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Abstract

Previous studies have linked morbidity and mortality of individuals to airborne particles resulting from
anthropogenic sources. Fine particles (particles < 2.5 pm) are known to have harmful effects on human health
and environment compared to the coarse particles (2.5 um < d, <10 pum). Sadly, developing countries
experiencing rapid growth are characterized with inadequate environmental action and policy. Garri processing
has been linked to contribute to ambient particulate matter pollution. The present study investigates the number
and sizes of particulate emitted as a result of this anthropogenic activity. Continuous measurement of number
concentration and size distributions of particles of diameters 0.3 pum, 0.5 pm, 1.0 pm, 2.0 ym and 5.0 pm were
conducted, using a GT -321 particle counter for day and night cases November 2012 at four major local garri
processing locations in the ancient city of Oyo, Nigeria. On the average, the total particle number concentration
for the selected four locations were 2.3 x 10°~ 8.9 x 10°; 0.085 x 10° — 4.487 x10% 0.073 x 10° - 0.912 x 105
0.022 x 10° - 0.654 x 10°%; and 0.002 x 10° — 0.155 x 10° for particle size 0.3um, 0.5 pm, 1.0 pm, 2.0 um and
5.0 um respectively for day time readings and 1.021 x 10° -8.793 x 10°%; 0.071 x 10° —3.323 x 10°% 0.051 x 10°
—1.903 x 10%0.012 x 10°— 0.278 x 10%and 0.003 x 10° —0.015 x 10° for particle size 0.3um, 0.5 um, 1.0 pm,
2.0 pm and 5.0 pm respectively for night time measurements. Daily cycle of particle numbers were obvious
with high concentrations recorded during day time but lower level at night time which is consistent with the
trend of the garri processing activity. The findings suggested that higher fraction of fine particles (0.3 - 2 pm) are
produced and retained in the ambient air from this activity.
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1.0 Introduction

Antropogenic contribution of particulate matter and other gaseous pollutants increase the ambient loading of
aerosols in air. Epidemiological studies have linked morbidity and mortality of individuals to exposure of
particulate matter especially the fine particles, PM,s and the coarse particles, PM;, (Brauer et al., 2001;
Penttinen et al., 2001; WHO, 2003; Franklin et al., 2007; Bell ef al., 2009; Ostro et al., 2009 ). Aside the health
impacts, they affect visibility (Andreae and Merlet, 2001; Mahmoud, 2010), soil surfaces when deposited (Chow
et al., 2002), and affect the earth’s climate (MacCracken, 2008; Alleman et al., 2010). Studies have tend to
investigate

ambient concentrations of pollutants resulting from some anthropogenic sources (Sonibare and Jimoda, 2009;
Jimoda et al., 2011). However, the issue of air quality impact from some local manufacturing processses is yet t
receive tangible attention from the policy makers and air quality researchers in the developing countries.
Cassava is one of the most important staple food crops grown in tropical Africa (IITA, 1990). It plays a major
role in efforts to alleviate the African food crisis because of its efficient production of food energy, year-round
availability, tolerance to extreme stress conditions, and suitability to present farming and food needs in Africa
(Oyegbami et al., 2010). Sanni and Olubamiwa (2004) and IITA (1990) estimated that over 70% of cassava yield
in Nigeria is processed into 7- 10 million tonnes of garri (cassava flour) annually (FAO, 2004). People engage in
the local processing of the product in many towns of southwestern Nigeria (Adebayo, 2009; Adejumo and Raji,
2010; Makanjuola et al., 2012). Oyo town is known for its high garri processing capability. It provides a high
percentage of garri consumed in the adjourning towns and cities.

