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Abstract:  This study presents an overview of near surfaceonelogical measurements carried out in a densgodlintion
plume environment of a scrap-iron recycling fact¢ry 29'N, 4 28'E, 262 m a.s.|) located at lle-Ife, southwest
Nigeria. This was done with a view to providingtteneteorological dataset that could be used ast imp
advanced regulatory air pollution dispersion modélsadient and single level continuous measuremeintear
surface atmospheric parameters comprising air teatyre (1 and 5 m), relative humidity (1 and 5 gipbal and
net radiation fluxes (both at 1.5 m), soil heakf{® cm below surface), wind speed (1.5 and 5.5ang wind
direction (5.5 m) were made between August 2012Jamé& 2014. The assay of sensors deployed inctuae)
pulse type cup anemometers (model A100ML), two g@)temperature and relative humidity sensors (rhode
HMP45), a potentiometer type wind vane (model W20@Pnet radiometer (model NR-LITE), a pyranometer
(model CS300), a soil heat flux plate (model HFP&1d a soil temperature probe (model T108). Allghasors
for the measurement were instrumented to a 6 mar@tgical mast and connected to a Campbell Scientif
datalogger (model CR1000). The data obtained werglsdnat 10 s resolution and stored as 10 min aestag
later reduced to hourly averages. Generally, dleatlon is characterized by daily mean air tempeeag 26°C),
high relative humidity (RH > 70%) and weak windsZ® ms'). Hourly mean of net radiation reached a peak of
422.7, 382.0 and 477.0 Whin the years 2012, 2013 and 2014, respectivelyti@mther hand, hourly mean of
soil heat flux reached a peak of 108.2, 93.2 ar@l2LWm?, respectively for the same period. This high dyali
and extensive site-specific meteorological datagmild be useful for hands-on testing and deploynwdnir
pollution dispersion models and for use in othedrammentally related applications.

Keywords: Air temperature, dispersion models; net radiatsmil, heat flux

Introduction

Indiscriminate release of harmful gaseous emissibom

operations within the industrial sectors (e.g., apéron

recycling) into the atmosphere could constitutéoserhuman
health and environmental issues. This problem &esbated
in Nigeria by lack of in-situ measurements of aitlyptant and
enforcement of guidelines that regulate short- lmd-term
impacts. There is also the problem of inadequadeimproper
control strategies caused by prohibitive costs auiigment
and inadequate skilled manpower to monitor critegia
pollutants’ concentration at all locations of irgst

An approach that has proven to be efficient and effsctive
in obtaining estimates of the concentrations o$¢hgollutants

meteorological parameters to fully describe theosipheric
dynamics and surface layer characteristics at therce
location (Pearcet al., 2011).

Thus, providing regulatory air pollution dispersimodel with
site-specific, quality-assured surface layer metiegical data
is therefore essential for obtaining plausible restes of
pollutants concentrations downwind from the reldaseurce.
The basic routine meteorological measurements medui
include air temperature, relative humidity, windeeg and
direction among others (Battermatal., 2010). This study
was therefore carried out with a view to providiagless
capital- and equipment-intensive methodology féinbde use
of near surface meteorological data for possibfgiegtion as

(e.g. SQ, NOy, CO, etc.) is the use of advanced regulatorynput in advanced regulatory air pollution dispensinodels.

(Gaussian-based) air pollution dispersion modeBRMOD,
one of the most widely used
dispersion model (Carruthees al., 2011; Nadoushast al.,
2016) requires as input, basic meteorological e to
characterize the surface layer dynamical paramdiatsare

regulatory air pollntio Materials and Methods

Description of the study area
The study site (729'N, 4 28'E, 262 m a.s.l) is located at
Fashina, lle-Ife, a rural settlement in Ife-Centiabcal

needed in estimation of latera,) and vertical dispersion Government Area (LGA), Osun State, southwesterreiidg

