, p;ut1culo1c 

mailer. or biological mo1criols thol cousc horm or discomron 10 orsonisms Into 1hc 

olmosphcrc. 

fl is the ln1roduc1lon in10 the air of any substance diffcn:nt from any or Its naturol 

cons1i1ucnts. fl is usunlly from rour main sources, namcl}, lndus1riallso1lon. 1obneco smol.lng. 

domestic cooking ond vehicular or n1achincry rucl combustion (Tanimo,,o. 2000). i\ir 

pollution is either due 10 gosc� (carbon n1ono�idc, nitrogen dlo:\ide, sulphur dio:\ide, benzene 

ond ozone) or pnniculotes (dust) These, singly or in c:ombin:nion cnuse rcspirotory 

impairment if inhaled 01 adequate conccn1rn1ions and over a long enough period of 

time (\VHO. 1964; \VHO, 1984), 

Life on canh depends heavily, among many other things, on the resources pro,•idcd by the: 

atmosphere. Anlhropogc:nie pollution of 1he air resources is aiusing o large vnricty of ndversc 

Impacts on the nolurol and built cnvlronmc:nts including biologiClll, ccologicnl, and 

111'Chi1cc:1urol values, Especially clTccts on the health of humnn populations hove rccci�cd a lol 

of allention lately (H:lnninc:n et al .. 2006). 

Impurities from both noiurnl and human sources arc also present in the atmosphere. \Vind 

picks up dust ond soil rrom ll1e eo.nh's surface and carries ii alofi; sn1oll sall,votcr drops from 

occnn \\aves arc s,vepl into air (upon evaporation. these drops leave microscopic sail ponlcles 

suspended in 1hc atmosphere); smoke from rore.st fires is onen carried high above the conh: 

and vol=io spclV many tons or nnc osh particles and gases into the air. (Ahrens, 2008). 
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Urban air Is polluted by o number of toxic or po1cntially c:.irclnogenic 0ompounds. moinl) 

origin:uing from the combustion of fossil fuels. In p3llicular, the occurrence In uroon air or 

sign,nc:.int amounts of organic cnrcinogcns such as benzene and benLO (a) p)Trnc mises 

concerns nbout the possible long term effects in urban populations. (fomei. et ul., 2001). 

The problem of air pollution in urban areas is also aggr.iva1ed by inadequa10 po,\cr supply for 

industrial. commercial ond residcn1ial ac1ivillcs duo 10. which consumers have to use dicsel

b:iscd captive po\�Cr gcner.11ion units emiuing high levels NOx and SO.'<. In addillon. non

point sources such as \\'IISIC burning, construction activities, and roadside air borne dust due 

10 vehicular movement nlso contribu1c 10 the tollll emission food. 

Ambient pollution is funhcr compounded by the rapid urbnnialion of many developing 

counlrics. rhc global urban population rc.ichcd SO% in 2008 and Is cxpcc1cd to incre'1Sc to 

60% by 2030. 1l1is Increase ,viii be p.1niculG1ly pronounced In dc\clOping coun1rics, in 

,vhich 80% of 1he urban population will be living In 2030 (UNFPA. 2007). Accomp.inying 

this rise in urban populations "ill be o fourfold incmisc in 1hc number of molorizcd vehicles 

in cilics by 2050, making 1r1111spon-rel11tcd pollution II hazord even i n  counuies \\ ilh overall 

low motorizotion rates (\Vorld Bank. 2004). 

2.5.1 Urlrf history of nlr pollullon 

Air pollu1ion lirs1 received recognition ns on urban problcn1 in England in 1hc ninlh century, 

\\ hen cool "'15 discovered one.I complaints about foul air began 10 be heard. The possible 

menace 10 human health ,ws recognized in chc 17th century by John Evelyn, \\ho dared 10 

ascribe chronic respiratory ailments 10 1hc inhola1ion of coal smoke. (Jl,fillcr, 1998). 1l1csc 

clnssic episodes or severe air pollution are lmponon1 because they caused so many denths 1h01 

they served as a ''\vokc up call" 10 the public ond 10 policy-makers which mode them renlizc 

lhnt air pollu1ion was more lhon jUS1 a nuisance. They led to 1he lirs1 mnjor leglslntion 

designed 10 reduce oir pollution. After these incidents, 1here ,vas Huie doubl thal high levels 

o f  oir pollution \\"Crc ossocin1cd wilh on incrcnsc in prcmnlurc deaths 

During the London Smog of 1952, the smog was so thick tha1 road, roll and air tronspon \\ere 

brought almost 10 a standstill and n pcrronnnnce nt the Sndlcr's \Veils Thca1rc hod 10 be 
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suspended ..., hen fog in the auditorium made conditions intolerable for the audience ond the 

pcrfonners. There y,as :i Clinic show going on al the time in Smithfield. and the press reported 

1h01 the c:illlc ,vcrc osphyxioled, The fog was so thick that in many p3r1S of London it ,,as

impossible for pcdcs1rions 10 !ind their wny al night. c,cn in flllTliliar districts. II 1s s:iid that 

people: could 1101 even sec their own feel. 11,i� I.ind of den� foe in London come 10 be kno\\n 

as o "pco soupcr". It \\OS very different from the clean while fog of 1hc countryside bcc:iusc it 

contoincd noxious emissions from factory chimneys which hod on unplC3S11111 odour 311d ,,as

11 dirty )Cllo,v or brown colour. II is not kno,vn ho,, many people died as o direct result of the 

fog. �lony who died olrendy suffered from chronic respiratory or ainlio,•osculor diseases 

\Vithout lhc fog, they n1lght nol h11,c died when 1hcy did. In Snglond, the Clean Air Act or 

I 9S6 banned emissions of black smoke ond decreed 1ho1 the residents of urban on:as ond 

opcro1ors of factories must convert 10 smokeless fuels (\Vore tt al., 1981) 

2.5.2 Air pollullon In Nlgcrl11 

Air pollution is considered o mojor problcn1 in the major cities of the world. As this dQllgcr 

looms on the dc,•elopcd countries of the \\Orld. Africa con only be dclCribcd os opc1111ionol 

disaster on:as. In Nigcrin much 011cn1ion is given 10 general industriol pollution ond polluuon 

from oil rclo1cd industries, ,, ith li11lc reference on dnmogc or pollution couscd b) mobile 

transportation sources of oir pollution (Foboyo, 1997; �1ogbabcolo, 200 I). 

The si1uo1ion of incrcoscd pollution fro1n mobile transponotion source 1s on 1he increase in 

Nigeria os o �ult of per copilo vehicle ownership, lhus resulling 10 high congcs1ion on major 

l"OlldS ond incrcnsc i n  the conccn1rn1ion of p0llu1on1S in the olr. This hns consequently. 

Increased he;ihh risk on human population (Ab:im ct al., 2009). Studies conduc1ed in Koduno 

and Abuja cities shO\\ higher vnlucs of COt conccn11111ion in hCllvily congested areas: 

f 840ppm for Snmbo Koduna, I 780ppm for Stadiun1 round-about, Kaduno, and I SJOppm for 

A. Y.A, Abuja, l l 60ppm for Asokoro Abuj11 {Akpan ct ol .. 1999).Similnr work by Ndokc d

al., 2000, 01 �llnnn, o ell)' In Nigeria shows the mo.ximum value of S,OOOppm for COl in 

congested nrcos. which wo.s 5lill lower lhllll \VIIO s1ipulo1cd ma,imum value of20,000ppm. 

The maximum value for CO emission obtained wa.s ISpp1n \\hich wo� still lower 1h11n the 

base line of 48ppm stipulated by \V.H.0 ond 20ppm s1ipulo1cd b) federal En\'ironmc:11101 
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Protection Agency of Nigeria (FEPA). The IQ50n for this low emission conccntn1tion in 

Minno is due to IO\Y trnmc ond industrial octh•itics in the city. 

I\ Study of the irnpoclS of urban rolld 1n1ruport111ion on the ambient 111r "� conducted b) 

Koku ond Osuntogun, (1999) in three cities of Nigeria: Lagos, Ibadan ond Ado - Eidt I all in 

South-west region of Nigeria. Air qUlllity indicators namely CO. SOz. NO:. ond total 

suspended paniculotc:s (fSP) were dctcnnincd. 1l1e highest levels oblllincd for the air 

pollution indicators in Logos were C0-233 ppm al ldumota. SOr2.9 ppm 01 ldumou1, N01· 

1..S pp1n 01 lynnn-lpajn ond total pnr1icul111c:s 8S2 c:pm 01 Oshodi bustop. At lbodnn, tl1e CO 

and S01 levels at 271 1111d 1.44 ppm were highest ot Mokolo round about \\hile NOz, :it 

I .Oppm wo.s highest at Deere round about. In Ado • Ekiti the hig.l1e�1 le\ cl obtained \\Cre CO· 

317 ppm at O�c lshn, N01 -0.6 ppm 01 ljiabo Junction and SOz-0.8 ppm nt Old Garnge 

Junction. 1lu: obtained results of CO. S01, NOz, ond patticulotc counts per minute \\Cre 

found by Koku, to be higher than FEPA limits. Llmh� set also b) fGPA arc C0-10 ppm. 

SOl·0.01 ppm, N01·0.04-0.06 ppm. The noise level In oll the locations \vcrc found to be 

higher than FBPA limit of 90d0 and the \\1110 limit of 70 dO - 75 dB \VHO. (2000) 

Conclusions of this in\estigotlon sho\v o growing ns� of 1rome-rclntcd problems in Nigeria 

Cities ond demand for serious oir qll!llit)' measures 

A cornporoti\·c: study of emission figures in Lagos and the Niger Dehn (Oil producing n:gion) 

area has been reponcd by Jerome (2000). Two major cities in the Niger Della \Vere 

considered, Pon-Horeoun ond \Vorri. The results obtoined in Table 2.3 show that the 

concentmtions of TSP (fotnl suspended p.1nlculates), N011. SO), and CO in Logos and Niger 

Dcltn \\Cn: obo,·c FEPA n:commended limit. Conccntra1ion of CO emissions for Logos ,vos

quite hi&h, being In the range of IO - 250 ppm recorded higher thon the r.1ngcs or S.O - 61.0 

ppm and 1.0 - S2pprn recorded for oil communities in the Niger Dellll. The TSP 

conccnu111ions \\Crc olso high ror both cities when compnrcd 10 \VI IO's guideline 

I lowe,•cr, the ovcrnll levels or vehicuhtr related air pollution in Nigerio from all the studies 

conducted sho\v on increasing IJ'Cnd with p01cntial h11ZDrds 10 the population. It is not out of 

place 10 state that the concentration of thtSC pollutontS must h:ive lncrc:oscd IJ'Cmcndously in 

the past ten yeors of democratic rule in Nigcri,1 due 10 the innux or old and foirl> used 

vehicles into the country following changes In govemmen1 policy 
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Kadum1 state in Nigeria is an industnalizcd cit) considering the number of process industries 

cited there. The princip;il sources of emission ,n Koduna stotc arc refinery, trunsportlltion 

(combustion of fuel), incinerators, refuse, burning etc. The mojor pollumntS arc gllSCS and 

p:ir1iculote moucrs. Onscs such 115 oxide of su:phur, nitrogen and carbon, nmmonro and 

hydrocarbons predominate. Other pollutants ore p.1r1icul111c molters such o.s smoke, dust, fog. 

mist CIC (Perr), 1984). 

Tobie 2.J: Ambient uir pollulnnts in Lagos and Niger Delta Art11 

Lllgos Aren Niger Oclta Arca 

Pollutant Oil Co111111unltles 

TSP JI /m3 92.2-3<18.5 

NOx(ppm) 22.0-295.0 

S02(ppm) 7.0-97.0 

CO(ppm) 5.0-61.0 

CO/NOx 20 

Source: Jerome, 2000 

2.6 Sources of Air Pollution. 

Cities Non-Tniffic: Tn,mc 

Urban zone Zone: 

396.8-583.3 31.4-746.5 72-950 

JS-370 81-81.5 3<1-131.6 

16-300 O.S-l3 20-250 

1.0-52 0.5-3.9 10-250 

I 5-130 0.0-6.0 50-200 

FEPA 

Standards 

250 

40-60 

100 

10 

• 

Sources of oir pollution con be divided into "''O main groups namely; natural sources ond 

onthropogc:nic soun:cs. Natural sources of air pollution include: 

• 

• 

• 

• 

• 

Oust from natural sources, usuolly large lll'CllS of lnnd with little or no vegetation . 

Methane, emitted by the digestion of food by onlmols. for cllnmplc conic . 

Smoke ond carbon mono,ldc from wildfires . 

Vc:gctlltion, in some regions, emits cnvironmcntoll)' signlfitllnt amounts of VOCs on 

\\Drmcr days. TI,csc VOCs n:act "ith primory anthropogenic pollutllnts specifically, 

O,. S02, and anthropogenic organic carbon compound to produce II sc:.isonal haze: of 

secondary pollutnnts. 

Volcanic oc1iviry, which produce sulphur, chlorine, ond Mh p:iniculotcs. (Goldsticn 1:1

ol., 2009) 
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An1hropogenic sources include; 

• Su11lon'11')' Sources" including smoke s111cks of p0\\er planis, m:1nuf11c1uring f11eiti1ics 

(foc1orics) ond \\IISle lnclneniiors. au "ell 4S furnaces and other l)pc.s of fuel-bum,na 

hcn1in11 de\ ices 

• ·Mobile Sources" Including molor vehicles. marine vessels, nircran and the cfrec1 of

sound CIC.

• Chemicals, dus1 ond conlrollcd bum pmcl1CCJ in agricuhure and fon:suy monagemenl

• \Vas1c dcposillon In londfills, which 11cncni1c methane l\1clh4nc i s  no1 10,ic. ho\1e,cr,

It is hii:Jily Oommablc nnd moy fom1 c:.plosh c mh,1un:t \\ ,lh 11r ,..fc1honc is also on

nsph) 1001 ond mny displace o�ygcn in an enclosed sp;ice. 1\sph�ia or su1Toco1ion

mllY rcsuh ifihc o:.ygcn concenlnllion is reduced to below 19 s,. b) dlspfoccmcnt

• l\1iluruy. such os nuclcor \1copons. 10,ic a=s. gcnn 1111rfill'C 11nd rocl,cll)

One eri1crion is \\ hcthcr lhc source Is mobile or noc The fonncr n:fers 10 1111ffic-rcl.l1cd 

sources. including ground tmffic (bus. priVIIIC car, IIL,i, combi. mo1orc)clc, c1c.), 

underground traffic (metro or .sub\1.1)') ond air tmffic, ond 1hc loner 1s mainl) indus1rial, 

commcrci:1I and personal emissions. (Xianglu ti t1l, 2006) 

2.6.1 I\ lobllc source, 

2.6.1.1 Aulomobilc, 

Across lhe cn1lrc globe. mo1or 1ehiele 1mffic hos incre.i.scd 1rcmcndou.SI) In 1950, thcrc 11crc 

abou1 SJ million cnrs on lhe 11orld's roads. On the 111cmge, the Occ:1 h:u gro11n b) 9.S million 

units per ) cor 01 er lhis period. Simulu1ncousl). 1hc true I.. and bu.s nec1 hos been gro\11ng by 

aboul 3.6 million 1chiclc:s per yc11r (/'.lolor Vehicle Manufacturers' Associ:ition, 1991). \Vhilc 

lhe growth ralc hllS slowed considerably In lhe industrialt1cd counirics, populallon gro111h 

and lncrclltd urb:inil4tion and indu11rialiu11ion 111C occclcratin11 the ll\C of motor ,cluclcs 

clsc"hcrc: If the oppro,ima1cly 120 million 1 110-whcclcd vehicles around lhc 1,ortd nrc 

included (gro1,ing at about 4 million 1chiclcs per )Car 01er the lasl dcc11dc), the global motor 

ncc:t is now about 715 million (Sch11clo ti al� 1997) 
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Vehicle emiuions represent a serious environmental health problem, "hich 1.s c.,p«tcd 10 

incn:;isc in s1gn1fiC3flcc as vehicle ownership incr=.scs glob:111) (�locn, 2008). In de\cloping 

counlncs. moloriulion gro\\1h hllS been largely unchccl.cd by cnvironmcnl.ll n:gula11ons. 

crenlina high levels of pollu1ion (lfan, 2006) Traffic contributes more 10 ambicn1 pollulion in 

dc\cloping coun1r1cs, accounlina for up\,11/dJ of 40·8�� of NOl and CO conccn1n11lons (l'u, 

200 I: Go) 111, 2006, Abbaspour, 2004). llus si1u.:11ion is ol.trming and is prcdlco1cd on the 

poor economic disposition of de�eloping countries Poor , chicle m11intcn:u1cc cuhurc: and 

1mponn1ion of old vehicles \\hlch culmlruuc 10 :u1 automobile Oeet domln.ttcd by o clBSs of 

\chicle, l.no\\n os "super cmiuers" with high emission of harmful polluuu11s, ho.s miscd high 

this figure of emission conccn1r.i1ion Funhcrmorc, In dcvcloplna countries the super cmincrs 

contribute oboul SO�'e of harmful emissions 10 the enlln: D\c111gc emission (Orunckccf , 2005). 

In Mexico Chy for e\lUllplc these supper emitters is reported 10 be n:,pons1blc for 90�• of 

hydroc111bon ond CO emissions ond so,, of J\.O, em,.s.sion occountlng for 60"0 of the 

kilometres trovellcd In the country (UNEP, I 999).Thc Increase of these ,,.me-n:l.tlcd 

pollution is not b11scd on the oforcmen11oncd factors onl), but 0150 on lo\, qualily fuel, poor 

traffic rcgulotlon nnd lacl. of oir quo ht) implcmcnt.:1lion force These arc clear indices 10 high 

levels of1roOic-rclo1ed pollu11on in developing countric}. 

The UNfPA (2008) reports sl101\ 1h01 the "orld uroon population reached S�• m 2008 and ,s 

projected 10 mcrcose 10 60�• by 2030. TI1is incn:3SC ,,ill h.t\c o nci:athc effect in dc,cloping 

countries where 80�• of the urban population "ill be Ii\ ing in 2030 The rise in urb:in 

population will h1nc a gcomctricol effect in 1hc incn::ascd number of n101oritcd vehicles in 

cilic� by 2050, aggrn\otmg the hlWlrd C\cn in countries \\ilh O\Cfllll lo\\ motoriution rates 

(\Vorld D:inl.. 2004). S1nlis1ics in China show 1h01 the conccnlrDtions of p:1rticula1c ond other 

traffic-n:l:ncd pollullllllS.. in Chim1 cities ore si., times higher 1hon \VHO recommended 

b:aselinc The ratio of person 10 vehicle in Cluna is 8 vehicles per I 00 persons comp:ircd 10 

750 \ chicles per I 00 pc110ns in the USA (Folz. 2000). 

Oc\cloping ci1ics in Asia ond Africa ore 01 high risl. to exposure of tlus t111ffic-rcl3tcd 

pollution Re�h conducted in Ethiopia, Moz.wnbiquc, Ken)o and Republic of 13cnin, shO\\ 

1h111 there Is o high lc�cl of DNA damage in urb�n residents and higher pn:\ .ilcnce of Mlhma 

in urb:ln school children exposed 10 traffic pollu11on eomp.:ircd lo rural children (Autrup, 
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2006). The African conunen1 may be hiQhly olTccLcd if priorit) is not given in undcrslllJldlng 

the scale oflhis problem ond Its control. 

2.6.2 St11tlonnry sources 

Stntionory sources ore non-moving sources, fL,cd-site producers of pollu1ion such iu p0\\er 

plonts. ehcmicol plonts, oil refineries, monufocturing facilities. ond other indus1ri11I f:icilitics. 

Air pollution from sunionnry sources is produced by t1\0 primary activities. These activities 

arc S1ntionary combustion or fuel such as coal Md 011 01 po11cr gcnemtlng facilities, ond the 

pollutant losses from industrial processes. Industrial processes Include refineries, chemical 

manufacturing focllitic:s. smelters c.t.c (USEPA, 2010). 

Stotionnry sources have many possible emission points. An cmls.�lon roint Is the spc<:ific 

place or piece of equipment from which o pollutonl Is emlncd. Air pollu1111lts con be cm111cd 

C'rom smoke s!Jlcks, storage tanks. equipment l�ks, process \\'IISIC\\1ltcr hW1dling/trcotmcnt 

nrco, loading and unloading fncilities, and process ,cnts. A process vent Is basicoll) an 

opening where subs1J1I1ces (mostly In gaseous form) arc "vcnlcd" into the atmosphere. 

Comn1on process vents in II chemical plant nrc distillation columns ond oi.idolion vents. 

!!missions from storage tanks arc due to pollutants 1h01 can lc:ik 1hrough lhc roofs, and con 

lcok through tonk openings "hen liquids expand or cool bcc.iuse of outdoor tcmpcmturc 

changes. Also, air pollutants con cscopc during the filling and emptying of o storage tonk. Air 

pollution produced from was1cwo1cr occurs \\ltcn \\llStcwotcr containing ,olatile chcmicols 

comes in contnct \\ ith the air (USEPA. 2010). 

Lorge. stotionary sources of emissions thot hove specific locotlons and n:lease pollutants in 

quantities above on emission thri:shold arc lno"n 115 point sources. TI1osc facilities or 

activities whose individual emissions do not qualify them ns point sources arc coiled arco 

sources. Arca sources represent numerous facilities or activities lhat indi\•idu:illy release 

small on1ounts of n given pollutant. but collectively con rcleosc significant nmounts of a 

pollutant. For c>..amplc; dry clc.incrs, vehicle refinishing nnd gasoline dispensing facilities, 

and residential heating will not typically qualify D\ point sources, but collcctivel) the various 

emissions from these sources on: clnsslficd DS oreo sources. Stotionary sources nre also 

classified os major nnd minor sources. A major source is one 1h01 emits, or hns the potential 
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10 cmh, pollulllnl5 over o major source lhn:shold. A minor source is OO) source "hich emits 

less pollutonl than the major source threshold (USEPA, 2010). 

2.6.2.1 'fhcrrnnl power 111Dnl 

Cool bll.scd lhcrmol power plonts ofTcct the oir quality of the surrounding region mor,: th1111 

notu111I plnnts. For exrunplc in Lndia, oround the cool bll.sc:d plonts. the nmbicnt sulphur 

dioxide eonecntrntion ,vns in the mnge of20-2S ug/m' in and around R.Qmogundnm. In CO.SC 

of Chondmpur Super TI1crrnnl Power Stotion the conccntrntion of SO, wried fron1 3.61-1 8 . 9  

ug/n1'. NO, vuricd from 8 .89-26.SS ug/m'ond SPl\-1 from S2.6-193.2ug/m> The conccn1ro11on 

of SOi, NO, ond SPM , oried from 3-37, S -34, 65-482 ugtm>. n:spcctivdy 1n and around 

Oondhinagor Thermal Po,,er Pinnt (GTPP.) Ambient NO. concentration in case of noturol 

gos based po1,er plant ,,·ns found 10 be in the runge of S-7 ug/m'. From the epldemiologieol 

doto of the oreo surrounding the Rllmogundnm co.-i_l based plant, it has been obser\cd that 

around 6.So/o of population living within o 2 km radius of the pl11111 sufTers from rcspirolol'}' 

disorders, while the figur,: dcerc:iscs 10 3.2% ot II dist:incc of2.S lm ond becomes negligible 

(0.91%) 01 over S km from the plnnt. Thus It cnn be infcmd 1h01 people living within S km 

radius ofc:0111 bMCd po\\cr plant sufTcr from respiratory ollrncnts. (NEERI. 2006). 

2. 6.2.2 lndustrlnl sources

2.6.2.2.1 Cement industries 

Different greenhouse gMeS ond solid p;iniclcs derived from cement industries 1hr,:a1en air 

with the least supervision. As time p3SSC:S, lh�sc g11Ses ond solid poniclcs gr:iduolly condense 

in the c:n, ironment ond con be o potential risk for the otmosphcre, inh11bitonts and onimols. 

Suspended solid p:uticlcs. c3rbon monoxide, carbon dioxide, dilferent types of nitrogen 

oxides. sulphur oxides arc the mOSl common polluwts rclensing from furnaces into 

otmospherc ( Boud3ghpour et of •• 2 009). 
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2.6.2.2.2 011 n!Oncrlu 

Air polluu1nts ore cmincd from a variety of sources throughout rhe oil and gM devclopmen1 

process. Tobie 2.4 summariics rhc major oir pollulllnlS n:I� during oil and g.is 

development and the major sources of emissions 

Tobie 2.�: l\1Ajor ulr pollulonu rclcJUcd during oil und g,u dc\'clopmcnl 

Fuglllvc Dehydrorlon Vcltlclcs Flo ring Engines Pits Vcncing 

cn1lsslons 

Portieuln1c X X X 

moner 

Hydrogen X X X 

Sulphide 

0LOOe 0 0 0 0 

Carbon X X X 

1'>1onoxide 

Nitrogen X X X 

Oxides 

Sulphur X X X 

dioside 

voes X X X X X X 

OTEX X X X X X X 

PAIis X 

tvlc1hnne X X X X 

Dusi X X 

• · x· mc.1ns 1hot 11 pollu1.11n1 Is c1niucd o.s a direct rcsul1 of 1he p:irciculor oc1ivi1y

• 
•Q' means th:it the pollu1ant Is gcncra1cd in a sccondll1)' reoction associated wi1h the

pnrticulor oil and gos de,
1

clopmcn1 oc1ivity. 

Source: '""' ,v.earth\\orksoclion.org (20 I 0) 
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2. 7 T) pe, or air pollullon 

Air polluuon c11n be cla1s1fied into 1,,0 l)J>C5 namely· 

• Indoor oir polluhon

• Outdoor air pollu1ion

2.7.1 Indoor 11lr pollutlon 

Indoor nir pollulion con be tnic:ed to prehistoric times ,,hen hum:ans first n10,td 1 0  1cmpcn11c 

climates oppro\lma1ely 200,000) cars ngo. 1l1csc cold clirrnilcs ncccui1a1cd the construction 

of shcl1ers nod lhc use of fire indoors for cooking, \\llmllh and light. lronicolly, fire, \\h1ch 

ollo\\ cd humnns to enjoy the benefits of living indoo�. resullcd in c,posurc 10 high le,cls of 

pollution QS evidenced by 1hc soot round In prehistoric c.1,cs (Alblll.lk. 1997) II hos been 

c111mo1td 1h01 oppro,lma1cl) half of the ,,orld's population, 11nd up 10 90¼ of rural 

households in de, eloping coun1rieJ, still rely on biomass fuels 

Lnek of,cn1ila1ion indoor.. concentrates a,r polluuon \\here people oflcn spend the m11jont) 

of I heir 1,me. Radon (Rn) gas. a C4rCinogcn. is c,udcd from lhc EAnh ,n ccnoin locations and 

1n1ppcd Inside houses. Building motcriols including carpeting ond pl) \\ood cmh 

formaldehyde (IIJCO) 1,os P11ln1 ond �hcnts gl\c ofT,olo1ile organic compounds (VOCs) as 

they dry. Lead p:iinl can dcgcncm1c into dust nnd be inhaltd lntenuonol air pollution Is 

m1roduccd \\hen air fresheners, incense, and other scented 11ems arc u\cd m the home 

Con1rollcd "ood fires in s10,cs and fireplaces C4/1 odd slgnificnnl amounts of �mokc 

panicula1cs into lhc air, inside and ou1 (Duflo ct al., 2008). 

The \Vorld llcallh Organiz.a1ion s101cs that 2A million people die each )C3f from causes 

directly 011nbu1ablc to 01r pollution, "it h 1.S million of these deolhs 111lribu111ble to mdoor air 

pollution (\VIIO, 2002) 
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2.7.2 Outdoor air pollution. 

Power plants, factories and vehicles spc\v oul hnnnrul gases and smllll pnrticlcs th11t e11n

penetrate deep into children's lungs. In s1r0ng sunlighl. o,idcs or nitrogen from ,chicle 

e:.:haust fumes rom1 01onc 01 ground Jc,cl, ,,hich can triagcr aslhmo ot111eu. 1\ir pollution 

docs not respect nn1ion11l borders. Hea,•y metob and persistent organ it pollutants ore carried 

by "inds, con1omina1ing water ond soil for rrom their origin. In the IDu: 1990s. rorot lircs. 

mainly in lndoncsio, couscd II hnzc or smoke 10 hang for months o,er neighbouring Southc:11St 

Asian countries. Schools and kindergartens were forced 10 close. while local hospimls 

reponed Jorge numbers of hozc-rclotcd ill�scs in young children. The Gre:u London Smoa 

or 1952 rocuscd the world's 011cn1lon on the problen1 or air pollution, and since then there has 

been o rnorl.cd improvement In oir quality in developed countries Ne,crthclcss. every )'C:tr

outdoor oir pollu1ion Is responsible ror the death of hundreds of children i n  Europe. and or 

more th1111 24 000 globally. lndustriul growth and rapid urbaniz.otion aggravo1c the problem, 

with the pressure fell mo,1 acutely in the mcgacitics or 1hc developing 1\orld Use or cknncr 

fuels and technologies, relined motor engines. 1111d public transport arc crucial In ensuring 

that children brcllthc clean air (Gordon ct nl., 2004). 

Ou1door pollution prin1nrily results rro,n the combustion or rossil fuels b> industrial plants 

und vehicles. This relco.ses corbon mono:ddc. sulphur dioxide, particulote mouer, nitrogen

o�ides. hydrocnrbons und other pollutnnts. The chnr:ieteristies or emissions and solid \\'llStc

disposol mny \'Ill)' ror each spccllic indusll') (e.g. smelting, paper production, relining and 

others) (\VI 10, 2008). 

Air pollution levels arc 1igh1ly linked 10 climate and topography. Air pollution episodes c:in 

be pnnicularly troublesome if the offcctcd city is located In n voile) surrounded by mountains 

(this was the case in the Meuse Volley in Belgium and is the c:asc in l'-1csico Ci1y. l\1cxico). 

Surfaces such as roads (gravel, dirt. asphalt) Clln generate air pollution when c:irs drive on 

them. The potential risk posed by ou1door oir pollution varies by the concentnllion and 

composition of this n,isturc, 11hlch Clln ,,ory by Jocauon, time of the do> or year, :ind \\Clllhcr 

condillons (Ettel, 2003). 
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Table 2.5: F,sllmatc for Indoor and outdoor air pollution n:hllcd di5casr, 

Air 11ollullon rclntcd disc11scs Ourdoor Indoor DALV's DAL\"s 

c·1.> (•/.) Allrlbuttd Allributcd 

(OU11 (IN) 

Acute respiratory infections 0.1 0.9 t.8S6.46 16,708.14 

lschemic hClllt disease 0.6 0.4 142.02 9-1.68 

Chronic Obstructive Pulmonnry Disease 0.7 OJ 639.1 273.9 

Asthmn o.s o.s 178.2S I 78.2S 

Trachea, bronchus, lung ca.ncer 0.7 0.3 39.37S 16.87S 

Ccrcbrovnsculor disease 0.4 0.6 183 8 27S.7 

Tuberculosis 0.3 0.7 763.8 1,782.20 

Trochomo 0.1 0.9 S.2-1 4716 

Catnn1cl 0.1 0.9 16.22 I 4S.98 

3,824.27 19,522.89 

'0/\LYs: D�blllt)' Adj11.1tcd Lire Yc.111 

(Source: \VHO, 1999) 

2.8 Outdoor 1\lr Pollulnnl-5 

Air pollution con be cruricd thousands or miles ocross borders ond OCCllns or from one urban 

orca 10 another. 111is phenomenon is common around the world and is rcrem:d 10 as .. long 

mngc ntmosphcric traMpon' • or "trans-boundory pollution (Amato ti al .. 200S). 

There ore b:isicolly three I) pcs or oir pollulllnts according to Omofonm"on and Osa-Edoh. 

(2008) nom.:ly: 

• Physical

• Oiologicol

• Chcmicol

The chcmicol air pollutlllllS ore runhcr grouped into two nClmcly. 

a) HazMdous pollutnnts

b) Criteria polluUllllS
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2.8.1 llaurdou, pollulants 

Polluted air conlllins one or ntorc h!IZIIJ'dous substance, pollut:1nl or contaminant lh111 crcotcs o 

lnu.nrd to gcncrnl hcallh. I loz.ordous olr polluunLS, also l.no,,n as air tO\iC:S ore chose 

pollu1on1s 1h01 cause or may cause cancer or other serious health cfTc<:ts )UCh as rcproducti\'c 

cfTcclS or birth dcfcclS. (USEPA, 2009). 

Air toxics ore substances 1h01 occur In lhc air in much smaller llll10Unts lhlln 'crilerio· 

pollutonlS, but which ore much more polent in terms of ad, ersc imp;icLS. In  gencrol, air toxics 

ore or p;1r1iculor concern with chronic (long term) exposure, ond arc o.ssoclal� ,, ith serious 

hcollh oulcomcs such os conccr ond reproductive cfTc<:ts. (Mckeo,,n, 200n 

\Vhilc over 200 of these toxic chemicals ha,e been detect� in 01nblcn1 oir. It hos been 

difficult 10 gauge the extent or potential hCllllh risks because very few communities monitor

this kind of oir pollution (USEPA. 2009). Exomplcs or nlr 10.x,cs include chromium. benzene. 

polycyclic oromotic h)drocorbons (PAIis), I, 3-butodienc, formoldch)de, ocrolcin etc The 

sources of hoz.ordous pollutonlS originate mostly from man-mode octlvi1ics. This includes 

mobile sources (cars, buses and trucks) and stotion11ry sources (factories, refineries. power

plonts etc) ns \\ell as indoor sources (USEPA, 2009). 

