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Abstract

The quality
P .
g\;]dt’.\'. ni
hea

Nigeria. Th

of ambient air is determined by the extent . , .
O TR ot s e i
trogen Oxxdes and lead exposure as toxic and injurious because (;f their potentials to ca;ucsiro ;); : monox1§e, sulphur
|thproblems. This study examines the toxicity potential of criteria ambient air pollutants in selected ;grizg‘:;rious hl;man
¢ data for the study include five-year data of criteria pollutants for selected areas of Lagos and Woa;lgd0 ;{et:ltte};

Organization (WHO) guideline values of criteria pollutants. Data analysis adopted the use of Toxicity Potential Model for

the calculation of the tox1

icity potential of the criteria pollutants. GIS procedure was employed to produce a map showing

the spatial pattern and hotspot areas of criteria pollutants. Criteria pollutants in the study area were also compared with the

WHO standards wit

t1atPM. ., PM,, SO, and NO, in Lagos areas clearly exceeded the benchmark setb
wlow the WHO standards. The toxicity potential values for PM, ., PM,, SO, and
uity while the values for CO and O, are lesser than unity which indicates that such
narm to people and hence should be avoided. The study recommends t

stould harmonize efforts, resources and 1deas towards effective planning,
tants to which urban resi

:g.n[rol 2nd ameliorate the presence of these pollu
eliects from such exposures.

h a view to determining areas of excessive pollution and toxicity potential in the area. The study reveals

y WHO. Furthermore, CO and O;are well
NO, in the area of study are greater than
concentration has a tendency of causing
hat governments, and other stakeholders in health
monitoring, and provision of facilities that could
dents are exposed thereby reducing the health

keywords: Ambient air, Pollution, Health, Toxicity, Criteria pollutants

Iy oduction

:,I:Ln?z?hty of ambient air is determined by the
e who ep 9””“00 of the gnv1ronment. Pollutllo'n.on
g CIS caused principally by human activities,
The ite dag also be a natural process (Dara, 2004).
(Uspy 20;ates Env%ronmental Protection Agency
oy, éﬂte 12) classified air pgllutants into two
ey pol tia and hazardous air pollutants. The
ey on Utants are those that can have adverse
Fan, at €alth and the environment. They include
phy, ¢ matter, oxides of nitrogen, oxides of
lpb““ta' sCarbOn (I) Oxide and lead. Criteria
11y (O%ic and injurious 0 health. Apart
uoduc Natura] presence in air, they can be

Into the air by various types of
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anthropogenic activities such as incomplete

combustion from engines, bush-burning, electricity

generating plants. decaying of accumulated organic

and domestic wastes, and other industrial processes

(Raheem and Amole, 2015).

a critical reflection of the ambient

relative to the potential to

inflict harm on the environments (WHO, 2002). Air

is said to be polluted when there is 'the presence 1n the
outdoor atmosphere of one or more contaminants
such as dust, fumes, gas, mist, odour, srpoke, or
yapour in such a characteristics z}nd dt_lrgthn as to
make them actually or potentially 1njurious .to
human, plant or animal life, or property or .whxch
interferes with the comfortable enjoyment of life and

Air quality can be
atmospheric pollution,
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property' (World Bank, 1978). Human health is
threatened with diseases and early mortality
particularly in emerging economies facing rapid
industrialization and urbanization like Lagos.
Epidemiological studies of occupational diseases 01
the working population had shown negative effects
of the environment on people working in a
contaminated environment over a lifetime of
employment (The MACBETH project 1999, and
Samoli, E. 2003). According to WHO (2014), by
reducing air pollution levels, countries can reduce the
burden of disease from stroke, heart disease, lung
cancer, and both chronic and acute respiratory
diseases, including asthma. Moreover, reduction in
outdoor air pollution also reduces emissions of CO,
and short-lived climate pollutants such as black
carbon particles and methane, thus contributing to
the near and long-term mitigation of climate change
(WHO, 2014).

