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Abstract

The assessment of groundwater geochemistry and characterization is an important aspect of groundwater studies. For this
study, a total of 20 groundwater samples were collected from hand-dug well and analyzed using the America Public Health
Association standard (APHA) method. Result obtained from the study revealed that Ec, pH, and TDS range from 78.2 to
850 uS/cm, 3.34 to 7.09 and 0.8 to 71.58 mg/L, respectively. From geochemical model, it was observed that findings from
End-member plots showed that silicate and carbonate weathering is the major process that influences groundwater. While
plot of Ca**/(HCO;™ +S0,?") versus Na*/CI~ revealed that 92% of groundwater within the area falls within the natural state.
The plot of Mg/ca against Mg/Na and Parson plot revealed that 73% of groundwater is influenced by rock—water interac-
tion. Further findings from Diamond field plots showed that groundwater fell within High Ca+ Mg and SO, +Cl, 98% of
groundwater fell within Ca—Mg—Cl water type, respectively. The plot of TDS against TH revealed that groundwater fell within
soft-fresh and moderate-hard category, Chadba’s plot revealed that groundwater was classified to be of Na™ + HCO;~ water
type. Gibbs plot and Soltan classification revealed that larger percentage of groundwater is not influenced by the three major
factors in Gibbs plots, groundwater within the study area is of deep meteoric type respectively. Findings obtained from ion
exchange revealed that groundwater is influenced by mostly silicate weathering. The evaluation of groundwater seepage in
heavy metals loads against pH revealed that heavy metals were classified under acid, high-metal, near-neutral high-metal,
acid low metal, and near-neutral low metal. Results obtained from the study revealed that groundwater within the study area
is influenced by geogenic and anthropogenic activities.
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Introduction

The Enyigba area is known to host large deposit of
Lead—Zinc (Pb-Zn) minerals (Nnabo 2011, 2015; Ezeh
et al. 2007; Eyankware et al. 2020a). It is also one of the
D4 Moses Oghenenyoreme Eyankware major mining hubs in southeastern Nigeria, where mining
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large scale. The occurrence of these minerals has made the
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to harbor mine water, all year round, but it is mostly pro-
nounced during the rainy season.

Mine waters from these open pits are directly discharged
into nearby streams or infiltrate into groundwater. In most
cases, strict laws that tend to avert this process have not
been enforced, thereby making the miner dig mining pits
indiscriminately. This mining process in most cases tends to
lead to the release of heavy metals into water and soil in and
around the mines (Igwe et al. 2020, 2021). Several authors
believed that if these heavy metals occur in large quanti-
ties above the specific standard, it is considered harmful to
humans, plants, and aquatic organisms (Obasi and Akudin-
obi 2020; Eyankware et al. 2020a; Igwe et al. 2020). Regret-
tably, hydro-chemical parameters, such as major ionic spe-
cies and heavy elements, strongly influence the management
of water resources, as well as their potability for various use.
Additionally, over the last past 20 years, there has been a
series of reports by various scholars that groundwater qual-
ity is on the decline due to illegal mining activities around
active and abandoned mining sites across Ebonyi State,
Nigeria (Eyankware et al. 2018a, 2020a; Obasi et al. 2021).
According to Eyankware et al. (2018a, b) one the major
geogenic factor that influences groundwater geochemistry
is rock—water interaction, especially within the Asu River
Group of the Southern Benue Trough. Similar study con-
ducted by Ighalo et al. (2020) reported that in Nigeria, 25%
of groundwater pollution can be linked to hydrogeology, the
hydrogeology process is known as rock—water interaction.
Rock—weathering interaction often mobilizes elements into
the water surface, while the other infiltrates into groundwater
leading to distribution and dispersion along the geochemical
cycle in these aquifers (Eyankware et al. 2018a; Akakuru
et al. 2021b; Ighalo and Adeniyi 2020).

Interactions among water—-rock—sediment—soil and the
mineral composition of the aquifer materials through which
water moves play an important role in groundwater chem-
istry variation and groundwater quality variation. In most
cases, groundwater quality is often degraded by anthropo-
genic activities (Arumugam and Elangovan 2009; Eyank-
ware et al. 2020b; Kelepertsis et al. 2006; Akakuru et al.
2017; Skeppstrom and Olofsson 2007; Simsek 2008; Omo-
Irabor et al. 2018). Although several studies have been car-
ried out around various mining sites within Ebonyi State,
Nigeria. But detailed study has not been varied to thoroughly
characterize major factors that influence groundwater geo-
chemistry and how heavy metals seep into groundwater
within the study area. Previous studies in the area include
notable works done by Okogbue and Ukpai (2013a, b), Obi-
ora et al. (2016) and Obasi (2020) and these studies done
were to evaluate groundwater for drinking, irrigation and
study occurrence of heavy metals in soil and water within
various mining and other area of Ebonyi state (Okolo et al.
2018; Eyankware et al. 2020a, b; Nnabo 2015, 2016; Igwe
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et al. 2020, 2021). For example, Eyankware et al. (2020a)
conducted a holistic study on the effect of mining activities
across Ebonyi State on groundwater resources around the
mining hub of the state.