2.8.2 Cr iteria pollutnnu 

Criteria pollulants ore com1nonly emincd from the combustion of fo55il fuels. \\hcthcr

gasoline, diesel. prop:inc, naturol gas, oil, cool or wood. (t-lcl.eown. 2007). Six pollutants nrc 

used 10 determine the olr quality of on environment ,,h,ch Is n:gulotcd b) Environmental 

Protection Agency (EPA). The pollulllnts ore: 

• 

• 

• 

• 

• 

• 

P0r1iculo1e moncr. fine PM2.s ond coorsc Pl\lio 

Sulphur dioxide 

Nitrogen dio;,.idc 

Ozone 

Lead 

Carbon rnonoxidc (Amato el al .• 2002; Kyle cl al., 2001) 
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2.8.2.1 PARTICULATE "IA'l"I EK (P"0 

Panlclc pollu1ion is o mix1urc of microscopic solids ond liquid droplc1s suspended in air. This

pollu1ion, nlso known os portlcula1c maucr, Is mode up of o number of componcnlS. includ,ns

ncids (such tU nhrn1cs and sulpho1cs), orgonlc chemicals. mclllls. soil or dust pt1t1ielcs, ond

allergens (such os frosmcnLS of pollen or mould spores) (EP1-\, 2003).

Airborne pnniculotc moncr represents o complex mbClurc of orgonic ond inorgMic

substances. /lloss and composilion tend 10 divide p:uticulalc: matter in l.\\'O principal groups:

coarse ponicles larger than 2.S µm in oerodynnmic diome1er ond nnc paniclcs smaller than

2.Sµn1. The smaller pnrticlcs conlllin 1he secondarily fonned aerosols (gos 10 paniclc

conversion), combus1ion paniclcs and re-condensed orgMic ond mcllll vapours (\VIIO.

1987c).

11 also refers 10 pnniclcs or droplc:ls of various sizes, physic:,! c:ha111c1cr1stics and chemical

compositions prcscn1 in the oir. Previous!)', en, ironmcnllll c:pidcmiolosis1S had mainly

focused on pnrticulolc mailer ,vhh nn ocrodynomic diamc1cr equal 10 or less than IOµgtm>

(PM,o). Increasing evidence links P/llh s 10 ,orious respin11ory ond cardiac cfTeclS, more and

more nnention is paid 10 the exposure nssc:ssmenl of P1'1 1J ond its cardiopulmonary impoclS

(Goldberg el al., 2001: Janssen el al., 2002: �lagoti rt al .• 2002).

Poniclc pollution (also I.no" n os "paniculatc moncr"j consists of o mixture of solids and

liquid droplets. Some paniclcs nrc emined directly: others fonn "hen pollutonts c:mined b}

vorious sou�cs reoct in the ntmosphcrc Particle pollution levels con be very unhc:.ihhy ond

c,•en hoz.ordous during events such os Corcst nrcs Panlcle lcvds eon be clevntcd indoors.

especially \\hen ou1door particle lc,•cls ore hiQh. Poniclcs come in o wide range of sites.

Those less than 10 micromelrcs in diomclcr (smnllcr than lhc \\idth ofo single human hoir)

ore so small lhat they con 11ct in10 the lungs. where !hey can cause serious he.11th problems.

• f'inc partklcs: 1l1c smallest particles (those 2.S micrometres or less in diameter) ore

called "nnc panich:s". These panicles ore so small 1hcy con be detected only " ith an electron

microscope:. Mojor sou�cs of fine particles include motor \Chicles, pO\\Cr plM�, rcsidcnlinl

\\-ood burning, rorcst fires. og.riculturul burning, some industrial processes, ond other

combustion processes. Ul1rolinc: paniclcs (Ptvlo 1) nrc n subset of inholoblc P/llh I paniclcs less
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lhan O I µm in diameter The) an: not spcclfiaally regu13tcd but h:i\C a �trong linl.. to 

combustion llnd therefore Arc gnmering special attention. 

• 

Co11nc 1111r1lclcs· Particles between 2.S and 10 micrometres in dinmcter arc referred 10 

os "coorsc:." Sources or COllrsc p:inlcles Include crushing or 1111nd1na opemuons. and du\1 

stirred up by, chicles tm,clltng on ro;ids (EPA, 2003). 

P�I Clln also be classified by its source:: 

• l'rlmnry jlurrlclcs· dlrc:crly emirtcd from 111121ur11I or human source

• Secondo')' 1111rllclcs: produced \\hen chemicals from natuml nnd human sources

react in the 01mosphcrc oncn encrgi,cd by sunlight (EPA. 2003).

Anthroposenic airborne p:irticulotc matter comes from a ,llricty of sources. ,,hich Include. 

but nre not restricted to 1rnffic. Industries. commerce and domestic he:uing and cool..ing. 

Among them, tmffic-relotcd particulates h11,c been under inten�hc S<ruttn) for at lc.is1 11\0 

rc:isons. One I\ due 10 the c, idcncc 1h:i1 p:inlculot� generated from combustion procc$SC\, 

especially diesel c.wust p;1rticula1es (DEP), ore more potent in posinl,l adverse hc.illh effects 

than lhosc: from non<ombustion process (Llldcn l't of .• 2000; Jons.sen et nl. 2002). ,\nother 

reason is lh:11 1mffic-gcnerntcd emissions ,,ere c�1imo1ed 10 account for more than SO,� of the 

total emiS)ions of particulate maucr in the urban arc-.u in highl) indus1rializcd counuie\ 

(Bnggs ti ul., 1997; \Vrobcl "' nl., 2000). 

In London. UK, more than 80¾ or p:,.rticulatc matter ,s rrom ro:id traffic (Dep.,rtmcnt for 

Tmn}por1. 2002). In Alhcns. Greece, the con1nbu11on of l'03d tmffic to 10101 P�h i cmis\ion i\ 

cs1imo1cd to be 66.So/o ([conomopoulou and Eeonomopoulos. 2002) In oddiuon. man) cities 

in the dc,clopmg \\Orld lll'C facing serious problems from 1mffic-rcla1cd p;1n1cula1c emi�ion\ 

(Kull..llmi Md Patil, I 999; Yong, 2002; Shendell and Naeher, 2002: \\'nng ct 111 .. 2003). In 

�lola)sio. nir pollu1nn1 emissions from uoffic ,chicles ,\ere estimated to oceoun1 for 82% of 

lhc totol emissions ,n 1996 (Afroz et al. 2003). 

Airborne p311iculatc pollution is more serious in the dc\<clopini: \\Orld than in the de"eloped 

countries. cspcclolly In those dcvcloplng countries currently under rapid indus1rfallz.a11on anJ 

chnngcs in land use (Xinaglu et of., 2005). Poniclcs smaller than 10 micrometres In diameter 

con cause or agarav.i1e a number or he.11th problems Dnd ho, e been linl..cd "ilh illnesses nnd 
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de.iths from heart or lung di�. These erfcclS h.ive been o.ssociiucd ,, ith both �hort-1erm

exposures (usunlly over 24 hours, but possibly 11.> short as one hour) and long-term c'<posures

(}e.ir,) (EPA, 2003). 

1110 biologicnl crrccl of inhaled particles ts determined by the ph)�ic.JI ond chemical

properties of the particles, the sites of deposition. ond the mechanisms by ,vhieh the p.irticle

injure the lung. The deposition or particulate mailer depends m:iinly on the brc31hing p.,11cm

and the particle siie. Lnrger particles nre m:unly deposited in the c,tro lhorucic par1 of the

respiratory 1rnc1 {between 10 and 100 µm) ond most of the particles in the range of S 10 10

µ1n ore deposited in proximity 10 the nne olrwnys with normal nllSIII bl'Cllthing. \Vith mouth

breathing the proportion of trochcobronchlol ond pulmonary deposition incre.i.scs. Deco we of

their small site (line particles). ocid nmblcnl aerosols tend 10 deposit In the distol lung oirwoy

and olrspacc. Sonic ncu11allzotlon of the droplets con occur bcfon: deposition due 10 normol

c�crc:tion of cndogcnou$ ommonln into !he ail\vays. Deposited free II rcaclS with

components of the mucus of the rcspirutol') trnct chnnging its v1scosit). the non- reacting pan

diffuses lnlo the 1issucs (\VI 10. 1987c). Current conccplS of p.irticle 10:<icity emphasize the

role of p.irticle acidity nr,d the indudion of lnOamn1ation al the silcs of injury (Ba.scorn tr ul .•

1995). 

Various �tudics hove been carried out on I.he charoetcrizotlon of paniculo1c mailer especially

P.�h, since h is more rclotcd with lr.lOic emissions than TSP or Pl',110 - A p:iniculotc

choroc1erizo1ion study ,,as carried out In n,c Asian si1es: 1','lttnila in the Philippines, Hong

Kong, Cheju lslond in Koren, Sodo Island, Japan, nnd llonoi in Vie1nnm In 200 I. It ,..-as

found thoL. except for 1hc site in Jop:in. annual overage Pr.'1.s nnd Pr-.110 concentrations were

well above the US EPA onnuol ltondord of 15µg/m1 for Pl',h sin the four other sites (Cohen�,

al •• 2002). In odd it ion. the chemical composi1ion of 1he pollulMt is also diITercn1 in different

regions under study. For instance, lhe contents oforgonic matter (45%) ond clcmcntol carbon

(28%) in PM1, were: the highest in M11nilt1 monitoring site compared to those in the other four

sites, which ranged from 7% 10 8.8% for clcmcn111I carbon ond 8% 10 25�'o for organic m11ncr.

11,ough the polluLonts monitored 01 lhc five si1cs \\ere sampled using the Slime method during

roughly 1hc some period. their comparison may still dirfcr from the different locntions. �Ince

some loc:itions (Chcju lslnrid in Korea and Sndo lsl3nd in Japan) ,,ere more rcmo1c than

others.

32 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



HUMAN HAIR 
50-70µm 

61i'IIO''"'. -"1i'l•1II' 

' 

90µm,-��••••· 
FINE BEACH SANO 

,PM2.s 
�pn.i11,o,plc 

� ........

<2.5µm fll0!1llli,_,, Ir 

f{ 
6-PM10

[Ml.pc•1�.-
<IOµm ,iii:l!nfl�• 1111

Fli: 2.2: Comparison of p11r1lcula1c: mall er sl1.c:i 

Sourtc:: Cou11csy of US EPA office: of Rcscan:h 1111d Dcvclopmcnl. 2003. 
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2.8.2.2 S•lpltur dlosldc (SOJ) 

This is  o chcmiC41 compound wi1h lhc formulo S(h. II Is produced b> ,olconocs and in 

\/Oriou, Industrial processes Since coal and petroleum oncn conl4in sulphur compounds, 

lhclr cornbus1lon acncra1c.1 sulphur dlo'.1:idc. Funher o,i1fa11on ofS01• usually ,n the presence 

of o cn1alys1 such os NOz, forms 111S0,, and ,,h,ch when obsorbs moisture forms oc,d rain 

(USEP1\, 2006). 

Sulphur dio,ldc ii n colourless aos wilh a pungcnl odour h is a liquid "hen under pressure. 

ond it db)ol\•cs in wotcr very casll}. Sulphur dio�ide In 1he air results primoril> from 

oc1ivi1lcs n.ssoclatcd "i1h lhe burning of fossil fuels (cool. oil) such as 111 po\\cr planis or from 

copper smch,ng. In na1ure, sulphur dio.\ide c11n be relc.ucd 10 lhe air. for c\4mple. rro,n 

, olC3llic crup1ions (A TSDR. 1998) 

h is produced when sulphur<ontoining fuels such os co.ii ond oil are bumed. Ocncrally, lhc 

h1ghes1 levels of sulphur dio.\idc ore found near lari:c industn�I compk,cs t.lojor sources 

include J)O\\er planis, refineries. and Industrial boilers (USlPA. 2006). Sulphur dio,lde \\hen 

released Into 1hc 01mosphcrc con also be con,encd 10 SOJ which lead� 1 0  produc1ion of 

sulphuric acid \Vhcn SOJ Is inhaled II rs likely 10 be absorbed in moist p;iS511ges of 

rcspiralory 1rac1. When ii is cnlraincd ,n an aerosol. ho ,,c,cr, ii ma) reach far deeper into 1hc 

lungs. S01 con cause brca1hing problems in people "'lh ILSlhm;a. bu1 01 relali,cly high lc�cls 

of c,posurc ·1 here Is some c, idence thol e,posurc 10 ele,,a1cd S01 le,els may incrCllsc 

hospi1al admission� and prcrna1urc dcnlh, ulphur dioxide Clln damage , cgclllllon and cnusc 

conosion. Airborne sulpha1cs reduce ,isib,lil). 11 is olso 1hc cause of oc,d ram rn some 

coun1rics (Sheppard ct al., 1980). 

so, can rcac1 "ith other compounds in lhc atmosphere 10 form srnnll panicles These 

paniclcs pcnc1ra1c deeply in10 sensitive paris of the lungs .ind c11n cau� or \\Orscn n:sp1ra101) 

disc.isc. such os cmph}scmo and bronchilis, ond can aggra,a1c c,isting hcan disease, lc.idrng 

10 incrc,ucd hospilill admissions 1111d pn:ma1un: cJc.ilh (USl;J'IA. 2006) 
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2.8.2.J Nitrogen dlosldc (NO.i) 

Nurogen d10,cidc is one or the main 1n1ffic;.rcl:11cd air pollul4nlS and prttursors forming 

pho1ochemical smog (1oge1her \\hh VOCs) and ground lc\cl OLonc The £lb is rcdJi\h bro,,n 

and hlghly rcac1h e In ambient air A� one member of ni1roeen o,cidcJ (NO'<), II undergoes 11 

complc, chain or chemical and pho1ochemitlll �,Ion, ,.,i,h nitric oxide (NO), ozone, and 

other gases Usually Ilic NOJ in lhc atmosphere comes from t\\O .SOUl'CC5. either dircctl) from 

emission sources (primary pollulant) or from chcmiClll reaction, 1n lhe atmosphere (Xi.111glu 

rt al., 2006). NOJ is a ,videsprcnd conmminan1 or indoor as \\ell as outdoor air, and indoor 

lc,els can e,cccd those round outdoors. Indoor lc,els or N01 arc detcrmlncJ b) the 

inflllrntion or NO, In outdoor air, by 1hc presence and strcnalh or indoor sourcCJ such DJ 11as 

cooking sto�cs. kerosene sp;ice heaters. ond by olr c\cl11111ge (Da.scom "' of., 199.S). 

N01 shares the �me seasonal pancm \vilh �er.ii other air pollutants, 11s lc,el 1� usu.ill) 

higher in 1he ,vinter than In the summer l\fany studies sho\\-cd that ,o, concentration 

dccrcascJ dmsticolly "ilh increasing dislllncc do1\-n,,ind from traffic (Oilbc:n ct al., 2003; 

Singer ct nl., 200-I). In a C1111.idii111 stud) (Gllbc:n ct oJ .• 2003), Ilic author, found that "ind 

and the logarithm or dislllncc fro,n a rnajor hiah,,ay under study m:i) scne IIS surrogates for 

traffic '01 c,posurc, which needed funhcr ,olidation. In 1h1s Con:1dian study. the N01 lc,els 

ranged fron1 11.9 10 29.3 ppb. ln,cs11go1ion conducicJ at �hools nc.ir Nonhcm Cahfomla 

frtc\\11)� (Singer�·, al .• 200-I) found highclt NOJ lc1cls (24 30 ppb) in Khool� do1\n1\ Ind 

and clo\C 10 frcc1\i1)S. In addnion 10 condi11ons or\ch1clc5, fuc:I type pla}s an lmponont role 

in 1raffie emissions Ille inercllling use of compressed natural ans (CNG) 011rlbu1cd 10 

deerca.scs of ambient olr polluu1n1s 1n Delhi, Indio. from 199.S to 200 I. the onnu.11 a, erase 

conccn1ro11ons or suspended p:in1cula1e mnncr. CO, and NO, dccrca� to 347 (from 40.S). 

4197 (from 4681), and 34 (from 36) µgtm'. respccu,el) (Go}al and Sidh11nh11. 2003). 

ln de, eloping countries, cxposurc studies on N01 usullll} indltlltc higher e,posurc lc\'cls 

1han in the de, eloped 1,orld In Tartu. Esioni3, runblenl lc\'cl of 'Oi incrCllSCd by .SO% 10 

1 �. in sc:1 erol monltorin& s1a11ons. according 10 the )c.lrly monitoring data from I 99� 10 

1999. n,15 lncrca�e may have been n1oinly caused b) incrc�ing number of \ chick), poor 

maintcnQ/lCC of man) of lhesc vehicles and nano\\ Sll'CCts 1n the city (Kimmel and Kusil

2003). Al elc\"ated le, els, NOx can imp;iir lung function. irrilote rcspirolOQ system and 11 

\Cl')' hi&h le\ el5.. mal.c brc.ilhina dinicuh., especially for people ,,ho already suffer from 
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Hlhma or bronchitis Almost all "10" emissions arc in the fonn of NO, "hich hllS no l..no\\n 

adverse health effects in the conccnlrations found in ounospherc. (Lebo\\ itz cl al., I 98S). '0 

con be oxidized to NOl 1n the atmosphere, which in tum a1�c rise 10 sc:condllr) polluwns. 

,,hich ore injurious NO, may also l�d 10 ronnauon or 11}1;0,. \\hich 1s washed ou1 or lhc 

01mosphen: as ocid nun. 

2.8.2.4 Carbon monoxide (CO) 

Carbon mono'i:idc Is nn odourless, colourless gu. It ronns \\hen the Clll'bon in fuels docs nol 

complclcly bum. Vehicle exhaust con1nbu1c� rou11hly 75 percent of all erubon mono,,Jc 

emissions no lion,, 1dc, ond up 10 95 percent in cities Other sources include fuel combustion 

in industrial processes and natural sources such as , .. tdlircs. Carbon mono,,dc lc1cls 

1)-pkolly ore hljlhcst during cold 11coll1cr, because cold 1c:mpcra1urc, mlll.c combu.stion fess 

complclc and cause ln,•crsions 1h01 tmp pollulAnLS close 10 the ground (CPA, 2009) Corbon 

mono:1.lde is one of the most common and 1,idely distributed 111r pollulllnlS It ,s I colourf� 

odourless and tasteless gllS th.11 ,s poorly soluble in 1,attr Carbon mono,uJc hu a slighll) 

lo11cr density than air In Ilic human bod), it reacts rc.1dif> "ith haemoglobin 10 fonn 

c:irbox} l-haen1oglobin. Small amounts of Cllrbon monoxide nrc also produced endogenously 

(Onscom cl al  .. 1996) ft Is onolher importont polfutllllt in 1mffic-rcfotc:d c,posurc studies Md 

cpldcmiolog,c inves1igo1ions. It results from incompfclc combustion of nolurnl 1:as. diesel or 

gllsolinc in traffic engines I lia:h concen1m1ions of CO genera II) occur In arc.is ,, 11h heavy 

1n1ffic inh:nsit} Dnd congestion Poinl sources of CO emissions also Include: industrial 

processes, non,trnnsporuulon fuel combwuon. and natural sources such M wild fores! Ii� 

Indoor sources include lc;il,.ing gu s10,es, heotc:K gencratoK etc. CO is a colourles� 

odourless ond to.stclc55 gos (Xiani;lu, rt al. 2006). 

The QJ\nual globol c:1nissions or Cllrbon mono�idc inlo lhe atmosphere ha,c been c\timated 10 

be o.s high ns 2600 million tonnes, or 11hich about 60,'o arc from human acti, itics and about 

40"/4 from natural processes. Anthropogenic: emissions of carbon n1ono�idc originate mainl) 

from incomplete combu'ition or C4Ibonaccous materials. ·n,e lari;cst proponions or these 

emissions ll1'C produced o.s c\.hausLS of Internal combustion engines, cspccinll) by motor 

vehicles \\Ith petrol engines. Other common sources include ,nriou<; industrial proccssc\, 

po,�cr plants using cool. ond waste incincmtors Petrolcum�cri, cd emissions h11, c i;rc:itl) 

incrcoscd dunng the p3SI few decades (EPA, 1991) 
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T11blc 2.6: Seltttcd Tr.1ffic-rclated Air Pollau1ots and their known Bc:alth Effects. 

Pollut2nt group (source) 

r11rdcul:11c matter (biomnss nnd 

fossil fuel combustion in home 

be:itins, indusuy :ind motor 

vehicle engines. 

Sulphur dio:ridc :ind 11cid 
ncrosols (fossil fuel nnd 
combustion; mcml smeluns 11nd 
pctrol<hcmic::i_l indUStrics; home 
heating/cooking ,vith cool). 

Oxides or nitrogen (fuel 
combusiion .u high tcmpcroturc 
(e.g. from ,chicle engines, gns 

cooking 1111d hc.iting). 

C11 rboo monoxide (biomnss 11nd 

fossil fuel combustion, cigurcne 
smoke 11nd ,chiculitr c:xh:iust). 

Known bcnltb cffectS 

Upper respiratory tract irril3tion 

nnd infection; cx.Dccrb:ition of and 

incre:i.scd morulity from 
crudiorcspiratory diseases. 

Thro3t irrillllion; o.accrb:ition of 
crudiorcspirotory disc;i.scs 
including 115thmo. 

E}c irrillltion. upper respiratory 
tract infection (cspcc1olly in 

children). c:'ll!ccrb:ition of llSthma 
1111d irrillltion of the bronchi 

I lcao:bchc:. nnUSCll. dizziness. 
bn::11hlcssncss. fatigue. vis\Jlll 
disturbance. confusion, coma.. 
death. lo,, birth \\cighL 

Source: \VllO Air Qu:iliry Cuhlclincs. 2005. 

Contributing or potcntillting 
liictors/:igcnts 

Sulphur dioxide. sulphu.ric :icid. 

cold. heal ond humidit). 

Excn:isc. p:inicubtc:s, 3.Slhm:i 

EAm:isc. rcspiratol') tMlCl 
infection. asthma. 

Coro!UII')' 1111CI') dise:ise 
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Popul111ioos cspcci11lly 

vuloer:iblc 

Eldc:rly, people ,..,;th rcspiratol') 

nnd crudiovascubr dise:lscS; 

children ,vith llSlhma 

People ,vith respiratory discnscs 

(e.g. children ,vith asthma); 
elderly people: "ith respiratory 

nnd caroi0\11SCUW disc:nsc:s. 

People "'ith respiratory disc:ucs 
(e.g. children ,vith 11Sthma) 

People \\ith ischcmic heart 

di�. 
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2.8.l.S Ground-tc,·cl o�onc (OJ) 

Ground le,el ozone (01) is fom1cd from N02 ond Vola1llc Orgllllie Compounds (VOCs). 

OLOne (01) is o key consti1uen1 or 1he troposphcn: (it is  olso on importanl cons111ucn1 of 

ccrtnin regions of the stratosphere commonly IJlown os the Q1,0nc fa}cr) Pho1ochcmical and 

chcmlcol reactions Involving II drive many or 1he chemitlll processes 1h01 occur In the 

01mosphcrc by day ond by night Al abnormally high conccnlflllioM brought about b} hum11n 

oc1h•i1ies (laracly lhe combustion of fossil fuel), i1 is a pollutant. 11nd a consti1ucn1 of smog). 

01one Is produced from the photochcmiClll rcoctions of hydrocarbons ond oxides of niuogcn 

"hich in urbnn 01111osphercs ore primarily of motor vehicle origin (60 - 80 ,�). At levels or 

ozone of 200µg/m1 ond even lo\\Cr, then: is stotistltlllly evidence of decrements in lung 

function, airway innammo1ory ehnnges, ond e>J1ccrbJtions of respirt11ory symp1oms in 

hcnllhy children ond oduhs. ond symp1oma11c 11nd func1ionol e11oce1ba1ion� of o.s1hma 

(Scll\,cla ct af .. 1997). 

II is o hi11hly rcllttive gos 1h01 is a form of oi-.ygcn II ,s the moln component o f  air pollu1ion 

kno,vn os smog. Owne rcoclS chemically ('oi,.Jdizcs') with inlcmal body lissues 1h01 ii comes 

in contact wilh, such ns 1hosc In the lung. ll also rcoclS "•ith 01hcr m:llerials such ns rubber 

compounds, breaking 1hc1n down. Ozone ,.s formed by the oc1ion of sunlight on corbon-b3scd 

che111kols 1,.nown os hydrocarbons, oc1ing In eomblno1ion with II group of oir pollulllnls called 

oxides of nhrogcn. II is thus coiled pho1ochemic11l pollution (Llpscn, 200 I). 

2.8.2.6 Lend 

It is a metal found nn1ur.illy in the cnvlronmenl os \\CII os in n1nnufoc1urcd products. The 

major sources of lend emissions have his1oricall) been mo1or ,·chicles (such ns Cllrs 11nd 

trucks) and industrial sources. As a n:suh of EPA's rcgul111ory etTorts 10 remove lend from 

mo1or vehicle go.soline, emissions of le.id from the 1r.1nsporu11ion s«lor dramatically declined 

by 95 percent bcovccn 1980 ond 1999, and levels of lcod in Lhc nir dcc=d by 94 pcrcenl 

bcl\\C:Cn t 980 and 1999. Todoy, the highesl levels of lc11d In 01r 11n: usually found ne3r lend 

smelters. The major sources of lend emissions to the 11ir today arc ore nnd ,nctols proccsslns

and lc3dcd :ivlntion go.sotine (USEPA, 2010). 
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In the past, outomobilc sources were the major con1tibu1or of lcad em1ss1ons to the 

atmosphere. As o result of EPA 'S regulotory efforts to reduce the content of IC3d in gasoline, 

tl1c contribution fro1n the tronsponotion sector hos declined over the p:i.st dCC11de. Toda), 

mcUlls processing is the mojor source of lcod emissions to the a11nospherc Lc:id b similQrl) 

dongerous as poisoning causes lrrcvcrslblc ncurobchllviornl conscquenc.c:.s., such QS decrc:iscd 

IQ ond 011ention deliclts, and dcnth 01 high levels or poisoning (Sch,,·c:111. 2000). 

�1ost of the lead in nmbicn1 oir is In line panlclcs (10 µm). For lldults the retention rote or 

airborne ponlculo1c mo11er ranges from 20"/4 ond 60,'o. Young children inlulle proponioruucly 

higher daily oir volume per unit measure (,,eight, body orco) than do adults. It \\il.S cstimolcd 

1h01 children hove o lung deposition role or lead 1h01 can be up 10 2 7 times higher than 1h01 or

adults on o unit body mo.ss basls (Sch,,•elo, 1997). 

2.8.3 Greco Uousc Gases (GIIG) 

Vehicles ore n ,,cry lnrgc source of greenhouse gases (GI IGs) Unlil.c criteria pollulllnts and 

air toxics which hove direct adverse impacts on hcallh. Gil Gs ore or hcollh concern bccousc 

of sccondlll')' effects such ns global worming ond climate disruption. {/'.lckco,,n.2007). 

Table 2.7: Annunl En1lsslons of Greenhouse Gases for the tiry ofToronro 

Source of Emissions 

Residential 

Commercial & smoll industry 

Lru-ge commcrciol & industry 

Trnnsport111ion 

\\lo.sic tronspon to Michigan 

Srrccrllghts & traffic signals 

\Vnstc (methane from londlills) 

Tollll 

Greenhouse gll5 cmls,lons 

(eC01 ronnes/ycnr) 

S,997,0-12 

6.884,767 

2.002.172 

8,558,966 

3S,S07 

29.203 

9-12.SSO 

24,,150,207 

s Oreenh Oa>a and Air Pollul4llU in Ill• Ci1y of Toronto: Townnil • llumonltcd �trat<at ror

=�1 EmlJ�:,. Pt<fWCd by ICF lnt•m�dorw In rollobonllon ,,ilh Totoruo Alm1»�llfflc FunJ anJ

Toronio En,ironmcnt Ollke. Toronto JUM 2007 
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The uunspol1ll11on scc1or con1ribu1es about 35"• of the total GIIGs cmi11cd ns o resuh of 

oc1ivi1ics In Toronto. Greenhouse gas en1issions hove continued 10 rise i n  the City during 1he 

period bc1wecn 1990 and 2004. Over 1his period, greenhouse gns emissions ha�c ri�n fron1 

22.0 rnlllion 1onncs to 211.4 million tonnes onnuolly, "ilh uunspor101lon emissions from 1hc: 

use of gas ond diesel-powered vehicles con1inulng 10 be II rnajor con1ribu1or (Mckeown. 

2007). lla.scd on rccenl rc5C:lrch, Toronlo Public Hcallh hns dc1ermined 1hal on O\'erugc (o\'cr 

1hc 46 year study period), obou1 120 people die prcmo1urcly from hC31-related CllUSCS in 

Toron10. Fur1hcm1orc, ii is projected thol global \'{arming could rcsull in o doublin, ofhcol· 

rclolcd dcn1hs by 2050, ond o tripling by 2080 (Toronto Public Heol1h, 2005). 

2.9 !\lctcorologlcnl roclors thnt affect air quality 

Amongst oil 1hc mc1eorologic:ol vorinblc:s, wind speed hu been the mosl closely scrutinised 

with regard 10 exposure since II lnnucnces the dispersion nnd dilution of pollutont.s. 

Gencrully. both exposure (Kinghorn ct al., 1 998: Alm ti al., 1999; Kruussc ond lllordnljev,c, 

2005) ond nmbienl (Molnar t!I nl., 2002; I Iolmes ct al. 2005) studies hove identified thal on 

increase in wind speed results i n  o dccrc= in c:\posurc conccnlrDtions 10 line paniculolc 

mnllcr and CO. 

Ambienl tempcm1urc and local meteorology influences the conccn1m1ion nnd loa:ition of 

, ehiclc<mlucd pollu1on1s For example. cle, otcd sulphur dio,ide levels arc typically 

rcponcd in the winter and elevated ground-oz.one levels in the summer (Goldberg ct at ..

200 I). Cold \\cother con rc1,uh in higher levels of pollu1onts in nmbienl oir due 10 reduced 

01mospheric dispersion nnd decradotion reactions. 

Scasonlll vari:11ions in ambient tcmpcrutures and trnOic volumes ofTecl total automotive 

emissions. Llkc,visc:, seasonal variations in" ind spcc:ds offccL the dilution and dispersion of 

those eniissions on 1011dw:1ys. On et of. (1994n) in nonhcm California and Dor et al. (1995) 

in France, "ho both measured in-vehicle CO exposures for on entire yc.ir. rcponed that they 

were general!} higher In follfwinter than in spring/surnmcr. This rcsuh w115 auributed 10 

colder winter tcmpcrn1urcs \\hich increase CO en1issions per vehicle mile. I lighcr su1nn1c:r 

tcmper.itures hBVC the opposite effect. The genoloxic effects of PlvbJ and PM10 ha,e also 

been found 10 be greater in 1hc winter months (Al,ou ct fll., 2007). Dispersion of pollulllnls Is 
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011,0 affcclcd by olhcr mc1corologiC41 foc1ors like humid11y, wind speed o.nd din:ct,on and 

gcnerul otmosphcnc lurbulencc. 

Some \ludlcs hD\e found ,,ind dircc1ion 10 h11,c a coMldcrable lmpAel on fine p11111cuh11c 

mollcr 11nd CO eonccnt111lion lc,cls Luna ti ol, (2005) mC'llllurcd ul1111f1ne p:in1cle coun1 

pedcstrio.n c,posurcs le,cls during nonherly pn:,·alling winds 10 be higher on lhe south side 

com1>3n:d 10 lhc nonh side or an inlcrs«lion. This is 1hc most Iii.cl.> due to lhc ,vind 

din:c1ion, road ond building configunuion causing n:cin:ul31ion of lhc ,, ind in the s1rcc1 

cousins pollulanl5 concen1n11ions 10 be higher on one side or 1hc s1rcc1 in compari-.on 10 lhc 

other. Kaur ct n/., 200Sa recorded diffen:nl tc,cts of uhrufinc p:inlclc coun1 c,posurcs of 

pedestrians on lhc opposile sides of 1he road ,�h1ch on: bclle,cd 10 be due 10 l't'Cin:ul111ion In 

1hc street con)On generated by the prevailing wind d1n:cuon durina =piing. 

2.10 The llun11111 nttplr11lory S)stcm 

The health of our lunss o.nd enlin: n:spirutory S) Siem Is alTccttd b.> lhe qunllty of lhc air "c 

breathe. In addition to O.\) gen, lhis air con1ains other subst.inccs such as C4J'bon monoddc, 

nilroscn dioxide c.t.e w hieh C11n be harmful �,posurc 10 chemicals b.> inhalolion cnn 

negou, cly 11ffcc1 our lunss ond other OfgllnS in lhc body The respiratory �> stem i s  

p:inlculorly sensitive 10 air pollutants bcc.iusc much of II is made up of c.,poscd mcmbl'lllle. 

Luni:s on: onatornlcall.> s1ruc1un:d 10 brine l�e qU3nlltic:s or 111r (on a,crusc, 400 million 

li1rcs in a lifcllmc) ln10 inti mote contact \\Ith the blood S) s1cm. 10 faci111.11c lhe delivery of 

ox)'scn (Health Canada. 2006). 

tuns 1issue cells can be lnJured d1n:c1ly by olr pollutonts such ns 01onc. mct.:lls Q/ld free 

rudiC31s o,one c:.in damasc lhc oh coli - the mdh 1dunl air s.:ics in lhe luns ,�hen: ox)gen 

o.nd carbon dioxide a.re c,chanscd. More specifically, oinH1y tissues which an: nch in 

biooctivotion enzymes C4l1 trnrufonn orgDJ1ic pollulllnlS mlo n:octi\ c mc1aboli1cs and c.1usc 

secondary tuns lnJUI) tuns tissue hos on abund11n1 blood suppl) that con CllrT) 10\lc 

sub51ances Dnd their mctoboliles to dislllnl orgQ/ls. In rcspon5c lo to\lc insuh, lung cells oho 

rclc.ise a ,ariel) of  potent chemical mediators 1h01 mny c.nticall) affect the function or other

organs such QS those of the cordio,·115eular S) Mcm This response may also cause lung 

Inflammation Dnd imp.1ir tuns (uncuon (Ht:41lh C111u1da, 2006). 
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2.10.1 Stnicturc ••d runctioa 

The human respiratory system Is composed of the nns11I p.issoge. the phlll) n-,. lat) n-.. the 

trnchea, bronchi ond lungs. fl Is rcspon1lble for the proccs.s of rcspirntion that is v111I 10 the 

survival of llvln11 beln11s Respiration ,s the process of obt.::unlng and us1n11 o.,) 11cn. "h,le 

elimino1in11 carbon dio,ide. It Is the process by "'hich human beinis toke ,n the o.\) gen from 

their environment and give out the C4rbon d1ox1de that Is produced IIS a result of chemical 

reactions within the cells. The spcclaliud S) stem that brings about this critial proce.ss of 

respiration in human beings Is known as the human n:.spmnory system 

lhe human rcspirntory S)stcm is dominated by our lungs. which bnng fresh O\)acn CO,) in 

our bodies \\hilc e,pclling carbon dioxide (C01). The 0,)1:en ll'll\els frorn the lungs through 

the blood strc:im to  the cells In oil pons of the body. The cell\ use the ox)gcn AS fuel and g1\e 

olT CArbon dio,idc BS \vostc gos. The \\USle i3S is  carried b) the bloodstream �J.. to the 

lungs to be e"holcd. 

