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Summary
The study was carried out to examine the effect of municipal solid waste (MSW) dump sites on physico-chemical properties of
soils in Ife East Local Government Area of Osun State, Nigeria. A total of 90 soil samples were collected from four dump sites
and a control across two seasons. Each sample site was divided into four quadrats each 3m2 and a total of 9-15 cores soil per
quadrat were collected from three of the four quadrats randomly at depths (0-15 cm), (15-30 cm) and (30-50 cm) using a stainless
steel Dutch auger in composite replicate mixed thoroughly and sub samples collected and analysed for soil properties.
Statistical analysis made use of SAS software using analysis of variance (ANOVA) and Duncan Multiple range test (DMRT) to
separate means of soil properties. The study revealed that municipal solid waste dump sites vary significantly in their physicochemical properties along the profile from one depth to the other. The study revealed that there were variations in factors
explaining changes in soil physico-chemical properties at depth 0-15 cm, 15-30 cm and 30-50 cm. Also more of physical
parameters were responsible for variation in soil properties at top soil (0-15 cm) while at the sub soil (15-30 cm and 30-50 cm)
more of chemical parameters were responsible for variations in soil properties on the dump sites in both seasons. It was further
observed that % sand, % OM and % silt in both seasons decreased with increasing depth with the exception of % clay which
increased with increasing depth. The study showed that changes in soil physico-chemical characteristics at dump sites could be
attributed to combination of interactions from different soil properties rather than a single soil factor which could be harnessed
for planning and decision making for a better managed environment.

Key words: Municipal solid wastes, dump sites, soil properties, depth, wet, dry season and planning
implications.
Introduction
There has been a dramatic increase in the level
of awareness and concern about the state of the
global and local environment in recent decades
prompted by the growing body of evidence on
the extent to which pollution has caused severe
environmental changes (Hagerty et al., 1973;
Alloway and Ayres, 1997; White et al., 1997;
Oyedele et al., 2008). A common feature amongst
the developed and underdeveloped human
society is “waste generation”. Waste is a byproduct of development but of concern is the
way it is managed. Developed countries have
put in place structures and institutions to deal
with their waste problems but the developing
countries have not and that is why it is a cause
of great concern (Okpala, 1994). This problem of
waste management is pronounced in the third

world due to acute shortage of manpower, lack
of equipment and their maintenance (Feachem et
al., 1983; NEST, 1991). Solid waste has therefore
accumulated in most Nigerian cities forming
mountains of heaps that disfigured the city’s
image creating an eyesore; blocking streets;
damming rivers and causing floods; producing a
stench and tremendous health hazards. The
problem with MSW is that it contains heavy
metals such as Cd, Zn,Cu and Pb which end up
in the soil as the sink as they are leached out
from the dump sites and difficult to clean
(Alloway and Ayres, 1997; Pivetz, 2001;
Oyedele, et al., 2008). The situation of MSW
disposal is really pathetic in Ife East Local
Government Area, as there is acute shortage of
manpower and lack of basic equipment for
collection, transportation and disposal in an
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environmentally sound manner hence, it is just
dumped. Effective and efficient waste
management requires sustainable management
of waste (Oyediran, 1994). Sustainable
development calls for efficient management of
resources, which requires effective waste
generation, and management (incineration,
recycling, sanitary land filling and composting
(Akingbade, 1991).
Municipal solid waste comprises waste from
diverse sources dumped together such as
residential, offices, agricultural, institutional,
industrial and commercial activities, mining and
mineral and miscellaneous waste. Municipal
solid waste management is inadequate and
ineffective in most parts of Nigeria as confirmed
by the Federal Environmental Protection
Agency (FEPA, 1992). The ugly sights and the
foul smell from the mounts of rubbish on the
streets, drains and undeveloped plots welcome
most visitors to most of our towns and cities
which may end up in the soil. As a result of the
adsorptive and buffering properties of soils,
some pollutants have long half-lives in the soil.
Therefore, food crops grown on these polluted
soils may be affected by some of the pollutants
for centuries even millennia because soil is
difficult and expensive to clean up (Alloway and
Ayres, 1997). The objectives of the study are to
examine the effects of municipal solid waste
open dump on soil physico-chemical properties.
Statement of the problem
The Nigerian Environmental Study Action Team
(NEST, 1991) observed that there has been a
phenomenal increase in the volume of solid
waste generated daily in Nigeria within the past
few years due largely to increasing rate of
population
growth,
urbanization,
industrialization and general economic growth.
NEST (1991) estimated that 2.2 million tones of
garbage per year was produced by 110 million
Nigerians and when projected using the 1991
census figures of 88.5 million, then 19 million
tones were generated in 1994. Nwankwo (1991)
estimated that solid waste accumulation in
Nigerian cities stood at 200 metric tones per year
and 6 million metric tones in the next 20 years.
Available data on the estimated and projected
volume of solid waste generation shows that it
could almost double the current rate by the end
of the present century (Federal Ministry of
Housing and Environment 1982) and that
household waste constitute up to 70% of solid
waste generation in Nigeria.