Air quality has a strong link to human health and
wellbeing as shown in many studies (Zhu et al. 2002,
Parakash, et al. 2006). The rapid expansion,
population increase and transformation of the Lagos
city, one of the most industrialized cities in the world
have contributed to its present polluted states.
Akinola et al. (2014) posited that the increasing
human activities, especially industrial and vehicular
emissions are posing great environmental challenges
that have resulted in loss of life and destruction of
properties in the state. The overall effects of air
pollution on Lagos residents and environments
contribute to drag in the efforts for its most
sustainable programs (Akinola et al. 2014).

Statement of the problem

According to Brunekreef (2005), ambient
particulate matter levels in cities of developing
countries including Nigeria are generally much
higher than in developed countries because of
dispersed heating with small-scale solid fuel use,
uncontrolled industrial emissions, and the large
numbers of non-catalyst two-stroke engine vehicles.
Ediagbonya ef al. (2012) posited that atmospheric
environmental problems, had previously received
scanty attention in Nigeria but have become a subject
of increasing importance. Air pollution is a major
threat to human life and most people inhale
pollutants while at home or commuting to work
irrespective of the mode of transportation
(Ekpenyong et al. 2012). Depending on the dose and
the exposure time, these pollutant gases have the
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reaching adverse health effects

potential to cause far :
affect the respiratory and

in man, but prmcipall_v
cardiovascular systems.

The World Health Organization (2002), argued that
about 2.4 million people worldwide (including about
93700 Nigerians) die each year from causes directly
attributable to air pollution. Akinola ef al. (2014)
posited that studies have shown that in Lagos state
Vehicular Emissions are the highest point source
contributors of carbon dioxide (CO,) into the
environment, followed by the manufacturing
industries. Unending traffic jams in Lagos
metropolis results in commuters spending several
unproductive hours in traffic and increased avoidable
emissions of CO, and other pollutants. A study
conducted by the Lagos Metropolitan Transport
Management Authority (LAMATA) on air quality
between 2003 and 2007 indicated that vehicular
emission contribute approximately 43% ambient air
pollution in Lagos. The continuous expansion,
population increase and transformation of the Lagos
city have contributed to its present polluted states.
However, assessment of the effect of air pollution in
developing countries 18 difficult because of a lack of
cohesive air quality policies in combination with
poor environmental monitoring and a paucity of
disease surveillance data (Briggs, 2003). Therefore,
this study becomes imperative in examining the
hotspot areas and toxicity potential for criteria
ambient air pollutants in selected area of Lagos State.

Study Area

Lagos State is located between latitudes 6°.35N to
6.58°N and longitudes 3°.45E to 3.75°E of the
Greenwich meridian in the south western part of
Nigeria. The state has a tropical wet and dry climate
with an all year-round precipitation in many parts of
the state. Wet season is characterised by a double
maximum of rainfall usually from March to July and
the other in late August to early September. A dry
spell may occur from late September to early
November, The annual mean rainfall is between
1381.7mm and 2733.4mm in recent time from on¢
location to another. The maximum temperature
ranges between 29°C - 34°C, the lowest being in the
month of July and the highest in February and a
minimum temperature varies between 24°C -28°C.
The relative humidity varies seasonally with an
average of 70% throughout the year.

The vegetation of the study area is made up of tWO
types namely; swamp forest of the coastal belt and
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wland rain forest. The swamp forest is a
dry "_’ ation of mangrove forest and coastal
Cuml’”?“n developed under the brackish conditions
vcjé»‘““”"o,lqml areas, swamp fresh water lagoons and
of ‘h‘t.f‘ Lving to the north of the swamp forest is
Csumnf]ii'nd'(II‘OPica]) rain forest zone and Stretches
the IO\; :q through Ikorodu. The economic valuable
t‘mnﬂ ZL as teak, tripochiton, seletrocylon (arere),
(rcc.tl.\;l diderrichil (opepe) and terminahia (idigbo)
pancle to be found in some parts of the study area.
can l’ff State occupies an area of 3,577 square
L.agOS tres, which represents 0.4% of Nigeria
kilome . \;vith a marine shoreline of about 180km
landﬂ;?;g inland to a maximum distance of aboyt
‘2;\62 Lagos is the most populous city in Nigeria,
S];e Isécond fastest-growing city in Africa and the
seventh in the world (wwwlagosstate:gOV.ng)~ b
i\IPC (2016) estimates of the population of Lagps
state was 21 million, making Lagos the largest City in

Africa.