1 he lungs occompli.sh this vital process called cascous e,change usina on 1utomaue and 

quickly odjus11ng con1rol system. TI1is gDS e,change process occun in conjunction "ith the 

central ncr,ous S)Sten1 (CNS), the c1rculo101) .S))tcm ond the musculature oflhe diaphragm 

ond chest The human lungs encounter appro,imotcl) 7 litres of air per minulc Thus 1 1  is 

e\ ,dent 1h01 lungs ore o target for 01herse elTccts of no,ious gibes due to air pollu1ion I he 

airborne contorninants include Nitrogen dio,ide ( OJ), Carbon mono o,idc (CO). Carbon 

d,o,idc C01). Olonc (01) Sulphur d,o,ide (SO,). 1 l)droc.ubon, and Ciuspcnded 

particulate mauers SPM) The) arc roponslblc for injury to oln, oys Wld lung 

p:ucnch}ma and lead to broochoconsulc1ion. incroscd mucou\ secretion and incrc.ucd 

aheol:ir S\\clling. Nitrous fumes may results acute pulmonal) oedema. To pro1cc1 n our 

bod) cmplO)S sc,eral defence mcchnn1sms. e.g., increased mucous sccrelion lnhal.ltion of 

11:0J and SOz c.1uses bronchoconnrietion. mueosol imtouon ond nlveola.r S\,elling leading to 

obsuucti, e and rcsuic11vc disorders of lungs (Oina\\.ira �, nl., 20 I 0). 

The rcspirntory sy)lcm m human beings con be divided into the upper rcsp1rotol) tract th:it 

consists of the nasal p;iss;igcs, phOl)'ll,\ ond the for) n:,. ond the lo"cr rcsp1rotol') tract 1ha1 t\

compoi.cd of the trnchcn. the primOI) bronchi and 1he lungs. 

., 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



N•t•I PlW•J;� Air cn1ering from the nostrils is led 10 the n3SJI p:isggcs The nolSlll cil\il) 

that IS loc.itcd behind lhc nose �mprlscs the n�I pusagcs 1ha1 form an importll/11 p.itt of 1hc 

rc5pinuory syste1n in hu1nnn beings. The IW:II ca, i1y i s  responsible for conduioning 1hc oir 

1ha1 Is receh,ed by lhc no,e. TI1c procc\s of eonduloning in\lOI\CS warming or cooling 1hc 11r 

received by 1hc nose, rc1nov1ng dus1 p.1n1clcs from 11 and also mo111ening 11., before II cn1crs 

lht phar}nll, 

Pharynx· 11 is locn1ed behind 1hc 1145111 cavity and above the laryn:\ 11 is also I p.itt of the 

diges1lve sys1cm of 1hc human body. Food os \\ell as air p:lSSCS 1hrough Lhe ph:11'}"-'

Lnrynx: It is assocla1cd with 1hc produc1ion of sound 11 consists of l\\O paus of mcmbntnci. 

Air causes lhc ,ocal cord, 1 0  vibrtllc, 1hus producing sound The 1:11'}-n\ 11 si1ua1cd 1n the nee!. 

of mlllTlmols and plD)S a vilol role In lhe pro1cc11on of the 1111chcJ 

Truche11: TI1e 1cm1 refers 10 lhc a1n,ay 1hrough \\hich rcsp1111IOI') 11,r lnl\els The rings of 

cnnilogc "ilhin ils "olls t-ecp 1hc llllchc:i open. 

Dronchi: 11,e lrachco divided in10 1,vo main bronchi. The bronchi e�lcnd 1n10 the lungs 

spl'Clld1ng in o 1rcc-lit-c n1nnncr llS bronchial rubes. The bronchial 1ubcs subdi, ide and "ith 

coch subdivision, their ,,alls r;c1 1hinncr This di\ iding of the bronchi inlo 1hin•\\1llcd lubes 

t'C$Ulls in 1hc fonna1ion of bronchioles. The bronchioles 1ermin:11e in small air chambers, each 

of ,\hich contains cavilics '-nO\\n os al,coli Ahcoli ha,c thin walls, ,,hich fonn the 

rc1pin11ory surf.ice. TI1c c,chanr;c of gases bel\\ccn the blood and thc air lakes place lhrough 

these \\1IIIS. 

Lung,: Lungs form 1he mos1 , ital con1poncn1 of 1he human rcsp,r11lol') systc,n fhc) arc 

loca1cd on 1he 1\\0 sides of the heart The) arc l'C)pons,ble for tr11nspon1ng O\)gen from the 

a1mospherc in10 blood and releasing carbon dio:\idc from blood 10 1hc nunosphcn: 01hcr 

funcuons oflhe lungs ood the 01hcr J)4rts ofll1c rcsp1rolof')' 5)Slcm include 1hc follo1\lng; 

2.10.1.1 Lung Defence �lcchoolsn1s 

Aini'3y cpilheli:il cells can sccn:1c a ,·nrltl) of molecules ll101 aid in lung dcfencc Secretary 

immunoglobulins (lgA). collcctins (Including Surfacw11 A and D), dcfcn�ins and other 

peptides ond prolascs. rc:iclive o,ygcn species. nnd rcncti\c ni1rogcn species ore all 

gcncraicd by alniay cpilhclinl cells. These sccn:llon� can n.i din:cll) as anumicroblal\ 10 
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help keep the oirwuy free of infection. i\invoy epithelial cells also �cretc o voric1y of 

chcmokincs and C) tokines that n:cruil the crndhionol lmrnunc cells and others 10 site of 

infections 

2.10.1.2 Metabolic & Endocrine Functions 

In addition 10 their functions in gllS ei.c�gc. the lungs hove o number of metabolic 

functions They monufocturc surfactant for locol use, llS noted obove. They also contain o 

fibrinolytic system llu1 lyscs clots in the pulmonary vessels. They release o variety of 

subSIOflccs lh:11 enter lhe systemic 11r1crial blood and they rcmo"e other substonces from the 

systemic venous blood that rc:ich them via the pulmonary anery. Pronoglnnd,ns ore rcmo\ed 

from the circulation. but the) arc: also synthesized ,n the lungs and rclased into the blood 

\\hen lung tissue is stretched. The luni;s also acthilte one hormone: the physiologically 

inocti\e dccapcplide angio1cnsin I ls con,ened 10 the pn:ssor. oldosterone-\limulnting 

ocuipcplide ang101ensin II in the pulmonory circul111ion. The rcxtion occurs 1n  other tissues 

as well. but it is p:inicularly prominent in the lungs. U11ge amounts of the ong101cnsin

con,--crting enzyme responsible for this octi\ 11tion nrc l0e11tcd on the surface of the endothelial 

cells of the pulmonary capillaries. The con,ening enzyme also inoctivates brad)IJnin. 

Circulation time through the pulmonlll) c.ipillllrics is less than I s. )Cl 70o/, of the angiotcnsin 

I reaching the lungs 1s con, cncd to ong101cnsin II 1n o single trip through the c.ipillories Four 

other peptidases h.i\e bcxn 1den11ficd on the surface of1hc pulmonnry cndotheliJI cells. 

2.10.1.J VoCJ1li,u11lon 

The mo,ement of ps through the IIU)n� phal')n\ and n1outh 1110,,� hum11ns 10 spc.il, 

or phonnte Voc:alizn1ion. or s1ng1n1- in birds occun \ill the S) nn\. on o�on located at the 

base of the trachc:i.. The \ibniuon of&1r no�ing ocross the l.u)n\ (,ocol chordi), In humans, 

and the syrinx. in bird,- �ults in sound Occausc ofthl,, gos mo,cmcnt ls c\lrcmcl) , it.ii for 

communication purpose) (Wiktpedla. 2010) 
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2.11 Uam11n Cardio,'USculnr System 

The cardiovascular S)•stem has 1110 mojor c:omponcnts: the heart ond o nct,vork of blood

,•esscls. The cnrdiovnscular system supplies the tissues nnd cells of the body,, ith nutrients,

respiratory gases. hormones, QJld mctobolites ond removes the 1vnstc products of cellulo.r

mctnbolism ns 11·cll os foreign matter. It is also responsible for maintaining the optimal

internal homeostasis of1.he body ond the criticol regulation of body tc:mpcmture nnd pH.

The inJ1alo1ion of oir pollutllnlS eventually leads 10 their nbsorption into the bloodstrcom and

transport to the heart. A 1vide specuum of chemical QJld biological substnnces may internet

directly 11•ith the cnrdiovo.sculnr S}'sttm 10 C4USC structurul chnngcs, such as degenerative

necrosis and inOammDtory rt'actions. Some pollutants may also directly cnuse functionnl

alterations that affect the rhythmieity and contrnctilily of the hcan. If severe enough,

functional ch.i.ngcs m11y lead 10 lethal orrhytltmias without major evidence of structund

damage lO the myocrutlium. There also may be indirect actions secondary 10  changes in other

organ systems, especially the ccnlflll ond autonomic nervous systems and selective actions of

the endocrine system. Some cytokins released from other inflamed organs may also produce

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

efficiency oflhe bCOJ1 nnd blood vessels (Health Cnnlldll. 2006).

l\1any chemical substaneeS m11y cause the formation of rcac1i1e oxygen. This oxiootivc

me111bolism 1s considered 10 be criuC41 10 the prescnation of cardio1a.scular function. ror

eXlllllplc, oxygen free radicals oxidize low-density lipoproteins. and this rc.iction Is thought 10

be invoh ed in the formn11on of the atherosclcrotlc pl.iques Ox Id I Led 10,1-densit)'

lipoprote1ns can injure blood \CSSCI cells and incrc.ise adherence and the migration of

lnO:unmotory cells 10 the injured ar,:o. The production of o.,)gc:n free radicals in hean tis.sues

Jw been QS50Cu1ted with arrttylhmi:1.S, ond hc:311 cell dc.ith (I lealth Can.id3, 2006), 

2.12 Fate of Air Pallu111nts In the llHplnatory Sy•tcm

AII pollullllll.S cause pathological domoae 1n thrt'c different p.1rts of the luna. namcl), the

major bronchi, the 1.erminal bronchioltt. 1111d the all coll (Tanlmo1,o, 2000). 

!\lajor bronchi: With acute c�posun:, there may be reversible bronchospami ,1ith

considerable individual varlclion The longer term cfTccu arc mon: lmponant and the) rc�uh
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from p�iclcs '' ith size 2.0-50.0µ andlor SllS e,posure, such as, sulphur dioxide, nitrogen 

d,o�idc ond ozone. 11,cse clTccis consist of: (I) p.'.lr.ll}sis or cilia; (ii) h)pcr sccrc1lon or

bronchial mucous glands; (iii) mucous gll1nd hypertrophy and extension into smaller air 

\\O)S. 

Terminal bronchioles: SmalJcr p;irtielcs (0.01-2.0µ) ,viii penetrate and be deposited in this 

rc11lon, o_nd there could be po1en11ation of effects if g11scs nnd particles o_rc inh.iled 

c-0ncurrcntly o_s in c1gorene smol,.e. l\losi of the sulphur d10,idc th.st is bn:.ithed in is stopped 

in the nose, and soluble gllSCS such as oxides ofnill'Ogen o_rc similarly diminished ifbrcatl1cd 

in the g.is fonn. Combined "ith particles. these so_ses get further dO\\n the lung and h11\•c 

gre.1tcr effect in IO\\"Cr conccn1111tion. There 111c also so1nc c,pcrlmcn111I dnto o_nd some hum.in 

d111a indicating th111 acute exposure 10 high conccntnuions of o\ldes of nitrogen 

characteristically produces pulmonary oedem11 and fibrosing bronch1oh11s n11her th3n chronic 

bronchitis or bronch ,ccwis. These gos exposures produce the following cffcc:lS in the 

tcrmll)31 bronchioles: (i) loss of norm:d defences; (ii) od, erse effect on surfocl.Ont, \,h1ch has 

something to do ";th keeping these small oin�ays patent; (ii) goblet cell me111plosio; (iv) 

infl41D.mation Md obliter.ition and; (v) prem111urc closure of ainvO)'S. \,hich Is \\hot has been 

dcmo!ISU'OICd ,vith incrused closing ,olumc in cigarcne smol,.crs (TonimO\\O. 2000) 

Ah·coll· Paniclcs of nu,gc order 0.01-0.0Sµ ore particularly likely 10 get to this region ond in 

modem c1l} a.tr. there o_rc plcnly of particles in this si1c range. II ls difficult to colculo1c ho" 

much or a gas such as ozone .ictu.illy reaches the aheolor le,el bccJusc ii is so rc:icti,c lo 

surfaces, o_nd 11 1s possible thot much of it has d1s.;ippcarcd before re.aching the ohcolu \\Ill 

Some p)CS, such u. sulphur dioxide may be absorbed In the nose and later rcmo, cd through 

the ahcoh and then exert their cfTecc not b) ho, 1ng them delivered to the ahcoh through 

t.bc bronchial 11cc but by re-diffusion out from the blood into olveolill' aos If both p:1r11cula1e 

and aascous polfuuon arc present there ,s po1entl111ion or effects, and the major conscquenc� 

or each or1hcse is an incrcuc in cells and macrorh,aae1 in the lung (Tan,mo1\0. 2000) There 

Is ample evidence that this is the pnma,y re�ponsc to most of thei,c ch1llcnee\, and on 

incrc:iscd aggregation or macrophages and feucoc)'tc� occurs qu11e qukl.ly ,n response 10 

most or wm (Tanimo"o, 2000). The presence or these cells "111 cnluncc the rcfclie or 

protcol}tlc CRI) mes, c.iu�in1 alveolar destruction 1n 1nd1v1tluali 11 ilh lnhcr11ed dcfi,�nc) of 

5CJUm antl- 11) psin, "ith the subsequent pos,ibilny or de1elopin1 cmp/l)loeflll
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from particles '"ith silc 2.0-S0.0µ llndlor &11.S e,-posure. such o.s. sulphur dioxide, niuogcn 

dioxide and oz.one. TI1csc cITccts consist or: (i) 1)41111.>-sis or cih:i; (h) h}pcr sccmlun of 

bronchial mucous glands; (iii) mucous gland hypertrophy and e�tcruion into sm:illcr air 

WO)). 

Terminal hronchlolcs: Smaller p.1rticlcs (0.01-2.0µ) will pcnctmlc llnd be deposited in this 

rc11lon, and there could be po1cn1in1lon or cITccts if giucs and particles an: inh:ilcd 

concurrently as in cigar-cue smo'-c. �lost or the sulphur dlo,ide that 1s brciilhcd in " stopped 

1n the nose, ond soluble gases such os oxides or ni1t0gcn ore simil111ly duninuhcd ,r breathed 

in lhc gos fonn. Combined wi1h particles, these go.scs get further do,,11 the lung and ha,·c 

grcotcr eITc:cl In lower conccnlrntion There 011: also some e,pcrimcntal dalll llnd sorno hum:in 

dnlO indlClltlng that acute exposure 10 high conccn1ra11on1 of o,tdcs or nitrogen 

churnc1cris1icnll) produces pulmonary oedema ond fibros1ng bronch1olit1s 1111her than chronic 

bronctiius or branch iccwls. These 11:u C'<posurcs produce the follo,,ing effects in the 

tcnninnl bronchiolc:s: (i) loss ornonn:il defences, (Ii) ad,crsc clTcct on surfocl4nt. ,,hich hos 

something to do ,, ith keeping these small oinYoys patent. (Ii) goblet cell me14ploslo, (h) 

inO.immotion wid obli1crn1ion and; (v) prcmo1urc closurc of ain,-oys, ,, hich is '"hat has been 

dcmons1ta1cd wi1h increased closing volume in cigMCUc smoJ..ers (Tan,mO\\o, 2000}. 

Ah coll: Particles of range order 0.01--0.0Sµ orc pnrt1cu1Mly likely to get 10 this rcgion and In 

moden1 city air. there ore plenty of pnrtlclcs in this size range. It 1s difficult to calculale ho,v 

much or o gM such os ozone actually reaches the oh color lc,cl bccousc II is so rc:icthe 10 

surfaces, and It 1s possible 1h01 much of II has dis:ippcarcd before rc:ich1ng !he ah color \\Ill. 

Some gases, such � sulphur d,o,ide ma) be ob�rbed in the nose ond later rcmo, cd through 

the 111\ coli and then e,en their clTecl not by ml\ ing them delivered 10 lhc oh coli through 

the bronchial tree but by re-diffusion out from the blood into alveolar gas If both panu:ulate 

and goscous pollulion ore present there is po1en1i,11ion of cfTccts, and lhe mojOf consequences 

of each of these is on incrc.isc in cells and macrophages in lhe lung (Tanimowo, 2000) There 

is ample evidence 1h.11 this ,s the prinu11') response to most of lh� challenges. ond on 

incrc3St'd ogvcgnuon of macrophages and leucocy1cs occurs qu11c quickly ,n rcspon� 10

most of ihem (Tonemo\\O, 2000). The presence or these cells \\ 111 enhance lhc release of 

proteolytic cnz) mes, causing 111\'color destruction in rndl\ 1du3ls w11h 111hcr11cd dcficicnc) of 

scrum anli- trypsin. \\Ith the subsequent poss1blhty of dc, eloprni: emph)scmD 
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2.13 C11rdlovascuh1r 11nd llcspiralory Effects or Air Pollut11ots 

TI1c humM he.ihh effects of poor oir quoliiy arc fnr rc3Ching. but princ1pnll) affect the body's

rcsplnnory S}Stcm ond the Cllrdiovosculor sys1cn1. lndividUJI rc::ic1ions 10 air polluianl�

depend on lhc type or pollulJlnl n person Is exposed to. lhe degree or c�posurc:. the

individunl's hcnllh slOtus and gcnc1ics. People \\ho exercise outdoors, for example. on hot.

smogsy doys incrcnsc 1heir exposure to pollullllllS in the air (Health Cnn11d3. 2006).

There is substnnliol evidence that supports on QSSOC1o.tion bc:t\\ctn 'lic:hiclc: emissions and

cordiovnsculor disease; particularly mortaliiy rrom cardiovascul111 causes (Gehring et of.

2006; rope ct al., 2004a; MIiier ct al., 2007). Cardiovascuhu and s110ke mortnlity r111es h:i,c

been associntcd with bolh ambient pollu1ion 01 plocc: of rc5idencc 11s ,,ell llS rc:sidcntiol

proxln1hy 10 1rnffic (Finkelstein cl al. 200S). Scvernl recent studies also consider nonfatal

cardiovascular outcomes like ocule myoc::irdiol l11farc1ion (Mil) Dnd h:i,c found M

associo1ion ,,ilh exposure 10 vehicle emissions, p;i.rticulorly as o rc:suh or long-term c,posurc:

10 P�11.s and/or close rcsidenlial proximity 10 busy roods (1-torrmonn cl 11/ •• 2006; Jerrett el al.

2005; Roscnlund ct of .• 2006: Tonne ct al., 2001; Pc1ers ct al� 2004).

Short-tcnn exposures h.i, c olso bccn shown to be a.ssocilltcd ,vith ischcmlc errects (wki et

al., 2006a). A case-crossover study or 1n individuals in Boston found that c:leva1ed 

conecnirntions or PMu ,vcrc nssocioicd with an increased risk or AMI within a rcw hours

and one day ro110,, mg exposure (Pclcrs ti al., 2001). Another s1udy or 12,865 lndividunls in

U111h round o sin1ilor eO"ccl for both AMI and unstoblc Mgmn. and 1hot 1hls effect "as \\orsc

for p:nlents with underlying coronnr')' 11rtcl) d1seoscs (Pope ,., al., 2006). TI1c sp«ilic

1oxiC11nts 111 ost commonly ossocla1cd wilh these effects ore P�ls. although there is also

evidence of an adverse lnnuence orco (Lankl er "I., 2006b) and S01 (Fung et al� 200S). 

Increased levels of CO and N01 hove olso been impliailed in increased incidence of

emergency department visits for stroke (Villeneuve et al., 2006). I t  1us been suggested that i t

ls lhc strong ossocia1ion bcl\vcen nir pollution and ischcmic heart disease that drives the

cnrdiopulmonory association wilh air polluiion (Jerrell et al. 2005). l\>lon) plausible patho

physiologicol pnthvroys linking PM exposure ond cardio, osculcu discnsc have been suggested

ond include sysicmlc inflammation, occclcratcd olhcrosclcrosis. ond 111teml cardiac

aulonomic function reflected by changes in hcllJ'l roic vnriobilhy ond incn::isc� in blood
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pressure: (Drool. tt al., 2002; Drook tt al., 2003; Luttmann-Gibson tt al. 2006; Pope tt al .. 

200-la; Pope tt al., 200-tb; Schw11n.z rt al., 2005, Urch 11, al. 2005) 

Rcsprrotory di�o.sc encomp.isscs p;ithological conditions arrcc,ma the �ans ond 1issues 

that nuike gos c1<chnngc possible In  higher orgnn,smJ. and includes conditions of the upper 

respirotory tmct, trochcn, bronchi, bronchioles, alveoli, plcuro and plcurol ca, ii), and the 

nerves and muscles orbrcothmg. It ranees from mild and sclf-lim111ng, such as the common 

cold. to life-1hn:01cn1ng cntillcs like b.ictcrial pneumonia, pulmonal) embolism, and luna 

cancer. 

I he health crrcct.s caUlcd b) air pollu1anrs ma) ranae from subtle blochcm1cal anJ 

ph)siologlcol changes to difficuhy In brnthini,. ,,h«2lna. eoui:Jilng and aggro,011on of 

e,istina respim1ory and cordloc conditions These errcet.s can result In lncrca�d mcdicauon 

use. increased doctor or emergency room ,•isiis. more hospital admissions and even 

premature death (I lcolth Conad11. 2006). 

It is  clear that air pollution. infections ond allc:rg1cs con e�o:rbatc heart 1111d lung Illnesses. 

An cnrl) diagnosis con lead 10 appropriate trcntment and ensure a nonnol or close 10 normol 

quali1y of life. In mDn) cases hO\\e,cr. there is no cure ond those arrectcd mil} die 

prcmaturcly. The following llfl: the mos1 prc,olenl discMCs. 

l\llnor Luni: Illnesses: Ille common cold Is lhc most fnmilinr or these. \\ ilh symptoms 

including sorc throol, scurry or runny nose. coughing nnd sometimes 11T1ta11on of the e}es 

Lung Infection,: croup, bronchitis. and pncumoni:i arc caused by, iruscs or boctcrio and arc 

,cl) common. S}mptoms moy include cough. fever. chills nnd shortness of brc,uh. 

,\Jthmn: ft is an ,ncrc:11Smgl} common chronic d1se:isc among children 1111d adults h C3uscs 

shonnc!>s or breath, coughing or \\ hceiing or whistlin1 1n 11,e chest AS1hma ouacl.s can be 

triggered by 11 ,:iriet} or factors including e,crcisc, inCcction, pollen, allergies 11nd stress. It 

con also be 111ggered b) scnsitivit} to non-allergic I) pcs or pollutnnls present rn the air such 

llS smog. 
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Chronic Ob11ruc1hc Pulmonary OIJtlJC (COPD): II I\ also I.no"" au chronic obs1rucll\e 

lung dlscMC ond encompasses 1wo moJor disorders cmph) scm.i and chronic bronchill'I..

Emphysema is o chronic disorder in \\hich the "illls 1111d cl.isuctt) of the ol\colt ore

damaged. Ch ronic bronchltts 1s ch11nac1cnzcd by inOammalion of 1he cell\ linin& 1hc inside

of bronchi, \\hlch incrc:15CS lhe risJ.. of lnfcclion and obslnlcts airOO\\ In ond oul of 1hc lung

Smoking is rcspontiblc for opproxlmo1ely 80% of COPD ascs while olhcr forms of air

pollution may also lnnucncc the dcvclopmcnc of thc'IC d1sc.iscs S)mptoms 1nc:ludc couah.

producuon of mucous and shor1nc.s.s or brc.1th, It is imporun1 10 noic lhi11 no cure c,,sts for

people sutrcring from COPD although hc.thh) lifcst)le and appropriate medication can help

(llc.tllh Conad:i. 2006).

Lung C1nccr: II is lhe moS1 common cause of de.1th due 10 cancer in \\Omen and men 

Ci11arc11e smol..c contains various carcinogens and Is responsible for most CllSCS or this often 

fatal disellSC. The symptoms of luna cancer begin s1lcnll) and then progress 10 chronic 

cough, whcolng and chest pain. Air pollution 1w been ltnl..cd some\\ hat \\ c.,1.1> 10 lung 

cancer (I lcallh Canada. 2006). 

Coronary Artery Disease: It refers 10 the narro\\ing or blocl.ing of the 111tc.ncs or blood 

\'csscls that supply blood 10 the hean This disCllSC includes nngin:a and hean otta.cl. which 

shore similar S) mploms o f  pain or pressure m the ehesL Unlike ongina. the S)mptoms caused 

b) he311 ouocl. do not subside "ilh rest ond m11y cousc pcrm11nent domage to the hcon

Smoking, lock of e,ercisc, ellccs.s \\Cight, high cholestcrol le\els in the blood, fam1I) history

ond high blood prc�urc ore some of the factor.. 1h01 mil) contribute to this disc.isc (I ICilllh

Conad11. 2006).

llcnrl fnllure II is o condition in \\hieh the he.in 1s un.1ble 10 cope \•ilh its \\Ori. load of 

pumping blood to the lungs and rhc rcS1 of the body. The most com1non cause is SC\erc: 

coronAI) ot1el) disease The main �ymproms 411: shonncss of brc.ith ond S\•clling of the 

onl.lcs and feet 

I lean-Rh> Ihm Problems· 1l1ey lll'C irregular or abnormal rhythms of the heonbcat. In some 

co.sc� hcort•rh) 1hm problc:1ns ore caused by coronQI)' oner) disc11SC. S)mptoms of hcan

rhythm problems innuucnng 1n the chest (palpiu11ion) and feeling light-hcodcd Some hcon

rh)thm problems arc lifc-1hrc;1Lening ond need emergency lrcalment (I lc.illh C11ru1do. 2006) 

so 
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2.14 Populallon al risk orRrsplnilol') )mploms 

Although e\cl')'onc IS a1 nsl from the hc:.illh effects of air pollu1ion. �rtain sub-population, 

ore more susccplibfc lndlv,duol rcnc11ons 10 air conu11n1nonrs depend on \C\ cntl f11c1ors such 

as lhc 1> pc of pollu111n1, the degree of c.,posurc and ho1v much of 1hc polfullUll is present 

Ase ond hcnllh arc also important foc1ors {llcallh Cannda. 2006). 

Thero ore some populn1lons \�hlch arc partlcufarfy su�epublc 10 1he effects of 1mffic-rcla1Nl 

pollu1ion, TI1ese include foc1uscs and children, the elderly. and those \\ilh pn:-c:�1s11ng 

breathing nnd he:in problem� 1 lowc\cr, hallhy ind11 iduals arc also 01 rul of these elTeclS 

from bolh short-term c,posurcs as \1cll o.s chronic e,posun: over sc1eral )e:irs or a llfellmc 

(�lcl.co11n, 2007) 

TI1c human foetus is pnrticulorly susccpliblc 10 the clTccts of traffic-rcla1ed pollu1ion g11cn 

ph)siologicol 1m1no1unry. A study of the 1:cno10,ic e1Tcc1s of e,posun: 10 PAJ Is i n  pregnant 

mothers in Mnnh.11ton, Poland. and Chin:i used personal air moni1ors to o.sscs.s e,posurc 10 air 

pollution. This stud) n:poncd that in u1cro e,posun: increases DNA dnm:isc ond carcinogenic 

risl. 10 the foclus (Perera el nl., 200S) Prenollll c\posure 10 high levels of PAI Is h115 been 

11Ssocio1cd "i1h decreased subsequent cognitive dc1elopmcn1 01 3 )CllrJ of osc (Perera cl nl.,

2006). Focllll gro1\lh Impairment has also been linked 10 ,n u1cro e,posurc 10 airborne PAI ts. 

e1cn 01 rclo1i1cl) lo\v lc1 cls of exposure (Cho, cl ul, 2006). 

Sc,eml studies SUIUtCSI 1h01 the e1Tcc1 sue rrom e,posurc 10 tmffic-rclo1cd pollution is 1:rca1cr 

among the elderly 1h00 other age 1:roups {Goldberg cl al., 200 I. Pope 2000, 7.c:J,.o cl al., 

200S). These individuals nre also likely lo hove pre-c\lSllng illn� ond ha1c been subjccl 10 a 

lifc1i1nc of exposure. Individuals \\ilh pre-c,is1ing illness arc p.111iculari) 1ul�rablc 10 1he 

clTcets of 1mffic-rclo1ed polluuon, cspcci.ill) those 1111h illnesses 11 ith S)Slcmic: elTccts h�c 

diabetes and cancer. II h.is been reported 1h01 incre4SCCI lei• els or CO c,11ccr�1e hcon 

problems ,n individuals ,�ilh both c.udloc 11.nd 01hcr disc.iscs (Dumeu er al., 1998b). Sci cnil 

siudics support the suucs1ion 1h01 1ndil iduals with diabetes arc pan1cul.irl) n1 risk of 

suffering fron1 hc:irt di)C3SC durins periods 11 hen 011 pollu1ion 1s l11gh (Goldberg er of 2006, 

O'Neill cl al., 200S: O'Neill er al., 2007). TI11s has been auributcd 10 1hc effects of fine 

p.111iclcs ond elcmcniol urbon as "ell as other components of the oir pollution n1i,1urc 
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A slightly higher ris� or monality •ssoci111cJ with 1chiclc-n:l111cd pollu14nts hu been 

assoclnted "uh lo,v ,ociocconomre Sllltus (SUS). 11 1•uiablc that rs known 10 be correlated 

with health Sllllus This clTeet moy result rrom the foct tha1 indrvidu11Js or lo\1 SES ma) live 

in lo11er value d\\ellinas that ore In close prox1m,1y to maJor �ds and thcn:(orc at a h1gha 

risk or c�posure (Sm11rg1ml ct of., 2006). Funhcnnore. 1ehlclcs me) be ne11er and crcare 

less pollution in  h1ah SES neighbourhood,. \\1th homC$ 111th better 1cnlll11ion and 1nsulll11on 

10 orTcr pro1cc1ion against 1hcsc crTccts (Ponce ti al. 200S)

2.15 Lung C11p11clty 

Lung c1paclt1cs rcrcr to the 1olumc of air usoc:iarcd with dirTcn:nt ph:l.sc) or the rcsplrarol) 

e)clc. The average 10101 luns cap:rcit) ofan adult human male ,s about 6 l11rcs of air. but onl)

a small omount of this capacity Is used dunna normal breathing (Gu)lon et of, JOOS) Lung

cap;icity Is  related to body size, and standing height Is the mo�t ,mportllllt corn:loring

111rioble. In children and odoleitents, lung gro11lh appears to Llg behind the incrcuc in

Slllnding height during the gro11th spun, and rhen: i5 a shiA in the rel:uionshlp be111ccn lung

volume nnd height during adolescence (Oockc,y, 2001) Height 11ro11th in young moles

bcr.1een 12.S and 18 )C41'S of ogc pcnks I ycnr before the 11ro\1lh rate of 11cigh1 and Forced

Vhnl Capacity (f-VC). 1111d I.S years before the gro"1h rate of ma.ximum no" 111 SO'!. F\IC.

In young females, gro111h mies of all spirometnc indices dccre;isc 01er the s:imc age range .

Using simple allomctric relationships be111ccn s1.11urc and lung 1olumcs. 1olumc predictions

arc too high 1n the> oun11cs1 age group lllld 100 l0\1 in the oldest adolescents.

furlhcnnore. for the sn1nc standing hcilJ)ll, )Oung moles ho1c greater lung function 111lucs 

than young females. lllld Caucasians h111 c gn:arcr 111lue thllll blaclo..s. Lung function incre.ucs 

linc:irly 1vi1h age until adolescent gro"lh spun 01 age 10 )ClllS 1n fcmolc:s and 12 )C.1l'S in 

moles. 11,e pulmonal) function versus height rcbrionship shifts 1v1th :igc during adolescence 

(Oocl.el). 200 I), 

lndividu:ils 11ho 1i1e al sea level will develop o slight!)' smaller lung cop;icll) than those \\ho 

spend their life at O hiJih altitude This is because the p;u11al pres,un: of O\) gen is lo11er at 

higher altitude iihich. os a result inc.ms rh:11 o,)gcn leu rcadil} diffuses 1010 rhc 

bloods1rcnni. In response 10 higher allnudc. the bod)'S dlrTusing cop;icit> incmucs in order to 

process more Dir. \\ hen ind ii 1duols living DI or near sc:i lei cl rr:ivcls to locntions 01 high 
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ol1nude1 (c.a., lhe Andes., Oen,er Colorado �1L-1, 1h 11· I ) h • , 1 '"" C una :l}IU, CIC I :11 person C411
develop II tondilion tnllcd ahiludc siel.ncss bcC11usc lhci1 lunp rcmo\c 11dcqu:11c 11111oun1s or
CDrbon dio,cide bu1 «hey do no1 take in enough OX)'gen. (In norm:il individuals, carbon dio,idc
1s lhc pnma')' de1crminan1 or rcsplnuory drive.) (Guy1on ct al., 2005).

