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ABSTRACT

The study examined the extent of soil physical properties deterioration due to mining activitiesin
Enyiba Ebonyi State, Southeastern Nigeria. In the study, two factorswere considered: factor A - Sail
depths (surface soil: 0-15 cm and subsurface soil: 15-30 cm) and factor B - Distances from mine
pits (100 m, 200 m, 300 m, 400 m and 500 m away from mine pit). Four mining sites (Mbaraeke
Enyigba, Mkpoda Ugwvu, Nwamgbam Uchakuru and Azu Enyigba) within Enyigba mining vicini-
ty were selected for the study. For standardization, a control was|ocated 1.5 km away from Enyigba
mining vicinity. A total of 82 core soil samples and 184 auger soil samples were used for the study.
The results showed textural classes at different distances and depthsto be predominantly sandy clay
loam including those of the control. However, higher values of clay were obtained at lower depths
(15 - 30 cm) at both mine area and control. The bulk density value at the subsurface soil of mine
site (1.67 g/cm3) was significantly (p < 0.05) higher than the surface soil (1.53 g/cm3) and control
(1.59 g/cm3). The values of total porosity in all distances and depths were significant (p < 0.05), re-
cording areverse trend compared to bulk density values. Massive deterioration as a result of heavy
machineries at the mine area lead to high bulk density mostly at lower depths, low porosity and
surface capping compared to the control. Highest bulk density value of 1.79 g/cm3 was recorded
at 300 m subsurface soil of the mine area. Limited use of heavy machinery was recommended to
reduce soil compaction. Farmers within the study area are encouraged to practice conservation till-
age since soil physical properties deterioration affect soil use and productivity.
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INTRODUCTION
It is well established that one of the primary alteration of landscape, deterioration of vast

anthropogenic sources of heavy metal is mine land areas, extinction of wild life, destruction
(Goyer, 1996). Mining causes large amount of of natural habitat, changes in river regime, dust
destruction of the environment in the form of inhalation and air emissions (Ezeaku, 2012). In-
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creased operations of artisanal and small scale
miners as well as large scale mechanized min-
ing are very destructive both to the landform,
vegetation and to adjacent aguatic ecosystems
(Okolo, 2014). Soil physical properties are dom-
inant factors affecting the use of soils (Chude et
al., 2011). The success or failure of agricultural
projects often hinges on the physical properties
of soil, because they are more difficult to change

than chemical properties. In areas of wilderness,
mining may cause destruction and disturbance
of ecosystems and habitats, and in areas of farm-
ing it may disturb or destroy productive grazing
and croplands. Increase in soil bulk density as a
result of heavy equipments used in mining usu-
ally indicates a poor and unsuitable environment
for root growth, soil compaction and undesira-

ble infiltration and drainage. Moreso, dredging

using heavy equipment and implements causes
damage to the soil surface with evident changes
in landscape and soil compaction.

With respect to the foregoing and equally ow-
ing to the fact that there has been no study of
thiskind in the areg, it is very pertinent that this
study is conducted, especialy now that large
scale mechanized mining is about resuming in
the area.

The major objective of this study was to in-
vestigate the present status of soil physical prop-
erties deterioration in the vicinity of Enyigba
mine as impacts of solid minerals mining. The
expected output of this research aims to address
the paucity of information in the study area with
regards to changes in soil physical properties
and especially to aid relevant stakeholders in
agricultural land use planning and sustainable
land use management to ensure soil productivity
optimization.

MATERIALSAND METHODS

The study area

The study was conducted at Enyigba in
Abakaliki Local Government Area of Ebonyi
State. Enyigba is 14 km southeast of Abakaliki
in Southeast Nigeria (Fig. 1). The area of study
lies between latitudes 6° 07° N and 6° 12" N and
longitudes 8° 05’ E and 8° 10’ E as obtained with
a handheld GPS in the derived savanna vegeta-
tion zone.

Four active open mine pits studied were lo-
cated at Azu Enyigba, Mbaraeke, Nwamgbam
Uchakuru and Mkpoda Ugwvu with their coor-
dinates shown below:

Minc site lpcation Latitude I.ongitude

Mbarcks U6 1,280 g 08408
Awn Envigby 611426 NvE™ 0R.411
ovwapban Lchakoras 06*11. 225 1MREY TR 426
dkpoda Tmavu 06711745 (g™ 08,245

The area experiences bimodal pattern of rain-
fal (April-duly) and (September-November)
with short dry spell in August normally called
“August break”. The total mean annual rainfall
is between 1700 to 2000 mm. At the onset of
rainfall it is torrential and violent, sometimes
lasting for 1-2 hours. The minimum and maxi-
mum temperatures are 270C and 310C, respec-
tively while relative humidity is in the range of
60-80% (ODNRI, 1989). The soil belongs to the
order Ultisol (FDALR, 1985).

