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ABSTRACT

The results of temporal and spatial distribution of volatile organic compounds in ambient air
in  Apapa Industrial Area during May, 2010 to April, 2011 are presented. This results were
analysed in other to present information about the detailed nature of air quality situation in the
sampled areas. The air samples were collected by passive sampler (ORSADS) . The air samplers were
exposed to a height of 15 - 20m and sampling was carried out four times a month for a
period of 12 months. The adsorbed VOCs were desorbed with carbondisulphide (CS;) and the
solution analysed using Gas Chromatography (GC) fitted with Flame lonization Detector (FID). The
results from analysis of the air samples collected showed that twenty (26) VOCs were captured.
The VOCs were classified thus. aromatics 43%, halogenated 28%, esters4%, ketones 13%, alcohols 6 %,
ethers 6%. There is a significant difference (Pyawe < 0.05) between the levels of VOCs in Apapa.
Despite a Comparatively higher concentrations of VOCs at the studied sites, there is a
significant difference  in the spatial distribution. At a lower wind speed, the VOCs concentrations
tend to increase and become uniformly distributed around the Industrial Areas. The temporal
distribution shows a decrease in ambient concentrations of VOCs from May to July due to
Atmospheric( dilution) wash down by rain. The results of two-ways factor ANOVA analysis of the
monthly average of total volatile organic compounds revealed that there is significant difference (
Puawe < 0.05) in temporal and spatial variations of TVOC concentrations in the studied areas.
The meteorological parameters showed significant correlations with the ambient concentrations of
VOCs. The principal component analysis revealed that the major sources of VOCs in Apapa are
mainly Anthropogenic and three (3) factors were identified as sources of VOCs in the studied
area with Industrial and emissions from traffic dominating.
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INTRODUCTION

Lagos State one of the megacitie6 the world is facing  seriousair quality problems
as a result of increase in rbanization and Industrialization [1]. Ther has been a
continuous increase in levels ofpollutants (VOCs) and  environmental aeating from these
pollutants  particularly  fron the second half of the Ilast ntoey [2]. Apapa industrial area
is situated in Apapa Local Government area imdsadivision of the five divisions of Lagos stalt is located on
longitude 6.28N and latitude 3.21 — 3.2E. It's population within the Local Government areas estimated at
517,362 people according to the 2006 final censaslts [3]. Conspicuous in these area are varialisstries such
as cement, sugar, pharmaceutical, plastic, paisitnetic, soap and detergent, heavy chemical indasttc. Apart
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from this, we have clusters of filling stationsficil and residential houses, Gas plants, Motak@ashopping
moore and eatries. The land - use pattern of Ajraghastrial area is mostly industrial and partlyidestial. Apapa
is a host community to two major Nigerigea ports, Apapa and the Tin can Islandsjét. VOCs play
an important role in the chemistry ofhe atmosphere; their role in the nfation of
photochemical smog and their associaigiflants, degrading air quality and threatg both human
health and ecosystem [5,6]. Studies hawn that VOCs enter the human oddtream through
the following means inhalation, ingestioand through the skin [7]. The short teadverse effects
include conjunctive irritation, nose androdit discomfort, headache and sleeplessnabsigic skin
reaction, nausea, fatique and dizziness.&Viile Long term adverse effects include lofs coordination,
leukamia, anaemia, cancer and damage to likédney and central nervous system [8,9,1@hidular
emissions  apart from Industrial emissiorform the main part of air ptihm in Apapa
Industrial areas, few studies towards tbencentrations of Volatile Organic Compds (VOCs) have
been published in Lagos - state [11]. Sdveesearchers have attempted VOCs monitoshglies over
different parts of the world considgrin/OCs increasing importance in  eowimental issues
[12,13,14]. Higher concentrations of VOCser#& recorded in the morning and nenwg with low
concentrations in the afternoon in cent&doul [15]. Weekdays - Weekends variations aoffaltvolatile
organic compounds (TVOCs) in Atmosphere d&enin City, Southern, Nigeria was deterrdingy [16].
Except for the difference caused lye variation of temperature, the igpatdistribution of
emission density remained the same amatifferent seasons [17]. Meterological cdiotdis and
photochemical activities cause  diurnal, eeak and annual variations of VOCs em@tions
[18,19,20]. The seasonal variation of meadu concentrations of VOCs in certajperiods (e.g
summer months) have to be adjusted fdhero periods using appropriate cycle dex{21l]. The
spatial and temporal distribution of &© concentration Science - Based IndustrRark (SBIP) was
dependent mainly on wind speed, windeation and industrial emissions from thBark [22]. The
objective of this present study is tmvestigate the spatial and temporalriati@ns of VOCs
pollution and the possible effects ofnd meterological conditions in thstudied area.