The processing of cassava to garri after harvesting in Oyo town is intensive during the dry season, which may
contribute significantly to the ambient air pollution. Open frying is the most common method used by garri
processors. Such frying often takes place in large extended pots supported by muds. Fire woods which are in
plentiful supply are used majorly to supply the required heat for the processing. This study focuses on emissions
from open burning of agricultural biomass such as cassava peels and firewood involved in garri processing. This
is for the assessment of the number concentration of particulate matter of different sizes resulting from garri
processing.
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2.0 Materials and Methods

2.1 Sampling Area

Opyo is a town in Southwestern Nigeria. It is located in the region of Oyo State with latitude and longitude values
of 7°47° 26” N and 3° 56’ 15” E respectively. Its population ranges between 250000 and 500000. It has an
equatorial climate notably with dry and wet season, average daily temperature ranging between 25°C (77°F) and
35°C (95°F). The measurement and samplings were done at various stations namely Irepo (G1), Sabo (G2),
Ajonibadi (G3) , Ajegunle (G4) and G, (a residential area) ischosen as the control location as shown in Figure 1.
The sampling stations (G1, G2, G3 and G4) are characterized by numerous cassava processing sheds, where
cassava is being peeled, ground and fried. At the sampling sites, the particle concentrations were measured at
about 1 m above the ground overlooking the locations where continuous burning takes place. There are no tall
buildings or structures nearby to stop free flow of ambient air for quality readings of particle concentration.
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Figure 1: The study locations in Oyo, Southwestern Nigeria (Google Maps, 2013)
2.2 Particulate Matter Number and Size Characterization

Particulate matter (PM) was measured with GT-321 Particle Counter, an equipment from Met One Instruments.
It is handheld, battery operated and completely portable unit measuring five number ranges of Total Suspended
Particles: PMg 3, PMy s, PM;, PM,, and PM;. It has a sampling period of 2 minutes and a flow rate of 2.83 1/min.
To measure, it is placed at 1 m above the ground level, switched on in the environment of interest and the
measured concentration read directly on the screen after particle capturing. Measured concentrations were
compared with the International Standard Organisation standard (ISO 14644) for airborne particulates for
cleanrooms and clean zones (Table 1).

Table 1: Selected Airborne Particulate Cleanliness Classes for Clean Rooms and Zones

ISO Classification Number (N) Maximum Concentrations Limits (particles/m’)

0.1 um 0.2 um 0.3 um 0.5 um 1.0 um 5.0 um
ISO Class 1 10 2
ISO Class 2 100 24 10 4
ISO Class 3 1000 237 102 35 8
ISO Class 4 10000 2370 1020 352 83
ISO Class 5 100000 23700 10200 3520 832 29
ISO Class 6 1000000 237000 102000 35200 8320 293
ISO Class 7 352000 83200 2930
ISO Class 8 3520000 832000 29300
ISO Class 9 35200000 8320000 293000

Source: ISO (2004)
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3.0 Results and Discussion

