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ABSTRACT

In the months of May and June, 2008, about 20 deaths from CO poisoning
were reported in Nigeria national dailies. Ignorance and dearth of
information and data about this toxic substance have been suggested for
this ugly trend. In this study, a preliminary attempt was made to evaluate
the diurnal trend in CO generation and distribution at several road
junctionsand motor parksin Benin City. A dosimeter (in-situ method) which
uses an electrochemical sensor to measure ambient levels of CO was used.
At the 5 sampling locations created, very high CO concentrations were
measured with amean range of 14.8— 28.3 ppm. The 10.0 ppm statutory limit
set by the Federal Ministry of Environment, Housing and Urban
Development (FMEH& UD) was clearly exceeded.

Diurnal variationsinthe datawere significant (P < 0.05) with the highest CO
concentrations recorded in the morning hours. Spatial Variations were also
significant, with the highest mean CO load of 28.3 ppm measured at Sokponba
road junction. Vehicular exhaust wasidentified asthemain CO sourcein the
city. Frequent traffic jams resulting from poorly maintained roads, high
traffic density, unfavourable traffic handling, inadequate traffic discipline
and very low wind speed were identified aslargely responsible for the high
emissions, accumulation and low dilution and dispersion of the
generated CO.  © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

In the months of May and June 2008, about 22
deathsfrom CO poisoning wasreported in the Nige-
rian nationd dailieg*516192324, The cause of desth was
as aresult of suffocation by CO fumes from power
generating sets. InNigeria, electricity supply ishighly

erratic and epilepticwith aresultingincreaseintheuse
of generating setsasthemain source of eectricity and
consequently ahigher probability of CO poisoning.
Mortality and Morbidity rates in Nigeria rank
amongst the highest intheWorld, withtheaveragelife
expectancy currently put at 44 years*®. Before now,
most of the deathsin the country had been attributed
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mainly to malariaand complicationsfrom HIV/AIDS.
However, if thenew statisticsfor deathsfrom CO poi-

soning iscomputed and evaluated along side deaths

from other causativefactors, then urgent precautionary
measures would haveto be put in placeto stem this
new trend. Intervention programmes and policiesfor

CO control and abatement are difficult to formulate,

becauseavail ableinformation on atmaospheric (outdoor

and indoor) levelsof CO arerather very scanty. En-
lightenment programmesarea sodifficult todesignand
implement, becausethepopulationislargdyilliterate.

Thelack of information on CO statusin Nigeriaisat-

tributableto thefollowing factors:

(@ thehighcos of theNondispersoninfrared (NDIR)
continuousmonitor for CO, recommended by the
World Health Organi zation (WHO)2% and Nige-
ria Federal Ministry of Environment
(FMEH&UD).,
erratic and epileptic power supply, which renders
theuseof theNDIR near impossible.
non-availability of diffusontubesfor CO, asare-
sult of itslow solubility and
lack of trained personnel intheareaof air pollu-
tionstudies.

However, quitefortunately and timely, CO Dosm-

eter (BK precision CO monitor) was one of the air

qual ity monitoring equipment supplied throughthe as-
sistance of theWorld Bank to the Edo State Ministry
of Environment in Nigeriain 2004. Thesampler hasa

range of detection of 0 to 1000 ppm, accuracy of +

5%, responsetimeof < 70 sec and resolution of 1ppm.

Carbon monoxideisconsidered asilent killer be-
causeitisodourlessand colourlessmakingit virtually
undetectable. Carbon monoxidebindsreversibly with
haemogl obin and inhibit oxygen uptake. Long term

(chronic) exposureto low levels of CO may produce
heart disease and damageto the nervous system. Ex-
posure of pregnant women to CO may causelow birth

weight and nervous system damageto the of fspring ™.

Apart fromitslethality, COisanindirect greenhouse

gasthat increasestheamount of other greenhouse gases

and eventually oxidizesinto the main greenhousegas,

CO..