The study area accounts for over 60% of the
federation's total industrial inyestment and t}}e
largest concentrations of industries can be found n
Ikeja, Alimosho and Kosofe local go.vernmer%t areas
(www.lagosstate.gov.ng). Other specific locations of
numerous 1industries include Apapa, Surulere,
Shomolu, Mushin, Oshodi-Isolo, Agege, Amuwo
Odofin, and Tkorodu among others. See fig. 1 for the
map of the study area.

The aim of the

Materials anqg Methods
Data required and sources

matter (PM , PM,;), ground leve] 0zone, carbon
monoxide, sulphur oxides, nitrogen oxides and lead
These pollutants are critical because of their
implications for human health and the environment.
Out of the six, particulate matter and ozone are the
most widespread health threats because of their
association with Asthma, Chronic Obstructive
Pulmonary Disease (COPD) and respiratory
diseases as prominent air pollution related diseases
(WHO, 2014).
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Based on the foregoing the data required and sources
of data for this study are both primary and secondary.
The primary sources includes the coordinates of the
sample sites. The secondary data includes five (5)
years data of criteria pollutants, the pollutants are

S TTR————
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Nitrogen dioxide (NO,) sulphur dioxide (SO,) and
carbon dioxide (CO), WHO Guidelines for PM, |
PM,, SO, NO, CO and Ground level O,, maps, and
statistical data obtained from WHO published
works.

Particulate matter (PM,,, PM,,), Ground level (O,)

Table 1: Showing Study Sites Distribution within the Study Area.
LANDUSE TYPE

LOCATIONS/SITES

Agege Housing Estate; Oko-oba

Ikeja G.R.A: SoboArobiodu street.
Magodo Estate: CMD Road, Shangisha
Ogba Staff Quarters; Ogba

Secretariat; Alausa: front of Skye bank
Maryland Junction, Tkeja

General Hospital: Frontage of LASUTH
Ojodu-Berger: Berger Roundabout
Iyana-Ipaja: Under Bridge

Oshodi B/Stop: Oshodi

Specomil: Inside Ikeja Industrial Estate

Wemabod: Adjacent Guinness Nigeria PLC office
Wempco: Industrial Estate Ogba

Ize-Iyamu
Matori

Source: Author's Fieldwork, 2016
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Methods of Data Collection

grudy sites were sqlcctcd vgjth a yiew to giving a
l‘mhslic representation of air quahty'status of the
«tudy area. The study area was categorised into three
m pase on the p;'erxnln.ant landusg types. Thus,
[agos was divided 1qto hlvgh traffic, industria] and
I.Cs}dgmja] areas. Resxdentxgl areas were defined ag
Janduse types in which housing predominates. In the
light of the above, State Govetrnment staff quarters
and Estates owned by private agencies were
considered. The high traffic areas are the major road
intersections where high vollumes of traffic are
experienced during‘ the working }?ours of the day
while areas with high concentration of industries
were considered as industrial areas. It must be noted
that this categorisation is not water tight as these
characteristics may occur in all areas with varying

intensities (Laro, 2016)

Geographic coordinates: Direct measurement of
coordinates of fifteen (15) sample sites from the field
with the aid of the global positioning system (GPS).

Data on Criteria pollutants: The data on criteria
pollutants was obtained from Ministry of
Environment, Lagos State. The data are particulate
matter (PM,; and PM,;), Ground level Ozone (©F
Nitrogen dioxide (NO,,, Sulphur dioxide (SO,) and
Carbon monoxide (CO).

