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to constitute the major sources.

AN APPLICATION OF RECEPTOR MODELING TO IDENTIFY AIRBORNE
: : PARTICULATE SOURCES IN LAGOS NIGERIA

FS OLISE+ O.K. OWOADE and H.B: OLANIYI T
Department of Physics, Obafeml Awolowo Umversnty, Ile-Ife, ng_erla [ ’

: ' “Abstract : ’ o ‘
: There have been no clear demarcations between industrial and residential areas of Lagos w1th focus on mdustry =
as the major source. There is need to identify potential source types in the study areas in order to have insight " °
" into the actual sources impacting the receptor sites. Elemental concentrations of airborne- partlculate ‘matter
sampled at three urban site classes in Lagos (an industrial city) in southwest Nigeria were subjected to statistical -
analysis to determine the number and nature of sources impacting the receptor sites. Inter-elemental Correlation, -
Principal Component Factor (PCFA) and Hlerarchlcal Cluster Analyses (HCA) were the statistical tools used to
infer the sources in the study areas. Soil re-suspension, automoblle and resndentlal fuel burnmg were observed‘ E
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1. Introduction :
Urban areas are characterized by high populatlon
densities and activities meant to improve the quality
of life: These activities are accompanied by some
negative impacts. Among these is the emission of
toxic elements into the atmosphere, leading to air
quality deterioration and several categories of
impacts. The sources of urban air pollution are as
wide as the classes of urban infrastructure itself.
‘However, these may be divided into three generic
‘groups: point sources, which are mainly industrial
‘emission stacks; area sources, which are several
'small point sources distributed over a large spatial
area; and line sources, which are array of sources
‘distributed along line segments. The relative
contributions from point, area and line sources to
total pollution load in any urban centre depend on
the level of industrialization. Line sources in the
form of transportation appear to account for greater
percentages of the urban pollution problem in many
urban centers. In Europe, US and other more
industrialized countries, transportation accounts for
50-60% of urban air pollution (Oluwande, 1977;
~Wark and Warner, 1979) In Afrlca, urban air
pollutlon is caused by a near equal mix of area and
_line sources (SSATP, 2001). However, the
- contribution of area and line sources to the urban
air pollution load has not been adequately quantified.
There have been so far, very few source
apportlonment studies in Nigeria. O&,unsola (1995)
in the source apportionment of air particulates in
Lagos and Ile-Ife reported a contribution of over 85
% of Pb, Br and Zn (marker elements for vehicular
emnssxons) to have come from vehicular emissions
: ‘m both cities. At the selected sites, Oluyemi (1997)
m hlS study 1dent1f ed three major sources - SOl|

marine and vehlcular traffic with some mmor sources

such as incineration, reglonal sulphate and

“unidentified industrial sources. In his work, the CMB

model identified entrained soil as the major
contributor at each of the sites in Lagos, accounting
for 39.1-54.2% of the TSP load. This was followed

- by marine contribution (25.8-29. 4%) and reglonal

sulphate (5-7%) while each of the other sources
contributed less than 4%. These studies were carried
out with 1mported source profiles, which lacked
representativeness of the sources impacting the sites.
There are few sources, which may qualify as point
sources in Nigerian cities. In Lagos'(the most
industrialized), some of the major sources are
Breweries, Pharmaceutical and Paint Industries,
Steel Industries, Domestic and Industrial Gas .
Industries, Beverages and Domestic Products
Industries, and Thermal Station. However, the
emission rate from the individual point sources has

not yet been quantified. Air pollutlon in Lagos

appears to be dominated by a mix of line (road
traffic) and area sources (residential, commercnal o
small and medium scale industries). ‘
The industrial contribution to Lagos air partlculates
has been reported to be below 10% of the total

“suspended particulates (Oluyemi, 1997; Jalal, 2001).

The total number of vehicles on ngerlan roads
showed steady increase. from about 38, 000._to
2.7Million. between 1950 and 1985 (Obloh and
Adegbulugbe, 1997). Though total number of

vehicles per capital in the whole country is low,

available vehicles. tend to be:concentrated in- the

.. urban areas. Of all the vehicles in the country, 40 %

are concentrated in Lagos and its environs (Jalal

B ~2001)
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mdustnal and resndentlal areas in, most urban ertrest
‘in Nigeria. This has led to denial from various

‘quarters on who contributes, largely to the urban air .
pollutlon load whenever there is publlc outcry on"
air pollutlon There has béen focus on industry as -

‘the major culprit in this regard from the public but
‘there has been no quantitative report revealmg the
‘actual sources in the study areas. There'is still no
clear ; agency responsnble for ‘traffic pollution in
‘Nigeria despite high influx of used motor vehlcles‘
‘and detenoratmg urban *

- road-network in addition to past studies 1mpllcat10n '

. of traffic’s hrgh contrlbutlon to urban air pollution.
‘There is need to identify potential source types for

:a developing country like Nigeria in order to put in

"place adequaté air pollution monitoring.

