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ABSTRACT

The physicochemical properties in soil from farmlands in coal mining communities of Enugu State,
Nigeria were evaluated. Soil samples were collected from there different locations (Akwuke, Ngwo
and Udi) in three different local Government area in Enugu state and the soil sample were
collected from a depth of 15-30cm using a metal auger and transferred into prewashed
polyethylene nylon bag to avoid contamination. The physicochemical properties of soil from coal
mining communities in Enugu State showed that pH, SPG and BD levels in soil from Udi were
significantly higher (<0.05) followed by Akwuke and Ngwo which has the least values. While TOC
level in Ngwo was significantly highest (p<0.05), followed by Akwuke and Udi. The anion levels
NO3, SO4, PO4 and Cl- levels in soil from three communities studied are within permissible limit.
Although PO4, SO4 and Cl- level of Udi soil were significantly (P<0.05) higher than the values from
other communities. This could be attributed to use of fertilizer in agricultural activities high
chloride level in Udi soil may result to high salinity of soil thereby increasing the stress to living
organisms in the soil including plants some of which eventually dies.
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INTRODUCTION
Soil is precious natural resources on which in agricultural and excessive use of fertilizers
rely the sustainability of agriculture and the [1] Each source of contamination has its own
civilization of mankind. Unfortunately, they damaging effect to plants, animals and
have been  subjected to maximum ultimately to human health, but those that
exploitation and severely degraded or add trace metals to soil and water are of
polluted due to anthropogenic activities. The serious concern due to their persistence in
pollution includes point sources such as the environment and carcinogenicity to
emission, effluents and solid discharge from human. They cannot Dbe destroyed
industries, vehicle exhaustion and metals biologically but are only transformed from
from smelting and mining and non-point one oxidation state or organic complex to
sources such as soluble salts (natural and another [2]. Therefore, heavy metal pollution
artificial), use of insecticides/pesticides, poses a great potential threat to the
disposal of industrials and municipal wastes environment and human health.
Aim of the Study
This research work is aimed at investigate the Physicochemical properties of soil from coal

mining communities in Enugu State, Nigeria
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MAPS OF STUDY SITES

Source: Enugu State ministry of Lands and surveyor, (2015).

MATERIALS AND METHODS
Chemicals and Reagents

Chemicals and reagents used were of analytical

standard except where otherwise stated.

Sample collection

Soil samples; these were collected from there
different locations (Akwuke, Ngwo and Udi )
in three different local Government area in
Enugu state and the soil sample were

collected from a depth of 15-30cm using a
metal auger and transferred into prewashed
polyethylene nylon bag to avoid
contamination.

Sample preparation

Preparation of soil samples: After collection,
samples were brought to the laboratory and
initial treatment was given for the
preservation and further analysed according
to the following methods. The soil samples
collected from the selected areas were
initially treated by adopting the method
recommended by [3]. According to this

method, samples were air dried in sun light
for a day. Then the samples were finally
dried in oven at 105° till a constant weight
was acquired. Then about half of each sample
was passed through 0.5mm nylon mesh sieve.
Then soil samples were repacked with the
complete labeling and preserved for further
analysis

Procedure for Water Analysis
Determination of pH

pH was measured by Electrometric Method
HI991300 (APHA;[6].

using Laboratory pH Meter Hanna Model

Procedure

The electrodes were rinsed with distilled
water and blot dry. The pH electrodes were
then rinsed in a small beaker with a portion
of the sample. Sufficient amount of the
sample was poured into a small beaker to
allow the tips of the electrodes to be

immersed to a depth of about 2cm. The
electrode was at least lcm away from the
sides and bottom of the beaker. The
temperature adjustment dial was adjusted
accordingly. The pH meter was turn on and
the pH of sample recorded

Determination of Electrical Conductivity

Electrical conductivity analysis was carried out

DDS-307 [6].

