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Abstract

The study investigated the air quality status & feinity of Rumuolumeni landfill with a view toetiermining
the possible influence of weather parameters orcdineentration of air pollutants from the landfiNir quality
parameters determined include nitrogen oxide {N®ulphur dioxide (S¢), methane (Ckj, volatile organic
compounds (VOC), ammonia (N}l and hydrogen sulphide {H). Weather parameters examined include
temperature, relative humidity, wind speed, wincediion. These data were collected with respectigtance
from the center of the dumpsite into the residérdi@a at 200m intervals for seven days using cGitgo
sampling technique. Pearson Correlation Statistias used to test significant influence of distafroen the
dumpsite on the concentrations of pollutants. Redntlicate that, pollutants considered except Wé&re higher

at the dumpsite than the residential area. The mele of SQ, CH,, VOC, NH; and HS at the dumpsite was
0.67 mg/m, 0.06 mg/m, 2.28 mg/m, 0.12 mg/m, and 0.19 mg/rhrespectively. Distance from the center of the
dumpsite accounted for 41% (of 0.4096; r of 0.64) and 29%7Z(of 0.2916; r -0.54) variation in the
concentrations of NOand NHrespectively at p=0.05. Results indicate that, NdH; and HS had significant
correlations with temperature at 5% significantelewith correlation coefficients (r) of 0.740, -8&, and -0.699
respectively. In addition, N NH; and HS were significantly correlated with relative humtydat 5%
significant level with correlation coefficient (of -0.653, 0.727 and 0.646 respectively while,88d VOC were
significantly correlated with wind speed at 5% dfigant level with correlation coefficient (r) of.B91 and
0.739 respectively. The study recommends that mesada capture landfill gases and prevent theiratign to
the community are necessary.
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1. Introduction

Landfilling is the most common and environmentalife method of disposal for the fraction of muratigolid
waste (MSW) that cannot be reduced, recycled, catepp combusted or processed. Open dumping of MSW,
which is practiced by about three-fourth of the mtoies and territories in the world are a primitiseage of
landfill development (kumar, et al; 2004). Landfilire currently the most widely used method fopasing of
solid waste. In the United States, approximatelypBEcent of waste generated is disposed of in iigsdivhile

28 percent is recycled and 17 percent is incindréfér and Waste Management Association, 2008 cited
Blauvelt, 2009).

Landfilling is the most common and environmentalife method of disposal for the fraction of muratigolid
waste (MSW) that cannot be reduced, recycled, catego combusted or processed. Open dumping of MSW,
which is practiced

by about three-fourth of the countries and tend®iin the world are a primitive stage of landfidBvelopment
(kumar, et al; 2004). Landfills are currently theshwidely used method for disposing of solid wastethe
United States, approximately 55 percent of wasteegded is disposed of in landfills, while 28 petces
recycled and 17 percent is incinerated (Air and /danagement Association, 2008 cited in Blauzf)9).

Landfilling is the most common and environmentalife method of disposal for the fraction of muratigolid
waste (MSW) that cannot be reduced, recycled, catego combusted or processed. Open dumping of MSW,
which is practiced by about three-fourth of the mtoies and territories in the world are a primitisage of
landfill development (kumar, et al; 2004). Landfiire currently the most widely used method fopaiing of
solid waste. In the United States, approximatelypBEcent of waste generated is disposed of in ilégdivhile