(o,) coefficients, as well as pollutants’ concentnasioat

(Fig. 1). Located off a high-traffic Ife-lbadan erpsway,

downwind locations from a known source of atmosher Fashina is an agrarian community surviving on sibsce

pollution. Unfortunately, the meteorological inputsquired

farming, animal husbandry and cottage industry fikém oil

by the dispersion models are often compromisedhénsense and cassava processing. A little distance inwardm fthe

that location-specific measurements are not alveaslable

expressway, there are patches of declining cocaatgtion

(Capelliet al., 2013). As a consequence of this limitationdue to developmental encroachment of residentiadlibgs.

most atmospheric dispersion estimates of
concentrations are made from meteorological dataimdéd
from sources different from the location of applica thereby
failing to fully represent the prevailing surfaceyér
conditions at the required location. As such, #@&bility of

pollutantghe road network in the area is unpaved exceptttier

abandoned old Ife-lbadan motorway. Generally, wvdhic
traffic in the interior areas is very low, being stlg plied by
lorry tippers bearing sand and construction materia
Neighbouring communities around Fashina settlermaide

dispersion models’ concentration estimates is styon Ipetumodu and Akinlalu. The Obafemi Awolowo Univigys

dependent on the representativeness of the

inpG@mpus is about 7 km (as the crow flies) in the Ection
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Surface Meteorological Measurement in a Polluted Environment

and the palace of the monarch, the Ooni of Ifeghisut 8.5
km away in the East direction.

Climatologically, Fashina is located in the tropieedt and
dry belt of West Africa. During the dry season,itgtly from
November to February, the region is characterizedrlp and
dust-laden northeasterly winds, which have a loagecttory
over the Sahara desert. Absence of wet depositiodry
season increases residence time of the dust iatthesphere
leading to a persistent haze, known locally as Hdtam.
From March, which marks the transition period betwelry
and wet season, the southwesterly monsoon flownbew
move further inland bearing with it moisture-ladain mass
from the coastal region. These two air masses (hirgt-laden
northeasterly and the moisture-laden southwestergdt over
land at a zone of strong convergence referred tontes-
Tropical Discontinuity (ITD). At the peak of weeason in
July and August, maximum daytime air temperatureggea
between 24.5 and 37Q@ with the mean most times being
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T 01—4
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about 26C. Daily mean relative humidity is between 59% anq:ig_ 2: Schematic diagram of sensors’ positioning on tme 6
87% (Jegedest al., 2004). Seasonal changes are aSSOCiat@ﬁeteorological mast at Fashina, study site.

with north-south movement of the ITD line. At abdatitude
7 °N, the ITD position varies between®Bl in January and

about 14°N in June. The predominant surface wind at thgjeaqrements of meteorological parameters

location is southwesterly virtually all year rourdue to
nearness to the ITD southernmost position.

A scrap-iron recycling factory is sited across éxpressway,
southwest of the study area (Fig. 1). The scrap-iezycling
factory is a private smelter facility and it is thely industrial
activity within a radius of 20 km. It is situated a land area
of about 500 by 500 m (256 m a.sAs a mini-mill, the
factory depends hundred percent on scrap metal®gOeet

A 6-m meteorological mast (the schematic is shawRig. 2)
was installed at the measurement site, approxin@e0 m
away from the factory in the northern direction. €Th
immediate surroundings of the measurement sitelehaded
ground surface moderately overgrown with short ggFasand
was well maintained throughout the study periododgraphy
of the area is flat. Land use pattern in the vigioff the mast
comprises of sparsely grown cassava and maize dads)

al., 2011; Owoadet al., 2013) which are supplied from time ang patches of uncultivated plots with few scattdrees. The
to time by commercial truck owners and small scalgycation was chosen such that measurements froratatien

individual scrap scavengers. A dumpsite with massieposit
of slag from the recycling process is located behthe
recycling factory.

