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Abstract

Emissions from burning of solid waste have beeragpponsource of air pollutions in Ogbomoso Townshiphe

last few years. This research work estimate thessions of nitrogen oxides (NMIO), carbon(ll)oxide, sulphur
(iv) oxide and volatile organic compounds from dalvaste in Ogbomoso as a measure of control usiag t
emission factors approach. Determination of thesshste generation potential using per capita Gggr was
combined with the appropriate emission factorgtierestimation. On the average, nylon has the {gastration
potential with 8.85% while solid (glass, metal, eind sand) has the highest with 44.825%. Theseragioe
potentials increased from 44,073 tonnes/annum eénytrar 2002 to 63,822.88 tonnes/annum in the y@at 2
with the population of 242,167 to 350,627 per aapispectively. However, results obtained fromogién
oxides (NGQ/NO), carbon (Il) oxide, sulphur (iv) oxide and atile organic compounds emissions rate shows an
increased trend of 132.22 to 191.47, 1851.3 to B%809.3 to 27.1 and 947.58 to 1372.19 tonnes/annum
respectively in the year 2002 to 2011. The emissit@ of NO/NQ, SG,, CO and volatile organic compounds
must be controlled because of their adverse effiacthe environment. The controlled could be by ewting
them for energy production owing to the high cdionalue of the solid waste in Ogbomoso. Anothentecolled
technique that can be employed in addition to cmiga for energy production is by burning the wastan
incinerator since the solid waste consist of highcpntage of combustible materials.

Keywords. Emission factor, Solid waste

1. Introduction

In the 1970s, the engineering profession becamelyikhown actively aware of its responsibility teetsociety,
particularly for the protection of public healthdawelfare. The decade saw the formation rapid droeftthe
U.S Environmental Protection Agency (EPA) and thegaige of federal and state laws governing vist@alery
aspect of the environment. The end of the decadleever, brought a realization that only the moragistic
problems had been addressed. A limited numberrgélaources had removed substantial percentage$eoi
readily definable air pollutants for their emissofiTaiwan EPA, 2003).

The human population has grown at an unprecedeatedhis century and this has resulted in manglined
environmental impacts. This is now believed to e potential for the population to start interfgriwith the
atmosphere, with global-scale environmental imgaging the result. In this decade, human impactghen
carbon cycle, primarily from fossil fuel combustiand deforestation, have received much public and
governmental attention because of the implicatfiongnhancing the green house effect. However,désation
has been given to human impacts on the globalgetr@ycle, impacts which are quantitatively gre#ttan the
impacts on the carbon cycle. Fortunately, seveshbrers of the scientific community have recentlplished
reviews raising concerns about the human-induceph@ts on global nitrogen cycling.(Pourkashanian and
Williams, 2009). Analogous to increase in atmosjghearbondioxide concentrations being labelledobgll
warming,” the impact of human-induced interferen€éhe global nitrogen has been called “globaliffedtion.”
Unfortunately, interference on global nitrogen ¢esanot only global fertilization, but also contribs to global
warming and strastospheric ozone depletion.(BerdtRobert, 2010).

Municipal solid waste (MSW) generation has beemedasing at an annual rate of 8—10%, with over 18/@om
tonnes of MSW being produced each year nblie,(2008; Xu and Liu, 2007; Yuaet al., 200§.Common
gaseous air pollutants from municipal solid wasteclude carbon monoxides, sulphur dioxides,
chlorofluorocarbon(CFCS), nitrogen oxides and vldairganic compounds(VOCSs). Volatile sulfur compds
(VSCs) have been identified as the predominantamderemitted during organic waste compostikgn(ilis et
al., 2004; Wu et al., 20)0VSCs consist of volatile organic compounds (VPtat contain sulfur and reduced
sulphur compounds (RSCs) such as hydrogen sulfidg)( methyl mercaptan (MM), dimethyl sulfide (DMS),
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dimethyl disulfide (DMDS), carbonyl sulfide (OCShda carbon disulfide (G (Panetta et al., 2005These
compounds are characterized by a low detectiorstiold and strong odor activities and therefore ridouie to
odor pollution when present at very low emissionagamtrationsYu et al.,2007)This study is therefore part of
the contribution to the control and managemenbbflsvaste. While abandoned dumps/refuse posequarset
of problems, innovative strategies are needed & dé&h the waste by the appropriate conversiorthafse
wastes to energy sources for use instead of causmg havoc to the society. The major environmental
concerns associated with waste-to-energy facildrespotential impact on air quality and the dispas ash. Air
emissions aspects include particulate matter, a@ides (hydrochloric acid and sulphur oxides), dogan
compounds (including dioxins and furans), inorgasimpounds (trace metals) and nitrogen and carkiies.
Release pathways for air emissions for humans othi® environment can be direct (through inhalgtion
indirect(through the food chain). Air emissions @so have impact on global atmospheric problench s1s
ozone layer depletion and the greenhouse effecpdPrdesign and operation, taking into considenagimission
standards and regulations, control these effeBtsnf and Robert, 2010).