according to APHA 2510 B guideline Model

Procedures

The conductivity cell was rinsed with at least
three portions of the sample. The
temperature of the sample was then adjusted
to 20 =+ 0.1°C. The conductivity cell

containing the electrodes was immersed in
sufficient volume of the sample The
Conductivity meter was turned on and the
conductivity of the sample recorded.
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Determination of Total Dissolved Solids

Total dissolved solid was determined using APHA 2510 A TDS 139 tester [6]
Procedures

The fiber filter disc was prepared by placing sample was filtered through the glass-fiber
it, wrinkled side up. In the filtration filter; it was washed with three successive
apparatus. Vacuum was applied and the disc 10ml volumes of distilled water, allowing
washed with three successive 20ml washings complete draining between washings. Suction
of distilled water. Continuous suction was was continually applied for about 3mins after
then applied to remove all traces of water.A filtration is complete. Filtrate was transferred
clean evaporating dish was heated to 180 + to a weighed evaporating dish and
2°C in an oven for Ihr, Cooled and stored in a evaporated to dryness on a steam bath. The
desiccators until needed. It was usually evaporating dish was finally dried for at least
weighed immediately before use. A sample Ihr in an oven at 180 + 2°C, cooled in a
volume was chosen to yield between 2.5 and desiccator and then reweighed to a constant
200mg dried residue. 50ml of well mixed weight.

Calculation:

TDS=(A-B)x 10°mg/l
Sample volume in ml
Where A = weight of dish + solids (mg)
B = weight of dish before use (mg)
Determination of Total solids:

Total solids is the term applied to the Procedure: 100ml of the water samples
material residue left in the vessel after (50ml) was measured into a pre-weighed dish
evaporation of the water sample and its and evaporated to dryness at 103°C on a
subsequent drying in an oven at a steam bath. The evaporated sample was dried
temperature of 103-105°C. Total solids in an oven for about an hour at 103-105°C,
include Total Suspended Solids and Total cooled in a desiccators and recorded for
Dissolved Solids. constant weight.
Determination of Total suspended Solids

Total suspended solid was determined by dissolved solids (TDS) = Total Suspended
subtracting the result of total dissolved solids (TSS) [6].

solids from total solid.Total solids (TS) - Total
Determination of Hardness

Hardness is measured using standard analytical method of APHA, [6].

Procedure
50cm of the water sample was introduced with 0.01EDTA solution until the color
into a beaker and 1cm buffer solution of NH; changed from wine red to pure blue with no
added. Three drops of solocrome Black T bluish tinge remaining. The total hardness of
indicator was also added and the solution the water sample was calculated.

swirled properly. The mixture was titrated

Total hardness (mg/CaCo;) = Volume of Titrate x 100
Volume of samples (cm)

Turbidity

Procedure
Select 'EPA 180’ as the measurement mode. sample. if the result is greater than 40 NTU
places the sample in a clean, dry turbidity dilutes the sample with one or more
vial. Cap securely. Wipe off excess liquidor volumes of turbidity - free water until the
fingerprints with a soft cloth.Place into the turbidity falls below 40 units. The turbidity
AQ4500 sample chamber and cover with vial of the original sample is then computed from
cap. Press MEASURE key. The result will be the turbidity of the diluted sample and the
displayed on the instrument, and can be dilution factor.
printed out for future use. If the result is less Calculation: Nephelometric Turbidity units
than 40 NTU, repeat procedure for the next (NTUO = A x(B+C) /C A: NTU found in diluted
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sample B: Volume of dilution water. Sample ofresults.
volume taken for dilution, ml interpretation
Phosphate Determination