They concluded that certain physicochemical param-
eters, such as Na*, K¥, SO,>~, NO;~ and Ca**, were within
WHO permissible limit at various sampling points, while
Mg** and CI~ concentrations were above WHO drinking
water quality standard at various mine and quarry sites.
Nnabo (2015) studied the occurrence of heavy metals in
water resources (mine water, surface water, and borehole
water) around the mining areas of Enyigba, Ebonyi State,
Nigeria; physicochemical results obtained from his study
were compared to (WHO 2011) permissible limit and
contamination factor was also used to evaluate the occur-
rence of heavy metals in water resources. Findings on this
study using contamination factor suggested that cadmium
was found to have the highest concentration in analyzed
heavy metals found in surface water and borehole water
and when compared to WHO, permissible limit. The con-
tamination of heavy metals in water resources is in order
Cd>>> As>>Pb>Ni>Zn>Cu. In surface water, the
order is Cd >>> As>>Pb> Ni>Zn > Cu; in mine ponds,
it is Cd>>>Pb>> As > Ni>Zn > Cu, and in borehole
water, the order is Cd >>> As>>Pb>Zn> Ni> Cu. And
that contamination factor showed contamination status of
Cd, Pb, and As in sampled water resources. In the same
vein, Nnabo (2016) studied the occurrence of heavy metals
in surface water resources around Enyigba mining district,
using metal enrichment and pollution indices.

Reports from his findings revealed that heavy metals,
such as arsenic, cadmium, lead, and nickel, were found to
be high in surface water around the mine areas. A similar
study conducted by Opoke and Osayande (2018) assessed
the presence of heavy metals in surface and groundwater
in the vicinity of the Pb—Zn mining area at Ameri, Ameka,
Enyigba Ebonyi States, SE Nigeria. Findings from their
study revealed that surface water showed a higher concentra-
tion of HMs when compared to groundwater. They reported
that the risk of HMs leaching and groundwater contamina-
tion from the mine wastes is very high with considerable
likelihood of HM transport by water percolating through
the wastes/soils. On the other hand, Obasi and Akudinobi
(2020) studied potential health risk and levels of heavy metal
in water resources of the Pb—Zn mining area of Enyigba and
its environs during the dry and season, report from their
study revealed that the concentration of heavy metals in
water resources tends to be high in the dry season than in
the rainy season. They recommended constant monitoring of
water resources around mine locations within Ebonyi State
to avert health-related diseases associated with drinking
contaminated water. Currently, no research has been carried
out within the study area to characterize and also determine
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heavy metal seepage into groundwater resources within the
study area. The objectives of this study are to assess the dif-
ferent mechanisms controlling groundwater chemistry and
to identify the potential sources for the presence of heavy
metals at Enyigba mining district of Ebonyi State Nigeria.

Location, climate, vegetation, and physiography

The study area is located in the southern part of Abakaliki,
Ebonyi State, southeastern Nigeria. It lies between longi-
tudes 6° 03" E to 6° 21’ E and latitudes 8° 03’ N to 8° 21’
N. The major river that drained the study area is the Ebonyi
River. The most ephemeral tributaries of this river generally
flow in the N-S direction into the Ebonyi River and exhibit
dendritic drainage patterns. The area falls completely within
the Guinea Savannah vegetation belt, characterized by scat-
tered trees, shrubs, and bushes. It experiences two distinct
seasons: the wet season which spans from May to October
and the dry season that spans from November to April in
each climatic cycle. During the wet and dry seasons, the
study area experiences mean precipitation of 2125 mm and
250 mm, respectively. The average temperature ranges from
27 to 28 °C and the atmospheric pressure varies between
1010 and 1016 millibars.

Geology and hydrogeological settings

The study area lies within the Abakaliki anticlinorium of
the southern Benue Trough and is marked by the undu-
lating range of shale outcrops of the Abakaliki shales of
the Asu River Group (Albian age) which serve as the host
rock for Pb—Zn mineral deposits. The shale underlying the
area is predominantly dark gray to black, calcareous, hard,
indurated and fractured, fissile, laminated, and interbedded
with siltstone and mudstones. The shale outcrops which are
highly indurated trend mostly NE-SW with dip direction in
NW-SE and dip amounts ranging from 5° to 42°. In addition
to the shale rock underlying the area is the alluvium sand
exposed mainly along the river and stream channels. The
study area is underlain by fractured shales of the Asu River
Group which constitutes the only known aquifer in the area.
The quality of water determines its potability and usefulness
for other purposes. Environmental factors that determine
the quality of a water supply source are related either to
anthropogenic activities or geogenic processes (Eyankware
et al. 2018a). Groundwater constitutes the main source of
water supply for drinking and domestic purposes, while sur-
face water supply is mainly for mining purposes in the area
(Eyankware et al. 2020a).