3.1 Particulate Matter size distribution and number concentration

On the average, the total particle number concentration for the four selected garri processing locations G1, G2,
G3 and G4 range between 2.3 x 10°and 8.9 x 10°; 0.085 x 10° - 4.487 x 10%; 0.073 x 10° - 0.912 x 10°%; 0.022
x 10° - 0.654 x 10% and 0.002 x 10° - 0.155 x 10° for particle size 0.3um, 0.5 um, 1.0 pm, 2.0 pm and 5.0 pm
respectively for day time readings and 1.021 x 10° - 8.793 x 10% 0.071 x 10° - 3.323 x 10% 0.051 x 10° -
1.903 x 10% 0.012 x 10° - 0.278 x 10% and 0.003 x 10° - 0.015 x 10° for particle size 0.3um, 0.5 um, 1.0 pm,
2.0 um and 5.0 pm respectively for night time readings. In all the locations, it was noticed that the particulate
matter size of 0.3 um (PM,3) has the concentrations far above other particulates (PM,s, PM;, PM, and PM5)
measured. Figures 2 — 5 show the percentage contribution of each particulate matter size to the overall
particulate matter number concentration in each processing location. For the control location,
PM,; contributed the highest percentages ranging from between 71% and 87%. It is followed by PM, s with
contribution of between 8% and 22%. The least contributor is the PM;s with less than 1% contribution in all the
study locations. Figure 6 indicated that G4 is the highest contributor of TSP into the air followed by G3, G2 and
then G1. This is consistent with the trend and number of active processing point in each location. G4 has the
highest number of frying point. It has about 198 points with an estimated firewood usage of 148.5 tonnes/day.
G3 has 50 frying points with an estimated firewood usage of 35.75 tonnes/day, G2 with 47 points with about
35.25 tonnes of firewood used per day and G1lwith 21 frying points with about 15.75 tonnes of firewood used per
day.
3.2 Comparison with Standard
The measured particulate number concentration were compared with the ISO 14644 standards (Table 1) for
particles sizes 0.3 um, 0.5 pm, 1.0 pm, and 5.0 pm. PM, does not have a ISO 14644 standard. Averaged
measured concentration for particulate size 0.3 pm which is the most harmful of all the sizes measured were
above the highest ISO class 6 of maximum concentration limit of 102000 particles/m’. However, particle sizes
0.5 pm, 1.0 pm, and 5.0 pm measured fall within the ISO class 8 which has the maximum concentration limit of
3520000 particles/m’, 832000 particles/m’ , and 29300 particles/m’ respectively (Tables 2 and 3). For the
control location Ge, PM also exceeds the ISO 14644 limit of 102000 particles/m’. However, PMy s and PM;,
fall in class 7, and PM 5 falls in class 7 and 8 for night and day time readings respectively.

Table 2: Measured Day time Particulate Matter Number Mean Concentration measured during study

Sampling Location Mean Concentration (particles/m”)
PM ;5 PM o5 PM 1, PM 1 PM s
Gl 4343034 233923 176066 65053 10605
G2 5819408 608306 159190 106951 7268
G3 5921870 609490 118105 91514 8290
G4 7271768 2192791 440351 165325 6620
Gce 1973544 213655 71331 34022 3503

Table 3: Measured Night time Particulate Matter Number Mean Concentration measured during study

Sampling Location Mean Concentration (particles/m”)

PM ;5 PM s PM 1, PM 1o PMso
Gl 4355117 1413703 498491 69065 7130
G2 5517710 1052906 150855 76278 7714
G3 6161774 1049619 418660 92725 8823
G4 4355117 1413703 498491 69065 7130
Gce 1936261 212435 52357 21830 1752
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Figure 2- Percentage Contribution of PM sizes at G1
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Figure 4: Percentage Contribution of PM sizes at G3
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Figure 3: Percentage Contribution of PM sizes at G2
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Figure 5: Percentage Contribution of PM sizes at G4

Figure 6: Overall contribution of PMj 3— PMs to the ambient air pollution due to the activity

3.3 Daily cycle for particulate matter

The daily cylces for the measured particulate matter number concentration were shown in figures 7 - 14 for the
four locations considered in this study. The maximum concentrations were measured on a high activity day (day
4) which is a Monday. Higher concentrations were observed during the day time compared to the night-time
measurements. The results signify that the concentration changes are consistent with the trend of activity as it is
expected. Fine particulates has the highest concentration because they are lighter in weight and are not easily
deposited compared to the higher diameter particulates. This conforms with the assumption of the previous
studies (Al - Rajhi et al, 1996, Masmoudi et al., 2002; Pryor, 2006; Piazzola et al., 2010; Kozawa et al., 2012;
Fang et al., 2012) that deposition is size dependent. The higher the diameter of the particle, the more the
tendency of it being deposited. Premised on this fact, it is assumed that a higher percentage of particles emitted
from the activity, most especially the smallest (PM,3) will be retained in the air for a very long period as

reflected in the night time concentrations.
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Figure 11: Day Time Number Concantrmtion against Day for G3 Figure 12: Might Tima Mumber Concentration against Day for G3
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4.0 Conclusion

