Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) JLIEN |
Vol.4, No.14, 2014 IISTE

Spatial Analysis of Atmospheric Pollutants from Rumuolemeni
Landfill, Port Harcourt using GIS

Vincent Ezikornwor Weli' and Obisesan Adekunle?
1. Centre for Disaster Risk Management, University of Port Harcourt P. O. box 246, Choba, Port Harcourt,
Nigeria
2. Department Of Geography And Environmental Management, University Of Port Harcourt, P.M.B. 5323,
Port Harcourt

Abstract

The study identified spatial variation of air quality status in the vicinity of the landfill site in Rumuolumeni. Air
quality parameters of nitrogen oxide (NO,), sulphur dioxide (SO,), methane (CH,), volatile organic compounds
(VOC), ammonia (NH;), hydrogen sulphide (H,S) and weather parameters of temperature, relative humidity,
wind speed, wind direction, were collected with respect to distance from the center of the dumpsite into the
residential area at various locations for seven days using composite sampling technique. Global Positioning
System (GPS) was used to determine the longitude (y-coordinate) and latitude (x-coordinate) of each location
which was used with the air quality and weather parameters to determine the areas of equal concentration of air
quality through the method of interpolation in ArcGIS 9.3 environment. The spatial coverage of levels of
concentration of each air quality parameters was calculated in hectares (ha) in ArcGIS 9.3 environment. The GIS
analysis showed that the spatial coverage of the entire study area was 1.128 sq km. Result indicates that
concentrations of NO, in the study area varied spatially; values ranging between 0.034mg/m’ and 0.042mg/m’
covered 0.217sq km while the range between 0.026mg/m3 and 0.033mg/m3 covered 0.194sq km and much of
this spatial coverage was within the built up area of the study area. However, the concentration of VOC between
0.543 and 0.813 mg/m’ had a spatial coverage of 0.019 sq km while the higher levels of concentration between
2.432 and 0.2.971 covered 0.027 sq km. The concentration levels of VOC between 1.353 and 1.622 mg/m’
covered 0.267 sq km, 1.893 and 2.162 covered 0.150 sq km and 1.623 and 1.892 mg/m’ covered 0.280 sq km.
There was no general pattern between the level of concentration of VOC and the spatial coverage. The spatial
coverage of the concentration of SO, range of values of 0.187 and 0.373 mg/m’ was 0.413 sq km. The mean
value of wind speed at the dumpsite was 0.22m/s while it was 0.25m/s in the residential area. This indicates that
the pollutants have the tendency to stagnate over time in the vicinity of the landfill. It is recommended that the
landfill be closed given the rate of urban sprawl to avoid the unhealthy consequences of inhaling these toxic
gases.
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1. Introduction