2. Experimental

2.1 Materials and Equipment

The materials and equipment used for the reseamt imcludes: Geographical Positioning System (GPS)
bomb calorimeter, weighing balance, dryer, hammadk gninder, hand gloves, nylon, solid waste sarsple
benzoic acid, muffle furnace, nostril mask.

2.2 Stelocation

Ogbomoso is a pre-colonial urban centre and thenskéargest city, both in terms of population apétil
extent, in Oyo State, Nigeria. The city is locat#dch distance of about 100 km north of Ibadan,Qle state
capital and about 80 km from Illorin and Oshogbas lbne of the main gateways to the northern plaKtigeria
from the Yoruba. Twenty (20) major dump sites wkreated from its two local governments. Geograghica
positioning system was used to take their coordmathich were then located on the map of Ogbomsso a
represented in Figure 2.1. 2 Kg of municipal seliaste were taking as sample from each of thesdidomsafor
proper analysis.
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Figure2.1: Map of Ogbomoso North and South L GA showing the Selected Dump Sites.
2.3 Solid Waste Characterization

Samples of solid wastes were collected from eachpdsites for proper analysis and 2 kg was weigheth f
each samples using the weighing balance. The ¢tellesamples were characterized by separation df eac
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constituent of the waste into; Cellulose(TextilBaper, Leaves), Solid (Glass, Metal, Tin and Sawd)pd;
Leather; Plastics and Nylon. This is shown in Fég8rl and Figure 3.2

2.3.1 Quantification of Solid Waste Generated pEnsén in Ogbomoso

The lack of essential (weigh-bridges) at each fidiaposal sites makes the direct determinationigfated
waste quantities impossible. Therefore, there isinfiormation on generation as a function of seasiime
estimation of generation quantities of solid wagkg/capita/ annum) was based on previous studies;
NEST(2001), Achankeng(2003), Koforowola(2007) aha'8 et al. (2007). According to Nest (2001), 20 ¢fg
solid waste is generated per capital per annumigers but Achankeng (2003) reported 0.3 Kg pelitaper
day. However, Koforowola (2007) reported 1.1 Kgitafday, while Sha’O et al (2007) reported 0.54
Kg/capital/day for central Nigeria. This is shownTiable 3.1.

The rates were considered as potential for solistavgeneration in Ogbomoso. Due to lack of agreémethe
level of combustible component of solid waste, siis prediction was based on 100%. The quantitwasdte
generated per capital per annum was varied fron2 2002011. However, due to the variation of putitdsc
solid waste in Ogbomoso township, the quantity alfdswaste generated per person was estimated p&ng
capital approached as expressed below;

total mass of solid waste generated in 0Ogbomoso
Waste generated per persos — . ; (1)
total population in Ogbomoso in a particular year

Total mass generated per capital per annum wasdvas a function of population from 2002 to 201ihgishe
mass generated per person. This is shown in Tabjd-Byure 3.3 and Figure 3.4.

2.3.2 Air Pollutant Emission Prediction from Solldaste in Ogbomoso

An emission factor approach was used to quantiéydiwrbon(l)oxide, sulphur (iv) oxide, nitrogen aesdand
volatile organic compounds pollutant emission freafid waste in Ogbomoso,

The procedure for emission prediction is showrhaémission factor calculation equation shown below

. . : Emissi t K llutant 1M .
Air pollutant emitted in ton/ yr Zmssionfactor (Kg)of pollutant , Mg _ . ayerage yearly solid waste generated
1 Mg of Solid waste burnt 1000 Kg

(Mg / annum). (2)
From EPA (1995), the emission factor of carbon axiate (CO) is 42 Kg/ Mg for solid waste manageméiie
emission factor of nitrogen oxides is 3 Kg/ Mg Funicipal solid waste. The emission factor of,.3©4.4 x 10
! Kg/ Mg and that of volatile organic compounds 1s2Kg/ Mg from municipal solid wastes.

