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ABSTRACT

Purpose. To examine the environmental impacts of gemstone mining activities on the people of Ijero-Ekiti, Ekiti
State, Nigeria.

Methods. Soil and water test were carried out on samples from the mine and its environment. Remote sensing as a
tool for environmental assessment was introduced to generate the Normalized Difference Vegetation Index (NDVI)
and Land Use Land Cover maps using ArcGIS 10 software.

Findings. Water test carried out on stream, well and pond shows that some of the samples are slightly acidic. Total
Dissolved Solid and hardness analysis show ranges lower than the acceptable limit given by Nigerian Industrial
Standard and the World Health Organization (WHO). Iron concentration was found to be exceptionally higher than
the permissible standard given by the WHO rendering the water resources unfit for drinking. Soil test carried out in
the area proved that the soil is good for agriculture as it is high in nitrogen and organic matter content.

Originality. This assertion can be back up by the results of the NDVI analysis which shows an increase in vegetation
index from 0.2190 in the year of 1991 to 0.2435 in the year of 2013. Land use change detection analysis also showed
a slight change in land use over the year from 2005 to 2010. This may be attributed to the fact that the gemstone
mining is conducted on a small scale.

Practical implications. Test results can be used in making recommendations to the community. Farmers cultivat-
ing land where samples S; and S4 were taken need to apply fertilizer to bring up the percentage of organic matter
of the soil. Provision of drinkable water sources should be made to the community. Remote sensing as the applied
tool has proved its usefulness in environmental degradation assessing. It gives the possibility of generating an
environmental database for impact assessment in regional context which can be a difficult task when carried out
by the conventional method.
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1. INTRODUCTION

Exploitation of mineral resources has assumed prime
importance in several developing countries including
Nigeria. Nigeria is endowed with abundant mineral re-
sources, which have contributed immensely to the na-
tional wealth with associated socio-economic benefits.
Mineral resources are an important source of wealth for a
nation but before they are harnessed, they have to pass
through the stages of exploration, exploitation and pro-
cessing (Ajakaye, 1985). Human activities are numerous
and each contributes in one way or the other to the pollu-
tion of the environment. It has been observed that no
single activity has caused more pollution to the environ-
ment than mineral exploitation (Afeni & Isiaka, 2009).

This is so because exploitation of minerals involves sepa-
ration of valuable minerals from the surrounding waste
rocks, which in turn requires permanent disposal of un-
wanted or unused materials. Extraction of minerals from
mines is often accompanied by severe environmental
destruction by way of deforestation, earth-cutting, over-
burden, soil erosion, disruption of underground mine
water circulation, air and water pollution and hazardous
waste generation-tailings. The cost of environmental
destruction is even greater when a forest cover is
removed for the mining of resources. The loss of biologi-
cal diversity and the extinction of elusive plant and ani-
mal species which have existed for millions of years can
occur. This loss may be permanent and irreparable
(Sinha, Pandey, & Sinha, 2000).
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Generating an environmental database for carrying
out environmental impact assessment in regional con-
text and to understand deforestation in spatial and tem-
poral domain is a difficult task by conventional meth-
ods. Today, Remote Sensing data, which is synoptic,
repetitive and multi temporal in nature has efficiently
filled this gap. In relation with Geographical Infor-
mation System (GIS), the technique has a distinct ad-
vantage over conventional methods/approaches to map
and monitor the evolution of degraded areas. It has
become a versatile tool for assessing and monitoring
environmental impacts as a result of natural and
manmade activities (Schowengerdt, 2007). The tech-
nique has proved its usefulness in assessing the envi-
ronmental degradation with reference to land, water, air
and vegetation. It provides an excellent overview of the
status of industrial areas and their impact. Earlier works
have demonstrated its potential in various facets of
industrial activity viz., land use change detection, envi-
ronmental impact (Joshi, Kumar, Midha, & Yanand,
2006). The main advantages of remote sensing are its
ability to cover large areas, high temporal frequency,
and lower cost compared to ground based investigation
and monitoring. Remote Sensing (RS) has been widely
applied in identifying and analyzing for exploitation
assessment, environmental impact assessment, geo-
morphological analysis, land use mapping and planning
(Harris & Ventura, 1995). Usually, remotely sensed
data is used to provide information on terrain surface
whereas on the other hand, GIS is a supporting tool to
RS and has the capability to manipulate and store data
in digital forms (Shaban, 2010).

Gemstone mining has significant positive and nega-
tive impacts at a local level. On the positive side, the
industry may create employment and business opportu-
nities for local people, particularly in remote locations
in developing countries where there are few other op-
portunities for economic development. Negative im-
pacts include disturbance to the landscape, dust and
noise, and disruption to local biodiversity from mining
the gemstone.

2. DESCRIPTION OF THE STUDY AREA

Ijero-Ekiti under Ijero Local Government Area is lo-
cated about 120 km NW of Ado-Ekiti the capital of Ekiti
State. The study area falls within the Precambian base-
ment complex of southern Nigeria, and lies between
longitudes 5°3°15.57’E to 5°4’52.56”’E of the Green-
wich Meridian and latitude 7°49°11.74”’N to
7°50°9.53°N of the equator with a land mass area of
5.3 km?. It is characterized by the abundance of pegma-
tite which harbours minerals such as gemstones and rare
earth metals as well as metallic-ores such as lepidolite
among other minerals (Olusiji, 2011). Other towns
around the study area include Aramoko, Ikoro, Aiyegun-
le, Ipoti, and Oke-Asa, with Aiyegunle in the Northeast,
Ikoro in the Northwest and Oke- Asa in the Southwest.
Gemstone mining in the study area started in the year
1992. Figure 1 shows the Google imagery of Ijero indi-
cating the location where gemstone is being mined. Fig-
ure 2 show the map of Ekiti State in Nigeria showing the
Ijero local government area.
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Figure 1. Google Imagery of Ijero-Ekiti
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Figure 2. Map of Ekiti State in Nigeria showing the Ijero
Local Government Area

3. MATERIALS AND METHODS

3.1. Materials

The material and data used for this study was ac-
quired from two sources:

— sample collection of water and soil to see how they
have been affected;

— gathering of maps, Landsat satellite imagery and
Google imagery for analysis of change detection.