Particulate number concentration and their respective size distributions were measured over a period of seven
days for five different particulate sizes in four different garri local processing locations. It can be said that data
generated or measured at these sites should reasonably represent the ambient air quality in the domains. The
finest fraction and the most harmful of the particulates measured (0.3 um) in the locations have the highest
concentrations and exceeded the maximum allowable limit of ISO 14644 standards. This suggests that most of
the pollutants emitted from the activity are retained in the ambient air for long hours especially the fine
particulate fractions. It is therefore imperative that the policy makers and all the authorities concerned need to
find lasting solutions through the provision of kilns and industrial stoves to reduce/eliminate the use of firewood.
Efforts should also be geared towards the industrial drying and conversion of cassava peels to animal feeds as
against burning them. Future researches should tend to investigate the elemental composition of the particulate
matter emitted from the activity and other gaseous pollutants that may arise especially methane.

5.0 Acknowledgements
The authors are grateful to Bardi, Adebiyi, Popoola and Oladele who assisted during the field work.

References

Adebayo, K. (2009)’ ‘Dynamics of Technology Adoption in Rural-Based cassava Processing Enterprises in
South-West Nigeria’, International Journal of Agricultural Economics and Rural Development, 2(1), 15 -25.
Adejumo, B.A. and Raji, A.O. (2010), ‘An Appraisal of Gari Packaging in Ogbomoso, Southwestern, Nigeria’,
Journal of Agricultural and Veterinary Sciences, 2, 120 — 127.

Alleman, L.Y., Lamaison, L., Perdrix, E., Robache, A., and Galloo, J.C. (2010), ‘PM10 metal concentrations and
source identification using positive matrix factorization and wind sectoring in a French industrial zone’.
Atmospheric Research, 96, 612—625.

Al-Rajhi, M.A., Al- Shayeb, S.M., Seaward, M.R.D., and Edwards, H.G.M. (1996), ‘Particle Size Effect for
metal pollution analysis of Atmospherically deposited dust’, Atmospheric Environment, 30 (1), 145 -153.
Andrae, M.O. and Merlet, P. (2001), ‘Emission of trace gases and aerosols from biomass burning’, Global
Biogeochemical Cycles, 15 (4), 955-966.

Bell, M.L., Ebisu, K., Peng, R.D., Samet, J.M. and Dominici, F. (2009), ‘Hospital admission and Chemical
Composition of Fine Particle Air Pollution’, American Journal of Respiratory and Critical Care Medicine, 179,
1115-1120.

Brauer, M., Avila-Casado, C., Fortoul, T. I., Vedal, S., Stevens, B., and Churg, A. (2001), ‘Air pollution and
retained particles in the lung’, Environmental Health Perspectives, 109, 1039—1043.

Chow, J.C., Bachmann, J.D., Wierman, S.S.G., Mathai, C.V., Malm, W.C., White, W.H., et al. (2002), ‘Critical
Review Discussion-Visibility: Science and Regulation’, Journal of Air Waste Management Association ; 52,
973-999.

Fang, G.C., Huang, Y.L., Huang, J.H., and Liu, C.K. (2012), ‘Optimum Particle Size for Prediction of Ambient
Air Arsenic Dry Deposition in Central Taiwan’,Atmospheric Research, 104-105, 255 — 263.

FAO (2004), Strategic Environmental Assesment, FAO, Rome.

Franklin, M., Zeka, A., and Schwartz, J. (2007), Associations between PM 2.5 and All-cause and Specific-cause
Mortality in 27 US Communities. Journal of Exposure Science and End Environmental Epidemiology, 17,279 —
287.

Google Maps (2013), Map of Oyo Town. Retrieved from https://maps.google.com.ng/maps on 20/01/2013.

IITA (1990), Cassava in tropical Africa. A reference manual. International Institutes for Tropical Agriculture,
Ibadan Nigeria.

ISO (2004). International Standard Organization ISO 14644-1 Cleanroom and associated controlled
environments — Part 1 : Classification of air cleanliness.

Jimoda, L.A., Sonibare, J.A. and Akeredolu, F.A. (2011), Aerosol Composition in SouthEastern Lagos, Nigeria,
Ife Journal of Technology, 20: 2

Kozawa, K.H., Winer, A.M., and Fruin, S.A. (2012), Ultrafine Particlew Size Distributions near freeways:
Effects of Differring wind Directions on Exposure, Atmospheric Environment, 63, 250 -260.

