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Abstract:

Discharge of mine waste to farm lands and consequent drainage to nearby stream cause geo-environmental hazards
(Geo-hazards). In this study, geo-hazards due to lead-zinc mining in Ishiagu (Lower Benue Trough Nigeria), were
assessed using direct field and laboratory techniques. Field techniques comprised interaction with local farmers,
mapping using vertical electric sounding (VES), GPS and photographic tools. Laboratory techniques involved analysis of
soil, water and cassava (Manihot esculenta) samples obtained from the mine sites and from the local background
(control). Atomic Absorption Spectrophotometer (AAS) was used to measure concentration of heavy metals, while
physicochemical parameters were tested using standard procedure. Results show anomalous concentration of Pb, Cd,
Mn, Zn, Ca, K, Na, Mg, and pH in the mine site samples against the background. Soil within the mine site have lead
pollution index (Pi) of 2.5, downstream Ivo River with lead Pi of 4.0, while cassava had lead Pi of 0.08 indicating toxicity.
Downstream Ivo River had pH enrichment factor of 1.25 indicating high level of acidity. Mine pit depth of 5 m was
estimated against water table depth of 6 m, indicating groundwater vulnerability. Drainage analysis showed about 74
acres of arable land with contaminated topsoil. This land area should be declared brown field, “No Farm Area” for 2-3
years of phytoremediation using local plants.
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1. Introduction

Geo-environmental hazard assessment; a prerequisite to mine design and development is being neglected in some
parts of the world, resulting to environmental degradation and food insecurity. Degree of geo-environmental hazards
(Geo-hazards) that may be associated with mining activity varies with what is mined, applicable technology, location of
mining site and knowledge of the operators. For example, the degree of geo-hazards associated with limestone mining
would be less to that of Pb-Zn mining. The degree of geo-hazards resulting from mining with advanced environmental
friendly technology would not equate with that due to poor technology. Geo-hazard consequences of a mine located in
urban vicinity would not equate to that of a mine located in a remote area. Finally, geo-hazard resulting from mining
activity operated by well-established company would not equate with that operated by illegal poorly established mining
operators.

Geo-hazard associated with Pb-Zn mining activity in Ishiagu over the past 40 years is of great concern to
environmentalists and the community. Discharge of mine waste to farm lands and consequent drainage to nearby stream
is environmental crime that calls for investigation in Ishiagu and in other communities along the Benue Trough of Nigeria.
Ishiagu is a semi-urban community with moderate population density located in the lower Benue trough of Nigeria (Figure
1a). Presence of Pb-Zn mines and hard rock quarries in the area is responsible to the influx of people from different parts
of Nigeria and beyond, making Ishiagu a business vibrant area. Traditionally, Ishiagu people are typically farmers who take
advantage of the surface clayey topsoil resulting from weathering of the exposed diabase to excel in the cultivation of
tubers such as yam and cassava, and grains, particularly rice. It is possible that Ishiagu community, predominantly the
poor farmers are ignorant of the environmental degradation and the obvious health implications. Several Pb-Zn mining
companies have operated Ishiagu over the past 40 years, whereas the government office responsible for inspection of
mines may not have been forthcoming. The community spokes persons who could have taken up the environmental
matter with the operators are probably compromised or incapable.
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Therefore, the aim of this study is to assess the impact of Lead-Zinc mining on soil, cassava (Manihot esculenta)
tuber and surface water within Ishiagu mining district Ebonyi State Nigeria.

This goal will be achieved by field and laboratory techniques; Field mapping using GPS, photographs and personal

interactions with identified farmers was conducted. The field study was carried out around two lead/zinc mining sites
presently in operation in Ishiagu, Ivo Local government area of Ebonyi state Nigeria.
Laboratory and analytical procedure included comparing concentration of selected heavy metals and physico-chemical
parameters in soil, surface water and cassava (Manihot esculenta) samples obtained within the drainage area of the
discharged mine waste water. This was compared with equivalent background samples (control), collected 1 km away
from the mine site against direction of drainage. Greater emphasis was placed on the measurement and analysis of lead
concentration being the target contaminant.