28 percent is recycled and 17 percent is incindré®eér and Waste Management Association, 2008 cited
Blauvelt, 2009). In 2006, residents, businessed, iastitutions produced over 251 million tons of niwipal
solid waste, which is equal to 4.6 pounds of wasteduced per person per day (U.S. EPA, 2008 cited i
Blauvelt, 2009). In developing countries, landfiliis the most common way to dispose municipabsekste
(MSW) (Mor et. al, 2006; Johnsson, 2010), thoughnynaf them are not maintained. Mor et al (2006)
complained that poorly maintained landfills restdt several environmental problems which may include
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emission of obnoxious gases, groundwater contaiomeaand leakage of methane gd&3espite increased
regulations on municipal solid waste, many peopl® Wive near landfills continue to report healtlolglems
associated with foul odors, pests, polluted wated &raffic. Globally, the most MSW is dumped in non
regulated landfills and generate landfill gas (LFGS)a by-product (see Johnson, 2010). LFG is gtterhen
organic material decomposes anaerobically, congistf 45% to 60% methane gas, 40% to 60% carborddip
and 2% to 9% other gases which are mostly emittethé atmosphere (Metz, et.al, 2007). For instatiee,
International Panel on Climate Change (IPCC) héimated that methane emission from landfills ac¢dan3-
19% of the anthropogenic sources in the world ancbinsidered as a large contributor to global wagnaifter
agricultural activity and losses from fossil fuétdbution (IPCC, 1996; Metz et al, 2007; Johnss201.0).

Air pollution in Nigeria is not new and several edrs have attempted to examine the concentratfon o
pollutants and their effect on our environment. 8arhthe studies are those of Ede (1999), Osfsal;(1999),
Okecha (2000), Efe (2005, 2006 and 2008), Awof@0d), Akeredolet al (1994), Akani (2007) and Weli,
(2014). From the available literature, it is ob\dotnat there is dearth of empirical analysis of dffiects of
meteorological parameters on the concentrationF® lemissions. A closer examination at the Rumuohime
landfill indicates that potentially hazardous faalors are commonly experienced by passersby arabitiamts
of the community especially those around the ldindBut unfortunately, the influence of meteorologi
parameters to the concentration levels of gaseollatgnts however has not been given due and sestai
attention especially as it affects emissions framdfills in Port Harcourt. This study thereforeais attempt to
provide the understanding of the governing effedteneteorological parameters on the concentratiobF
emissions.

2. Study Area.

The study area is Rumuolumeni, a suburb of thedfifyort Harcourt. It houses the Ignatius Ajuru Wémsity of
Education. The city has witnessed enormous gromvttsipopulation, since its inception. Over thergghe city
has grown in heaps and bounds from a populatioabafut 7,000 person in 1914 (Obinna et al, 2009) to
population of 440,399 according to the 1991 cenda&tional Population Commission, 1992). Its present
population is projected to be 987,998 applying eerage annual growth rate of 5.8% (Greater Portélat
Development Project, 2007). Port-Harcourt is notyoam key administrative center but also an impdrtan
commercial and educational center as well as rgiliweminus with a viable sea and airport. It is ribw center

of Nigeria oil and gas industry. The city thereftga veritable magnet attracting immigrants ndy drom rural
areas but also from other urban centers. This ér@sus implications for waste generation in theaare

3. Methodology

Air quality parameters such as; Nitrogen dioxideOgN Sulphur dioxide (S¢), Methane (Ch), Hydrogen
sulphide (HS), Ammonia (NH) and Volatile Organic Compounds (VOCs) were meagwsing an industrial
scientific ITX multigas monitor. The weather pardaems (wind speed and direction, temperature, atative
humidity) were collected using Kestel 400 versioA03handheld weather trackers. The composite sagpli
technique was used. The Rumuolumeni dumpsite wasetlerence point at which weather parameters and a
quality parameters were taken. Air quality parametnd weather parameters were collected with otspe
varying distance of 5m from the center of the duepisto the residential area at different locasidar seven
days in the month of December, 2012. The sampleatitins within the dumpsite were labeled as D1, D2,
and D4 in which D1 was the point at the center led tlumpsite while the sampled locations within the
residential area were labelled as RA1, RA2, RA34RRA5, RA6, and RA7. Descriptive statistics wasdifo
explain the mean values of the air quality paramesmd weather variables. Pearson Correlations8tatiwas
used to examine the influence of distance fromdhmpsite to the concentrations of atmosphericupentits.
The relationship between weather parameters ando@iutants were graphically presented using scatte

diagram. _ _
_ (X - X) (G- Y)
Vi (X = X)2 T (Y = Y2

Where r — correlation coefficient
X- Independent variable
Y-Dependent variable

X- Mean of X

Y- Mean of Y

r

1)
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Where;

t = Calculated value
n = Number of samples
r = Correlation coefficient

The relationship between weather parameters andsatmeric pollutants at the sampled points were &g
using the multiple linear Regression analysis. Th#u@mnt concentration (dependent variable) and dtier
atmospheric parameters represent the independeables. This enabled us to identify the degreersatdre of
relationship which exist between the climatic pagters and pollutant concentrations in the vicioitghe dump
site. The multiple regression techniques is offtinm;