Phosphate was measured using Standard phenolpthelein indicator was added and after
Method 4500-P B.5 and 4500-PE neutralized to a faint pink color with the 2M
[6].Procedure: Exactly 100ml of the NaOH solution. The pink color was
homogenized and filtered sample was discharged by drop wise addition of 2M HC1,
pipetted into a conical flask. The same and the solution made up to 100ml with
volume of distilled water (serving as control) distilled water. For the colorimetric analysis,
was also pipetted into another conical flask. 20ml of the sample was pipetted into test
1ml of 18M H,S0, and 0.89g of ammonium tubes, 10ml of the combined reagent added,
persulphate were added to both conical shaken and left to stand for 10mins before
flasks and gently boiled for 1% hrs, keeping reading the absorbance at 690nm on a
the volume of 25-50cm?® with distilled water. spectrophotometer, using 20ml of distilled
It was then cooled; one drop of water plus 1ml of the reagent as reference.
Methods for Calibration

Standard phosphate solution: 219.5 mg of 1000ml to give 1ml - 0.05 mg. Standards of
dried AR potassium hydrogen phosphate was strength ranging from 0 (blank) to 0.05mg/L
dissolved in distilled water and made up to at intervals of 0.05mg is prepared by diluting
1000ml, where 1ml = 50.0ug. of phosphate. the stock with distilled water.

10ml of the stock solution was made up to

Cone of sample = Abs of sample x cone of std

Abs of Std
Chloride Determination
Chloride analyzed according to APHA AgNO; in a permanent reddish brown
standard method [6]. Procedure: A 100ml of colouration. @ The  AgNo; titrant was
the clear sample was introduced wusing standardized and a reagent blank established.
pipette into an Erlenmeyer flask and the pH A blank of 0.2-0.3ml is usual for the method
adjusted to 7-10 with either H,S0, or NaOH Calculation
solution. Then 100ml of K,Cr0O, indicator Chloride cone = Titre value (x) x 10 =10xmg/1

solution was added with standard solution of
Sulphate Determination

Sulphate analysed according to APHA filterate and washings added together. This
standard method (APHA; [6].Procedure: A was heated to boiling and then 10cm’® of 10%
250cm?® of the water sample was evaporated BaCb solution was added, drop by drop with
to dryness on a dish. The residue was constant stirring. The mixture was digested
moisten with a few drop of concentrated. for about 30minutes, filtered and the filter
HC1 and 30cm?® distilled water was added. paper washed with warm distilled water. It
This was boiled and men filtered.The dish was then ignited, cooled and weighed in an
was rinsed and the filter paper washed with already weighed crucible.

several portions, of distilled water and both
Calculation: Mg/dm’S0,>* = mg BaS0, x 411.5cm’ of water sample
Nitrate Determination

Nitrate is determined wusing PD303 UV Nesslers tube and made up to 50ml with
spectrophotometer (APHA, [6]. Procedure: A distilled water, the absorbance was read at
known volume (50ml) of the sample was 410nm using a spectrophotometric after the
pipette into a poecelain dish and evaporated development of color. The standard graph
to dryness on a hot water bath. 2ml of phenol was plotted by taking concentration along X -
disulphonic acid was added to dissolve the axis and the spectrophotometeric readings
residue by constant stirring with a glass rod. (absorbance) along Y-axis. The value of
Concentrated solution of sodium hydroxide nitrate was found by comparing absorbance
and distilled water was added with stirring to of sample with the standard curve and
make it alkaline. This was filtered into a expressed in mg/1.

156


http://www.inosr.net/inosr-applied-sciences/

http://www.inosr.net/inosr-applied-sciences/
Uhama et al
INOSR APPLIED SCIENCES 10(2):153-159, 2023
Conc., of sample = Abs of sample x Cone, of std

Abs of Std
Alkalinity
Rinse the 50ml burette with several rinses green (pH = 4.5) end point. If the water is
with 0.02 N HCL. Fill the burette with the HCL high in alkalinity, smaller volumes of the
solution, make sure there are no air bubbles sample may be titrated as seems appropriate.
in the tip, and make sure the meniscus is I duplicate (preferably triplicate) titrations on
readable at close to 0.00ml on the burette eachsample being investigated. Calculations
scale. Measure the 100.0ml of the water alkalinity is expressed in terms of milligrams
sample to be analysed into a 250ml of calcium carbonate per liter.
Erlenmeyer flask .Titrate to a bromcresol
RESULTS