Oyediran (1994) also observed emerging
environmentally disastrous trends with an army
of scavengers made up of youths and adults
who struggled to make up for life amongst
goats, dogs and pigs on refuse dumps. These set
of persons are exposed to toxic and dangerous
chemicals and could suffer from skin diseases
and reproductive abnormalities (like abortion
and deformed babies). He noted further that
these refuse mountains block motorable raods,
build up on rivers banks and swamps, emit foul
odours and serve as breeding ground for
pathogenic agents. Solid waste helps in
transmission of bacteria, viral and parasitic
causing agents like Trichiuris trichiuria and
Ascaris, with parasitic lumbricoides being the
commonest (Ologhobo, 1994; Oyediran, 1994).
Integrated solid waste management
One of the most environmental sound
management methods that could attempt to
solve the solid waste problems in Nigeria
proposed by UNEP 2004 is the “Integrated
Municipal Solid Waste Management System”.
Chapter 21 of Agenda 21(a blueprint for global
actions to support the transition to sustainable
development) of the United Nations Conference
on Environment of Rio de Janeiro 1992
addresses specifically environmental sound
management of solid waste and related sewage
issues. It identifies the basis for action and
means of implementation to support the Rio
declaration. It looks forward to maintaining the
quality of the Earth’s environment by
attempting to change unsustainable patterns of
production and consumption (Westlake, 1995;
White et al., 1997). Integrated municipal solid
waste management has identified four major
waste-related programs areas; minimizing
waste, maximizing environmentally sound
waste re-use and recycling; adoption of cleaner
production
technology
to
promoting
environmentally sound waste disposal and
treatment and extending waste coverage
services. It seeks further, to stabilize or reduce
the production of waste destined for final
disposal over an agreed time frame, by
formulating goals based on waste weight
volume and composition and to introduce
separation to facilitate waste recycling and reuse. To strengthen and increase national waste
re-use and recycling systems, it further
employed National government to “according to
their capabilities and available resources sought
technical assistance from United Nations and
All
the
other
relevant
organizations.
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components of the integrated approach are
aimed at improving landfill operations, which is
regarded as the most sound waste management
practice if well operated.
Soil and Heavy Metals
The word soil is derived through “old French”
from Latin “Solum” which means floor or
ground. Generally soil refers to the loose surface
of the earth as distinguished from solid rock
(Thien and Graveel, 1997). Many people, when
they think of the word soil have in mind that
material which nourishes and supports plants
growth. This means that soil will include rocks,
water, snow and even air-all of which are
capable of supporting plant life (Foth and Turk,
1972). A farmer has a more practical concept of
soil and looks at soil as the medium in which
crops grow. To the Civil Engineer and planner,
soil is the material, which supports foundations,
roads or airport runway and other physical
developmental structures.
According to Wild (1995) soil is seen as life
sustaining pedosphere and that it has
exceptional high content of solid components in
relation to liquid and gaseous components and
it has strong influence on evolutionary and
ecological processes. He stated further that apart
from being the medium for plant growth, it acts
as filter for drinking water and sink for
pollutants. Comprehensively, soil can be looked
upon as a vital resource for sustaining two basic
human needs, a quality food supply and a
livable environment (Thien and Graveel, 1997).
From an environmentalist eyes, soil is the
interface between the atmosphere and
lithosphere. It is where we live as a home and in
addition to being a resource for food production,
the soil collects and purifies water and disposes
of wastes. Soil can be a pollutant as dust in the
air and as sediment in water. The
environmentalist in utilizing the soil should take
into consideration all the aspects which affect
man’s life, including the quality of the
environment especially the threats posed by
heavy metals.
Heavy metals generally is a collective term used
for a group of metals and metalloids with an
atomic density greater than 6 g/cm3, is
gradually emerging
as a source of silent
environmental metal poisoning in sub humid
tropical soils (Nriagu, 1988; Shuman,1999;
Ademoroti, 1996; Alloway and Ayres, 1997). It is
mostly applied to elements such as Cadmium
(Cd), Chromium (Cr) Copper (Cu), Mercury
(Hg), Nickel (Ni), Lead (Pb), Zinc (Zn), which

