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Abstract

Bottom sediment qualities in Thetutu minefield were assessed to ascertain the
impact of Pb-Zn mining activities on the sediments from streams, rivers and
ponds in the area. Levels of Cu, Zn, Fe, Ni, Mn, Pb, Cd and Cr and some phy-
sico-chemical parameters were measured in bottom sediments taken from
four sampling stations (streams/mine pits) within Thetutu minefield of Ishia-
gu which receives discharges from mining and human activities, and a control
sampling station in Uturu (about 12 km away from study area). The study was
conducted in four seasons (Rainy, Late Rainy, Dry, and Late Dry Seasons).
Sample digestion was done with a temperature adjustable block digester. Heavy
metal analysis was carried out with Flame atomic absorption spectrophoto-
meter (FAAS) while other physico-chemical parameters were determined with
standard field and laboratory procedures. Ranges of mean values of results ob-
tained were; pH = 5.81 - 6.44, EC = 269.00 - 1545.00 pS/cm, CI” = 43.30 -
112.33 mg/kg, alkalinity = 0.70 - 1.25 mg/kg, NO, = 5.90 - 7.90 mg/kg, TOC
=0.81 - 1.75 mg/kg, TOM = 1.40 - 3.02 mg/kg, Cu = 4.74 - 50.93 mg/kg, Zn =
26.78 - 57.07 mg/kg, Fe = 1066.19 - 1764.05 mg/kg, Mn = 36.66 - 42.96
mg/kg, Ni = 4.02 - 17.19 mg/kg, Pb = 38.01 - 162.23 mg/kg, Cd = 1.01 - 25.90
mg/kg, and Cr = 1.23 - 1.62 mg/kg. Assessment of heavy metals pollution,
using pollution indices revealed that Contamination factor ranged from mod-
erate to very high degree of contamination while Pollution load index also
showed a deterioration of bottom sediment qualities. Geoaccummulation in-
dex indicated moderate to very high pollution, especially with Cu, Zn, Pb,
and Cd in the mine pit, while Enrichment factor indicated high enrichments
and inputs from anthropogenic sources especially, the Pb-Zn mining activi-
ties. Pollution of the area by heavy metals was in the order of Fe > Pb > Zn >
Mn > Cu > Ni > Cd > Cr. Highest positive correlation (r = 0.992) was be-
tween Pb and Cu while the highest negative correlation (r = —0.789) was be-
tween Ni and Mn. Analysis of variance (ANOVA) at significance level, a =
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0.05, showed no statistically significant differences in the sampling stations
(p > 0.05). Compared to background (control), DPR and other standard
guidelines/values, bottom sediments from Thetutu minefield were highly pol-
luted with Pb, Zn and Cu especially at the mine site. The overall results from
the study revealed that toxic substances released from the prolonged Pb-Zn
mining activities in the study area have impacted negatively on the bottom
sediments, thereby also possibly deteriorating the quality of lives of the bot-
tom sediments dwelling organisms in the streams, rivers, and pits/ponds in
the area.
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1. Introduction

Mining is a huge economic resource at Ihetutu, Ishiagu, Nigeria. The Ihetutu
Pb-Zn mine in Ishiagu is the oldest (Elom, 2018), amongst the several mines
dotting the area. Despite the huge benefits accruing from the mining business to
the government, individuals, and corporate bodies engaged in it, its activities
constitute the most important source of heavy metals in the environment. It is a
business that seriously destroys the environment, with the large volumes of waste-
water, drainage wastes and tailings, generated through its activities; and spoils
the landscape and the surrounding environment with inorganic pollutants, par-
ticularly heavy metals. According to Zhang et al. (2011), lead/zinc mining and
smelting activities are some of the primary sources of heavy metals pollution in
the environment.

Heavy metal pollution is intensified when mining exposes metal bearing ores,
more than they are exposed through the gradual and natural process of wea-
thering or erosion. Intensification of heavy metal pollution, occurs when mining
is carried out in a crude manner and associated wastes are untreated and im-
properly dumped or discharged (Nwaugo et al., 2007). Heavy metals have se-
rious ecological effect as a result of their toxicity and their accumulation in both
sediment and biota because they are not biodegradable and undergo a global
ecological cycle (Ahmadipour et al., 2014).

The predominant mode of mining in Ihetutu, is the open cast which involves
ripping the ground open to unearth the precious substances in it. Adverse envi-
ronmental consequences of open pit mining include sediment and water quali-
ties degradation due to destruction of vegetation, exposure of the soil to surface
run-offs, as well as dumps that have been confirmed to accommodate harmful
minerals and chemicals that contaminate the soil, plant, water and air quality
(Osuocha et al., 2015).