3.1.1. Sample collection

Soil samples were obtained randomly from five dif-
ferent locations at the study area, four samples from the
disturbed/excavated area and one from an undisturbed
area which is about two kilometers from the gemstone
mine to serve as the control position. Each sample
weighing between 1-2kg was scooped within soil
depth of 0 — 50 cm. The samples were each put in differ-
ent polythene bags, labeled Si to S; for the excavat-
ed/disturbed area and Sc¢ for the control sample taken
from the undisturbed position before they were immedi-
ately transferred to the laboratory to avoid contamination
and any possible time independent change. Also water
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samples were collected randomly from seven locations
within the study area. Samples were taken from a flow-
ing stream, wells and ponds by dipping a 2 litres plastic
bottle mouth well below the water surface for the stream
and pond, but for the well, a fetcher was used. The sam-
ple bottles were labeled W, to Ws for the excavated area
and W¢ for the control sample taken from the undisturbed
position before they were quickly transferred to the la-
boratory for analysis that same day to prevent changes in
some characteristics of the parameter to be analyzed.
Table 1 shows the list of samples and the coordinates of
their geographical location.

Table 1. Samples and their geographical location

Geographical Location

Samples N B Altitude (m)
S1 07°49°28.9” 05°04°10.5” 605
S2 07°49°25.7” 05°04°13.5” 591
S3 07°49°38.3” 05°04°6.33” 572
Sa 07°49°29.3” 05°04°03.3” 553
Sc 07°49°59.4” 05°03°12.8” 526
/41 07°49°56.4” 05°04°00.3” 533
/2] 07°49°27.5” 05°04°03.9” 537
w3 07°49°22.7” 05°03°58.6” 528
W4 07°49°26.9” 05°04°11.7” 582
Ws 07°49°28.9” 05°04°11.3” 583
Ws 07°49°37.8” 05°04°04.2” 545
We 07°50°02.6” 05°03°12.9” 518
3.2. Methods

3.2.1. Laboratory determination of soil properties

Samples for physio-chemical parameters were air
dried in the laboratory for a week. They were then
grounded into fine particles in a mortar, sieved through a
2 mm sieve and about 200 g of the sieved samples were
sub-sampled by quartering for analysis.

3.2.1.1. pH determination

The pH of the sediment samples in water was deter-
mined by the method described by (Hendershot, Laldnde,
& Dugquette, 1993). From the sub-sample, 10 g sample
were weighed into a 100 ml beaker and 20 ml of distilled
water added. The mixture was properly stirred and al-
lowed to stand for 30 minutes. The pH meter was first of
all calibrated with buffer solutions of pH 4 and 9, and
this was followed by dipping the electrode into the sam-
ple solution and the pH read on a JENWAY pH meter.
On each occasion, the electrode was rinsed with distilled
water before insertion into another sample.

3.2.1.2. Organic carbon and matter determination

The organic carbon was determined using wet oxida-
tion method of Walkley and Black described by (Schulte,
1995). About 5 g of sieved samples were weighed and
transferred into 250 ml conical flask. 10 ml of 0.5 M
K>Cr;07 (potassium dichromate) were added followed by
20 ml of conc. H>SOs. The flask was immediately swirled
to mix the content. The mixture was then swirled more
rigorously for one minute and allowed to stand on a sheet
of asbestos for about 30 minutes. 200 ml of distilled
water and 10 ml conc. H3;PO4 were added to the sample
and allowed to cool to room temperature. 3 drops of
ferroin indicator were then added and titrated with 0.5 M

(NH4)Fe(S04)2:6H,0 (ferrous ammonium sulphate) solu-
tion to brownish red end point. Blank titration was con-
ducted in the same manner, but without the sediment
samples. The percentage total organic carbon and the
organic matter were calculated for each sample thus:

(B-S)-M-100 12
weight of sample (g) 4000’

M

% Organic carbon =

where:
B — ml of ferrous ammonium sulphate used for blank;
S — ml of ferrous ammonium sulphate used for sample;
M — Molarity of ferrous ammonium sulphate;
12/4000 — milliequivalent of carbon in g.

% Organic matter =% Organic carbon - 2);8 . 2)

3.2.1.3. Determination of percentage nitrogen in soil

The organic nitrogen content was determined by the
Kjedahl procedure. About 1g of the sample was digested
with 15 ml conc. H,SO4 and 1 tablet of copper analyst
until a clear solution was obtained. The solution was
made up to 50 ml with distilled water. 15 ml of the solu-
tion was measured into the distillation flask followed by
25 ml of the 40% sodium hydroxide solution. 5 ml of 2%
boric acid solution was measured into a conical flask
followed by 2 drops of mixed indicator (0.01 g of methyl
red and 0.083 g of bromocresol green were dissolved in
100 ml of alcohol) (a light brown or fade orange colour
was obtained). The distillation was carried out with all
joint tightened with the end of the delivery tube dipped
below the boric acid solution. As the distillation pro-
ceeds, the light brown colour changes to blue indicating
the presence of ammonia. Distillation continued until the
distillate was up to 50 ml. The distillate was titrated with
0.1 M HCI until the blue colour became colourless. The
titre value was obtained and the percentage nitrogen was
obtained through which the crude protein was evaluated.

Digestion:

RNH:; + 2H,S04 — (NH4)2SO4 + CO; + H,0. 3)
Distillation:

(NH4)2SO4 + 2NaOH — NH3 + H,0 + NaySOs. 4
Absorption:

3NH; + H3;BO3; — (NH4)3BO:s. 5)
Titration:

(NH4);BO3 + HC1 — H3BOs + 3NH,4Cl. 6)

0N = molarity of acid -0.0014 -volume of acid G

weight of sample

3.2.2. Water sample analysis

Samples were analysed for other physio-chemical pa-
rameters and chemical pollutants using methods pre-
scribed by Wershaw, Fishman, Grabbe, & Lowe (1987),
Fishman & Friedman (1989) and Ademoroti (1996).