Guideline value for criteria pollutants: The data was
sourced from the WHO air quality guideline book.
The data are annual, daily and 8 hours mean of PMVES,
PM,, SO, NO, CO and ground level (O,)

Methods of Data Analysis

Descriptive statistics was employed to compare
Ciiteria Pollutants in Lagos area with the WHO
S[andard. Forthe purpose of this study, WHO Values
L\::nch arcpresented in ug/m’ are converted to mg/ m’
Cal?fl gas detecnon. calculator (www.gasdetection
m[eriZYOr.com) . This was because the data on
i p;)lluta.nts collected from La'gos statje
Otspmy 0 En"lronmeqt were presgnted in mg/ m’,
oumam:reas and t9x1c1ty pOtCIjltl?.l for Criteria
Were obtained as deviations from the
pe’miss'bG Udelines and Standard defining the

- bleleve] of eqch criteria pollutants
me)::;zdp Oten.tial Is expressed as the ratio of
Sy, ,an_lblent pollutants concentration to the
a ZOOry hm‘f of ambient concentration (Soniba're et
ey of .It 'S useful in assessing the deleterious
* 4 pollutants emissions on human health.
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KISk Assessme, “ Toxic
essment of Toxiciry Potential foy Criteria Ampi A
Hent Air Pollutanys ;
NIs in Selecteq Areas of Lagos Star Ni
» olate, Nigeriq

It was computed

elines (2005).

The toxicity potentia| of

the pollut
computed using the fol]o P ants measured was

wing equation:

7P = Ci0_
i SH@ e €q.(1)
Where TP represents the toxicity potentia] of

pollutant '’

This €quation takes into consid
air quality standard of WHO as
quality guidelines (2005)

eration the ambient
reported in WHO air

In the same vein, the use of tables was employed to
identify the hotspot areas in ArcGIS environment,
The discussion and interpretation of the results are
presented in the section below

Results and Discussion
Benchmarking criteria pollutants in Lagos

The WHO (2005) air quality guidelines book
presents revised guideline values for the four most
common air pollutants - particulate matter (PM,;and
PM, ), nitrogen dioxide, sulphur dioxide and ozone
based on a recent review of the accumulated
scientific evidence. The rationale for selection of
each guideline value is supported by a synthesis of
information emerging from research on the health
effects of each pollutant. Based on the foregoing,
these guidelines are apply globally (WHO, 2005).
The details of the WHO Air Quality guidelines is as

shown in table 2

As shown in Table 3, Ambient PM,;and PM,, level

in the study area were observed to be higher than the;

internationally permitted standard of 0.01 mg/m

and 0.02 mg/m’ respectively over an annual average
period (WHO, 2005). The ambient level of carbon
monoxide (CO) in the study area were observed to be
lower than the statutory standard of 10 ppm. Also,
PM, , and PM,, level in the study area are higher than
the WHO recommended value of 0.02 ppm and 0.01
ppm respectively except for Agege housing estates,
which is a residential area where 0.01 ppm was
recorded for both pollutants. Ambient ground level
ozone (O,) concentration in the study area were
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observed to be lower than the WHO statutory
standard of 0.05 ppm over an eight (8) hours
averaging period.

Hotspot areas for criteria pollutants and toxicity
potentials in Lagos Metropolis

As indicated in Table 4, the hotspot areas are where
there was high concentration of criteria pollutants in
the area of study. These areas deviate above the
recommended WHO standard, the areas were
highlighted in 'reds' signifying hotspot areas. The
table also reveals that a minimum of two (2) and
maximum of four (4) pollutants across different
landuse in the study area exceeds the statutory
recommended value.

The minimum toxicity potential with WHO standard
for PM, , was 8 computed for Agege housing estate, a
residential area, while the maximum was 33 in Ojodu
Berger, a high traffic area (see Table 5). The
minimum toxicity potential for PM,, was 7 in Ogba
Staff quarters which is a residential area, while the

Journal of the Department
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maximum was 23 in Iyana—lpaja‘ a high traffic area.

Also, the minimum toxicity potential for CO was
0.01 in Ogba Staff quarters and Secretariat, a
residential area, while the maximum was 0.18 in
Ojodu Berger which was a high traffic area. T}_]e
minimum toxicity potential for N.Oz was 0.5 me n
Agege housing estate, a residen.tlal area, while Fhe
maximum was 17.5 ppm in Ojodu Berger a high
traffic area. The minimum toxicity potential for SO,
was 1 in Agege, 2 residential area, while the
maximum is 43 in Ojodu Berger a high traffic area.
Minimum toxicity potential for O; was 0.08 in Tkeja
GRA, aresidential area, while the maximum is 0.6 in
General Hospital and Iyana-Ipaja a high traffic areas,
and Ize-Iyamu and Matori, an industrial areas. It
follows therefore that high traffic areas recorded the
highest values of criteria pollutants, followed by
industrial and residential areas for instance 33, 19
mg/m’and 17.5, 43ppm was recorded for PM, ,, PM,,
and NO,, SO, respectively in Ojodu Berger. By
implications, High traffic and industrial areas as
indicated in Table 5 has the highest toxicity level of

criteria pollutants.