2. Literature Review

Lead/Zinc mining and smelting activities are some of the primary sources of heavy metals pollution in the
environment (Li et al., 2007). Lead and Zinc mining can result to heavy metal pollution to nearby soil, water and sediment.
Some pollutants (Lead, Cadmium, Zinc and Copper) persist in the immediate environment, while others could migrate into
distant environmental media (Besser et al., 2007). Specifically, lead inhibits plant growth and the activity of enzymes
required for photosynthesis, interferes with cell division and respiration, reduces water absorption and transpiration, and
reduces chlorophyll, carotenoid, and adenosine triphosphate (ATP) synthesis (Fargasova, 2001). Lead is a ubiquitous
pollutant in the ecosystem. Lead is one of the most widely distributed trace metals. It is ranked second of all hazardous
substances by the Agency for Toxic Substances and Disease Registry (ATSDR, 2007). Because of natural deposits and
increasing human activities, lead has become ubiquitous in the soil and in the environment. Natural inputs include
weathering and erosion of parent rocks that lead to the transfer of large quantities of metals to water bodies and land
(Gadd, 2010).

Describing the occurrence of lead-zinc ore in Ishiagu, Oha et al, (2017), stated that the Lower Benue Trough of
South-eastern Nigeria, lead-zinc-barium mineralization occurs as widely distributed epigenetic fracture-controlled vein
deposits which are restricted to Albian - Turonian sediments. Detailed field studies carried out in Ishiagu, Enyigba-Ameki-
Ameri, Wanikande-Wanakom, and Gabu-Oshina which together constitute the four main areas of mineralization in the
Lower Benue Trough, show that mineralization appears restricted to NW-SE and N-S fractures while the more common
NE-SW fractures are barren. Mela et al. (2015) investigated structural orientation of the lead-zinc deposit in Ishiagu and
reported that the Pb-Zn deposits appear to be in the southern limit of mineralization of the Benue Trough. They continued
that the Pb-Zn mineralized zone extends over a distance of 500 km in a narrow belt from Ishiagu in the lower Benue
Trough to Zurak in the upper Benue Trough, similar to igneous intrusions in the Trough. Majority of the geologic and
topographic features of the area align in the NW-SE direction, and conform to orientation of the folds from the Santonian
orogenic episode.

Human activities significantly influence the global cycles of lead. In 2004, 3,150,000 tons of lead were extracted
from the earth’s crust and brought into circulation in society (USGS, 2006). Lead availability is also affected by the
presence of other heavy metals. Orrofioa et al. (2012) reported that lead availability was reduced when it was supplied
with five heavy metals (Cd, Zn, Cr, Cu, and Ni) that have an antagonist effect. These authors also reported that, when lead
was supplied alone or in ternary combination (with Zn and Cu), its availability increased due to the antagonistic
interaction between Cu and Zn, which made lead more available for plant uptake. The primary effect of lead toxicity in
plants is a rapid inhibition of root growth, probably due to the inhibition of cell division in the root tip (Eun et al., 2000).
Because health issues associated with lead may occur slowly, environmental lead poisoning could easily be overlooked,
but exposure to high levels of lead could cause anemia, weakness, kidney and brain damage (U.S. DHHS, 2007).