Y = atBs X + BoXo + BaXa... +Piji + € 3)
Where,
Y Pollutant concentration,

a = Constant term
BB, Bs---B; = Regression coefficients

XXX X = Independent variables (air temperature, gpeked and relative humidity).

4. Resultsand Discussion of Findings

Table 4.1 presents the spatial variations of amliu influenced by landfill site in Rumuolumeni.eBRult
indicates that the mean value of temperature wa@Q&t the centre of the dumpsite while the generdm
value of temperature at the dumpsite was Z8.6Away from the dumpsite into the residentialaarindings
showed that temperature values increases withitth@nde whereby sample location RA1 which was terest
among other locations with the distance of 221.98mesidential area had a mean value of temperaifire
29.6'C while the farthest location which was 956.90nthia residential area had a mean value of temperafur
30.8C. The general mean value of temperature in thleesal area was 30°G. Generally, the relative
humidity in the study area was relatively high the relative humidity at the center of the dumpsits 68.4%
and total mean value of relative humidity at thenggite was 67.9%. The mean value of relative hugniali
RA1 at a distance of 221.93m was 64.8%, RA2 wag%5while it was 62.8% at RA5 and RA7 which was the
farthest into the residential area was 64.1%. ke thean value of relative humidity in the resitdrarea was
63.9%. This shows that the relative humidity waghbkr at the dumpsite than the residential areanaome so,
the relative humidity did not have any pattern eéfation with distance from the dumpsite. Resultesded the
wind speed which is one of the major factors deigirg the dispersion of pollutants was measured thed
results of the analysis show that the mean valugind speed at the center of the dumpsite (D1) v@dm/s
while at D2 with a distance of 154.65m from the

center of the dumpsite, the wind speed was 0.22bmisthe other hand, the mean value of windspedriAdt
having a distance of 221.93m from the center oftilvapsite (D1) was 0.13m/s. The point RA4 had figbdst
mean value of wind speed of 0.56m/s in the residieatea while the farthest point (956.90m) in thsidential
area from the center of the dumpsite (RA7) wasndenha mean value of 0.14m/s. The total mean \a&fiwend
speed in the residential area was 0.25m/s andthighthe wind speed was higher at the resideatizd than the
dumpsite. The analysis on wind speed can be oldénvieig 4.3. The higher wind speed in the resiidémtrea
could be due to the decrease in the urban treeshwhbduld have reduced the wind speed. Tahir andsifou
(2013) admitted that the more compact is the feliag the tree or a group of trees, the greatéeisnfluence of
these trees on wind speed.

The concentration of sulphur dioxide (§Qit the center of the dumpsite was 0.681 mighmile the highest
concentration was recorded at D2 with a mean vafue677 mg/m Nevertheless, the total mean value of the
concentration of SQwas 0.668 mg/fh Meanwhile, the concentration of S the residential area was highest
at RA5 with a mean value of 0.629 md/while there were no concentrations of,3MRA1 and RA2. The total
mean value of SPat the residential area was 0.225niy/iMethane (Ch) varied both at the dumpsite and
residential area. The concentration of Gkhs 0.105mg/fat the center of the dumpsite (D1) while the mean
value of the concentration was 0.138my/at D2. In the residential area, at RAS5, the mealuer of the
concentration of Cldwas 0.203mg/fh The range of the concentration of £Was between 0.000mginand
0.203mg/m while the total mean value at the residential akea 0.058mg/rh Volatile organic compounds
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(VOC) had the highest mean value among other diutpats considered in the study area (both durapssitd
residential area). At the dumpsite, the mean vafue concentration of VOC was 2.971mg/at the center of
the dumpsite (D1) while the concentration of VOGWa301mg/mat D3. Generally, the total mean value of the
concentration of VOC at the dumpsite was 2.284mg/fhe concentrations of VOC varied slightly at the
residential area. Although the concentration wagelothan that at the dumpsite but the concentratias high