3.2.2.1. Determination of pH

This was determined as described by Ademoroti
(1996). The Jenway 3505 pH meter was first standard-
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ized using standard buffer solutions of pH 4 and pH 9.
From the sample, 100 ml of water were weighed into a
100 ml beaker. The electrode was carefully suspended in
the sample and allowed to stand until the reading was
steady before the reading was finally recorded. After
each measurement, the electrode will be cleaned with
distilled water.

3.2.2.2. Determination of electrical conductivity

This was determined as described by Ademoroti
(1996). The conductometer used is conductivity measuring
Labtech instrument. The samples were thoroughly mixed
together before an aliquot was poured into the meter sam-
ple holder. Immediately the reading knob was depressed,
the reading was taken and recorded for each sample.

3.2.2.3. Determination of water temperature

This will be determined using a thermometer which
will read the temperature of the environment and then
dipped into the water sample.

3.2.2.4. Determination of turbidity

Turbidity was determined by the Nephelometric
method using a portable LABTECH turbidity meter. The
instrument was first calibrated with standard turbidity
suspension supplied with the instrument after setting to
read turbidity. The sample was then thoroughly shaken
so as to disperse the solid contents and some quantity
was poured into the turbidimeter tube and the turbidity
read from the instrument. Distilled water was used to
zero the instrument in every measurement.

3.2.2.5. Determination of water alkalinity

Alkalinity was determined titrimetrically in the water
samples using the indicator method. Carbonate and hy-
droxide were determined by titrating 50 ml of the sample
with standard 0.01 M H,SO; after the addition of 3 drops
of phenolphthalein indicator. This gave the phenolphtha-
lein alkalinity. If there was no colour when the indicator
was added, then carbonate and hydroxide were absent.

Bicarbonate or methyl orange indicator alkalinity fol-
lowed immediately after the phenolphthalein alkalinity
determination by the addition of 3 drops of methyl or-
ange into the sample and continued the titration with the
standard H,SO4 from yellow to orange-red colour end
point. Then phenolphthalein, methyl orange and total
alkalinities were calculated thus.

Phenolphthalein alkalinity:

v, -M 100000

mg/1 CaCO, = ,
volume of sample

®)

where:

V,—volume of acid used with phenolphthalein as
indicator;

M — molarity of the acid.

Methyl orange (bicarbonate) alkalinity:

V,, - M -61000

mg/l HCO, = ,
volume of sample

)

where:
Vi —volume of acid used with methyl orange as
indicator.

Total Alkalinity:
V, +7,,) M 100000

mg/1 CaCOj =
volume of sample

(10)

3.2.2.6. Determination of water hardness

Total hardness in the water samples was determined
titrimetrically using the sodium salt of ethylene-diamine-
tetra-acetic acid (EDTA) as titrant.

Into 50 ml of the water sample were added 2 ml am-
monia/ammonium chloride buffer (pH = 10) and 2 ml of
sodium cynide (NaCN) as masking agent. This was fol-
lowed by the addition of little quantity of Erichrome
Black T indicator mixture (Erichrome Black T + NaCl)
and the solution titrated with 0.01 M EDTA solution to
the end point. The total hardness in mg/l CaCOs; was
calculated from the titre value thus:

ml of 0.01 M EDTA-1000
volume of sample ’

mg/l CaCO5 = (11)

3.2.2.7. Determination of ammonia

All forms of nitrogen that can exist as ammonium ion
or in the equilibrium as:

NH}; & NH;+H", (12)

is considered as ammonia nitrogen. It was determined by
direct nesslerisation method (Ademoroti, 1996).

Into 50 ml of the water sample was added 1 drop of
EDTA reagent to remove the precipitate of cations e.g.
Ca?", Mg?" etc. that can produce precipitate or turbidity
with Nessler ragent. This was followed by the addition of
2 ml Nessler reagent for the colour to develop. The col-
oured solution was shaken together and part put into a
lovibond tube and inserted into the lovibond comparator
casing. Distilled water used as blank was put in another
tube and inserted into the other compartment of the cas-
ing. The ammonia standard glass disc was rotated until
there was a colour match with that of the solution. The
reading was taken directly from the graduated disc.

3.2.2.8. Sulphate determination

Sulphate in the water samples was determined by tur-
bidimetric method (Ademoroti, 1996).

100 ml of sample were measured into a 250 ml conical
flask and 5 ml of phosphate conditioning reagent were
added. While stirring on a magnetic stirrer, a spoonful of
barium chloride crystals was added and stirred for another
one minute at constant speed. Part of the solution was then
poured into an absorption cell and the absorbance read at
425 nm. Standard solutions of sulphate (2 — 10 mg/l) were
prepared and treated the same way as the sample. Sulphate
concentrations were determined by extrapolation from the
calibration curve prepared from the standards.

3.2.2.9. Metals determination in water

The water samples were first digested with conc.
HNO:s and pre-concentrated before analysis using Atomic
Absorption Spectrophotometer (AAS). 100 ml of well
mixed water sample was measured into a 250 ml beaker
and 10 ml conc. HNO; was added. The solution was evap-
orated to near dryness on hot plate under a medium heat
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(solution not allowed to boil). The beaker with the content
was allowed to cool to room temperature after which an-
other 10 ml portion of conc. HNOs and 5 ml H,O, were
added. The beaker was immediately covered with a watch
glass and returned to the hot plate and heated under a gen-
tle reflux action. This was continued until a whitish resi-
due was obtained. The residue was then filtered after cool-
ing through Whatman filter paper into a 25 ml volumetric
flask and made to the mark with distilled water. The solu-
tion was then transferred into a polythene bottle prior AAS
analysis. For every batch of samples, reagent blanks were
prepared in similar manner as in the sample preparation
using distilled water in place of sample. All solutions were
analysed for heavy metals using AAS Buck Scientific
210 VGP model. Analysis of a mixture of metal standards
(Cr, Fe and Zn) prepared from their stock solutions was
also carried out as part of the analytical data quality assur-
ance. Evaluation of accuracy and precision of the analyti-
cal instrument was performed by replicate analyses of the
mixture of standards, with results showing good agreement
between instrument and the standard values.