Methods and materials

Twenty (20) water samples were randomly collected from
hand-dug wells as shown in Fig. 1. Sampling was carried out
during the dry season when there was a decrease in the water
level and the concentration of cations, anions, and trace
elements were more stable. Precautionary measures were
taken by washing the bottles with clean water, and cleaning
reagents and thoroughly rinsing with distilled, de-ionized
water before collection of water samples from the site. The
samples were analyzed for the following parameters; pH,
electrical conductivity, total dissolved solids, total hardness,
magnesium, calcium, chloride, nitrate, sulfate, potassium,
sodium, bicarbonate, iron, cobalt, lead, zinc, manganese,
mercury, cadmium, and silver following (APHA 2012)
standard (Table 1).

Soltan classification
The sources of groundwater have been classified into two
types by Soltan (1999). The classifications are based on

base-exchange indices (r1) and meteoric genesis indices (72)
as presented in Egs. (1a) and (1b).

rl = (Na* —CI7) /S0~ (1a)

r2 = [(Na* +K*) — CI7 /SO (1b)

Chadha classification

HCO; — (CI” + SO;* + NO3 ) meq/L (2a)
Ca™* + Mg**/(Na* + K*) meq/L (2b)
Gibbs plots

Gibbs (1970) proposed a diagram that shows the relation-

ship between the chemical components of water from their

respective aquifer lithologies using Egs. (3a) and (3b) below.
For cations:

Na*/(Na* + Ca’*) meq/L  Gibbs (1970) (3a)
For anions:
Cl7/(CI~ + HCO; ) meq/L  Gibbs (1970) (3b)

Total Hardness (TH)

TH = (Ca** + Mg**) x 100 )
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Fig. 1 Geology map of the study area
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Potential geochemical factors influencing groundwater
Table 1 Metl}ods usefl to S/no. Parameters Analytical method
analyze physicochemical
parameters 1 pH pH meter Hach sensION +PH1 portable pH meter and
Hach sensION + 5050 T Portable Combination pH
Electrode
2 Electrical Conductivity (EC) HACH Conductivity
3 Total dissolved solids (TDS) TDS meters (model HQ14D53000000, USA)
4 Magnesium (Mg>") EDTA titrimetric method
5 Calcium (Ca”™) Titrimetric method
6 Chloride (CI7) Titrimetric method
7 Nitrate (NO3") Ton-selective electrode (Orion 4 star)
8 Sulfate (S0,27) Turbidimetric method using a UV—-Vis spectrometer
9 Potassium (K*) Jenway clinical flame photometer (PFP7 model)
10 Sodium (Na*) Jenway clinical flame photometer (PFP7 model)
11 Bicarbonate (HCO;™) Titrimetric method
12 Cobalt (Co) (Flame Atomic Absorption Spectrophotometer) FAAS
13 Iron (Fe) FAAS
14 Manganese (Mn) FAAS
15 Lead (Pb) FAAS
16 Zinc (Zn) FAAS
17 Mercury (Hg) FAAS
18 Silver (Ag) FAAS
19 Cadmium (Cd) FAAS
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There are lots of natural processes that influence the geo-

chemistry of groundwater.

These include evaporation, pre-

cipitation, ion exchange, oxidation-reduction, weathering,
and dissolution of minerals among others. A broad clas-
sification of the mechanisms controlling the groundwater

chemistry is shown in Figs.

2,3,4,5,6,7, 8 and 9. Figure 4

shows the relationship between Ca**/(HCO;™ +S0,*") ver-
sus Na*/CI™.

A plot of Ca?*/(HCO;™ + 50,2 )meg/L

From Fig. 4, it was observed that the spatial distribution
of samples indicates samples ENY/01, 02, 03, 05, 06, 08,

Fig.2 Showing the effect of
cation exchange, reverse cation
exchange, natural state, carbon-
ate rock dissolution and silicate
hydrolysis on groundwater
composition
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Fig. 6 Parson’s plot modified of the study area showing groundwater origin

09, 11, 12, 13, 15 and 20 were categorized within natural
state. This implies that natural salt dissolutions, such as
carbonates rock and silicate, are the main processes influ-
encing geochemical constituent of within the study area.
This is in line with findings carried out by Akakuru et al.
(2017), and Eyankware et al. (2018b) which stated that it
is influenced by the water—rock deduction, such as follows:
dolomite-type weathering, gypsum-type weathering, alka-
line and alkaline-type weathering. Further findings from
Fig. 2 revealed that samples ENY/04, 10 and 19 fell within
reverse cation exchange, and lastly ENY/07, 14, 16, 17, and
18 are considered to not be influenced by any process.

End-member diagram

The End-member diagram is used to analyze and determine
the types of rock-weathering sources related to the hydro-
chemical characteristics of groundwater (Gaillardet et al.
1999). Gaillardet et al. (1999) stated that the chemical com-
position of Ca?*/Na®™ =0.35+0.15, Mg>*/Na* =0.24+0.12
and HCO;7/Na* =2+ 1 is for the silicate end member, and
Ca**/Na* =50, Mg?*/Na* =10 and HCO;/Na* =120 is
for the carbonate end member. Findings from Fig. 3 revealed

that the 99.9% geochemistry of groundwater composition
originates from the weathering of carbonate and silicate.
That implies that silicate and carbonate weathering influ-
ences groundwater geochemistry as shown in Fig. 3.