at RA3, RA4, RA5 and RA6 with 1.789mgin2.460mg/m, 1.917mg/m and 1.406mg/hrespectively. The
concentration of ammonia (NHwas only observed at the dumpsite with the higlatsthe center of the
dumpsite with a mean value of 0.300mg/mt the residential area, there was no concentratf NH;. In the
same vein, the concentration of hydrogen sulphldgSY was significantly higher at the dumpsite thaa th
residential area. The total mean concentration ¢ ldt the dumpsite was 0.199md/mut the highest
concentration was observed at D1 with a mean waiflGe404mg/m. At the residential area, it was observed that
the concentration was highest at RA5 with a mednevaf 0.125 mg/mwhile there was no concentration at
RA3. However, the total mean concentration @8th the residential area was 0.056nmg/fhe wind direction
during the study at all the sampled locations wastiN East. This suggests that much of the pollutant
concentrations may be felt greatly towards thisation.

4.1 The Relationship between meteorological parametersand LFG emission in Rumuolumeni landfill site
Table 1 presents the correlation matrix betweenther parameters and air quality parameters. Teahper
was significantly correlated with Nitrogen dioxieéth correlation coefficient (r) =0.740 at p=0.03-tgiled).
The relationship was directly proportional (Fig B).addition, temperature correlated significamtiyh NHs;and
H,S at 5% level of

confidence but the relationship was inversely prtipoal (see Fig 3and Fig 4). The least influende o
relationship can be observed in the GMth r=0.072 and yet, directly proportional retatship. The relative
humidity was significantly correlated with NONH; and HS with r=0.653 (p=0.05), 0.727 (p=0.05) and 0.646
(p=0.05) respectively. The relationship between,ld@d relative humidity was inversely proportiondlil the
relationship between NHand HS was directly proportional. The regression analygtween relative humidity
and NQ, NHs, H,S can be found in Fig 5, Fig 6 and Fig 7 respelgtive

Table 1: Correlation matrix between weather andjaality parameters at the vicinity of the landfil

Temperature Rel Wwind NO, SO, CH, VOC NH; H,S
Humidity | speed | (mg/n®) | (mg/n®) | (mg/nt) | (mg/nT) | (mg/nt) | (mg/n?)
(mg/nT)
Temperature 1
Rel. Humidity -0.956 1
Wind speed 0.03( -0.186 1
NO, 0.740 -0.653 0.171 1
SO, -0.411 0.412 0.591| -0.257 1
CH, 0.072 -0.046 0.303 0.020 0.61p 1
VOC -0.486 0.373 0.739 -0.144| 0.736| 0.446 1
NHs -0.766 0.727 0.193| -0.396 0.44( 0.243  0.58F 1
H,S -0.699 0.646 0.284| -0.474 0574 0.490] 0.682| 0.903 1

Significant at p=0.005

In terms of wind speed, it is observed that VOC &aignificant relationship with wind speed as #39. at 5%
significant level while the correlation coefficiebétween S@and wind speed was 0.591 and significant at 5%
significant level. The regression analysis betwegmd speed and SOand between wind speed and VOC is
shown in Fig 8 and Fig 9 respectively. Additional§0, was significantly correlated with GHVOC and HS
and the relationship was directly proportional. Tloerelation coefficient between $@nd CH, VOC, H,S was
0.616 (p=0.05), 0.736 (p=0.05) and 0.574 (p=0.@Spectively. In a similar situation, VOC was sfipaintly
correlated with NH and HS with a relationship that was directly proportibri@nally, the correlation between
NH3; and HS was very high as r=0.903 (p=0.05).
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Table 2:  Distance and Air Quality Paraenet