3.2.2.10. Determination of total dissolved solid (TDS)

The sample was first filtered using a Whatman filter
paper. 50 ml of the filtrate was then transferred into a
previously weighed evaporating dish. This was evapo-
rated to dryness on an electric hot plate before drying to a
constant weight in the oven at 150°C. The weight of the
dish was subtracted from the final weight to obtain the
weight (mg) of the TDS:

TDS mg/1=mgTDS-1000 /ml of filtrate taken . (13)

3.2.3. Satellite image processing

3.2.3.1 Normalized Difference Vegetation Index (NDVI)

Normalized Difference Vegetation Index (NDVI) is a
calculation based on several spectral bands of the photo-
synthetic output (amount of green) in a pixel in a satellite
image. It measures, in effect the amount of green vegeta-
tion in an area (Nouri, Beecham, Anderson, & Nagler,
2014). NDVI gives a measure of the vegetative cover on
the land surface over wide areas. Vegetation differs from
other land surfaces because it tends to absorb strongly the
red wavelengths of sunlight and reflect in the near-
infrared wavelengths. NDVI, as an indicator of the
health/state of vegetation ranges from —1 to +1 whereby
rich and healthy vegetation is represented as +1 while a
poor vegetated land is represented close to —1. Water
body is also represented as —1. NDVI is calculated from
the Red (R) and Near-Infrared (NIR) bands of the Elec-
tromagnetic Spectrum (EM) whereby in case of Landsat 7
ETM+ used in this study, the red band is band 3 while the
near-infrared channel is band 4. The equation is given as:

(NIR —R) _ band 4—band 3
NIR +R  band 4+band 3~

NDVI = (14)

Landsat Satellite imagery data for four different years
period of 1991, 2000, 2010 and 2013 were used for the
NDVI analysis. The data used are Landsat 4 TM for 1991,
Landsat 7 ETM+ for 2000, Landsat 7 ETM+ for 2010 and
Landsat 7 ETM+ for 2013. A summary of all satellite data
used in this research is shown on Table 2 below.

Table 2. Satellite dataset used

Satellite Sensor Yegr. qf Source Spatu}l
acquisition resolution

Landsat 4 ™ 1991 USGS 30 m
Landsat 7 ETM+ 2000 USGS 30 m
SPOT — 2005 — S5m
Landsat 7 ETM+ 2010 USGS 30 m
Digital Globe — 2010 — 0.32m
Landsat 7 ETM+ 2013 USGS 30 m

As a result of the failure of the side looking camera
(SLC) of Landsat satellite that occurred in year 2003;
all imageries acquired after this year has some strip on
them. The Focal Analysis Tool of ERDAS Imagine 9.2
software was used to remove the strips on the imageries
before using them on ArcGIS 10. Using the NDVI
thresholds Calculator in ArcGIS 10 and inputting the
red and near-infrared band, the multi-temporal NDVI
maps were created as illustrated on the print screen
image in Figure 3.
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Figure 3. Screen capture of the NDVI threshold page in
ArcGIS software (Source — Acquired from the
Research Work, 2015)

3.2.3.2. Land use change detection

Studying changes in land use pattern using remotely
sensed data is based on the comparison of the time se-
quential data. Difference in surface phenomenon over
time can be determined and evaluated (Garg, Narayan,
& Basu, 1988; Space Application Centre, 1990; Gre-
gorio & Jansen, 1998). To create a Land Use Land Cov-
er (LULC) map, an image of high resolution is required
in other to have an accurate analysis. However, SPOT
imagery was obtained for year 2005 while Digital globe
imagery was used for year 2010.

The LULC map was created using ArcGIS 10 soft-
ware based on four classes as listed below:

— forest;

— open ground/Area under mining operation;

— settlement/built-up area;

— grassland/non forest;

Spectral signature for the various features was created
and then Maximum Likelihood Classification method
was used for this purpose.
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4. RESULTS AND DISCUSSION
4.1. Water and soil analysis

4.1.1. Water analysis

The result obtained from the water analysis is presented
in Table 3 as compared with some limits like World Health

Organization (WHO) (Guidelines..., 2011) and Nigerian
Industrial Standard (NIS, 2007) as baseline for comparison.

The result of the pH obtained from the analysis of
water samples from a stream at the base of the hill, ponds
and wells located in residential houses show the pH
ranges between 6.15 and 7.33.

Table 3. Result of water analysis

Distance

Hard-

Conduc-

Sample Temp TDS Alkalinity .. Turbidity SO+* NHs Fe Zn Cr
SN from - Coiein o) P mgh) gy PSS WY CUNTU) (mgll) (Hazen) (ppm) (ppm) (ppm)
mine (m) (mg/l)  (us/cm)

/4] 773 Stream 29.50 7.13 70 160 96.60 120 9.70 6.30 3 12.50 0.10 ND

W 366 Well 29.00 6.32 100 72 54.60 190 3.50 2.30 2 1.22 0.04 ND

W3 580 Well  30.50 6.50 150 224 113.40 330 0.50 2.32 2 0.39 0.02 ND

Wa 243 Pond 29.50 7.33 60 104 16.80 120 5.30 71.93 2 1.75 0.06 ND

Ws 185 Pond 30.00 6.50 50 40 29.40 100 2.60 81.21 2 0.61 0.06 ND

W 341 Well 30.00 6.15 90 56 63.00 210 1.10 18.56 2 0.66 0.06 ND

Wc 2030 Pond 30.00 6.70 140 272 109.20 190 0.40 37.12 5 3.84 0.04 ND

WHO NA 6.5-8.5 1000 100 500.00 NA 5.00 400.00 NA 0.30 5.00 0.05
NIS NA 6.5-8.5 500 NA 150.00 1000 5.00 100.00 NA 0.30 3.00 0.05

This indicates that some of the samples were acidic
while others were alkaline in nature. Most of the pH values
of the water were within the WHO and NIS permissible
limits (6.5 — 8.5). Only the pH of W, (6.32) and Ws (6.15)
fell out of the WHO and NIS acceptable limit. Looking at
the pH values of the water samples when compared with
their distance from the mine as shown in Figure 4 below, it
is seen that the rate of increase and decrease in pH is not
relative to the distance from the mine.