A plot of Mg?*/Na* versus Mg?*/Ca®*

The plot Mg?*/Na*t versus Mg?*/Ca’* was used to deter-
mine the major factor that influences the geochemistry of
groundwater within the study area. From Fig. 4 below, it
was observed that rock weathering, Ca-salt leaching, and
evaporation were the main mechanisms controlling the
chemical constituents of groundwater within the study area.
An important process of water—rock interaction is mineral
dissolution (Li 2018; Akakuru and Akudinobi 2018) and the
assessment of ionic meq/L ratios can indicate which miner-
als are likely to have the largest influence on groundwater
quality.

A plot of HCO; + CO; versus Na + K

The water classification of hydro-geochemical facies of
Piper diagram was reconstructed by a group of researchers

@ Springer
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Fig.9 Gibb’s plot of water sampled location of the study area

in the new reconstructed diamond field (Fig. 5). It classified
water into various zones based on various reactions occur-
ring in the groundwater aquifer system. The reconstructed
diamond field revealed that groundwater fell within High
Ca+Mg+ SO, + Cl hydro-geochemical facies as shown in
Fig. 5. This implies that, Ca and Mg, are the primary causes
of hardness in water. Any water with high Ca+ Mg is said to
be hard. This is in line with a previous study conducted by
Eyankware (2019) which stated that groundwater within the
Asu River Group of the southern Benue Trough is generally
hard. Alsuhaimi et al. (2019) reported that host rock in most
terrain tends to weather, and even the residence overtime of
groundwater in a certain aquifer giving rise to groundwater
hardness respectively.

Parson plot

From Fig. 6, it was observed that groundwater within study
area fell within three categories of water type Ca—Mg—Cl,
Na—Cl and Ca-Mg-SO, water type. It was observed that
98% of sampled groundwater within the study area fell
within Ca—Mg-Cl, water type, thus is classified to be per-
manently hard water. Such water contains high amount of
calcium, magnesium and some other cations. This kind of
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hardness can only be reduced with the aid of hard water
softener. One of the major disadvantages of permanently
hard water is that it can leave one skin dry to deposition of
scale on appliances, which can later cause serious damage
(Ravikumar and Somashekar 2015). This can be attributed
to the evolutionary dissolution of calcium and magnesium
from the calcic-rich rocks shales, limestone and calcareous
sandstones in the area (Eyankware 2019).

Plot of Total Dissolved Solid (TDS) versus Total
Hardness (TH)

The value of TH was estimated using Eq. (4). From Fig. 7,
it was observed that sampled groundwater fell within soft,
fresh, and moderately hard freshwater types. Generally, an
increase in TDS in groundwater may be connected to an
increase in pumping of water directly increases the con-
centration of TDS in groundwater. Figure 7 revealed that
groundwater at sample locations ENY/01, 05, 06, 07, 08, 12,
and 17; ENY/03, 04, 09, 10, 11, 12, 13, 19 and 20; ENY/02,
14, 15, and 18 fell within moderately hard fresh water, hard
fresh, and very hard fresh water categories, respectively.
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Chadha plot

Chadha plot was used to classify groundwater geochemis-
try of the study area as shown in Fig. 8. The rectangular
field of the plot describes the primary character of the water
including the permanent and temporary hardness domain
and was determine using Eqs. (2a) and (2b). The rectan-
gular field is divided into eight sub-fields, each of which
represents a water type and hardness domain (Fig. 8), which
are as follows: (1) alkaline earths exceed alkali metals. (2)
Alkali metals exceed alkaline earths. (3) Weak acidic ani-
ons exceed strong acidic anions. (4) Strong acidic anions
exceed weak acidic anions. (5) Alkaline earths and weak
acidic anions exceed both alkali metals and strong acidic
anions, respectively. The positions of data points in this
domain represent Ca**-Mg?*—HCO,~ water type. (6)
Alkaline earths exceed alkali metals and strong acidic ani-
ons exceed weak acidic anions. Such water has permanent
hardness and does not deposit residual sodium carbonate in
irrigation use. The positions of data points in this domain
represent Ca’*—Mg**—CI1™~ type of waters. (7) Alkali met-
als exceed alkaline earths and strong acidic anions exceed
weak acidic anions. Such water generally creates salinity
problems both in irrigation and drinking. The positions
of data points in this domain represent Na*—Cl~ type and
Na®™ +S0,2" type of waters. (8) Alkali metals exceed alka-
line earths and weak acidic anions exceed strong acidic ani-
ons. From Fig. 8, it was observed groundwater sample fell
within Na* +HCO,~ water type; such water type deposits
residual Na,CO; during irrigation and is considered saline.
Elsewhere in the Niger Delta Basin of Nigeria, Eyankware
et al. (2020b) noted that groundwater samples that fell within
Na* +HCO; such water type exhibit traces of acidic anions
and weak acidic anion.