2.16 rulmon111") Function Test 

J>uhnona')' I unction Testing (Pf71 Is a complete cvalu;uion of the rcsp1ralol) S}Stem

including p:ilient history, physical cxo.mina11ons, chest '<·I'll)' cuminalions, anerial blood e.u

on:il)'sis, and ICSIS of pulmonary func1ion. The primQI)' purpose of pulmon:1-1) func1ion 1cstlns

is 10 ldc:111ify the scvcrily of pulmoNry lmp:iirmenl There Is C\ idcncc of considerable

\·arla1ions in puln1onary func1ion in dlfTercn1 elhnic groups and across 11encra1ions (Os1ro11 \l..1

Cl n/., 2005) 

Rapid lung gro111h begins 1n ulcro and con1inuc:s un1il lhc l:i1c 1«ns in girls anJ enrl> 20s in 

bo)'s. Lung func1ion rcnchcs a m.t,imum b> 18-20 )catS of age 1n fc:m1lcs and 22-25 >= 1n 

moles. Some 1nales may sho11 a small incrcmcn1 in lun11 rune1ion in10 their mid-20's. Lung 

function 1nries widcl} ltmong odulLS. ll1c bill difTercnc:c in lung func1ion in adults ore due 10 

allllincd luns funclion 01 ma1uri1y, 11 hieh can difTcr by II fae1or of 1110 for individu::ils of 1he 

same age. sex. heigh1, 11 eigh1 and rncc (Dockcl) ct nl., 2005). Thus, factors th:11 can afT«t 

gro1v1h of lung function in childhood are imponilllt in de1erminms the level of lung func1ion 

in aduhhood. Luni: func:1ion lest (LFTs) hn\c c,ohcd from cools for ph)sioloaic study 10 

clinic:Al tools II ldel)' uscJ in a�!.sing 1hc respin11ory slDIU\ In addi1ion they h:11c become o 

p:in of routine hcollh c\llmina1ions in respiratory, occup.ilional. ond sport\ med1c1nc 

llo11evcr, lhc rcsulls of LFTs should be in1crprc1ed 1n rel:ition to reference 1alucs. and in 

1crms of whc1her or not 1hey ore considered to be 11i1hin the nom1al ranges (Qu:inJer ct al.

199)). 

Sp,romctl), the most frcqucnll) performed pulmonnl) function tc:)I (rF71 is the cornerstone 

of occup:ilion:11 respiro1ory cvoluotion programs In the occupa1ionnl hcnllh 5Clling, 

)piromctl) plo)S O crilital role in cite primQI), sccondlll). ond lcninl) prc�en11on of 

11orkplocc-rclnled lung disease {ACOE�I. 2000). 11 i5 used for both S(;reenins lllld clini�I

evaluations, sriiromcuy tests arc performed in• ,anct) of l'Cnucs ranging from small clinical 

pl'IICIIC� 10 brgc testing fGcilllics and mul11plc pli1111 medical dcp.1nmcn1s whhin nn indultl) 
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Spiromeuy l, a physlologicol test that mcuu� ho,\ 11n indi\ ldu:il inhales or exhales 

\Olumes of 11lr M a luncuon of time. The pnrr.31)' signal mea)urcd ,n sprromctr) moy be 

,olumc or no\\ It is rnvolUAblc llS a scrccnina IC$! or aencn,I respirator) health in the gmc 

\\I)' that blood pressure provides rmpofUnt information about ;cnc111I cardio\ilfC:ulu health 

1101,cvcr, on lu O\\n, it docs not lead clinicians ducctly 10 an actloloaical diagnosis (t-1,ller rt

al., 200S) 

The common lung function indlc.itors measured \\ith splrometry arc: 

2 Forced Vlt11I Cnpaelty (FVq This measures the a.mount of air 1111 inJi\idual can ewlc 

,,rth force after lnholrng as deeply as possible 

3 Forced £\fllratory Volume (FEV). This measures the amount of arr 1111 Individual con 

e�halc with force in one breathe. The amount of arr c.,halcd ma) be measured 11 I 

second (FFV,), 2 seconds (fEV,) or 3 sccon<b (FE\'1), c ,en up to 6 seconds (f£V.). 

FEV I di\ 1ded b) FVC = also be determined. 

4 Forced E'frinitory Flo" 2So/. to 75%. n,h mCAliurcs the air now holf\\ll) through an 

c'\halc. 

S Peak Explrntory Flow (l'£F). Thi.s measures hO\\ qurel.1) an individual Cilll exhale II is 

usuall) measured 01 the s:imc time as Forced VilAI Cap;icil) (fVC) 

6 �liuln1um Volunta') \lentil:itlon (l\lVV) This mc�urcs the grc�cst on1oun1 of air 1111

individwd can bl'Cllthe rn and out during one minute 

7 low Vlt:rl C111111dty (SVC) This measures the amount or arr an rndl\ rdual can slo,, I) 

exhale oner 1nh11hng llS deeply as pouiblc 

8 Total Lung Coradi) (TLC): This measures the amount of1ir in the lunas 1Rer inhaling 

115 dccpl) as possible 

9 Punclioo11I Residua I Cupacil)• (FRC): TI1ls measures the o.mount or lltr in the lungs al 

the end of o normal c'\haled brc:ithc 

10 Rcsldunl Volunie (RV) Thrs mc.uurc the amount of air in the lungs ofter on 1ndlvidual 

has c'\hlllcd complete!) It C4J1 be done by brcothinii in helium or nitrogen g.u and seeing 

ho,, much is cxhnled. 

11 Etpimto') Re enc Volume (ERV) This mc:.isurcs the dilTcrcnec bet,,c:cn the amount

or 111, in the lungs after a normal cthalc (FRC) and the amount after e�allng \\ ith force

(RV). 
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The mo�t imponon1 parameters or spiromc1ry :ire the ron:cd \!il.11 tnp;!Cil) (fVC). which is 

the volun,e delivered during on c�plration mode os rorccfully lllld comph:1ely os possible 

slllr1ing from full inspiration, ond the rorted cxpin11ory ,olumc (FEY) 1n one second, \\hleh is 

the ,olumc delivered In 1he first second of 11n rvc manocu, re (Miller, 200S). 

TI1c splromclry moncuvcr moy be divided into the rollowlng 1hrce steps (or phoses). c:och or 

,,hlch requires o dlfTercnl lypc: of cfTon: (I) "l!ll.c o deep breo1h" (m11."Clm1I lnhola1ion): (2) 

"blast out your olr" (mllXlmnl cx.holallon elTort): and (3) "keep blo\\ing until all your oir Is 

gone" (prolonged exholo1ion). Poor effort may occur during any (or oil) or these steps and is 

usually due to subop1i1nol in1crnction between the t.cchnician ond the subjccL A sub-m11.ximal 

inholotlon falsely reduces the PEF, FEV1, ond FVC values A sub-mwumol inhalat1on falsely 

reduces 1hc l'EF values, voriobly olTccts the FEV I volucs, a.nd mo) lncreosc the £• VC , olues 

A prcmo1urc 1ennino1ion of the cxholo1ion falsely reduces only the FVC volucs provided the: 

tenninn1ion occurs oner the first second. QUllllly assurance mcru.urcmcnts ll1C designed 10 

detect oil these foul ts and, thereby, 10 identify on) poorly pcrfonned moncuvcr or 1cst session 

1h01 could result In folse-poshi,e or false-negative diagnosis in the clinical selling or in 

incrc:iscd measurement nolsc/bi:is in cpidemiolog1c a.nd intef\-entlon s1udies {Enrigh1 rt al ..

2000). 

2.17 Effect or Air PollutnnlS on Luni; Fuocllon S1utus 

Occupotionol exposure 10 dusl is 11 \\ell-known phenomenon, cspccilllly in developing 

countries (i\lgbcdlon rt al .. 2007; 1:a1usi ti al  .. 1996). Allhough sources of 11ir pollu1onts

include po,,cr plonts, ccmen1 foclorics. relincncs l!fld pc1rochcmlcol indus1rics. the: emission

of particulates is quite high from qu111Tics (Oluscsun �, al., 2009) The: health impacts of

working in stone quorT) ins industry hove been well documented (Oxman �, al., 1993),

indh•iduols ,vorking in dusty cnvlronmenl ht1ve bccn found to corT) the risk of inhaling

p:irticulote mnteriols (e.g .. silica) 1hnt mD)' lead 10 od,crsc respirntory elTccis. (P.irk, 2007)

such 115 chronic bronchitis, cmph)scm11, oeutc and chronic silicosis. lung tllflCCr, lung

function imp:iinncnl e.t.c (K11Spcr. 2008). The occupa1ionnlly rela1ed luns disc:iscs ore most

likely due 10 the deposition of dus• in 1he lung and ore innucnccd by the 1ypc of du}lS. the

period of exposure. the c.onccntrntion and the size of 1he 01rbome du�I in the brcalhing zone

(Mcngcsh11, 1998). 
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N"tbo tt al� 2012 conduc1ed • s1udy on Pulmonlll)' Problem, amona ()u:IIT) Workers or

Slone Crushlna lnd1U1rial She in Umuoatwa con1munhy In £,a North Local Go \cmmcnl 

ArQ of Lbonyl Stale:, Nigeria llie) round out lha1 onl)' 13.�. or the dus1-cxposcd "on.crs 

had their mean l·CV,volucs bct11ccn lhc nini:c, or 4 00 6.SOL1nd1c11in11 1h11 the tuna 

function of 111ajority or the respondents h:ad been lmp:urcd The sia,ilfican1 decline in the 

mean Fl VI ond I VC values ond 1hc neaa1l1 c eorrcl3tion bct"ccn duration or 110n. 111d fl\ . 

(r -0.198, p<O.OS) �h01\ed that the lonacr the re5pondcnt was e�poscd 11 "on.. 1hc lo11er 

the 111.luc, 

A stud) by Ingle cr al., 200S in India indicaled II lung function eOicicnC)- of the uaffic 

policemen e,poscd to �ehiculor pollution Similar obsc" 11ions "en: reported b) Ciupta ct 

al. 1988 in 1hc rubber factory workers e,poscd to p.111lculatc> pn:1.iihna 01 110n. place 

cnvironmc:nL ·n1c Forced Vital Copach) (FVC) l\&S 82�• of lhc c�p«ted fn traffic 

policemen. 11hilc lhe control group sho11s 99', cfficienc). Though the forced\ iuJ Cap.xii) 

(FVC) or tnaffic policemen 11.u less th:in the control group, 11 1115 not much affected lil.c 

FEV, and PEfR The forced E.,pir:uory Volume in one second (f'E\ 1) of 1111ffic pohcemcn 

wu 11Tc:cted sc1cn:ly. It sho11s 0.81 L dilfcn:ncc in the c,p«tc:d 1111d obscncd fEV of the 

subjccL This confirms the definite: ocu1c effect on forced cxptnllDr) volume (fEV 1) in the 

tn1ffic policemen. Shonna ct "'·· 2004 studied the effects of oir pollution on lhe �1111IOr) 

health or subjects who 11\ed in three are.i.s of Kanpur. fndi;i They obscn ed th.11 subjects 11ho 

resided 01 clc.in 11tt.i performed ot predicted 1.ilucs more oncn lhan did subJccts 11ho li\cd DI 

mon: polluted llfQ Subjects 11ho 11crc n1orc c,posc.J to air pollution dcmonstnated o 

suMt.lntial o\croge deOctt in b;ucllne IVC and rrv, runhermorc. o \IUd) b) f·orbt-, tt al. 

2009 fn l nJllllld shO\\Cd 1h.1t oduh I fV1 ,,a, IWOCiotcd \\llh o�craac outdoor c:onccn11111ion, 

or PM 10, �O. and S01 cs1imotcd for po,tcodc sector of rc,tdcncc The ,ire of the effect on 

populouon mc:llll f[;.V1, c11pn:s5Cd for on inc:rc.isc In pollu111n1 lc1cl of 10 mg m 1\1" about 

3• • for PM,u. ond O .,., for NOJ and '101 The usoc:iatlon\ ,,ere strong�, in men ofdt'T 

1111.,,u and In c,-tmokc:r, 1111d \\Cl'C Independent.,, IKthc and flll\11\c ,n1ol.ina. ,oc:iol ct�, 

rqJOn 1111d month of testing 
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J.I S1udy Dcsli:n

CHAPTER TIIREE 

l\lETIIOOOLOGV 

1lu: siud) design \\OS a cJescrlp1lvc cross-scc1ioruil suney \\ilh I comp:,rall\c oppro:ich
Rc:�pondc:n1s 1�h1c:h an: police officers 1\crc c:otc"O"'·d L---.. th i ., , -, ...xu on c: r C'(posurc sunus;

• Traffic \\ordcns (those c."poscd 10 vehicular cmlulons durina the pcrrormancc or1heir

<my to cloy oc1ivitics).

• Regular Policemen (lhot arc 001 c,poscJ to \ chiculor cmis.sions during the

pcrrormoncc or their oc1ivilies).

It Involved collection or b;uehnc d1110 on perception or police officers about 1ir quoh1y ond 

the he:ilth problems they arc e..,periencing. An e,iposun: uscs.smcn1 in,oh 1ng pulmonal') 

rune1ion lest or pohcc officers \\llS also CMried out 

J.2 S1u1I) A rcn

The study \1� 01rrlcd out in Ibadan Nonh and l\onhcast LC>Qf Go1crnmcnt Arc.as 

rcspccthcly. lbodan is the cnpitnl c11) or O)o St.1tc and 1hc l:irgcst indigenous cit) in \\lcs1 

Afric11. II is loco1cd in 1hc south-\1esicm n:gion or igcri.i.. 11 is 130Km inland from Lllgos 

ond is o pro1ninen1 uansit point bct\1ccn the c03Stal n:gion ond the areas to the nonh. It lies 

bct\1ccn lotnude 7° and 9°30' ea.st or prime rTKrldion. Ibadan co\crs a land arc.i or 12 

l.llomc1rc> radius II hos on ollitudc generally ranging frorn 152m lo 213m with lsol,llcd 

ridges ond pc,1ks rising 10 27-lrn. hs populo1ion is cstamotcd 10 be 11bou1 3.8million occordina 

10 the 'otioruil Population Commission's 2006 census estimates (NPC. 2006). The pnnc1p:1I 

inhabitants or the cit) ore the Yorubas (Drown. 2009). 

J.2.1 OricfcJe5crlr1lon o f  lbndan 'orlb Locol Co,crnmcnt Arcn

Ibadan Nonh Local Go1cmmcnt ,,as founded by the fc:cJcr.:il \lililol') Go1cmmcn1 of Nigeria 
on 27°' of Scriembcr 1991. The Loc:ol Government "as carved ou1 of 1hc dcfunc1 Ibadan 

._1unic:ip.il GoYcmmcnl along "ith 01hcrs. The componcnu or the Locol Go,·cmmcnt co,er
�s bcn,cc:n Oc:crc round;,boul 1hrough Oke-Arc 10 f.lol.ol.i, 01.c-itunu and ljokodo. lhc
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other components ore Ol'COJ rrom Deere roundabout 10 Gotc, ld1.11pe to BoshonJn and up 10 

La110,llb11d11n Express ,voy, Sccrct.orioi. Bodij3. University of tbadlUI ond Agbo,,o orcns. The

hcodquortcrs of the Local Oovemmcnl is llodija. The Local Oovanmcnl hC11dqu.1rte� I!> 

tcmpororily occomn1odatcd at Quarter 87 01 Oovemmcnl Reserved Arc.1 in Agodi ,,here the 

Sccrcuulot Is located. lbodnn North Local Government is bounded by other L.0.As including 

Akinyele, ldo, lbadon Soulh\\c:SI. lb:umn Soulhell5t and Lagclu LO.A ·s. lb:id11n North Local 

Oovcmn1cnt has o population of about 308,119 people, comprising 152,608 moles and 

fcm11lcs (Notional Population Commission, 2006). Using a gro\\1h rote of 3.2% from 2006 

census, the 2010 cs1imo1cd population for the Local Government lll'C4 is put at 347,998

people. 
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Table 3.1: lb:adan North Local Govcrnn1tnl \\'ard_s 

SINO \YARDS 

I Occrc, kcninkc, Aabodo11budu, Okc Arc. Odo O)c 

2 Odo Oolc, lnolcndc, Oniyanrin and 01.c Oloro 

3 Adcoyo. Vcmctu, Okc Arcmo nnd ls:ilc Alfi1 

4 ltutobo. ldi omo, Ojc lgodun, Kube. Okc opon, Abcnlo. Alh,offotol garden and

NTA orco 

S Ooshorun, Oluwo Ashi, Akingbolu, lkolob.l and Gate 

6 Sabo Arco 

7 Okc ltunu. COC11colo ond Oremeji Arcos 

8 Songo, ljokodo 

9 �1okolo. Ago tnpo and premier l lolcl Arcos 

10 Bodij11. SecrelOriot, A,, olowo, ObilSII. Son us I

11 Samonda, Polytechnic, University of Jb.ld1111

12 Agbo,vo, Bodlja market, Oju irin, Ba.riko. lso p;iko. Logosflb.ldnn E.'<pl'CSS Rood

Source: Dro,vn. 2009
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J.2.2 Drier description or Ibadan Nonbl'aJt Local Go\crnmcal Arca

lb3d3n Northeast Local Oo\.cmmcnt hu I land miw of about 111 km -.quuc This fc:aturc 

m:il.cs it one of tllc smallest LOA 's m O)o Stole. The Loc4I Go\cmmcnl admlnist mll\C 

hc3dquartcrl i) nt lwo road lbndD.ll Northcas1 Local Oovcmmcnt Is oppro,im111cl) 120 � 

from Lagos b) lhc most direct route and 440� fron, AbuJ11, f'cdclill Capital Territo') (fCT} 

ll ii bound by Zcn11h bnnk Pie and 01>3 Akin)ele shopping complC'< In the \\CSt tu1d cast 

respectively. lb:uJnn Northcnsl Local Go\.cmmcnt h3S • popula11on figure of )30.399 

according to the finnl result of2006 census released b> lhc Nnuonal Popul3tion Cornmiulon 

(NPC). There ore 12 \\Ords \\llh1n the Local Go\cmmcnt � 
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3.3 Description or s11mpllng point,

Inc list of mojor 1nsmc ln1crscc1I h m ons 11 ere Int tc 11vdcns perform their d:I} 10 d:I) 1cli1 Illes
'""' oblllined from the Divisional Trame Officers (OTO) I th I 1 n C rcspccu, e po ICC SIIII ons ,n
lhc t\\O Loe.ii Go"emmcnts. Simple random samplin11 then 11,as u5Cd 10 select lhit1ccn
tntcr1«tions from the eighteen milJOr ro.1d intcncc:110,u l\ithin the I\\O LOC4l Go1cmmen1
Areas ivh,eh �l'\-e ns the sompllng point (SP) for lhc study (Sec table J 2)

3.-' S11rnpll11g 11rocctlure 

A 10101 son1pling of oll police officers In the cwo LOC41 Government.\ 11a.s urned out for the 

SUf\cy. A sys1crno1ic random s;impltng was usc:d 10 �lcct pillt1c1pants for the hum1111 

c,posurc DSl<:SSn1en1 (Sec toble 3.3) 

3.S Oe1ern1ln111lon of sa,npllng coonllt1111cs 11ntl production or risk 1nnfl'

A hnnd held b.l11cry-po11cred factory callbr.ucd Garmin Gcoiruphtcal Post1ionlng S)stem 

(GPS) (Sec Plote 3.1) \I'll$ used 10 dc1em1lnc the geollraph,col coordin:Uc\ of the locations 

selected for nir qunllty osscssn1cn1 The OPS is II sa1clll1c b.lscd n11 1aa1ion ))stem 1h01 scnds 

and recch cs the radio sii;nal and prol'ldcs infonnalion on location 1cl0Ct1) and ttmc, 24 

hours II do), in on} 11e.11hcr i n  the 11orld The OP \\GS oblllincd from the Ocp:ir1mcn1 of 

r n 1•ironmentol I IClllth Sciences.. College or lvlcdicine, Uni, ersil)' of lb.lt.11111 

The coordinates 11os entered Into Google e0.r1h son"an: TI1e mean concentmtlon of �ulphur 

dlo'Cidc, carbon 1nono'Cide and nitrogen dio,idc 01 lhe so.mpltns locations 11.u clossilied into

three categories according 10 the Untied lilies En1 ironmenu1I Protection \gency (USEPA) 

criteria for de1cnnin1ng ambient o.ir quahl) For sulphur d101(ide· 1011 risl.. (0 O.O)ppm), 

moderate risk (0 03 - O.�ppm) and high rhl.. (> 0.06ppm). for carbon mono,idc: 1011 risl.. (0 

4.0ppm). rnod.:mtc risl.. (4 I 6.0ppm) ond high nsl.. (>9 Oppm) 1, hilc the risl.. level of 

nitrogen d10:1.idc wa.s closs,ficd os lo\1 risl.. (0 - 0.03ppm). modc:ralc: nsl. (0.03 O.�ppm), 
and high risl. (> 0.06ppm) A re d  place m111t.. 11-os usc:d 10 represent an::is 1111h ,el) hl£h rhl.., 

a blue pl.ice-marl.. \Ill$ used 10 represent areas ,1 ilh modcrotc risl.. while o green place-mart.. 

IIAS used 10 represent areas 1, ith l01v rlsl.. 
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Pia re J.I: A GARJ\1AIN GPS 
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T:ible J.2: Description or S:amplini; Points 

SIN Slim piing 11re:i S11mpllng todt Description 

I Mol..oln LI lnalcnde june1ion, in front orTocil filling station 

2 Mokoln L2 In front or AP Petrol st:llion 

3 Sanso LI �go cemetery junction 

4 Sango lA lo front orToul Pcuol Slalion 

5 University of lb3d411 LS Al the m:un eolT311cc gate or the Univcrsil)' opposite the ro:id lh:11 enters 

Agbo\VO community. 

6 Bodijo L6 Entr11ncc to Bod1jo ab�toir in front of First Do.nk 

7 BodiJa L7 Oju irin junction opposite Ola mumm) rood cantecn 

8 Osuntokun a, enuc: L8 In front of Zenith bani. 

9 A\\olo-..o ll\'cnue L9 A-..olowojunction. in front ofUBA Bank 

10 Totol Gmlen LIO Tol41 SMdcn junction opposite Oritll-mcfa BnptiSl Church 

II Agodi g:itc: Lil Entrance of Agod1 gate spare p:iru m:irkc1 

12 ldi ope Lil Opposite Mr Digp Rcsuwrant 

13 Oremcji Lil Junction before Oremcj1 ovcrhc:id bridge 
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T:ablc J.2: O�criplion ofS:impHng Points 

SIN S11n1pling ::irt:a S:impllog code Description 

I Mokol:i LI ln.tlendc junction. in front ofToutl filling station 

2 Mokola L2 In front of AP Petrol station 

3 Sango L3 Sango ccmctcr) junction 

4 S11ngo LA In froot of Total Petrol station 

s University of lb:lda.n LS At the m:iin entrance i;nte of the University opposite the l'03d !Mt enters 

Agbowo communit). 

6 BodiJ3 L6 En111111cc to Bodijn �toir in front of First Bank 

7 Bodij11 L7 Oju irin ,unction opposite 0111 mummy food aintccn 

8 Osuntokun avenue LS In front of Zenith b:ink 

9 Awolowo avenue 1,9 Awolowojuneuon.1.n front ofUBA Bank 

10 Tot3l Gorden LIO Tol41 garden JUn<:taon opposite Orit.a-mcra BopciSt Chun:h 

I I Agod1 &3tc LI I Entrnncc of A�odi &3tc sp:in: p;ins m:irkct 

12 ldi npc Ll2 Opposite Mr Biggs Restaurant 

13 Oremcji Lil Junction before Orcmcji o,crhc.id bridge 
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3.6 Flc:ltl s11n1(11lng or 11lr qu111ll) (lllr11mc:tc:rs 

Goscous ond pi111iculnte molter sampling \YllS auricd ou1 for n period of t\,el,e \\eeks (June

Augu_st, 2011 ), The n1cnsuremenls \Ven: done tv.,icc ,vithin 1he ,,orking dnys of the \\eek for 

c.ich of the Sllmpling points nod one weekend. Sampling ,,.,as C4l'Ticd out in the morning 

(6.im-8om), onemoon (12pm-2pm) ond evening (4p1n-6pn1). The purpose of this penodie 

determination of the oir quality pnromele,s \YIIS to Identify pen.I. penods for these p;1111mctcrs 

\\hich ore due to vorhnion In the trome denshy 1111d 11lso the IOC111ion of1hc s.1mpling polnis. 

3. 7 Stutly Populntlon 

111c study popul:nion comprised police officers (tmffic ,,11.l'dens a.nd regular police officers) 

"orking in lb:idan North ond Northc.ist Locnl Go, emmcnts. 

3.8 t::lli;iblllty crltcrin for study p11r1lclpanu 

3.8.1 lncluslon Crllcrl11 

The inclusion criteria for this study ,,ere 111111 stud) particip.intJ. 

• I\ lust hove been o Police officer for 01 least three years.

• l\lusl hove been working in the Loe.ii Go,cmn1cn1 /\rc;is for 111 least si,-. month .

J.8.2 E:u:lusloo Criteria

The follo,ving exclusion criteria \\'Crc observed for the study: 

• 
Policc,nen that ,vcrc just 1.n1nsferrcd to the Loclll Go\'cmmc:111 thnl have not spent up 

10 si.x months ,vere ten out. 

• 
Ne" police recruits \\ho hove not spend up 10 three years in service \\Creten out . 
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J,9 Sample Size llc1crmln111lon 

Using the fonnulo bclO\\I, the n:quircd SQmplc size ,vas calculated as follo,,� 

N f( z l•PO YPoCJ ·Po) t Z HI :le,CJ ·P1 )1
1

(Po·P1)2

\Vhcrc; 

N the desired sarnplc s17c 

Z, an• �landord deviation at 5% level of significance- 1.96 

Z ,., .. stondord deviation corresponding 10 95% po,,cr • 1.28 

P, = prc:,•nlcncc of  cough among lrllflic ,,ardcns in Bangalore• 27% 

P1 • prc,·alencc of cough among non-traffic police officers In 81111galorc • 14.40,� 

N= [l.96"0.27(1·0,27) + l,28'10.!44{1-0,144))1

(0.27--0.144)1

• [0.8702 + 0,4495)2

0.015876 

• ll,3!97J l

0.015876 

• I 09.69 (approx I 10)

10-/o of 110, ,vould be added 10 lllkc care of attrition (no response) 

N• 110 + I I • 121 

S' h d • �mt',.,c cross section.ii design, the srunplc size \\Ould be doubled in,nee t c sru y ,s o comp.. • 

rd r. 1 n11rt1l'tve group and for belier precision in the studyo er 10 occounl ,or 1 1c com,,.. 

Thcrforc N• 242 
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J.10 Air quollly a:an1pllng

J.10.1 Portlculutc mntlcr lc,•cl de1crn1lno1ion

An l:nvlrotcch personal respirablc dus1 srunpler model API\I 801 \\IS used 10 determine 

traffic \\'Ordcn's exposure lo IOtJII suspended poniculntc mnuer (sec pllltc J.2). The s:implcr is 

m3dC up of n rouimclcr (pump un11} ,vhich houses n DC 6V rcch:u-gcoblc t,:u1cry, 0 sampling 

head (\\•hlch holds lhe filler pnpc:r} to be \\Om on !he collM of the worker so lhllt it could suck 

air from his brcothing zone, a nclCiblc tube (,,hich connc:cis the s;unpling helld 10 thll 

ro1a1nc1er) ond o side cla.n1p (,vhich ollo,vs lhc lnsll\lmcnt 10 be worn on the belt of the 

,\·orkcr). 

TI1e snmplcr \\lllS used 10 collect sornples of air borne p.u1iclc:s 01 d1tTcn:n1 �piing poinlS. 

The porticlcs (P�l10.,m) \\Crt collected by dra" ins a1r through o weighed high efficlenc)' 

(snlilll pore size) microfiber filler housed in o Im proof tenon filter holder lined 01 1hc top of 

1hc sa.mpllng hc:id ot o l.'110,vn volumetric no\v rate. The nc�blc tube ,,11s used 10 connect the 

srunpling he:id 10 1he purnp unh ond the pump ,,-us sinned ond set 111 desired now rule. The 

snmplcr ,,,is turned on and ollo,,..cd to run for t\\O minutes to ensure 1h01 there wen:: no loose 

connec1ions. The pump unil \\ 'ns then ouachcd to the bell of traffic \\'Ordcns through its clip. 

TI1e ncx.iblc tube ,vns p:,.sscd through the traffic ,vordcns shin ond the sa.mpler hc:id ,ws

clipped 10 the collnr o f 1heir shin so th:11 i i  \\115 close 10 their breolhing zone (see plolc J.-1). 

The s:impler \\11S 1hcn S\Yltchcd on and allo\\'Cd 10 run for two hours. The ioilial no,v rate or 

the 5111nplcr ,,11s no1cd at the beginning of sampling. The final no" rate or the s:impler ,,as 

obla.incd just before 1he unit \\11$ s,, i1chcd off to ob1ain lhc ovcrngc no\, role 
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PIJltl! 3.2: En,•lrotcch pcrsonol rc:spiroblc, du,t son1plcr model ,\Pr>ISOI 

l'lotc, 3.Jo: Filter poper before son1plln� r1a1c 3.Jb: F'iltcr poper oner .san,plin� 

5bon ini:, concentric ring or tlusl rortlclcs 
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The filler p:ipcr \\OS carefully remo\ed ond placed in the desiccntor to rcmO\C moisture. The 

filter p:ipcr "'IU then rc,veighcd to determine the net g11in in the collected p;iniculllle m11t1er 

The result \\a$ expressed In micrograms per cubic meter (µg/m1) or air s:implcd 

PM Concentration (C)• (\\IL-W.alX lo?

I (BL+B%l 

2 

\\'here \Vo Initial \\1eight of filler p:>pcr before srunpling (mg) 

\V1 • Fincil \,eight or !liter popcr oner sampling (mg) 

R1 • Initial Oo\,• rote before ston of srunpllng 

R, • Pinnl OO\Y mtcjust before the unit Is turned off 

T .. Sampling time In minutes 
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Place 3.4: Shons Che snmpllng heod 1111achNI 10 lhe shin of a 1r11mc n,inlrn 

r, 

Place J.S: S11n1pler unlc scr1111petl to the IJrlt or n cr11ffic n11rden 
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Plorc J.6: ,\ 1roffic \\llrtlcn on dul) ""h 1hc pcrsnnlll l'\'$f1lrnblc du�, sampler 
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J.I0.2Caseou, t'n1bslons dc:lcrmlnallon 

Traffic related oir pollul4nLs le\cls comprising corl>on monoxide (CO), Sulphur dioxide (SO:?) 

and Nitrogen dioxide (NOl) \\ere determined using c,1cch carbon mono,ide monitor model 

COIO, environmcnLol sensors sulphur dioxide monitor model 2·1300 and en\ironmcnLol 

sensors nitrogen dioxide monitor model Z-1-100 respcclhcly. Prior ealibriulon of the monitors 

wns done nccording to slllndord procedurcs.Thc ps monitors were hand held 111 the sampling 

locations ond strctchcd 01 nrm's lenglh 10 determine the nmbicnt lc\cls of the pollulants. 

Mc.uurcmcnlS \Vere token 01 each s.impllng location :and the mc:ans "en: computed. 

Pl!llc 3.7: ,\Ir 110111,('rs: nitrogen Jlo:i;ide 1111d sulphur dioxide monitors model Z-1.ioo 

onil Z-1300 re_sreeth el) . 

• 
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l'liuc 3.8: Erlcch carbon n1ono1dde n,onllor ,nodd COIO 

J. I 0.30n-sitc obscn•111ions

An obscrvn1ionnl chccklis1 wns used 10 nsscss 1hc following: 

• Location of sampling poin1

• Notun: ofro11d

• Ac1ivi1ics ,, ilhin and around lhc study site

3.10.3.1 Trumc dcnslly cs1in111Hon 

A�rding 10 Abom et al., 2009. 1.r.1ffic dcnsit) con be eslimolcd lhrough monuol counting. 

Three n:scarc:h ossisu1n1S "c:n: rccru11c:d 10 coun1 the number of c:irs, buses, bikes ond rrucks 

1h41 pass 1hrough 1hc sompling poin1s for a period of 10 1nmu1cs and 1his "us used 10 cs1ima1c:

lhc hourly traffic dcnsi1y. This is 1hc:n con1p:11c:d \\11lh 1hc stMdard sci b> (Orl.urt rt al .•

2009). The 1raffic density is calculn1c:d 1» 1hc number of ,c:h1clcs or ou10mob1lcs O\IC:r lhc

lime o.s sho,llll bcto,\I: 
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Dcnsh)'1 • Yi

T 

Density,: Trame density or vehicles type i 

V,; Nu,nbcr or vehicle type I that n.·nscd lhc d i 1 . 
,- roa n t me pcnoo T 

T Time period 

n,c closslltc.ition or 1mmc density is described bclO\lr. 