8
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Figure 4. Graph of pH values of water sample against
distance from mine

The pH of the control sample W¢ (6.70) shows that
the water is slightly acidic and that the acidic nature of
some of the other water samples from the disturbed area
may not even be as a result of the mining activity in the
area. With the pH obtained although most of the water
samples still falling within the standard limit, the waters
will not be suitable for human consumption, but could be
used for irrigation purposes.

Total Dissolved Solid. The result of the TDS obtained
from the water analysis shows that the TDS ranges between
50 and 150 mg/l. TDS which is a measure of total number
of ionizable materials present in the water. When com-
pared with the WHO and NIS acceptable limits (1000 mg/1
and 500 mg/1 respectively), the TDS value of all the water
samples including the control sample W¢ was low.

Hardness. The hardness of the water samples includ-
ing the control sample ranges between 16.8 and

113.40 mg/l. All were found to be within the permissible
limit as given by WHO and NIS as 500 mg/l and
150 mg/1 respectively.

Electrical Conductivity. The electrical conductivity of
the water samples ranges between 100 and 330 ps/cm
and they are within the maximum allowable limits when
compared with NIS standard (1000 pus/cm). The slightly
high conductivity of the samples reveals that more ions
were dissolved in the water.

Turbidity. Turbidity in the water samples ranges
between 0.4 to 9.70 NTU. Most of the samples were
within the permissible limit of 5 NTU as given by both
WHO and NIS. However, samples W, and W4 show a
turbidity of 9.7 and 5.3 respectively. This was caused by
the high suspended load from the water discharged dur-
ing the pumping of water out of the Mine Lake or pond.

The concentration of Sulphate ion (SO4*) required
in a drinking water as given by NIS and WHO is
100 — 400 mg/l, but its concentration is very low in the
water samples taken from the study area. Iron concentra-
tion was found to be exceptionally higher than the maxi-
mum permissible limits as prescribed by WHO and NIS
standards as 0.3mg/l. The result of the iron concentration
in the water samples ranges between 0.39 and 12.50 ppm.
Since we have high concentration of iron in the samples,
hence the water is not fit for drinking. The zinc concentra-
tion of the water samples taken was found to be within the
safe limit for drinking as the sample ranges between 0.02
to 0.1 ppm while the permissible limit is 5 and 3 mg/1 for
WHO and NIS respectively. The result of the concentra-
tion of Chromium (Cr?") in the water sample was not
detected (ND) as given by the AAS analysis.

4.1.2. Soil analysis

The result obtained from the soil analysis carried out
in the laboratory is presented in Table 4.

The pH of the soil as shown in the table ranges be-
tween 5.66 and 6.95 for samples S to Ss while pH of the
control sample Sc is 6.76. This result shows that the
study area is slightly acidic in nature. Some of the sam-
ples from the excavated areas are more acidic than that of
the control station.
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Table 4. Result of soil analysis”

Distance % % %
Samples from pH . Organic  Organic

mine (m) Nitrogen carbon matter
S 194 5.66 0.69 0.08 0.23
S 280 5.84 0.70 1.49 443
S3 304 6.05 0.71 0.95 2.83
S4 346 6.95 0.70 0.45 1.34
Sc 2029 6.76 0.73 1.68 5.67

*Source — author’s field sample survey, 2014

This could be as a result of the excavation activities
going on the disturbed area. Also when the pH value of
the samples are plotted against sample distance from the
gemstone mine as shown on Figure 5, it is observed that
the pH of the soil samples increases as distance away
from mining activity increases.
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Figure 5. Graph of pH, % Nitrogen, % Organic Carbon and
% Organic Matter against the sample distance from
the mine

The Organic Carbon and Nitrogen levels in the soil
samples were interpreted using the guidelines in Table 5,
regarding the carbon and nitrogen levels in agricultural
soil (Tekalign, Haque, & Aduayi, 1991).

Table 5. Guidelines on interpretation of soil carbon and
nitrogen test results

Soil Parameter Measured Value Rating
>3.0 High
. 1.5-3.0 Moderate
0,
Organic Carbon, % 05_15 Low
<0.5 Very Low
>0.25 High
. 0.12-0.25 Moderate
0,
Total Nitrogen, % 0.05-0.12 Low
<0.05 Very Low

The Nitrogen level in all the soil samples from both
the excavated and non-excavated area is rated high. Since
nitrogen is a key nutrient for plant growth, the high per-
centage of nitrogen present in the soil gives opportunity
for growth of green plants, crops and bushes as seen
around the study area. The percentage of the soil organic
carbon from the analysis table ranges between 0.08 and

1.49 except for that of the control position is 1.68. This
shows that the organic carbon rating for sample S; is very
low while S; and S4 are rated low. However, samples S»
and Sc are rated moderate in organic carbon. Although
the organic carbon is not a requirement for plant growth,
it only influences a number of soil chemical and physical
processes. From Figure 5, it is seen that the % Nitrogen
and % Organic Carbon did not necessarily increase with
distance from the mine.

The percentage soil organic matter ranges between
0.23 and 5.67 for both the excavated and undisturbed
area. The soil organic matter improves the soil moisture,
soil structure and conditions for microbial growth and
hence and important factor for the soil as a rooting envi-
ronment. Typical topsoil commonly contain about
2 —5% by weight of organic matter. Samples S, and S3
were within the range except for Si (0.23%) and S
(1.34%) that were found to be low and the control sample
Sc having higher organic matter attributed to being at a
farther distance from the disturbed/excavated area.

