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ABSTRACT

Contamination of soils by activities of man has imposed a debilitating effect on the soil
macronutrient and this has given a global concern. This study assessed some
physicochemical properties and soil macronutrient levels of three dumpsites in Enugu East
senatorial zone. Soil samples were collected randomly at surface level, depth of 5.0 cm and
10.0 cm. The physicochemical properties of soil samples were determined. Nitrogen
availability in the soil was determined by alkaline permanganate method, Phosphorus
available in the soil was determined using Olsen method while Potassium availability in soil
(ammonium acetate extractable) was determined using flame photometer. Soil pH ranged
7.2-7.8, which was slightly basic and moisture 9.8-17.2%. Soil nutrient level had higher
percentages of nitrogen 40-50% followed by phosphorus 15-40% and potassium 10-30%.
The nutrient content of the soil samples all through the study period in the three
dumpsites ranked N > P > K. There were no statistical differences (p<0.05) among the
macronutrient elements studied. The values of macronutrient elements in soil from the
dumpsites were far below the permissible limits set by Federal Environmental Protection
Agency (FEPA) for standard soil. The dumpsites studied require remediation in as much as
there is a need to improve the soil fertility level.

Keywords: Macronutrient, elements, dumpsite, soil, contamination, municipal wastes,
physiochemical properties.

INTRODUCTION
Every unwanted or non-useful solid the aim of controlling pollution [7,8]. In
substance generated in any human most of the municipals in Nigeria, waste
population is referred to as solid waste disposal sites are the exposed dump type
[1,2,3]. Over time, consumption practices without proper management, posing risks
and activities of economic nature have to environmental health. The most
resulted in generation of MSW [4]. This is disturbing issue with deposition of wastes
basically waste that is generated from at public refuse dumpsites especially on
different sectors of a society such as grounds is the reduction of soil
households, educational, health and macronutrient and soil fertility. Soils play
commercial institutions, public places, multiple roles in the quality of life
and which is taken care of either directly throughout the world not only as the
or indirectly by the municipal or local resource for food production but also as
authorities [5,6,]. These waste generated the support for our structures, the
are most often disposed indiscriminately environment, the medium for waste
especially in developing countries. disposal, water, and the storage of
Appropriate waste disposal should be nutrients [9,10]. A healthy soil can sustain
made in a landfill or a designated biological productivity, maintain
dumpsite after sorting and treatment of environmental quality, and promote plant
such waste. Dumpsite practice involves and animal health. Understanding the
disposing waste in a particular area with impact of land management practices on
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soil properties and processes can provide
useful indicators of economic and
environmentalsustainability[11,12,13,14].

Therefore, physical, chemical, and
biological processes involved in soil
development are of fundamental
importance in understanding

biogeochemical transformations and the
impact on environmental quality and
ecosystem [15]. Moreover, the soil
supports maximum crop vyield by
improving the macronutrient content of
the soil. Primary macronutrients play a
very crucial role in improving the yield
and quality of crops. This macronutrient
elements are three; nitrogen, phosphorus,
and potassium (N, P, and K) and are
required in abundance. They must be
readily available through soil medium or
fertilizer [16]. A deficiency of an essential
nutrient makes it impossible for the plant
to complete the vegetative or
reproductive stage of its life cycle [17].
Such deficiency is specific to the element
in question and can be prevented or
corrected only by supplying this element
[18,19]. Due to the anthropogenic
activities of man, these elements can be
reduced or gets contaminated in the soil.
Among the nutrients, nitrogen (N) is the
fundamental nutrient that is needed most

for crop production while N deficiencies
result in yellowing crop leaves. Next to N,
phosphorus (P) is a vital nutrient for plant
growth and productivity that modifies cell
division, enzyme activity, and
carbohydrate processes [20]. Moreover,
phosphorus also plays a significant role

in cellular processes by maintaining
membrane structure, synthesizing
bimolecular, and forming high-energy

molecules [21,22,23]. These elements can
be insufficient especially where there is
presence of non- biodegradable materials
in the soil. Lack of primary macronutrient
in the soil is always fatal to crop
production as this affects the plant tissue
system and finally degrades crop yield.
Lack of these elements such as nitrogen
causes the reduction in chlorophyll
production resulting into yellowing of
lower leaves. In case of severe deficiency,
spots appear on the tips and edges of
leaves towards midribs and cause
stunting [24]. Therefore, the aim of this
study is to evaluate the impact of
municipal solid waste on soil primary
macronutrient; NPK in the selected areas
of three LGAs (Enugu north, Enugu east
and Nkanu west) in Enugu Senatorial
Zone, Nigeria [25].