Category C11rs/mlou1c 

lligh Traffic >40

l\1cdlum Trame 10- 39

Lo,vTmmc <10 

Source: Ozkun et al., 2009 

J.11 Suncy 

J.11.1 Qucsrloonoirc At1111lnlstrullon 

C11rs/hour 

>1600

400 • 1600 

<400 

A 46 item semi structured qucstionnnire \\ 'BS designed ond used to clleir rclcvonr lnfonnntion 

from police officers in lhc 1,vo Local Govcmn1cn1S. This inslf\lmcnt has four major sections: 

Socio-dc:mogmphic inrormotion, perception or respondents or air qu11li1y, household

ch11mc1eristics nnd he.11th conditions. A pre-lest \\11S cnrried out among Federal Rood S.ifcty

Corps (FRSC) in Ibadan o.nd o reliability value of0.7 \\"IIS e4fculo1cd which sho"cd 1ha1 the

instrument ,, o.s valid ond reliable 10 elicit vi1nl infom1n1ion from the n:spondcnts. T,,o

research iusi�ton\S ,vcrc employed and 1111inc:d on ndminis1m1ion of qucslionnoircs 10 1hc

respondents. A tollll number of247 qucslionnaircs \\C:rc adminis1crc:d 10 both Traffic \\ardcns

and Regular policemen. 
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J.11.1. I rcrccptlon Scoring 

• Polnl Scale: 8

• �10,in1u111 Score: I and Minimum Score: 0

• S0111 percentile nnd Abo\e • I li&h Pcrccpllon

• BclO\\ solh Pcrcenlilc - LO\Y Pcrccplion

3.12 llun,an exposure P$SC.SS1uc111 

3.12.1 Lung function test 

J.12.2.1 Ocscrlpllon of 1>11rtlclpun1s 

PnnicipanlS rc:cruilcd ,vcrc police ofliccrs UUII took pan in the qucstionnllirc sul'\cy Those 

1h01 shO\\' ,villingness 10 partake in the lest ond 1,ho also met the cliglbllity criteria for the 1es1 

11erc chosen from those 1h01 panicipotcd in the sune). S))lcmotie random S11111pling 11a.s 

US(d 10 select 124 police officers (61 traffic ll'ardens and 63 rcgultlf policemen) rcprcscn1lng 

SO% or L111: study popula1ion (Sec table J.J for details). ·1ne proponlon used in 1his study is 

twice that used in o prc,•ious s1udy carried out b) Koge, in:iscl cl of .. 1998. 

3.12.2.2 Eligibility criteria for study parilclpnnlS for 1111! lung function tcsl 

·1ne mojor criteria for selcc1ion of s1udy particip:ints 1,-ere ns follo"s:

• PanicipanlS must nol ha,·c a ramily history of rcspin11ory symptom or discnsc rrom

L11c response got from questionnaire.

• Pllf1icipants n1us1 be a non-smokrr.
• Pllf1ieipants n1us1 be ,.,.illlng to 1okc pon in L11e test.
• PorticipanlS niust have been a police officer for at lcnst 3 rears.

The rationale behind the nbovc eligibility criteria \\llS 10 reduce the innucncc of con founders. 

J,12.2.3 �lnterlals for lung function 1cs1 

S I I · di ··ftl spirometcr 11� used by the selected panicip;u,1s 10 dc1cnninc
(1 romclcr: A 11 111e g1  ... 

Fl!V I parun1ctcr used in osscssing lung function.

76 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Mo111bpltcc: 124 mou1hpitces ror the 124 par11cipan1.S "ere enachtd io lhc sp1romc1cr btrorc 

usage to O\oid mou1h lnrccllous disease. 

\\ltlghlng scale: l11i1 lns1rumcn1 is used ror mcasunna lhc "eight or tbt lung function tcsi

pan1c1pants 10 be oblc 10 determine the Ol'-11.

. · lun" runcrlon 1cs1
Pla1c J.9: A pnrtic1p11nl uodcr,:oan1,: ., 
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Table J.3: Pro1>ortlon:1I :illoc:ation of p:arrlclpnnts for spiromctry 

Loc:111 Co, ernmcnr 

lb:11bn North 

Tollll 

lb3Wlll Northenst 

Totnl 

Key 

T\\ - Traffic ,,·:udcns 

Occup:ition 

TW 

RP 

T\V 

RP 

RP - Rcgufar police officer 

Number of 

p:1rticipnnts 

83 

70 

153 

39 

55 

94 

Proportion:il 

11llocation (SO"/.) 

(50•1S3)/100"" n

(50"94)/100 • 47 

78 

r:irtic.ip:ints for 

spiromctry 

42 

3S 

77 

19 

28 

47 

Systcm:atic: S11mpliog 

stnnq;y 

153/83 - 2 

ISJn0 • 2

9-1139 D 2 

94155 •2 
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�lclre rule: TI1c long metre rod \\llS d u,c to measure the height or the pa111eip.1n1S for bo1h
lung function ond OMI cs1lmn1lons. 

Lung funcllon CAlculnlor: This is the instrument ... �d · I l I h _.., I ...- 1n ca cu al ng I c c�pcet= ung 
function value of people oner lnscnlng the 0.,c, sc d h • h f th · · Th o ' OJ1 c111 I O e pa111c1panL e
programmed value on lhc enlcuhuor \\ hich Is the expected lung function 1s the lung function 

value of o s11nilor healthy block Popula1ion. 

3. ll.l.4 Procedure used In lhc Lung func1lon 1cs1

Lung function test \vns carried out through 1he use of Ferraris digillll spiromc1cr 10 determine

the oc1uol forccd expiratory volume in one second (FEV 1). A dispos:ible mouthpiece \\llS

insencd 01 the tip of the spiromcter 10 prevent spread of moulh mfecuon omong the

p.1r1icip.in1S. TI1e spiron1cler \Yns c.ilibr:ned 10 0.00 before 1hc p.111icipon1s \\ere nskcd 10

lnhnle air nnd ln1er exhale air with force inlo the spiromc1er. This wus used on OJ1 ind1vidu11I

llt lhn:c n,onocuvrcs and the best i.e. 1he highest \\'11S recorded for each p.1rticlpon1. The height

lll1d \\-cigh1 of 1hc p.1r1icip:in1S ,vcre measured using o meter rule and "clghing scale

respectively 10 colcultlle the Body Mass Index (DMn and 10 be able to inpul 1heir \'alucs in10

1he lung function cnlculnlor in order to gc:1 lhc predicted FEV, ·n,e ac1unl FEV,was

con1p.1n:d "ilh the prcdic1cd 11EV 110 reveal the ,·11riation bct\\CCn the ,-alues and pcrccn111ge

prcdic1cd FBV ,.

3.13 Dnt11 nna\ysls 

Questionnaires \\'ere seriall) nu1nbcrcJ for control and rcc:ill purposes nnd da10 collcc1cd

\\ere checked for comple1eness and accuracy before ii \\as then cdi1ed and coded n1onually.

The da1o \Vas imputed inlo lhc compu1er ,vhile an.ilysis was cru-ricd ou1 using SPSS soft,,11re

,·ersion 16. Oescrip1ivc stotistics (proportions, n1Clll1S nnd stnndard dc,iolions) ,vas employed

Chi square ,vas used 10 1es1 for association bel\\CCn quoli1a1h·c vnrioblcs rrom the

questionn:iirc survey. ANOVA ,vas used 10 determine the diffcn:nce in the mean levels of

rcspiroble suspend«! particulolc moncr (RSPNI) nnd 1mffic related air pollu1:in1s 01 different

I• I d 11 ft• \\ell as dc1crmining the vona1ion bel\\CCn the observed \olucssomp ing po nts :in me -

d th 'd 11 1· I s""orman Runk correlation test w;is used to c::stoblish rclo1ionsh1p
nn c gut e nc ,m 1s. ,--

be I · 1 b rdcn and lun" function status of U'll0ic \\Qrdcns as ,.,.ell as the
l\\ec:n 11c part1cu ate u " 

. . h t-iion or the 1roffic•rclatc:d air pollu1nnts ond 1mffic dc:nsi1y.
rcla11onsh1p bet\\c:c:n L c c:onc:cn ,w 

All QJ\lllysis \\'US carried out at S�� level of significance
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J.1.- Informed consent and Ethical Consideration

r.1hic.:il approval wu ob1aincd from the joint vl/UCH ins111u1io"al re\,e\, boiud c�

�ppcndi, VI). lnlormc:d con\Cnl lnform,na n:,pondcnu· on their ri&ht 10 either to tal.c: p3n or

not was done before any lntcroction wilh lhe respondent after tui, ,ng ,ho\\n full 

undcrs1anding or the study. Confidcntl111it) of inform11lion obtained from n:srondents ,,.as

ensured. Identifiers ,,en: stripped from lhe n:spondcnlJ' responses and number codes used for 

respondent 

I. Non-1'111lcficcncc: This rcsc.irch did not ,n 11n) \\11y tnfilct h11rm on the p.inic,p:ants and

C\CI") pan,cipnnt \\OS trca1ed cqwally 11S much as possible.

2. Confidcnllality of 011111: Assurance or obsolu1c confidcnti31ity ond all information

pro\ idcd by lhc rcscnrch p;inlcip:1nt \\ere kept secret. not to be used ln II non·l'C5C:trch

purpose

J. Oisclo.surc or lnforn1ntlon: All rcscnrch p;in1c1p3nu \\ere dul) informed or all the

process invoh cd in 1he rescorch before commcnccmcnl of the project. ·o biotoi;ic.11

samples ,, ere collected

4. Dcneficcncc 10 purtlclpanlJ: The p:uticlp:anlS of this �tud) benefited from free

pulmonlll") function 1es1

s. llighl 10 ,vltluJrn\\ fron, study: Rcsc:irch p:1nieip;1nts ,,ho ,,ish to ,,ithdra,, from the

stud) "ere free 10 do so. ol an) point ,n time. ,, 11hou1 an) fe.u
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CIIAl'TER FOUR

ltF.sULT 

nus ch:iptcr presents lhe rc!>ults or 1hc ao.scous cm1n1ons ond pv11cul:11c maner mon,1orin1
acros.s the selected sampling points rt I Ii • · IC resu IS rom the quc\UOnnalrc \Ul'C) ,, hlch Included
lnronnn1lon on socio-dcmonrophic I • • • c 1oroc1crishcs, pcn:cp11on on air qualil). household
chn111ctcris1ics and hcahh condil1ons or respondents liro ih t LGA" m e "0 s arc olso prcscn1c:d. 

Also included in this chapter llfC lhc results or the lung function tcsts earned ou1 on I subsc1 

of the sludy population. 

·'-1 Gcncrnl description ofsnmpUog IOCDtioos

Table 4.1 sho,,s the onsite observations reblcd 10 air qu;ilil) in the selected S31llpling 

locotions. l\lajorit} of lhc s.impling locntions ,,-ere SIIU31cd in areas "ilh high co1nmen:ial 

acth ity I.hough I.here ,,ere no industries loc:ntcd in the study sites. 

Acli\ ilics around I.he stud) sites include btuh burning, construction procc>SCS c Le 1l1c:rc 

,,ere o.1so dumps11cs nnd gcncrotors in some s1udy sites Due to the presence of a cemctcl') 01 

loco.lion J. the bushes in 1he cernc1cry ,,ere regulorl)' clCAn:d and burnt to bcauur> it and this 

occoun1cd for gcnerotion of some air polluunts.. Locntion 4 is s11ua1cd around S:ingo marl.cl 

,,hile loca1ions 6 and 7 llfC siled ,, ilh1n the popular OodijG marl.cl U�ually. large , olume or 

,,aste is gencr.11ed from m:irl..ctS and due to the inefficiency in the disposnl of ,�o.ste in 1his 

m:irl..cts, large e:\pnnse of land develop into dumpsite Durning or waste in this dumpsile also 

con1ribu1cd to the poor air quality in these arcllS. Generator emission \\ilS also a major 

mcnncc :11 toca1ion S because of its elo!>enc» 10 the mn1n c:impus of the University of lbad11n 

Due 1o ihc erralic suppl) of clcc1ricit) in igcri:i. most commen:inl vcn1ures nround lhe 

Uni,crsit) depend mainl} on gcnc:1111ors. 

The dualiz.ollon of the road along tocn1ion IO incrc4scd the level of p:irticul11tc n101tcr

gcncr.atcd 10 I his area coupled ,, ,th the fact thal 11 1s 1hc onl) location \\ here lhc ro.,d around

11 is not torrcd. 
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TDblc "·I: Ccncr:11 inform111lon :1bou1 s11n1pliog IOCJ1lio1u 

lndiailors LI 

Lo�tion or s:ampling point 

Rcsidcntiill tu'C3 + 

Commcrcilll activities +++ 

Industrial :icth itics 

Nature of ro:ad nc_t,, ork 

Paved roads +++ 

Unpaved (gruded C3rth ) roads -

Acli�itics ,,llbio :and :around !itudy loc:alion 

Bush burning 

Dumpsite 

Gcnc:n,.lDf emissions 

Corutruction octh ities 

KC')' ..-, • hiahly pRtcnl

-

-

• 

• 

++ modtnkly prcstn1

u u 

- -

+++ ++ 

-

+++ +++ 

- -

• +

- -

- -

• • 

+ prc,cnl

L-1 LS 

+ ++

+++ ++

- -

+++ +++ 

- -

+ -

• -

+ +++

• • 

-ablcnl
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�-2 Trend of resplrahlc p11r1lc:uh11e m1111er (P\l") conccntrallon 111 sampling toc111lon1 

The 11Cnd of the p11rtlcuh11c mailer conccn1r111lons 111 1hc sclcc1cd sampling tocouons is 

llrllphically shoi,n in rlgurc 4.1. The vnlucs on the ch:ut represent 1he conccn1m11ons 

men.sured In each IOCllllon nt lhrcc dlstinc1 periods (morning: 6o.m-8a.m, afternoon: 12p.m-

2p.m nnd e1•enlng: 4p.m-6p.,n). Concentro1lon of PM10 pcalccd 01 IOClllion 10 (48.38 µglm') 

during lhc e1·cning period o.nd lhls Is higher lhM 1he \VHO guideline limit \\hllc the lc:a.st 

conccn1m1ion ,vns recorded 01 loco1ion 7 during the morning period The highest 

concentration of Pllilto in the morning ,vo.s recorded 111 loco1ion 13 (16.13 µglm>) "hilc the 

lcll5l concentration ,,..os recorded 01 location 2. PM10 concentmtion recocdcd 111 location 10 

(48.39 µg/m,) ,vns about four folds higher lh:in 1he concen11111ion during lhe morning hours 

( 10.75 µcfm'). 

TI1e mc.1n levels of PM10 mco.surcd 01 various sampling points :1rc gmphk:lllly represented in 

Figure 4.2. 11,c volucs on the chart shows the mean p.u1iwll11e moucr concent1111lon of the 

locations ot three different periods {morning: 6a.m-811.m. 31\emoon: 12p.m-2p.m and 
c,cnlng: 4p,m-6p.m) in comporlson 11•ith the \Vorld Health OrgMiz.alion guideline limit 

(\VI 10) for oir quality (25µg/m'). The mean p;u1icul.itc concentration in the morning, 

afternoon ond cvcnins ,vcrc 10.12 :t 4.34µsfm'. 23.80 :t I l.89µsfm' and 28.11 :t I l. 4Si1glm, 
respectively (p< 0.05) nnd they "ere hishcr than the \Vorld Health Organizo1ion guideline 
limit for air qu:11i1y e11.ccpl during the morning and afternoon snrnpling hours 
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�.J Gattou, Eml,slon, Conccn1ru1lon 

�.J. I !iulphur dloxhlc ( OJ ) eonccn1ra1lon 

The \\Cckly mcon conccn1n11ions of goJeouJ emissions delcnnincd al the thinccn selected
s.,mpling loc.11,ons ore prcscn1cd In Tables 4.2 10 4.4

Table 4 2 sho\,s the \\cckly mean eonecn1ra1lon or SOJ across lhe 13 sampling location\ 11 

\'lrious period of the doy (morning. evening and anernoon) Levels or SO) mca.surcd 11 

loc11tion I \\Crc high in the n1orning, oflcrnoon and \\ere 11 lhe,r pc.'11.. In the c,cnins \•ilh 

coneen1n11lon as high os I .24ppm. Th,s \\ll.S higher than sllln<btd of0. I 7ppm 

'The lcnst concentrotion ofSOJ \\llS recorded at location 10 \\ilh conc:entnuon nanging from 

0.07ppm in lhc morning to O.S6ppm in the e,cnins period Ho\\-c,cr lhc) \\Crc all abo\e lhc 

\VHO guideline lirnit of 0. I 7ppm There ,vus o signllicont difference in lhe concentrations or 

S01dc1ennincd 01 each of the sa,nplins point 01 di!Tcn:nt somplin11 periods (p<O.OS). 

SOJ concentrations recorded 01 loco1ion 11 during morning. aflcrnoon ant.I c�enins sampling 

periods showed 1h01 location 11 hod the highest levels ofSOi in all the I 3 sampling poin15 in 

lhc two Loco! Governments Concentration, "en: highest in the e,ening period and \\en: all 

abo\c the \VIIO guideline limit \\h1ch ,� 0.17ppm (Sec T:tblc 4.2). II \\llS ob!,,Cned that most 

or lite concentrotions of  SOi recorded durini; the C\cnlng period 1,en: I\\O folds higher thnn 

the morning concentrotions. 

figures 4.3 to 4.S shO\\ the comp:1rison of m= conccntn11ion of SO, 01 d,ffcrcnt periods in 

all the 13 s:1mpling points in compmson \\ ith \VI 10 guideline limn. 
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,IJ Gaseous En1l,slon, Conecn1n:t1ion

.a.J.I Sulphur 1Jlo1idc (SOJ) eonecn11111lon

TI1e ,,ccl.ly mcon conccntn11lons of iinscous emissions determined ot tho thineen selected
gmphng loc.itlons ore presented in Tables 4.2 10 4.4.

'fable 4 2 sho,vs the ,,ecl.ly mcon eoncenll'ltion or SOJ across the 13 s:unpllng IOCAtlons 11 

,arious period of the doy (momlng, e�ening and oOcmoon) Levels of S(h mca5uml 11

location I ,,ere hlsh In the morning, oOcmoon and ,,ere 11 thc,r pc.ii. in the c,cning ,,ith 

conccntrntion os hlsh ns I .24ppm. This \\'llS higher !Nn s1andarcl of0. l 7ppm 

Tho lcosl conecntrotion of S01 \\\1s recorded ot location JO \\Ith eonccntrntion ranging from 

0.07ppm in the morning 10 O.S6ppm in the c,cn,ng period Ho \\c,er the) \\Crc 111 abo,c the 

\\IHO guideline lhnit of0. I 7ppm. There \YUS o significo.nt difference in the conccntnuions of 

S01 determined ot each of the sampling point nt different snmpling periods (p<O.OS). 

SOz conccntrotions recorded ot location 11 dunns moming. oOcmoon and evening so.mpllng 

periods sho\\ed thot locotion 11 hod the highest lc\'ct, ofSOz in all the 13 sampling points ,n 

tho I\\O Loc11I Governments Concentmtlons \\Crc highest in the e,cnlng period and \\ere oll 

abo,c the \\'110 guideline limit \\hich Is 0.17ppm (Sec Table 4.2). It \\.U obscr\c:d thot most 

of the conccntrntions ofS(h recorded during the e,cning period ,,ere t\\O folds hlshcr than 

the moming conccnuntlons. 

figurc:s 4.3 to 4 .S sho\',' the comp.vison of mC31\ conccnt:r:1lion of S01 ot d10"crcnt periods ,n 

oil the 13 s;:impling points in comparison" ith \VHO guideline limu 
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Table 4.2: \Veekly mean roncrnlratlon or S02 across localloos at diffrrrnt prrlodJ

Loc1tlo11s 611.01 • 8 II. Ill 12p.n1 - 2 p. m 4p.m - 6 p. m p. ,-alur

LI 0.26:tO. I 3 0.82.10.JS 1.24:1..0.48 

L2 0.36±1.33 0.95:t..O 43 I SO.t.0.72 

LJ 0.24:tO. I 7 0.79.t0.34 1.47.t0.87 

0.72±0.35 1.23:t0.54 1.24.t0.75 

LS 0.45.t0.36 0.75±0.29 1.24±0.87 
<O.OS 

L6 0.52:l:0.49 0.99.t0.59 1.35:0.46 

L7 O.S9.1:0.29 0.86:t0.37 1.39:t:0.69 

LB 0.60±0.26 0.7S:t0.47 1.13.t0.77 

L9 0.8 S:i:0.13 0.97:t0.52 l.JO.t0.59

LIO 0.07:1:0,06 0.37.t0.3 l 0.56.t0.39 

LI I 0. 70:i:0.3 l 1.69:t:0.42 2.07.tO 6-1 

Ll2 0.6-1:1:0.32 1.15±0.38 1.34.t0.-16 

L13 O.S1±0.26 0.99:t0.61 1.26:tO 76 
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.aJ.2 Carbon (II) oxide: c:onc:c:ntratloo

fable •I 3 shO\VS the weekly me:in c:onccn1ra1lon or CO mc:.isuml in all the 13 S3lTlpllng
Location, 01 various periods or the doy (morning, C\c:ning nnd ananoon)

CO concenlrallons recorded 01 location 11 during both onemoon and c,cning pcriods sho"c:d 

1h01 loclltlon 11 hod the hlQhest conccntI11tion 11111ongs1 all the IJ mmpling poinis in the 1"-0

LO/\ 's except durins the mom ins periods. All the evening conccn1n111ons "c:rc higher than 

the onemoon concentrations and these were all above I Opprn (\VIIO guideline: llm115) (Sec 

Table 4.3). 

CO concentration at IOClltion 4 peaked In the evening period (6 l.63ppm) "hile in the 

morning period; CO concentration ot IOClltion 4 \VOS higher comp;i.rcd to IOClltion 11. 

CO concentmtion \VOS highest in the n,oming period at location 8 \,hlle It "� l01\C:SI 01

location I 0. 

The least conc:cntrotion of CO ,vos recorded 01 loclltlon 10 wuh concenltlltlon rangina from 

6.88ppm in the morning 10 30.38ppm in tJ1e c,cning period and they \\i:re all above the 

guideline limit of I Oppm. 1l1crc ,vns o signlficnnt difference In the concentration or CO 

determined in cnch of the snmpling poinlS ot different s..1mpling period (p<0.05). 

figures 4.6 to 4.8 sho,v tllc comparison of mean concentration or CO ot di!Terenl periods for 

the 13 Sllnipling points "'Ith \VIIO guideline. CO conccntrotions DI all sampling points were 

above \VI 10 guideline limit or l Oppm. 
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Table 4.J: \Vcckly mean conccntnillon or CO 11cross locatio115 111 dlrTtrtnt period,

-

Location� 611.m - 8 II. RI 12p.n1 - 2 p. m 4p.m - 6 p. m V- ,·1llut

LI 11±5.10 34.04::tl 0.26 63.20::l:12.06 

I 2 12.96±4.97 40.86* I 5.13 66.23±31.4 8 

L3 I I .S:t:8.27 34.33:t I 0.24 60.04±28.12 

L4 2S.S8±10.88 41.87±15.88 61.63±21.19 

LS 23.70::1:11.83 36.8&:l:8.22 53.04±24.46 

L6 19.78±8.10 41.39*10.47 65.91.65±11 

L7 25.67:t:9. I 0 38.21::1:12.09 53.3&:l:18 16 < o.os 

LS 31.67:tl0.06 40.67:t9. I 7 SO O-l:t8.36 

L9 26.29:i:6.92 36.13i18.12 46.-16:10.82 

LIO 6.88::1:2.27 21.04:1:8.89 30.3&:l:8.09 

LIi 22.S4:t6.3S 50.38::1:19.S3 66.20*2 I .23 

Ll2 24 .68::1:8.04 41.15::1:13.01 60*28.83 

Lil 28.20::l:I 1.70 43.42±21.99 SS.04*21.69 
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,.J.J Nl1rogcn dioxide (N02) conccnlnitlon

Teblc 4.4 sho\\S lhc ,,cckly menn eonccn1ro1ion of Nitrogen dioxide mcnsun:d in oll thc 13 

sampling points ot vnrious periods or1hc dny (morning, evening nnd nfiernoon). 

Lc,cls of N01 nt loco1ion I ,vcre high in the morning w,d aficrnoon but pcokcd in 1hc 

c,cning ,vith contl:ntrotions of 0.04ppm, 0.12ppm nnd 0.20ppm respectively nnd they ,verc 

all higher thon 1hc guideline limit of 0. l 7ppm except in the morning nnd nflcrnoon hours. 

ConccnlJ'lltions of NO, in the morning hours in oil the s:impling IOClllions were oil below 1he 

guideline limit orO. I 7pprn. 

The lcnst concentration or N01 "'115 recorded 01 loco1ion S ,,•ith conccn1rotion ranging from 

O.�ppm in the morning 10 O. l 2ppm in tho evening period. Conccnuu1ion or N01 during the 

oficmooo nnd the evening hours ,verc belo,v the guideline limiL There ,vas n significant 

difference in the concentrations of  N02 determined in each of 1he s:impling points ot dirfercnt 

s.unpling periods (p<O.OS). 

NO, conc:cntrotions during 1he morning nnd evening periods peaked 01 location 12 \\hilc N02 

concc:ntrotion peaked during the afternoon period ot IOC11lion 11 All e vening eonc:cnlmllon� 

\\Cre higher than the oflernoon ond morning concentrations (Sec Table 4.4). Figures 4.9 to 

4.I I sho,v the comparison or  mean c:onccntra1ion of N01 nt different periods in all the 13

locn1lons wilh \VHO guideline limil. 
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Teblt .a.4: \Veckly me:an concentration of NOJ acr°" locutions :at lllffcrcnt �riods

Locations 6u.n, - 8 11. m llp.111 -lp.nl -lp.m - 6p.m P- \'llluc

LI 0.04 :1: 0.02 0.12:t:0.IO 0.20 :t: 0.11 

L2 0.08 :t: 0.07 0.11 ±0.06 0.15 :1: 0.08 

L3 0.05 ± 0.04 0.07 ::I: 0.05 0.13 ± 0.07 

L4 0.07 ± 0.06 0.12 ± 0.07 0.18 ± 0.10 

LS 0.05 ::I: 0.04 0.07 ± 0.05 0.12 ± 0.07 

L6 0.06 ± 0.0S 0.07 ±0.03 0.13 ::I: 0.06 

L7 0.07 ± 0.05 0.08 ± 0.06 0.15 ±0.10 <0.05 

LS 0.08 ;1; 0.06 0.09 :tc o.os 0.14 ± 0.06 

L9  0.08 ±0.06 0.10 ± 0,06 0.1 S :i: 0.07 

LIO 0.05 :t: 0.03 0.10 c± 0.0S 0.14 ±0.09 

LIi 0.10 ¼0.0S 0.18±0.11 0.22 ± 0.14 

Ll2 0.1 I :i: 0.07 0.15±0.09 0.23 :i: 0.15 

Lil 0.06 :t: 0.05 0.12 :t: 0.07 0.16 ± 0.08 
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._.,, 

Ph1tc -t2: Risk mop for me:an conccnfr.ition of c:arbon (II) oxide 111 sclccrc<l loc:11ion_s 

Risk Cat�ory 
lli&h Risk 

�todcr.llc Risk 

L..o" Risi.. 
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4.1 -6.0 

0-40
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�-� Tr1fflc density c,llmallon 

A s,gnilicon1 difTcrcncc 1n the number or vehicles ocross the sampling period wn.s obscncd

ror•II the sampling locations. The \\Cckly mean traffic count recorded in lhe morning (6am 

7am), onemoon (12pm - 1pm) and c,cning (4pm - Spm) 11aross oll the 13 S4mpling points

are prcifnlcd in foblc 4.S

Qcncflil)'. location 12 hod lhc highest traffic count/hr {270,136) vvhilc location S had the 

lo\\CSI 1r11ffic count/hr (197,382). Loco1lon 9 hod the highest number of corslhr (169, 394)

\\hilc locn1lon I hod the lo,vcst number of corslhr (80274). On the other hl111d. the highest 

number of buses/hr ,vns recorded ot location 4 (34, 564) 1,1,hilc the lo,"cst was recorded 111 

locMion 12 (18,276). 

runhcm1orc, locotion 4 had the highest number ortruekslhr (4578): totol number or1rucks 0 1  

locntlon 12 wos 3436 ,vhllc location 8 hod the lo\\CSI number or uuckll'lr (2082). In odd ii Ion

lhc 10101 number of bikes/hr (o co1nblno1ion or 10101 number or mo1orc) des ond inc) cles) \\llS

on the high side in locations I- 4 ns well as locotlons 11-13 Loca11on 11 hod the highest 

number of bll..cslhr ( 144,SSO) ond this ,vos higher 1hnn 1he corresponding number of eal"Slhr 

(57,170) ot 1his location while the lo"cst nu1nticr of bikes/hr ,,a.s recorded 01 location S 

(�S.552). 
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Tahir -4 • .5: \\ttkly mean 1rwmr drasll) ror the umpllat loaltlou 

Samplini: C11n Buses Trucks Bikes 

lociuions 

�torning AJlcrnooo E,cniog �toming Afiernoon Evening 1\tornlng Aficrnoon [\cning 1\1orning Aftcrnoo• 

LI 6SS 1390 1652 2S2 35-1 317 39 SJ 55 665 

L2 1038 2118 2057 334 429 390 41 66 57 1007 

L3 1021 1985 2139 313 339 426 46 39 48 831 

lA 1180 1843 2246 454 643 516 49 79 63 116-1 

LS 1674 1742 1945 581 533 425 38 44 SI 563 

L6 1524 1781 21SO 373 419 335 27 96 51 652 

L7 2091 2237 2460 34S 44 301 22 44 39 957 

LI! 1958 2183 2422 274 320 316 20 26 41 I 0().1 

L9 2392 2209 2457 412 320 396 28 39 28 1010 

LIO 496 1470 1674 360 361 414 26 49 37 387 

LI 1 sss 943 885 343 478 423 26 37 48 1699 

L12 1886 2023 2096 300 431 324 38 -18 58 1161 

Lil 2003 l86S 186-1 231 323 282 29 -IS I -13 128) 

•OJ.a: MOCOl'C)Clc, I. Trt�)Clc,

"LI llwcndc juna""' l.2 Mol.ol.l U \111110 a:mtk'l'y 1,,1 '>&rleoJ1tttion U Uahcn,t) oflbedu 'UUI pl.t L6 Oollip L7 Bod,)t nlh••f junaloa 

I.K °""11okun a,muc L9A..,ol0\\ojuna1on I IOToulprdcn l,ll,\aod1p1.< Lil IJiai,c Ll)Orcmtji
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�.5 lmruicl or traff ic den.shy on the conccnlnltion of traffic- rclal<'d air rollulanlc

fiSUfCS 4.16 10 4.18 sho,v lhc outcome or the Pearson correhuion 1cs1 bcl\.,.ccn the

(Oll(Cntll)tion_s of sulphur dioxide, nitrogen dio;,.ide, corbon (II) oxide llnd traOic count. ,\

IIJ'Ol1S posllh·c com:lotlon ,vos observed bctY.ccn conccntnlllon of sulphur dio'<idc and 1r.1mc 

density (rs O. 73). Trnffic count ,.,.n, found to be positively correlated with 1hc concmtnltion 

or carbon (II) oxide (rs• 0.79) ,vhllc o positive correlation also c'(ist.cd bct,,ccn t111ffic count 

and the concentration of nitrogen dioxide (rs• 0.60). Figures 4.16 10 4.17 DI.so sho" the 

Sllfflgth of the linear relationship bcl\vccn trnffic count and conccnt.r.llion or sulphur dioxide 

(R1 .. Sl-1%) traffic count ond conccntrn1ion or nitrogen dioxide (Rl • 36.0%) os "ell as 

1r11f1C count ond conccntmtion of  u1bon (tr) oxide (R1 • 61.83/o). 
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'-' Socio- dtmogniphlc ch11nic1trls1lcs or respondents

TIie Socio-demographic charac1eris1ics rcponed In Tnble 4 5 I I d d .ne u e SC!lt. religion. ethnic 
..-1\c mitlwl sus1us and cdue111ional status. l\-la•ori1y 87 (71 3•>) ftbc T-= 11 • •  p , • 70 0 rw1IC \\"llfdens were 
,n1kS Yihilc 35 (28.7%) ,verc females and the male to fiemale rat' I 2 A 10 "as : . mong !he 
Rcgulu Policemen (RP), rnorc than hair of lhe rcspondenl5 83 (66.4%) \\Crc also males and
!be male 10 female m1io ,vas also I :2 (Sec Tobie 4 .6).

i\ higher proponion 96 (78.7%) of Traffic ,..,nrdcns ,,-.:re mnrricd , .. hilc 26 (21.3%) ,,ere 

single. Among 1hc Regular Policemen, 95 (76.0"/4) ,..,ere m111T1ed ,,hile 29 (23 2%) o.nd I

(0.8'�) were single and divorced respectively. 

1,IJJoril) 47 (38.5%) o f  the Traffic ,vordens ond Regular Policemen (4 4.8"•) ,vcrc In 1hc ogc 

poup 30-39 yrs. Age group 20-29 yrs occoun1cd for 21.3o/o of Traffic ,,llrdcns o.nd 19.2% of 

Rtg11lir policcn1cn ,, hilc 32 (26.2%) of ·rramc \\11rdcns and 33 (26.4,�) of Resular 

l'olitemcn \\C:re in the 40-49 yrs age group. IJ.ge/o of Traffic \\Drdens and 9.6•(, of RcgulM 

Policemen \\ere In lhe 50-59 yrs age group (Sec Figure 4.19). 

Sc\tnly l\,o (59.0%) Traffic ,vnrdcns ,,ere Chris1io.ns ,, hilc .SO (4 l.�o) \\Crc l\1uslims 

comp,vcd 10 Regular Policemen \\ here 84 (67 .2¾) \\ ere Christilllls nnd 39 (31.2%) llJld 2 

(1.6%) ,,ere �1uslims and 1mdi1ionolists rcspcc1h•cl). 