Gibb’s plot

Characteristics of cations and anions in groundwater dis-
play certain physicochemical attributes caused by the
groundwater’s interaction with soil and rock, while flow-
ing through the aquifer (Obasi et al. 2021). Aquifer shows
attributes of water bodies with various chemical composi-
tions (Eyankware et al. 2018b). Such attributes can be linked
to the hydro-chemical facies of groundwater. The distribu-
tions of anions (C1~, HCO;") and cations (Na*, Ca’*) as
well as the TDS value as shown in (Eqs. 3a and 3b), were
used to plot the Gibbs diagram in other to show the major
process that has an influence on groundwater within the
study area, such as rock dominance, evaporation domi-
nance, precipitation dominance. Gibbs plot helps in inter-
preting the influence of hydro-geochemical processes, such
as precipitation, rock—water interaction mechanism, and
evaporation on groundwater geochemistry. The functional
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sources of dissolved ions can be broadly assessed by plot-
ting the samples, according to the variation in the ratio of
Na*/(Na* +Ca®") and CI7/(Cl1-+HCO;") as a function
of TDS (Gibb’s 1970) as shown in Fig. 9. From Fig. 9, it
was observed that groundwater is not influenced by factors,
such as rock, evaporation crystallization, and precipitation
dominance. 97% of groundwater is influenced other factors
aside the three aforementioned factors, while the remain-
ing 3% is influenced by rock and precipitation dominance,
see Fig. 9. Findings obtained from Fig. 9 contradict find-
ings obtained from Fig. 10a—e which showed groundwater
is largely influenced by weathering process and rock—water
interaction. This could attribute to several anthropogenic
activities, such as mining, seepage from mine water into
groundwater among others.

pH

Eyankware et al. (2020b) stated that pH is a term used uni-
versally to express the intensity of the acid or alkaline con-
dition of a solution. According to Rao and Rao (1991), pH
has no direct effect on human; all biochemical reactions are
influenced by variation of pH value. The pH value of the
study area ranges from 3.34 to 7.09, see Table 2. The vari-
ation of pH value in analyzed groundwater samples may be
due to te composition of aquifer, geological and seasonal
variation (Chanderaseker et al. 2013; Adeyeye et al. 2021)
From Table 2, 80% of groundwater samples fell within the
acidic category except for samples ENY/08, 12, 13, and 14.
From Table 2, it was obsrved that sample locations ENY/02
and 06 showed low pH values, low pH in groundwater can
lead to corrosion or dissolving of metals and other sub-
stances in groundwater, thereby making such water unsafe
for drinking and irrigation use (Akakuru et al. 2021). Low
pH can be attributed to rainwater that percolates through
the soil; it reacts with the carbon dioxide produced during
the microbial oxidation of organic matter in the unsaturated
zone and forms carbonic acid. Dissolution of carbon dioxide
increases the total inorganic carbon concentrations in the
aquifer and decreases pH through the dissociation of the
carbonic acid formed (Henderson 1985; Eyankware et al.
2021b). The pH of water is affected by several factors, such
as bedrock and soil composition, through the water moves,
both in its bed and groundwater, another factor that influ-
ences groundwater pH is the amount of plant growth and
inorganic materials in water bodies.

Soltan classification

Soltan (1999) classified groundwater into two types, which
are base-exchange indices (1) and meteoric genesis indi-
ces (r2) as shown in Egs. (1a) and (1b), where Na*, K,
Cl~, and SO,*~ concentrations are expressed in meq/L
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Fig. 10 a Plot Na/Cl ratio
versus Ec. b Plot of Mg versus R2=0.0114
Ca+Mg. ¢ Plot of Na versus 4 *

Ca (meq/L). d Plot of Cl versus
Na (meg/L). e Plot of Ca+Mg
versus HCO;+ SO, (meq/L)
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(Table. 1). If 1 <1 and 72 < 1, the groundwater sources are
of Na+—SO42_ and deep meteoric type, respectively, while
r1>1and r2> 1 indicate the sources are of Na*-HCO,~ and
shallow meteoric type. From Table 3, sampling points were
categorized under Nat-SO,*~ water type.

lon exchange
Factor controlling groundwater chemistry was also evaluated

using bivariate diagrams, such as Na/Cl ratio versus EC, Mg
versus Ca+ Mg, Na versus Ca, Cl versus Na, and Ca+ Mg

Table 3 Results of groundwater sampling points of the study area
modified after Soltan (1999)

