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ABSTRACT

The study ascertains some physiochemical properties of soils around Power-line dumpsite at Boji-
Boji Owa, Delta State, Nigeria. In order to evaluate the effects of municipal solid waste dumpsites on
soils, soil samples were collected with the aid of a graduated soil auger at depths of 0 — 10 cm, 15 — 25
cmand 25— 40 cm, representing top to sub and bottom soil sand also 500 m away from dumpsites which
serves as control site (R). Samples were taken for laboratory analyses to determine the level of
physiochemical properties such as: pH, grain size distribution, Electrical Conductivity (Ec), Organic
Carbon (OC), Organic Matter (OM), Available Phosphorous (Av. P), Overall Nitrogen (ON), Basic
Cations and Cation Exchange Capacity (CEC) in soils. Results obtained from the study, revealed that
values between waste dumpsite and control site were significantly different. Findings showed that the
pH value in sampled soils from studied dumpsites ranged from 6.22+0.06 and 7.97+0.04 while the mean
pH value for controlled site was 39.8+0.08. The increase in the pH value of the sampled soil indicated
an increase in CEC mean value of soil which ranged from 4.734+0.30 and 10.28+0.46 mEq/100 g while
a low pH indicated low CEC mean value of 1.50+0.22 mEq/100 g. This is because there exists a
positively significant relationship between pH, OC, OM, Av.P, ON, basic cations and CEC. As Ec varied
between 692+4.50 to 918+4.03 uScm™, OC varied between 0.05+0.00 to 0.64+0.03%, OM varied
between 0.10+0.06 to 0.57+0.07%, Av.P varied between 8.98+0.06 to 25.36+0.22 mg/kg and ON varied
between 0.44+0.01 to 0.93+0.03% across all studied dumpsites.
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1. INTRODUCTION

Solid waste is garbage, refuse/trash which is on the rise mostly in developing countries
without adequate management [1-3]. Solid waste is grouped according to its source such as:
household waste as municipal waste, industrial waste is referred to as hazardous waste while
medical waste as infectious waste [4]. Increase in population growth, urban expansion,
agricultural and domestic activities, industrialization and alteration in consumer habits is a
major contributor to the generation of municipal solid waste [5]. However, the methods
associated with handling, storing, collection and disposing of these wastes (open dumpsites)
poses environmental challenges [6]. It is a common phenomenon to see open dumpsites as a
major source of waste disposal in municipalities [7, 8]. These are found where there is an
availability of land, and solely takes place in around municipalities without proper
consideration to the safety of the citizenry and the environment [9, 10].

Municipal solid waste has become a major environmental challenge. The manner and way
in which solid wastes are being disposed have generated a major concern from lack of waste
reduction to illegal dumping of wastes indiscriminately to its poor management in Boji-Boji
Owa south-south Nigeria. Different researchers have carried out various studies on the negative
impact of solid waste on soil. For example, the leachate generated from dumpsites and landfill
sites is a combination of chemical and biological components [11]. Waste that penetrate or
percolate into the soil goes through various process such as degradation into smaller substances
via dissolution, hydrolysis, oxidation and reduction processes [12], as the generated leachate
moves downward affecting soil [40-50].

This has made soil conservation an environmental concern globally. Consequently, the
composition of waste generated, its volume, temperature and soil morphology is related to the
leachate gotten from municipal solid waste [12]. As soil is seen as a major source for absorption
of solid waste, materials or debris are thrown away day-to-day by man. Hundreds to thousands
of tons of these wastes materials generated from household, industrial and agricultural uses
infiltrate into the soil and interact with soil structure, thereby causing an alteration in the
physiochemical properties of soils. On the other hand, soils with waste constituents have an
increase content of nitrogen, organic matter (organic matter serves as nutrient provider for plant
growth which also causes generation of waste) and cation exchange capacity [13]. The presence
of heavy metals concentration in soils may be caused by waste increase in soils. The
contamination of soil at low concentration with heavy metals poses a negative effect on
ecosystem and environmental quality. Relatively, the contaminants generated from leachate
that infiltrates into the soil depends on both the leachate and the physiochemical properties of
the soil around the dumpsites. Hence, in the evaluation of the soil physiochemical properties
around Power line dumpsite in Boji-Boji Owa, it is pertinent to ascertain the baseline
information for waste generation and its contaminants effects on soils through laboratory
procedure (soil analysis).