3. Materials and Methods

3.1. Area of Study

Ishiagu is a large clan community of seventeen villages varying in size in terms of land and population. It is one of
the largest autonomous communities in Ivo Local Government Area. It is located on the plains of the south- eastern
savannah belt in Nigeria (Strafordstones, 2013). The study area (Ishiagu) which lies within latitudes 5° 52" - 6° 00’ N and
longitudes 7°30° - 7° 35" E. It is part of the geologic complex called Benue Trough -a deep linear sediment filled basin
which extends from the Niger Delta for over 700km towards the northeastern part of Nigeria. It is bounded to the north by
Awgu and Aninri areas (Enugu State), to the south by Ugwueke, Isiukwuato (Abia State), to the west by Lokpa and
Lekwensi (Abia State) to these east by Akaeze (Ebonyi State). The southeastern railway line runs from Enugu traversing
Ishiagu (with both sub-station and main station) down to Port Harcourt.
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Figure 2: Map showing Ishiagu in the Lower Benue Trough.
(modified from Aroh et al, 2007)
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Figure 3: Project Field Map of the Study Area, Showing Topography, Drainage Analysis Sample Collection Points, and the Mine
Drainage Impacted Areas at the South-West Corner of the Map, the Impacted Area Also Include the Downstream Segment of
the Ivo River

Describing the occurrence of lead-zinc ore in Ishiagu, Oha et al, (2017), stated that the Lower Benue Trough of
South-eastern Nigeria, lead-zinc-barium mineralization occurs as widely distributed epigenetic fracture-controlled vein
deposits which are restricted to Albian - Turonian sediments. Their field studies carried out in Ishiagu, Enyigba-Ameki-
Ameri, Wanikande-Wanakom, and Gabu-Oshina which together constitute the four main areas of mineralization in the
Lower Benue Trough, show that mineralization appears restricted to NW-SE and N-S fractures while the more common
NE-SW fractures are barren. Mela et al. (2015) investigated structural orientation of the lead-zinc deposit in Ishiagu and
reported that the Pb-Zn deposits appear to be in the southern limit of mineralization of the Benue Trough. They continued
that the Pb-Zn mineralized zone extends over a distance of 500 km in a narrow belt from Ishiagu in the lower Benue
Trough to Zurak in the upper Benue Trough, similar to igneous intrusions in the Trough (Plate 3.1).

3.1.1. Tectonic Overview

The study area, which is part of the Lower Benue Trough, is associated with the separation of the African plate and
South American plate and the opening of the south Atlantic during the early Cretaceous. It represents the failed arm of an
RRR triple junction and developed as a graben structure. The Benue Trough was subjected to several folding episodes,
most notably during the Cenomanian (Nwachukwu, 1972) and the Santonian (Wright, 1976). The Santonian tectonic
movement resulted in the folding of sediments in the trough, followed by magmatic activity and Lead/Zinc mineralization
(Schlumberger, 1985).The fault traversing sedimentary rocks ranges from major fractures with displacement of several
hundred meters to small fractures and micro fractures with only a few meters of displacement (Ofoegbu, 1984;
Nwachukwu, 1972).

3.1.2. Geological Settings
The Lower Benue Trough is underlain by a thick sedimentary sequence deposited in the Cretaceous period. The

geologic formations are: Asu River Group (Albian), Eze - Aku Formation (Turonian), Agwu Shale (Campanian), Nkporo
Shale (Santonian), Mamu Formation, Ajali Sandstone and Nsukka Formation (Maastichtian). The Asu River Group is the
oldest deposit and comprises of bluish black shales with minor sandstones units. The shales are weathered at the surface.
The shales also include limestone intercalations. The sandstone unit of the Eze-Aku Formation is exposed on the northern
and southern parts of the Ishiagu area and is generally grayish white (turned brown by weathering), fine grained and
poorly sorted. Its strike is ENE-NE with dips of 27°-38° NW and SE, and rest unconformably on the Albian Asu River Shale.
The unit is carbonaceous, bedded, slaggy and fissile on weathering. Both the Albian and Turonian successions in the study
areas are folded/refolded into an open symmetrical anticline with the fold axis trending north-east. Each of these
lithostratigraphic units is known to surround the igneous rocks (Okeke et al, 1988; Hoque, 1984). The Eze- Aku Shale, the
Agwu Shale and the Nkporo Shale overlie the Asu River Group, respectively.