Landfills have led to some of the most heated, acrimonious battles over pollution in the public commons that
have ever been seen. While there are a number of reasons for the vehement arguments that often surround
landfills, one of the largest is the juxtaposition of both the understood need for landfills and the lack of will to
live near one. Despite the arguments over landfills in general, there are no arguments over the assertion that there
are many things that contribute to the environmental problem of landfills. Solid wastes are mainly disposed of to
landfill, because landfill is the simplest, cheapest and most cost-effective method of disposing of waste (Barrett
and Lawler, 1995). In most low- to medium-income developing nations, almost 100 per cent of generated waste
goes to landfill. Even in many developed countries, most solid waste is landfilled. For instance, within the
European Union, although policies of reduction, reuse, and diversion from landfill are strongly promoted, more
than half of the member states still send in excess of 75 per cent of their waste to landfill (e.g. Ireland 92 per
cent), and in 1999 landfill was still by far the main waste disposal option for Western Europe (EEA, 2003).
Furthermore, although the proportion of waste to landfill may in future decrease, the total volumes of municipal
solid waste (MSW) being produced is still increasing significantly, in excess of 3 per cent per annum for many
developed nations (Douglas, 1992). Solid waste composition, rate of generation and methods of treatment and
disposal vary considerably throughout the world and largely determine the potential of waste to impair air
quality. In Port Harcourt, the case is not different as landfill is the only available option for waste disposal.
Landfill is therefore likely to remain a relevant source of atmospheric toxics for the foreseeable future in the city.
Air pollution in Nigeria is not new and several scholars have attempted to examine the concentration of
pollutants and their effect on our environment. Some of the studies are those of Ede (1999), Ossai et al;(1999),
Okecha (2000), Efe (2005, 2006 and 2008), Awofolu (2004), Akeredolu et al. (1994), Akani (2007) and Weli,
(2014). From the available literature, it is obvious that there is dearth of empirical analysis of spatial extent of
LFG emissions especially landfills close to high density residential areas. A closer examination at the
Rumuolumeni landfill indicates that potentially hazardous foul odors are commonly experienced by passersby
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and inhabitants of the community especially those around the landfill. The goal of this paper therefore is to
explore a GIS-based technique to identify the spatial coverage of air toxic pollutants emitted at Rumuolumeni
landfill in Port Harcourt with a view to identifying the contribution of landfill emissions to ambient hazardous air
pollutant (HAP) concentrations and providing support to the regulatory community in developing mitigation
plans.

2. The study area

The study area is Rumuolumeni Landfill Site in Port-Harcourt City Local Government Area of Rivers State. Port
Harcourt is situated between latitudes 4° 42° and 4° 55°N and between longitudes 6°53” and 7° 08’E (Fig 1). Port-
Harcourt metropolis is the capital of Rivers State of Nigeria and lies in the Southern part of Nigeria, 40
kilometers up the North of the Bonny Rivers. Rumuolumeni is a suburb of the city of Port Harcourt. It houses the
Ignatius Ajuru University of Education. The area has witnessed enormous growth in its population, since its
inception. Over the years the city has grown in heaps and bounds from a population of about 7,000 person in
1914 (Obinna et al, 2009) to population of 440,399 according to the 1991 census (National Population
Commission, 1992). Its present population is projected to be 987,998 applying an average annual growth rate of
5.8% (Greater Port-Harcourt Development Project, 2007). Port-Harcourt is not only a key administrative center
but also an important commercial and educational center as well as railway terminus with a viable sea and
airport. It is now the center of Nigeria oil and gas industry. The city therefore is a veritable magnet attracting
immigrants not only from rural areas but also from other urban centers. This has serious implications for waste
generation in the area.
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Fig 1: Map of Port Harcourt Metropolis showing Rumuolemeni and other landfills
3. Methodology

Air quality parameters such as; Nitrogen dioxide (NO,), Sulphur dioxide (SO,), Methane (CH,4), Hydrogen
sulphide (H,S), Ammonia (NH;) and Volatile Organic Compounds (VOCs) were measured using an industrial
scientific ITX multigas monitor. The weather parameters (wind speed and direction, temperature, and relative
humidity) were collected using Kestel 400 version 3.00 handheld weather trackers. The composite sampling
technique was used in this study.
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3.1 GIS Analysis for Generation of Maps

Global Positioning System (GPS) was used to determine the longitude (y-coordinate) and latitude (x-coordinate)
of the locations where readings of air pollutants and weather parameters were taken. These readings were used to
map the areas of equal concentration of air quality or areas experiencing equal weather parameter within the
study area using inverse distance weighted (IDW) type of interpolation method in ArcGIS 9.3 environment. The
maps were gotten in raster form. The IDW maps were converted to vector format in order to calculate the spatial
coverage of concentration of each air quality parameters and weather parameters in square kilometers (sq km) in
ArcGIS 9.3 environment using the calculate geometry module.