Study Area

Power-line dumpsite is situated in Ika North East Local Government Area, South-South
Nigeria between latitude 6° 15' 0" North, 6° 13' 0". The dimension of the study area occupies a
land mass of about 463 km?3, with an elevation of 205 m above sea level. The climate of Boji-
Boji Owa is tropical equatorial with two different seasons: wet season begins from March and
ends October and a distinct dry season that extends from November and ends in April.
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High rainfall values are recorded from July to September, with an average precipitation
of 2000 mm. Humidity and atmospheric temperature is high, with mean values of 24-27 °C
reported for both, day and night [14]. Most dumpsites in Boji-Boji Owa have been in existence
since 1996 and were initially seen several kilometers away from residential areas, but due to
increase in population growth and rapid urbanization these areas are now built-up areas. The
dumpsites occupy a large expanse of land with leachate infiltrating into the soil following the
terrain. The wastes found on the landfill mainly consist of household, industrial, agricultural
and medical waste which are not being separated aside from waste collector that partly collects
plastic materials, glass and metals for recycle or reuse. It was also observed that there are
changes in the soils around the dumpsite due to the municipal solid waste as well as serious
threat onto the environment.

Geological Setting

The study area is underlain by the Ogwashi-Asaba Formation (see Fig. 1). The Oligocene
— Miocene Ogwashi Asaba Formation consists of interbedded successions of lignite, shale,
sandstone, siltstone, and claystone facies, as shown in Table 1. It is the outcropping equivalent
of the Agbada Formation in the subsurface of Niger Delta. Depositional environment has been
interpreted to be continental [15].

Table 1. Outcropping Units of the Cenozoic Niger Delta

Age span Lithostratigraphic unit Charactertics

Known also as the Coastal Plains Sands;
cross-bedded, coarse, pebbly continental

Oligocene- Benin Formation sands, with clay lenses and lignites; has
Present . : .
marine shale breaks with foraminifera,
ostracods, and molluscs
OI_|gocene- Ogwashu-Asaba Formation C_:Ia)_/s, silts, and sands with thin to thick
Miocene lignite seams
Nsugbe mainly sands with some conglomerate
Formation | bands
Eocene-Early . Nanka Calcareous clays and silts with thin shelly
. Ameki Group : : S S
Oligocene Formation | limestone, rich in foraminifera

Ameki Calcareous clays and silts with thin shelly
Formation | limestone, rich in foraminifera, mainly
sands, minor silt, and clay intercalations
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Blue—gray shales with sand lenses, marls,
and fossiliferous limestones, sandstone
members—ebenebe, Umuna, and Igbaku
sandstones; shales with foraminifera and
ostracods

Paleocene-Early
Eocene

2. MATERIALS AND METHODS

In order to evaluate the physiochemical properties of soil around Power-line dumpsite in
Boji-BojiOwam, soil samples around the dumpsite were collected for analysis. The soil samples
were accumulated between February 2016 to April 2016. Composite soil samples were
collected from five different locations in the dry season (April- November) and wet season
(March — October).

The soil samples were collected with the aid of a graduated soil auger at depths of 0 — 10
cm, 15 -25 cm and 25 — 40 cm, representing top soils, sub-soils and bottom soils, respectively.
The three soil samples per points were bulked together from each of the three depths to create
one composite sample. At each dumpsite, five (5) points were randomly chosen 50 meters away
from each center for sample collection and were labelled MT-1, MT-2, MT-3, MT-4 and MT-
5. Each soil sample was then placed in a polythene bag covered with aluminum foil and they
were immediately transported to the laboratory and stored under room temperature before
subjected to physiochemical analysis.

