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ABSTRACT

This work assessed the ambient air particulate engfM) concentrations in three sites in Orlu urbianthe dry
and wet seasons using Aerocet-531 particulate monithe particulate matter size monitored were Tota
Suspended particulate(TSP),Particulate matter thas ten micro meter(Ply in diameter and particulate matter
less than two and half micrometer( P§IThe result showed dry season mean concentratdri€)5.94+23.96,
68.3149.72, 29.06+10.57pugfor TSP PM10 and PM2.5 respectively in site 1;.00222.09, 83.31+17.29,
30.25+18.87ugnifor site 2 and 92.13+18.169.44+15.74, 22.1943.63 pg.m for site 3. Results generally show
that site 2 PM concentration > site 1 > site 3. Thighest PM concentration was recorded in Januahylevthe
least was in the month of September. Student statistics showed that in the dry season only PN2sites 1 and
2 were significant p<0.5 while PM10 in sites 2 a®dvere significant in the wet season. The coarstiqudate
pollutants levels in the three sites were withia WHO guideline limit for ambient air whereas threefparticulates
(PMyo, PM, g) in the dry season exceeded the WHO guideliné fanB hours averaging period.
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INTRODUCTION

Ambient air suspended particulate matter (SPM) awmimation remains one of the environmental problerhs
global concern as the atmosphere is a global com8&®M is emitted into the air from various sourcesl
activities usually classified as natural and arpbgenic. The level and composition of the SPM &anéth
location, human and natural activities in the ateppgraphy, meteorological and atmospheric comditif an area.
Particulate matter (PM) load in an area consistslicdct emission from natural and anthropogenicrems and
indirectly from secondary PM sources such as tlimseed from gaseous precursors. Globally, PM emisshave
been estimated to reach 3400 million tonnes / JHaMan’s continual quest to improve on the quatf life has
led to increase in activities that pollute theiaiour environment such as industrialization, egpeaggneration and
transport .These activities are usually poweredfdssil fuel from coal, petroleum and  natural gelsose
combustion by- products are potential air pollugant

Specifically, suspended particulate matter (SPMissions come from such human activities as minexataction
and processing, mining and quarrying activitiegdroonstruction, farming activities, combustiorsofid waste, re-
suspension of road side dust by vehicles, partiew@aissions from vehicular exhaust pipe, combnsifovood for
domestic purposes etc., [2-7]. SPM air contamimatias generated much attention in recent timessendral
studies have shown that at certain concentratimm®act between the PM and the outer (skin) orrifirespiratory
tract epithelium) surface of human body can cadserse health responses [8-11].

Reported health and environmental effects of PMpallution include heart disease, provocation dhms attack

on asthmatics, heart failure, irritation of the appespiratory tract, lung cancer and lung fibrodismage to the
central nervous system, neurological and psychcédgiisorder and reduction of visibility [12-15].
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The particle size distribution of total suspendadipulate (TSP) is also important as it defines idgion in which
an inhaled particle will be deposited in the restairy tract [15,16].

In spite of the importance of quality air to heakbme developing countries including Nigeria hawegiven it the
desired attention. National ambient air qualityngird (NAAQS) is yet to be formulated in Nigeriadasms well,
there is no air quality monitoring station in place

Baseline data in the area of this study is lackiagce this work aims at a ascertaining the PM iodle area.
EXPERIMENTAL SECTION

STUDY AREA: Orlu urban is the second largest urban area inState (second to Owerri) South East Nigeria. It
is located between longitude 0%7.31N 0072.9'E and 0848.6N 0.4E and has a population of 220,000 [17]. The
area has subequatorial climatic condition with thigtinct seasons namely dry season and wet seBsprseason
occurs between December and March while wet seafoam April to November.

Site location The area is not demarcated on land use typetirgsiuh mixed industrial, commercial and residentia
areas.

Three sites were selected to cover the entire eémtierms of geographical spread and visible aliuion sources
such as area of relatively high human and vehicuidfic volume, market, small scale industriestrglefilling
stations, automobile repair (mechanic) sites afseedump sites. Tablel shows the descriptionebites.