- In this work, particulate samples were collected from
thirteen locations categorized into nghway/
Motorway, Bus Stop and Residential site classes.

“The industrial sites are sandwiched between these

“three ‘categories of sites. The aerosol samples were

‘analyzed by total: reflection: x-ray. fluorescence

" (TXRF) technique, details of which have. been

reported elsewhere (Olise, 2004). The data sets were

- then subjected to receptor models, based on principal

- component factor analysis (PCFA).and hierarchical
~cluster analysis (HCA) in order to have insight.into

*the sources impacting the receptor sites.

2, Materlals and Methods ‘

n 1dent1fy1ng the sources of urban suspended
" particulate matter, correlation matrix, factor and
“cluster analyses were carried out on the data. Though
“correlation coefficients of 0.5 is significant, this
‘study made use of coefficients of 0.80 and above as

cutoff in view of the dependence of comrmon origin
“or influencing factor of two variables on relatlvely
‘ 'hrgh correlation coefficients.

The Principal Component Factor analysis (PCFA)
- was the receptor model uséd in this work. Detailed
“descriptions of the model and its'applications have
“been reported elsewhere (Roscoe ef al:; 1982; Gao

et al.., 1994; Huang ef al.; 1999). This m-odel starts
with- principal ‘component analysis, using the
- correlation matrix of the elemental concentrations,
followed by a VARIMAX rotation. The-rotated

:component foadings in each factor are used to infer
- poténtial source/sources. Choosing the numbers of
"-factors to retain’ in the analysis was guided by the
- Kaiser:criterion, whose rule is. to drop all

.components with eigenvalues ‘less-than unity
. (Harrison et. al.,. 1997). - :

- Cluster analysis (CA), a: classnﬂcatlon method was
- used to establish- a set of clusters such that cases
within a cluster are more similar to each other than
they are to cases in other clusters. The task, therefore,
is to group observations (obJects) that are close

enough or have the same origin together as a'cluster-

Olise et al.: Application of receptor modelling to ldentlfy axrbome partlculate sources

“« (Spyrou et al, 1992;:Wongphatarakul-et al, 1998). The
divisive option of the hierarchical cluster analysis
"method was used in this work. The method employed
Euclidean distance and complete linkage (Furthest

"nexghbour) as a medsure of correlation.

The statuses of ‘elemerits from their correlatron
coefficients, their factor loadings from factor

“analysis as well as the clusters which they form from
- cluster analysis-were-used to infer a source. Although
- some elements serve as finger print-elements for

more than one-source; the knowledge of sources -
around receptor sites gives a clear picture on the

source or sources those finger- print- elements_
represent For example, Pb, Zn and Cu are source
finger print elements.for road traffic, non-ferrous

metallurgical industries, petrochemwal mdustry,
battery industry and mineral extraction in mines.

3. Results and Discussion
(a) Elemental Correlation Coefﬁclents ,
The results of 1nter-elemental coeffi crents for the

(h1ghway/motorway, bus stops and resrdentlal site

classes are presented in Tables la, b and ¢

‘respectively. Along hrghways/motorways we found
- that K and Fe had correlation coefficients e” 0.80

with C'and Zn while Cr had correlation coefficients
¢” 0.80 with Fe Ni and Br. Copper had the strongest
correlation coefficients of 0.94 with Zn. At bus stops
it was found that each pair of Ca had’ ‘correlation
coefficients e 0,80 with Cr, Cu, Br and Pb-while Cr

" had correlatrqn coefficients e” 0.80 with Co, Cu, Br
~and Pb. Tron had correlation coefficients e 0.80 with

Ni and Br while Br had correlation coefficients e”
0.80 with Cu and Pb. In the residential areas, each
pair of Ca, Ti, V, Cr, Fe, Co;, Ni, Cu Zn Br and Pb
was hlghly correlated..