2Industri a plant exhaust, incompl ete combustion of
carbon containing fuels, smoking of cigarettes, burning
of waste, defective heaters, defective stoves, ovensand
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especidly vehicular exhaust arethemain anthropogenic

sourcegroup of COintheenvironment!™. Asaresult of

the hedth and environmental significanceof CO, this

study istherefore designed to:

() providebasdinelevelsof thispollutant inthe at-
mosphereof Benin City.

(i) toevauatethediurnd trend of thispollutant.

(i) toacquiredatafor comparisonto regulatory stan-
dards.

(iv) toprovidedatafor hedth practitioners, that would
engender epidemiologicd studies

(v) togeneratedatathat would assistinpolicy formu-

lation for the control and amelioration of CO poi-

oning.

METHODOLOGY

Sampling area/sites

Thisstudy wascarried out in Benin City, thecapita
of Edo Stateand lieswithinlatitude 6.5°N and longi-
tude5.8°E. Thecity isancient with apopul ation of about
1,137,770%9%, Theclimateof Benin City istropicd with
two major seasons, wet (April — October) and dry
(November —March). Rainfal ishimodal, pesking usu-
alyinJuly and September, with abrief dropinAugust.
Themeanannud rainfal is2300mm, whiletheaverage
temperatureis32°C. Themeanre ative humidity isabout
70%. Benin Cityisacommercia city with few petro-
leum and dliedindustries. Trafficvolumeishighinthe
city dl year round, becausethecity isagateway tothe
other partsof the county. Emissionsfrom heavily loaded
transport vehicles, badly maintai ned automobilesthat
runondiesda and leaded fud, industrial emissionsand
open burning of refuse areresponsiblelargely for air
pollution problemsinthecity. Previousair quality and
noi se assessment of thecity revealed excessivelevels
of suspended parti cul ate matter’? and noise burdent*Y,

In order to acquireacomprehensivebasdlinedis-
tribution of thispallutant in the city, fivesampling Sites
were carefully created to represent all the quarters of
the City withhighair pollution sources. Thesiteswere
created at roadside verge, junctions and motor parks.
TABLE 1 representsthe monitoring sites, description
and their coordinates. The monitoring Steswere Geo-
referenced by using GARMIN GPSMAP 765 Chart
plotting Receiver.
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TABLE 1: Sampling sites, description and their coordinates

SiteCode  Co-ordinates Site Description

Site created 4m from Agbor motor park.
N 06° 21.003'

AQAP E 005° 39.643' A busy park with high traffic volume
per day of about 2200 cars/hour.
AQRR N 06° 20.440' Sampling site created 4m from Ring road
E 005° 37.339' with atraffic Census of about 3,200cars/hour.
This sampling station was created 3m
AQNB N 06° 20.939' from New Benin road junction with very high
E 005° 37.925' and chaotic traffic jam almost al day long
of about 3500 cars/hour.
Site created 3m from the very busy road junction
N 06° 20.631 nd ! N . .
AQEC E 005° 38.237 -2" East Circular road junction with traffic
' volume of about 2,000 cars’hour.
Sampling location created 3m from Sokponba road
N 06°19.243 . . . . .
AQ SR junction by Ekiosa Market with Traffic volume of

E 005° 38.240'
about 4,200 cars/hour.

CO Sampler and thesampling procedure

The CO concentrationswere measured usingaCO
dosimeter (model 627, BK Precison USA). Thissam-
pler hasarangeof 0to 1000 ppm, withasenstivity of
1 ppm, an accuracy of + 5%, operating temperature of
010 40°C and operating rel ative humidity of 15to 90%.
It isequi pped with asensor which hasan € ectrochemi-
ca sensing e ectrode and acounter e ectrode. Thesen-
sor hasapermanent irrepl aceabl efilter builtinsidethe
sensor tofilter out trace concentrations of SO,, NO,
and most hydrocarbons. CO gasdiffusinginto thesen-
sor reactswith the specia catalyzed sensing electrode
to producedectrons. A built-incircuit, anplifiesthesg-
nal intoamillivolt output whichisdisplayedonaliquid
crystd display (LCD) Pandl, front of theinstrument as
CO concentration in ppm. The CO monitor wascali-
brated before deployment and during the monitoring
exercise by ensuring that the zero and span of the do-
smeter werechecked at regular intervasusing zero air
and astandard CO concentration.