Table 1: Sampling location (sites) for Orlu Urban,imo State Nigeria

Site S/No Location Name GPS Coordinates
) : NOS® 47.867
1 Amaifeke Junction E007 01.167
5 International market/Amaigbo/Nkwere NO5° 47.300
Road Junction E007 02.869
. . NOS® 48.614
3 lhioma Junction E007 01387

Suspended particulate matter monitoring protocol inthe sites

The PM levels of total suspended particulate, (T$RJticle size 10 micro- meter in diameter, (RhMnd particle

size 2.5 micrometer or less in diameter g2Mwere monitored in three sites simultaneoushngisk portable

particle counter on-site readout electronic inseam Aerocet — 531 (Met one instrument, USA). Thoé¢hese

instruments were deployed one per site with thp békix trained field assistance (two per sitd)e Three samplers
calibrated according to manufacturer’s instructisere run simultaneously in one site for five hopes day within

the period of December, 2009 before the commenceuofethe proper monitoring to ascertain their ceteicy

prior to their separate deployment to the differs@tas. Their readings were found to be consisaerthe difference
in their PM levels’ record within the five hourstefst-run were within the manufacturer’s instrumembr.

A regime of monitoring used measured the ambierieael of the parameters every 30 min. for 12hg=gy.

The parameters were measured by hand holding #teuinent to a height of about 2m above the grounthé
ambient air. The instrument gives the reading chgaarameter (TSP, Plylor PM, 5) on switch-on within 3 min.
This gave two readings of each parameter in an,ureadings in 12 hoursd, 6.00 am - 6.00pm) and 168
readings (sampling) in a week. These weekly samliacords) were averaged to obtained the weeldyage and
four weeks average used to calculate the monthgnmihe sampling lasted between December to Mad&b for
the dry season and June to September, 2010 faveghseason. The monthly averages for four monthe wsed to
calculate the seasonal average. Inveretizal[18] had earlier reported the use of the Aerocét-i3trument in the
measurement of black carbon concentration as acaited of air quality benefits of traffic restrioti policies within
the ecopass zone in Milan, Italy using the follogviPM sizes: P\, PM, s and PM.

RESULTS AND DISCUSSION

The dry seasonal mean for the total suspendeccpiaté (TSP) was 105.94 + 23.96 iwith a range of 81.75 +
12.97 — 139.00+ 12.68 1iin122.00+22.09 and range of 100.25+ 15.56 -148.6(4L un? for site 2 and site 3
with seasonal mean of 9.13+13 and range of 76x9127-25+20.87 pifi The month of January had the highest
mean TSP of 148.00 £+ 13.34 within period of studite 2 (Table 2A). The highest load of TSP in thenth of
January may likely be due to the harmattan episdueh usually attains peaks in Nigeria between Ddmer and
January each year and is characterized by the N@shtrade wind laden with dust from the Sahasede
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Table 2A: Weekly mean of TSP, PMy and PM, 5 in sites 1, 2 and 3 For Dry Season