are associated with pollution and toxicity
problems which are very difficult to clean
(Pivetz, 2001; Wilkin, 2007). Generally heavy
metals pollution can affect all environments but
its effects are most long lasting in soils because
of the relatively strong adsorption of many
metals onto the humic and clay colloids. The
duration of contamination may be for hundreds
or thousands of years, for instance; half-lives; Cd
15-1100 years, Cu 310-1500 years and Pb 740-500
years depending on the soil type and their
physico-chemical parameters. Unlike organic
pollutants which will ultimately decompose,
metals will remain as metal atoms although
their speciation may change with time as the
organic molecules binding them decompose or
soil conditions change (Alloway and Ayres,
1997). It should be noted further that Pb and Cu
tend to be adsorbed most strongly while Zn and
Cd are usually held more weakly, which implies
that these later metals are likely to be more
liable and bioavailable (Alloway and Ayres
1997; Huang Li-hua and Sun Wei-min, 2004;
Gasu, 2006). Generally, it has been observed that
all metals are most soluble and bioavailable at
low pH and therefore toxicity problems are
likely to be more severe in acidic environments
(Alloway and Ayres, 1997).
Methodology
Study Area
The study was conducted in Ife East Local
government area latitudes 70 271 and 70 321N and
longitudes 40 221 and 40 291 E, Osun State,
Southwestern Nigeria (Fig. 1). The climate of
this area could be identified to be humid tropical
environment characterized by marked wet and
dry season, typical of South West Nigeria. The
rainy season covers a period of seven to nine
months with double rainfall maxima. The mean
annual rainfall recorded from the meteorological
station in Teaching and Research farm of
Obafemi Awolowo University (OAU) Ile-Ife and
corroborated by the meteorological station
Osogbo for this area is 1196 mm and may be
higher due to orographic effect (Smyth and
Montgomery, 1962). The soil found in this area
is classified as the Iwo association. The soils of
the Iwo association are developed from coarsegrained rock materials, derived from coarsegrained granitic rocks and gneisses. The normal
soils of this series are sedentary characterized by
dark brownish gray clayey sand to very clayey
fine sand (loamy sand to sand loamy) top soils
(Smyth and Montgomery, 1962).
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Sample Collection
A total of 90 soil samples were purposively
collected from 4 dump sites and a control across
two seasons (wet and dry) using the Dutch
Stainless steel Auger in composite replicate at
different depths of (0-15 cm), (15-30 cm) and (3050 cm) after scrapping and removing debris.
Four of the five sites were municipal solid waste
dump sites purposely selected from the densely
populated areas of the local government where
refuse generation was high. Each sample site
was divided into four quadrats each 3 m2 and a
total 9-15 cores soil per quadrat were collected
from three of the four quadrats randomly,
homogenized in three clean plastic buckets
before three sub samples were collected and
taken to the laboratory for analysis.
Sample Preparation/Analytical procedure
In the laboratory the subsamples were air dried,
crushed and passed through a 2 mm sieve and
the less than 2 mm particles retained for
laboratory analysis for organic matter, pH,
exchangeable cations, particle size analysis and
heavy metals. The particle size analysis was
determined by the hydrometer method
(Bouyoucos,
1962)
with
sodium
hexametaphosphate (calgon) as the dispersing
agent, organic matter was determined by
chromic acid oxidation method (Walkley and
Black, 1934), exchangeable bases were extracted
with ammonium acetate at pH 7 and the Ca, Na
and K contents of the extracts were determined
with a Jenway flame photometer while
Magnesium was determined using Perkin Elmer
Atomic Adsorption Spectrophotometer (AAS).
The soil pH was measured as described by
Hendershot et al. (1993). Heavy metals were
extracted using a mixture of 1 ml HNO3 and 3
ml of HCl (aqua regia) and the content heated on
a hot plate in a fume cupboard to dryness at
1000°C, allowed to cool and leached with 0.5 M
HCl before analysis using a Perkin Elmer AAS.
Statistical analysis made use of Analysis of
Variance (ANOVA) at 5% level of significance
(P<0.05), was carried out on the physicochemical properties of soils. Means were
separated using Duncan New Multiple Range
Test (DNMRT) with the aid of SAS software
package.
Results and Discussion
The concentration of heavy metals in the soils
showed wide variations between samples. This
was indicative of the heterogeneous distribution
of heavy metals in the sampled soils conforming