Land use

The main form of land use is arable cropping
of yams, sweet potatoes, maize, cassava and veg-
etable crops. The major combinations of crops
are cassava (Manihot esculanta)/maize (Zea
mays)/yam(Dioscorea spp), cassava (Manihot
esculanta)/maize (Zea mays), sweet potato (Ip-
omea batata)/maize(Zea mays) and maize (Zea
mays)/vegetables (Telferia occidentalis, Ptero-
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carpus spp, Gnetum africana). Field sampling

Stone mining/quarring, hunting, pam wine Four mine sites were selected for the study.
tapping and farming constitute the major socio- Each sampling site was given geographical co-
economic activities of the people of the study ordinates using a hand-held global positioning
area. system (GPS). Auger soil samples (0-15 and 15-

008" 08.0007E D8’ 12.000" E

DE'13.000°N

Ebanyi River

Akpora
River

06'09.000°N __ 0% 0. 0"
0 1  2Zkm
—_— |

008 '12.000°F

Fig. 1: The physiographic map of Enyigba Pb — Zn Province with the location of sample points (modi-
fied from Orajaka, 1965).

97



Impact of cast mine on soil

Okolo et al

30 cm) were collected starting from 100 m away
from the mine site and at 100 m intervals up till
500 m (i.e, 100 m, 200 m, 300 m, 400 m, 500 m
distance). Core soil samples were also collected
at similar distances. At each mine site, sampling
was done eastwards and westwards. Similarly,
a control site was selected at a distance of 1.5
km away from the Enyibga mining vicinity and
soil samples collected at depths 0-15 cm and 15-
30 cm. The soils of the control site and those of
the mine site were assumed to be pedologically
similar.

Two core sampleswere collected from the sur-
face and subsurface soil (one from each depth)
giving 10 samples per sampling line. There were
therefore 20 core samples per mine site, giving
80 core samples for the four mining sites. Addi-
tiona two core samples were collected from the
surface (0 — 15 cm) and subsurface (15 — 30 cm)
soil of the control site (one from each depth).
Altogether there were 82 core samples. Auger
sampling was done in a similar manner, but in
duplicates. There were therefore 164 auger sam-
ples. The core samples were used for soil bulk
density and total porosity determination while
the auger soil samples were air-dried and passed
through 2 mm sieve and used for routine analy-
Ses.

Sample treatment and laboratory determina-
tions

The auger soil samples were air-dried at am-
bient temperature of 210C to 270C, then crushed
and sieved through a 10 mesh (2 mm) screen
sieve. Particle size analysis of the soil was deter-
mined using the Bouyoucos hydrometer method
as described by Gee and Bauder (1986). Bulk
density was determined on the core samples by
core method as described by Anderson and In-
gram (1993). Total porosity was calculated as

follows:
Tp= 1—[bd X 100
Pd 1

Tp = total porosity, bd = bulk density pd=
particle density (assumed to be 2.70 gcm-3).

Experimenta design and data analysis

This study was considered as a factorial ex-
periment in which distance from the mine pit
and soil depth were two factors under considera-
tion. The experiment was laid out in 2 X 5 fac-
torial in RCBD replicated four times compared
alongside a control. Analysis of variance (ANO-
VA) was done according to Obi (2002) and sig-
nificantly different means were separated using
F-LSD at 5% level of probability. The statistical
analysis was done using Genstat Discovery Edi-
tion 3 (Genstat, 2003).