MATERIALS AND METHODS

Sampling Locations

This study was conducted in Apapdndustrial of Lagos state. Apapa liesthii the tropical
rainforest region with two distinct easons: wet and dry seasons. The temperatioroughout the
year ranges between °21 and 3. Humidity is relatively high whilethe rainfall ranges
betweesrll 150mm - 200mm. The wind speedcorded during the study ranged weeh 3.20 -
6.00 ms" .

Selection of Sampling Site

The samples were collected at ten sitasithin the studied area. The siteere carefully chosen
based on the following criteria: Cosff equipment, accessibility to the dbons, freedom from
any obstacle to free flow of airn ithe vicinity and security of theampler. The locations
(sites) were chosen to reflect actigitiein the areas. The geo - referencinvgas carried out by
using GARMIN GPS MAP 76S.

Sampling Device and Collection of AmbienVOCs

Ambient air samples were collected usi@RSA 5 diffusion tubes from Dragger fébg Lubeck,
Germany. The Sampler comprises a glassnpling tube open at both ends afiled with
activated charcoal. Each opening in sagpltube is filled with cellulose etate diffusion barrier.
Ambient air diffuses into the samplingbe in a controlled manner. Theoss section, tube
length and diffusion coefficient are nestant and expresses the sampling [23}e
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Table 1: Monitoring Locations, their Charaderistics and Co - ordinates at Apapa Indusal Area.

Site | Code Co-ordinates Site description
N 6° 26’ 06.1" . o . -
1. APOB E #21'49.0" Creek road. Created at Oxford Biscuit. A locatidthwigh vehicular activities.
0 , ”
2. APUT 2 E:S,ﬂ éi ggg UTC . A site located at the United Trading Comp&hy with high commercial activities.
0 1 "
3. APNG g %] gg ;g Nidogas . A site located along creek road.Afiore with high traffic density.
N6 26 19.2" . .
4. | APWH E? 20176 Warehouse . Created at Burma road. A location aitisan shops.
5 APEG N 6° 26’ 24.4” | Foorma Guest site. Apart from traffic density.idt a location with residential buildings ancbnunercial
) E P22'26.4” | shops.
N 6° 26’ 32.7” . . .
6. APUB E 222345 Burma road.A site created at Union Bank Registra
N 6° 26’ 37.8" o . o . . . : .
7. APCR E #9224 This site is located at Commercial road junctidocation with high traffic density.
8 APAR N 6° 26’ 10.9" | Apapa site is created along Apapa road by Tiittahg station.A site with high human actiw such
) E P21'53.5" | as hawking of cloths, footwears, food and jddsms e.t.c
N 6° 26’ 21.6” o
9. APCC E? 22065 This site is at Crowther crescent by Apapa club.
10 APOC N 6°26’16.5” | Calcutta site created along Ogedengbe road. A witix high human activities such as hawking
) E P21'49.7” | various household items such as cloths, footsygmrfumes e.t.c.