Sampled | Distance (m) from NO, SO, CH, VOC NH3 H,S
Locations| Dumpsite Center (mg/n®) | (mg/nt) | (mg/nt) | (mg/n) | (mg/nt) | (mg/nt)

X) ) (Y) (Y) Y) (Y) (Y)
D1 0 0 0.681 0.105% 2.971 0.300 0.404
D2 154.65 0 1.677 0.138 2.971 0.0p8 0.223
D3 74.0 0.019 0.288 0.007 1.310 0.098 0.084
D4 76.09 0 0.026 0.00y 1.885 0.084
RA1 221.93 0 0 0 0.8638 0 0.014
RA2 290.23 0 0 0 0.548 0 0.098
RA3 384.42 0.056 0.079 0 1.789 0 0
RA4 576.31 0.056 0.550 0.026 2.460 0 0.056
RA5 946.86 0.019 0.629 0.203 1917 0 0.125
RAG 636.65 0.075 0.026 0.105 1.406 0 0.084
RA7 956.90 0.056 0.288 0.072 0.735 0 0.014
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Table 3: Pearson’s correlation statistics fotastise and LFG pollutants with their level of sigeaice.

Correlation r? Coefficient of | t-test for t- calculated t-table value at 9| Significanc
Coefficient Determination value d.f. at p=0.05 e
® (%) rAN-2
Vi=r7
NO, 0.640 0.4096 40.96 2.48 1.83 S
SO -0.087 0.0076 0.76 0.09 1.83 NS
CH, 0.444 0.1971 19.71 1.49 1.83 NS
VOC -0.288 0.0829 8.29 0.90 1.83 NS
NH3 -0.540 0.2916 29.16 1.92 1.83 S
H,S -0.425 0.1806 18.06 141 1.83 NS

Note: S- Significant; NS- Not Significant

Pearson’s correlation statistics was used to késthypothesis and the analysis was done usindateein table
2. The dependent variable (Y) is each of the a@lijuparameter while the independent variable i©distance.
Table 3 shows the correlation statistics, signifalevel and the correlation coefficient (r) oé trelationship
between distance and the respective pollutants-1$Q,, CH,;, VOC, NH; and HS. The value of r between
distance and the pollutants- NGB0, CH,;, VOC, NH; and HS are as follows: 0.640, -0.087, 0.444, -0.288, -
0.540 and -0.425 respectively while tfenmas 0.4096, 0.0076, 0.1971, 0.0829, 0.2916 ang06.tespectively
suggesting a coefficient of determination 40.96%86®6, 19.71%, 8.29%, 29.16% and 18.06% respectiVélg
coefficient of determination showed that distanaa only explain 40.96% of the concentration of ]N@76%
of SO, 19.71% of CH, 8.29% of VOC, 29.16% of Nfand 18.06% of k5. Table 3 further revealed that NO
and CH increases with increasing distance away from tmapisite while S VOC, NH; and HS decreases
with increasing distance from the dump site. Theseilts suggest that N@&nd CH known as green house
gases will aggravate the increase in temperatangndrthe residential areas of Rumuolumeni. T-texst used to
test the level of significance of the relationshgiween distance and the air quality parameters.célculated t-
value for NQ, SQ,, CH,, VOC, NH; and HS is 2.48, 0.09, 1.49, 0.90, 1.92 and 1.41 respaigtivith a degree
of freedom of 9. The table t-value at 0.05 prohgbiével at degree of freedom of 9 is 1.83. Itiscovered that
t-calculated was higher than t-table in N&hd NH_ This indicates that distance from the dumpsiteugriices
the concentrations of NGand NH in the study area.