to the views of kim et al. (2002); Alloway and
Ayres, (1997); Oyedele et al. (1995); Oyedele et al.
(2008).

Fig:1. Map of Ife East Local Government showing the study
sites. Source: Reproduced by Author from map of Ife East
Local Government.

Variation of soil textural properties, exchangeable
bases, and heavy metals with depth in both wet and
dry seasons.
Table 1 shows the variation in the exchangeable
bases, textural properties, and heavy metals
with depth in the dry season. There were no
significant changes in the parameters measured
between the depth 0-15cm, 15-30cm and 3050cm in the dry season except for % Organic
Matter (OM) 3.5 and 4.8, Na with values of 0.79
Cmol Kg-1 and 0.102 Cmol Kg-1, Ca with mean
values of 11.6 Cmol Kg-1 and 13.8 Cmol Kg-1 and
Pb with mean values of 17.7 µgg-1and 29.8 µgg1where significant differences existed in the dry
season. The natural occurring concentrations of
heavy metals in the soil ranged from, Cd 0.03 to
0.3µgg-1, Pb 2 to 20 µgg-1, Cu 0.1to 3 µgg-1 and Zn
1 to 40 µgg-1 (Stewart et al., 1974). These values
were significant though lower than those found
occurring naturally in the soil except for Pb,
which was significantly higher, but lower than
the tolerable/ critical levels of 100 µgg-1 Pb,
which can be considered as phytotoxically
excessive (Pendias and Pendias, 1984). The
threshold values are 300 µgg-1 Zn, 100 µgg-1 Pb,
100µgg-1 Cu, and 3 µgg-1 Cd (Pendias and
Pendias, 1984).
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Table: 1 Variation of soil textural properties, exchangeable bases, and heavy metals along the soil profile during the dry
season.
{K
Na
Ca
Mg}
{Zn
Pb
Cu
Cd}
Depth
pH
%Sand
%Silt
%Clay
%OM
µgg-1

Cmol Kg-1
a

a

65.6

a

12.2

20.5

b

4.8a

b

2.2

b

0-15

7.2

15-30

7.1a

65.5a

11.3a

21.8b

4.0a

2.1b

30-50

a

b

a

a

b

a

7.1

59.9

11.5

28.3

3.5

3.1

0.79

b

14.8

0.94ab
0.102

a

b

13.3ab
a

11.6

7.9

a

2.0

a

7.2a

2.6a

a

a

7.6

2.1

a

23.8

38.3ab
51.2

b

0.49a

0.08a

0.23b

0.08b

ab

0.37

0.06a

Means with the same letters are not significantly different from each other at p<0.05 according to New Duncan Multiple Range Test.