The Eze-Aku Formation has the Amaseri, Makurdi and Itobi Sandstone facies. The Agwu Shale contains Agbani
Sandstone facies. The Nkporo Shale includes Afikpo sandstone. The Mamu Formation overlies the Nkporo Shale. The Ajali
Sandstone succeeds the Mamu Formation. The Nsukka Formation overlies the Ajali Sandstone. The sedimentary materials
were affected by large scale tectonic activities which occurred as a two-phase folding/faulting episode in the pre and post
-Turonian times (Nwachukwu, 1972). The tectonism was accompanied by magmatism which resulted in the injection of
numerous intrusive bodies into the Eze - Aku and Asu River Group.
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3.2. Design of the Study

The work is designed to be conducted through experimental study around two identified lead/zinc mining sites
owned by Green field Metal Limited and Coalesce Global Limited respectively, and their waste discharge points at Ishiagu,
Ivo Local government area of Ebonyi state.

3.3. Mapping and Sample Collection Field Techniques

A compass survey of the area was run. This was to define the limit of investigation and to produce a working base
map. The elevations and coordinates of the study area and offset distances of 500 m were measured using the E-trex GPS
and recorded in a ruled sheet. Area of the mining activities investigated was determined through compass survey, and
calculations accomplished by triangulation technique.

3.3.1. Soil Samples

Field samples of soil and cassava of the study area were undertaken according to standard procedures as well as
their controls which were collected 1 km outside the mining site and against the direction of mine drainage. Top soils
(10cm-20cm depth) were collected using auger in labeled polyethene bags and transported to Projects Development
Institute (PRODA) Enugu where the soil samples were subsequently dried in an electric oven at 110_C for 12 h. Soil
samples collected were carefully kept in a black polythene bag, labeled appropriately and sealed to prevent loss of
moisture.

3.3.2. Cassava Samples
Cassava samples were also collected from the mining sites and away from the site as control. The cassava samples
were subjected to laboratory washing to remove surface dirt, dust and other deposits which may cause contamination.

3.3.3. Water Samples

The surface water samples were collected as follows, One sample was collected from the Lead-Zinc mining site
and another was obtained 1km away from the mining site, labeled and transported to PRODA Enugu for analyses.
All samples were collected according to the standard procedure.

3.4. Analytical Instrumentation

All chemicals of high purity analytical grade reagents were employed; HNOz (69% LR, Breckland Scientific
Supplies, U.K) and HCl (35-38%, Blulux, Laboratory reagent, U.K) were used for both extraction and acid digestion
procedures. Titrisol standard 1000 mg of Pb(NO3)2, and KMnOs, (Merck, Germany) dissolved in 1000 mL distilled water
used for preparation of stock standards of 1000 mgL?! and intermediate standard solutions of 100 mg L of Lead,
Chromium, Cadmium, Zinc, Copper, Iron and Manganese metals. Distilled water was used throughout the experiment to
prepare all the solutions. Digital analytical balance used for all measurements of samples and chemicals. Atomic
Absorption Spectrophometer was used to determine the concentrations of Lead, Chromium, Cadmium, Zinc, Iron, Copper
and Manganese. A potentiometric digital pH meter was used to determine the pH of water samples. Conductivity meter
was used to measure the conductivity of water sample solutions.

3.5. Sample Analysis

Dried soil samples were ground in a mortar and sieved to below 2.0 mm mesh sieve size to achieve uniformity of
soil particles. About 0.5 g of the sieved soil were weighed in a crucible and transferred into a muffle furnace and ashed at
550_C for 3 h. The samples were then leached with 65 ml of 1.0 M hydrochloric acid and the leachate analyzed with an
Atomic Absorption Spectrophotometer (AAS). Similarly, in pH determination 50 ml deionized water was added to 10 ml
dry soil sample, and stirred with a glass rod. Each sample preparation was left to stand overnight and measurement was
made with an Orion 920A pH meter with deionized water as the solvent. Cassava (tuber)samples were peeled, ground, and
the liquid content extracted and similarly treated like the soil samples.