Materials and methods
Study area

The study areas were Agbani dumpsite in
Nkanu West Local Government Area (LGA),
Coal Camp dumpsite in Enugu North LGA
and Abakpa dumpsite in Enugu East LGA.
All study areas are within Enugu
municipality. Agbani in Nkanu West LGA,
Enugu state, Nigeria, lies between latitude
(6°18'24” N and 6°19°30” N) and
longitude (7°32°55” E and 7°33°54" E). It
has an area of about 225 km? with a
population of 146695 according to 2006
census. Agbani town is the headquarters
of Nkanu west L.G.A. Other major towns
in the LGA are Akegbe, Ozalla, Umunze,
Amodu, Obe, Akpugo, Amuri, Obuofia.
The area plays host to the state university
and other tertiary institutions. Nkanu
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people are predominantly farmers and
traders [11]. Eke market dumpsite is the
dumping ground for all waste (domestic,
construction, industrial and agricultural)
generated in Agbani town. Initially, Enugu
State Waste Management Authority
(ESWAMA) was responsible for the
collection and disposing of those wastes
to the appropriate site but unfortunately
it is no longer done. The waste is now
disposed indiscriminately and does not
undergo any level of treatment or
processing before disposal. There is no
formal sorting for material recovery and
recycling. The next selected dumpsite is
at Coal Camp in Enugu north LGA. Enugu
North is an LGA of Enugu State, Nigeria.
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Its headquarters is in the city of Enugu.
The City of Enugu, is located between
longitudes (7° 6° E and 7° 54’ E) and
latitudes (5° 56’ N and 6° 52’ N). It has an
area of 106 km?and a population of
244,852 according to the 2006 census.
The dumpsites at Ogbunike Street, Coal
Camp, Ogbete market are dumping
ground for all solid waste generated from
mechanics workshops, fabricated shops
and road side consumable shops. These
wastes are mainly construction and
agricultural = waste. There is no
pretreatment and sorting of these wastes
before disposal. Pickers are the people
who pick most of the disposed metal
scraps from the site for recycling. The
third selected dumpsite is at Abakpa Nike
in Enugu East L. G. A. Enugu
State, Nigeria. Its headquarters is in the
town of Nkwo Nike. It has an area of

383 km?and a population of 279,089
according to 2006 census.Abakpa is
located between the latitude of (6° 29' 22"
N and 6.48"' 9" N) and longitude of (7° 31'
24" E and7° 51' 7" E). Abakpa is a large
town located in the neighborhood of
Enugu city, central Nigeria, located about
8 kilometers west of Akanu Ibiam
international airport and 7 Kkilometers
north of Enugu city center. It is a
commercial small settlement near
highway 343, with a few large commercial
markets and farmer's shops. The number
of residents has been recently increasing
since there are some small industrial
companies started operating in the town,
so new residents looking for new career
opportunities came to and settled in
Abakpa. There are also several churches,
markets, and stores in the town.

Sample collection

Within a single sampling site, the surface
soil (0 - 10 cm) at the central and four
corner points was collected, using a hand
auger. Then, 500 g of the mixed soil
sample was generated by the quartation
method with an ambient temperature of
about 29 °C. Stones, plant debris, and
other impurities were discarded. The
composited soil was air-dried, sieved
through 2 mm, and ground to pass

through 0.149 mm (100-mesh), for the
element concentration analysis. The
samples was immediately transferred into
50 ml airtight plastic containers with
screwed cap and labeled appropriately as
samples A, B and C depending on the
dumpsite. After which the samples was
taken to the Pharmaceutical Research
Laboratory, ESUT, Agbani for preparation
and analysis.