Result shows that temperature influences the cdratems of NQ, NH; and HS. Similarly, relative humidity
influences the concentrations of BJONH; and HS. Cossu and Reiter (1996) confirmed that landfds is
characterized by high relative humidity, near tbatthe saturation point.the study revealed thatdwspeed
influences the level of concentrations of ,3Md VOC. The wind speed was generally low withemamvalue of
0.24m/s and this indicated that the wind speedacafe though calmer in the dumpsite. According titaRiet al
(2011), wind speed ranging between 0.51m/s and/&.8ms regarded as calm. The calmness could lieusenl
to the dry season when the data was collected. @gdaUtang (2009) and Weli, (2014) submitted tlnat t
percentage of calmness of wind is higher duringdiyeseason than the rainy season. This meanSMaand
VOC will stagnate around the Rumuolumeni with thetendant health implications (see ATDSR, 200k, Ef
2008 and Weli, 2014).
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Table 4: Spatial variations of air quality and weaitparameters influenced by dumpsite
Sampled | Distance(m)| Temp Relative | Wind NO; SO CH, VOC NH3 H.S WIND
Locations from (°C) Humidity | speed| (mg/nf) | (mg/nt) | (mg/nf) | (mg/nt) | (mg/nf) | (mg/nT) | DIRECTION
Dumpsite (%) (m/s)
Center
D1 0 28.0 68.4] 0.34 0.681 0.195 2.971 0.300 0.40¢rth East
D2 154.65 28.4 68.4 0.3p 0 1.677 0.138 2.971 0,098 0.223 | North East
D3 74.0 28.9 67.8 0.07 0.019 0.288 0.go7 1.310 809 0.084| North East
D4 76.09 29 66.8 0.1 D 0.026 0.007 1.885 0 0.084 rthiNBast
Mean 28.6 67.9 0.22 0.005 0.668 0.064 2.284 0.124 0.199
RA1 221.93 29.6 64.4 0.1B 0 0 0 0.863 0 0.014 NBeht
RA2 290.23 29.8 65.7 0.1B 0 0 0 0.543 0 0.098 NBeht
RA3 384.42 30.1 63.4 0.3¢ 0.056 0.0[r9 0 1.789 0 OorthiN\East
RA4 576.31 30.6 62.4 0.56 0.056 0.5p0 0.026 2.460 00.056| North East
RA5 946.86 30.7 62.§ 0.3 0.019 0.6R29 0.203 1.p17 00.125| North East
RAG6 636.65 30.7 63.4 0.1B 0.075 0.0R26 0.105 1.406 00.084 | North East
RA7 956.90 30.8 64.] 0.14 0.036 0.288 0.972 0.f35 00.014| North East
Mean 30.3 63.9 0.25 0.037 0.225 0.058 1.388 0.000 0.056
D- Dumpsite, RA- Residential Area
Table 5: Level of Significance between meteorolabparameters and LFG pollutants
Temperature Relative Humidity Wind speed
t-test for t-| t-table value at| Significance| t-testfort-| t-table | Significa | t-testfor | t-table | Significa
calculated| 9 d.f. at p=0.05 calculated | value at nce t- value at| ce
value value 9d.f. at calculate| 9 d.f. at
roAfN =2 rodN =2 p=0.05 d value | p=0.05
-+ = rN—2
JI-o7
NO, 3.30 1.83 S 2.58 1.83 S 0.52 1.83 NS
SO, 1.35 1.83 NS 1.34 1.83 NS 2.19 1.83 S
CH, 0.22 1.83 NS 0.14 1.83 NS 0.95 1.83 NS
VOC 1.66 1.83 NS 1.21 1.83 NS 3.29 1.83 S
NH; 3.57 1.83 S 3.17 1.83 S 0.59 1.83 NS
H,S 2.93 1.83 S 2.53 1.83 S 0.88 1.83 NS

Note: S- Significant; NS- Not Significant

5. Recommendations
The landfill site in Rumuolumeni is discovered tavh been a source of LFG emission and it is thezefo
recommended that:
Measures to capture landfill gases and prevent thigiration to the community are warranted.
Environmental education about air LFG emission®igiired so that residents can understand thetgftdéc
landfill sites in the neighbourhood empirically.
Studies on the air quality variations with seasaresrequired so as to understand the effects sbagaon
LFG emission.

1.
2.

3.

4
5.
6. The landfill should be closed to forestall furtlegrvironmental damage.

. Periodic assessment of the LFG emission in theleesial area is necessary.

Assessment of air quality in relation to the latdftes in the surrounding landuse areas is regluir
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