4.1.3. Satellite image processing

4.1.3.1. Normalized Difference Vegetation Index (NDVI)

The Normalized Difference Vegetation Index (NDVI)
is commonly used as a measure of land surface greenness
based on the assumption that NDVI value is positively
proportional to the amount of green vegetation in an
image pixel area. Figures 6a—d show the variation of
spatial pattern of NDVI for the study area in 1991, 2000,
2010 and 2013 respectively.

From Table 6 and Figure 7 which shows a summary
of the NDVI values for each period of study, the mean
NDVI value tend to decrease over time from 1991
(0.210) to 2010 (0.115). Between 2010 and 2013, there is
a sharp increase in the mean NDVI with year 2013 have
a value of 0.2435.

Table 6. Summary of NDVI during the period of study (a — d)

Range/Year 1991 2000 2010 2013
Min 0.010 -0.2164  —0.0490  —0.0550
Mean 0.219 0.1338 0.1150 0.2435
Max 0.4290 0.4840 0.2790 0.5420

Looking at the minimum NDVI value gotten for the
period of study, it is seen that it is only in 1991 that a
negative value is not recorded. This can be attributed to the
fact that the area is untampered with (coupled with less
urbanization) as regards to mining activity. Over the years
as mining activity continues, it is seen that vegetation
reduces as we have a decrease in the value of the mean
NDVI from 0.219 in the year 1991 to 0.115 in 2010. But a
sharp increase is recorded in 2013 as the value of the mean
NDVI increases from 0.115 in 2010 to 0.2435 in 2013.
This can be attributed to improvement in farm practices and
possibly application of new farming method and fertilizers.

4.1.3.2. Land use change detection

In order to put any change into a proper perspective,
it is useful to establish the state of the environment in the
selected years. The extent of each land use/land cover
(LULC) in 2005 and 2010 were analysed in order to get
an overview of changes in magnitude so as to justify the
change analysis (Figure 8§, 9).
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Figure 7. Bar chart distribution of NDVI during 1991, 2000,
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Figure 8. Land use land cover map of the study area for 2005

It should be noted that the two years selected (2005
and 2010) for LULC were chosen based on the availabil-
ity of high resolution imagery for the study area.
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Figure 9. Land use land cover map of the study area for 2010

From the analysis carried out on the acquired images
using the ArcGIS software, it was discovered as shown
in Table 7 that most of the areas were less developed and
hence dominated by dense forest and grassland (69.34%
to 68.49%) during the period of study. However, there
was a slight decrease in the dense forest from 40.04% in
year 2005 to 40% in year 2010; while grassland had a
similar situation from 29.30% in 2005 to 28.49% in
2010. The settlement/built up area occupied a considera-
ble portion with a slight increase from 30.10% in 2005 to
30.79% in 2010.

The open ground which included both mining
grounds and bare surfaces covered just a handful area
and it shows a slight increase from 0.56% in 2005 to
0.71% in 2010. During the entire study period, there
were slight overall changes in the land cover and land
use characteristics. This slight change could be attributed
to the short time interval from 2005 to 2010, since just
little changes would have taken place during the time. As
a result, there was a gradual decrease of vegetation, both
dense and non-forest. The loss contributed to slight gain
in open ground and settlement/built up area.



T.B. Afeni, F. Ibitolu. (2018). Mining of Mineral Deposits, 12(1), 1-11

Table 7. Result of the area (in km?) covered by the various land use/land cover types

Year of image Dense forest Open ground Settlement/built up area Grassland/non-forest
acquisition km % km km % km %
2005 1.556200 40.04 0.02170 0.56 1.143892 30.10 1.113460 29.30
2010 1.520408 40.00 0.02711 0.71 1.170115 30.79 1.082679 28.49
5. CONCLUSIONS 1991 before gemstone mining activity even commenced

This research assesses the environmental impacts of
gemstone mining in Ijero-Ekiti using conventional and
remote sensing methods. Water test carried out on
stream, well and pond show that the water is slightly
acidic. Most of the pH values of the water samples were
within the WHO and NIS permissible limits (6.5 — 8.5).
Only the pH of W, (6.32) and W (6.15) fell out of the
WHO and NIS acceptable limit. The result of the Total
Dissolved Solid (TDS) obtained from the water analysis
shows that the TDS ranges between 50 and 150 mg/l
which was compared with the WHO and NIS acceptable
limits (1000 and 500 mg/l respectively). The TDS value
of the entire water sample including the control sample
Wc was low based on the above stated result. The result
of the alkalinity test obtained shows that the alkalinity
ranges between 56 and 272 mg/l in the water samples.
The acceptable limit as given by WHO is 100 mg/l which
shows that most of the water samples tested exceeds the
permissible limit. The hardness of the water samples
including the control sample ranges between 16.8 and
113.4 mg/l. All were found to be within the permissible
limit of 500 and 150 mg/l as given by WHO and NIS
respectively. Even though most of the parameters tested
for in the water were found to be within the acceptable
limit as stated by WHO and NIS, iron (Fe) concentration
was found to be exceptionally higher than the standard
limit as prescribed by WHO and NIS standards as
0.3 mg/l. The result of the Iron concentration in the water
samples ranges between 0.39 and 12.50 ppm rendering
the water resources in the study area unfit for drinking.
The water pollution may not be a direct effect of the
gemstone mining in the area as the result of some of the
test carried out on a control sample which is about 2 km
away from the gemstone mine also shows the same pro-
perty as the water samples near the mine.

Soil test carried out shows that the soil is slightly
acidic in nature and has a very high organic matter
content and nitrogen but low in organic carbon. The
percentage nitrogen content of the samples ranges be-
tween 0.69 and 0.73 which is high in rating. The per-
centage soil organic matter ranges between 0.23 and
5.67 for both the excavated and undisturbed area. Sam-
ples S> and S; were within the range except for S,
(0.23%) and S4 (1.34%) that were found to be low and
the control sample S¢ having higher organic matter
attributed to being at a farther distance from the dis-
turbed/excavated area. The soil is good for farming due
to its high nitrogen content and organic matter content
which favours agriculture.