�bjority of respondents cornbined (I.e. Traffic ,vnrdcns and Regular Policemen \\Crc

Yorub.u). r.torc 1hon half 97 (79.5%) of the rmme ,,urdcns \\ere Yorub:ls. 5 (4.1%) ,,ere

HiuSJs ,�hilc 16 (13.1%), 3 (2.5%) und 1 (0.8o/e) ,verc lbos. Edos llfld lgbiro rcspccthel). ,\

higher proponion 68 (54.4%) of 1hc Rcgul11r Policemen ,,ere Yorubas. 1 4 (11.2%) were

Hau.sas lllld 34 (27.2%) ,verc lbos. Other ethnic groups included Edo (2.4°1'). Eli� (0.8�o).

lsoko (l.6�o), lgolo (1.6%) nnd lgbiro (0.8%), 

In tcnns of level of education. mnjorhy 80 (64.0�1') of Regul11r Policemen had tcni.il')

cd • d d mnl') cducouon respccli, cl)
lleatron \\hile 44 (35.2%) and I (0.8%) had secon ory nn pn 

Cl0mp;ircd to Trame ,vnrdens ,vhcre more Lhan holf 75 (61.5%) hod sc<:0ndol') education and

47 (38.S) had tcniory education.
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fabk .,,6: So<lo-dcmogrnphic cbaraclcrlstla of rcsrondcnts

-

\11riablc 

- Sex 

!',14n1nl Suuus 

Religion 

Elhnic group 

Educnrionnl slotus 

Options 

Mole 

Fc,nolc 

Single 

Married 

Divorced 

Chrlsrloniry 

lsltun 

Tradi1ionol 

'l'orubo 

Hausa 

lgbo 

Edo 

Efik 

lsoko 

I solo 

bblrn 

Primary 

Secondo I}'

Tertiary 

'\bi •sc ofTBffic wardens: 37 7 * 9.) >•""

Traffic ,u1rdcn_s 

N(¾) 

87 (71 J)

3S (28.7) 

26 (21.3) 

96 (78.7) 

0 (0.0) 

72 (59.0) 

so (41.0) 

0 (0.0) 

97 (79.5) 

S (4.1} 

16 (13 I} 

3 {2.5) 

0 ( 0.0) 

0 (0.0) 

0 (0.0} 

I (0.8) 

0 (0.0} 

75 (61.5) 

47 (38.5) 

'\lanqcorRccubr polic=cn: 37.0::1: 7 7 >=

11s 

Regular Policemen 

N (•t.) 

83(66.4) 

42(33.6) 

29 (23.2) 

95 (76.0) 

I (0.8) 

84 ( 67.2) 

39()1.2) 

2 ( 1.6) 

68 (S-1 -t) 

14(11.2) 

3-t (27.2) 

) (:?.4) 

I (0.8) 

:? { 1.6) 

2 (1.6} 

2 (0.8) 

I (0.8) 

44 ()5.2} 

80 (64.0) 

0.41 

0.57 

0.12 

0.04 

0.00 
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Teble -,,7: ()ccupallonal hbtory of rCllpOntlcnt,

- \11rl1blc

-Ye21S of service In

lhc f)fOfession 

llours 111 "ork 

d.llly 

OpClon.s 

0-9 years 

I 0-19 yenrs 

20-29 years 

30-35 years 

< 8 hours 

8 hours 

> 8 hours

Trnffic \\Drdcns N 

(%) 

66(54.1) 

26 (21.3) 

23 (18.9) 

7 (S.7) 

IS (12.3) 

40 (32.8) 

67 (S4.9) 

117 

Rt'gular 

Policemen 

N(¾) 

61 (48.8) 

44 (35,2) 

IS (12.0) 

S (4.0) 

0 (0.00) 

9 (7.2) 

116 (92.8) 

P-v11luc 

0.078 

0.000 
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,.7 ()(cup11lon1I hblory or rcspontlcots

The rtSullS on occu1>3tionol hls1ory 1lS sho\vn 1n Table 4.7 rcveillcd lhllt mojoriiy or
rt'pondcnts hove been serving in their rcspcc1ive profession bcl\,ccn o _ 9 )Cnrs. There \\":lS

110 ,i;nific:inl di rfcrcncc (p >0.05) in the year, of service or n:spondents 05 mojorily 66

lSol 1,�) of 1he Tromc ,wrdens hove been In the profession for about 9 yc:.1rs. 26 (21.J••)
11,\\C s,rr\ed between 10 -19 ycnrs, 23 (18.9%) hove served bc1wccn 20 - 29 )eatS ,,hile 7

1s.n•) h11ve served for nbou1 35 years. SlmilMly, o higher proportion 61 (48.8,-.) of the

Rrgul11t Pollcc1ncn hnvc been in the profession for nbou1 9 years. 44 (35.2) h:i,e sc"ed 

between 10 - 19 years, 23 ( 18.9"/o) htive been in lhe profession between 20- 29 )elltS \�hile S 

(4.0'/4) 11a,e scncd for nbou1 JS years. 

'Jh«t \lllS a significant difference (p <0.05) in the number of hours n:spondc:nb \\Ori. doll) n.s 

mjoril)' 67 (54.9%) of  1he Trnmc ,,tirdcns ,vorl.. for morc than 8 hours o d.iy. 40 l32.8'•) 

"oil,; for 8 hours \\•hi le 5 (4. I%) ,vork for less lhan 8 hours a do) compnn:d 10 their 

counlcrp.irt, the Regular policemen ,vhcrc .i higher proportion 116 (92 8) \\Ori.. for more lhnn 

S hours doily and 9 (7 .2%) \\'Ork for 8 hours. 

A higher proportion 121 (99.2%) of the Trnmc \,-nrdcns do not use Personal T'ro1ccthe 

Equlpmc:n1 (PPE) ,vhile pcrfonning their duties on 1hc road \\hile onl) I (0.8'•) use Personal 

Pro1cc1iv0 l;quipmcnt ,vhilc \\Orking (Sc:e Figure 4.20). 
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Figure 4.20: Use of Pcrsonul Pro1cc1he Equipment by Trnffic wnnltn
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•J Rnpondcnts' pcrccplion or Air Quality

'fbc �ulls on 1hc perception of respondents of nlr qunlit) as prc.scntcd in Tobie 4.S rcv01cd 

111,tt the proportion of Traffic \\lllrdens nnd Regulnr policemen thot og,ttd thnt the use of nose

IIIJ,lk b> people nonnally exposed to emissions from vehicles is ncccs.snl) accounted for 

73 O,• lllld 69.2% respectively ,vhilc 16.4% and 19.4% disa1V«d, 

\lajorh) (66.4%) of Traffic v,ordens ond 64.8% of Regular policemen disagn:cd 1h:i1 air

qullily is not 11rrcc1cd by high traffic density while 23.8,'o ond 24.0"/4 agreed rcspccth cl). 

About (59.0%} ofTmflic ,vnrdcns ond 70.4% of Regul:ir poll�mcn ngrced th11t air quality 1s 

afTc<tcd b) gMcous ond particulotc emissions from industries, 14.B•'o and 6.4% \\Crc

indlfTcrcnl \\hlle 26.2¼ ond 2J.2o/o disagreed rcspccuvely. 

,\ good proportion (50.8%) of Traffic ,vnrdcns ond 60.0,l. of Regular policemen dis:igrced 

\\1th the met that air qUlllity is not affected by different seasons of the yc.ir. 16.4% and 8.8% 

e.m lndi1Tercn1 ,vhilc 32.8% ond J 1.8% ogrced rcspcclivcl) 

A s�blc proportion (57 .4%) ofTmn1c "·ardens and 54.4'• of Rcgulnr policemen d1s:igrecd

\\Ith the fact 1hat driving,, hc:n oir quolity Is bnd cannot co use occident. 9.W• 1111d 6.4'-f» \\ere

lndifTcrcnl while 33.6% ond 39.2¼ ogrccd rcspccti,cly. 

�lojority (67.2%} of ·rrnffic ,vordc:ns and 62.4Y• of Regular policemen agreed th3t

enforcement of 111,v by 1hc Government con go o long \\'ll)' 10 ensure good oir qualil) • 9 �'o

and 12.8% \\Cre indifferent ,vhilc 23.8% and 2-tSo/o diSllgrced rcspectivcl). 
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Teblt �.8: Perception or respondents aboul air qu:ility

- Variable OptloM Trame" 11rtlcns Regular pollecmco 
N (•/•) N (•/•) 

-lbc liSC of nose mnsk by people Agree 89 (73.0) 171 (69.2) 
a,onn�ly c»poscd lo emissions fro,n Ind i freren1 13(10.7) 28(11.3) 
1cbiclcs is necessary Disagree 20 (16.4) 48 (19.4) 

,\Ir q1131i1y Is not n1Tcc1cd by high 1roffic Agree: 29 (23.8) 30 (24.0) 
J(nsllY lndifrcren1 12 (9.8) 14 (11.2) 

Disagree 81 (66.4) 81 (64.8) 

Ga.scous emissions from vehicles do nol Agree: 39 (32.0) 34 (27.2) 
ausc poor oir quolhy lndilTcrent 19 (lS.6) 10  (8.0) 

Disogrcc 64 (S2 S) 81 (64.8) 

Air qui1lit) ls nfTcctcd by gaseous ond Agree 72 (59 0) 88 (70.4) 

poniculotc emissions fro1n lndusuics lndl!Tcrcnl 18(14.8) 8 (6.4) 

Disagree 32 (26.2) 29 (23.2) 

AirqU3lily is nol n1Tcc1cd by dificn:nt Agree -10 (32.8) 39 (31.2) 

staSOns of lhe year lndllTcrcnl 20 ( 16.4) 11 (8.8) 

Disagree 62 (S0.8) 75 (60.0) 

Driving ,,hen olr quolily is bad connol Agree -11 (33.6) -19 (39 2)

uusc accitlcnl lndllTcrent 11 (9.0) 8 (6.-1)

Disagree 70 {S7.-l) 68 (S4.-I)

Enrorccmcnl o f  lo,v by the Govemn,ent Agree 82 (67.2) 78 (62.-1) 

can go a long ,.,.ay 10 ensure good nir lndi!Tercnl 11 (9.0) 16  (12.8) 

qwlity Disagree 29 (23.8) 31 (2-1.8) 

Continuous inhololion of vehicular Agree -10 (32.8) 50 (-10.0) 

tmissions docs no1 rcoll) nITect one's lndilTercnt 1-1(11.5) 9 (7.2) 

�hh o,sogrcc 68 (5S.7) 66 (S2.8) 
-
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Tablt ,.9: Varia1io11S In percep1lon or respondents aboul Dir qualil)

,,1,;able Traffic" orden"' 

(Perception gnide) 

- lllgh Lo,v 

N (•t.) N(¾) 

Sc, 

M:tlc 60 (69.0) 27 (31.0) 

female 24 (68.6) I I (31.4) 

Educ.11ional 

SUIUS 

Prim!U) 0 (0.00) 0 (0.00) 

Sccond111')' so (66.7) 25 (33.3) 

Tcrtl:try 3.i (72.3) 13 (27.7) 

• pam'11k 1111d !Ibo, c • Hlah pcrccpllOI\ 

P-,aluc Rc:gul11r pollcrn,cn 

(l'erccp1ion gnulc)

lllgh Low 

(o/e) , c·1·> 

O.S64 6S (78.3) 18 (21 7) 

32 (76.2) 10 (23.8) 

I ( I 00) 0 (0.00) 

0.32S 29 (65.9) 15 (34.1) 

67 (83.8) 13 (16.3) 

below SO P.-rccnulc • Lo\\ pcrttptJon 
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,_9 Rt.SJIOndcntt' l loutchoh.l Ch11roehirl11lc.,

Table 4.10 illustrntcs the hoU5Chold choracteristics or n:sponde lS. ••-· • 6 n ""'Jor11y I (50.0%) or
� r111mc \vardens rote their rcsidentiol areas being fair ·,n t f · erms o 111r quality, 45 (36.8••)
"at or the opinion 1h01 the oir quality of their orca wa.s good 8 (6 6.,), • 70 reported e,cellent. 
hLei,,se 8 (6.6%) reported that theirs \.,DS poor while O higher proportion 74 (S9_2%) or the
RtguL1r policemen rote their n:sidentiol orca as being good in terms of air quolity, 26 (20.8%)
acc:lknt. 24 { 19.2%) fair ond I (0.8%) poor. 

�lore than half 78 (63.90/4) or the Traffic \Yordcns reside in Greas \\here access roads are no, 

Wttd \vhilc 44 (36.1 O,�) re.side in areas •vith tarred ronds os comp;ired 10 their counterpMt. the 

Rcsulmr polic::e1ncn \\ here majority 67 (53.6%) reside in nrcns \\ 1th tnrrcd occcss roods "hilc 

58 (�6.4��) inhabit areas\\ ithout tarred access roads 

Majority 89 (73.0%) of the Tn1ffic \ Vardens reside In nmis \\here there nre no industries 

11hik 33 (27.0) reside in Industrialized areas. /1. hljhcr proportion 109 (87.20,•) of the Regular 

rolicemcn on the other hand live in arcos ,vhcrc there nrc no industries \\ llile 16 ( 12.8%) 

reside in orcas \\ here there ar0 Industries. 

The proponlon of Tmffic \,ordcns that n1ode use o f  mechanical ventilation (f11ns 11nd air 

conditioner) rcspccthcly \\'ere 122 (100.0%) ond I (0 go,;,) \vhilc 121 (99.2%) depended on 

rwural \ cntilntion through opening of \V1ndows. On the other h11nd, omong the Rcgulor 

policemen, 113 (90.4%) and 23 ( 18.4%) made use of mc:chonicnl vcntilntion (fans and 01r 

Cfflditioncr) respectively "·hilc 113 (90.40,o} depended on natuml vcn1llotion through opening 

ofv.indows. 

. -�• k scne sto• c ror cooking \,hilcA higher proportion 89 (93.7%) of  the Traffic \\'wucns use ero 

9 h ool clc:ctricity and fire \\ood Dl

(9.S%), 11 (11.6%), 22 (23.20,o) and 9 (9.5%) use gos, c a.re 

IOUtccs or energy for cooking at home On the oLhcr hand, mojoril)' 81 (98.S�o) ond 49

d 1 1r·c cooker respcctl\el) to cool.
159.S't.) of the Regular policemen use 1.eroscnc stove an e cc 1 

• charcoal and fire wood o:.
11 home \vhilc 18 (22.0"/4), 17 (20.7%) and 2 (2.4 ¼) use gns, 

tourtcs of energy for cooking.
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Table .a.10: llouschold chAl'llClcrl11lcs or rcspondcnl.s 

- \11ri1blt'

-R,a1ln1 or resident in I 
att'J in tcnni orolr 
q�hl) 

Tamd rood ,vithin 
resicfcnlilll orc4

l'mCnCC orinduSlr)' 
"ithin residence 

'MC'llllS or 
1c01i131ion in 
mpondcn1s' houses 
Fw 

Air conditioner 

Optning or,vlndo,vs 

'Mode of cooking 
Oascoo�cr 

C!wcool 

Electric cooker 

KtTOscnc SIOl'C

rue ""OOd

'Mu!t,plc�s 

Optloiu Trumc \\ardcn.s 
N (•!.) 

E.,ccllcn1 8 (6.6) 
Good 45 (36.8) 
Foir 61 (50.0) 
Poor 8 (6.6) 

Yes 44 (36.1} 

No 78 (63.9) 

Yes 33 (27.0) 

No 89 (73.0) 

Yes 122 (100.0) 

No 0 (0.0) 

Yes I (0.8) 

No I 21 (99.2) 

Yes 121 (992) 

No I (0.8) 

Yes 9 (9.5) 

No 86(90.5) 

'l'cs 11 ( 11.6) 

No 84 (88.4) 

22 (23.2} 
Yes 

No 73 (76.8) 

89 (93.7) 
Yes 

No 6 (6.3) 

9 (9.5) 
Yes 

86 (90.5) No 

12s 

Regular pollcemt'n P-\'QIUC 

N(¾) 
26 (20.8) 

74 (59.2) 0 00 

24 (19.2) 

I (0.8) 

67 (53.6} 0.0-1 

58 (46.4) 

16 (12.8) 0.0-1 

109 (87.2) 

I 1.l (90.-1) 0.00 

12 (9.6) 

23 (18.4) 0.00 

102 (81.6) 

I 13 (90.4) 0.02 

I 2 (9.6) 

18 (22.0) 0.18 

64 (78.0) 

17 (20,7) 0.7) 

6S (79.3) 

49 (S9.8) 000 

3) (.t0.2)

81 (98.8) 0.86 

I (I 2) 

2 (2.'I) 0.49 

80 (97.6) 
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,.1, nullh conditions 

Tbc� "as a slgnilicnnt diffcn:ncc in the respondents' pc-�pl·o r h . ,_ 1 n o t c,r current sutc of 
t,calth (p <0.05) ns majority 7 1  (SS.l¼) of the tmffic \\'llfdcns claimed lhat the ir current su1c
of he:ihh \\ilS good. 43 (Js.2,'e) reported 1h111 their s101e or health '"OS c1<cc:llc:n1. 8 (6•6•0)

cblmtd that their current Sllltc of health ,.,,u folr \�hllc mon: lluan half 74 (S9.2,,) of tlic
Rtfllar policemen claimed 1h01 their current stotc of health \\'llS c.,ccllent, 47 (37.6%)
rcpo11cd 1h01 hCllhh stntus ,vo.s good \Yhilc 4 (3.2%) reported that their sutc orh�llh \\'llS rolr
($CC Table 4.11 ). 

tlO.l llC'lplrutory syn1ptonts rc11ortcd hy respontlcnl5 

Table 4.12 sho,vs the respiratory symptoms suffered by n:spondents in six months pm:eding 

thi1 study. An1ong the ·rmmc \Yordens, 59 (•18.4o/e) h:id cough. 81 (66.4%) h.,d breathing 

difficult)', 88 (72.1 %) suffered from chest pnins while 74 (60. 7•'.) lllld 84 (68.9) �ulfered 

rn:cn C3lllrrh and sore 1hroo1 respectively. On the other lund, the proportion or Regular 

policemen thot suffered fron1 cough, breathing difficulty, chc,1 P4ins. wrc throat and catMTh 

"'rt 22 (7.6o/e), 8 (6.4%), (5.6%), 18 ( 14.4%) and 52 (41. 7) rcspecth cl) 

4.10.2 No11-rcs11lrutory syn1pton1s rcportl.'d by respondents 

Table -I 13 shO\\S the non-rcspim1ory .syn1ptoms experienced b) respondents ,n �i:-. n1onth\

prtCCJing lhis stud,>. 1l1e proportion ofTmffic "urdcns that reported body \\cal-ncss. itchin& 

C)ts ond llgh1-hcndc:dness ,vcrc 93 (76.2%), 81 (66.4•�) and 98 (80.J�l.) respectively "hile 

among the Regu lar pol icemen, the proportion thot suOi:rro from itching C} cs, body \\C3l..ncss 

111d light-headedness ,vcrc 16 (12.8%), 57 (45.6%) and 14 ( 11.2%) rcspecthel} 
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Tabk ·'-'I: Respondents' perception or current hcallh stiatus

-
\fariablc Option Traffic u111rdcns Reguh1r policemen r-,11lur

N (%) N(¾) 

-Sialc ofhc,ilth Excellent 43 (35.2) 74 (59.2) 
Good 71 (58.2) 47 (37.6) 0 01 
f'olr 8 (6.6) 4(3.2) 
Poor 0 (0.0) 0 (0.0) 
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Tallk 4.ll: Rcsplralory symploms rcponcd by rcspondcnls lo sh; (6) monlbs preceding

1hc s1udy 

- V1ri11blc 

B�thlng difficulty 

C�I pain 

Sort 1hroo1 

Callnh 

Opllon 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Traffic l''llrdcns 

N (•/o) 

.59 (48.4) 

63 (S 1.6) 

81 (66.4) 

41 (33.6) 

88 (72.1) 

34 (27.9) 

74 (60.7) 

48 (39.3) 

84 {68.9) 

38 {JI.I) 

128 

Rciutor pollccmcn 

N (0/o) 

22(17.6) 

103 (82.4) 

8 (6.4) 

117 (93.6) 

7 (S.6) 

118 (9-1.4) 

18 (14.4) 

107 (BS.6) 

.52 (41.6) 

73 (SS.4) 

P-v11luc 

0 00 

0.00 

0.00 

0.00 

0.00 
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fable 4JJ: Non-respiratory .sympton,, reportccJ by rc.,ponden1.s lo sit (6) months

preceding the stucJ) 

- \'ariablc

Itching eyes 

Llah•-hcadedncss

Option 

Yes 

No 

Yes 

No 

Yes 

No 

Tnaffic "nrcJcn, Regular policemen 

N c•1.) c·1.> 

93 (76.2) S1 (4S.6) 

29 (23.8) 

81 (66.4) 

41 (33.6) 

98 (80 3) 

24 (19.7) 
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68 (S4.4) 

16 (12.8) 
109 (87.2) 

14 (11.2) 

I I I (88.8) 

P-,llluc 

0.00 

0.00 

000 
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4.,oJ Respondent,' perception In rclatlon 10 oecupatlonally Induced heallb clTttl

Table 4, 14 sho""5 the result of rcspondents' perception IO occupatlo�lly induced health

dTccts. r,.111Jority 109 (93.2%) of the Traffic \\nrdens rcponcd that the hC3lth S)mptoms they

,,r,cncntcd "orscn ,vhile nt ,,ork. 7 (6.0°/4) rcponcd 1h111 there wa.s no change v,h1lc I

tO s,•) rcponcd 1h01 there ,vns hnprovcmcnt. On the other tuind, 11 higher proponion I 09

(&7 l'•) s.,11I 1hnt their condition did no1 chnngc \\'hilc 01 \\Ori. (p <O.OS) 

A higher proportion 84 (71.2%) of the Traffic ,vordens claim thl11 lhc symptoms lhcy

"pcriencc bcco,nc n,on: frequent ond severe In the late nfiemoon during high 1raffic. 2S 

(2ll¼) rcponed thnl the symploms they experience become frequent and severe durin& lo" 

111mc, 8 (6.8%) experience se,•cre symp1oms in the morning durin& hi&}I tn1ffie "hilc I

(0 s-,) experience no chnngc ,vlth 1irnc of the dny ond traffic. 

�.10.4 Trcn1n1cnt pructlces t,y respondents 

There was o signilicont dirrcrcncc (p <0.0S) in the management of oir pollution rcl11tcd 

!)mptoms b) respondents os n1njorlty 70 (56.0%) of the Regullir policemen cl111mcd 1hc) 

NMgcd their oir pollution related sy1nptoms by visiting clinics.. those lhnt p:11ronlze IOClll 

chemists \\Crc 43 (311.4%). 12 (9.6o/a) proctlccd sclf-1ncdicntion ,.,,h,lc II good proportion 42 

()�A%) of the Traffic ,vardcns patronized local chcn1ist. 42 (34.4��) visit clinics nnd 31 

(ll.-1%) nnd 7 (S.8%) practiced sclf-nu:dkotlon ond trodi11on.1l thcrnpy rcspccu, cly (sec 

Table 4.14). 
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Table ,.,1-': Respondent,' perception In rcl111lon 10 occupa1ion11II} Induced health crrcct!I

- Variable

jjO\\ docs your �yn1ptoms

chJngc while 01 ,vork

Ho-.1 docs )'our symptoms 

change with time or the doy 

and 1111ffic 

Option 

hnpro11c 

No chnngc 

Get \\Ol'SC

More frequent :ind 

severe in the morning 

during high traffic 

1',,loro frequent ond 

severe during lo,v 

trnffic 

More frequent ond 

severe in the lotc 

nflcrnoon during high 

unme 

131 

Tnaffic Regular 

nurdcn.'l policemen 

(•/.) N (•/4) 

I (0.8) 16(12.8) 0.00 

7 (6.0) 109 (87.2) 

109 (93.2) 0 (0.0) 

8 (6.8) 0 (0.0) 

25 (21.2) 0 (0.0) 0.00 

8-1 (71 2) 0 (0.0) 
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T•blc .t.15: �lanagcmcnt or air pollulion rcl111cd &) mploni,

-,,.ruble Opllon Trame \\'ardcns Regul:ar policemen P-,'llluc 

N (0/.) N ("/•) 

,1.111Jgcmcn1 Self-medication 31 (2S.4) 12 (9.6) 0.00 

o(r�1n11ory Locnl chc:n1lst 42 (34.4) 43 (34.4) 

))mptoms Visit clin1c:s 42 (34.4) 70 (S6.0) 

Traditionnl therapy 7 (S.8) 0 (0.0) 
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tll 5odo-demojtnaphlc ch11n1clcrl_s1lc, or partlclp11n13 ror  lung runctlon lt!I

A to1.1l or 124 �pondcnts (SO% of the 1014I study population) \\ho consenrcd 10 take pan In

cbe SllJd)' "ere enrolled for lung funcrion test out of the total population of248 that took p;u,

111 Ille ,uf\CY Sixty one (61) Traffic ,vordcns ond sixty three (63) Rcguhu policemen \\Crc

n,ndoml) selected from lbndnn Nonh ond lbodon Northcost Local Government Arc:u.

A ,DUI number of96 moles nnd 28 females pnniclp,lled in the lung function IC.SL Age group 

of p&ttklp:inis o.s sho,vn in Tobie 4.16 rcvClllcd that majority 29 (47.5%) of  the ll'llffic

11-ifllcns ,,ere fron1 20 - 29 ogc group, 22 (36.lo/e) were from 30 - 39 ogc group ,vhilc S

ll 2,�) and S (8.2%) \VCrc from age groups 40 - 49 nnd 50 -59 rcspecti\ cly l.ikcwisc 29

(46.0,0 of the Regular policemen ,vcrc from the 20- 29 oge group, 25 (39 7•/o) \\Cl'C from 30 

.)9 ,ae 11roup \\hllc S (7.9%) ond 4 (6.3%) ,\ere from age groups 40 - 49 nnd SO 59 

rcspcclh cl}. 
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T•bk .f,l6: Soclo-dcmo,=rapblc charactcrbtl� of partldp:inu for luag function t�I

-\'ariablc

Agtgtollll 

Option Traffic warden� 

N(¼) 

Mole 46 (75.4) 

remote IS (24.6) 

20-29 29 (47.S) 

30-39 22(36.1) 

40-49 5 (8.2) 

so -59 S (8.2) 

136 

Regular policemen 

N (•/•)

so (79 4) 

13 (20.6) 

29 (46.0) 

25 (39.7) 

S (7.9) 

4 (6.3) 

0.378 

0.721 
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._11 Aatllropometrlc ebanctcrlstlcs or the partlclpanr,

1\c ,cSUlts or onthropometric chor.ieteristics or pnnicipants IL\ illustr.1ted in Tobie 4 17

�eel that the mean ngc of Traffic ,vordens that took pan in the Jun, runcuon test ,,115 

)2-'4 :t 8.28ycors v.hilc that or ltegulor policemen ,,as 33.89 ;1; 7.52ycars. The 0,0 ofTniffic 

.. l!dtns ond Rcgulor policemen ranged from 23yrs - 58yrs and 25yrs 56yn rcspccthcly

1111" no significant difference. The mean height ofTmffie ,Ylltdcns ,,as 1.n * o osm ,,uh a

1111gc of l.62n1 - 1.84m ,,•hile the mcnn height of Rcguhu policemen "11.S I 74± o.OSm ond

it 1111gcd from 1.60 m - 1.84m. Tiu: mcnn weight of Traffic ,vardens that took pnn in lhc lung

rlll!Ction test \\'CIC 67 .95 :i: IO. 73kg \\•hilc the mean ,vcight of Regulo.r policemen ,,11S 73.06*

13.27>,g The \\eights ofTmffic ,vo1dcns and Regular policemen ranged from 48kg- IOO�g

and S2kg 112kg respectively, In addition, the mean Body l\,lo.ss lndc:,c (Bt-.11) of Traffic

11ankns \\'ilS 12.84 ± 3.47 kg/m1 ,vhllc the mean BMI or Rcgulat policemen ,,QS 24 01 :t: J 82

�i;Jm2 with no significant difference. A \\CD'-. ond significant posith c com:lntion \\.IS

nubhshcd bct,�ccn age and OMI (r- 0.192, p< 0.05). There\\�$ a \\C.lk posi11vc corrcl3tlon

t,cn1«n Bf\111u1d actual flEV 1 (Force E:\pimtol) Volume in one seconds) though sign Incant

(r-0.272. p< 0.05). 

4.13 Lung function stntus or respondents

The \'lllucs of the lung function Indices oppcorcd lo\\cr omong the Traffic wordcns comp:in:d

to the Regular policcnicn. The C.\pcctcd FEV I is the expected or predicted voluc of o normol

and hc.111hy ,ndlviduol. TI,is , , os  got fron1 the lung funcuon calculo1or oner the height; ogc

--' 
· cd · th tculotor The octu:il or obscl'\ ed

_, gender of the participants hove been 1mput into c c� 

rry • . 1 1 · 1 us-" on the n:1r1iclp:1n1S oner three
'" 1 IS the voluc got from the dig 10 sp1ron1c er "" ,.. -

_, 1 FEV actual n,e Fl'.:.V, oc1uol

tninocuYrcs. The best of the three manoeuvres ,vus t..,,.cn 05 t ,c 1 

, • h . t or magnitude or de, iotion
15 lhcn comr31"C'd ,,•ith the FEV I predicted 10 dc1crm1ne t c cxtcn 

,_ EV I f O healthy individual. The m= 
uum the FEV I prcdicicd ,vhich is the normal F I vo uc O ' 

_, d Regulnr policemen \\ere 2 21 ±

cbstr.cd or 0<:tual FEV1 in litres of the Traffic \\Oiucns on 

, I I crob11i1y i:unong tJ,c Traffic

0.71 and 3.07 :t: 0.5S rcspccti,el) (p< 0.05) indicotlng h1g ,er ,u n 

4 01 ± 0 S 7  ond 3.95 ± 0.67

"lllkns ,,hile the predicted o r  expected FEV 1 (Litres) '"ere · · 
1 1 . 

. rcentogc prcd1c1cd Fl'.:.V' ,,h c, ,s 

�live ly ,vi!h no signilicnn1 difference. The nicon pe 
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cai-ulattd 115 FEV I octunV FEV I expected • I 00% of Traffic ,vordcns and Regular policemen

•ctt SS.46 o.nd 78.40 respectively (p< O.OS).

,.,� tmP3ct of exposu r e  to llarticlcs on lung function status

figure 4.26 shO\\S the outcome of the Spcormnn correlation test bcl\vcc:n the concentration of

pUticul:itc molter and the nctual Forced Expiratory Volume in I second (FEV1) of the traffic

"� that t.ook p:irt in the lung function test. A significant negative correlation ,vas 

ol,scr\-ed bet,vecn the particulate burden and !heir FEV 1 (r = -0.20, p < 0.05). This implies 

lh:il the observed FEV 1 of the Traffic \\'llJ"dcns dccrc11Ses \\'ith increase in the conccnua1ion of 

PM,o Similarly, Figure 4.26 also sho\\•s the strength of the linear relationship bct\\ccn the

pznkulatc burden and the actu:il FEV, of the traffic ,vordcns (R1 
• 34.9%). Figure 4.27 

lholll lhc ou1come of the Spearmon correlation test bcl\\'ecn the eonccntrution of p;irtlcul:ite 

111J11Cr o.nd I.he actual Forced E."<pimtory Volume in I second (FEV1) of the Regular 

policemen. A positive correlation ,.,,as observed bct\\·ccn the particulate burden and their 

FEV1 (r • 0.04. p > O.OS). 
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fablt�-17: Comparlion ofan1hropon1c1rlc cb11rnc:tc:ri.slics nilh lung runc:llonpanamclcrs among par1ic:ip:in1s 

- ADlbropomctric: Traffic: "'nrdcns Regular policcn1en P-,·nlue 
ct,arac:lcristic:s

AOE 

t,fc:m :.t: SD (yrs) 32.84 :.t: 8.28 33.89 ± 7.52 0.460 
iw,ge (yrs) 23-58 25 - 56

�talc N(¾) 46 (47.9) 50 (52.1) 0.378 
Female N (%) 15 (53.6) 13 (46.4) 

H£1GHT 

�lenn:SD(m) I. 72 :.t: 0.05 1.74 ± 0.05 0.083 
1unsc(m) 1.62 - 1.84 1.60- 1.84 

\lt.lGHT 

�ICllll :.t: SD (kg) 67.95 ± 10.73 73.06 :!: 13.27 0.020 
Ranse (kg) 48 -100 52 - 112 

e,u 

\lenn :i: SD (kg/m2
) 22.84: 3.47 24.01 :1: 3.82 0.076 

Ranse (kg/m2
) 16.6- 33.0 17.3-35.8 

�plrome1ry 

FEV 11«U3I 
t,1Clll1 :t: SD (litre) 2.21 :.t:0.71 3.07 :!: 0.5S 0.000 

RAngc (litre) 0 88 -3.97 2.IS-4.57 

ft:V I cxpec:tcd
3.9S :t: 0.6 7 0,647 

Mean :.t: SD (litre) 4.01 :t: O.S7 

R.angc (litre) 2.07 -4.96 2.07-4 80 

,. Predicted fEV I
0.000 

Mean :.t: SD (Ye) 55 46 :!: I 8 17 7840± 16.18 

Range(%) 23 112 49 - 133 
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CHAPTER Fl VE

DISCUSSION

"'"' ctupter presents the implicalions of the results ob1aincd fro th · . ,.., . m c soc10-demogrnph1c�cristi<:>. pcrccpllon of respondents of :iir qu3firu hou•Ahold h . • f·J • ..., c amc1cns11cs o 

.,.,.,mu and their reponcd health conditions The results of the ""�co · , · .. - us em1ss1ons ns well
11 lbt pv1iculatc concenlrtltion nre equally discussed. The health risk in terms of lung
,-,ioo su1us and other rcspirn1ory �ymp1oms of stud) poniclpants :ire also presented.

11 N111rc of ,name route

blJn hid been the centre of administration of the old \Vcstcm Kcgion, Nigerio since 1hc

di)1ofthe Briush colonial rule and p.l.rtS or the city's ancicn1 pro1cc11\e walls s1ill stand till
&:di). Until n=«ncly, Ibadan ,,-;is little more than on ovcrgro,\11 rural IO\\ n ,, ith n11rro,\

1miAgpo1-hole infcsccd �ds serving o.s major roods.

M,joril) of lhe selected � intersections \\hieh sel'cd as s:unpling loc.itions for 1hi� stud)
•err dual canuge roads and \\Crc USU.3lly chAnlcccrized b> hCllV)' 1rnmc. A high proponion
u die selected roads nct,\orJ.. m:ijor lll'C4S \\ ithin lb:idan metropolis v11 the premier

U:ilmit) {Unt \ crsity of lb3dan), the stale SccreUIJiol, commercial bJnl.s ond the popult1r

�'1 mulct Just co mention 11 fe" nreas. This hos led to m:ijor 1rnmc congestion on these
,-. 