The soil samples were further air dried and were made to pass through 2-mm stainless
steel sieve. The control soil samples were obtained in the same way (500 m away from
dumpsites). The control site is unaffected by waste from dumpsites and served as the control
site-labeled (R).

Physiochemical Analysis

The composite soil samples for the physio-chemical analysis were determined using a
standard analytical method [12]. The parameters examined included: pH, grain size distribution,
electrical conductivity, total organic carbon, organic matter, phosphorous (P), calcium (Ca),
magnesium (Mg), sodium (Na), potassium (K), and cation exchange capacity (CEC). Grain size
distribution, otherwise known as mechanical analysis, was determined using hydrometer
method [18] by means of sodium hexametaphosphate as dispersant.

Organic matter was evaluated from the total organic carbon through the method given in
[18], while the soil available phosphorus was determined by colorimetric method reported by
[19]. Cation exchange capacity (CEC) was examined using the ammonium acetate digestion
method described by [20]. The pH and electrical conductivity were measured in a soil
suspension (1:2.5 w/v dilutions) by digital pH meter (Labotronics-LT-1) and conductivity meter
(CO150), respectively.

Herewith, the exchangeable bases: calcium (Ca) and magnesium (Mg) were determined
by EDTA titration while potassium (K) and sodium (Na) were determined by bulk scientific
standard solutions, used to calibrate the Atomic Absorption Spectrometer (Bulk Scientific VGP
210 model).
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Statistical Analysis

Data obtained from the mean physicochemical parameters of sampled soils from Power-
line dumpsite were subjected to descriptive statistical analysis (mean and + S.D. value).
Correlation coefficient was analyzed using Statistical Package for Social Sciences (SPSS),
while bivariate plots were used in determination of relationship between the studied dumpsite
and controlled site (R).

3. RESULTS AND DISCUSSION

The physicochemical properties of soil samples in dumpsite and controlled site (R) in
Boji-Boji Owa, Delta state, is presented in Table 1. The physicochemical analysis of soil
samples results shown in Table 2 indicated that the presence of solid waste in dumpsite
significantly affects soil properties such as: pH, grain size distribution, electrical conductivity
(Ec), organic carbon (OC), organic matter (OM), available phosphorous, overall nitrogen, basic
cation and cation exchange capacity (CEC) in contrast to the soil in controlled site (R), as shown
from the results obtained. It was revealed in Table 1 that there was an increase in the
physicochemical properties of soils component in soil from dumpsite than controlled site (R).

The results obtained in the study were in accordance with the results of [16] and [21]
which stated that solid wastes in dumpsites had a significant increase in most of the analyzed
soil properties. This increase in concentration might be as a result of the decayed and mineral
content of decomposable solid waste in dumpsite.

Table 2. The Physiochemical Properties of Sampled Soil Aggregates (Mean) close
to Power-line Dumpsite Boji-BojiOwa, Delta State.

Area close to dumpsites
Parameters MT-1 MT-2 MT-3 MT-4 MT-5 R
H 6.22 7.60 7.05 7.64 + 7.97 3.98
P +0.06 +0.10 +0.08 0.05 +0.04 +0.08
sand (%) 86.43 8220+ | 9040+ 85.60+ 90.05 + 84.32 +
0 +0.03 0.07 0.12 0.14 0.10 0.13
Silt (%) 1.82 + 0.79 + 235+ 1.97 + 1.56 + 1.24 =
0.00 0.03 0.12 0.08 0.04 0.10
Clay (%) 9.30 = 8.15+ 14.50 + 835+ 17.42 + 11.50 =
0.05 0.10 0.03 0.12 0.14 0.05
EC (uSem) 768 692 890 918 790 420
H +2.43 +4.50 +3.87 +4.03 +5.44 +20.76
0.05 + 034 + 0.15+ 064+ 045+ 0.20 +
0,
OC (%) 0.00 0.03 0.00 0.03 0.05 0.03
0.10 = 025+ 034+ 057 + 0.38 = 0.34 =
0,
OM (%) 0.06 0.05 0.00 0.07 0.03 0.05
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Av.P(mgkg | 1000% | 2438% [ 898+ | Iledx | 2536% | 498=
' 0.32 0.10 0.06 0.34 0.22 0.35
0.44 0.48 0.86 0.39 0.93 0.06