The result of the NDVI carried out on satellite imag-
es for four years between 1991 and 2013 shows that the
mean for 1991 and 2013 were 0.2190 and 0.2435 respec-
tively. It was observed that the mean vegetation index
for 2013 is more than the mean vegetation index for

in the study area. This is an attestation to the fact that
gemstone mining has not negatively impacted the vege-
tation of the study area. Though a decrease in the vege-
tative index from 1991 to 2010 was observed but a
sharp increase was seen in the index in 2013. This may
be attributed to reduction in the number of artisanal
miners or investors coming into the area and improve-
ment in farm practices and application of new farming
method and fertilizers.

From the analysis carried out on high resolution satel-
lite imageries of the year 2005 and 2010 to detect chang-
es in land use over the years, it was observed that there is
only a slight change in the land use and land cover char-
acteristics. This could be attributed to a short time inter-
val in the images used as there was slight decrease in
vegetation, both dense and non-forest. Also it may be as
a result of small scale mining works done in the area.
The loss contributed to slight gain in open ground and
built up area.

It can be deduce from all the tests and analyses car-
ried out through this research that the negative impact of
gemstone mining on the environment is minimal as the
water test done has proved the water resources (well,
pond and stream) as unfit for drinking purposes but it can
be used for other purposed such as domestic and irriga-
tion. Also, the soil test carried out has proved that the soil
in the study area is good for agricultural purposes be-
cause it is high in nitrogen and organic matter content.
This assertion can be back up by the result of the NDVI
analysis which shows an increase in vegetation.

6. RECOMMENDATIONS

Based on the aforementioned results, the following
recommendations are made to address the environ-
mental and health problems created by the gemstone
mining activities:

1. Farmers cultivating the land where samples S
and S; were gotten from should apply fertilizer or
manure to the land to bring up the percentage organic
matter of the soil.

2. Association in the area should collaborate to
provide more borehole water facilities for the entire
community.

3. The Federal Ministry of Mines and Steel Deve-
lopment should ensure that the gemstone mining com-
pany complies with environmental management policy
to reduce the environmental effects of mining to the
barest minimum.

4. The National Space Research and Development
Agency (NASRDA) should be more effective and open
in its provision of satellite imagery for research purpose.
Also more work should be done by the agency in acquisi-
tion of high resolution satellite imagery for all locations
within Nigeria.
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BU3HAYEHHSI BIVIMBY BUJOBYTKY JOPOI'OIIHHOI'O KAMIHHSI
HA HABKOJIMIIHE CEPEJOBHUIIE B I’KEPO-EKITI, HITEPISA

T.b. Adeni, ®. 16iTony

Mera. BuBunTH BIUIMB Ha HABKOJUIIHE cepenoBuie i xureriB Drepo-Exiti (mrar Ekiri, Hirepis) po3po0ku pomo-
BHII[ JJOPOTOL[IHHOI'O KaMiHHSI.

MeToauka. /{ys npoBeieHHs TOCIPKEHb POBEACHO Bi0Ip NpoO I'PYHTIB 1 BOJM 3 MPUIIETJIOl MICHEBOCTI IIAXTH.
3acTOCOBaHO JUCTAHIIHE 30HIyBaHHS B SKOCTI IHCTPYMEHTY €KOJIOTIYHOI OI[IHKH JIJIsi BU3HAYEHHsI HOPMaJli30BaHOTO
BisiHOCHOTO iHzeKkcy pociuHHOCTI (HBIP), a Takok KapTH 3eMJIEKOPUCTYBaHHS i POCIMHHOTO IMOKPUBY 32 JOMOMOTOIO
nporpamuoro 3abesneuenns ArcGIS 10.

Pe3yabTaTu. BcraHoBieHO, 110 B3sITI Y JAil04ild CBEPIUIOBHHI Ta CTaBKY-BiJICTIHHUKY 3pa3Ku BOAU € CIA0OKHCIIOT-
Humu. [ToBHMI aHami3 po3unHEHOi TBEPOi pEUOBHHM I aHaii3 Ha OPCTKICTh BOAM MMOKa3ajad MEHIINH PO3KU BEIH-
YHH, HDK JIOITyCTHMa Mea, 1110 BU3Ha4YeHa raixy3eBuM craHgapToM Hirepii Ta BeecBiTHBOT opranizaniii 0XopoHH 3/10-
pos’st (BOO3), a piBeHb KOHIEHTpaLil 3ai3a 3HAYHO BUIE JOMTyCTUMUX MeX, BusHaueHnx BOO3 s BogHUX pecyp-
CiB, HENPUAATHUX IS MUTTA. AHANI3 TPYHTY B I[bOMY PaliOHi MiATBEPIUB, IO BiH MPUAATHHUHA AJIS CLUTBCHKOTO TOCIIO-
JApCTBa, OCKITBKA MICTUTH 0araTo a30Ty i OpraHiYHOT PEUOBHHU.

HayxoBa nHoBu3Ha. 3a pe3ynbratamu ananizy HOIP crioctepiraerbcest 3poctanHs BeretaTuBHOTO iHjekcy 3 0.2190 y
1991 poui go 0.2435 y 2013 poui. AHaji3 BU3HAYCHHS 3MIH Y 3eMIICKOPHCTYBaHHI TAKOXK IOKa3aB HE3HAYHE piyHE
pI3HOMaHITTs IpoTsAroM poky 3 2005 1o 2010. Lle nosicHiOeTbCst TUM (DAKTOM, 1110 BUIOOYTOK AOPOTOLIHHOTO KaMiHHS
BE/IEThCSl B HEBEIIMKUX MacIITa0ax.