Eoeza
m  1000m 2000m 3000m
Legend

[0 Scrap-Iron Smelting Factory - ZxMeteorological Station
;:g Community Primary Sch. ~ BJOAUDam A/ Road
® Oduduwa University 2% Building/Dwellings

Fig. 1: Map Showing Fashina, the measurement locatifn (

29’ N; 4° 28’ E) in lle-Ife, Southwestern Nigeria.

depict actual meteorological conditions at the fimca The
mast, a 2.5-inch antirust-coated pipe designed ujpart
booms at three different levels and oriented in estveast
direction, was instrumented for measurements dfirewnear
surface micrometeorological parameters. This wath vai
view to obtaining site-specific meteorological datarequired
as input in dispersion models for estimating cotregions of
gaseous emissions released from the recyclingriacto

In August 2012, the mast was instrumented with @qulse
type cup anemometers (model A100ML), two (2) air
temperature and relative humidity sensors (modePH4B), a
potentiometer type wind vane (model W200P), a net
radiometer (model NR-LITE), a pyranometer (model @33
a soil heat flux plate (model HFP01) and a soilgerature
probe (model T108). A schematic diagram of the quaent
heights for the sensors is as shown in Fig. 2 wiiile
positioning and specifications of the sensors aransarized
in Table 1. The measurement levels for wind (1.8 &% m),
temperature and relative humidity (bothzat 1 m andz, =5
m) were so chosen such that the ratigz, falls within ~ 4 -
8 (Arya, 2001; Foken, 2008) to ensure that the igrad of
Z/vind, temperature and relative humidity are sudiiti for
obtaining appreciable flux values to resolve thdase layer
parameters.
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Table 1: Specifications of the sensors used for measurement

Parameter Instrument Manufacturer (Model) Accuracy/ Sensitivity Heights (m)

Wind Speed Cup Anemometer (2) Vector Instruments, UK Dist. const. 2.3m (Threshold 1.5 &5.5
(A101ML) 0.15mgs")

Wind Direction Potentiometer Wind Vane Vector Instruments, UK +3° 5.5
(WP200)

Air Temperature ~ Temperature and Relative Humidity Campbell Scientific, USA +0.4°C 1.0&5.0

& Sensor (2) (HMP45) +2% (0 — 90%) &

Relative +3% (90 — 100%)

Humidity

Net Radiation Net Radiometer Campbell Scientific, USA  10uV/(Wnri?) 15
(NR-LITE)

Global Radiation =~ Pyranometer Kipp and Zonen, +5% 15
Netherlands (CS300)

Soil Heat Flux Heat Flux Plate Huksefux (HFPO1) ~ 50pV/W.m 5 cm below

surface

Soil Temperature  Soil Temperature Probe Campbell Scientific, USA  +0.05C 5 cm below

(T108) surface

(b)

measurement; at the scrap-iron recycling planttéstat Fashina, lle-Ife, Ife Central Local Govermi&rea, Southwestern Nigeria.

Data acquisition and analysis

Data acquisition commenced in August 2012 and oaet
till June 2014 when the experimental field meas@es were
concluded. Meteorological data were available fbrtlae
period of the measurements except for the montiiafiary
to March in 2013 when the station was temporatilytglown
for maintenance purposes. The sensors were conhacta

then processed into sequential hourly averagesseTmere
later reduced to monthly averages. The wind dioectvas
reduced using the methodology recommended for
meteorological monitoring in  regulatory  modeling
applications (USEPA, 2000).

Results and Discussions

Campbell Scientific datalogger (model CR1000), whictMonthly diurnal variation of measured air temperatu

served as a measurement and control module, arfidjwed
to measure meteorological parameters every 10 aed.
stored as 1 min averages except for the wind diredhat
was sampled at 10 min intervals. Data for all theameters
measured were carefully checked for instrumentargrand
out-range values. Quality assurance and qualitytrabn
(QA/QC) procedure were then carried out on the emtitaset
to ensure its physical reliability. Data points twipurious or

relative humidity, net radiation flux, soil heatufl, soil
temperature and wind speed at the study locatipthfo year
2012 are presented in Fig. 4(a) — (e), respectiv&iyce the
measurements started in August 2012, data obtdarethis
month were not used to ensure consistency and aroms.

For the month of September 2012, the hourly meéuegaof

air temperature increased from 2Z4ust before dawn (about
05:00LT) and as the sun rises, the values increased

missing values were either removed or replaced gusirmonotonically to reach a maximum value of 2Z.%t about

interpolation method where necessary. Collected datee

15:00 LT. Thereafter, the air temperature valuespped as
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the sun sets. The daily mean air temperature clatdior the
month was 24% (Fig. 4a). The relative humidity (RH)
values varied between a minimum value of 69.3%batut
15:00 LT and a maximum value of 92.2 % at nighte Tirean
relative humidity obtained for the month was 84.1%e high
values of RH ~ 90 % at night time indicated a nedanraited
atmosphere (Fig. 4b).