3.6. Geophysical Field Techniques

VES application was necessary for determination of subsurface characteristics including lithologic variation, and
depth and thickness of the various layers. The Schlumberger field technique which is known as the vertical electrical
sounding was applied. It is also known to be superior over other techniques in distinguishing vertical variation in
resistivity, and field operations are faster. The professional assistance of the staff of GEOPROBE International Consultant
Limited was employed for the use of their VES equipment (Allied Associate Geophysical Limited, manufacturers Allied
Ohmega instrument). AGI 1D automatic analysis inversion software was used for data processing. Inversion resistivity
model obtained was constrained to the model curves. VES traverses were run east to west, in the direction of regional
strike. Apparent resistivity
pa=K xR (m) (1)
Where K = geometric factor; R = field resistance. Equation (1) can be expressed as follows:

1T( 2 ) ( 2 ) X R (2)
MN

where pa=Apparent resistivity (Ohm-m)

AB= Current electrode spread (m)

po=
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MN= Potential electrode spread (m)
R=Field resistance (ohm) and
T is constant

3.7. Statistical Analysis

Statistical analysis is based on the following mathematically relations: equation (1) is pollution index (Pi), Feng et
al. (2004).
Pi= CL.(MS)

Ci(B)
Where, Ci(Ms) is concentration of the pollutant in mg/l obtained in the mine site and Ci(B) = Relative background
concentration of the pollutant (mg/1),
Pollution index (Pi) of metal with significant pollution is considered from Pi > 1.
Using the formula of the Dutch system (Chee Poh, 2006), the distinction between soil contamination range and soil
pollution range as established by contamination/pollution index (Ci/Pi), values higher than 1 defines the pollution range
and those lower than 1 define the contamination range (equation 2). Pollution range was divided into intervals that define:
a slight (1.1- 2.0), moderate (2.1- 4.0), severe (4.1- 8.0), very severe (8.1- 16.0) and excessive pollution (>16.0),
respectively.

The level of acidity (pH) of the Ivo River upstream or the background (1 km off mining site) and downstream from
mining site was measured to assess possible impacts of the mining activity using enrichment factor (pHf) equation 3,
Nwachukwu et al. (2017). This is obvious due to reaction of lead-zinc sulphide with mine water to produce acid mine
drainage. The acidity released from the sulfide oxidation reactions is of concern because the low-pH solutions increase the
solubility of potentially toxic trace metals and semimetals such as Pb, Zn, Cu, Cd, etc., making them more mobile (EMCBC,
2000).

per metal -- (1)

_ PH(B) e
pHf = pH(Ms) (2)

Where pH (B) is pH of the background and pH(Ms) is pH of the polluted sample.
4. Results

4.1. Field Mapping

Figure 3 is the project field map combing topography, drainage analysis sample collection points, and the mine
drainage impacted areas at the south-west corner of the map. The impacted area also includes the downstream segment of
the Ivo River

4.2. Direct Measurements and Visual Assessments

The current state of the sample site is indicated by the significant effects of the mine waste on the surface water,
farm land and vegetation of the area. The result was taken and recorded as follow
From Plates 4.1 and 4.2 respectively indicated that the surface water was stagnant. Activities of aquatic animals were
expected but there was none. The water contained lot of debris. It was observed that both rice and cassava farm lands
were vulnerable to the mine drainage. Ivo River is the lead/zinc mine water drainage collection point at Ishiagu. The
drainage hose showing in the Figure 6 is a clear evidence of the hazardous act, indicative of unsustainable mining practice.
Figure 5 show clearly the destruction of vegetation along the area where the mine waste is emptied. Terrain in this figure
indicates dying vegetation as the impact of the mine waste water discharge. Figure 5 also showed cleared portion of land
along the drain expected to be cultivated on.