IpakTHyna 3HaYMMicTh. Pe3ynbTaTy aHasi3iB SIKOCTI I'PYHTIB 1 BOAM B paiioHi BUAOOYTKY MOKHA BUKOPHCTOBYBa-
TH TPH CKJIAJaHHI PEKOMEHAAIIH IS MICIIeBOTO HaceleHHs. J[JIs migBUIEHHS MPOAYKTHBHOCTI arpapHOro CEKTOpa B
paifoi, ne Oynu B3sTI Ipobu S 1 S4, ciix 3acTocoByBaTH 100pHBO, adK 30LIBIIMTH NMPOLEHTHUH BMICT OpraHidHOi
pevoBuHH y TpyHTi. JlUcTaHIliHE 30HIyBaHHS JOBEJIO CBOI C(EKTUBHICTh U OLIHKK IOTIPIICHHS EKOJIOTIYHOT
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curyauii. lle nae MOXIIMBICTH CTBOPEHHs 0a3u JaHUX PEriOHAIbHOT OIL[IHKKM CTaHY HABKOJMIIHBOTO CEPENOBHILA, IO
JOCUTB BaXKKO J0CATA€ThCS IIPH BUKOPUCTAHHI TPAIMLIIITHOT METOIUKH.

Knrouosi cnosa: nasxonuwne cepedosuuye, 8u000ymox 00po2oYinHO20 KAMIHHA, 6NAUE, OUCTNAHYIIHE 30HOYEAHHS,
6ecemamueHuil iHOexc

OIIPEJIEJIEHUE BJIMSAHUA JTOBBIUA JIPATOIIEHHBIX KAMHEN
HA OKPYXKAIOIYIO CPEAY B W KEPO-OKUTHU, HUT'EPUSA

T.b. Adenu, @. MbuTtomy

Heas. U3yunts Bo3/eicTBIE Ha OKPYXXAIOIIYIO0 cpemy | xureneil Mxepo-Oxuru (mrar Dxury, Hurepust) paspa-
0OTKH MECTOPOXKICHUH IparoleHHbIX KaMHEH.

Metoauka. [ mpoBeIeHUs MCCIeIOBAaHNN MPOM3BEACH 0TOOP MPOO MOYB M BOJBI U3 OKPECTHOCTEH maxThl. [Ipu-
MEHEHO JHUCTaHIIMOHHOE 30HIMPOBAHNE B KAUECTBE MHCTPYMEHTA 3KOJIOTHUECKOM OLEHKHU IS ONIPEAEICHHUsI HOpMalH-
30BaHHOTO OTHOCHTENBHOTO MHIeKca pacturenbHocTd (HOWP), a Takke KapThl 3eMIICTIONB30BAHUS U PACTUTEIHHOTO
MTOKPOBA MOCPECTBOM MporpaMMHOTo obecnieduenus ArcGIS 10.

Pe3ynbTaThl. YCTaHOBIICHO, YTO B3ATHIEC B ICHCTBYIOIIEH CKBaXHHE U MPYIE-OTCTONHNUKE 00pa3Iibl BOJBI SBJIAIOTCS Cla-
6oxrcnoTHbIMU. [ToNMHBINA aHAINM3 pPacTBOPEHHOTO TBEPIOTO BEIIECTBA M aHAIN3 HA YKECTKOCTb BOJbI NMOKA3aIM MEHBIINH
paz0poc BeNWUMH, YeM JIOIYyCTUMBIN MpeJie], olpeeeHHbI OTpacieBbiM cranaapToM Hurepun u BeemupHoii opranusa-
1uit 31paBooxpaneHust (BO3), a ypoBeHb KOHIIEHTPALIMHU JKeJle3a 3HAUUTENIbHO BBIIIE MPUEMIIEMBIX MPEAENIOB, ONPEAEIeH-
HbIX BO3 17151 BOIHBIX PeCypcoB, HENIPUTOJHBIX IS MUThs. AHAIN3 TIOUBBI B 3TOM paifoHe MOATBEPIWI, YTO OHA MPUTrOHA
JUISL CETIbCKOTO XO3SIHCTBA, TTIOCKOJIBbKY COAEPUT MHOIO a30Ta U OPraHUUECKOIO BEILIECTBA.

Hayuynas noBu3Ha. [lo pesynbratam ananmmsza HOWP naGmiomaercs poct BereraruBHoro usiekca ¢ 0.2190 B
1991 rogy o 0.2435 B 2013 rogy. AHanu3 onpeaeneHUs U3MEHEHUI B 3eMIICTIONIb30BAHUN TAKXKE MOKa3ajl HE3HAUM-
TEJNEHOE TOJI0BOE pa3sHooOpasme Ha mpoTsvkeHuH rofga ¢ 2005 mo 2010. 3to obbscHIeTCs TeM (akToM, YTO JOOBIYa
JparoneHHbIX KaMHeW BeeTcsl B HeOOBIINX MacIuTadax.

IpakTHyeckast 3HAYMMOCTD. Pe3yIbTaThl aHAIN30B Ka4eCTBA MOYB M BOJBI B palfOHE JOOBIYM MOXHO HCIIONIB30-
BaTh MPU COCTABICHUHM PEKOMEHIALUM Il MECTHOTO HaceleHus. [IJisl IOBBIIEHNS TPOYKTUBHOCTH arpapHOro CEKTO-
pa B paiioHe, r1e ObIIH B3STHI IPOOEI S| U S4, CIEAYET MPUMEHAITH yI00peHHe, 9TOOB YBETHIUTH MPOIIEHTHOE COMEP-
JKaHUE OPraHW4ecKOro BEIIECTBA B MOUBE. J[MCTaHIMOHHOE 30HAUPOBaHKE 0KA3aJI0 CBOIO 3(P()EKTUBHOCTD IJIS OLEH-
KW YXYJALICHHS JKOJOTMYECKOW CHUTyallMu. DTO JaeT BO3MOXKHOCTh CO3/IaHMsl 0a3bl JaHHBIX PErMOHAIBLHOM OLIEHKH
COCTOSIHUS OKpY KaroIleil cpelipl, 4YTO BeChMa 3aTPYAHUTENIBHO MIPU UCTIOJIb30BAaHUH TPAAULIMOHHOW METOAUKH.

Knroueswie cnoea: oxpyosicarowas cpeda, 000biua OpazoyeHHbIX KamHell, elusHue, OUCMAaHYUOHHOe 30HOUPOBAHUe,
6e2emamueHblil UHOEKC
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