Lead and Brhasa COrrelatron coefﬁcnent 0f 0.56 in

‘the highways/motorways site class. This - weak
" correlation between Pb and Br along highways/
-motorways suggests contributions to the two

elements from other source/sources, which may

“include industry (Pb) and inland transport of marine

aerosol-sea spray (Br). The high correlation between

~'Ti, -Fe and -Ni in residential areas suggests-soil
- entrainment contributions ‘since most of the roads

are unpaved. The high correlation between Cu and

- Zn in the residential areas and highways/motorways

indicates industrial and/or open biomass combustion

- contributions (Chow.et al., 1995).
* (b) Elemental Loadings of Factor Components

The results of factor analysis for each of the site
classes are presented in Tables2a; band ¢. The factor

- analysis returned four, three and two factors-for -
- Highway/Motorway, Bus Stop, and Residential site

classes respectively. It has been reported that K and

' Mn are tracer ¢lements for biomass combustion and

Mn can also be crustal in origin and it may be
attributed to fugitive dust re-suspension by vehicles

cespecially.on unpatved Toads (Cho'wicetal; 1995).
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' " Table te: Residential Inter-elementat Correlation Trend v
K @ n Vv G M R w N G Z»n & & & Y P

K 10 ' :

92 1000

i 99 95 100

Vv 780 7P % 100

G 9% 90 % 86 10

M 30 4 32 A% 395 1000

P oS W M 381 87 006 100 -

G 63 79 6 87 N7 -6 88 100

N ™ 87 816 84 815 -081 97 94 10

G 99 W3 99 877 9O 246 90 816 9B 100 .

Zn 9B Bl 93 8P 96 20 957 S0 87 987 100

S 7 6 5 M6 M5 28 T T3 Al 70 TP 1000

B 817 99 86 84 84 -00 %61 I0 95 96 916 .76 10O

S S3 551 S22 78 5% -8B 5P S0 SR 5% S8 62 563 100 _

Yy -315 -337 -39 -00 -29 20 -39 -0M -217 -274 =310 -065 -213 -3 1000

P 89 90 88 .77 915 %6 94 8B 951 S5 -245 1000

Copper and Zn are components of plant tissues. They
may equally originate from open waste burning
especially those containing used food cans. Nickel
(Ni) and Cr are source signature elements for metal
works (Chow 1995). Vanadium (V) is found in
petroleum in high abundance and is released into
the atmosphere during residual oil combustion -
(Chow et al., 1995). Calcium is crustal in origin and -
there is strong indication from factor and cluster
analyses, in this work, that it has sources attributable
to dust entrainment. For Highway/Motorway site
class, factor 1 has a variance (eigenvalue) of 4.44,
representing 27.73 % of the total system variance
“explained. It has high loading in Cr, Mn, Ni, Se, Br,
Sr and Y ‘and these elements have strong inter-
elemental correlations except that between Mn and
Cr which is only slightly above 0.5. This factor.
suggests contributions from entrained sonl dust and/
or metal work. Factor 2 has a variance of 4.18 and.
this accounted for 26.14 % of the total system
variance. It is highly loaded in K, Zn and Cu and
moderately loaded in Fe and the elements correlated
well. This factor suggests possible contributions
from biomass combustion and/or industrial sources.
Factor 3 exhibited a variance of 3.09 accountmg for
19.24% of the total variance explained. It is loaded
in Ca, V; Co and Pb and it is observed that all the
elements has inter-elemental correlation coefficients
higher than 0.50, This factor suggests contrlbutxon
from automotive activities. Factor 4 has.a variance
of 2.19 representing 13.70% of the system variance.
Itis highly loaded in Mn and Ti. This factor suggests
contributions from soil. For bus stop site class factor
1 has a variance of 6,59 and accounts for 41.22% of
the total system variance. It is highly loaded in Ti,
Fe, Ni, Se, Br, Sr, Y and moderately loaded in V,
Mn and Pb and all the elements has inter-elemental
correlation coefficients higher than 0.50. This factor
suggests automobile/ soil dust sources. Factor 2 has

a variance of 5.14 and represents 32.10 % of the
total system variance explained. It is heavily loaded
in Pb, Ca, Cr, Co and Cu and moderately loaded in
Se and Br and all the elements correlated strongly.
Automotive sources could be inferred from this

. factor. Factor 3 has a variance of 2.03 and accounts

for 12.71 % of the total system variance. It is highly
loaded in K and Zn and these elements are well
correlated. " This factor indicates possible
contributions from biomass combustion. For the
residential site class, factor 1 has a variance of 10.74
and accounts for 67.14 % of the total system

“ variance. It is highly loaded in K, Ca, Ti, V, Cr, Fe,
) Co, Ni, Cu, Zn, Se, Br and Pb and moderately loaded

in Sr. This factor suggests well-mixed sources, which
may include automobile and residential fuel burning,
Factor 2 has a variance of 2.12 and represents 13 27 -
% of the total system variance explained. It is heavily
loaded in Mn and moderately loaded in K and Cr
and these elements are fairly correlated. Biomass

combustion: sources could be inferred from this

factor.