This is attributable to the prevailing southwesterlirrent of
maritime origin, which is moist-laden. The valuef ret
radiation from midnight to about 7:00 LT were neégatand
fairly constant with values ranging between -31n@ al1.4
Wm2 (Fig. 4c). This indicated there was radiative ouplat
the surface during this period. Beyond 7:00 LT, tiet
radiation turned to positive values and increageddily as
the sun rises overhead to reach a maximum valug7@f2
Wm2 which occurred at about 14:00 LT. The soil heak fl
reached its minimum value of -36.8 Wnat 20:00 LT and
maximum values of 99.8 W#nat 13:00 LT, respectively (Fig.
4c). Daytime values of soil heat flux were found ke
between 0.1 - 0.26 of the net radiation valuess Thiues fall
within the range 0.13 - 0.3 of net radiation quotadthe
literatures (Jegede, 1997; Ayodaal., 2014). The difference
between net radiation and soil heat flux repreiemtamount
of energy, in form of sensible and latent heat flaxailable
for heat and mass transfer at the surface, anceqaestly to
drive pollutants mixing. The maximum value recordedsoil

be between 0.10 and 0.26 of the net radiation. iBHisund to

be almost the same as that of September 2012. Maxim
value recorded for soil temperature was 3Z.0This was
greater than the value recorded for the previoustm¢Fig.
4d). The mean wind speed recorded at the sitehtomtonth
was 1.2 mg. During periods of atmospheric stagnation that is
associated with low wind speefis< 1.0 ms' (Richardet al.,
1994), wind-induced horizontal mixing of pollutanis
suppressed. Thus, pollutants concentrations inereaar the
emitting source. In the areas surrounding the sitoap
smelting factory, visibility will be greatly redudeat such
periods of low winds especially early in the momig@about
05:00 LT). Thus, the low wind speed obtained atstively site
may increase atmospheric pollutants’ concentratiamsl
affect visibility in the vicinity of the scrap-iromecycling
factory especially during period of continuous aske of
gaseous emission.

For the month of November 2012, the air temperature
minimum was 23.%C while the maximum was 3@ around
16:00 LT. These values were higher than thoseepthvious
month. The daily mean air temperature obtainedhfermonth
was 26.C (Fig. 4a). The relative humidity values varied
between a minimum of 57.6% at about 16:00 LT and a
maximum of 92.5% at about 06:00 LT. The mean ne&dati
humidity obtained for the month was 80.4% (Fig..4bhe
maximum value of the net radiation for the montts w&5.8

temperature was 30@ (Fig. 4d). The hourly mean values of Wm at 14:00 LT while that of the soil heat flux wa®417

wind speed showed a diurnal pattern, increasingn fr@

Wm? at the same time (Fig. 4c). The maximum valueailf s

minimum of 0.7 m# in the early morning (around 06:00 LT) temperature recorded for this month was greater that of
to reach a peak value of 1.8 sy the late afternoon (around the two previous months (i.e. 38C) (Fig. 4d). Daytime

15:00 LT). The mean wind speed value recordedeasitie for

values of soil heat flux were found to be betweehdCand

September 2012 was 1.3 Tn¢Fig. 4e). This suggests that 0.29 of the net radiation values. The peak valume#n wind

low-level flow was weak at the study location dgrithe
period of observation. This low wind speed valugyscal of
the low latitudes (tropical areas). High valuesaifid speed
only occur during storms or disturbed weather. Tiadly
mean air temperature obtained for the month of Rmt@012

speed was 1.6 misby the late afternoon (around 14:00 LT)
while the mean wind speed values recorded at thdfai the
month was 1.0 ms