Table: 2 Variation in textural properties, exchangeable bases, and heavy metals along the soil profile during the wet season.
Depth

pH

%Sand

%Silt

%Clay

%OM

{K

%

Na

Ca

Mg}

{Zn

Pb

Cu

Cd}

µgg-1

Cmol Kg -1

0-15

6.9a

67.9a

14.0b

19.9b

3.0a

2.2a

0.50a

13.2b

6.2a

2.2a

17.7b

0.45a

0.04a

15-30

7.0a

66.5a

12.7a

22.1b

3.1ab

1.9a

0.63ab

14.0a

6.1a

1.4ab

28.1a

0.42a

0.05a

30-50

6.9a

60.9b

12.5a

27.7a

2.7b

2.0a

0.75b

14.8a

6.4a

2.1a

29.8a

0.29b

0.04a

Means with the same letters are not significantly different from each other at p<0.05 according to New Duncan Multiple
Range Test.

Similarly, in the wet season no significant
variations in the mean values of the parameters
at different depths were observed except for the
following % silt, Na and Cu (Table 2).
Furthermore, it was observed that % silt, K, %
OM, and Mg content all reduced with depth
which is in line with studies by Alloway, et al.
(1997) while clay, Ca and Pb increased with
depth. This shows that Pb and Ca are very
mobile down the profile in the wet season than
dry season which may be due to precipitation
and other soil characteristics such as pH,
complexing ligands, redox potential and other
soil chemistry (Puls et al., 1991; Mclean and
Bledsoe, 1992; Wilkin, 2007; Oyedele, et al.,
2008).
Significant differences existed in the distribution
of Cu and Zn in the wet season (Table 2), which
can be attributed to leaching conforming to
observations of earlier studies by Hodgson,
(1963), Alloway and Ayres, (1997); Loneragan et
al. (1981) and Gasu, 2006. Results further
illustrate that the concentrations of Cu and Zn
decreases with increasing soil depth which
means that it is adsorbed most strongly on soil
colloids which is in line with Hodgson, (1963);
Alloway and Ayres, (1997) who observed that
Cu and Zn are among the least mobile of the
trace elements. Furthermore, Cavallaro and
McBride (1978) suggested that Cu might be
retained in the soil through exchange and
specific adsorption mechanism. Hickey and
Kittrick (1984); Kuo et al. (1983); Tessier et al.

(1980) found out that the greatest percent of the
total Zn in polluted soils is readily adsorbed by
clay minerals. It has been observed by most of
the above-mentioned scholars that the
behaviour of these metals in the soil depend on
soil pH, properties of the metals, redox
conditions, soil chemistry, organic matter
content, clay content, cation exchange capacity,
and soluble ligands in the surrounding fluid.
The soil pH did not show significant differences
along the profile from one depth to the other
which ranged from pH of 7.1 to 7.2 in the dry
season, 6.9 to 7.0 in the wet season which were
similar to earlier values of 4.0-8.5 by Alloway
and Ayres (1997). The results therefore showed
that the soils were generally acidic a typical
characteristic of tropical soils, which can
increase the concentration of metals in the soil
solution and probably leached down the profile
or be taken up by plants roots. The pH of the
soil is a very important parameter, directly
influencing
sorption/desorption,
precipitation/dissolution, complex formation,
and
oxidation-reduction
reactions
and
maximum retention of cationic metals which
occurs at pH > 7 while anionic occurs at pH < 7
(Mclean and Bledsoe, 1992; Pivetz, 2001; Wilkin,
2007) which is within the range of this study.
The soil can be classified as sandy clay loam
with high % OM which plays a very important
role in adsorption reactions in the soil thereby
buffering pollutants from contaminating ground
water sources (Puls et al., 1991; Mclean and
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Bledsoe, 1992; Oyedele et al., 2008). Sandy soils
with low organic matter content may allow
pollutants to leach through them, which may
pollute ground water sources.
Significant differences existed in the mean
values of the parameters across the two seasons
with the exception of % sand and % clay where
no significant differences were observed (Table:
3).