Table 2: Conversion of WHO Guideline values for pollutants from microgram (ug/ m’) to milligram (mg/m’)

Pollutants Guideline value in (ug/m?*/ ppm) Value in (mg/m®/ ppm)
Particulate matter (PMzs) 10 pg/m?® (annual mean) 0.01 mg/m’
Particulate matter (PMio) 20 pg/m?’ (annual mean) 0.02 mg/m’
Nitrogen dioxide (NO3) 40 pg/m? (annual mean) 0.02 ppm
Sulphur dioxide (SO2) 20 pg/m? (daily mean) 0.02 ppm
Ozone (O3) 100 pg/m? (8hr mean) 0.05 ppm
Carbon monoxide (CO) 10 ppm (8hr mean) 10 ppm
* Conversion factor: gasdetectioncalculator.com
Source: Authors computation, 2016.
Table 3: Criteria Pollutants and International Standards
Landuse type fM2/5 ) fMl/o ) (CO No, Soz O3
mg/m mg/m m m
= Ogba S/Qurs 0.12 0.14 012 : g.)gs : f)pg;n ) (g}(j)rln)
Z Secretariat 0.14 0.10 014 003 002 001
5 g Magodo 0.14 0.13 0.24 006 005 0.01
78 Ikeia GRA 0.16 0.14 0.20 0.04 004 '
& < Agege H/Estate 0,08 0.09 0.09 001 o0 e
Maryland 0.22 0.11 B o Rl o
Oshodi 0.26 0.27 110 e 30 0.02
£y OjoduBerger 033 0.38 e s un e
é" ® E Gen. Hospital 0.25 0.19 0.87 (). 448 394
= Iyana-Ipaja 0.30 0.46 e a0 i i
_ Specomil 0.26 0.28 0.49 0.06 oo S
7 Wemabod 0.17 0.15 037 qos o 0w
Z § Wempco ().l? 0.19 0.35 0‘09 0.07 0.02
3 g Ize-Iyamu 0.23 0.26 0.73 0 Gl 0.92
Matori 0.23 0.19 0 i3 0.12 0.03
Int. 10 007  0.09 0.03
Standard WHO 0.01 0.02 10
Source: Author's Computation, 2016 0.02 0.01 0.05
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Table 4: Hotspots in the Three Land use Areas
Locations PM; 5 PM
. 10

Ogba S/Qrtrs

0.03 0.03 0.01

~
‘= Secretariat 0.1
s 14 Q]
é’ g MaAgodo 0.14 0 Ig 8-14 0.03 0.02 0.01
g Tkeja GRA 0.16 0.14 024006 005 g
< pysihecys e 0.1 020 004 004 0,004
gé;ryéa"d 0.22 0.11 0.85 022 % oo
) shodi > oo D22 02 030 o0
g Ojodu Berger 0.33 0.38 1.76 ' 036 002
:%DE é_) Gen.Hospltal 0.25 0.19 0‘87 8'35 243 0.02
Iyana-Ipa)a 0.30 0.46 1.16 0’23 0.34 0.03
Specomil 0.26 0.28 0.49 o 08 305
3 Wemabod 0.17 0.15 0.37 Ghe DO i
E Wempco 0.17 0.19 0.35 oo 07 00
28 Ize-Tyamu 0.23 0.26 0.73 g in G
< Matori . : : 22 0.03
0.23
= 0.19 0.70 0.07 009 003
Standards  WHO 0.01 0.02 10 0.02 001 005

*Reds signifies hotspot areas
Source: Authors Computation, 2016.