RESULTSAND DISCUSSIONS

Results of soil physical properties are shown
in Table 1. The soils percentage of coarse and
fine sand generally decreased with increasing
depth, while the clay contents increased down
the profile. There was no definite trend in the
particle size distribution across the distances but
coarse sand dominated the total sand fraction in
all distances. The control surface soil and sub-
surface soil recorded the highest values of 31%
and 45 % for silt and clay respectively compared
to the soils of mine area (Table 1). The domi-
nance of coarse sand over other particleswas es-
sentially a reflection of the parent material and
climatic (rainfall) effects on particle size move-
ment (Igwe et a., 1999). Most soil formation
and/or degradation processes such as eluvia-
tion/illuviation, erosion and leaching affect finer
particles; climate is an active factor influencing
such processes (Jenny, 1980; Akamigbo, 2010).
The texture of the soil is related to its parent
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material (Akamigbo and Asadu, 1983), and this
accounts for the similarity in textural classes
obtained irrespective of locations, distances and
soil depths. This is expected as soil texture is
mainly inherited from the soil forming parent
materials. The highest bulk density value of
1.79 Mgm-3 was recorded at 300 m subsurface
soil of mine areaand was higher than the control
both at the surface soil (1.51 Mgm-3) and sub-
surface soil (1.66 Mgm-3). The high bulk den-
sity value observed in mine area may be due to
removal of vegetative cover arising from series

Exposed rock surfaces and sharp cut edges

Fine prain wastes and dispersed sgeregates
of galena, sphalerite and associated
mincrals cmanating from manual extraction

of mining activities. Crops grown within 300 m
of the mine areamay face problems of poor root

growth, poor rate of water infiltration and drain-

age thus leading to low crop yield. Increase in
bulk density usually indicates a poor environ-
ment for root growth and undesirable infiltration

and drainage (Chude et a., 2011) thus limiting
agricultural productivity. Similar reports have
been made relating high bulk density to poor
vegetal cover (Ezeaku and Anikwe, 2005), soil
surface crusting and compaction by raindrop
and machine impacts (Neil et al. 1997; Chude

»l » -
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Plate 1: Dry mine pit with exposed rock surface and sharp cut edges, evidence of manual extraction pro-

cesses giving riseto dispersed aggregates of galena, sphalerite and other associated minerals.
99
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et al., 2011), and surficial erosion (Lal, 1994).  cappings (Chude et al., 2011). This is however
Vegetation destruction is a major consegquence expected since the bulk density of the mine area
of surface mining and this applies to the mine was higher than that of the control. The values
area where the impact is seriously felt. Mas- of total porosity in al distances and depthswere
sive structure or structural deterioration leads significant (P<0.05), recording a reverse trend

to high bulk density, low porosity, and surface compared to bulk density values (Table 1).

Table 1: Interaction of distance and depih on soil physical properties

“Distance  Soil depth BD
{m) zone (cm)  C5 (%) FS (%) Sile (%) Clay (%) (Mgm-"} TP T Class
Surface
100 soil 415 125 17.88 28.12 1.50 40,00 SCL
Subsurface
soil 3275 1025 23.75 13.25 1.70 35.85 CL
Surface
200 5ol 41.75 11.12 20.50 27,25 144 45.66 SCL
Subsurface
soil 3750 11.62 19.88 30,69 1.72 35.09 SCL
Surface
300 soil 475 9350 2238 133 1.68 360 CL
Subsurface
s0il 3368 E&R 27.50 29.75 1.79 3245 CL
Surface
400 soil 4288 16.00 15.13 26.00 1.30 50.94 SCIL
Subsurface
soil IBT5 1338 17.25 3062 1.66 3735 sCL
Surface
S00 soil 4337 1337 17.25 25.56 1.58 40.37 SCL
Subsurface
soil 41.75 13.62 18,12 26.50 1.67 36.98 SCL
Surface
Conteol soil [7.00 7.00 31.00 35.00 1.31 43,02 SCL
Subsurface
soil 15,00  9.00 27.00 38.73 1.66 37.35 CL
LSD (005) %CS %FS %48l %Clay BD TP
Distance 438 |.86 249 3.47 0,13 458
Depth 21,51 1,07 1.44 200 007 264
Interaction 6,19 2.63 3153 4.91 018 648

5= Coarse sand. FS= Fine sand, CL-Clay Loam, SCL=Sandy Clay Loam, BD= Bulk

density %TP= Percent total porosity, T Class= Textural class

CONCLUSION

Results of the study showed high bulk den-

ing from mining activities. Limited use of heavy
machinery is highly recommended to reduce
soil compaction. Farmers within the area are en-

Sity in mine area compared to the control. The
high bulk density value at the mine area was as

aresult of massive structural deterioration aris-

couraged to practice conservation tillage since
soil physical properties deterioration affect soil
use and productivity.
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