Regulation Agency (NESREA, 2007). What is
left to be done now is their strict
implementation. The planning implications
show further that a successful MSWMS would
require change in the mentality and attitude of
the citizenry (where they must take
responsibility to pay for the waste they generate),

Table: 3 Mean seasonal variability of soil texture, exchangeable cations and heavy metals
Seasons

pH

%Sand

%Silt

%Clay

%OM

{K

Na

Ca

Mg}

{Zn

Pb

Wet

7.1a

63.7a

13.1a

23.5a

2.9b

2.1b

Dry

7.0b

65.1a

11.6b

23.2a

4.1a

2.5a

Cmol Kg
0.88a
12.9b
0.63b

13.9a

Cu

Cd}

6.2b

2.3a

37.7a

µgg
036b

0.08a

7.5a

1.9b

25.2b

0.39a

0.04b

-1

-1

Means with the same letters are not significantly different from each other at p<0.05 according to New Duncan Multiple Range Test.

Summary and Conclusion
The study revealed that municipal solid waste
dump sites vary in their physico-chemical
properties from one dump site to the other. It
was observed further that percentage sand,
percentage organic matter and percentage silt
(physical properties) in both seasons decreased
with increasing depth with the exception of
percentage clay which increased with increase in
depth in both seasons due to eluviation resulting
from the high precipitation in the region. Soils of
the dump sites were found to be enriched with
heavy metals (Zn, Cu and Cd) more than the
adjacent soils (control) but were still within the
tolerable/ critical level, with the exception of Pb
which had a higher value but not above the
critical value of 100µgg1 (Pendias and Pendias,
1984). It was also revealed by the study that no
single soil variable was responsible for the
variation of soil properties directly but rather a
combination of the variables, which is in line
with earlier studies by Oyedele et al. (1995).
Recommendations/Planning Implications
The planning implications show that a
successful Municipal Solid Waste Management
System (MSWMS) depends on adequate
financing, qualified manpower, enabling
legislation and a supporting institutional and
environmental policy. Adequate regulations
regarding domestic solid waste management
already exists in Nigeria in the National Policy
on Environment (FEPA, 1989) and S .51National Environmental protection (FEPA,
1991), management of solid and Hazardous
waste Regulations (Akinbami et al., 1996), now
National
Environmental
Standard
and

the way government institutions are currently
operated and the recognition of the role of an
effective MSWMS in a region, city or country’s
sustainable development. Phytoremediation,
which is the use of plants or plant products to
restore or stabilize contaminated sites, should be
further investigated to establish those plants that
extract more heavy metals (hyper accumulators)
so that they can be used as a cost-effective and
environmental friendly means of restoring
contaminated soils before use.
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Appendix

Table 4: Variation in some physical properties and exchangeable cations at depth 0-15 cm on different dump sites during
the wet season.
Site

pH

%Sand

%Silt

%Clay

A
B
C
D
E

7.7a
7.1b
7.4ab
7.3ab
5.5c

64.7a
63.3a
61.7a
69.3a
69.0a

16.0a
14.7a
15.3a
14.7a
9.3b

19.3ab
22.0a
23.0a
16.0b
22.0a

%OM
{Ca
Cmol Kg-1
2.7b
12.5ab
3.1a
13.8ab
3.5a
14.2ab
3.6a
9.7b
2.3b
18.8a

Mg

K

Na}

7.3a
6.1ab
6.7ab
5.5b
5.3b

1.5b
1.7b
1.5b
2.3b
4.0a

0.98a
0.75ab
0.75ab
0.99a
0.49b

Means with the same letters are not significantly different from each other at p<0.05 according to New Duncan Multiple Range Test.