Experimental design

Three (3) dumpsites were selected for the
study, each from the individual LGAs
selected within Enugu senatorial zone. A
randomized complete block design was
adopted for the study. At the 4 corner
point of the site, soil sample was

collected at surface level, 5 cm and 10 cm
depth separately for each location.
Samples were collected between August -
October 2021 for wet season and
November - January 2022 for dry season
to cover the climate of the study area.

Determination of soil nutrient levels; N, P and K in the dumpsite soil
Determination of Nitrogen

Nitrogen availability in the soil was
determined by alkaline permanganate
method [10]. 20 ml distilled water and 20
g soil were introduced into 1000 ml
distillation flask and mixed thoroughly.
100 ml of potassium permanganate
(0.32%) and 100 ml of sodium hydroxide
solution (2.5%) were also added to the
flask. the flask neck was immediately
cocked with a stopper and distillation
starts. The tip of the condenser was

allowed to dip into the 20 ml of boric acid
solution in the beaker. On heating,
ammonia was liberated which was
absorbed in the boric acid. The original
wine red/pink red color turns to green
with the absorption of ammonia. Nearly,
100 1 of the distillate was collected in
about 30 min and added to 1 1 of 0.02
H SO, to get the original pink red wine
color and the burette reading was
recorded.

Calculation:

H SO, for titrating sample = X ml

H SO, for blank sample = Y ml
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Available nitrogen Kg/ha = (X=Y) x Normality of H SO, x 0.014 x 2.24x 10°

1
X Weight of the soil

Determination of phosphorus

Phosphorus available in the soil was drop by drop with intermittent shaking
determined wusing Olsen method as until the yellow color disappeared. The
described by [18]. Olsen’s reagent is made contents were diluted to about 20 ml with
up of sodium bicarbonate and is used for distilled water and then added 4 ml
extracting phosphorus from soils with pH solution containing ammonium
> 6.5.Two spoons of Darco-G-60 followed molybdate, antimony potassium tartarate
by 50 ml of 0.5 NaHCO, solution was and ascorbic acid. The volume was made
added to 2.5 g soil in a flask. The flask up, and thoroughly shakes. The intensity
was corked and shook for 30 minutes, of blue color was measure at 660 im on
after which the content was filtered to Spectronic 20 or using red filter on
collect the filtrate. 5 ml of the NaHCO, colorimeter.

exact was Pipette out into 25 ml Calculations

volumetric flask. Then, two drops of 2, 4-
paranitrophenol and 5 N H, SO, was added

Available P kg / ha =R = Total volume of extract X 1
Volume of aliquot taken weight of soil

X 2.24x10°x 10°

Where R is the concentration in parts per million (ppm) from standard curve.
Determination of potassium

Potassium availability in soil (ammonium from potash is then detected using flame
acetate extractable) was determined using photometry. In summary, 25 ml
flame photometer as described by [18]. extracting solution was added to 5 g soil
Available potassium in the dumpsite soil and shook thoroughly for 5 min. the
was extracted using ammonium acetate contents was filtered and the filtrate
solution. Ammonium acetate when mixed collected. The above extract was

in soil reacts with potassium compounds
in the soil to form potash. The potassium
Atomize on the flame photometer and the readings were recorded.

Calculation: Volume of extracted soil solution
Available K =R x 1

Soil weight x >4 1_06 % 10°

Where R is the concentration in ppm from the standard curve.