For the month of December 2012, the maximum vafuhe air
temperature recorded was 3C7at about 16:00 LT with the daily

was 25.1C while the maximum air temperature attained wagean being 26°€ (Fig. 4a). The relative humidity minimum and
35.58C around 16:00 LT. (Fig. 4a). Since the month regmess Maximum recorded were 51.8% at about 16:00 LT an@% at
a transition between the wet and dry season for ttbout 06:00 LT, respectively. The mean relative idity

measurement location, it is usually associated wlitnges in
southwesterly to northeasterly flows. It is of higjgnificance
to air pollution dispersion because as the surrimgnd
becomes warmer, it enhances the capacity of thespinere
to exchange air parcels through convective prosessel
buoyancy effects. It thus indicates that pollutartsdispersed
further away from the source in this month than ghevious
one. The relative humidity on the other hand redche
minimum value of 62.9% at about 15:00 LT and a mmaxnh
value of 93.1% at night. The mean value was 82 Bith 4b).
The high relative humidity observed in the earlyrniog
hours and at nighttime plays an important role derating
the residence time of gaseous and particulate tpolisi in the
atmosphere and consequently pollutants concenirégicels.
In a study by Elminir (2007), it was establishedatth
atmospheric pollutants’ concentration decreasels initrease
in relative humidity and vice versa. This is sadgse as the
relative humidity increases, pollutant particles@b more
water. The absorbed water increases the size aundhgoof
the particle thus the particles become denser axilye
deposited to the surface (Zhaegal., 1993). For the net
radiation, a slight dip in the value of the netiatidn between
10:00 and 12:00 LT was observed (see Fig. 4c). dipiss a
common phenomenon in tropical humid region and lcan
attributed to the effect of cloud drifts that blgabut incoming
solar radiation. The maximum value of net radiatitwserved
for this month was higher (90.0 Winthan for the previous
month. The daytime values of the soil heat fluxeviaund to

obtained for the month was 77.7%. This was obsetwde lower
than the mean relative humidity values obtained September
(84.1%) and October (82.8%). The maximum value hef net
radiation was 404.8 Wtharound 14:00 LT with the daily mean
value being 76.4 Wih (Fig. 4c). The soil heat flux reached a
maximum value of 101.1 Wfat 14:00 LT while the daytime
values of the soil heat flux was between 0.18 aBd 0Of the net
radiation values (Fig. 4c). The maximum soil tenapere
recorded for the year was 43C3(Fig. 4d). The maximum value
of the wind speed was 1.5 thsThis was the highest daily mean
value recorded for the year 2012. This implied thaface wind
speeds were relatively stronger in this month caoegbdo other
months (September - December) in 2012. High windedp
significantly affects plume rise and ground-levehcentrations
because plume rise are negligible at very high vepdeds and
the effective stack height may also be reduced ¢Begk, 2005).
When this occurs, the plume may be brought to tlweirgd at
downwind locations not far from the source. Howewre to the
increased volume of air associated with increasimygl speeds,
ground-level concentrations are usually reduced.tifes wind
speed increases in December, plume rise and thetig# stack
height may be reduced thus suggesting that groewsl-|
concentrations of pollutants are lower comparedtb@r months.
The summaries of the hourly variables are presentédble 2.
Figure 5 shows the various parameters of air teatpes, relative
humidity, net radiation, soil heat flux, soil tematire and wind
speed for the months of March to December in ther @913.
Maximum air temperature recorded for the month afrdh 2013
was 32.6C while the mean for the month was 269qFig. 5a).
The maximum relative humidity on the other hand Wasl%
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with the mean being 76.9% (Fig. 5b). This monthrespnts a

transition from dry season to wet one with highbatality of

reducing atmospheric dispersion of gaseous emissimm the Table 3 Hourly mean values of meteorological paramets
scrap-iron recycling factory depending on the gjtlenof the 5t the study site for the year 2013

horizontal wind speed. This can be attributed toreese in air LT WS T RH SHF NR
temperature and consequent reduction in conveetighange at (GMT+1) (ms) (°C) (%) (Wm? (Wm?
the surface. The maximum values of the net radiatind soil 01 05 228 943 -339 26.7
heat flux were 546.9 Wihand 125 WA, respectively (Fig. 5c). 02 04 227 947 325 249
The mean values of the net radiation and soil feat on the 03 0.4 295 049 315 249

other hand, were 120.1 Whand 6.7 Wi, respectively (Fig.