Weekly PM sitel in Orlu site2 in Orlu site3in Orlu
Y TSP [ PMc | PMps | TSP | PMc [ PMpe | TSP | PMc | PMp:
December
weekl PM mean (ugfn 86 60 35 127 84 18 89 50 19
week2 PM 93 63 20 126 87 20 85 4( 18
week3 PM 84 56 21 134 98 26 97 44 20
week4 PM 137 70 55 142 96 24 101 42 16
Dec mean+ 100.00| 62.25| 32.78 132256 91.25 22,00 93000 44.58.251
std dev. 2497 591 1634 7.4] 6.8D 3.65 7.80 4.43.71
January
weekl PM mean (ugin| 140 86 30 162 106 68 141 88 21
week2 PM 150 79 40 156 122 56 12§ 95 30
week3 PM 145 74 68 141 96 50 104 78 2p
week4 PM 121 80 29 133 89 60 96 64 21
Jan mean+ 139 79.75| 41.75 148 103.25 5850 117]25 8125 2575
std dev. 12.68] 492 18.19 13.34 1431 75 2087 .451B8 3.77
February
weekl PM mean (ugfn| 108 78 27 123 64 22 99 65 25
week2 PM 102 70 25 104 53 18 81 62 26
week3 PM 105 76 26 96 75 25 76 54 26
week4 PM 97 67 20 107 66 20 73 56 2p
Feb meanx 103.00| 72.75| 245 107.5p 6450 21p5 82p5 59.25.7524
std dev. 4.69 5.12| 3.11 11.38 9.04 2.99 11/64  512.89
March
weekl PM mean (ugin 92 78 24 121 82 24 81 57 21
week2 PM 78 50 12 103 78 19 76 43 1y
week3 PM 92 64 23 86 74 20 84 66 22
week4 PM 65 42 10 91 63 14 63 45 20
Mar meanz 81.75 | 58.50| 17.2§3 100.26 7426 19.p5 76.00 52.75.002D
std dev. 12.97| 15.8¢ 7.2} 15.56 8.18 4.11 9.27 810.2.16
Table 2B: Weekly mean of TSP, PMy and PM;s in sites 1, 2 and 3 for Wet Season
Weekly PM | sitedin Orlu | site2in Orlu | site3 in Orlu
June
TSP | PMc | PMx | TSP | PMc | PMpe | TSP | PMc | PMgs
weekl PM mean (ugfn| 50 26 12 67 26 10 80 44 6
week2 PM 37 25 10 60 18 6 70 5] 2
week3 PM 38 28 8 54 20 2 61 36 3
week4 PM 32 22 3 26 14 2 49 24 1
Jun mean+ 39.25| 25.25| 8.25 5175 195 5 65 40 3
std dev. 7.63 25 3.86 17.97 5 3.83 13]19 956 216
July
weekl PM mean (ugin| 41 25 3 60 31 8 56 16 2
week2 PM 45 28 8 55 34 5 70 16 1
week3 PM 36 30 2 38 29 3 72 1( 2
week4 PM 34 26 2 25 21 1 60 14 2
July mean+ 39 27.25| 3.75| 445 287p 42p 645 14 1.5
std dev. 4.97 222| 287 16.05 5.6 299 772 283.50(
August
weekl PM mean (ugfn| 30 24 9 39 24 6 50 21 8
week2 PM 35 25 8 32 23 6 60 23 3
week3 PM 28 25 6 31 20 7 62 14 2
week4 PM 31 23 2 26 16 1 58 22 2
Aug.meanz 31 24.25| 6.25 32 20.7% 5 57.6 21 3.5
std dev. 2.94] 0.96] 3.1¢ 53b 359 271 5p6 216872
September
weekl PM mean (ugin| 27 17 4 35 22 5 40 10 1
week2 PM 36 21 6 32 19 3 53 12 2
week3 PM 24 13 4 23 17 1 58 1( 4
week4 PM 29 12 1 19 12 1 51 8 3
Sept.mean+ 29 15.75| 3.75| 27.2% 175 2.5 50/5 1p 2|5
std dev. 5.10| 4.11] 2.04 750 4.20 191 759 1163291
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Table 2C: Concentration of TSP, PMg and PM, s (ugn®) for four hours sampling (at 30 min. interval) insite 1 for samplers A, B, C

TSP

Time 8.00 8.30 9.00] 9.30alh 10.00 100 11[00 11.3@.00] 12.30] 1.00pn
Portable Sampler Al  80.1p 815 7560 87.30 74.40.50/4 73.0 740 7280 7250 7250
Portable Sampler Bl 80.00 815 75.60 78.20 76.20.4074 73.0 74.3| 7290 724D 72.50
Portable Sampler ¢/ 80.20 816 7550 78.80  76.30.4074 73.0 742 7290 7250 72.40
PMac

Portable Sampler Al  63.5 65.6 64.00 6450 63.20 1G63. 63.0 64.0 62.0 61.0 61.4
Portable Sampler B 63.6 655 64.10 6450 63.20 1068. 63.2 64.0| 62.10 61.( 61.3
Port able Sampler ( 63.5 65.p 64.20 6450 63.30.2068 63.1 64.0 62.1 61.1 61.4]
PM; e

Portable Sampler Al 30.§ 31.J0 33.p0  30.60 29.7 230.29.30| 30.1 30.3 304 30.5]
Portable Sampler B 30.5 31.J0 33.80 30.50 29.8 2 3029.40| 30.0 30.2 30.3 30.4
Portable Sampler C 30.¢ 31.10 33.p00  30.p0 2p.8 1 3029.50| 30.0 30.2 304 30.4