The percentage of the total system variance
explained equals the cumulative variance and this
equals 86.86 %, 86.03 % and 80.41 % for hnghway/
motorway, bus stop, and residential site classes ‘

' respectlvely The optimum percentage total system

variance expected to be explained for the adequacy
of the model being 80 % (Harrison et al,, 1997).

The communalities were high (>0.700) for all the
elements except Ca (0.631) for highway/motorway
site class and Mn (0.672) for bus stop site class
indicating the adequacy of the component model for
this data set.

(c) Elemental Components of Clusters

The results of identified clusters with their elemental
memberships for each of the three-receptor sites are
shown in Figures 1 2 and 3 for Highway/Motorway,
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Figure 1: Highway/Motorway Site Class Cluster AnalySis Re_sult'
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Figure 2: Bus Stop Site Class Cluster Analysis Result
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‘Table 2a; Factor Analysis Result for Higglwaxfliotonvay Site Class
__ Variables Factor 1 Factor2  Factor 3 Factor 4 Communalities

T 787 866
Mn .510 ) 892 974
Cr .791 . v C944°
Ni ) 616 792 ¢
Se 526 ) 858"
Br 893 948
Sr 927 . 897
Y 814 : 791
Zn . ) -84 ) 951 |
Cu . ’ 904 950
Fe 687 . 928"
K 953 940,
Ca 765 631
' 526 L 822
Co L . 874 . : .813
Py 637 795
Varlance - 444 4.18 3.09 2.19

% Variance 27.73 26.14 19.24 13.70

Table Zli: Factor Analysis Result for Bus Stop Site Class

Variable .. Pactor)  Factor2 Factor 3 Communalities
Ti - 883 8035
v 595 7218
Mn G657 : 672

_ Fe 924 ’ 971
Ni 906 .837
Sr 733 685
Y 934 ) 884
Se .798 582 ’ ] 981
Br 207 671 964
Pb S08 774 872
Ca L824 : 963
Cx ,.930 . 060
Co - .870 . 316
Cu 729 899
K . 716 854
Zn 928 873

Varianuce 6.59 5.14 2.03

% Variance ~41.22 32.10 12.71

Table 2¢: Factor Analysis Result for Residential Site Class

Variable Factor 1 Factor 2 Conmunalities
Ca - 876 948
Ti .79¢9 984
vV 916 : 864
Fe 035 ‘ 956
Co 976 ‘ 969
Ni 078 B 972
(1] 384 970
n : 883 987
Se 828 742

N Br o84 - 983

LS 614 : 312

. Pb- 927 916

K 779 Sl 984

- Cx 807 506 . . 990

Man 949 947
Vagiance 10.74 212

% Vaiance - 6414 13.27 -
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Figure 3: Residential Site Class Cluster Anal}’sis Result

Bus Stop, and Residential site classes respectively.
For highway/motorway site class, cluster 1 contains
Co, Ni, Mn, Se, Br, Sr, Cr, Y, V, and Cu which are
mixed finger print elements for biomass combustion
and metal work sources. Cluster 2 contains Fe, Pb,
K, and Ca, which are source finger print elements
for automobile and entrained soil sources. For bus
stop site class, cluster 1 contains Mn, Se, Co, Cu,
~Br, Cr, V and Zn, which are mixed finger print
elements for biomass combustion and industrial
sources. Cluster 2 contains Ni, Y, Ti and Sr, which
are source finger print elements for soil and cluster
3, contains Ca, Pb, K and Fe which are finger print
elements for automobile/entrained soil sources. For
residential site class, Cluster 1 contains Se, Y, Mn,
Co, Br and Sr which are finger print elements for

biomass combustion while cluster 2 contains Ti, Cr, -

- Cu,Zn and V which are source finger print elements
for residential fuel burning. Cluster 3 contains Ca,
Pb, Fe and K, which are mixed finger print elements

for automobile/entrained soil sources.

4. Conclusion

Source identification of urban airborne particulate
matter has been carried out using multi-variate
statistical tools: factor and cluster analyses. Four,
three and two factors were, respectively resolved
for the categorized Highway/Motorway, Bus Stop
and Residential site classes in the study areas. The
factors showed signatures of both natural and
anthropogenic sources including entrained soil,
automobile, industry, metal works, blomass and
residential fuel combustion sources.
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