Sampling Routine

Sampling were carried
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Table 2: Monthly Measured Mean Concertion of VOCs at Apapa Industrial Area (ug/n?) n =10

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
AROMATIC VOCs Mean+SD Mean+SD Mean+SD MeanxSD Mea#SD | Mean+SD | MeantSD| MeanzSD| Mean+SD| Mean+SQO Mean+SD Mean+SD
Benzene 1566 +0.00 1568+0.01 15.65+0.02 85013 | 6.72+0.06] 6.66+0.08  6.54+0.06  6.57+0.p6 5860.06 | 6.61+0.06] 11.78+0.0p 11.77 +02
EthylBenzene 10.39+0.0p  10.39+0.p1 10.38+0.010.02+0.20 | 4.26+0.03  4.24+0.00  4.17+0.02  4.2020] 4.22+0.02 4.22+0.02 10.34+0.02 10.40 % 0|02
IsopropylBenzene 9.73+0.01 9.83+0.09 9.63#0/0 9.18+0.18 | 2.20+0.03  2.18+0.0B  2.11+0.03  2.1030] 2.13+0.03| 2.14+0.03 9.67+0.0p 9.72+0.p3
Napthalene 11.42+0.08  11.40+0.p1 11.29+(0.00.40++58.85] 3.50+0.03  3.45+0.00  3.40+0.02  3.4120/0 3.42+0.02 | 3.43+0.02] 11.33+0.02 11.43 £ 0|02
n-ButylBenzene 9.34+0.0] 9.34+0.03 9.28+0p58.87+0.16 | 3.09+0.03] 3.07+0.03  3.01+0.02  3.04+0/023.05+0.02 | 3.06:0.02] 9.29+0.08  9.35+0.02
n-PropylBenzene 10.69+0.03 10.72+001 10.610650 10.22+0.17| 3.26+0.04 3.21+0.08  3.17+0.p3 80213 | 3.22+0.03| 3.27+0.03 10.66 +0.01 10.66 + 0,02
Toluene 13.42+0.02 13.43+0.02 13.42+0[01 @38.06 | 6.40+0.05] 6.3620.09 6.23+0.05 6.25+0.p5 2860.05 [ 6.30+0.05] 13.35+0.03 13.41+0[2
m+p-Xylene 39.72+0.04 39.68+0.01 39.64+0/02858+1.41| 13.67+0.13 13.48+0.12 13.27+0]10 1303P#| 13.35+0.11] 13.38+0.1l 39.71+0.p2 39.722Q.0
o-Xylene 10.56+0.01] 10.59+0.02 10.57 +0/02 09 0.17 | 5.68+0.04] 5.66+0.04 5.60+0.04 5.61+0.04 .6280.04 | 5.63+0.04] 10.48+0.01 10.56 +0/02
HALOGENATED VOCs
BROMIDES
Bromomethane 10.40+0.01 10.40+0p1 10.37 +(.020.00 +0.19] 3.80+0.04  3.33+0.04  3.20+0.04  3.2840] 3.29+0.04| 3.30+0.04 10.34+0.01 10.39 +0]02
Bromoform 871+0.02] 872+0.02 8.69+0.43 817 [ 2.20+0.03] 2.18+0.03 2.11+0.08 2.14+0.p3 20183 | 2.17+0.03] 8.71+0.02 8.73+0.00
CHLORIDES
ChloroBenzene 1526+ 0.0p 1525+0p2 15.263(.014.90+0.14] 7.12+0.2§ 7.09+0.2F  7.00:+0.p6  7.0B@0[ 7.06+0.26| 7.10+0.2 15.20+0.02 15.25 + 002