Thissampling approach has been used by several
authorg512%1 becauseof thefollowing positiveattributes:
low cogt, high accuracy and sengitivity, no specid train-
ing before usage, direct readout, widespatial coverage
and itsindependent on e ectricity.

Samplingroutine

Continuous CO measurementswerecarried outin
the dry season months of November 2006 - February
2007. CO concentrationswere determined haf hourly
fromthehoursof 8.00 am. - 7.00pm, four timesaweek
for atota of 16 weekssampling period at thefivecre-
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ated monitoring sitesat aheight of ~1.5—2.0m.

Air temperatures and humidity were measured Si-
multaneoudy before and after CO measurementsusing
RS Humidity/ Temperature meter, with resol utions of
0.1% RH and 0.1°C (model RS 1364, RS compo-
nentsLtd, UK). At the sametime, wind speedswere
measured usngan LM -8000Anemometer (Heatmiser
UK) with aresolution of 0.1ms?.

Satistical analysis: Microsoft office excel 2007
& SPSS/6.0

The“AnalysisTool Pak” availablein Microsoft Of -
ficeExcel 2007 provided dataandysistoolsfor Satis-
tical and engineering analysis. It is the Excel 2007
“AnaysisTool Pak that was used intheanaysisof the
CO datacollected. Totest for significant differencesin
thelevelsof CO obtained for different periodsin each
location, the one-way ANOVA was conducted. In or-
der totest the significance of theinteraction between
period and | ocation atwo-way ANOVA was a so con-
ducted (TABLE 4).

RESULTSAND DISCUSSION

This study, designed to acquire baseline CO data
inapopulated city, would ultimately assst in providing
objectiveinputsto air quality management, trafficand
land-use planning and i nforming the public about air
qudity and thedanger inherent initsdeterioration. Car-
bon monoxide dataobtained in thisexercise are pre-
sentedinFguresland 2and TABLE 3. Themeasured
meteorological dataareshownin TABLED.

Diurnal variationsand ambient levelsof CO

TheNigeriaFederd Ministry of Environment Statu-
tory limitfor COis10.0 ppm (11.4 mgm3)i®, TheWorld
heal th Organi zation'® and United States Environmen-
tal Protection Agency™?® regulatory limitsfor the same
pollutant is9.0 ppm (10.0 mgm3). At dl thesampling
stations created and at the different times of the day,
thesethreshold limits were exceeded. However, the
degreeof deviationsfromtheselimitsvariedfor thedif-
ferent periods of theday. In Nigeria, itiscustomary to
classfy theday into threetimezones— morning (from
dawn to 12.00 noon), afternoon (12.00 noon to
4.00p.m) and evening (4.00p.m. to 7.00p.m). Inthis
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study, these classificationswere upheld, so asto iden-
tity critical pollution period of the day and then pre-
scribe possi ble mitigation measures. For dmost dl the
sitescreated, the highest CO concentration, weremea:
sured inthemorning hours (Figure 1). For example, at
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Figurel: Diurnal distributionsof CO levels
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Agbor Park sampling area, themorning hours CO range
was 9.0-45.3 ppm, whilethe afternoon and evening
ranges were 5.5 t0 8.3 ppm and 6.0 — 18.3 ppm re-
spectively. At ring road sampling station, themorning,
afternoon and evening CO ranges were 18.3 - 35.5
ppm, 10.8 - 21.5 ppm and 11.9 - 21.5 ppm respec-
tively. Similar trendswere observed for the other three
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sampling locations. Quiteworrisome, isthe observa-
tion that themean CO load cal culated for the different
periods of theday and the different sampling sitesex-
ceeded dl theavailable national andinternational CO
datutory limits.