Table 3A Student’t-Test Results for Dry Season

Mean |Std. Deviatiof T |Prob,<t>
Pair 1 DRTSP1 - DRTSP2-16.0625( 17.19484 |-3.737| .002
Pair 2 DRTSP1 - DRTSP3 13.81250 15.07412 | 3.665| .002
Pair 3 DRTSP2 — DRTSPJ 29.87500 10.44270 |11.443 .000
Pair 4 DRPM;c1 - DRPM(2 [-15.0000( 17.57650 |-3.414| .004
Pair § DRPM1 - DRPM3| 8.87500| 11.90448 |2.982| .009
Pair § DRPM,2 - DRPM3|23.87500 17.75340 |5.379| .000
Pair 7DRPM,1 - DRPM:2| -1.18750 17.10056 | -.278| .785
Pair §DRPM,:1 - DRPM3| 6.87500| 14.58709 |1.885| .079
Pair YDRPM,:2 - DRPM:3| 8.06250| 15.70337 |2.054| .058
Note: DR=Dry season and 1, 2 and 3 represent dit&sand 3 respectively.

Table 3B Student’s t-Test Results for Wet season

Mean |Std. Deviatiof T |Prob(t

Pairl WTSP1-WTSP2 |-4.31250, 10.53071 |-1.638| .122
Pair2 WTSP1-WTSP3 |-24.8125( 7.24080 |-13.707 .000
Pair3 WTSP2 - WTSP3 |-20.5000¢ 12.51666 |-6.551| .000
Pair4 WPM101 - WPM102] 1.50000| 4.91257 1.221] .241
Pair5 WPM101 - WPM103f 1.87500| 11.67262 | .643 | .530
Pair6 WPM102 - WPM103] .37500 14.50919 | .103 | .919
Pair 7 WPM2.51 - WPM2.53 1.31250| 2.57472 | 2.039| .059
Pair 8WPM2.51 - WPM2.53] 2.75000( 2.93258 | 3.751| .002
Pair 9WPM2.52 - WPM2.53] 1.43750( 2.87446 | 2.000| .064

WT=Wet season and 1, 2 and 3 represent sites Ad Baespectively.

Comparatively, site 2 had the maximum seasonal roéaisP, PM, and PM s in the dry season and site 3 had the
minimum. The pattern in the wet season was irreguith site 3 having the maximum TSP and least, PMable
2A). The trend in the monthly mean showed thathlghest particulate load in the ambient air ocalirire the
month of January while the least occurred in thetm@f September. These two periods corresponccsisply to
month of harmattan peak in Nigeria with the charastics North-East trade wind laden with dust qadk of
raining season characterized by wet precipitati®anerally, the particulate load in site 2 seembdarelatively
higher than that of the other two sites and thiy fva due to higher anthropogenic activities in gfte relative to
others. Even though there is no pollution soureerimory of the city and the present work did notarathat aspect,
site two was observed during the sampling to haiatively higher human activities such as markate| net work
of roads with high vehicular (including the twaoolte engine popularly called ‘Okada’ present) traffensity
compared to the other sites. This is also in agestwith earlier studies which observed higheripaldte load in
areas of higher human activities [4, 19-20].

Table 2C showed the result of the three portabiepgars A,B,C running simultaneously in site 1 befdheir

separate deployment, while the difference in thvellef each parameter as recorded by the threalgertmonitors
were within the instrument precision.
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The Paired sample t-test analysis in the dry seabowed that pairs PM in site 1 and PWs in site 2 had mean
differences that were statistically significant Qpe5) (Table 2A) whereas in the wet season onlyp#ieof PMy in
site 2 and PN} in site 3 were significant (p<0.05) (Table 2B)

CONCLUSION

The study has provided estimate of particulate ioa@rlu urban .The study points to the fact thist Bad in the
area is dependent on anthropogenic activities asuthas area known to have high anthropogeniciteetisuch as
market, high vehicular densigtc. Site 2 (International market/Amaigbo/Nkwere Rgadction) has the highest
ambient air particulate matter load among the thites considered in this study.
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