Sample code rl Water type 2 Water type
ENY/01 -9.61 Na*-SO,* -964.3 Na™-S0,>"
(DM) (DM)
ENY/02 —0.04 Na*-SO,> —-0.03 Na*-S0,>~
(DM) (DM)
ENY/03 —0.01 Na*-SO,* —0.01 Na*-SO,*
(DM) (DM)
ENY/04 —-0.08 Na*-SO,* —-0.08 Na*-S0,*"
(DM) (DM)
ENY/05 —0.06 Na*-SO,> —-0.06 Na*-S0,>~
(DM) (DM)
ENY/06 —-0.05 Na*-SO,* —0.05 Na*-S0,*
(DM) (DM)
ENY/07 -0.16 Na*-SO,>" —0.00 Na™-SO,*~
(DM) (DM)
ENY/08 —0.09 Na*-SO,* 0.01 Na*-SO,*
(DM) (DM)
ENY/09 - 1429 Na™-SO,*" - 14.11 Na*-S0,*~
(DM) (DM)
ENY/10 -0.16 Na*-SO,>~ —0.15 Na™-SO0,*~
(DM) (DM)
ENY/11 —0.13 Na*-SO,* —0.11 Na*-SO,*
(DM) (DM)
ENY/12 -0.59 Na*-S0,*~ - 046 Na*-S0,>"
(DM) (DM)
ENY/13 0.55 Na*-S0,>~ —0.50 Na*-SO,*
(DM) (DM)
ENY/14 - 020 Na*-SO,* —0.05 Na*-SO,*
(DM) (DM)
ENY/15 -0.03 Na*-SO,*" —-0.02 Na*-S0,*~
(DM) (DM)
ENY/16 0.04 Na*-SO,> 0.05 Na*-S0,>~
(DM) (DM)
ENY/17 0.04 Na*-SO,>~ 0.05 Na*-S0,*
(DM) (DM)
ENY/18 0.02 Na*-S0,*~ 0.04 Na*-SO,*~
(DM) (DM)
ENY/19 —0.04 Na*-SO,> —0.02 Na*-SO,*
(DM) (DM)
ENY/20 —0.18 Na*-SO,* —0.15 Na*-SO,*"
(DM) (DM)

versus HCO; + SO, respectively. According to Etteieb et al.
(2017), bivariate plots are used to identify the origin of dis-
solved ions in groundwater, weathering process that influ-
ences the geochemistry of groundwater. The plot of Na/
Cl against Ec suggested that the trend line is inclined with
the increasing Ec, indicating that the evaporation is not the
dominant process (Fig. 10a). From Fig. 10a, it was observed
that a large number of samples fell below the equiline and
the plot of Na/Cl against Ec is> 1. From Fig. 10b, the plot
of Mg against Ca+ Mg ratio is> 1 and a larger percentage
of sample points was below equiline, indicating that silicate
weathering influences groundwater. The plot of Na against
Ca revealed that 98% of groundwater samples fell below
the equiline, indicating that weathering process influences
groundwater (Fig. 10c). From a detailed review of water
resources in Nigeria by Ighalo and Adeniyi (2020), it was
observed that the major factor that influences groundwa-
ter is hydrogeology. This usually occurs as an interaction
between host rock and groundwater. This interaction alters
groundwater geochemistry. Figure 10d showed that most
of the groundwater sampling points recorded Na against CI
ratio > 1. This is in confirmation that Na* concentration is
above that of CI™. If Na against Cl is equal to 1, it indicates
halite dissolution; further, the silicate-weathering process
is responsible for Na* production if the ratio is > 1 and is
an indication of the ion-exchange process (Meybeck 1987,
Egbueri et al. 2019). The plot of Na against Cl indicates that
98% of samples are below the equiline suggesting silicate
weathering. From Fig. 10e, it was observed that the plot
of (HCO;+S0,) vs. (Ca+Mg) revealed that the majority
of groundwater samples fell above the equiline indicating
that although silicate weathering influences groundwa-
ter chemistry, carbonate weathering influences tend to be
higher when compared to silicate weathering. Elsewhere a
similar study conducted by Ogwah and Eyankware (2020)
within the vicinity of abandoned Okpara coal mine in Enugu
state of the Anambra Basin, Nigeria suggested that silicate
and carbonate weathering influences the geochemistry of
groundwater.

Heavy metal in groundwater

Heavy metal contaminants, such as cobalt (Co), manganese
(Mn), iron (Fe), silver (Ag), mercury (Hg), zinc (Zn), cad-
mium (Cd), and lead (Pb), are generally more persistent than
organic contaminants. They can be mobile in soils and leach
into aquifers (Sha et al. 2017). A fraction of heavy metal
contaminants may lead to severe poisoning if they pollute
the groundwater that is used for drinking.

Cadmium: The concentration of cadmium ranges 0.00 to
0.88 mg/L and its concentrations were below (WHO 2011)
at sample locations ENY/02, 05, 06, 07, 08, 09, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 and 20, while sample locations

@ Springer



33 Page140f 18

Sustainable Water Resources Management (2022) 8:33

ENY/ 01, 03, and 04 were below (WHO 2011) permissible
limit for drinking. Friberg et al. (1986) stated that in natu-
ral waters, cadmium is found mainly in bottom sediments
and suspended particles. Iron: is the second-most abundant
metal in the earth's crust, of which it accounts for about 5%
(Igwe et al. 2021). The concentration of Fe ranges from 0
to 0.08 mg/L, see Table 4a and b. It was observed that all
sample points were below (WHO 2011) permissible limit
for drinking water. Silver: In most cases, it occurs as a result
of natural wearing down of silver-bearing rocks and soil by
the wind and rain also releases large amounts of silver into
the water bodies and environment (Obasi et al. 2015). Its
concentration ranges from 0 to 0.91 mg/L, it was observed
sampled points were below the (WHO 2011) permissible
limit for drinking water except samples ENY/01, 02 03 and
04, see Table 4a and b. Obasi et al. (2015) further stated
that the presence of Ag in water is also associated with lead,
copper, and zinc ores. A recent study conducted by Obasi
and Akundiobi (2020) within the Pb—Zn mining communi-
ties of Abakaliki, southeastern Nigeria revealed that high
concentrations of Ag were not observed around mining
sites, rather high concentrations of Ag were observed around
(mine dump sites) the Umuoghara and Abakaliki mine waste
dumpsites. This is in line with our research as analysis on
Ag in groundwater for is study is placed around the mining
area; result obtained from this showed the concentrations of
Ag were below WHO (2011) permissible limit, Mercury:
Mercury is found naturally in rock deposits as a native ele-
ment, and bound to other elements in minerals. Mercury
value ranges from 0 to 2.3 mg/L; Table 4a and b showed that