SJ Trame Dtoslty

tt.l lrlffic 1s a mOJOr faccor in ambient atr pollution in 1nc.lustnolbcd coun1ncs contnbuting

P>l'v:•ats including fine particulate m:111er, carbon monoxide and o,ic.lc� of nitrogen TniOi,
· 1h shon� �It in small sc:ile spatial \ ariations and h1iiJ1er concentrnttons \\' tn 

•raccs from major ro:ids (Smargiassi et al, 2005)

Tlir "cdJ> mean ll'llffic count at study location shO\\ed thal locacion 12 h:id the h1ghe,t

"""'- . . I ulor �parc-p.1n\ marl.ct oc \£oJI
• ...._ COl!nt/hr. This is as o result of Its pro,,m,ty 10 c ic pop 

I 1 \� 1th the finJtni� or 1lllt lDd also due to the presence of banks in  che are.i. ll11s I) cons seen 
h . I \\ ho rc""'r1(J lhAI t C

� ..,,...,;� 009 i Calob.v Cross-Rt\cr sea c r-·· 
-·= out by Ab:un ti al, 2 n ' 

nu(Jr marl.ct. uh or IIS clo:.cncss 10 I rc>,--
lrlfric \olumc ,n one of its study site \\1l5 ll5 ° res 
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.... wiin Concenlt31ion of nitrogen dioxide, sulphur d. ·d 
11"" . 

io:1.i e and cnrbon monoxide in

-'-"' all lite s1udy toca11ons ,vcre nbove the \VHO maidclinc r · d 1 . 
--

0• imil an I 11s can be nnnbutcd 

.... hi·" 1rnffic volume 01 1hcse s1udy IOClllions A sl d d 
II"" ,,.. 

· u Y con uctcd by by Fu 2001 · 
, ••• ...,,.,,, 2oo-i ond Goyal in 2006 revealed that traffic conin'b 1 

' · 

, IX"'I"" -
u cs more to ontbicnl

. .A.tiM in developing countries, :iccounting for 80% of nitrogc d' ·d d 
,.._...--

n 1ox1 e on carbon 

� conccnlt3tions. 

far,hcmlOl'C, rcccnl Go1•emmcnt policies in Nigeria hove increased 1hc lmportoiion of old 

idliclcs by 30¾ 1vith the extension o f  the age of  used motor vehicles fron1 t O years to Is

)dlS (tom the year of manufacture {1V1V1v.nigerinnclitcforurn.com). This coupled with poor

iitklc nuin1cnnnce culture in Nigeria has rcsulled in automobile highly domino1cd by old

,dicks that produce high emissions of harmful nir pollutants. This is in line 11 i1h the

6,f'!lgs of n srudy carried out in 1'1exico City in 1999 by Uniled Nolions Environmcnuil

Propimme (U EP). They reported 1hn1 old vehicles ore responsible for 9�• of

t)droattxxls and carbon mono:1.ide emissions ns \\ell as 801/o of ni1rogen dioxide cmiuions

11 llr country. 

il Cmous emissions 

Caboo monoxide (CO) is on importanl nir pollu1an1 "hich results from incomplclc

o:cbasuon of Olllurol gas, diesel or  gasoline in traffic engines. I ligh concen1rn1ions of CO

pimJJy occur in areas ,vith heavy 1raffic intcnsi1y and congcs1ion. 11 is a colourless.

abrles.s and UIStcless gas 11J1d unlike nitrogen dioxide, CO is comp:irnu, cly stable in the air 

IXianglu ti al., 2006). Clll'bon monoxide conccn1ra11on In nlr 1s of primary lmportnnce

� of its high toxicity, inducing hum on hc:illh imp:1cts c, en a1 10,1cr conccn1rn1ions 

t.baii monoxide impacts on health by reducing 1he oxygen carrying cup3cll)' of ihe btooJ

1-OCturs bec:iuse CO binds more readily to haemoglobin 1han ox) gen and results in lhc

,___ . . 1 h moglobin 01 ollable for
·•a:i110n of c11rboxyhaemoglobin (COi-ib), \\h1ch lco,es CSS oc 

tinsr. . . Thi d 01her respirator) problem\

cmng oxygen 11round the body (Fisher ti al., 2002), s 1111 

---, . . . r . ,ic effects at the diffcrcn1 stud)

� wuh CO explain the primary 1mport3nc c O its 10 

1-.caioru. 

l\e recorded bct"-ccn ihc hours or 6a m -

•ctkJy mean concentration of carbon monoxide
O IZlllion l \\ I 10)

� . h \Vorld I tc:ilth rgan 
111 •II the sampling locations \\'CIC all abo\'c I c 
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(IOpplll) c.�cept ot location IO ,vhich hod concentrat" f 
fjll1 • . 

,on o 6.88 :t: 2.27ppm Carbon
_..,,,.ide conccntr.1110n recorded 1n all locations bel\vc h 1 
.,._,_ . 

en I c iours of I 2p.m - 2p.m 
.-n) were oll obove the \VHO guideline limit and it peak d 1 . 

1111"'�· . 
c at oc.it1on 11 (50.38 *

I• 53_,). This wllS five-fold higher than the \VHO nuidcl' Al be 
, rr · ·  

., inc. so. tween the hours of 

.. ,.-6p.m (evening), carbon monoxide concentrntions in all the st d I 
r ·  

u Y OCllllons "ere above

... WHO guideline limit and peaked at location 2 (66 23 -'- 31 48 ) Th. 
.. . - . ppm . IS \VOS SIX fold 

,.,_..,. tllln the \VHO guideline limit. This finding was consistent ,vith O st d ... · 
.,._ 

u yon u,e 1mpoc1s
o{tlbln IO)d 1ro.nspor1otion on the ambient oir conducted by Koku and Osuntogun (1999) in 

11rttcilies of Nigeria: Lngos, Ibadan and Ado-Ekiti all in South-west region of Nigeria. They

� the highest concent.r:nion of c:irbon monoxide (271 ppm) at mokola round about

,!ii:11 is location 2 of this study. The high level o f  carbon monoxide in all study locntions

us as a result of the high troffic dens ii)' at these loc.itlons. 1l1is is in agreement "ilh the

(D!iogs of t.hc S1Udy by XiMglu, (2006) ,vho reported that high concentrations or CO

perall) occur in areas ,vith heavy traffic intensity and congestion.

The ,rcl.Jy mean concentration of sulphur dioxide (S02) recorded in oil study locations

hssttn the hours of 6a.m - 811.m (morning) \\ere oll obovc the \\1110 guideline limit of

U7ppm c.'<Cept at locntion JO where eoncent.ration was 0.07ppm. Concentrotion of S01

� 11 loation 9 (0.85 :t: 0.13) and this ,vas S times higher than the \\/HO guideline limit.

SO: CW1centra1ion recorded in all study locotions bct,,•ccn the hours of 12p.m -2p.m

danoon) and 4p.m - 6p.m (evening) \\Cl'C oil above the \\IMO guideline limit wit.h

CCltlcmlralions at some locations llS high llS 2.07 ± 0.64ppm ,,hich is 12 fold higher than the

1110 guideline limiL This is consistent with o study conduc ted b} Kol-u and O,untogun

11999) in t.hrcc cities of NigcriG: Lngos, fbadan and i\do-El-itl. The)' recorded the highe51

�on ofN01(1.44ppm) in lbodan at mokolo round about 

1..r . .  • • • m b) stimulating nef\cS in the

� 1131 e sho,vn that sulphur exercises 11s irritant c ects 

� 
nc, llCtloni �uch as cough.

-. or lhe nose throat nod the lung's oif\,11ys. This cousts re 
' wing of the aif\\'tl)'S Th•�

� and a feeling of chest dghtn� "hich may lead to norro 
• 1 

"" ri from osthmo and chronic ung

"-tr efTcct is par,icu lnrly likely to occur In people suue ng al 

'--· d ·1 ,ritat ed (Gaudermmn ct ·•

·� 11hosc oirn'llys ore often easi ly inOomcd on eosi Y 1 • 
toms among 

1(,.0). n. • .  _ nh burden of rcsp1ns1ory 5>mP 

''!QC findings explain ,vhy there ,\111.5 a h•&1·cr 

tc Tllflic wardens as comp11rcd 10 1he Regular policemen
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1 recorded 1n nil study local' lbt ,.«U> mc3.11 concentrnlion of Nitrogen diol<ide (NO ) . 

tcr-('(11 the hours of (6n.m - Sn.m) ,verc oil bclo,v lh \VI 10 . • . 
ions 

. 
c gu1dclmc hmil (0.17 m) 

f,1IJ(rlllort, conccnlrlltlOn of NOz recorded in oil the stud 1 • 
pp · 

Y oco11ons between the hours of 

ti:•m _ 2p.m) \\'Crc oil beto,v \VHO guideline limil c. 
r- ·  

xcc:pl 01 loca11on 11 where NO 

�lion wos 0.1 Sppm. On the other hond conccntrni" f NO . 
1 

' ,on ° 2 recorded m all the 
,v � \JI e me 1m11pl) 1oes1ions bcl\VCCn the hours of (4p.m - 6p.m) ,verc tower thon the ,,n10 g .d 1. 1. • 

(l,(tl'lal locations 1,4, 11 ond 12.

� 2 exposure ,vu 
�occot studies by Gorcio-J\ymerich et al., 2000 hnvc linked nmb·i·nt NO · h

01'3Std mort11li1y, increased respiratory impairment, and increase in cardiac nnhythmias 05 

,cD u incrca.scd intrauterine mol'llllity. This therefore suggest thnt nitrogen dioxide has 0

,rp!i1c cfTc-cl on !he respiratory functions and suggest reasons 11 hy there ,vos o tower lung

&,:ucoamong unffic ,vnrdens ,vho are exposed to higher levels ofthis pollu1an1.

1,1 Particul11tc matter 

5.:idie:s h.lve shown thal fine p31ticlcs resull from fuc:I combustion (from motor vehicles..

p('foct gcmnuion and indUStriol focili1ics), n:sidcntinl fireplaces ond \\ood stoves. Fine

p!ll)Clcs can be formed in the atmosphere from goscs such os sulphur dioxide. nitrogen

dirudc and 1olo1ile organic compounds. Coarse paniclcs ore generally en1incd from sources

ladi as 1chicles travelling on unp:ived roads. materials handling and crushing ond grinding

qic!l1IOns (EPA, 2005). \Vith exception of na1ural events such as volcanic eruptions ond

•lldslorms. the highest particulate mnuer concentrations occur on bus) r03d" ll)S "ith le, els

ilcrasing as the distance from the road1\ay increases (l\1un1cipalil) of Anchorage, 200S).

Bl?aihutg line particles C4ll also adversely o!Tcct ind1\ lduals ,vith hean d1sco.sc, cmphrscm3

Id chronic bronchitis by c11uslng ndditiolllll medic:il trcounc:nt. Inhaling fine poniculalc

.,..,_ . , me: acne) room visit) ond

-... bas been ouributcd 10 increased hosp11DI odm1ss,ons. e r • 

P'aD&wrc death omong scosllive popul11tions

J\c 111Qn rded bcl\\C:Cn thC hOUD of ( f 2p m lp,m)

concentration o f  particulate moner rcco . 

!•1,,-._ . 
ti� c momina ontl e\ cnmg

-uuon) at the study locations 1\'crc higher than their re.spec 

� 8 tOa n1) ond (-Ip m 6P m) 

tra1lons measured bet\\ ccn the hours of ( a.m h 

"""'--· . • S oton ti ol.. ( I 995) thal rtponed I at

"l"'"lJ\cl> This is consistent \Ylth II study by e 
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...,l.'.\IIJIC n,ancr conccn1ra1ion increnscd progressively fi h . 
I"'- . 

rom I e niom,ng hours, reaching 
-"' during the m1dd:iy hours. The meo.n concen lral° r . 

ltt1I I"'-
. 

,on ° p:lrt1culote (PM,o) 111 the 
_;.,m snx!Y IOCllUOns recorded ber,vcen the hours of (4p 6 ••- .m - p.m) ,vcre all above the 
"}I() guideline limit (25µg/m3) •

., _ _,..,logy often :ifTe<:ts the par1icula1e concentra1ion level due I th d·m . 
---- o c I ercnces ,n
�IIIJC. \\indspeed, rainfall 3nd relative humidity. The tcmperaiure ond humidity mighl 
&JO I\J\e afTccicd the concentrations of p;irticulale maner in the morning since ihe 

io:peralurc is norm:illy lo,v in the morning and 1his makes the environmenl moisl nnd ma) 

isrditr uup dust pa.niclcs in 1he air thereby reducing 1he porticula1e conccntnuions in the

ir:rning. Ho,,c,er, in 1he afternoon, the 1empero1urc is  higher and 1his may dry up 1hc moist 

� fast thus mnking them more active co be dispersed into the atmosphere 1hereby

ll(l'C3Stllg the particulote c-0ncen1ra1ions during lhe afternoon period. TI1is meteorological

crofuioo had implicalions on the particulate kinc1ic properties ond this mighl olso be

�'ble for higher concentralions of particulates in the afternoon 1han in 1hc mon1ing

paicds (Ch:m, 2002). 

15 Sode>-<lemograpbic cbnractcristics of rcspont.lcnls

Andy by Moen (2008) in Abuja. Federal Capital Territory (FC1) o f Nigeria shov,cd that

1k man age of Traffic ,vordens ,v:is 31 ± 6 years ,vilh mojorit) (58%) being malc:s. The

lmlngs of this scudy rcv�lcd 1h01, the mcon oge o f Troffie ,,,ardens and Regul:ir policemen

'11? 37.7 ± 9.3 )C4l'S and 37.0 ± 7.7 years rcspcc1ively. Their age ranged from 22.0- 59.0

Jani/Id 26.0- 56.0 yea.rs rcspcc1hcl). The reason the mean 11ge \\il.S relatively )Oung was

� on the f:1c1 tha1 mojority of 1he popul.ition were less than forty )tars. There \\ere more

-1.... rd d Regular policemen This can
...... Lb.,.n female p:uticipanlS o.mong che Tniffic \\11 ens on 

It lllnDUtcd 10 the sensitivity and the risk 11SSOCl01cd ,vith the profession. The rcspon<lenb

b h · ,roup which is e�pcctcd
IOt lllAinly Chriscians and majoricy belonged to the Yoru II ct nic g 

f th ndcnts \\trc morrlcd A
• 1 lllldy C4tricd o uc in Yoruba lond More thM half O e resp<> 

l;..i..... educ::i1ion as the highc:�l level of

...., Pf0pon1on of the l r:iffic \,ardens hDd secondory 

-.. - . d the fac1 thal the Senior Second� 

--.on they have 11-ruitned and this c.:in be onnbute 10 . 0 
t,,. _  • 

Ii !heir rccru1tmcnl n

-,gi Certificate E.xaminnuon (S.S.C.E) is the b3s1c: requ1re1nen1 or 
. This b 

6t . dergonc: iertiary cduc:auon 

IXhc
r II.and. majority of the Regul01 policemen had un 
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to the t,a.sic requirement for their employment ,, hich · 
41' 

IS on Ordinary National Diploma 

pso). 

µ Respo11dcn1S perception or nir quality

,ttpilY of the Traffic ,vardcns ond Regular policemen had O good · . 

• . . 
perception of air qua lit} 

a:d !he nsks associated ,v1th exposure to traffic n:latcd air pollutants. Majority of the

�ents believed that lung function impairment can result froin exposure 10 high levels of

aiffic n:bled 11ir pollutants. Ho,,·cver, Regular policemen "'ho arc not exposed 10 these

pil!UWIIS ,,hile �rrying out their daily activities hod o belier understMding of this risk,, hen

compNCd "ith the Traffic ,vardcns. This moy be due to their high level of education.

S.i rr2c1ice or respondents in relation to nir quality

f(a practices like smoking or non-US3ge of Personal Protective Equipment (PPE) \\hile

llllll& in high emissions area can go a long ,,oy in cornpromising the quality of air Md

lleallll of respondents (Brcion et al., 2009). Though Traffic ,vnrdens hod o good perception of

11 qmJI)' and 1be risks associated ,vilh exposure to uuffie related oir pollutonls. this did not

tdlcd m their praclicc because majoriry do not use personal pro1ec1ive cquipmcnL 

U Ptrtth·cd environmental cbonu:tcristics

Sls!it1 ha, e  sho,,11 that Traffic ,vllftlens belong 10 the 10,,er class of the society which is

ld&lcd to their educational status. This ond other factors may a1Tcc1 the choices of 1hc urea in 

q;c;i. they reside. A recent review of health. we.11th ond air polluuon by O'Neill et al. (2003)

"IEbu that socioeconomic s1.111us and 1lS rclo1ionshlp 10 poor health may be panlolly

.. -'-'-- • 1 I "�tlons for the different
"'l'WIDCd by related exposure difTerent111ls. Poss1b c e;,.p 11•-

,, ... . .  ,.... . • 1 d . housing-market dynomics,
.._.,..lions of air pollution by socioeconomic stAtuS inc u e. 

. . I 2003) If pro,imiry co orc:aJ of

11:lSm and class bias In ln.nd-use decisions (O'Neill �, 0 • 

dtttst 
fj d\'iellings ore lil.cly 10 11nrnc1 

traffic depresses propcr1y volues, the lo"er prices or . 

_, h. ft her ""rsonol c,po1urcs. This effect

....,..e oflo"cr socioeconomic s1.111us, ,vho often ha,c 16'' r 
. he mode of iranspor13tlon that

•iD lddition to the likely imp11ct of socioeconomic 51acus on t 

fleopleuse. 
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.o:.hll) higher risk of mortolity o.ssociatcd \\'ilh v I · 1 1 ' "'t" 
. . 

c uc C·rc ated pollutants hns been
. .:.nod with IO\'' soc1occonom1c s1:1rus (SES). 0 variable ll 1 • k �-- • ta 15 nO\\'ll to be com:l:itcd

.... flalth sllltUS. Tots effect may result from the fact lltol indi "d I f 1 ,.., 
. . 

v, ua s o O\\' SES n,oy ltvc
.__tr ,11fuc d\,clltngs that are ,n close proximity to maior ro ... d h • "'" , a.,.. on I ere fore at a higher 

�i of c.,posurc (Smarginssi cl al., 2006). Furthermore vehicf�• be: ""' ' ..., may nc1,cr ond crcn1e
k:ISJIOllution in high SES neighbourhoods. ,vith homes \vilh bcltcr ventilation and insulation
ecffet pro1cction ogainst these effects (Ponce cl al., 2005).

n,i respondents commented on ho1v polluted their residential cnvironrnent 1\erc in 1enns of 
11 qu1lil)'. t.lajority (59.2%) of lite Rcgulo.r policcntcn reported thal the oir quality of their 

10 \l'U good while o good proportion (50.0%) of the Tromc ,,•ordcns soid tht11 the oir 
flllJI) of their o.tCll ,vas fair. Titis could be as a result of the nature of the activities around 
m l'Sidence coupled ,vith the fact that mojoril) of the roads in llteir area nre not tarred. 

Vtaibtion according to Etzel, (2003) hns been considered related 10 air pollution since 
jdtnws such 35 particulate matter may be brought in10 indoor environn,cnt from outdoor 
u b) natUl"31 and mechanical ventilotion. A higher proportion of the respondents (f raffic
111dcns and Regular policemen) made use of mech:inical menns of \entilation in their

,ms homes. In addition. majority of the respondents olso utilise the natural means of
l'O:liblion viz opening of \Vindo,vs. Inadequate vcntilolion can incrense indoor pollulDllts'

lmls. AdeqWlte ventilation ,vould ideally bring enough outdoor air 10 help in the reduction

cliidoo, pollutants cspc:cially \\-here outdoor air is compromised or highly polluted. In many
QJn. ootdoor pollution hos o significnnt contribution to the indoor levels.

U Sdt-rtportcd health sympton1s 

SJ.I Rt$plnatory symptoms

, • h' 1 ·ssions ond a divcrsil) or

.:-icrou.s studies have found on ossociation 1v11h ,c tc c cm• 

. . n •c from acute S) mptoms lil.c
� S)-mptoms and diseases. These adverse outcomes rn g 

asthma and chronic obs1ructhc
<IIIJhmg and 1\heezing to more chronic conditions such as

tdn,,,...._ h'I ond emph>scma. E.,po urc to
. � disease (COPD) ,vhich includes chronic bronc ' ,s 

rod ccd 
'-: p 

, 
. conditions. Studies h11vc p u 

"1 and OU>ne have been associated ,v11h tbcse
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,tSUl15 on !he relationship bct\\een o e:-. ..,., 2 • posurc nod rcspirotof) hcallh (t--lc 1..eo\�n.
scin. 

\ �piificant proportion of the population lln: exposed through occupations th.-it le.-id 10� periods of time on or ncnr roods ond high11ays or close to traffic like asphalt
___. .... (Randcm et al� 2004), traffic officers (de Paulo et al 2005· o�go · , 1 2006ftP.1,-1.... 

•• , ·"' ntcr, �, o .... t 

TJllllllll ti a/_ 2003; Tomao et al •• 2002: Tomei et al .. 2001 ), street elcnncrs (Rlll>Chou-
t,dsrll t/ a/_ 1995), street vendors, ond tollbooth "orkcrs. llcolth impacts arc greater for
6c9t goups 11ho 1\'ork close to traffic than for those that ore not occup;uionolly e.,posed

fk prcportion or rcspondcnlS that reponcd respirt1IO') �> 1np1on1s in sL, months preceding 

amid) were higher among the Trnffic 1vnrdens than lhe Regular policemen ,..,uh signlficnn1 

Uacoc:cs. A comp;irison or rcspira1ory symptoms observed among lhc con1rol and test 

i=p:u in the study by l."1.1 ct al .. (2005) shO\l'ed thal a significnntly higher pre1.1lencc of 

.-!Or) S)mptoms among the experimental group and their control group. \Vhilc in this 

a!) a comparison or the respiratory symptoms among lhc I raffic 11 .:irdcns (e,posed group) 

Id lbt Regul3.! policemen (Unexposed group} indicated thot breathing d1fficully topped the 

�of the �pinuory symptoms (66.4% vs. 6.4••) P< 0.05. cough (-18.-l·'o 1s I 7.6•'o) P< 0.05.

diet pain (72.1% vs. 5.6�•) P< 0.05, sore thro.:it (60.J-/o ,s. 14.4°'.} P< 0.05, Courrh (68 �'o 
"' 41.6,,) P< 0.05. This is in conformity II ith a stud) carried our b> � le l..co11 n (2007)

•!la �ed that E.,posu.rc to 1ehicle-rch1tcd pollutanlS is o.ssociated ,�ilh e,ccss o,eroll 
-.rial1ty as 11ell IU 1v1th diverse health clTccts. 

\ Qdy b.)- Ingle ct al, (2005) 10 Indio also sho1\cd thot respirator)' s)mptoms ,,ere
· 

II ts Si<>n1ficont J11Tercnces 11crcCIOcialcd �•th CAposu.rc to traffic re'3t«I air po utan • 
,L_ 

m dens than their co=ponJ,ni;""""'cd in rcsp1rt1tol') s)'mptoms bct1\ccn the 1 ra 1c l\-ar 

CQ:ciol i,oup. This corroborates the findings o f  this s1udy 11hcrc s1gnilicont d11Tcrco,;c, ,,ere

� . d b tJ c Traffic ,,ardcns and the Rcgul.lrcd III the rcspinJtOI') s)-mptoms c,pcriencc > 1 

... J the rcsplnJtO') 5>mpl0tn>"11Cetocn Another study by Urom er al.. (200-1 > compare . 
r d po,1«1 t.h,t the 1nc1Jcnce o 

�ed among the dust-exposed a.nd conl/01 g roups an re 
h' h In ihc Ju,t· 

1;-.. also s1gn1fiC411tl.)- ia er 
'"""UCIJ\e (dry) cough. chest  p:11n, c:Dt11rrh 11crc

� &roup than in controls (p<O OS).
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�J No• respirarory symptoms

, (Olllp:inson of lhc n on-respiratory symptoms omong T m rn IC \VDrdens and Regular 
�"�en in this study sho\ved 1ha1 body \veakncss lopped th r (7 

· 

I"'"'" -
0 • 

C ISi 6.2% vs. 45.6%), itching 
"'' uriUlion (66.4% vs. 12.8 ¼) and hght-hcndcdncss (80 3o/c 1 1 2u) . . 
•1 

• 0 vs. · 70 , This 1s consistent 
• ... u 1gcnn 1n ,vhich the,ih tbt study cnrricd by Urom et al., (20-04) in Colobnr South ro lh N' . . 

l,llknofnon-rcspirotory symptoms ,,•os found to be significantly higher in the dust-cxp0scd

� tMII in 1he ir controls.

�II i\Dlhropomelric factors o n d  lung fun ction s1n1us of study p11r1icipnnls

lilSDlfOUS studies have sho\\'ll 1hat anthropometric parameters hove signi ncan1 rc:lnlionship

rlb lung function indices (Adercle and Olu\volc, 1983). There \\'� no significant difference

a11it111tlwpometric chamcteristics of the Troffic ,vordcns and Regular policemen. This is 10 

!IISllt tlul there \\'ere no confounders in the study. II hos been established from various

tta!ic:s th.11 o.nthropometric parameters, viz; ngc, sex. height nnd \\•eight are factors 1h01

a'CllUlll for varintions in FVC, FEV1 an d PEFR (Adcrele and Oluwole, 1983; Joja and

f,;bauo, 1995 ), 

lim\\'Ua ,,eak positive correlation ber.veen the BMI (Body fv13SS Index) and FEV1 actuill

(mi fW>Clion s1a1us of respondcn1S) (r= 0.272, p< 0.05).111is suggests th.11 as Bt-11 increases.

fEY1 also increases. This is in conformity ,vilh II s1udy by Th} agnrojon et al .. (2008) in

l:l:1el! States \\'here pnrticip:ints \Vilh b:isclinc 01\111 < 21.Jkg/m2 experienced 10 }tor

eQQJcsof7lml in Forced Vi1al Capacity (FVC) nnd 60ml in FEV1. In con1r:is1. p3 rticir:snh

•cb baseline BMI � 26.4 i.gtm' e;\pcricnced JO year dccn:a�s of l8S nil in I VC nnd 64 nil

f[V flN,lfVC i ncrc.1.SCd \\ nh 1ncrcns1ng OMI \Ve1ii/ll gain \\OS al'\<l o_,\OCiatcd \\llh

' (IIIIClion. 1l1is Clln olso further be e,plo111cd by the 1ncan ogc of r:snicir:snts (33·3 -t 7 9

!Ql1) l\hich is rclolh cly >·oung. A study conducted b) Thyngor.1j1tn ct al. <2008) nrnonii 

� adults in United SL111es revealed that on incrd.SC in the BMI of thin rcspondcnts \,as

-.... •. _ 
, h 38 The finding of1hi� srud)

---...cd Y>ilh incrensing then stable lung funcuon 1hroug age · 

113 
c t  al (:?001) in 1hc l,nncd

contrast \\ilh the finding of the stud) carried out b) antana 

� 
S boJ) (alnC�\ a0cr :idJU\llnQ

'Ott) found out lhat lung func1ion Is dccrea�d b> c,cc) 
1 

Q ,.,._ d sinol.ing s1a1u� In populJIIOll� l 1.11

._.. factor s such as age. height, r.icc. sc-.. ll!ithma an 

-� fJctors for reduced lung function
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�II L•IIC r.1,11011 and lr1ffic-reh1led air pollutanis

__, \\JS I signifi cant difference in the mean observed Forced E • •-· "P•rntory Volume rn one_1 (fEV
i) bcl\\een Traffic \\llrdcn o.nd Regular policeme Thi . . ti(''" n. s "as cons1s1cn1 ,,uh 11,rt, b) conducted by Ingle et al., (2005) in India. Tiie) round out that the FEY, of rrnmc,,_m "'re severely affected ,vhen cornp:1rcd 10 1hc controls Th d d f'"'- cy rccor e a 0.81itrcs,,� in the expected and observed FEV, of 1he traffic polir•mcn Th·s · · d. . --- ""' • I IS on ,n ICIIIIOn

:I� dtlinitc acute effect on their FEV,. Another stud} carried out by Pra\'ati, ct o/., (20 IO)•1\11diclltny India indicated o dccrc.isc in the FEV1 of Traffic policc,nen compared 10 lhc
,-,al policemen 

(1raalc c.q,osurc 10 traffic-rclaccd air pollutants may be a factor 1hn1 con1rib111c.s 10 lung 

to:tic:IJ imp.-iirmcnL Brauecr ct al., (2001) rcponcd on association bcl\\ccn lung function 

nl pe,so.141 c,-.posure to pillticulotc matter in o p;incl or subjccb "ith COPD in Voncou, er, 
M:. Although noc signilicont, decrement of J•,'c, ond I¾ in fEV1 \\ere GSSOCiated "ith P�1, 
11 P\I. 1,- in diameter rcspccchely. Also in a stud} in Finland. Pcnnincn ct al., (2001) 

a;xrted 11w both the conccot.ration nod the size of particles (0.1 10 I �101) "ere tlctcm11m1J1ts 
cilassocialioru bc1,,ecn porticulatc matter and decreased lung function This is in line ,,ith 
ti: fmdmg.s of this s1udy "here correlation 1es1 bct"ccn par1icul:11e conccn11111ion and lung 
finaJoo sutus of respondents sbo\\ed a significant ncgothc corrcl:11ion ,,hich me;ins as
JIIICIIWC load increased. lung function decn:ascd 1111d , ice-vers., 

112 Public lll"lhb Importance of Trame exposure 11lscssn1cn1s In l�cri:1

r� from lhtS scud} ha\-c public hc:ilth imronancc and su1n:cs1 ihc ne<d lor muhiplc
- . ffi I d ..,,llut:1nls ,n 1'1gcna ome of-na!IJo,is di1"Ctcd at H1c1Jing c,posurc co Ira 1c-rc ate nir ,� 

. ....._ '-• h Ul\.lnCc a�IJltJ \\ Ith
"'<lt llraita11:s ha,e been used in dc\eloped coun1t1cs 10 a .... ic I c n 
.. ., _  1 . lllld de, eloped countri� ha,c""ut cmiuions. Studies carried out both 1n the de\ c oping 
lb, . impairment Conccn1.r111lon of11 l!Q( traffic wardens .ire at high risk of rcsp,ralOI) · 

. 
tam . e,cccJcJ the \\-I 10 1u1delrnc�bled 1ir pollulDnts a t  the selected roo.d in1erscc1rons 

10 problem) \\'I> higher omon11for occupational exposur� and the burden of rC>P1111 '> 
n .

. 
� J,. n 10 comb.'lt 1h1s menace L: C\:11\Clllllic \\lfdcns. Hence pro-oc1ivc step> muSI be UI c 

I ti on ihe Clllliol f the problem \\hlch e, \IJ an 
measures 3IC based on the underscanding O 

d out 11 maJor 1na.Llc oton,a) s )hould he came .__, rciula11ons. Routine air mon11onn1 ol our ni 
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,:,.J 111rc1StClions \\ ithin the country 10 ensure compliance \\ ith Mipulntcd guideline limit and
11,31cmcnt notjce \vhere necessary •

.,� 

W 
majority of the Lnlffic ,vnrdens hod o good perception of nir quality. this did not

� in their pructice. Mojoriry of the lnlffic \\Ordens do not use Personal flrorcctil·c

£.;aipnenr (PPE) \,1hile on duty. Government should enact l:iws that \\'Ould enforce the usogc 

��I protective equipment by Lnlffic ,vnrdens ,vhile on duty.

� h,lvc sho\vn that old vehicles ore responsible for 90% of hydrocarbons nnd C4Jbon 

o-,,otidc emissions o.s \VCII n.s 80% of nitrogen dioxide emissions. Hence, Government 

fdi<ICS almed 111 reducing the rote of impolllltion of old vehicles in to Nigcrlo should be 

CIIXl(d. Likc\\'ise. the oge of imponed used vehicles s used motor vehicles from 15 )t.irs to 8 

1c:ar, from the ye:ir of manufacture. 
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CHAPTER SIX 

CONCLUSIONS AND RECO�fENDATIONS 

f.l Concluslons

This srud) assessed the level of gnscous emissions ond particulate burden gcncr.ued by
... , pu monary ,uncuon of «bicUIJI movement on selected traffic routes in Ibadan ftnd the I � · 

PoliCffl1Cn in the selected Locol Government Arens. The burden of the pollutru1ts wus 

dettnnlned through the estimation of particulate level and conccnlnltions of selected 1mffic

rtlattd pscous emissions.

1bm wns a ,·ariotion in Lhe level of particulate mailer and gaseous emissions recorded across

11,e d11Tc�nt snmpltng IOC4Lions. The study revealed that the high 1rnffic density at the various

S:W) locations contributed to the high level of traffic-related oir pollutants recorded at these

loc:alions. 

11¥ smd}' also revealed that the mean particulate concentrntions observed bct\\·«n the hours

or �p.m - 6p.m (e,·cning) at the different locations ,,·ere above the \Vorld 1-fealth

Orpniution (\VHO) guideline limit MCllJI particulate mailer concen11111ions determined

�ecn the hours of 6n.m - Sa.rn and 12p.m - 2p.m \\Crc bclo,v \VIIO guideline limiL On

the other hnnd, the levels of various tr.iffic-rclated air pollulllnts 111 the different study

knlions \\�re higher than the \VHO guideline limit and this posed serious health risk5 to the

nlric watdens.. 

A higher proponion of the Traffic "lltdens and Regular policemen hod o good perception of

the ris1. associated poor air qua lit) ond exposure 10 dJfTerent tmOic-rc:lated air pollutonis but 

this did not affect their practice ,.,,hile ,,orki ng. Mojorit) of the Traffic ,,iltdcns do not use

P<rson.tJ Protective Equipment (PPE) ,.,,hile controlling traffic at the various ro:id

IX(rscctions 

Thu study also revealed that majority of the Tr.iffic ,v.lfllens reside in orcos \,here the air

. . Th y be o11ributed to their 
C!'2ll1ty is compromised eomp:ired 10 the Regular policemen is lllll 

io.- . , , r posure to various ntr pollulill1t.S.