Table 5: Computed Toxicity Potential of the Criteria Pollutants

PM:,s PMm CO N02 SOz O3
_(mg/m’) (mg/m’) (ppm) (ppm) (ppm)  (ppm)

TP\VHO TP\VHO TP\\’HO TPWHO TPWHO TPWHO

Locations
= Ogba S/Qrtrs 12 7 0.01 1.5 3 0.2
z. Secretariat 14 5 0.01 %5 ) 0.2
o Magodo 14 6.5 0.02 3 5 0.2
8 < Ikeja GRA 16 7 0.02 2 4 0.08
Rd — Agege H/Estate 8 45 0.09 0.5 1 0.2
Maryland 22 55 0.09 11 30 0.4
Oshodi 26 13.5 0.11 13 36 0.4
=8 3 Ojodu Berger 33 19 0.18 17.5 43 0.4
;_%" = Gen. Hosp. 25 9.5 0.09 11.5 34 0.6
T < Tyana-Ipaja 30 23 0.12 20 38 0.6
Specomil 26 14 0.05 3 9 0.4
= Wemabod 17 7.5 0.04 2 7 0.4
24 Wempco 17 0)5 0.04 4.5 11 0.4
=5 Ize-Iyamu 23 13 0.07 6.5 12 0.6
S Matori 23 9.5 0.07 3.5 9 0.6

*Reds signifies toxicity potential values above unity
Source: Author's Computation, 2016

{tmust be noted that toxicity potential values greater
:?r?:jl i l.ndin}tt‘.‘s that such concentration has a
to jténcy of causing harm to people that are exposed
avoidler:i The o .ePVironmcpt and henc?c sl'lould l?e

S The toxicity potennals values hlghhght'ed in
Polluta are areas with cgncentratxon of criteria
People I;S that has a potential for harmful effects to

+¥18. 3 shows the map of the hotspot areas.

Sub |
hi Setqu?nﬂy , Figure 3 shows the hotspot areas Yv1th
heal[hoxmlty potential, these areas pose a Serious
threat 1o the inhabitants around the areas and
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major road user's. For instance, Burnnet et. al (1998)
found a 4.3% increase in all-cause mortality for a§1
increase in 24-hour average NO, levels 47ugm-.
Dennison et al (2002) summarises the hes.:llth effec_ts
of associated with exposure to Ozone as 1pcrease in
daily Mortality, Respiratory and Cardiovascular
diseases such as High blood Pressure, Cough,
Phlegm and wheeze.

Long-term exposure to PM,; 1s assgciated
with an increase in the long-term risk oE
cardiopulmonary mortality by 6-13% per 10 pg/m
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of PM,. (Pope, C.A. III, 2002). Susceptible groups
with pre-existing lung or heart disease, as well as
elderly people and children, are particularly
vulnerable. For example, exposure to PM affects lung

Journal of the Department of Geography,

Osun State University, State of Osun, Nigeria
51 :

nison et al (2002) concludes that
lations between SO, and other
ifficult to confidently
1 the epidemiological

(WHO, 2011). Den
because of the corre ns
contaminants in the air it 1S d
attribute the observed effects 11

development in children, including reversible deficits studies to SO, alone.
in lung function as well as chronically reduced lung
growth rate and a deficit in long-term lung function
— 3°22'40"E
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Figure 3: Spatial pattern of Hotspot areas of pollutants
Source: Authors Fieldwork, 2016
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Conclusion
variation in the distribution of Criteria

gpatial .
uillumnts in Lagos was established. From the
r}indlng& it was evident that PM,,, PM,, SO, and NO,

ple areas clearly exceeded the regulatory limit

in sam .
::(\bv WHO especially in the high traffic zones.

Furthermore, CO and O, are well below the statutory
standards. Areas such as Ojodu-berger, Oshodi,
Ojota, Tkeja and Iyana—ipaja} were clagmﬁed as high
”;k areas. Also, the toxicity potential values for
PM., ., PM,, SO, and NO, in the area of study are
grcaAf-C" than unity while the values for CO and O, are
lesser than unity. However, toxicity potential values
greater than unity indicates that such concentration
le5 a tendency of causing harm to people and hence
should be avoided. This was because most of the
criteria pollutants exceeded the recommended WHO

value.

Recommendations and Policy Measures

There is need for better air quality in the state in order
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