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Key QuestionsKey Questions

Are vehicle emissions contributing to Are vehicle emissions contributing to 
elevated levels ambient pollution in elevated levels ambient pollution in 
Abuja?Abuja?

If yes, is there evidence that this is If yes, is there evidence that this is 
impacting health?impacting health?
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Traffic PollutantsTraffic Pollutants
NONOxx: respiratory disease, reduced lung function: respiratory disease, reduced lung function

COCO: nausea, lightheadedness, fainting, death: nausea, lightheadedness, fainting, death

SOSO22: eye and mucosal irritation, reduced lung function: eye and mucosal irritation, reduced lung function

PbPb: neurobehavioral consequences, reduced IQ: neurobehavioral consequences, reduced IQ

ParticulatesParticulates: reduced lung function, lung cancer, mortality: reduced lung function, lung cancer, mortality

VOCVOC’’ss: carcinogens, reproductive toxicants, ozone: carcinogens, reproductive toxicants, ozone

Significantly higher health effects in exposed v. unexposedSignificantly higher health effects in exposed v. unexposed



Factors Related to High Pollution Factors Related to High Pollution 
and Health Impactsand Health Impacts

UrbanizationUrbanization

Vehicle Profile Vehicle Profile 

Fuel CompositionFuel Composition

Population VulnerabilityPopulation Vulnerability



Comparison of Factors: Comparison of Factors: 
SubSub--Saharan AfricaSaharan Africa

FactorFactor United StatesUnited States SubSub--Saharan Saharan AficaAfica

UrbanizationUrbanization 81%, 1.5% annual81%, 1.5% annual 40%, ~4.6% annual40%, ~4.6% annual

Vehicle MaintenanceVehicle Maintenance Emission Testing, Emission Testing, 
Catalytic ConvertersCatalytic Converters

Imports, Imports, 
SuperSuper--emittersemitters

Sulfur content in FuelSulfur content in Fuel 15 15 ppmppm 500 500 –– 10,000 10,000 ppmppm

Malnutrition Malnutrition ~1%~1% ~ 33%~ 33%



Abuja, Nigeria



Why Abuja?Why Abuja?

Luce Fellowship Luce Fellowship –– TolaTola

Rapidly developing cityRapidly developing city

Absence of industryAbsence of industry

No monitoring dataNo monitoring data



SOSO22, NO, NO22, and CO Standards, and CO Standards

CompoundCompound Health EffectsHealth Effects
WHO Guideline  WHO Guideline  

((ppmppm))

Nigerian Nigerian 
Ambient Ambient 
Standard Standard 

((ppmppm))
Averaging Averaging 

TimeTime

Carbon Carbon 
MonoxideMonoxide

Headache, Headache, 
weakness, weakness, 
dizziness, fainting,dizziness, fainting,
confusion, and confusion, and 
nauseanausea

2626 3535 1 hour1 hour

Nitrogen Nitrogen 
DioxideDioxide

Aggravation of Aggravation of 
asthmaasthma
and allergies, and allergies, 
coughing, coughing, 
shortness of breath, shortness of breath, 
increased increased 
respiratoryrespiratory
infectionsinfections

0.100.10 0.040.04--0.060.06 1 hour1 hour

Sulfur Sulfur 
DioxideDioxide

Change in lung Change in lung 
function,function,
difficulty breathing,difficulty breathing,
aggravation of aggravation of 
respiratoryrespiratory
diseases, eye diseases, eye 
irritationirritation

0.1750.175
--

--
0.10.1

10 min10 min
1 hour1 hour



Key QuestionsKey Questions

Are vehicle emissions contributing to Are vehicle emissions contributing to 
elevated levels ambient pollution in elevated levels ambient pollution in 
Abuja?Abuja?

If yes, is there evidence that this is If yes, is there evidence that this is 
impacting health?impacting health?



Abuja BackgroundAbuja Background
• Federal Capital of Nigeria (1991)

• Population: estimated 4 million

• Purpose-built city: four phases of 
development to ensure sustainability

•900 vehicles registered/week

•Air pollution not considered a priority



Study LocationsStudy Locations
6 major intersections 6 major intersections –– highest volume of traffichighest volume of traffic

Traffic wardens presentTraffic wardens present

5 districts with unique characteristics5 districts with unique characteristics

66thth site: newly built overpasssite: newly built overpass



Methods Methods -- MonitoringMonitoring
•Qualitative observations

•NO2, SO2, and CO

•Avg. 1-hour continuous monitoring

•Morning, low traffic hours

•Afternoon, high traffic hours

•3-4 trials per location and time of day



Methods Methods -- QuestionnaireQuestionnaire
•Traffic wardens – high exposure group

•Developed in consultation with the Abuja Environmental 
Protection Board (AEPB)

•Created to assess: 

•1 - health status of traffic wardens

•2 - effects of traffic and season on reported symptoms

•3 - opinions of air quality in the city 

•Reported symptoms because no medical records

•Interview with AEPB member on site July 4th - August 7th

•Remaining questionnaires delivered to police headquarters

•Initially separated by gender, smoking status



ResultsResults

•Strong odor (sulfur)

•Black and white smoke

•Dust

•Constant noise

•Personal health effects (?)