Heavy metal discharged into the environment rapidly combines with particu-

lates and settles in bottom sediments of water bodies either by direct discharge
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or surface run-offs (Inengite et al., 2010). The accumulation of metals from the
overlying water to the sediment depends on several external environmental fac-
tors including pH, conductivity and the available surface area for adsorption
caused by the variation in particle size distribution. It was suspected that the en-
vironment within the study area must have been completely polluted by wastes
from the mining processes and through the introduction of heavy metals into
surface water bodies and bottom sediments thus becoming a source of contami-
nation and threat to aquatic biota. These environmental concerns therefore made
this study imperative.

The objective of this paper is thus to evaluate the qualities of the bottom se-
diments from streams, rivers, and ponds in Ihetutu mining areas of Ishiagu, by
assessing the levels of contamination by toxic substances including heavy metals
and other physico-chemical species released to the environment from the Pb-Zn
mining operations, Data obtained from the study will be compared with control
(background/pre-mining) and standard guideline values including Department
of Petroleum Resources (DPR), and other international standards.

This study would help to identify and quantify pollutants especially heavy met-
als mostly from the prolonged Pb-Zn mining operations, and their impact on
bottom sediment qualities in Thetutu mining areas. It would provide information
on the actual state of bottom sediments in the area; and data that would enhance
policies on mine waste management and remediation operations on bottom se-

diments, and also useful for impact assessment activities in the study area.

2. Materials and Methods
2.1. The Study Area

The Thetutu minefield is located in Ishiagu, Nigeria, and falls within latitudes N
5°51/ and N 5°59/ and longitudes E 7°24/ and E 7°40/. Lead-zinc and hard rock
(aggregate) mining has been ongoing in the area since the 1950s. The Ishiagu
area covers an expanse of about 450 km?* and supports an estimated population
of over two hundred and fifty thousand persons (IMWT, 1984; Ezekwe, 2009).
The area is accessible through the Enugu-Port Harcourt Railway line which runs
North-South through the centre of the study area; the Enugu-Port Harcourt oil
pipe line which runs north east-south west; the Enugu-Port Harcourt Express
Road which passes through the extreme north western corner of the study area;
the Lekwesi-Obiagu Road which runs east-west in the northern part of the study
area and the Okigwe-Afikpo Road which runs East-Northeast-East in the sou-

thernmost part of the study area.

2.2. Sample Collection

Sampling was done in four seasons; Rainy Season (RNS), Late Rainy Season (LRS),
Dry Season (DRS), and Late Dry Season (LDS) between 2018 and 2019 (Table 1).

Bottom sediments were collected from depths of 60 cm below the water surface

DOI: 10.4236/gep.2020.84009

127 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2020.84009

R. Sha’Ato et al.

Table 1. Sampling Field data summary.

Sampling Stations Sampling Seasons Station locations Latitude Longitude
CBS1 (control station) RNS; LRS; DRS; LDS Aku Stream, near Masters Energy, Uturu. N 5°51'34" E7°31'13"
SBS3 RNS; LRS; DRS; LDS Lead-Zinc Mine Pit, Thetutu. N 5°51'35" E7°31'13"

SBS6 RNS; LRS; DRS; LDS Lead-zinc mine downstream/run-off, Thetutu. N 5°55'50" E7°29'1"

SBS7 RNS; LRS; DRS; LDS NNPC pipeline Stream, Ihetutu. N 5°56'5" E7°31'6"

SBS8 RNS; LRS; DRS; LDS Iyiogwe stream, Thetutu. N 5°56'53" E 7°32'35"

RNS = Rainy Season (12™ May, 2018); LRS = Late Rainy Season (1* October, 2018); DRS = Dry Season (1* December, 2018); LDS = Late Dry Season (12

April, 2019).

in the streams and pits at designated points. The samples were scooped directly
from the bottom of the pit/stream at a depth of 1 - 3 cm (Kasich et al., 2012),
with the aid of stainless steel scoopinto pre-cleaned plastic sampling bags (IAEA,
2003). Three bottom sediment subsamples were taken randomly from each riv-
er/stream/pit and mixed to form composite samples of about 1.0 kg for the sam-
pling station. Collected samples were stored in an ice box at about 4°C, and later

transferred to the laboratory for processing and analysis.

2.3. Sample Digestion and Analysis

Samples were first air-dried, grounded to fine particles, passed through a 2 mm-sieve
and homogenized (Radulescu et al., 2014). 5 g of the homogenized sample was
weighed into a 100 ml glass beaker, and a mixture of 2 mL of HNO,, 6 mL of HCI
and 20 mL of distilled water was added to it. The mixture was heated on a heat-
ing mantle of a temperature-adjustable block digester, and allowed to digest to
about 5 mL. The digested sample was allowed to cool and then filtered into 50
mL volumetric flask using a filter paper (Whatman No. 42). The filtrate was di-
luted to 50 mL with distilled water. Heavy metal concentrations in the samples
were determined using a Flame Atomic Absorption Spectrophotometer (FAAS),
in accordance with ASTM D1971/4691 (2016).