Figure 4: Section of the Ivo River Receiving
Mine Drainage
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Figure 5: Degraded Farm Land in the Drainage
Area of the Discharged Mine Water

Figure 6: Rice Farm Exposed to the Mine
Water Drainage

"-s-'»'»f..,. ‘: | .. i § ':.?;\r‘!‘

Figure 7: Mine Pit to Depth of 5 M, Against
Water Table Depth of 6 M

4.3. Result of Electrical Resistivity Measurement (VES)

Figure 4. shows the VES curves as constrained to the specified number of geo-electric layers. The various layers
are differentiated by color code, with lithology, resistivity values, and thickness properly described. The VES curves are
produced using Advanced Geophysics Inc. (AGI) 1D Software. Result show 12 geo-electric layers constrained to 8 layers,
indicating shallow water table at depth of 6.2 m, followed by a shallow but economic aquifer to depth of 10 m (Table 1).
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Figure 8: Vertical Electric Sounding Curve

Layer# Ohm-m Thickness (m) Bottom Depth (m)
1 37.26 0.365 0.705

2 1781.09 1.429 2.733

3 341.02 0.659 3.393

4 149.53 2.797 6.189*

5 253.36 3.871 10.061**

6 7117.07 2.855 14.989

7 45820.15 6.958 21.947

8 3058125.33

Table 1: Analysis of VES Result
*Sandy-Clay on Top of Water Table
**Saturated Shallow Aquifer Unit approximately 4 m thick

4.4. Result of Soil, Cassava and Surface Water Analyses

Analytical results presented as Figures (4.2-4.5) of mine site samples indicated clear positive geochemical
anomaly compared with the control samples in the following order: Lead; soil (0.90ppm), cassava (0.08ppm) and surface
water (0.40ppm) while lead in the control sample soil (0.35 ppm), Cassava (0.0 ppm) and surface water (0.10 ppm). Zn:
Mine site soil (0.4 mg/1), Control soil (0.2 mg/1). K: Mine site soil (0.3 mg/1), Control soil (0.0 mg/1). Pb, Cd, Mn, Zn, Cr, Ca,
K, Na, Mg, NO3, PO3, SOz virtually all parameters measured registered high concentration with the mine site samples,
anomalous with the control or the natural background values. This is attributed to the daily discharge of mine water into
the adjoining farm lands and consequent drainage into nearby water ways.

Soil Analysis

nSagple  mContral

Concentrason (mg/)

! I‘ i

Measured parameter

Figure 9: Chart of Soil Analysis
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Figure 12: Chart of Water Analysis
(Heavy Metals, Ph, K and Nitrate)
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Further analysis of the laboratory result showed that soil or the farm land area within the mine site is highly
polluted with lead, giving a pollution index of 2.5. The Ivo River traversing the mine sites is also highly polluted with lead,
giving a pollution index of 4.0. The cassava registered a lead pollution index of 0.08 which indicates contamination. A pH
enrichment factor of 1.25 was measured of the Ivo River, indicating a significant level of acidity.

4.2. Discussion

Soil as medium for plant growth can serve as a channel for introduction of pollutants such as Lead to the food
chain through environmental pollution. Safety of soil from pollution can result to the safety of the food chain and human
health. The soil sample showed pollution index of 2.57 and such level of pollution is severe (Chee Poh, 2006). Among other
factors, low pH increases the bioavailability of Lead for plant uptake.

The high presence of lead concentration in soil and cassava samples compared to their control samples is an
indication of heavy contamination by lead/zinc mining activities. The presence of 0.08 Mg/L concentration in the cassava
tuber sample, 0.0Mg/L in the control and WHO permissible limit of 0.001-0.3Mg/L in food crops indicates very severe
pollution of food crops with Lead in Ishiagu. Plants readily bioaccumulate large quantity of Lead through their roots
without many changes in their total yield and appearance (Musahet et al., 2008; Panket et al., 2011; Otiet et al,, 2013).
Therefore, the Lead content in the cassava sample is above the WHO permissible limit for food crops. Among heavy metals,
lead is a potential pollutant that readily accumulates in soil and sediments. The significant presence of lead in the soil
could be caused by the direct discharge of the mine waste water into the open field untreated. From this it is possible for
surface water in the area to accumulate relatively high concentration of lead. Lead is very toxic heavy metal even at low
concentration which implies that no level of concentration of lead in food or domestic water is acceptable (Tsade, 2016).
The pollution index of 2.57 on soil and 0.08 on cassava suggests environmental hazards with obvious health implications.
Toxicity of food products now and in future is inevitable except intensive remediation of the soil is commissioned. The
presence of 0.08 mg/1 of lead in the cassava sample against 0.0 mg/l in control cassava sample is another indication that
the lead exposure has impacted human objects through the food chain. According to Sharma and Dubey (2005), lead
inhibits photosynthesis, upsets mineral nutrition and water balance, changes hormonal status and affects membrane
structure and permeability.