3.2 Generation of Landuse map

Landuse map of the area was acquired from the imagery of the area sourced from google earth 2012 version. The
imagery was georeferenced in ArcGIS 9.3 to world coordinate system. From the groundtruthing of the land use
types in the area through reconnaissance survey, four landuse types were identified namely built up area,
farmland, forest and dumpsite. The landuse types were digitized in vector format from the geo-referenced
imagery by capturing and classifying similar spectral reflectance in the imagery as same landuse. The spatial
coverage of each landuse type was determined in square kilometers using the calculate geometry module of
ArcGIS 9.3.The landuse map gave an insight of the size of the dumpsite in the midst of the surrounding landuse
types. The sampled locations within the dumpsite were labeled as D1, D2, D3 and D4 in which D1 was the point
at the center of the dumpsite while the sampled locations within the residential area were labelled as RA1, RA2,
RA3, RA4, RAS, RA6, and RA7. The land identified includes derived forest, farmland, landfill site and
residential area. Through the use of GIS analysis, it was discovered that the residential area covered 1.32 sq km,
landfill site covered 0.06 sq km, farmland covered 0.03 sq km while derived forest covered 0.32 sq km. The
residential area was mostly found on the Eastern, North Eastern and South Eastern parts of the landfill site

4. Results and Discussion of Findings

4.1 Spatial Variations of Air Pollutants Influenced by Landfill and Weather Parameters.

Findings indicate that the mean value of temperature was 28.0°C at the centre of the dumpsite while the general
mean value of temperature at the dumpsite was 28.6°C (table 1). Moving away from the dumpsite into the
residential area, it was discovered that temperature values increases with the distance whereby sample location
RA1 which was the nearest among other locations with the distance of 221.93m in residential area had a mean
value of temperature of 29.6°C while the farthest location which was 956.90m in the residential area had a mean
value of temperature of 30.8°C.

The general mean value of temperature in the residential area was 30.3°C. Generally, the relative humidity in the
study area was relatively high but the relative humidity at the center of the dumpsite was 68.4% and total mean
value of relative humidity at the dumpsite was 67.9%. The mean value of relative humidity at RA1 at a distance
of 221.93m was 64.8%, RA2 was 65.2% while it was 62.8% at RA5 and RA7 which was the farthest into the
residential area was 64.1%. The total mean value of relative humidity in the residential area was 63.9%. This
shows that the relative humidity was higher at the dumpsite than the residential area and more so, the relative
humidity did not have any pattern in relation with distance from the dumpsite. Furthermore, the windspeed
which is one of the major factors determining the dispersion of pollutants was measured and the results of the
analysis show that the mean value of wind speed at the center of the dumpsite (D1) was 0.34m/s while at D2
with a distance of 154.65m from the center of the dumpsite, the wind speed was 0.22m/s. On the other hand, the
mean value of windspeed at RA1 having a distance of 221.93m from the center of the dumpsite (D1) was
0.13m/s. The point RA4 had the highest mean value of wind speed of 0.56m/s in the residential area while the
farthest point (956.90m) in the residential area from the center of the dumpsite (RA7) was recorded a mean value
of 0.14m/s. The total mean value of windspeed in the residential area was 0.25m/s and with this, the wind speed
was higher at the residential area than the dumpsite. The higher wind speed in the residential area could be due to
the decrease in the urban trees which would have reduced the wind speed. Tahir and Yousif (2013) admitted that
the more compact is the foliage on the tree or a group of trees, the greater is the influence of these trees on wind
speed. The concentration of nitrogen oxide (NO,) in the study area varied very slightly among the sampled
locations, though there was no concentration of NO, at the center of the dumpsite.
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Table 1: Spatial variations of air quality and weather parameters influenced by landfill.