PHYSICOCHEMICAL PROPERTIES OF SOIL FROM THE STUDY AREA
The physicochemical properties of soil from higher (<0.05) followed by Akwuke and Ngwo
coal mining communities in Enugu State which has the least values. While TOC level in
shown in table 1 showed that pH, SPG and BD Ngwo was significantly highest (p<0.05),
levels in soil from Udi were significantly followed by Akwuke and Udi.

Table 1: Physicochemical properties of soil from coal mining communities

Parameter Ngwo Akwuke Udi WHO/EPA
pH 5.08+0.01¢ 5.78+0.01° 6.25+0.01* 6.5
SPG 1.00+0.01° 1.38+0.01° 1.72+0.01* 2.65-2.85
BD 1.00+0.01¢ 1.40+0.01° 1.72+0.02° 1.1-1.6g/cm?
TOC 0.08+0.01° 0.06+0.02° 0.03+0.01" 250me/ke

Values are mean = standard deviation of triplicate determination Values in the same row
bearing the same superscript letters are not statistically significant at

P<0.05

ANION LEVEL OF SOIL FROM THE STUDY AREA
The anion level of soil from coal mining compared to Akwuke and Ngwo, while anion
communities in Enugu State shown in table 2 level of NO; in Akwuke were significantly
showed that PO, SO, and Cl levels from Udi highest (p<0.05), followed by Ngwo and
were significantly higher (p<0.05) when Udi.Table 2.

Table 2: Anion level of soil from coal mining communities

Anion, mg/kg Ngwo Akwuke Udi WHO/EPA(mg/kg)
NQO-, 2.35+0.01° 2.65+0.01° 1.71+0.02¢ 200
PO, 7.73x0.0I° 5.50+0.01° 8.72%0.01° 500
SO~ 8.03+0.01¢ 10.54+0.01* 12.12+0.02° 8,000
CL 230.00+1.00* 180.00+2.00¢ 210.00+1.00° 4,000

Values are mean + standard deviation of triplicate determination
Values in the same row bearing the same superscript letters are not statistically significant at
P<0.05

DISCUSSION

A decrease in pH level of Ngwo soil below indicator of degree of soil compaction. The
WHO standard may be attributed to bulk density of Ngwo soil is slightly below
anthropogenic sources. Decrease in pH is an the acceptable limit of 1.1-1.6g/cm? [9];[10].
evidence of increase in acidity which may Decrease in bulk density may result to low
adversely affect the nutrient uptake by plant porosity and water holding capacity of the
and increase heavy metal uptake by plant [7]. soil. Porosity of the soil is an indication of air
Report by [8] has shown that increase in soil space allowing the diffusion of water and air
acidity inhibits the non-symbiotic nitrogen into the roots of the plant thereby affecting
fixation by nitro bacteria and symbiotic the plant nutrient uptake.

nitrogen fixation by rhizobium. The specific The anion levels NOs;, SO,, PO, and Cllevels in
gravity of soil from the three communities soil from three communities studied are
was below allowable limit of 2.65-2.85. The within permissible limit [11]. Although PO,
low specific gravity of the soil suggested the SO, and Cllevel of Udi soil were significantly
porosity of the soil. The bulk density is an (P<0.05) higher than the values from other
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communities. This could be attributed to use salinity of soil thereby increasing the stress
of fertilizer in agricultural activities high to living organisms in the soil including
chloride level in Udi soil may result to high plants some of which eventually dies.
CONCLUSION
In conclusion the results indicated a general standard and the anion levels of NOs, SO,, PO,
decrease in pH level of Ngwo soil below WHO and CI
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