Theresultsof thesinglefactor ANOVA analysis
(TABLE 2) of the CO datagenerated at the different
times of the day, revealed significant statistical differ-
ences (P<0.05) for Agbor park, New Benin, 2™ junc-
tion and Sokponba road sampling sites. Factorsre-
sponsiblefor theobserved diurnd variationsinthe CO
digributionsinclude: (i) differencesinloca urbantraffic
volumeat thedifferent timesof theday, (ii) trafficflow
and (iii) meteorol ogical condition.

Usualy, over 90 percent of the COincity centres
comesfromvehicles” andin Benin City, trafficvolume
areat itsmaximum during themorning hoursasaresult
of therush to get to the offices, schools, and the city
marketsthat are built around bus stopsand road junc-
tions. Theseearly morningsrush, arefurther compli-
cated by frequent traffic jamsresulting from the high
traffic density, poorly maintained roads, unfavourable

TABLE 2: Singlefactor ANOVA for Diurnal distributionsof
COleves

Agbor park
Soal:irgﬁg; SS df MS F P-value  F-crit
Between Groups 1281.333 2 640.6667 9.905253 0.0003322 3.2381
Within Groups 25225 39 64.67949
Total 3803.833 41
Ring road
Soal:irgﬁg; SS df MS F P-value  F-crit
Between Groups 188.9048 2 94.45238 2901649 0.0668675 3.2381
Within Groups 1269.5 39 32.55128
Total 1458.405 41
New Benin
\S/Oal;ir;?grf] Ss df MS F P-value  F-crit
Between Groups  2813.19 2 1406.595 28.49408 0.00000002 3.2381
Within Groups ~ 1925.214 39 49.36447
Total 4738.405 41
2nd Junction
Soal:irgﬁg; SS df MS F P-value F-crit
Between Groups 579.4762 2 289.7381 7.533908 0.0017118 3.2381
Within Groups ~ 1499.857 39 38.45788
Total 2079.333 41
Sokponba road
\S/Oal;ir;?grf] Ss df MS F P-value  F-crit
Between Groups  7192.333 2 3596.167 21.95604 0.00000041 3.2381
Within Groups ~ 6387.786 39 163.7894
Total 13580.12 41
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traffic handling and inadequatetraffic discipline.

Atringroad samplinglocation, thediurnd variation
in CO distribution wasfound to beinsignificant (P>
0.05), (TABLE 2). Thissuggestsuniformity intraffic
volumeand flow at thedifferent period of theday. This
assumptionisvalid, becauseloca and transit traffic,
passthrough this part of the city. Consequently, traffic
volumeandjamishighall daylongat thislocation. The
observed excessive enrichment in CO levelsand the
differencesinitsdiurnal cyclein 80% of the sampling
stesiscongstent with previousfindings? in Lagos, the
forma capitd of Nigeria. Intheir study, higher COlev-
elswere measured in the morning hoursand thisthey
attributed to increased traffic at that time of the day.
Similarly, they observed and reported the non-compli-
ance of the obtained CO data with the statutory 10
ppmregulaory limit. Just asobservedin Benin, most of
theidentified CO pollutionin Lagoswascaused by traf-
fic; highand unfavourabletraffic handlingand discipline.