Soil pH
The soil pH was determined using the suspension. The suspension was allowed
procedure according to FAO (2007). About to stand for 30 min with occasional
10 g of each air-dry sample, passed stirring using a glass rod. The pH was
through 2 mm sieve, was added to 20 ml then estimated using a calibrated pH
0.01 M CaCl, solution to form some meter.
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Determination of percentage moisture content

Moisture was determined by oven - until a constant weight of the crucible was
drying method [7]. A clean dried crucible obtained. Then the crucible was placed in
was weighed (W). 50 g of well - mixed a decicator for 30 mins to cool. After
soil sample was accurately weighed in cooling, it was weighed again (W) [7]. The
clean, dried crucible (W). The crucible percent moisture was calculated using the
was allowed in an oven at 105°C for 6 hrs following formular:
W2 - w3
MC = w1l
Where: W1 = Initial weight of crucible

W2 = Initial weight of crucible + soil sample
W3 = Final weight of crucible + soil sample
Note: moisture free sample were used for future analysis [7]

% Moisture = Loss in weight x 100

Weight of sample

Statistical Analysis

The experiment was conducted in possibilities less than 0.05 (p<0.05) was
triplicate. Therefore, One-way analysis of considered statistically significant using
variance (ANOVA) was used to assess Duncan’s new multiple range test.
whether the mean values of Pearson correlation was used to compare
macronutrient elements and the mean of the dry and wet season of
physicochemical parameters in soil soil macronutrient. All the procedures
varied significantly between distances were performed in SPSS 18.0 statistical
and location from the dumpsites, package (IBM, USA.).
RESULTS

Physiochemical parameters of the soil samples
The pH of the soil samples ranged from mg/kg to 7.67 + 0.16 (p < 0.05). Moisture
7.24 to 7.82. There were minimal content of soil from the dumpsites ranged
variations in the pH at Agbani and Coal 9.8 to 17%. There were high moisture
camp dumpsites for the 6 months contents for the rainy months of Coal
(Table1).The pH for August, September, camp dumpsites with September showing
and October for Abakpa dumpsite was the highest. Generally, moisture contents
significantly higher than those of for the dry months were lower than those
November, December, and January. The for wet months (p<0.05).

mean values range from 7.42 + 0.06
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Table 1: The Physiochemical Parameters of the Dumpsites

Dumpsites Months Periods Ph MC (%)
Agbani November Ds 7.46 £ 0.03° 13.30 £ 0.08"
December 7.27 £0.03° 12.33 + 0.07°
January 7.23 +0.01? 11.17 £ 0.05"
Mean 7.32 £0.02° 12.27 £ 0.19°
August Rs 7.31 £0.02° 12.63 +£0.11°
September 7.38 £0.01° 13.50 £ 0.12
October 7.77 £ 0.05° 14.47 + 0.16°
Mean 7.49 £ 0.05° 13.53 £ 0.11°
Coal camp November Ds 7.3 £0.001° 9.87 £ 0.01°
December 7.49 £ 0.01° 10.83 £ 0.11°
January 7.22 +0.01?2 13.43 £ 0.07°
Mean 7.36 £ 0.01 11.38 £ 0.06°
August Rs 7.36 £ 0.01° 15.60 + 0.08"
September 7.53 £ 0.00° 17.23 £0.11°
October 7.22 +0.01° 12.20 + 0.08"
Mean 7.37 £0.01° 15.01 + 0.06°
Abakpa November Ds 7.45 £ 0.01° 13.17 £ 0.01"
December 7.36 = 0.00° 13.13 +0.07°
January 7.44 + 0.01° 14.23 £ 0.11°
Mean 7.42 +0.01° 13.51 £ 0.06°
August Rs 7.57 £0.01° 12.70 + 0.08"
September 7.84 + 0.01° 11.63 £ 0.11°
October 7.66 = 0.01° 15.40 £ 0.12°
Mean 7.69 £ 0.01° 13.24 £ 0.10°
Control 7.58 £ 0.24° 29.8 + 1.24¢

Ds = Dry season, Rs = Rainy season, pH = pH readings, MC = Moisture Content, Values as
mean = S.E. Same values across a column are not significantly different at 95% confidence
level as determined by Duncan New Multiple Range Test (DNMRT).