SOcio-«onomic sl.OtUS and this 1ncrcll.SC(l 11te1r ris ... 0 e., 
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"""'I) of the Traffic \Vardens complained more abo t . 
\� u respiratory symptoms 1hon the
1t�br policemen. The app3rent lo\vering or all respiratory funct· . d" • 1011 1n ices among the 
frtffit "--;irdens comp:irod to the Regular policemen suggests the po "b·i· f . 

. . 
ss1 1 uy o serious lung 

._,.,11111 imp:11rmcnt due to chronic exposure to hi.,1,er levels oft-ffi I d · p1�v· b" ,u IC•rc DIC a1r pollulanlS. 

Tb( respirotOI')' and non-respiratory symptoms reported by respondents in this study \\Crc

�fic:mt and G higher proportion of the Traffic wardens experienced this symploms

conp,vtG 10 I.be Regular policemen. The findings of this study also "10\VCd a signilicont

,eJilCIIOII in the mean lung function values of Traffic \vurdcns compared to Regular 

fChctmcn though it ,vas not possible to determine all the various lung function porometers 

A decllne in the lung function st.arus of majority of the Traffic \vordens nnd o high 

c:oc,:cnir,tion of trnffic-rel11ted air pollutants \\Crc recorded 111 the ,·orious study locations 

,bth was higher thlln the WHO guideline limit. Although the rchuively higher le vels of 

dlest polluUUlts might be a contributing factor, there may be other underlying factors. 

lbertforc. there is need to institute a longitudinal study to establish true c.iusality in relation. 

U Rtcommend:ulons 

ill lodh·ldu:als 

I. Thm: is need to introduce and enforce safet) mea5urcs such as the \\coring of nose

masks among.st Traffic ,wrdens that \\Ork in areas with high traffic densit)
?. The number of shills at \\'Ork should be increased thereby reducing the number of

hours of exposure of Traffic w·o.rdcns to these pollu1onts,

J Traffic ,vardens should visit the hospitals for rcgulor chccS..ups ond should desi\l from

sctf-mcdic::ition or  use of 11t1ditionol therapy.
. 1lfCn�s and ndvoc.oc) in order 10 

Then: is need for adequate hc:.:ilth education. aw 
. bo 1 ·rqUJ1lil)' ofTniffic ,,arJCn>.

change the health seeking behaviour ruid procuce O u 01 
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0-l o0,crnmenl

I There is nc:cd for government to formulntc specific pol" · · . . 
. 

,c,es aimed at ,mprov,ng llllffic
now at maJOr troffic routes. 

, The implcn1cnt11tion of various traffic emission control a d � n management programmes
on oir qu11lit)' in Nigeria should be done. 

J 
There should be periodic monitoring of ambient air quality in the various 

municip:ilitics ns it is done in developed countries. 

There in need for rcgulru- and periodic assessment of the lung funetlon.s status of

Traffic 11 ar-clcns. 

s Rele1ont government regulations bodies ond orgonwnions such o.s NESREA should 

tllllCt various cnvironmenllll protection la\\S where there ore none, enforce the 

e.'<isting ones nnd revie,v th e  out-dated lo1vs on air quality. 

Go,·cmmcnt should reduce the age of used vehicles that ore imported form developed 

countries from 15 years 10 5 > ears from the year of manufacture. 

UJ Future ou tlook 

I. An a1.cnded or longitudinal study spooning different seasons should be CllrTicd out 10

Cllllble the comparison of the vari.uion in the concentrations of the 11oJiic-rel:11ed air

pollutants and the associ11tcd health risks.
l Other lung function parometcrs e.g Forced Vital Cop:1cit) (FVC) and Forced

E.\pil'lltory Flo,v Rate (FEFR) should be dcttm1incd.
l Studies aimed at assessing the levels of some biological marl.e� of oir pollu1tin15 in

the blood nnd urine of the respondents should be carried out.
4· 

Tb(re is need to charneterize the filter p.iper obuiined from the person.ii p:inlculotc:

matter sampling for henvy metnls, moulds. PAI l's e.t.c
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AJ>PENDL"< I 

GEOGRAPIITCAL COORDINATES OF SEL�Cl'EO s�n'LlNG LOCATIONS

- 1· n1,(1(11 10 Lotiludc Longitude Elc,•otion 

- LI NOr' 24.020' E003° 53.387' 195m 

L2 N 01' 24.044' E OOJU 53.409' 200m 

Ll N 01' 25.157' E 003u 53.774' 190m 

L4 N 07° 25.394' E 003° 53.908' 215m 

LS N 01' 26.461' E 003° 54.400' 230m 

L6 N 07° 25.022' E 003° 54.704' 237m 

L7 N 07° 2S.850' E 003° 54,769' 231m 

LS N 07° 2s.0,14' E 003u 54.59 I' 214m 

L9 N 07u 25.022' E 003° S-1.661 ' 205m 

No?° 23.908' E 003° 54.542' 178m 
LIO 

LIi N 01' 23.721' E 00311 55.136' 246m 

N 01' 24.171 ' E 003u 55.541' 252m 

L12 

N ot' 22.842' E 003° 56.035' 220m 
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APPENl>IX U 

QUESTIONNAJRE

oEJ>ARTI\IENT OF ENVLRONI\IENT,\L IIEALTJI SCIENCES, COLLEGE OF

l\lEDICINE, UNIVERSrrv OF IU,WAN. 

QUESTIONNAIRE ON ASSESSMENT OF RESPIRATORY CONDITIONS OF

TRAFFIC \VAROENS IN IDADAN. 

l)dr RtJjlODdtnts, 

1 11111 pos1gnidua1c studcnl or 1hc Department or Cnvironmcnltll Health Sciences. Collc&c or 
Mtdlc!nc, University or Ibadan currently worl..ins on "Ch11mc1crli..'11lon or cmmc: rc:l111c:d 
aft pollulants and :assessment or rcspirntory conditions ofTmmc: n:irdc:ns in lb11d110". 
Plwc be informed thal participation is voluntAry. I "•ish 10 Inform }OU thal 1hcrc 111c no righ1 
»J 11rona ans11crs 10 1hc qucs1ions. Plcnsc be rcs1 nssured 1h01 all infonna1ion provided b} 
)OU 11ould be used for rcse:irch purposes onl> and stnc1 conliden1iaht} 11ould be ensured 
Plwc Ir) and give honest responses 10 the questions as much ns possible. I hereby solicil for 
)OIi cooperation. 

Thw.s f<X" your coopcr:uion. 

FOR OFFICE U E ONLY 

SERIAL NU,\IUER .......... 

L'iSTRUCTION: PLEA E TICK(-./) on PILL ;\N \VERS \VUER£ PPllOf'ltJ\ITE. 

SfCllON A: SOCIO- DEI\IOGRAPIIIC lNFORJ\IATION 

I 

l. 

J 

5 

6 

Age of n:spondent (as 111 1.i.st b1rthd.i} ). · ............... " ... ..

Sc,· 1. Mole [ ) 2. Female ( )

2 �1orricd I I 3. D11orccd ( I 4 Scparolcd r I
\1111i1Al status I Single ( ) 

5. Coh:ib11ing I J 6 \Vido11 ed [ ) 

Religion I. Christianity l J 2. Islam I I 3, Trad11ional I I 4 Others

(specify)
[ l 3 lbO I I 4 01hcrs (specify)

Ethnic group 1. Yorub3 r J 2. Hausa
. ( l 2 sccond:ll) I I 3 Tcn1:il) I I

Educational S1111us I Primary · 

181 

•••• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



S,[Cf10N B: OCCUPATIONAL TUSTORY

JIO" tong hove you been on this profession? 
,. 

. ...................... .. uo o • oo • • •• • •  oooo oooo • o H oOo o ooooo-,ou,oo 

• Ho" long ho,·e you been ,vorking in this Loail Gove ? 
.. 

mment ........ . 

• Ho" many hours in a dny MC you a t  \\'Ork? •. ... .. . ... ..
.
. ..

.
. 
... .... ... . 

. 
.
.
.
.
....

.
.
.
.
. 
···· 

1._ Ill the past 6 months have you been on the ro.id controlling traffic? I. Yes ( I

2.No[]. If No, go to  question 15

11 Do )OU use Personal Pro1ecti\re Equipment (PPE) ,,hilc ,,orking? 1. Yes [ J 2. [ J

I! lf)cs to 11 obo,c, ho,v often do )OU use it? I. E,•ery time ( ) 2. Sometime l J

J.()ncc in o "·hilc ( ) 4. Never [ )

11 \\ l\at t)l)C(S) do )'OU use? .. ........•................ ····· ................... ······ . 

ll \v'hcn do you use it? I
. 

\Vhilc on duty ( I 2. \Vhjlc off duty [ J 3. Ever) time ( ) 

SICTION C: PERCEPTION OF AIR QU,\LITY 

U The Collon iog are some i.ssucs about olr qunllt)'; pltllsc tick the wort! tbut best 

saitcs lour option for each statement. 

A-Agree (3) I - Indifferent (2) D-Dislgrcc (I)

s,. Sllltcmcot 

• i Tix "" of "°" nwk by poopk """"" I Y "'°"'

to cmisslons from \chicles is ncccss:llY

Air quality is not affected by high traffic dcnsit)
� 

C 

4 

C 

r 

' 

L 

-

G1SCl0US emissions from vehicles do not cause poor

alrqualny 

Air qualil) is affected by pU!OUS and p:,.rticulate

(fflissions from indusuics 

Air qualny is not affected by different �i of

chc)tv 

I Driung when the air qualit) is �d unno' came 

1te1dcn1 

Enrorccn,cnt or law by the GO\Ct11mcn1 can go I

Iona \\I) to ensure good air qushl)' •

Continuous inhalation of "chicular eollssiOtU docs

noc rully affect one's health

112 
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sECflON D: IIOUSEIIOLD CllAlv\CTERJSTICS

16. 110,, long you rote your rcsidentiol = in terms or oir quolity? 1 Excellent [ I
2. Good l 1 3. Foir l ) 4. Poor ( J

11. Is the rond ,vithin your rcsidentiol oreo tnm:d? 1. Yes [ J 2. Nol J

1s. Is your residence locoted close to on Industry? 1. Yes [ J 2. No f )

19. \Vhat is the meons orveniilotion in your house? I. Yes [ J 2. No [ J

Yes No 

FonS 
Air conditioning 

Opening of" indows 

20. Does your household have II personal gcnemtor? I. Yes [ ] 2. Nol )

21. lf"Yes" to 20 above ho,v many houJ'S o day does it run? ................... .

22. If "No" to 20 obove, does your neighbor hns o pcrsonRI gcncmtor? I. Yes ( ]

2. No I I

2J. Do you cook ot home I. Yes I 1 2.No l I 

24. tf··Ycs" to 23 above," hot do )'OU use t o cook ot hon1c?

Yes No 

Gas cooker 
Owtoal 
Electric cool.er 
Kerosene stove 
tlfC\lood 

25. Is your residence loc111ed close to ony durnpsitc? I Yes [ I 2• No I I

26. I lo,v mony rooms do your romily members occupy in your house?

27 .How mony people sill)' in your room? · ··· ····••··•····•·· 

• • • • o • o I o o • o • • O I O  o O O O 

ECTJON E: lrEALTII HISTORY AND coNDITIONS 

I Cxccllcnt ( J 2 Good l I 3 Fair

28. 

29. 

l-lo,v do you rote )'OUr current swtc of hcollll? 

I l 4. Poor ( l 
th roe tors ,, hich mo) be r�ponsrblc for your

If poor from question 28 obovc, what ore c 
. ..•..... ...... . ... .. . 

Ith? 
•• . . .. • . . . .. 

poor sllltc of  heo , . · .. · •· .... 
•· .. 
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}0 

)I 

. cs 2. Nol 111a, e you ever smoked? I y ( ] 

Do )OU still smoke? 1. yes l 1 2. No [ 1 

32. Do you drink olcohol? I. Yes ( I 2. Nol ]

)} \Vhich oflhc follo\ving symptoms ho, h . c you nd ,n the past 6 n O ths? 1 n 

Sympton,s Ycs(Y) No (N) 

coughing (dry or \\ ct)

S),ortntsS of breath 

Ood) wcal:ncsslfatiguc

ltchlng/irritotcd c)'eS

Chest p:,in 

Sore throat 

Running nosc/sncaing 

Light hc:idcdncsslfainting

Other ollcrgics (specify)

34. Ho,e you visited the hospital for ony of the obo,c s)'mp1oms? I. Yes ( J

above, how, many days at the 

JS. Ir ''Yes" to question 34

2. No I J

hospital?

36. Hove )'OU missed ,vork because of an) of the above S) mptomsfconditions? I Yes l )

2. No [ )

l7. How do )'Our symptoms change \\hilc: 01 \\Ork? I. lmpro�c [ J 2. 'o ch;ingc l J

... ······ .................
.. .

3. Get \\Or5C [ I I.Yes{ J

3B, lfthey "get ,vorse" do they improve 1·2 hours oner leaving \\Ork?

2. Nol )

39. lf�No" 10 question 10 question 35 obo,c do they in1provc O \em•&li• or 01 er the

\\CCI.end? I. Yes L J 2. No I I 

4o. How do )OUr s)'mptoms and eonditionS change ,vith time of the d3) and trnffie?

I. �lore frequent and severe in the morning during high 1r3ffic I J 2. ,._,ore frequent

and severe in the morning during 10,v tr0ffiC [ ) 3. t,1orc frequent and sc,erc in the

lote afternoon during high traffic [ 1 4. No choose with time ofda) ond tfllffic
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r 

1 \Vhich of the following ailments ore you on treatment r. d r. h 
4 , 

,or on ,or O\\ tong? 

Ailment YcsM No fl'n Duriuion in Yc11rs 

�o 
rut,ctculosis 
('bionic Bronchitis

pPc11mon111 
umoconecr 
()\her d I seasc s

42. \\1hich of the follo,vlng named ailment hove you been udmined for in 1.hc pllSl 6
monlhs? .............................. ................................................................. ,o,,, .. 

43. How do you n,onoge air pollution re toted respiratory diseases? I. Self medicntion ( )

2. Locnl chemists ( ] 3. Visit clinics ( ) 4. Troditionol lhcrnpy l J S. Don't 

Know ( )

4-1. \\'hot is you reason for using ony of the health montigcment fncilities? ......•.... -················ 

2. No [ 1
45. Hove you undergone o lung function test? I. Yes ( l

�6. \Vould you like to undergo o free tung function test? I. Yes l I 2. No£ 1
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0 0 ro ic rcl111cd 111r pollul11nlJ in h,·oObscn111lonAI chcckJisl for Ch11r11cleriza1io r I m 

selected Local Go"cramcal Arc11 or lb11d11n. 

52,npling point ........................... . 

LOCATION OF SAi,tPLING POINTS 

ladlcators obscn·ed Highly present l\'1oderotcly present Prcscnl Absent 

Commcrciol nc1ivi1y 

1ndus1rial oc1ivl1y 

Rcsidcntinl nren 

NATURE OF ROAD

lnlllca1or.1 observed Highly present l\'lodcn1lcl)' prcsenl Present AlJscnl 

Torm! roods 

Ortdcd 1011,ds 

ACTIVITIES \VJTlllN AND A,ROUND SAl\U'LI G POI T

ladlc:uors observed Highly present l\lodcrotely prcsenl rrcscnl 1-\hscnl 

Bush burning 

Dumpsilc 

Generator emission 

Construc1ion activity 

Key: ++ + highly present ++ modCtlllcly present p�senl • ob,ent
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APPENDIX Ill 

RECOIU> SHEET FOR AIR QUALITY ASSESSl\fEl\'T 

\\'ttk ......... ····· .. ·····

pAJu\l\lETERS LI L2 LI u L5 

S01 
611.m-811.n,

t2p.m-211,n1 

1J!.l!ffll .in.111-Gn.111 
co 6:i.m-80.m 

12p.m-2p.m 

(ppm) 4p.n1-6p.n1

�01
6:1.m-811.m 

12p.n1-2p.m 

(ppm) 
4p.n1-6p.m 
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APPENDIX IV 

LUNG FUNCTION TEST RESULT SHEET 

OllC or Spiromctry ········ ················ ................................ .

SIN Scs 1\gc \Vclght Height ,\ctu11I l'E11 Expeclcd •;. 

(Kg) (m) FEV 1 (Lllrcs/mlns) FEV 1 l'rcdic1cd 

<Litres) fLitresl PEV, 

I 
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sr1ROl\fETRY DATA FOR RECRUITED PARTJCIPA,,'TS 

occUPATlON FEV 1 ACTUAL FEV, EXPECTED PEF •t. Predicted FEV1

T\V 2.49 3.70 280.0 67.0 

T\V 2.20 3.27 260.0 67.0 

T\V 3.97 3.70 312.0 107.0 

T\V 0.94 3.45 202.0 27.0 

T\V 1.10 3.38 162.0 32.0 

T\V 1.29 4.08 239.0 31.0 

T\V 2.37 3.68 371.0 64.0 

T\\I 0.98 3.59 162.0 27.0 

T\\I 3.18 3.94 401.0 80.0 

T\V 2.53 4.48 340.0 S6.0 

T\V 1.63 4.71 182.0 34.0 

T\\I 1.31 4.29 202.0 30.0 

3.06 171.0 58.0 

T\V 1.80 
4.66 192.0 47.0 

T\V 2.21 
162.0 23.0 

T\V 0.88 3.73 

2.07 327.0 112.0 

T\V 2.34 
156.0 so.o 

4. 16
T\V 2.11 37.0 

1.67 4.45 I 87 .0 
T\V 209.0 63.0 

4.44
T\\I 2.80 487.0 49.0 

4.29
T\V 2.11 367.0 77.0 

3.23 4.16
nv 3.9-1 133.0 62.0 

T\V 2.46 75.0 
3.95 312.0 

T\V 2.99 
-1.96 276.0 46.0 

T\V 2.31 
-1.S6 

291.0 61.0 

T\V 2.82 
4.31 440.0 70.0 

3.06 37.0 
T\\I 4.73 234.0 

T\V 
1.75 

4.76 401.0 S5.0 

T\V 
2.63 

4.51 405.0 53 0 

T\V 
2.42 

-1.41 159.0 44.0 

1.97 197.0 53.0 
nv 4.08

nv 
2.20 4.34 291.0 57.0 

2.51 -11.0
1\V 4.08 291.0 

1.69 223.0 66.0
T\\I 3. 12

2.06 291.0 58.0
nv 3.62

1.69 239.0 73.0
T\V 3.19

2.34 347.0 48.0

TW 3.67 30.0
1.78 156.0 

T\V 3.54 45.0
1.07 247.0 

nv 3.07 68.0
1.39 306.0 

nv 3.42 56.0
2.36 317.0 

nv 
4.71

2.64 
nv 
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occUPATION FEY, ACTU,'-L PEV,EXPECTEO PEF o/. Predicted FEV1

T\\' 1.96 4.31 162.0 45.0 

T\V 1.67 4.11 197.0 47.0 

T\V 1.93 4,06 218.0 47.0 

T\V 1.19 4.23 239.0 28.0 

T\V 2.06 4.14 208.0 4 9 0

nv 2.15 4.29 202.0 50.0 

T\\I 2.28 4.52 205.0 50.0 

T\V 2.53 4.SS 218.0 55.0 

T\V 2.61 4.37 301.0 59.0 

T\V 1.85 4.25 202.0 43.0 

T\V 1.39 3.07 247.0 45.0 

T\V 2.7 3.78 368.0 72.0 

T\V 3.3 4.43 317.0 74.0 

T\V 3.54 4.41 312.0 80.0 

nv 3.75 4.58 340.0 81.0 

nv 2.45 4.63 363.0 52.0 

1 \V 3.86 4.58 39-1.0 84.0 

T\V 2. I 5 ).34 286.0 6-1.0

3.3 289.0 59.0

TW 2.0 I
3.3 270.0 63.0

nv 2.1
81.0

3.66 4.4 S 17.0
1s.o

3.4S 
4.S 563.0

RP 162.0 86.0

RP 
2.48 3.2

64.0
4.2 296.0

RP 
2.75 501.0 85.0

3.61 
4.2

RP 
-

462.0 91.0
4.3 

RP 
3.96 87.0

4.·1 497.0

RP 
3.67 

4.5 340.0 81.0

3.75 
RI' 4.6 275.0 57.0

RP 
2.65 

,1.6 505.0 82.0

RP 
3.68 

4.4 317.0 73.0

RP 3.3 
4.5 

283.0 68.0 

RP 
3.08 

4.6 
291.0 63.0 

RP 
2.98 

4.5 491.0 80.0 

RP 
J.69

4.4 S 17.0 81.0 

3.59 80.0 
RP 4.5 

512.0

RP 
J.63

4.0 
439.0 80.0 

RP 
3.21 4.8 

394.0 80.0 

RP 
3.8 5 I 8.0 

_ 
92.0 

4.2 -

80.0 

RP 
J.93 ,1.5 

471.0 

3.67 482.0 78.0 

RP 4.0 
3.15 -128 80 

RP 4.4 

RP 
4.S7

4.2 
448 0 I O:?.O 

4.41 428.0 80.0 

RP J.9 79 0 
2. I 8 418 0 

Rf' 
3 7

2.99 286.0 8-1.0 

RP 3.1 

RP 
2.69
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RP 2.46 

RP 2.82 

RP 2.4 

RP 2.78 

RP 2.59 

RP 2.43 

RP 2.28 

RP 2.57 

RP 2.39 

RP 2.81 

RP 3.16 

RP 3.36 

RP 2.75 

RP 2.99 

RP 2.88 

RP 3.25 

RP 2.76 

RP 3.61 

RP 
2.53 

RP 3.03 

RP 2.76 

RP 
2.77 

RP 
3.69 

RP 
3.09 

RP 
3.54 

RP 
2.75 

RP 2.56 

RP 
3.06 

RP 
2.23 

RP 
3.79 

RP 
2.8 

RP 2.68 

RP 
3.17 

RP 
2.64 

RP 
2.6 

RP 
2. I 5

RP 
2.67

1<,, 

fralllc>1.-dtru -TW Rcculu polfccmcn • RP 
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2.9 223.0 83.0 

3.4 307.0 82.0 
2.9 239.0 80.0 
3.3 3-17.0 83.0 
3.1 387.0 82.0 
4.2 23-1.0 S1.0 

3.6 249.0 63.0 

3.1 256.0 80.0 

2.9 247.0 81.0 

3.4 433.0 80.0 

3.9 456.0 80.0 

4.0 372.0 82.0 

4.1 371.0 66.0 

3.7 368.0 79.0 

4.13 417.0 69.0 

4.25 502.0 76.0 

3.42 346.0 80.0 

4.06 375.0 89.0 

4.55 275.0 ss.o 

4.51 301.0 68 0 

2.07 . 301.0 133.0 

2.07 362.0 133.0 

2.07 452 0 129.0 

-1.74 286.0 65.0 

4.3 312.0 80 0 

J.79 240.0 72.0 

4.42 249.0 57.0 

4.53 402.0 67.0 

-1.48 382.0 49 0 

4.52 33-1.0 83.0 

-1.38 306.0 63.0 

4 25 3-17.0 63.0 

4.22 -120.0 75.0 

4.51
319.0 58.0 

3.29 320.0 79.0 
-

3.34 2860 6-10

4.29 343.0 62 0
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;\PPENDIX V

INFOHl\fEO CONSEl'IT FORi\l

l1UJ Resc.m:h appro\"al number

Thisappro,ill will elapse on .J .. J ....

Tille: or rcseor_ch: Chornctcrizntion of traffic n:lated o,r pollutants and assessment of
resp1ralol') cond111ons of traffic "ardcns in  I\\O sclccrcd l..oc41 Oo\emment Arco.s of lb:ld3n.

rarposc or rcsc11rch: To characterize lrllffic n:lalcd oir pollulllnts 1111d assess rhe associated
l'C$J!&r.llory s)' mptoms of traffic \\Ordens in lb.ld;in

Procrdurc or rhc research, ,, bot shall be required or e11ch p11rtltlp11nts and approprl111c
rotal number or p:irllclp:ints char would bc in\oh·ed In rhc rc:sc:irch:

This resC3rch would be divided inro nvo phll.SCS. In the first ph.i.sc. air qunliry monirorins
"ould be carried our lll major rond inrerscc:rions within the Loe.ii Go\emmenr and cvcl}
rtSC3Kh panicipants (traffic and non-ll'Dffic police officers) \\Ould be c,pccred 10 compkre 11
qucst1on11Jin: and 1herc \\Ould be oboul 2S2 paniclpants. In lhc second ph:isc obour s�. of
!he p:u,kipnnts \\'Ould be enrolled. This ph11Sc 1nvohes on c,posurc 111w:hmcn1
(dttcnnina1ion or 1he amounl of p:inicularc mallcr inhaled b) rhc lraffic ,,-ordcns) :ind o lung
function test 10 dcrcrmine the cfficienc) or rhclr lung> Pha,e II ponicipanrs "ould be
trkctcd on ccrtllin cxclus1on and inclusion crirerin

Clf!ttlcd durarion: Inc n:sc.1rch 1s e,pccrcd to ral.c obour S monrhs

Rhk: Tiierc arc no risl.s in,olvcd for t.1l.1ng p;in in this srud) a\ c\el} prccnu1ion has been
l.llco 10 prevent this.

Cosr 10 p:ircicipants: rarticip:11ion in this study \\ill nol cost )OU 1111)1hlng

• ·11 be d I on p:itticin.•nts This ,,ill help )OU 10Benefits: Free lung function test ,,., c:arr,e ou ,- · 
lno.\ how efficient )'OUr lungs ore.

· I d \\OUld be g1\en code numbers o.nd noCoafidcnllallt): All inform:uion collcc:red 1n 111s SIU > 
cwncs will be: collccled.
, _ . . . 1� cnurely ,olunt.11') You \\ill not be paid an) recs\ol11•111rloc:ss: rar11c1p:11,on 1n this study. ., ,de 10 null our of this rc�.1rch )OUfor · · · · th' search J\l :10) 11mc 1( )OU uCC: 1 ·  part1C1J),lllon tn 1s re · 

�t some of rhe lnformo11on rhat h.i.s been
Illa)' do so ,virhout any consequence. Plcnsc n�

lh
tc
d

t 
n) ha,c been modified or used inb · hoosc 10 "1 rai, m o 14incd abour )OU bcfon: )OU c 

d on•morc lfo1\c1c:r the ,c\c:irchcr
,-. 

. . Th cannot be rcmo, c , .• ,.... .. and publlcallons. csc . ",shes as niuch as pos�1ble. 
p!om1scs 10 make good cfTon to cornply wirh your 

tcd inJUI') in rhe cou� of this proJcc:t.
Trea1mcn1 in r11se of lnjur): 1llen: IS no e�pc:c 
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ARtr IIIIC! �arch: The re.scorcher \\ ill · fi . . ,n °nn >OU or 1hc 
nc,os bullclln. Owing the course or  the h . 011tcomc o r  the research through 1
thll ma} 01Tcc1 )Our continued particin��on • )OU \\,fl( 

be mronned about any inronn:uion,,.. 1 or )Our health 

Jf !his rescan:h lends to any benefits, the her . . 

(lllltxl an} participants OO\\ or in the ru1u 
rcsc

bo
arc \\ ,11 J01ntl) O\\ n ii There is no pl.vi to

re n u1 nn> such bencfiu 

CoaOkl or lnlcrC$t: This �rch \ \ork is strict! . for . 
lhcrc 1s no con01c1 o f  intcrcsL 

> academic purposes, self-funded and

11ttmcn1 or pcnon obtaining lnformro co . 1 .. _ nscnl. na\C fully c,pla1ned this fCSCMCb 10 
• . • •• . • • • . • • . . • • . . • • . • • . •• . . 00 

inform1111on. including risks ond bencfiis ·;��-�. ·c·····:··fi· ad  
ha\c given sufficient 

• " an m onnc <f«is,on.

031(. ···································
···················· ············· 

········································· ·························· ····························

t1lcmcn1 or the person gh•lng inrormcd consent: 

I b:i\t reJd the dcscrip11on of the rescian:h. I understand th:u m) p.irticip;ition is \Oluntlll) I 
UIOI\ enough about _1hc purpose, methods, risl..s and benefit or the rt)C;UCh shid) 1o JUJ,e lh�•
I •:ant 10 tnl..e pan 1n 11. I understood 1ha1 I mil) rrcel) slop bemg p.in of 1hi� stud> 01 on) 
1i::1t I ha\ e read • copy of 1hc consent from 1111d add111onal shcc1 10 J.ccp ror m) self 

llate. • •••••••••••••••••••.••••••••••••• 

�llne . • • • • • •• • • • • •• • • 

. . ..•..•..•••••••............. 

... . 

Dttallrd conlncl iofor nulllon Including con111cf 11ddrcs1, ldrphonl'. t'-11111II and DR) 01bcr

COllacl information or r�l'an:bcr(s), ia11i1111lonal I lit£· ::inJ I ltnd or ln11i1u1ion: 

This �h h:i.s bel'n appro\cd b.> 1he He.11th Research E1hics Comm1ncc of the 1Jn1\ers11)

of lb;,dtu1 and University College Hospilill and the Ch.1irman of this comm1ua: clln be

CQll.1Cled 01 BIODE building, Room TIO. lad OOOI', lns111u1c for 1\d\anced �ledic:.11 Re.search

111d Training (J\1RA T). College of \ledicinc Un1\ers11) College llospi1:1I l:m.1il 

.!!!.UCh1ro-g \nhoo.com. If .)OU ha\c on) qucs11on about )Our p;in,cip.rtion '"1h1s rcsc;irch )ou

can COlll.1ct 1he Principal In\ es1iga1or, Olmujulo J O 01 the DcJ13I1men1 of [n\ 1ronr>cnt.al 

flcahh Sciences, College of l\ledicinc, Un1\ ersily of lb:id�n liis phone number and email

� a� 070)9)94)68 and j,Q__hne11eQ7ct1 \,rim c9m rc:�p«ll\cl) 'ou can .-il\O eont:1,t the

Head of Dcpanmcnt of El IS. College of \ledicinr. Un1\ t'rSII) of lbad:in 
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APPENDIX VI 

ETI llCA L APPROVAL 

INSTITUTE FOR ADVAUCEO MEDICAL RESEARCH ANO TRAIIIING OMRATI 
COWCiE OF MEDICINE, UNlvtllSIIY OF IIAOAH, IIAOAN, HIGE�IA. I•

,....,. lm••-vlGY•- com 

l:I I CII f(' Rc-i,-""' """'ba: 'lllll'CIOS'Olno•i.
/>OTIC'F or •-i Lt. AP PRO\ AL AITf!R ft LI CO�l\1n, l:t. Rt:\ ILW 

.,, Clt•NCl,,l:,tll'iHt .. ,o.,.,,.._, ,u, /JWIMl"-"n •• , AU4"'f� 
T,ejJlr ll•IJ•n• I• /wJe11 \'·-• r I•_, C 

•f•,__,.c, • .,,_.-,/
J ..... , .... -- .f",rw,a(ltl 

l I l Cit Clluo C unm.lXr .,1.,.a1 JIUll11'7: 1, llf.Clll 'II0:16
:0.-. "'l'rlnclJ"I to,-c:.11......, 01....,, J. OuaJJalo 
,\ololtc,,.,rl'ri,,.,,:w l�•�lp&or o.,,.,,,,n,, ort \1\1 Jt

C.-ll<'S" ul \lalcoc 
, ... , .... ,1011� 
l1*UA 

0.... of rr<.<lfl or •>liJ •Prb:l>tl"" lJ tn'201 I 

f)llt ol ""'' t!llll " ... nna1 dcWrfflu\ltia,,lt _,... cthl1. d •J"fl'O' al .. .u. � .\

Thu.., k> it\lonn 1nu lhal l.b.: r,-:11 .. i1 d,,..,.nloC\\ ta it. s:.f.-citiaS r"" � � mlli(UI f1.tN<i 

riJ ,•�rT -�pc"J u,f......U.."' -� .... lu •• "-'"' ,nip.., enJ I'" , /JI ,,-,.,,..J I? I,.

I I ( l // t,1ida I 0-1/1., 
tlu• • .,,.,......i J.IIC> ,,_ 1• �lJII 10 IJtJ(.':OIZ I ..-. u J<il1 u, ,..,..., llW ,.._,:.,

�-- irJ ..... \lw � 1 lCII lllun c.-, ... ._. il,OI u .. 1 ,,_ ur 1,>r.9Ul ..:.0 to1 .,, ..... J

a1t,,'Ut\1!0t;I) Nol.C' CUI,.., ,..,,_1pu.1 ai; ... ,wJ <tll ...-""') R,.1-r: !O tlu• f\.--.,,h _.> � n,n;u...JlillJ

��'it.1.: ,tC thnc: � ti/ ;14,..,,_,.,I "'*61111 ,.,,.,., ,.,,,J ,. '"' t.MJ _,, ,:.,r, :4.: I 1 UC 111 t 

,,r,r.1-s·--' ., __ .,J t•'l lll l<" ... ,..- "''" r,-', ,, d n�-;w,J U.S 1•••

10'=:-: ,_ -,:::I rt-r- •• "'<II a, 111 .....,.1,.,roo1 f,,. � I",,_ ...,._..,JI"' WI·� I l11 I<'

arly Ir. c:rjc-r 111� r�alUI ,aur ,r;,rr-:,1al"' ,,,•.JJ1'lf"-4'l•\)f'IC'l(\Nlf ,..,..,.:. 

th \,-.,,.ww/ ('a.I, Jvr lltJblt lb"..,'"' IJl&J,,.' ,,_ .. ,.,, >vr tc.t co-..,.-,(• "•6 .. U • ...,.,._.

� "'" ,.,,. -' .,p1,,1,,--' orlllo ,,., ,,,,,.,to/,,. (",,Ji,,.,,�·-� -..:J

,, h,•tt "'"' Oft rtJ•WttJ �f) tu llr l'Ll CJI Cl \." NfTl"I ...,_ pr,-1· .. ..,! M dw 
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