Furthermore, smilar studiesinanAustrian Valey*?
and aresidential areain Kuwait!, observed the same
diurnal trendin CO distribution, with the highest load
measured during the rush morning hours. However,
unlikein our study, relatively low CO concentrations
weremeasured and reported in thesecities. In Kuwait
thereported minimum and maximum CO values, were
0.0ppm and 19.77 ppm respectively, with amean of
1.93 ppm. InAustrian Valey, themean CO rangewas
0.10- 1.40 ppm. In our study, the minimum and maxi-
mum CO valueswere 1.0 ppm and 84.0 ppm respec-
tively. Our reported CO vauesareseverd factorshigher
that theva uesobtained in Kuwait and Austriathat are
more (urban) devel oped with moreindustriesand higher
traffic density and frequency. Thefirst factor whichis
probably responsiblefor lower CO levelsin Kuwait
andAudtriathanin Benin City, isbetter traffic handling
and discipline. Trafficjamsand chaoswhich eventualy
lead to the high accumulation of CO inthe atmosphere
are better managed in the devel oped cities of Kuwait
andAudtria

Secondly and moreimportantly, istheinfluence of
wind speedinthedispersionand dilution of theemitted
CO. Generdly, seriousair pollution episodesin theur-
ban environment arenot directly caused by suddenin-
creasesin the emission of pollutants, but result from
unfavourablemeteorological conditions. InBenin City,

Pollution from motor vehicles in an urban centre in Nigeria
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wind speedisgeneraly low all year round. For most
time of the day thewindisstill. In thisstudy, awind
speed range of 0.0 - 1.5 ms* wasrecorded at all the
created sampling sites(TABLE 5). Thisunfavourable
wind condition may have reduced the ability of the at-
mosphereto dispersethe high dose of emitted CO. At
Kuwait and Austria, wind speedsarehigher and Abdul-
wahab and Bouhamra® found intheir study, amarked
drop in the mean CO concentrations with stronger
winds. Theinverserel ation between wind speed and
pollution level s resulting from traffic have been re-
ported48131,

Spatial variations

The maximum, minimum and mean CO concentra:
tionsobtained for thedifferent sampling Sitesare shown
inTABLE3.

TABLE 3: Mean CO levelsmeasured at thesampling sites

CO Concentration in ppm
Site Code No of

Max. Min. Mean SD Samples
Agbor Park AQAP 56 4 15 134 1,024
Ring Road AQRR 52 9 203 36 1,024
New Benin AQNB 43 1 187 18 1024
2" Junction AQEC 45 7 148 55 1,024
SokponbaRoad AQSR 84 9 283 211 1,024

Spatia variationsinthe CO datawere significant
(P<0.05) (TABLE 4), with the highest mean concen-
tration of 28.3 ppm reported for Sokponba Road sam-
pling station. The next sitewith the highest mean CO
load was Ring Road with amean value of 20.3 ppm.
Theleast mean concentration of 14.8 ppm was calcu-
lated for 2 Junction sampling site. Factors respon-
siblefor gpatia variationsinurbanair pollution, which
could also beresponsiblefor theobserved spatia dis-
tributioninthe CO levels, areemissionrate, emission
strength, emission conditionsand atmospheric disper-
sion conditiong?.

TABLE 4: Two-Factor ANOVA With Replication for Spatial
variationsin CO levels

Sour ce of

Variation SS df MS F P-value  Fcrit
Location 2961.8 4 74046 49638 0.0009 2.4363
Period 389.39 13 29.953 0.2008  0.9988 1.7907
Interaction 4386.7 52 8436  0.5655 0.99 1.4353
Within 20884 140 149.17
Total 28622 209
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All thesampling Siteshad identical dispersion con-
ditions, characterized by low wind speed, highambient
temperature and humidity (TABLE5). Thevery low
wind speed of between 0.0— 1.5 ms?* hasa ready been
explained asbeen responsiblefor the poor dispersion
anddilution of CO at thesampling Sites.