Sampled Distance Temp Relative Wind speed NO, SO, CH, voC NH; H,S WIND
Locations (m) from (°C) Humidity (%) (m/s) (mg/m’) (mg/ (mg/m’) (mg/m’) (mg/m®) (mg/m’) DIRECTION
Dumpsit m’)
¢ Center
D1 0 28.0 68.4 0.34 0 0.681 0.105 2.971 0.300 0.404 | North East
D2 154.65 28.4 68.4 0.39 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 0.007 1.310 0.098 0.084 | North East
D4 76.09 29 66.8 0.1 0 0.026 0.007 1.885 0 0.084 | North East
Mean 28.6 67.9 0.22 0.005 0.668 0.064 2.284 0.124 0.199
RAL 221.93 29.6 64.8 0.13 0 0 0 0.863 0 0.014 | North East
RA2 290.23 29.8 65.2 0.13 0 0 0 0.543 0 0.098 | North East
RA3 384.42 30.1 63.9 0.34 0.056 0.079 0 1.789 0 0 | North East
RA4 576.31 30.6 62.8 0.56 0.056 0.550 0.026 2.460 0 0.056 | North East
RAS 946.86 30.7 62.8 0.31 0.019 0.629 0.203 1.917 0 0.125 | North East
RA6 636.65 30.7 63.8 0.13 0.075 0.026 0.105 1.406 0 0.084 | North East
RA7 956.90 30.8 64.1 0.14 0.056 0.288 0.072 0.735 0 0.014 | 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

The concentration of NO, was higher in the residential area and there was no pattern in relation with the distance
from the center of the dumpsite. The highest mean value of NO, at the residential area was recorded at RA6
which was 0.075mg/m® while the least which was 0.019mg/m’ recorded at RA5. The concentration of sulphur
dioxide (SO,) at the center of the dumpsite was 0.681 mg/m’ while the highest concentration was recorded at D2
with a mean value of 1.677 mg/m’. Nevertheless, the total mean value of the concentration of SO, was 0.668
mg/m’. Meanwhile, the concentration of SO, in the residential area was highest at RAS with a mean value of
0.629 mg/m3 while there were no concentrations of SO, at RA1 and RA2. The total mean value of SO, at the
residential area was 0.225mg/m’. Methane (CH,) varied both at the dumpsite and residential area. The
concentration of CH, was 0.105mg/m’ at the center of the dumpsite (D1) while the mean value of the
concentration was 0.1 38mg/m3 at D2. In the residential area, at RAS, the mean value of the concentration of CH,
was 0.203mg/m’. The range of the concentration of CH, was between 0.000mg/m’ and 0.203mg/m’ while the
total mean value at the residential area was 0.058mg/m’. Volatile organic compounds (VOC) had the highest
mean value among other air pollutants considered in the study area (both dumpsite and residential area). At the
dumpsite, the mean value of the concentration of VOC was 2.971mg/m3 at the center of the dumpsite (D1) while
the concentration of VOC was 1.301mg/m’ at D3. Generally, the total mean value of the concentration of VOC
at the dumpsite was 2.284mg/m’. The concentrations of VOC varied slightly at the residential area. Although the
concentration was lower than that at the dumpsite but the concentration was high at RA3, RA4, RAS and RA6
with 1.789mg/m’, 2.460mg/m’, 1.917mg/m’ and 1.406mg/m’ respectively. The concentration of ammonia (NH;)
was only observed at the dumpsite with the highest at the center of the dumpsite with a mean value of
0.300mg/m3. At the residential area, there was no concentration of NH;. In the same vein, the concentration of
hydrogen sulphide (H,S) was significantly higher at the dumpsite than the residential area. The total mean
concentration of H,S at the dumpsite was 0.199mg/m’ but the highest concentration was observed at D1 with a
mean value of 0.404mg/m’. At the residential area, it was observed that the concentration was highest at RA5
with a mean value of 0.125 mg/m’ while there was no concentration at RA3. However, the total mean
concentration of H,S in the residential area was 0.056mg/m’. The wind direction during the study at all the
sampled locations was North East. This suggests that much of the pollutant concentrations may be felt greatly
towards the residential area with its attendant health implications.