2.3.3 Determination of Calorific Value of Samples
After sorting the samples into combustible and mbastible material, the combustible were oven driatll
constant weight was obtained. The samples wereghieded using a hammer mill grinder (of model 2@ftich
is incorporated with 2 mm sieve). 2.5g of the geddsamples was weighed into the steel capsule. Ani0
cotton thread was attached to the thermocoupleuchtthe capsule. The bomb was closed and changeihi
oxygen up to 30 atm. The bomb was fixed up by deging the ignite switch to burn the sample in aresg of
oxygen. The maximum temperature rise in the bomis weeasured with thermocouple and galvanometer
system. The rise in temperature was compared Wwithdbtained from benzoic acid standard of knowarifec
value. The calorific value of each sample was deitgzd by the following stepwise calculation;
For Standardization:
Mass of Benzoic Acid (¢ = 0.94 g
Calorific Value of 1 g Benzoic Acid = 6.32 Kcallg
Heat released from Benzoic Acid = 6.32 x 0.94

=5.94 Kcallg
Galvanometer Deflection without sample=T10.42°C
Galvanometer Deflection of Benzoic Acid,=T1.37°C
Distance in the galvanometer Deflection,-T ;= 0.95°C

Calibration Constant&2 = vy

_ 6.32x0.94

1.37-0.42
Y = 6.25. The standardizing is repeated five §rard average value was calculated for Y.

For the sample;

Mass of Sample = M

Galvanometer Deflection with sample 3 T

Difference in the Galvanometer deflection with stempT;- T,
Heat release from the sample =(T,) X Y Kcal

-~ Calorific Value of the sample(%;—n) XY %1000 Kcal/kg. This is shown in Table 3.5 and Figure 3.5

2-11

147



Civil and Environmental Research www.iiste.org
ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) mf
Vol.3, No.7, 2013 ||S E

3. Results and Discussion

3.1 Results
3.1.1 Solid Waste Characterization
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Figure 3.1 Bar Chart Showing Percentage Mass déigit Components for the Twenty Samples
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Figure 3.2: Pie Chart Showing the Total Percentddeaifferent Components in the Sample

3.1.2 Solid Waste Generation Potential
Table 3.1: Solid Waste Generated Per Person Frdfarémt Source.

Waste generatedgazson

Source Ka/ capital/day Kt/ capital/annum
NEST (2001) 0.0548 20 x 10°
Achankeng (2003) 0.3 109.5 x 1¢
Koforowola (2007) 1.1 401.5 x 10
Sha’o et al (2007) 0.54 197.1 x 16
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Table 3.2: Ten-Year Solid Waste Generation in Oghsn

Year Population Solid Wasteathum
NEST Achankeng(2003) Koforowola Sha'oetal Average
(2001) (2007) (2007)
2002 242,167 4843.34 26,517.29 97,203.05 47,731.12 44,073.70
2003 249,916 4998.32 27,365.80 100,314.27 49,258.44  45497.71
2004 257,914 5158.23 28,241.58 103,552.47 50,834.85 46,946.78
2005 266,167 5323.34 29,145.29 106,866.05 52,461.52 48,449.05
2006 299,535 5990.70 32,799.08 120.263.30 59,038.35 54,522.86
2007 309,120 6182.40 33,848.64 124,111.68 60,927.55 56,267.57
2008 319,012 6380.24 34,931.814 128,083.32 62,877.27 58,068.16
2009 329,220 6584.40 36,049.59 136,411.63 64,889.26 59,926.27
2010 339,755 6795.10 37,203.17 140,776.74  66,965.71 61,843.90
2011 350,627 7012.54 38,393.66 11683.65 69,108.58 63,822.88
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Figure 3.3 Solid Waste Generation Potential/Year
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Table 3.3 Result of Calorific Values of Solid WaS&mples

SAMPLE CODE FINAL TEMPERATURE T(°C) CALORIFIC VALUE (Kcal/Kg)
A 6.85 16,075
B 7.84 18,550
C 9.23 22,025
D 8.72 20,750
E 9.55 22,825
F 9.78 23,400
G 10.45 25,075
H 6.90 16,200
| 13.55 32,825
J 9.25 22,075
K 10.75 25,825
L 12.60 30,450
M 11.96 28,850
N 13.90 33,700
(@] 12.30 29,700
P 7.85 18,575
Q 11.87 28,625
R 7.95 18,825
S 6.88 16,150
T 13.40 32,450
Mean of Calorific Value = 24147.5. Standard dewiat 5733.76

3.1.4 Emission from Solid Waste in Ogbomoso
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Figure 3.5 Graph of Average Emission of Pollutafanhum) versus Year(2002-2011)

3.2 Discussion of Result

Figure 3.1 shows the percentage of each componesadh of the samples. The samples contained;qsast
nylon, cellulose (which consist of textiles, pagegves) and solid (which consist of glass, métaghd sand).
The percentage weight of each component includedsalid (44.825 %), Cellulose (25.6 %), Plastid3.125

%), Nylon (8.85 %) as shown in Figure 3.2.

From Figure 3.1 and 3.2, the major proportion oftwagenerated in Ogbomoso was non combustible solid
(44.825 %) followed by cellulose (25.6 %), plast@sd nylon. Non- combustible solid was heavier than
cellulose and this was because these areas adental, where household waste like glass, tin euedal are
part of their waste. Plastic took a smaller praporbf waste components; this was due to the fadtthere are
some people who normally pick them up for recycling

The combustible parts, which are plastics, nylod eellulose takes the largest proportion waste igeee in
Ogbomoso (55.175 %) while that of non combustibées wmaller (44.825 %). This means that appropaate
authorized burning of the waste generated in Ogtsomdall reduce the volume of waste to about 90 %.