TABLE5: Meteorological Data Captured during the sam-
pling exercise

Ambient Temp. Relative Humidity Wind Speed
Sampling Site (°C) (%) (m/s)

Range Mean Range Mean Range Mean
Agbor Park 29.1-31.3 30.3 68.2-82.3 77.9 0.0-0.7 0.3
Ring Road 28.0-32.2 30.1 68.4-80.4 76.6 0.0-0.9 0.4
New Benin 27.9-32.2 31 67.3-73.7 723 0012 0.6
2" Junction 28.3-334 30.9 68.4-78.0 69.4 0.1-1.5 0.5
SokponbaRoad ~ 27.2-36.3 324 63.9-74.4 65.8 0.0-0.8 0.4

In our study, vehicular exhaust wasidentified asthe
major source of CO intheatmosphere. Consequently,
theidentified significant spatid variationsintheobtained
CO datacould beattributed to thedifferencesintraffic
frequency at thedifferent sampling Sites. Traffic census
conducted inthisexercise, showed differencesintraffic
density at the different sites. For instance, Sokponba
Road monitoring sitewith the highest traffic census of
about 4,200 cars/hour (TABLE 1), equaly recorded the
highest mean CO concentration. Thistrend wasobserved
for the other sampling locations. Thispositive correla-
tion between traffic dendity and an air pollutant had ear-
lier been reported®! for the city under assessment.
Mean CO valuesand guidelinelimits

InNigeria, thereareair qudity guiddinesput inplace
inorder to control and reduce theimpactsof air pollu-
tion on human health aswell as other negative conse-
guencese.gvegetaion damage, climatechangeetc. The
nationd daily thresholdfor COis10.0 ppm (11.4 mgnT
)8, TheWHO regulatory limit for thesamepollutant is
9.0 ppm (10.0 mgm®)28, The measurement campaign

30 4
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Figure 4 : Observed CO concentration versusregulatory
gandard
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presented herein, showsthat theselimitswereclearly
exceeded at all the sampling sites. Thisobservation
therefore solicitsfor urgent precautionary measures.

For instance, in Cairo, CO concentrations greater
than the WHO guidelinesfor air quality valueswere
recorded in streets having moderate-to-heavy traffic
densitiesinresidential areasand inthecity centrel®.
Theseconcentrationsresulted inhigh leve sof carboxy-
haemogl obin (COHD) intheblood of traffic policemen,
sometimes reaching more than 10%. The Cairo study
asofound asignificant direct relationship betweenis-
chemic heart diseaseand COHb level in Cairotraffic
policemen. A recent report concludesthat CO ex-
posure can lead to significant loss of lifespan after ex-
posure due to damage to the heart muscle”. As al-
ready indicated Nigeriahas one of thelowest average
life expectancy (44 years) intheworld. Theideathat
CO poisoningisacontributor to theabysmal low life
expectancy inthis country, can therefore not be com-
pletely jettisoned, especially when sitesused for this
study are heavily populated by petty traders, hawkers
and transporters, who spend severd hoursdaily at these
locations.

Furthermore, COisanindirect greenhousegasthat
hasthe potentid to increasethe amount of other green-
house gases(methane), and eventud |y oxidizesintothe
maingreenhousegas, CO,. Thus, contributingindirectly
to the Global climate change and its attendant conse-
quences.

CONCLUSION

Thisstudy evaluated thediurnal variation of CO, a
criteriapollutant inalargetropicd city. It wasobserved
that the baselineambient level of CO inthiscity ex-
ceeded the avail able nationd and international regula
tory limits. Thistherefore callsfor urgent precautionary
measures, so as to protect the populace against the
adverseimpactsof CO pollution. Diurnal variations
were noticed in the data generated, with the highest
concentrationsrecorded during themorning hours. Ve-
hicular exhaust wasidentified asthemain sourceof CO
inthecity. Frequent trafficjamsresulting from high traf-
ficdengty, unfavourabl etraffic handling and inadequate
traffic disciplinewereidentified asbeing responsiblefor
the high accumulation of CO inthesitescreated. The
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prevalent low wind speed in the city was al so observed
to beresponsiblefor the poor dilution and dispersion
of theemitted CO. Thiswork waslimited by theinabil-
ity to capture the night time CO levels as aresult of
security risksand a so theinability to extend thisstudy
to other citiesin Nigeriaattributed to financial and lo-
gisticshandicaps.
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