4.2 Spatial Variation in the Concentration of Atmospheric Pollutants in the Vicinity of the Landfill

Result show that the concentration of NO, increases from the dumpsite to the residential area. Higher
concentrations of NO, were observed in residential areas especially in RA4, RA6 and RA7 and their environs.
However, the concentrations of NO, in the study area varied in terms of spatial coverage and areas; it is thus
observed in table 2 that the concentration ranging between 0.034mg/m’ and 0.042mg/m’ covered 0.217sq km
while the range between 0.026mg/m’ and 0.033mg/m’ covered 0.194sq km and much of this spatial coverage
was within the built up area of the study area (see fig 2). The higher ranges NO, (0.059 and 0.075mg/m3) had a
very small spatial coverage and still existed in the built up area. SO, from the concentration was highest at the
residential area. The interpolation analysis showed that 0.326sq km of the total study area experienced
concentrations of SO, between 0.000 and 0.186 mg/m’® while the concentration between 0.187mg/m’ and 0.373
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mg/m’ covered 0.413 sq km. The spatial coverage of the concentrations of SO, continued to decrease with
increase in the range of concentration of SO, in the study are (see fig 3). The analysis therefore suggests that the
more the spatial area extent, the lower concentrations of SO,. Similarly concentrations of NH; due to the
influence of dumpsite indicate that NH; decreased from the dumpsite towards the entire surrounding areas and
the least concentrations was observed in the residential areas. It was also discovered that NH; concentration was
highest at the centre of the dumpsite. Fig 4 explains the total area covered by each level of the concentrations of
ammonia in the study area and it revealed that the concentrations between 0.000 and 0.033 mg/m’ had 0.835 sq
km ha which was highest and as shown also in Figure 4. In a similar situation, the concentration levels between
0.034 and 0.067 mg/m’ covered an area of 0.160 sq km. The spatial coverage of NH; continued to decrease with
increasing distance. Volatile organic compounds (VOCs) concentration was observed mainly in the dumpsite
while the least was observed in some pockets of residential areas. Generally, the concentration of VOC reduces
from the dumpsite towards other land use type around the dumpsite. Though there are few places within the
dumpsite that experienced lower concentration of VOC. However, the concentration of VOC between 0.543 and
0.813 mg/m’ had a spatial coverage of 0.019 sq km while the higher levels of concentration between 2.432 and
0.2.971 covered 0.027 sq km. The concentration levels between 1.353 and 1.622 mg/m3 covered 0.267 sq km,
1.893 and 2.162 covered 0.150 sq km and 1.623 and 1.892 mg/m® covered 0.280 sq km. There was no general
pattern between the level of concentration of VOC and the spatial coverage. The area coverage of higher
concentrations of VOC was 1.014 sq km which ranged between 1.084 and 2.431mg/m’. This gives an indication
that VOC concentrations in the area were high. Hydrogen sulphide (H,S) concentration was highest at the
dumpsite and the concentration reduced from the dumpsite towards other surrounding areas around the dumpsite.
The level of concentration of H,S ranging between 0.000 and 0.045mg/m’ covered an area of 0.045 sq km while
the highest range (0.361-0.404 mg/m’) covered only 0.001sq km. The concentrations between 0.046 and 0.090
mg/m’ had coverage of 0.430 sq km while the highest spatial coverage (0.571 sq km) was observed in the
concentration level ranging between 0.091 and 0.135 mg/m’. Generally, the area covered in the study area with
higher concentration of H,S (0.136-0.404 mg/m’) was just 0.082 sq km and most of the spatial coverage was
observed in the dumpsite and area close to it. Unlike other air pollutants investigated in this study, CHy
concentration was higher in the residential area than the dumpsite though the concentration in the dumpsite was
moderately high. Thus, the most of areas with the highest and least concentrations of CH,4 could be observed in
the residential area. The spatial coverage of the highest level of CH, concentration (0.181-0.203 mg/m®) was
0.015 sq km while the least concentration (0.000-0.045 mg/ms) had a spatial coverage of 0.521sq km. The levels
of concentrations were generally high in both the dumpsite and residential areas but the highest concentration
was observed at the residential area (see table 2 and fig 6).
Table 2: Spatial Coverage of CH, Concentration