Chloroform 12.38+0.01] 12.39+0.01 12.35+0/031.96+0.19| 6.07+0.04] 6.06+0.04  5.94+0.04  5.96+0/045.97+0.04 [ 5.99+0.04] 12.35+0.1 12.38+0[02
Carbontetrachloride 14.07+0.03 14.09+0/03 1408903 | 13.44+0.34] 5.30+0.03 5.28+0.03  5.21+0.03%.22+0.03 | 5.25+0.03| 5.27+0.03 14.05+0.p1 14.@802
Methylchloride 10.29+0.01 10.32+0.02 10.30@810] 9.88+0.18 | 3.85+0.03 3.80+0.08  3.77+0.03  3.8130] 3.84:0.03| 3.86:+0.03 10.25+0.02 10.30 + 0,01
Trichloroethane 11.47 +0.0f 11.27+0.p1 11.27060 11.03+0.15] 3.00£0.02 2.96+0.00  2.91+0.p02 #0a® | 2.94+0.03| 2.97+0.02 11.45+0.01 11.49+002
Trichlorofloromethane]  12.39+0.06  12.45+0.p3 352:0.08| 12.17+0.32] 3.22+0.08  3.16+0.02  3.1020J0 3.15+0.02 | 3.17+0.02] 3.20+0.0p 12.34+001 128903
1,2-Dichloropropane | 11.23+0.01 11.24+002 1%2202| 10.86+0.17] 2.40+0.03 2.10+0.02  2.02+0.022.04+0.02 [ 2.08+0.02] 2.09+0.02 11.20+0.p)1 11.Z304
2,2-Dichloropropane | 10.40+0.02 10.42+0/01 1@4002| 10.10+0.14] 3.41+0.05 3.3610.05  2.29+0.052.32+0.05 | 3.26+0.05] 3.31+0.05 10.38+0.p1  10.420P
Tetrachloroethane 14.33+0.02 14.33+0/03 14.803| 13.97+0.12] 3.49+0.04 3.45:+0.04 3.36:0p4 4080.04 | 3.41+0.04] 3.45+0.04 14.27+0.02 14.3404Q.
KETONE VOCs
Acetone 13.73+0.02 13.73+0.01 13.63+0[08 13P.18 | 6.75:0.04] 6.68t0.04  6.60+0.04  6.63+0.p4 6460.04 [ 6.69+0.04] 13.69+0.08 13.74+0[1
4-Methyl-2-Pentanond  9.32+0.01  9.33+0.02 9.3209 | 8.86+0.32| 1.45+0.0§ 1.42+0.05 1.20+0.p5 240305 | 1.33+0.05] 1.38+0.0§ 9.27+0.02 9.33+0[2
ESTER VOC
Isopropylacetate | 751+00%2 7502003 7.4620[0 7.09+0.11 | 291+0.02 2.84:0.0p  2.83+0.02 2.8620] 2.87+0.02] 2.88+0.02 7.48+0.0p 7.52+0.p2
ALCOHOL VOC
Ethanol | 1646+0.04 16.46+0.02 16.42+0/03 3&0.16 | 6.10+0.02] 6.08+0.03  6.00+0.02  6.01+0.p2 0460.02 | 6.05+0.02] 16.43+0.00 16.49 + 002
ETHER VOC
Tetrahydrofuran | 10.33+0.0p 10.34+0.02 10.31020 9.92+0.16 | 3.68+0.03 3.64+0.0p  3.60+0.p2 30602 | 3.65+0.02] 3.66+0.04 10.29+0.03 10.34 +(003
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Analytical Methods