Heavy metals are of considerable environmental concern due to their toxicity, non-degradable and cumulative
behavior in human tissues (Tong et al., 2010).

Cadmium recorded 0.03Mg/L and 0.03Mg/L respectively in both soil and cassava samples. Their controls
recorded 0.02Mg/L and 0.02Mg/L respectively while WHO permissible limit is0.003Mg/L- 0.05Mg/L. Both the soil and
cassava samples are polluted with cadmium.

Cadmium is a highly mobile element that can easily be transported through the shoots of plants and uniformly
distributed throughout the affected plant (Baker et al., 2000; Sekaraet et al., 2005). When it is exposed to human, it causes
diarrhea, severe vomiting, bone fracture, reproductive failure, damage of central nervous system, stomach pains and
damage of DNA in addition to cancer development (Otiet et al., 2013 and Ogbonna et al,, 2015).

Zinc is an essential element in diet which enhances the essential functioning of the immune system, important for
the growth and development of fetus and normal functioning of the brain cells (Otiet et al., 2013). The acceptable limit for
human consumption of Zinc is150Mg/kg and the concentration/consumable limit of Zinc on food sample is 5-15Mg/kg.
High concentration of Zinc in human diets is more beneficial than its deficiency as it is detrimental to human health
causing stomach cramp, anemia, birth defect, skin irritation and vomiting (Otiet et al., 2013).

Copper, Manganese and Iron occur in association with others and tend to be distributed with Lead and Zinc. Therefore,
their association and occurrences enhance bioavailability of Lead for plant uptake.

The Ivo River traversing the mine sites is also highly polluted with lead, giving a pollution index of 4.0. A pH
enrichment factor of 1.25 was measured of the Ivo River, indicating a significant level of acidity. Also, the concentration of
Lead in the study area is 0.40ppm whereas WHO standard for drinking water and domestic use is 0.01ppm. The
aggravated concentration of Lead in surface water of the study area is as a result of channeling the mine tailing into the
surface water untreated. However, excessive concentration of Lead in aquatic body tends to bioaccumulate in fish and
other aquatic organisms. These aquatic foods can be toxic when consumed by human. Lead is not essential element and
does not benefit plant and animal in any way rather, it causes distress to them and diseases burden to humans

Cadmium has the concentration of 0.02ppm in surface water whereas the WHO standard is 0.003ppm. Several
compounds of Cadmium are used in chemical industries and in the manufacture of pesticides, herbicides used in
agriculture. Cadmium is extremely toxic to human, and in particular adversely affecting kidneys, and bones. Manganese
recorded the concentration of 8.30ppm in the study area whereas WHO standard is 0.10ppm, Zinc recorded the
concentration of 0.98ppm in the study area whereas WHO standard is 0.30ppm and Chromium recorded the concentration
of 0.16ppm in the study area whereas the WHO standard is 0.05ppm. Therefore, the concentration of Chromium exceeded
the WHO permissible limit. Meanwhile, excessive concentration of Chromium in aquatic body tends to bioaccumulate in
fish. The fish can be poisonous to the consumers and can aggravate complications in the human system. The high
concentration of lead and presence of zinc, manganese, sulphate, high conductivity and other physicochemical parameters
in the surface water sample of the mining site is an indication of surface water pollution and that the surface water of the
study area is not safe for use either to feed animals, or for domestic use like fermentation of cassava and drinking. The pH
enrichment factor of 1.25 confirms that the surface water is acidic, resulting to the absence of aquatic life in the immediate
downstream segment of the Ivo River. Heavy metals are of considerable environmental concern due to their toxicity, non-
degradable and cumulative behaviour in human tissues (Tong et al., 2010). The high conductivity of 1172uScm in the
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sampled surface water of the mine area indicates high turbidity due to suspended colloidal. Turbidity blocks penetration
of sunlight and thereby retardation of photosynthesis in aquatic system. The acidic water is also hazardous to aquatic life.
VES result show water table at shallow depth of 10m, indicating easy reach of contaminants by infiltration, making
groundwater in the area vulnerable. Lead is not essential element and does not benefit plant and animal in any way rather,
it causes distress to them and diseases burden to humans.