Macronutrient content of the soil sample from the dumpsites

The nutrient content of the major
macronutrient NPK of the dumpsites soil
is represented in table 2. The nitrogen (N)
content of the soil samples from the three
dumpsite ranges from 1.0 mg/kg to 8.5
mg/kg. Coal camp dumpsite recorded a
high amount of N at 7.0 mg/kg in
December but drops significantly in
January. The minimum and maximum N
content of Agbani dumpsite was in the
month of November and September
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respectively. Abakpa dumpsite had the
highest N content in November at 8.5
mg/kg. From the dumpsites, the N
content of the soil sample was very low
when compared to the government
standard (20 - 30 mg/kg). Phosphorus (P)
content of the soil samples ranges from
9.8 mg/kg to 3.8 mg/kg, while potassium
(K) content varies from 7.0 - 4.0 mg/kg.
There was a phosphorus increase in
January and December for Agbani and
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Abakpa dumpsite respectively. K
increased in December but drops
significantly between August - October in
Coal camp dumpsite. Agbani dumpsite
revealed a high level of K content in rainy
months than dry months but Abakpa has

samples from the three dumpsites were
very low as regards to government
standard of 40 - 100 mg/kg and 250 - 800
mg/kg respectively. From ANOVA at 95%,
there was a significant difference (p>0.05)
between the mean concentration of P and

showed more of K in the rainy months. N at 7.95 +£1.189 mg/kg and 4.64 + 2.29
Generally, P and K content of the soil mg/kg in the dry months.
Table 2: The macronutrient level of the Dumpsites Soil
Location Sample Period N P K
(mg/kg) (mg/kg) (mg/kg)

Agbani Nov Ds 3.17 £ 0.09° 8.47 £0.12° 4.73 £ 0.07°
Dec 3.49 £ 0.09° 5.53 £ 0.10° 6.62 = 0.07°
Jan 7.45 £ 0.08° 9.32 £ 0.09° 4.59 £ 0.12°
Mean 4.70 £ 0.08° 7.77 £0.11° 5.32 £ 0.08°
Aug Rs 6.05 = 0.04° 6.69 = 0.09° 5.12 £ 0.08°
Sep 8.77 £ 0.05* 5.93 £ 0.03° 6.69 £ 0.08*
Oct 4.45 + 0.04° 5.94 + 0.03° 5.92 = 0.09°
Mean 6.42 £ 0.04* 6.18 = 0.05° 5.91 £ 0.09°

Coal camp Nov Ds 446 +0.17° 5.99 = 0.08° 4.80 + 0.04°
Dec 4.41 +0.11° 6.94 + 0.05° 5.08 £ 0.08°
Jan 2.47 £ 0.14¢ 7.04 £ 0.09° 4.46 +0.13°
Mean 3.78 £ 0.14° 6.66 = 0.07° 4.78 + 0.09°
Aug Rs 4.52+0.17° 6.67 £ 0.09° 5.35 = 0.06°
Sep 7.69 = 0.09° 6.65 = 0.04° 5.67 = 0.05°
Oct 1.56 = 0.16¢ 9.62 £0.12° 4.82 +0.03
Mean 4.590 £ 0.11° 7.65 = 0.09° 5.28 £ 0.05°

Abakpa Nov Ds 8.60 £ 0.17° 4.57 £ 0.13° 4.36 + 0.20°
Dec 4.19 + 0.08° 7.07 = 0.08° 6.02 £ 0.11*
Jan 4.17 + 0.09° 4.13 +£0.33° 5.37 £ 0.13°
Mean 5.65 = 0.08° 5.26 £ 0.18° 5.25 +0.14*
Aug Rs 7.77 £ 0.05* 4.17 £+ 0.37° 7.54 +0.19°
Sep 4.02 + 0.096° 5.52 £ 0.08° 6.96 £ 0.02°
Oct 6.09 + 0.29° 5.33 £0.03° 7.48 = 0.05°
Mean 5.96 + 0.14° 4.97 £ 0.26° 7.33 £ 0.08°
Control 1.32 £ 0.08¢ 113.5 + 7.8¢ 1.86 £ 0.15¢
FEPA 20 - 30 40 -100 250 - 800

Ds = Dry season, Rs = Rainy season, values as mean * S.E values.Means with common letter
in each column are not significantly different at p<0.05 according to Duncan Multiple

Range Test.