Table 4 Result of heavy metals against WHO drinking water standard

samples ENY/01, 02, 03, 05, 06, 07, 08, 09, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19 and 20 were above (WHO 2011) per-
missible limit for drinking water. Similar study conducted by
Obasi and Akundiobi (2020) and Obasi et al. (2015) within
Pb—Zn mining areas of Ebonyi State, Nigeria, suggested
that high concentrations of mercury were reported in min-
ing areas of Ameka, Amanchara, and Mkpuma Akpatakpa
and that 60% of groundwater showed high trace of mercury
in groundwater. Anthropogenic activities, such as mining
and burning of fossil fuel, are believed to trigger an increase
in concentration of mercury in groundwater (Dikinya and
Areola 2010).

On the other hand, sample, ENY/04 was below the set
limit (Table 4a), although result obtained from sample loca-
tion ENY/04 at Ezza-Abia revealed that groundwater showed
a low concentration of mercury. This could due to the geol-
ogy of the terrain as groundwater exists in fractures. These
fractures sometimes prevent high permeability, thereby
reducing the inflow of heavy metals (Eyankware and Obasi
2021). High exposures to mercury may result in damage to
the gastrointestinal tract, the nervous system, and the kid-
neys (Obasi et al. 2015). Manganese: The concentration of
manganese ranges from O to 12.1 mg/L, samples ENY/01,
02, 03, 04, 05, 07, 18, 19, and 20 were above (WHO 2011)
permissible limit for drinking water. While samples ENY/06,
08, 09, 10, 11, 12, 13, 14, 15 and 17 were observed to be
below the set limit, see Table 4a and b. It often occurs, natu-
rally together, through the weathering of rocks and minerals
may also be present in underground water due to pollution
sources (Obasi et al. 2015). Cobalt: Its concentration ranges

(a) Parameters ENY/01 ENY/02 ENY/03 ENY/04 ENY/05 ENY/06 ENY/07 ENY/08 ENY/09 ENY/10 ENY/11 WHO, 2011
Cd 0 0.61 0 0 0.28 0.35 0.15 0.74 0.64 0.78 0.33 0.003

Fe 0 0.08 0 0 0 0 0 0 0 0 0 0.3

Ag 0.34 0.23 0.53 0.91 0.04 0 0 0 0 0 0 0.1

Mn 291 9.14 4.76 12.1 1.34 0 2.49 0 0 0 0 0.4

Hg 2.3 1.9 0.7 0 0.15 0.07 0.17 0.37 0.22 0.37 0.36 0.06

Co 0.001 0.027 0 0 0.04 0.04 0.15 0.02 0.02 0.00 0.11 Nil

Pb 0 0 0 0 0 0.21 0 0 0 0 0.08 0.01

Zn 1.35 0.07 0 2.09 0 0 0 0 0 0.06 0.06 0.01

(b) Parameters ~ ENY/12  ENY/I3  ENY/14  ENY/15 ENY/16  ENY/17 ENY/I8 ENY/19 ENY/20 WHO, 2011
Cd 0.47 0.82 0.09 0.14 0.18 0.43 0.53 0.44 0.88 0.003