The result also shows how the aesthetic natureeoéhvironment was being destroyed. From table8d3it can

be seen that the calorific value of the solid wastkigh and therefore can be converted for energguction.
Also the calorific value increases with increaseha final temperaturesI The mean calorific value of all the
samples is 24.147 Kcall/g. Therefore the solid wageerated in Ogbomoso is high in energy value. The
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conversion of the pollutants for energy productwili also serve as a way of controlling its emissio the
environment.

From Figure 3.3 and 3.4, it can be seen that agptpelation size increases annually also the sobdte
generation increases. There was an increase iarthaal average solid waste generation from 44,07&7
63,822.88 from the year 2002 to 2011.

Figure 3.5 shows the emission of carbon(ll)oxident combustion of solid waste. From this resuliraamease

in the carbon monoxide from the year 2002 to 2041 lee attributed to the increased in solid wasteggion
within the period. The result shows that carbon oxigte increases from 1851.3 to 2680.6 tonnes/anfnom
the year 2002 to 2011. Carbon monoxide is highbyictolt combines with the haemoglobin to produce
carboxyhaemoglobin, which is ineffective for detivgg oxygen to body tissues. Concentrations asdsv667
ppm may cause up to 50 % of the body’s haemogltbtonvert to carboxyhaemoglobin, which may result
seizure, coma, and fatality. The values of the simisof the gas from solid wastes will add to thermtity
produced from natural sources which is higher than10? Kg/annum, therefore the emission of the gas from
solid waste must be controlled.

Figure 3.5 also shows the emission of volatile pig@ompounds from combustion of solid waste. Ftbia
result an increase of volatile organic compoundmfthe year 2002 to 2011 can be attributed tortbeeased in
solid waste generation within the period. The reskibws that volatile organic compounds increasm®47.58

to 1372.19 tonnes/annum from the year 2002 to 2U0hé&se emission values must be controlled becduse o
effects of volatile organic compounds which incla#enaging of the visual and audible senses.

Figure 3.5 also shows the emission of sulphur diexXrom combustion of solid waste. From this resuit
increase of sulphur dioxide from the year 2002 @412 can be attributed to the increased in solidtavas
generation within the period. The result shows thaphur dioxide increases from 19.3 to 27.1 tefarenum
from the year 2002 to 2011. Sulphur dioxide is gomair pollutant and has significant impacts ugaman
health. The United State Environmental Protectiogercy reveals that inhalation of sulphur dioxide is
associated with increase respiratory symptoms sésealifficulty in breathing and premature deathe Bhort
term exposure limit of sulphur dioxide is 0.25 ppmocording to the American Conference of Industrial
Hygienists, therefore the emission of the gas fsoiid waste must be controlled.

Figure 3.5 also shows the emission of oxides abgén (NQ/NO) from combustion of solid waste. From this
result an increase of oxides of nitrogen from tkary2002 to 2011 can be attributed to the increasasdlid
waste generation within the period. The result shthat oxides of nitrogen (NMONO) increases from 132.22 to
191.47 tonnes/annum from the year 2002 to 2011d&3xof nitrogen (N& NO) reacts with moisture, and other
compounds to form nitric acid vapour and relatediglas. Small quantity of these particles can pexte deeply
into sensitive lung tissues and damage it, caysiagature death in extreme cases; therefore thesemiof the
gas from solid waste must be controlled.

The bar chart in Figure 3.5 shows that the emissiocarbon monoxide is the highest for each of yhars
considered, followed by that of volatile organiovgmunds, and then the emission of oxides of nitnogde
least is that of sulphur dioxide.

4. Conclusion

The analysis reveal that in Ogbomoso, there isangtcorrelation between the population, waste ggad per
person per annum and the emission rate of NGQ/N&ID,, CO and volatile organic compounds. As the
population increases from the year 2002 to 201dretiis an increase in solid waste generated forpéudicular
year and a corresponding increase in the emisdicMO8NO,, SO,, CO and volatile organic compounds. The
highest emission rates were that of year 2011 wWith minimal obtained in the year 2002. These studie
identified the absence of emission factors for smis sources in Ogbomoso as a major challengeduraie
prediction and control of emissions from solid wasthe emission rate of NO/NOSG,, CO and volatile
organic compounds must be controlled because ofddgerse effect on the environment. The contdotieuld

be by converting them for energy production owiagdhe high calorific value of the solid waste inl@goso.
Another controlled technique that can be employeaddition to conversion for energy productionysboirning
the waste in an incinerator since the solid wastesist of 55.175% of combustible materials.
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