ON (%) £0.01 £0.02 £0.06 £0.01 £0.03 1001

Ca (MEq/ 540+ | 276+ | 534+ | 496+ | 476+ 129+
100 g) 0.08 0.49 0.22 0.50 0.00 0.10

Na(mEq/ | 030 128+ | 058+ | 089< 135+ | 003+
100 g) 0.00 0.00 0.01 0.00 0.01 0.00
Mg (MEq/ 0.10 0.12 0.36 2.10 0.69 0.30
100 g) +0.00 +0.02 +0.08 +0.10 +0.09 +0.09

K (MEq/ 098+ | 067+ | 012+ | 085+ | 079+ | 002+
100 g) 0.03 0.00 0.01 0.03 0.00 0.01

CEC(MEq/ | 565+ | 487+ | 473 | 630+ | 1028 | 150+
100 g) 0.06 0.30 0.03 0.03 0.46 0.22

where: mean + S.D., Ec = Electrical Conductivity, OC = Organic Carbon, OM = Organic
Matter, CEC = Cation Exchange Capacity.

pH Measurement

The physicochemical properties of sampled soils revealed that the mean values for soil
pH around dumpsite varied between 6.22+0.06 to 7.97+0.05 and ranged between slightly acidic
to slightly alkaline as against the pH value of the controlled site (R) at 3.98+0.08 (Table 1)
which is strongly acidic. This was due to the settling down of waste at the dumpsite. It was
revealed that there were no significant differences in pH of soil in MT-2 and MT-4 dumpsite.
Nevertheless, there was a significant difference in soil pH values of MT-1, MT-3 and MT5
dumpsites. The values obtained are similar with values described by [22], which have a slight
increase in comparison with the values described by [23]. The slight alkalinity pH value of soils
around the dumpsite are due to decrease in anaerobic soils present in the environment, [24] and
[25]. The attributes of soil pH also have a great impact on concentration of element and soil
infiltration. The highest pH value was gotten from sampled soil DS5 at 7.97+0.04 while the
lowest was MT-1 at 6.22+0.06. The pH value range obtained by [26] between 6.90 to 7.79
according was also obtained around hazardous waste dumpsite in India. Other pH values have
also been identified in different domestic waste dumpsites in various parts of the country; these
include report obtained by [27] on dumpsite environment in Ondo State, Nigeria, with the mean
pH value of between 7.40+0.04 [28], also reported on physicochemical properties of municipal
waste dumpsites at Kubwa, Abuja, Nigeria with mean pH value equaling about 7.30+0.05 [16],
on municipal solid wastes with physicochemical properties of dumpsite soils in Benin City,
Nigeria, with mean pH value of 7.79+0.05. Furthermore, the slight acidity in soil pH in (CS)
was due to the presence of basic cations caused by erosion and leaching. This is because basic
cations increase as pH and CEC increase, and vice versa.