CO and SO2 ConcentrationsCO and SO2 Concentrations
LocationLocation Time of Time of 

DayDay
CO (CO (ppmppm))
[26ppm [26ppm --1hr]1hr]

SO2 (SO2 (ppmppm))
[0.1ppm [0.1ppm --1hr]1hr]

MoshoodMoshood AMAM 2424±±44 0.40.4±±0.20.2

PMPM 3232±±1010 0.90.9±±0.30.3

AYAAYA AMAM 1818±±44 0.40.4±±0.20.2

PMPM 3838±±2020 1.01.0±±0.60.6

WuseWuse AMAM 1212±±33 0.40.4±±0.10.1

PMPM 1616±±66 0.40.4±±0.10.1

SecretariatSecretariat AMAM 1212±±11 0.10.1±±0.10.1

PMPM 1919±±22 0.30.3±±0.10.1

British CouncilBritish Council AMAM 2020±±33 0.30.3±±0.10.1

PMPM 1919±±44 0.50.5±±0.10.1

Berger Berger JxnJxn AMAM 1414±±33 0.40.4±±0.10.1

PMPM 1919±±88 0.50.5±±0.20.2
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Prevalence of Reported Symptoms in Traffic WardensPrevalence of Reported Symptoms in Traffic Wardens
Reported Reported 
SymptomsSymptoms

NonNon--smokers smokers 
(n=142)(n=142)

Smokers (n=24)Smokers (n=24) Combined (n=166)Combined (n=166)

Asthma AttackAsthma Attack 22 00 22
HeadacheHeadache 4242 5858 4545
CoughingCoughing 2323 4646 2626
Shortness of BreathShortness of Breath 11 00 11
WheezingWheezing 11 00 11
Body Ache/FatigueBody Ache/Fatigue 3232 5050 3535
Eye IrritationEye Irritation 1515 44 1414
NauseaNausea 11 88 22
Chest PainChest Pain 1414 2121 1515
Sore ThroatSore Throat 88 44 88
Runny NoseRunny Nose 1515 2121 1616
Lightheadedness or Lightheadedness or 
FaintingFainting

66 44 66

Symptoms per Symptoms per 
IndividualIndividual

1.61.6 2.22.2 1.71.7

Reported SymptomsReported Symptoms



Work, Season, and TrafficWork, Season, and Traffic
Reported Effects of Work, Season, and Traffic on Reported Effects of Work, Season, and Traffic on 
SymptomsSymptoms

% Respondents% Respondents
Effect of Work  (n=109)Effect of Work  (n=109)
Symptoms ImproveSymptoms Improve 3030
Symptoms Get WorseSymptoms Get Worse 4949
No EffectNo Effect 2121
Effect of Traffic (n=108)Effect of Traffic (n=108)
Morning, high trafficMorning, high traffic 1717
Afternoon, low trafficAfternoon, low traffic 1111
Late afternoon, high trafficLate afternoon, high traffic 3939
No EffectNo Effect 3333
Effect of Season (n=110)Effect of Season (n=110)
DryDry 4242
RainyRainy 3030
No EffectNo Effect 2828



Difficulties and LimitationsDifficulties and Limitations

•Recalibration not possible

•Machine malfunction / lost power

•Rainy season only

•Reliability of questionnaire data

•No control group



Health ImplicationsHealth Implications

SOSO22: : runny nose (16%), chest pain (15%), runny nose (16%), chest pain (15%), 
coughing (26%), eye irritation (14%)coughing (26%), eye irritation (14%)

CO: CO: headaches (45%) and fatigue (35%)headaches (45%) and fatigue (35%)

Chronic ExposureChronic Exposure

Instantaneous concentrationsInstantaneous concentrations



General Conclusions

Vehicle emissions are a significant Vehicle emissions are a significant 
contributor to air pollution and should contributor to air pollution and should 
be a priority of research and policybe a priority of research and policy

Health effects cannot be determined Health effects cannot be determined 
because of study limitations, BUT it because of study limitations, BUT it 
seems likely that the impact is seems likely that the impact is 
significant and warrants further significant and warrants further 
researchresearch



RecommendationsRecommendations
PolicyPolicy
•• *** Sulfur reduction of fuel ****** Sulfur reduction of fuel ***
•• Technology implementationTechnology implementation
•• Vehicle import regulationsVehicle import regulations
•• Include satellite townsInclude satellite towns

Immediate ActionsImmediate Actions
•• Protect warden health Protect warden health –– face masks, shift face masks, shift 

rotations, antioxidantsrotations, antioxidants
•• Target commercial vehiclesTarget commercial vehicles
•• Awareness campaignAwareness campaign



Future ResearchFuture Research

Health status of traffic wardensHealth status of traffic wardens
CO levels, lung function, BLLCO levels, lung function, BLL
Edit questionnaires, use control groupEdit questionnaires, use control group

Air quality dataAir quality data
seasonal variations, particulates, modelingseasonal variations, particulates, modeling

Public health impactPublic health impact
GIS mapping of pollutants, epidemiological GIS mapping of pollutants, epidemiological 
studies (studies (ieie. hospitalization w/ pollution levels). hospitalization w/ pollution levels)
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