Extraction Process

After sampling, adsorption tubes were elal and closed with special caps aweoid contamination

and desorption. The samples were pladetb tightly closed special plastic bagmd kept in a

freezer until they were processed. Befamalysis, contents of both sections tié adsorbed tubes were
placed into two different vials in whicthey were weighed, 10ml carbondisulpii@S) was added

as the extraction solvent to each f{a@Bg Samples were extracted using aagmetic stirrer (Jenweary
1103) for 30min. The extracted samplegrew then filtered and stored in eeefer until they

were analyzed using Gas Chromatograpiistrument (GC) fitted with flame ionizati detector

(FID). The concentrations of the gl were read from the calibratiograph, which was
done with standard solution.

Chromatographic Analysis

The extracted solutions were analyzed vg#s chromatograph (GC) (Perkin Elmer ClarG9)5 equipped
with a flame ionization detector (FIDjhe GC/FID was standardized and ibcaled by injecting
about 2uL VOC- mix into it. The G@ith a capillary column (Elite-V) (40 x 0.18mm x i.d
1.0um) was used with an initial ovetemperature of 36 (held for 2min) increased to °G0
at a rate of °% min'( held for Omin) and finally to %Z at the rate of UDmin'( held
for 5min). Helium was used as carrigas at a constant flow rate @Bmlmint. The bake
time was 8min at 28D The split ratio is 1: 40 and thejeation and detection temperatures
were maintained at 28D and 28%C respectively.

Table 3: Measured Mean Concentration of VOCs at Apapa Industrial Area During Dry and Wet Seasons (ugfnn

=10

MEAN | STD MIN MAX. MEAN | STD MIN MAX
AROMATIC VOCs DRY | SEASON WET | SEASON
Benzene 15.66 0.23p 15.23 15.98 8.37 3.75 6.49 15.44
EthylBenzene 10.37 0.11 10.28 10.63 5.74 2.83 4.17 10.33
IsopropylBenzene 9.817 0.32 9.63 10.71 3.93 3.55 2.11 10.71
Napthalene 11.40 0.11 11.22 11.71 5.21 2.83 3.41 11.37
n-ButylBenzene 9.32 0.12 9.17 9.57 4.28 2.62 3.02 9.26
n-PropylBenzene 10.91 0.6 10.48 12.54 5.64 3.92 3.17 12.54
Toluene 13.40 0.09 13.26 13.52 8.67 3.56 6.23 13.53
m+p — Xylene 39.71 0.12 39.45 39.83 22.15 13.19 13.27 39.79
o-Xylene 10.53 0.15 10.32 10.72 5.61 0.05 5.54 5.70
HALOGENATED VOCs
BROMIDES
Bromomethane 10.38 0.0¢ 10.19 1048 | 3.29 0.04 3.21 3.33
Bromoform 8.71 0.05 8.61 8.79 2.17 0.03 2.11 2.21
ChloroBenzene 15.09] 15.11 15.01 15.13| 7.09 0.03 7.00 7.12
Chloroform 12.39 12.24 12.33 12.48 6.00 0.05 5.94 6.07
Carbontetrachloride 44.10 14.97 14.01 14.12| 5.26 0.03 5.21 5.31
Methylenechloride 10.13| 10.2p 10.38 10.35 | 3.83 0.03 3.77 3.86
Trichloroethane 11.42 11.64 11.49 11.%9 2.94 0.02 2.90 3.00
Trichlorofloromethane|  12.27| 12.19 12.22 12.14 | 3.17 0.03 3.11 3.22
1,2-dichloropropane 11.17 11.33 11.24 11.14] 2.05 0.03 2.01 2.10
2,2- dichloropropane 10.26 10.48 10.49 1043| 3.04 0.50 2.29 3.41
Tetrachloroethane 14284 1418 14.27 14p2| 3.42 0.04 3.36 3.49
KETONE VOCs
Acetone 13.62 | 14.64 13.62 11.47 6.68 0.04 6.60 6.75
4-Methyl-2-Pentanone 9.27 9.30 9.24 9.22 1.38 0.05 1.29 1.45
ESTER VOC
Isopropylacetate | 762] 7.42 7.66 | 730 | 2587 [ 003] 283 | 291
ALCOHOL VOC
Ethanol | 16.29] 16.47 10.34 | 16.37 | 6.05 | 0.03] 6.00 [ 6.10
ETHER VOC
Tetrahydrofuran | 10.33] 10.24 10.28] 10.39 ] 3.65 [ 0.02] 361 | 3.68

Chemical Standards and Instrumental Calibration

External calibration was carried out with Volatile Organic Calibration Mix contaigin40 VOCs in
2000mgl* in Methanol ( Supelco, Bellefonte, U.S.A)helcalibration was performed by analyzindiluted
standards. The standard solution was goegp by dilution in G2 methanol for gas chromatography.
Seven calibration levels of concentratioange of 0.1 and 3.0 mg (0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0)
with CS was prepared from stock standard in clkean vial. They were freshly preparedt
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the moment of calibration. The instrumentatalibration was performed by analyzinguL2 of the
diluted standards, in order to obtain tredative response valuav.