5c). The maximum value of the soil temperature \{shin Fig. 04 0.3 224 951 306 -23.9
5d) was 36.%C while its mean value was 31@ The maximum 05 03 223 954  -296 -23.2
wind speed recorded for the month was 0.5' mith its mean 06 0.2 22.3 955 -29.0 -22.9
value being 0.2 ns The maximum air temperature recorded for 07 02 222 955 -276 -19.8
the month of April 2013 was 3PQ while the mean for the 08 03 226 954 -16.9 6.6

month was 26. € (Fig. 5a). This was slightly greater than tte 09 05 235 927 7.4 62.4
value for the previous month. The relative humiditgximum on 10 0.8 247 859 35.2 152.C
the other hand was 91.8% with the mean being 7&Fiéo 5b). 11 1.0 26.0 785 62.8 245.€
The maximum values of the net radiation and sadlt ffleix were 12 11 271 727 844 318.2
515.5 and 88 Wify respectively (Fig. 5¢). The mean value of the 13 11 279 687 93.2 3791
net radiation, on the other hand, was 111.8 ¥\(fig. 5c). The 14 11 286 66.0 926 382.C
maximum value of the soil temperature (shown in. Bid) was 15 1'2 29'0 64.4 83.5 362.7
34.0°C while its mean value was 28C7 These values are slightly’ ’ ’ ’ ' "
lower than the previous month. The maximum wind espe 16 12 20.1 643 63.6 298.7
recorded for the month was 2.1 Msith its mean value being 1.z 17 12 286 669 228  163¢
mst. 18 1.1 275 723 -12.0 47.8
For the year 2013, the least of the maximum airpenature 19 0.7 258 801 -350 -23.7
recorded occurred in the month of August with aigadf 28.2C 20 0.7 246 86.2 -40.8 -39.6
while the mean value recorded was 23.8Fig. 5a). The range of 21 0.8 240 89.4 -40.6 -35.7
values obtained between May and December 2013 ior a 22 0.7 235 915 -39.2 328
temperature, relative humidity, net radiation, duéat flux and 23 06 232 930 -37.0 -30.8
wind speed were 21.4 — 318 43.6 — 94.5%, -54.7 — 477.7 Wir 24 0.6 230 938 -353 28.2

2 _ _ . .
, -56.7 — 133.5 Wifiand 0.1 — 2.2 ns respectively. A bimodal LT = Local Time; WS = Wind Speed:T = TemperatureRH =

trend was observed in the air temperature, soip&zature, net . R . P
radiation and the soil heat flux parameters in 20t summary Relative Humidity;NR =Net RadiationSHF = Soil Heat Flux

of the hourly variables is presented in Table 3.

Table 4: Hourly mean values of meteorological

Table 2: Hourly mean values of meteorological X
parameters at at the study site for the year 2014

parameters at the study site for 2012

LT WS T RH SHF NR

G ,\IA'I 1) (r\.:\.]ls—sl) (OE) (IE/S (V\?Irs'z) (V?/:Fz) (GMT+1) (msh) (C) (%) (Wm? (Wm?

o1 23.6 909 236 350 01 0.5 241 949 -37.3 -38.2

02 0.9 234 914 19.6 332 02 0.4 23.8 96.3 -36.7 -36.5

03 08 234 918 -18.0 314 03 0.3 236 971 -35.4 -35.0

04 08 233 921 17.7 30.2 04 0.3 23.4 977 -34.6 -33.2

05 07 232 923 17.9 20.8 05 0.3 233 97.7 -33.9 -31.8

06 07 232 924 7.2 8.8 06 0.3 23.2 98.1 -32.9 -30.8

07 07 232 923 15.0 276 07 0.2 231 984 -31.9 -28.7

08 07 234 921 11.7 198 08 0.3 23.4 98.3 -23.2 -1.8

09 1.2 241 893 70.4 05 09 0.5 245 95.7 1.3 69.5

10 1.4 252 839 158.9 26.2 10 0.8 26.2 86.3 31.6 182.t

11 1.6 264 777 2552 54.9 11 1.0 279 740 68.0 305.7

12 1.6 273 720 326.7 781 12 1.3 294 64.6 95.0 379.E

13 1.7 286 67.0 416.8 1022 13 1.3 30.7 57.8 113.8 444 .4

14 1.8 295 634 4227 108.2 14 1.5 31.8 52.8 119.2 477.C

15 1.8 300 611 370.1 98.4 15 1.5 32.4 50.0 106.1 431.1

16 1.8 302 606 275.3 74.7 16 1.5 32.7 483 78.7 330.