MacCracken M.C. (2008), ‘Critical Review: Prospects for Future Climate Change and the Reasons for Early
Action’..Journal of Air Waste Management Association, 58, 735-786.

Mahmoud, M. (2010), ‘Physical Properties of Aerosols during the 2005 Haze Episode in Equitorial southeast
Asia’, International Journal of Ecology and Development, 17,1- 16.

Makanjuola, O. M., Ogunmodede, A.S., Makanjuola, J.O., and Awonorin, S.0O. (2012), ‘Comparative Study on
Quality Attributes of Garri Obtained from Some Processing Centres in South West, Nigeria’, Advance Journal of

66
Co-published with the Faculty of Engineering and Technology of Ladoke, Akintola University of Technology, Ogbomoso-Nigeria



Innovative Systems Design and Engineering www.iiste.org
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) JLIELE
Vol.4, No.9, 2013-Special Issue - 2nd International Conference on Engineering and Technology Research “s E

Food Science and Technology 4(3), 135-140.

Masmoudi, M., Belghith, 1., and Chaabane, M. (2002), ‘Elemental Size Distributions. Measured and Estimated
Dry Deposition in Sfax region (Tunisia). Atmospheric Research, 63 (3-4), 209 —219.

Ostro, B., Roth, L., Malig, B., and Marty, M. (2009), ‘The Effects of Fine Particles Components of Respiratory
Hospital Admission in Children’, Environmental Health Perspectives,117(3), 475 — 480.

Oyegbami, A., Oboh, G., and Omueti, O. (2010), ‘Cassava Processors’ Awareness Of Occupational and
Environmental Hazards Associated with Cassava Processing in South-Western Nigeria’, African Journal of Food
Agriculture Nutrition and Development, 10 (2), 2176 -2186.

Penittinen, P., Timonen, K.L., Tiittanen, P., Mirme, A., Ruuskanen, J., and Pekkanen, J. (2001), ¢ Number
Concentration and Size of Particles in Urban Air: Effects on Spirometric Lung Function in Adult Asthmatic
Subjects’, Environmental Health Perspectives, 109 (4), 319- 323.

Piazzola, G., Tedeschi, G. and Blot, R. (2010). Spatial Variation of the Aerosol Concentration and Deposition
over Mediterranean Coastal zone. Atmospheric Research, 97 (1-2), 214 — 228.

Pryor, S.C. (2006), ‘Size- resolved particle deposition velocities of sub- 100nm diameter particles over a forest’,
Atmospheric Environment, 40 (32), 6192 — 6200.

Sonibare, J.A. and Jimoda, L.A. (2009), ‘Criteria Air pollutants from Antropogenic Combustion Processes in
Lagos, Nigeria’, Energy Sources, Part A: Recovery, Utilization and Environmental Effects, 31(11), 923 — 935.
WHO (2003). Health Aspects of Air Pollution with Particulate Matter, Ozone and Nitrogen Dioxide, Report on a
WHO Working Group, 13 -15 January, 2003, Bonn, Germany.

World Bank (1998) Pollution Prevention and Abatement Handbook WORLD BANK GROUP, Washington DC.

67
Co-published with the Faculty of Engineering and Technology of Ladoke, Akintola University of Technology, Ogbomoso-Nigeria



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

CALL FOR PAPERS

The IISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. There’s no deadline for
submission. Prospective authors of IISTE journals can find the submission
instruction on the following page: http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request of readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

rosef [Ree @

INFORMATION SERVICES

@ ULRICHSWERB JournaITOCs @ PKP l PUBLIC KNOWLEDGE PROJECT

GLOBAL SERIALS DIRECTORY

NS £z .8 Elektronische
!BA S E 0@ Zeitschriftenbibliothek

d Acade
open

The world’s libraries. — UniverseDigitalLibrary —
Connected. worldcat -