S/N CH, Concentrations (mg/m’) Spatial Area Extent (sq km)
1 0.000-0.022 0.137
2 0.023-0.045 0.384
3 0.046-0.068 0.224
4 0.069-0.090 0.150
5 0.091-0.113 0.122
6 0.114-0.135 0.044
7 0.136-0.158 0.031
8 0.159-0.180 0.021
9 0.181-0.203 0.015
Total 1.128
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5. Recommendation

The landfill site in Rumuolumeni is discovered to have been a source of LFG emission which has migrated into
the high density residential areas posing serious health challenge in the study area, it is therefore recommended
that:

l. Periodic assessment of the LFG emission in the residential area is necessary.

2. Assessment of air quality in relation to the landfill sites in the surrounding landuse areas is required.
3. The landfill should be closed to forestall further environmental and health damage.

References

Akani, C.O (2008) Analysis of street level air temperature and quality along the Traffic corridors of Lagos
metropolis. An Unpublished Ph.D thesis. University of Ibadan

Akeredolu, F.A; Oluwole, A.F; Beliku E.A; Ogunsola, O.J. (1994) ‘Modelling of carbon monoxide
concentration for motor vehicles travelling near roadway intersections in Lagos, Nigeria’ the 2" int’l conference
on air pollution. Part 2 ( of 2), Barcelonia

Awofolu, O.R. (2004) ° Impact of automobile Exhaust on levels of lead in a Commercial Food from Bus
Terminals’. Journal of Applied Science and Environmental Management. Vol. 8 No 1. Pp. 23-27.

Barrett, A., Lawlor, J. (1995) The economics of waste management in Ireland. Economic and Social Research
Institute, Dublin. 129pp.

Efe S.I. (2008) Spatial distribution of particulate air pollution in Nigerian cities: Implications for human health.
The Environmentalist. Vol. 7. Issue 2.

Efe S 1(2005). Urban Effects on Precipitation Amount, Distribution and Rainwater Quality in Warri Metropolis,
Ph.D Thesis, Dept. of Geography and Regional Planning Delta State University Abraka, Delta State, Nigeria , pp
2-47.

Efe S 1(2006). Particulate Pollution and its Health Implications in Warri Metropolis, Delta State Nigeria. Env.
Anal. 11, 1339-1351.

Douglas, T. 1992 Patterns of land, water and air pollution by waste. In: Newson, M. (Ed.) Managing the Human
Impact on the Natural Environment John Wiley & Sons, 150- 171

EEA (European Environment Agency) 2003 Europe’s environment: the third assessment. Environmental
Assessment Rept. No. 10 EEA, Copeenhagen, Ch 7, 151-164.

Obinna, V.C., Owei, O.B; Davis, B., and Okwakpam, 1.O. (2009): Sanitizing Port-Harcourt: The phenomenon of
urban street hawking and policy implications. Journal of Nigerian Environmental Society, Vol.5, No. 2. pp118-
135

Weli, V.E. (2014) Spatial and seasonal variation of atmospheric pollutants concentration in Port Harcourt
metropolis. An Unpublished Ph.D thesis. University of Ibadan. Nigeria



The I1ISTE is a pioneer in the Open-Access hosting service and academic event
management. The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

There are more than 30 peer-reviewed academic journals hosted under the hosting
platform.

Prospective authors of journals can find the submission instruction on the
following page: http://www.iiste.org/journals/ 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. Paper version
of the journals is also available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

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

e INDEX ({@‘ COPERNICUS

ros I NTERNATIONAL
INFORMATION SERVICES

@ vimsice soumaocs @

£z 8 Elektronische
@O0@ Zeitschriftenbibliothek

open

-

|

o » (..L()R( H()\\\L\I\H{SII\
— UniverseDigitalLibrary —



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/