17 1.8 298 62.8 137.7 346 17 1.4 32.4 49.9 39.5 193.C

18 1.6 286 68.3 18.1 5.7 18 1.3 309 56.1 -6.0 44.7

19 1.4 271 76.3 344 301 19 1.0 289 654 -34.7 -34.9

20 13 250 813 38.1 392 20 0.9 271 743 -44.4 -49.7

21 1.4 251 851 348 402 21 1.0 26.0 80.2 -43.9 -48.2

22 1.3 245 873 311 395 22 0.9 25.3 853 -42.5 -45.4

23 13 241 891 28.0 38.4 23 0.7 248 89.8 -40.3 -42.8

24 1.1 239 902 247 -36.0 24 0.6 244 928 -38.1 -39.4
LT = Local Time; WS = Wind Speed:T = TemperatureRH = -1 = Local Time;WS = Wind SpeedT = TemperatureRH =
Relative Humidity;NR = Net Radiation SHF = Soil Heat Flux Relative Humidity;NR = Net RadiationSHF = Soil Heat Flux
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Table 5: Mean values of the meteorological parameterfor
the entire study period (September, 2012 to Jung014)

LT T RH NR SHF WS
() () _(%) _(Wm? (Wm? (ms)
Jan 264 771 682 6.7 0.€
Feb 274 686 813 10 0.7
Mar 275 775 1073 329 1.0
Apr 26,6 823 1168 9.3 1.0
May 261 847 1138 2.5 0.8
Jun 251 841 817 -0.5 0.8

Jul 240 865 817 0.5 0.9
Aug 237 863 554 2.6 038
Sept 246 863  88.2 49 0.
Oct 250 855 1014 6.1 0.8
Nov 261 815 943 5.5 05
Dec 259 772 836 2.5 0.4
Wet 250 851 913 2.4 0.9
Dry 267 7638 869 115 06

Period 257 815 895 6.2 0.8

LT = Local Time;WS =Wind SpeedT = TemperatureRH =
Relative Humidity;NR = Net RadiationSHF =Soil Heat Flux

Shown in Fig. 6 are the various parameters ofemnperature,
relative humidity, net radiation, soil heat flusjlstemperature
and wind speed for the months of January to Matphényear
2014. The observed diurnal trends for these paemetere
similar to those observed in the previous year. fidrge of
values obtained between January and May 2014 for
temperature, relative humidity, net radiation, $aiat flux and

wind speed were 22.9 — 333 33.2 — 93.9%, -57.8 — 533.8

Wm2, -51.6 — 146.4 Wi and 0 — 2.2 mi respectively. In
addition, the summary of the hourly variables immarized
in Table 4.

In general, for the three years considered, théeaiperature
increased as incoming solar radiation from the wamms up
the land and in turn, the air near the surfacest fioy
conduction and then convection. Thus, in respomsehé
energy input from the sun, the air temperatureeases until
about local noon (13:00LT) when the sun is direothgrhead
and the solar intensity reaching the surface issahaximum.
It is understood that increase or decrease in mirair

temperature with height plays an important role

determining the stability of the atmosphere i.pstarate, and

consequently, its capacity to disperse pollutaoteentration.
Hence, the daytime is
time/evening periods are stable. Lapse rate caéulilfor the

location around 13:00 was — 0°CZm. Periods with large

lapse rate values such as this will have greaspedsion and
dilution of pollutants concentrations because ttreoaphere
is extremely unstable, lapse rate < -0.0C36 (Jegedet al.,
1997; Beychock, 2005). This can be linked with iased
vertical turbulence due to rising thermals thatvesi the
exchange (downdraft and updraft) of pollutants ipked
between the surface and the atmospheric boundgey. las a
result of the intense mixing of the atmospheric rimary
layer, levels of concentration of atmospheric galhis will be
reduced during the daytime but high at nighttinmgéneral,
weather regimes with high daily mean air tempemt@r
26.0°C) are known to have better air quality due to insesl
convective turbulence and enhanced buoyancy of
pollutants than on days with lower air temperai{Bechholz
et al., 2010).