Fe 0.02 0 0 0 0 0 0 0 0 0.3

Ag 0 0 0 0 0 0 0 0 0 0.1

Mn 0 0 0 0 0 0.02 0.93 0.66 1.22 0.4

Hg 0.24 0.44 0.38 0.39 0.33 0.38 0.29 0.48 0.39 0.06

Co 0.00 0.10 0.02 0.02 0.11 0.06 0.04 0 0.001 Nil

Pb 0.38 0.68 0.65 0.65 0 0 0 0.01 0.20 0.01

Zn 0.11 0.21 0 0 0 0.02 0.05 0.01 0.21 0.01

@ Springer



Sustainable Water Resources Management (2022) 8:33

Page150f 18 33

from 0 to 0.15 mg/L. Most cobalt resources are present in
nickel-bearing laterite deposits, with the remainder occur-
ring primarily in nickel-copper sulfide deposits present in
mafic and ultramafic rocks and sedimentary copper deposits
(Obasi et al. 2015). Lead: Obasi et al. (2015) reported in
occurrence of lead in groundwater within vicinity of vari-
ous mining sites across the state can be attributed to mining
activities, lead infiltrates into groundwater through leaching
process. The concentration of lead for this study ranges from
0 to 0.80 mg/L as shown in Table 4a and b. The sampling
points were below the (WHO 2011) permissible limit, except
for samples ENY/ 06, 11, 12, 13, 14, 15 and 20 were above
the set limit, see Table 4a and b, respectively. According to
Obasi and Akundiobi (2020), a high lead in groundwater
is usually high around activity active mine areas. Report
from this study is in line with the report from Obasi and
Akundiobi (2020) which showed that for ENY/06, 11, 12,
13, 14, 15, and 20, Enyigba, Achara Ndiagu, Ebiom, Echara,
Nduia Igbagu, respectively, were mining activities tending
to show a high trace of lead in groundwater. The amount
of dissolved lead in groundwater depends on pH and the
concentration of dissolved salts and the types of mineral
surfaces present. In surface water and ground-water systems,
a significant fraction of lead is undissolved and occurs as
precipitates [PbCO;, Pb,0O, Pb(OH),, PbSO,], absorbed ions
or surface coatings on minerals, or as suspended organic
matter (Evanko and Dzombak 1997). Zinc: can be intro-
duced into water naturally by erosion of minerals from rocks
and soil. However, since zinc ores are only slightly soluble in
water. Zinc is only dissolved at relatively low concentrations.
High natural levels of zinc in water are usually associated
with higher concentrations of other metals, such as lead and
cadmium. Zinc is an essential nutrient for body growth and
development; however, drinking water containing high levels
of zinc can lead to stomach cramps, nausea, and vomiting.
The concentration of zinc ranges from 0 to 2.09 mg/L sam-
ples ENY/01, 02, 04, 10, 11, 12, 13, 17, 18, 20 and were
above (WHO 2011) permissible limit for drinking water; Li
et al. (2019) and Obasi and Akundiobi (2020) reported that
a high concentration of zinc in water leads to its dissolution,
thereby increasing the groundwater acidity. In the same vein,
Igwe et al (2020) and Obasi et al (2021) stated that acidic
water is peculiar with mine areas and mine water discharge,
while samples ENY/03, 05, 06, 07, 08, 09, 14, 15, 16, and
19 were below the (WHO 2011) permissible limit, regret-
table 50% of analysed groundwater samples were above the
set limit as shown in Table 4a and b. Studies have shown that
high concentration of zinc in groundwater can be attributed
to anthropogenic activities, such as industrial combustion,
mining activities. When the concentration of zinc in ground-
water is above set limit, it could result to age-related macular
degeneration in human, chronic disease, such as diabetes and
high blood pressure, (Obasi and Akundiobi 2020).

Evaluation of groundwater seepage
around the study area

Ficklin diagram was used to evaluate mine seepage to
groundwater within the study area. Groundwater pH and
metal load (mg/L) (Ficklin et al. 1992), show that the sam-
ples ENY/01 and 11 fall within acid high metal, ENY/04
falls within near-neutral high metals, ENY/02, 05, 06,
07, and 10 fall with acid-low metals, and lastly samples
ENY/03, 08, 09, 12, 13, 14, 15, 16, 17, 18, 19 and 20 as
shown in Fig. 11. Rao and Rao (1991), reported that pH
is major parameter that influences the dissolution of heavy
metal in groundwater. Study conducted Harichandan et al.
(2021) revealed that alteration of rock, dissolution, miner-
alization, leaching from rocks, percolation or seepage from
active mines quarry/mine pits via rocks and human activities
is found in the processes of concentration of ions and heavy
metals in groundwater.

Summary and conclusion

The presented research has helped to establish factors
that influence the chemical quality of groundwater within
Enyigba Pb—Zn mining area of Ebonyi State, southeastern
Nigeria. From detailed study, factor that influences ground-
water, within the study area, differs from End-member. It
reveals that silicate and carbonate weathering is the major
process that influences groundwater, while plot of Ca?*/
(HCO3_+SO42_) versus Nat/Cl~ reveals that 92% of
groundwater within the area falls within the natural state.
The plot of Mg/Ca against Mg/Na reveals that 73% of
groundwater is influenced by rock—water interaction. Dia-
mond field plots reveal that groundwater falls within High
Ca+Mg and SO, + CI. Parson plot showed that groundwater
falls within Ca—Mg—Cl water type, plot of TDS against TH
reveals that groundwater falls within soft-fresh and moder-
ate—hard category. Chadba’s plot revealed that groundwater
falls within Na* + HCO,~ water type. Gibbs plot showed
a larger percentage of groundwater is not influenced by
the three major factors that Gibbs proposes to influence
groundwater. Soltan’s classification revealed that ground-
water within the study area is of deep meteoric type. Ion
exchange reveals that groundwater is influenced by mostly
silicate weathering. And lastly, evaluation of groundwater
seepage in heavy metals (metals loads versus pH) revealed
that heavy metals were classified under acid, high metal,
near-neutral high metal, acid low metal, and near-neutral low
metal. From a detailed study, it was observed that groundwa-
ter is influenced by two factors anthropogenic and geogenic
activities within the study area.
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