Statistical Analysis

Two - way Analysis of Variance (ANOVA) fitical test was used to evaluaigniicance of the
differences in means, we use correlationefficient (7). Sources of emission were determined
using correlation coefficient ( p <0.05) darthe factor analysis ( Principal Componefualysis)[25].

Factor Analysis

The data acquired at Apapa Industrial Arearewused to conduct PCA and the statistiesults[11].
Three factors were extracted. The firsttda (F1) explained 43.68% of the total sade and the second
factor (F2) accounted for 38.94% while tlest factor (F3) was responsible for 8.7486 the variance.
F1: This is highly loaded with trichloroethanehlorofoam, naphthalene, 2,2-dichloropropaned an-
propylbenzene. These compounds are used lasnto in plastics, paints / pigments, pharmacalindustries
and also from gasoline evaporative sources the vicinity of the studied area6]2 Gasoline
evaporation and industrial solvent usagelccobe the main contributor to factor B2: A high loading
of ethanol, 4- methyl- 2 - pentanone, benzene atetrahydrofuran were found in F2. Theshemicals are
released from exhaust of vehicles an@& amse in textile and cosmetic industriand cement depot
in the studied areas. Therefore, factoris2 due to vehicular emission and indabktsolvent usageF3:
This factor was highly loaded in metmgdehloride. This chemical is used advenit in the paper
and paint industries in the area asll was in the dry cleaning shops antsoafrom burning of
wood and bush in the studied areasthidene chloride is an indicator of ii&ss burning .
Hence, this factor may be attributed emission from industrial solvent usaged biomass burning.

Table 4: TVOCS, WIND SPEED, RELATIVE HUMIDIT Y, TEMPERATURE AND RAINFALL

RELATIVE WIND SPEED | RAINFALL
MONTH | APAPA | |\\\ibiry ) ! (mm) WIND DIRECTION
May-10 | 113.53 86 6.00 159.30 S
Jun-10 111.74 87 450 367.70 S
Jul-10 108.73 89 450 130.80 SW
Aug-10 | 109.43 88 5.70 190.60 SW
Sep-10 | 110.82 90 4.20 253.70 SW
Oct-10 111.41 84 3.70 122.80 SW
Nov-10 | 314.31 81 3.50 126.70 SW
Dec-10 | 314.98 77 3.20 76.70 S
Jan-11 319.21 61 3.30 38.00 SW
Feb-11 | 319.30 72 5.20 52.50 SW
Mar-11 | 318.21 77 4.60 69.00 S
Apr-11 337.80 79 5.50 136.20 S