—71 ' 1 T T 1 T
~ |air temperagye
SRSV VAW, AN
(@)
T —r T r - r 11Tt 1r 1T 17
In gao_:..eiuvw.d;h' ;,.\ N T T T T T T
10-(b)* X'v, v

typically unstable and night ., o TR ey T T T T T T T

TToTT
< air temperature

5 s
8 *7] o€ ;ﬂg_,-"ﬁ' N
20 H{(a)
L e e L B A S e B B E
gau_'relénvéhurhidi:\/ AL L L L—\fh‘dh\)’l—"‘y 7
1 W
40 -(b)

800 4—o— ndt radiatibn —e-L soil heat flux (Sem) |

£ o L
S B e e e e S N S A e B e e T
50 r r . : v v T r . . . .
~ 20 o0 temperature' @ 5cm | T T T T T T T T i
0] P
) P LAY
20 S B S S e S e R B
*] wm:ispeled @skm | T T T T T
=7 } AP
En ; "
£ Yo w N

T T T T T T T
Jun Jul Aug Sep Oct Nov Dec

2012

Fig. 4: Diurnal variations of (a) air temperature; (bjatéle humidity;
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speed at the study site for 2012.
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Due to the high moisture content of the prevailiirgcurrent,
aihe conditions will promote coagulation of suspehde
particulate matter as a result of their hygroscomiture. As
such, gaseous emissions may be removed by wet itlepos
thus leading to its reduced concentration at dowdwi
locations from the scrap-iron recycling factorysé| the high
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relative humidity (RH) observed during early morningurs
and at night time has significant implication orsikility in
the immediate environment of the scrap-iron recyrli

factory. During the period of RH > 70%, hygroscopic

particles take up moisture and increase in size.ifibrease in
size of such hygroscopic pollutants increases theattering
coefficient for light. Since visibility is inversglproportional
to the scattering coefficient, high relative hurtydihus leads
to reduced visibility. On the other, periods ofwldRH

(observed to occur in the afternoon between 12:QB:00
LT) can be associated with good visibility. At nighme, the
high values of relative humidity obtained in thisudy

indicated the possibility for the occurrence of gipéation,

which in  turn  would
concentration through wash-out. Precipitation psses are

often accompanied by in-cloud scavenging of suspeénd

particles and gases in the air, which in turn tssinl lowered
pollutant concentrations (Kasper and Puxbaum, 1998)
The weak winds prevalent in the study location wibmote
incidences of elevated concentration of atmosplpmilutants
especially in the early morning period when thedvipeed is
lowest and relative humidity is high. Thus, polhisa
concentrations around this period are expectedetatbthe
lowest values. The summary of the hourly varialidegiven
in Table 5. For the net radiation, it is observeat there was a
time lag of about one hour between the time of oetice of
maximum of net radiation (13:00 LT) and air tempera
(14:00 LT). The time lag is due to delay for thaface to
respond to the direct heating by the sun.

Conclusion

This study has provided quality-assured and siesifip
meteorological measurement in the vicinity of aapeiron
recycling factory located at Fashina, lle-Ife, Sougstern
Nigeria. The approach used in the study is a legstal- and
equipment-intensive methodology for the acquisit@nroutine
meteorological data which can be used as inputdvarced
regulatory air pollution dispersion models. Thigad#t provided
a baseline, in the study area, useful for testiirgpallution
dispersion models, estimating concentrations ofpaitutants in
the vicinity of the site using Gaussian-based adllupion
dispersion model, and in identifying the areasnprdo the
elevated concentrations of gaseous emissions irvittieity of
operations of the recycling plant.
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