Grain Size Distribution

Soil sampled result from dumpsite revealed that sand had a high percentage composition.
The mean values for sand fractions ranges between from 82.20+0.07 to 90.40+0.12. with clay
value ranging between 8.15+17.42% and silt composition which has the lowest value ranging
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from 0.79 to 1.9. There is also a high mean soil value for controlled site (R). The sand fraction
also had the highest mean value at 84.32+0.13%, clay at 11.50+£0.05%, and silt at 1.24+0.10,
respectively, as shown in Table 1. The higher increase in sand content in the studied dumpsite
was due to the low contents of organic carbon (OC), organic matter (OM), cation exchange
capacity (CEC) and nitrogenous component in soils around dumpsite. Additionally, an increase
in sand fraction in the dumpsite causes leaching of high pollutant, because clay contents and
organic matter in colloids are accountable for retaining metallic ions in soils [29]. This is
because soils with excessive sand content with more than 75% have not too strong soil
accumulation at the surface and thus liable to porosity, air circulation leaching and easily
transportable [30,31].

Electrical Conductivity (Ec)

Electrical conductivity (Ec) is the evaluation of salinity, soil texture and cation exchange
capacity (CEC) in soil [31]. The EC mean value range of soil around dumpsite in the study area
varied between 692+4.50 to 918+4.03 (uScm™). Here (CS) had a value range of 20.76+420
(uScm™Y), as shown in Table 2. The result revealed that the effect of high Ec in the study
dumpsite was due to the presence of ions in soil and in wet filled pore soil which improves soil
Ec. In other words, it shows that the circulation of charged particles in soils around dumpsite is
higher than the values in controlled site, as reported by [32].

Organic Carbon (OC) and Organic Matter (OM)

The availability of organic carbon (OC) in soils has resulted in rise in the cation exchange
capacity (CEC) which helps in the accumulation of nutrients taken in by plants. OC is the
preserved carbon in organic matter (OM). Table 2 showed that the percentage of OC in soil
around dumpsite ranged from 0.05+0.00 to 0.64+0.03% while controlled site has a value of
0.20+0.03%. The presence of low organic carbon in the studied dumpsite was attributed to high
amount of sand fraction obtained from particle size distribution due to the non-degradation of
compostable or solid waste found around dumpsites, as observed by [33]. This was the same
with the observation of [33] and [16] on municipal solid wastes dumpsite soils in Benin and
municipal solid waste dumpsites in Kano and Kaduna, all in Nigeria. Organic matter (OM)
improves the importance of soils for agricultural use. The OM value of soil sample in the study
dumpsite varied from 0.25+0.05 to 0.10+0.06%, while controlled site has a value range of
0.34+0.05%, as shown in Table 2. This result was in accordance with [34] result, which stated
that the pH system and OM is higher in dumpsite in comparison to controlled site, same with
the study carried out by [35] on municipal open waste dumpsite in Yenagoa, Nigeria and [16]
on municipal solid waste dump in Benin, Nigeria. An increase in OM (>2.0%) in soils is
favorable for heavy metal chelation formation [36].

Cation Exchange Capacity (CEC)

The number of exchangeable cations per unit mass of dry soil which perform a major
function in soil fertility is known as cation exchange capacity (CEC). It means the total number
of exchangeable basic cations, such as: Calcium (Ca), Sodium (Na), Magnesium (Mg) and
Potassium (K) ions were in sampled soils; they rely on the competence of absorption of heavy
metals. It depends on the summation of properties of soil and a particular properties of soil
elements like pH, clay and organic matter (OM) contents of soil [37]. It was revealed in Table
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2, that the result of CEC in the studied dumpsite ranged from 4.73+0.03 mEq/100 g to
10.28+0.46 mEq/100 g as compared to the controlled site with value ranging between 1.5040.22
mEQ@/100 g. Moreover, since the clay content for the dumpsite and controlled site were low, it
is viable that greater part of the exchangeable bases at the dumpsite have been occurring in
absorbent form instead of an exchangeable form adsorbed at cation exchange locations. In
addition, the low CEC content in sampled soil from dumpsite and controlled site was as a result
of increase in sand fractions. The soil with low CEC content may certainly yield insufficient
Ca, Na, Mg, K and low organic matter [31].
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Fig. 3a: Plot of pH against sand
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Fig. 3b: Plot of pH against Silt
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The increased organic matter in CEC soils needed time to take effect, whereas soils high
in CEC are less liable to leaching of cations. It appears, low CEC soils are subjected to high
rate of leaching [31].