Table 5: Variation in some physical properties and exchangeable cations at depth 0-15 cm on different dump sites during the
dry season.
Site

pH

%Sand

%Silt

%Clay

{Ca

%OM

Mg

K

Na}

10.4a
8.5ab
8.8ab
7.3b
4.2c

3.1a
1.7b
1.8b
2.7ab
1.9b

0.59ab
0.57ab
0.65a
0.51b
0.57ab

-1

A
B
C
D
E

7.5a
7.3a
6.6ab
7.3a
6.0a

62.7a
71.7a
68.7a
70.7a
66.3a

17.3a
10.0bc
11.7bc
14.0ab
8.0c

20.0ab
18.3b
19.7ab
15.7b
25.7a

Cmol Kg
6.2a
4.5ab
5.0ab
5.0ab
3.0c

14.9a
14.5a
14.3a
10.3a
11.8a

Means with the same letters are not significantly different from each other at p<0.05 according to New Duncan Multiple Range Test.

Table 6: Variation in some physical properties and exchangeable cations at depth 15- 30 cm on different dump sites during
the wet season.
Site

pH

%Sand

%Silt

%Clay

%OM

{Ca

Mg

K

Na}

5.9bc
5.9bc
6.5b
5.3c
7.0a

1.4b
1.5b
2.8a
1.8b
2.2ab

0.91ab
1.15a
0.96ab
1.08a
0.59b

-1

A
B
C
D
E

7.7a
7.2a
7.4a
7.4a
5.8b

62.0b
68.0ab
61.3b
71.3a
64.3ab

18.0a
12.3ab
13.0ab
12.7ab
16.0b

20.0ab
19.7ab
25.3a
16.0b
7.7c

Cmol Kg
4.2a
2.9b
3.9ab
3.6ab
1.1c

15.3a
11.7b
10.5b
13.5ab
15.3a

Means with the same letters are not significantly different from each other at p<0.05 according to New Duncan Multiple Range Test.

Table 7: Variation in some physical properties and exchangeable cations at depth 30-50cm on different dump sites during the
dry season.
Site

pH

%Sand

%Silt

%Clay

%OM

{Ca

Mg

K

Na}

10.4a
9.5a
8.4ab
6.4b
3.4c

3.7a
3.3a
2.3ab
2.4ab
3.7a

0.90a
0.52b
0.67ab
0.59b
0.62ab

-1

A
B
C
D
E

7.6a
7.3a
7.2a
7.3a
5.3b

55.3b
61.7ab
64.0ab
70.3a
53.0c

16.0a
14.0ab
9.0b
14.7ab
3.7c

28.7b
24.3b
27.0b
15.0c
43.3a

Cmol Kg
4.7a
3.6a
4.4a
3.7a
1.3b

15.3ab
12.2b
20.5a
10.5b
17.2ab

Means with the same letters are not significantly different from each other at p<0.05 according to New Duncan Multiple Range Test.

Table 8: Variation in some physical properties and exchangeable cations at depth 30-50 cm on different dump sites during
the wet season.
Site

pH

%Sand

%Silt

%Clay

%OM

{Ca

Mg

K

Na}

5.9a
6.4a
6,7a
6.4a
6.8a

1.5ab
1.8ab
1.9ab
2.5a
2.2a

0.96ab
1.04a
0.75b
1.09a
0.67b

-1

Cmol Kg

A
B
C
D
E

7.7a
7.1a
7.4a
7.4a
5.8b

58.3ab
55.7ab
57.7ab
69.3a
58.7ab

16.3a
12.3ab
12.0ab
17.3a
4.7c

25.3b
32.0ab
30.3ab
13.3c
40.3a

3.9ab
2.1b
4.2a
1.8c
1.3c

10.5ab
11.3ab
8.7b
14.3a
13.3a

Means with the same letters are not significantly different from each other at p<0.05 according to New Duncan Multiple Range Test.
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