DISCUSSION

pH affects the mobility of metals in the
soil. It has been found that soil pH is
correlated with the availability of
nutrients to the plant [1]. Consequently,
as pH decreases, the solubility of metallic
elements in the soil increases and they
become more readily available to plants
[3]. Soil pH in all sample sites was
recorded slightly basic. In a similar
studies conducted by [4] in Addis Ababa,
Accra (Ghana) and [6] in Lagos (Nigeria),
solid waste disposal sites showed slightly
basic in the nearby dumpsites. This might
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be due to soil with the high metallic
burden. This was disputed by the study
carried out by [7] in Nsukka (Nigeria). Who
observed that the pH values obtained
from solid waste dumpsite soil samples
were moderately acidic especially in the
rainy months which recorded the highest
pH. The relatively high level of pH
observed in that area could be as a result
of leaching from the dumpsites into the
surrounding soil. This variation could be
attributed to continuous disturbances
such as steady deposition of wastes,
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burning of the dumpsites to reduce the
heap of wastes, and turning of the wastes
by scrap pickers to reuse or recycle. But
the major reason could be due to seasonal
changes. According to [8], the soil
moisture content commonly depends on
particle size, clay minerals, organic
matter, and ground water condition. The
percentage moisture content observed in
this study was relatively low compared
with the findings of [6]. This difference
could be attributed to the humidity and
weather conditions, especially rain.
Primary macronutrients are nitrogen,
phosphorus, and potassium. They are the
most frequently required in a crop
fertilization program. Also, they are
needed in the greatest total quantity by
plants as fertilizer [7]. The nutrient
content of the soil samples all through
the study period in the three dumpsites
were ranked N > P > K. There were no
significant  differences among the
macronutrients variation. This was in
support with the findings of [9], who
observed that the amount of available N, P
and K concentrations in the soil increased
as a result of waste compost application.
Nitrogen not only enhances the yield but
also improves the food quality [8]. It was
observed in the study that nitrogen (N)
level was higher in Agbani dumpsite when
compared to Abakpa and coal camp
dumpsites. This could be due to the high
level of agricultural waste that is
deposited on the dumpsite. This finding
was in support with the report of [9]. But
this was disputed with the report of [7],
who observe a lower level of total
nitrogen at the studied dumpsite. This

decrease of N content observed in the
studied soil could be connected with the
uptake of this nutrient during the
intensive growth of Phalaris arundinacea,
which generates a high biomass yield [11].
The nitrogen content of the three
dumpsite soil samples was very low when
compared to FEPA set standard.
Phosphorus (P) is second only to nitrogen
in importance as an essential crop
nutrient. It is critical for plant growth,
especially in the early jointing stages and
for enhancing grain yield and vyield
components [16]. In the present study,
the phosphorus content of the soil
samples were higher in Agbani dumpsite
when compared to the level found in
Abakpa and Coal camp dumpsites. This
could be as result of phosphorus-
inducing waste generated in the dumping
ground.The increase in the P level gave
credence to the findings of [13] that the
amount of available P in the soil increased
as a result of waste compost found at the
dumpsite. Potassium (K) not only
increases yields but also enhances crop
quality. Among plant nutrients, K is very
closely associated with crop quality. It is
required for good growth as well as for
good crop quality, plant health, tolerance
to various stresses, and seed quality [11].
The maximum value of K was obtained
from Abakpa dumpsite. This could be as a
result of potassium-inducing waste
generated at the site. This was in line with
the findings of [15], who also observed
that K concentration was relatively high in
the studied site. This increase could be as
a result of the nature of waste generated
at the dumpsite.

CONCLUSION

Macronutrients play a very important role
in plant growth and development, and
thus influence every stage of plant life.
However, deficit of macronutrients may
adversely affect the overall growth and
performance of plants. Public refuse
dumpsites in Enugu metropolis showed
that the soil has a minimum soil
macronutrient which is far below the
standard set by federal environmental
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protection agency. From the study it
could be deduced that solid waste has
reduced the amount of soil macronutrient
and this can be improved by sorting and
controlling the rate of refuse disposal in
those dumpsites. Use of fertilizer will also
play a major role in inducing the
performance of macronutrient elements
in those areas.
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