200 x 200 x7.5 x 000024711

= 74 Acres

Figure 13: Estimation of Impacted Area

Estimation of the mine drainage impacted areas. The 74 acres of impacted land has been declared “No Farm Area”
for 2-3 years of intensive phytoremediation
e The county authority, Ishiagu youths, and the farmers should support and embark on phytoremediation of the “No
farm area” using local plants.

5. Conclusion and Recommendation

5.1. Conclusion

The ecological indicators- cassava root, water, and soil have shown significant impact of lead/zinc mining through
both reconnaissance survey and laboratory analysis. The results of the soil, water and cassava samples analyses compare
to their control samples showed: presence of lead and other heavy metals in soil, cassava and surface water samples. And
presence of lead in plants has shown to inhibit photosynthesis, upsets mineral nutrition and water balance, changes
hormonal status and affects membrane structure and permeability. Water sample showed the conductivity of 1172uScm-!
which indicates high turbidity due to suspended colloidal mater in water. Turbidity blocks penetration of sunlight and
thereby retardation of photosynthesis in aquatic system. The water is acidic which hider proliferation of aquatic
organisms. The water showed 114.60 ppm of sulphate and yet indicated the presence of lead, zinc and other heavy metal
like manganese, chromium and so on. Lead is not essential element and does not benefit plant and animal in any way
rather, it causes distress to them.

Hence, a plan with the Ivo County authority for environmental awareness seminar in Ishiagu is in the making. The
goal of this public seminar is to educate the Ishiagu people particularly the farmers on the hazards of lead exposure, or the
dangers of lead contamination of soil and food crops. Possibility of avoiding farming in the lead-zinc impacted areas of
Ishiagu, and avoiding the use of the impacted downstream segment of the Ivo River such as fermenting cassava by the
river will be explored. How the issue of mine water discharge on arable land could be addressed with the mine operators
will be explored. Here is a serious case of food insecurity, as lead enriched farm products cultivated in Ishiagu could reach
anywhere in the world through available trade routes.

5.2. Recommendation

e Environmental awareness seminar is recommended to Ishiagu community addressing health implications of lead
exposure.

o The 74 acres of impacted land should be declared “No Farm Area” for 2-3 years of intensive phytoremediation

e The county authority, Ishiagu youths, and the farmers should support and embark on phytoremediation of the “No
farm area” using local plants.

e Mining companies must agree and sign an undertaking to post mining site reclamation, while the host
communities ensure compliance to this agreement.

e The mine operators should adhere to acceptable regulatory standard of mining and best waste management
practice in disposing their waste, including waste water.
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Future study should investigate groundwater quality of shallow domestic tube wells used in various homes, and
the level of human exposure to lead in Ishiagu.

5.3. Suggestions for Further Studies

[ suggest that further studies should focus on the following

The effects of Lead-Zinc mining (mine tailing) on ground water both deep wells and shallow tube wells.

The environmental impact of Lead-Zinc mining on air quality

The effects of Lead-Zinc mining on human health and the effectiveness of phytoremediation on Lead-Zinc polluted
soil.
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