SOURCE: NIGERIAN METEROLOGICAL AGENCY, 2010/2011
RESULTS AND DISCUSSION

Twenty- Six (26) VOCs were captured in clkeaof the ten sites in Apapa indabt areas during
the wet and dry seasons (Table 1) [Zifle VOCs were classified thus: aromatichalogenated,
esters, ketones, alcohols, ethers, dienesd aitriles. There is an increase ithe VOCs concentration
from November to December, 2011 (dry seasdmis may be due to the factthat the
period is characterized by high humand industrial activities. There is mogressive increase in
concentration from the month of Augu®m December, 2012. Conversely, thei® a decrease in
VOCs concentration  from May to July, 201Zenerally, the month of July hashe Ilowest
VOCs concentrations (Table 2). This may caee to wash down by rain durindhet wet season.
The levels of VOCs obtained in the studied afeably season is 2 to 8 times higher than teéseason( Table
3). The dry/wet ratio of the measured TVOC shbigh level of VOCs in the dry seasons(Fig 1)e Tigh ratio
obtained is an indicated that more of the VOCs weleased in the studied areas during the dmBason, this
may also be attributed to a greater industriivdies such as solvent usage, petrochemicatgsees, storage and
distribution of chemicals, combustion processeshiaular exhaust and petroleum product emissiorissoms
from waste dump and evaporative sources suchfr@s dry cleaning shops, refrigerator and a@nditioner
workshops, fuel filling stations and hawkers oloths, footwares, cosmetics e.t.c . SimilaHigh levels of
VOCs were recorded with high temperature( TaldgThese high levels of VOCs were attributed
evaporation, dispersion and more photochemiosdctions occurring during the season. In si#gson,
Companies productivity is high and the seas®n characterized by more human activitiesilegdto an
increase in VOC levels. In the wet season, V@@els is low due to dilution of the Atspmheric air.
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There is a strong positive correlation fickent (= 0.958) between the concentration of VOCshe try
and wet seasons. The specific site monthlgrage of the total volatile organic compowhderved in the
different sampling sites of the industrial, nomdustrial and background areas reveal iigmt seasonal
variability (Raue < 0.05) with high values obtained during thg dseasons (December) and low in the wet
seasons (July). The effect of temperatureand other  climatological factors suchs relative
humidity, windspeed and direction were sutggs as to playing more significant solein causing
seasonal variation[28,29]. The ambient VO@ghe studied areas were characterized by londwpeed with
corresponding high temperature, low humidity aind some cases relatively low rainfall wiouth - South
West (S - SW) wind prevailing (Table 4) . Théowest windspeed (3.20th$ was recorded in
December. The highest total volatile ofgacompound was recorded in the monblh April
(337.80ug/m) while the lowest value was in July&§&7ug/mi). This is because during the wet
seasons, apart from dilution of the aHphere, there is a washdown of Ajpheric Air[30].
There is a significant differencg{R < 0.05) between the dry and wet ssea in the levels
of VOCs pollution in studied areas iboth seasons. Eig{@) out of the twenty- six (26)
VOCs suchas Chloroform, 1,2 - dichloropropane, isoprophylBergegioulene ,naphthalene , acetone, Benzene
and trichlorofloromethane are the majambient pollutants in Apapa industrial areauring the Dry
and wet seasons, constitute ninety six merc®6%) of the pollution in the area @émgvalue > 1) (
Table 5)[27]. VOCS concentrations at Comrar®koad Apapa constitutes Ninety six percerthefpollution

in the entire Apapa locations during the Wet seasghile in Dry season, Burma Road conggNinety six
percent of the pollution in the entifpapa locations during the Dry season. There ds significant
difference in each of the sites imyr the wet and dry seasong,( 0.05). The identified
spatial and temporal significant variatioobserved in the studied Apapa Indalstsites could be
attributed to difference in traffic deysi variety of industrial activities, goifactories and small
businesses and from landfil and btheaste processing activities from thatural environment.

Table 5: Total Variation ( eigen value) fo Pollutants

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings

Component Total % of Variance Cumulative % Total % of Variance Cumulative %

1 4.977 20.737 20.737 4.977 20.737 20.737
2 4.335 18.062 38.799 4.335 18.062 38.799
3 4.127 17.195 55.994 4.127 17.195 55.994
4 2.570 10.707 66.701 2.570 10.707 66.701
5 2.389 9.955 76.656 2.389 9.955 76.656
6 1.944 8.099 84.754 1.944 8.099 84.754
7 1.739 7.246 92.000 1.739 7.246 92.000
8 1.046 4.358 96.358 1.046 4.358 96.358

Extraction Method: Principal Component Analysis.

CONCLUSION

The spatial and temporal distribution ®OCs concentration in Apapa Industrial arewas found to
be dependent mainly on industrial activitissch as industrial solvent usage, petroct&miprocesses,
storage and distribution of chemicals, combusfwocesses, vehicular / petroleum product emissiand
meterological factors such as wind spegidgction of wind, humidity, rainfall antemperature.
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