This increase in CEC found in some sampled soils in dumpsite location were due to the
increased value of exchangeable calcium (Ca) seen in sampled soil. Because CEC decreased
with the increase in sand content, there is smaller exchange location that impact the retention
of metals in sand when compared to OM and clay content in soil [29].
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Fig. 3d: Plot of pH against CEC
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800 1000

Fig. 3g: Plot of pH against EC

Figure 3 (a — g). Comparison of the mean Physicochemical Parameters of Soil Samples in
the studied Dumpsite and Controlled site using Plots.

Overall Nitrogen (N) Content

The overall Nitrogen content (N) of soils around the studied dumpsite varied between
0.39+0.01 to 0.93+0.03%, while the value for controlled site varied in the range 0.06+0.01%
(Table 1). The low value and low degradation of OM content in the studied dumpsite was due
to decreased value of ON content to a crucial stage of 1.0 to 2.0 g/kg. This result was in
accordance with [38], as well as [16] and [21]. Thus, since the value for studied dumpsite is
greater than that of the controlled site, the waste dump is a major contributor to the low levels
of these soil properties.

Available Phosphorous (P)

The mean value of P in dumpsite ranged from 8.98+0.06 mg/kg to 25.36+0.22 mg/kg,
while the controlled site ranged from 4.98+0.35 mg/kg (Table 2). The values of P value in the
studied dumpsite and controlled site were lower. This low presence of P value in some of the
sampled soil around the dumpsite was due to higher content of non-biodegradable waste caused
by microorganisms, low level of organic matter (OM) and degradation of agricultural materials
in both dumpsite and the controlled site [39, 40]. All sampled soils have P value greater than
10 mg/kg [41]. Conclusively, it was observed that the P value in all studied dumpsites were low
when related to 12.114+0.01 to 44.13+0.03 mg/kg values, as reported by [27] in sub-surfaces
soils: 68.22+0.89 to 84.20+1.02 mg/kg obtained by [35] in surface soils, and 14.35+7.00 to
33.16+20.68 mg/kg, reported by [42] in surface and sub-surface soils. Therefore, the low P
value was also attributed to other soil parameters such as: low percentage of clay and sand
fractions and low pH which reduces the binding sites of metals and also high leaching rate from
sandy soils [33, 43].
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The correlation coefficient of the mean pH value revealed that pH was significantly
correlated and positive with electrical conductivity (Ec), where: uScm™ EC (r = 0.274),
mEQ@/100 g Na (r = 0.554), and % sand (r = 0.466), respectively. The mean pH was also positive
and not significantly correlated with parameters, such as: % silt, Mg, and K soils component.
Nevertheless, the mean pH was negative and not significantly correlated with % clay (0.231),
but negative and significantly correlated with mEqg/100 g OC (r = —0.512) and mEq/100 g OM
(—0.506), as shown above in Table 2 and Figure 3 (a — g).

4. CONCLUSION

The study revealed that the physical and chemical attributes of soils from the studied
dumpsites were higher than those obtained from the controlled site (R). The study showed that
waste from studied dumpsite could have effect on the grain size distribution or soils found
below them and also significantly contributed to increased values of pH, EC, OC, OM, Av. P,
ON, basic cations and CEC. The relative increase in the pollution leaching potentials of
municipal solid waste in soils within the studied site shows that the soil has an increased
percentage of sand fraction and a low clay fraction. The overall conclusion from the study
reveals that the underwater near the dumpsites may be exposed to poisonous pollutants derived
from solid waste due to increased percentage of sand fraction and low clay fraction present in
soils in the environment close to dumpsite. With this, it can be deduced that with the level of
pollution or contamination of the soils by solid waste, the results obtained from the study have
permitted the evaluation of soil physicochemical properties around the Power Line dumpsite.
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