2.4. Analysis of Physico-Chemical Parameters

pH of the bottom sediments was determined using a pH meter. The meter was
calibrated over the appropriate range using buffer 4 and buffer 7 solutions. 5 g of
soil sample was measured into a cup. 5 mL distilled water was added to the sam-
ple and the content stirred vigorously for 5 seconds and then allowed to stand
for 10 minutes. The electrodes of the pH meter were dipped in the slurry and the
pH readings taken immediately. Total organic carbon contents were determined
by the Chromic acid oxidation method of Black (1965). The organic carbon de-
termined was expressed as percentage of the sample taken, while total organic
matter (TOM) levels were examined by multiplying the Total Organic Carbon
(TOC) by the factor 1.729 (Black, 1965). Other parameters were determined us-

ing their standard methods and procedures.

DOI: 10.4236/gep.2020.84009

128 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2020.84009

R. Sha’Ato et al.

2.5. Pollution Indices

To evaluate the sediment contamination or pollution by heavy metals, four dif-
ferent assessment indices; Contamination Factor, Pollution Load Index (Hasan
et al., 2016), Enrichment Factor, and Geoaccumulation Index (Barbieri, 2016)
were estimated. Also, the Correlation Coefficients (r) of the heavy metals in the
bottom sediments were determined to establish the relationship existing between
them.

1) Contamination factor

CF was employed to express the level of metal contamination of the sediments
(Abdullah et al., 2015). It represents the individual impact of each trace metal on
the sediment (Muzerengi, 2017). It was expressed as:

C,, (sample)

=—mv- =7 1
C,, (background) M

where C,, mpe) = Concentration of the metal in soil sample from the study area;
G,y (hackgrouny = Concentration of the metal in soil sample from background (Con-
trol) area.

Contamination factor and degree of contamination are classified as: CF < 1
(Iow), 1 £ CF < 3 (moderate), 3 < CF < 6 (considerable), and CF = 6 (very high)
(Hassan et al., 2016; Bashir et al., 2014; Abdullah et al., 2011).

2) Pollution load index (PLI)

The PLI assesses pollution level by considering the joint effect of all the pol-
luting heavy metals in soil or water (Musa et al., 2018). It represents the number
of times by which the metal concentration in the soil exceeds the average natural
background metal concentration. The PLI was determined as the nth root of the
n contamination factors (CF,) for all the metals multiplied together and calcu-
lated (Bashir et al., 2014). It was expressed as:

PLI = (CF, x CF, x CF, x CF, ... x CEn)!/" )

where CF = contamination factor of each metal, and n = total number of metals.

PLI value of >1 indicates a polluted condition and a deterioration of the envi-
ronmental quality, PLI < 1 means there is no metal pollution in the area, and PLI
value of 1 indicates a baseline level of pollution (Tomlinson et al., 1980; Hari-
kumar et al., 2009; Muzerengi, 2017).

3) Enrichment factor

EF indicates the presence and intensity of anthropogenic contaminant deposi-
tion on surface soil. According to Barbieri (2016), it was calculated by the nor-
malization of one metal concentration in the top soil with respect to the concen-
tration of a reference element. A reference element is an element that is particu-
larly stable in the soil, whose concentration is not influenced or characterized by
vertical mobility or degradation phenomena (Barbieri, 2016) such as iron and
aluminum. It is often characterized by low occurrence of variability (Muzerengi,

2017). Enrichment Factorwas expressed as:

Metal Metal
EF = sample background 3)
RE RE
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where RE = Concentration of metal taken as Reference Element.

EF results are classified as: 0.5 < EF < 1.5 (normal situation/natural weather-
ing processes); EF > 1.5 (Significant portion of metals delivered from other
sources such as point and non-point pollution and biota).

4) Geoaccumulation index (I.,)

This was originally proposed by Muller (1979) and has been successfully ap-
plied to evaluate heavy metals pollution in sediments (Inengite et al., 2010; Bar-

bieri, 2016). It is expressed as:
lyeo = log2(C,/1.58B,) (4)

where C, = concentration of the metal in the fraction analyzed of the sample,
and B, = the concentration of the metal in the same fraction of the sediments in
the background (or control) area. The factor (or constant), 1.5 was introduced to
minimize the effect of possible variations in the background (control) values
which might be attributed to lithologic variations in the soil (Muzerengi, 2017;
Pam et al., 2013; Musa et al., 2018). It has seven classes which include: Class 0,
with values < 0 or 0 (no pollution); Class 1 has values from 0 - 1 (not polluted to
moderately polluted), Class 2 has values from 1 - 2 (moderately polluted); Class
3 has values from 2 - 3 (moderately polluted to strongly polluted); Class 4 has
values from 3 - 4 (strongly polluted); Class 5 has values from 4 - 5 (strongly pol-
luted to extremely polluted); Class 6 has values > 5, which indicates an extremely
polluted situation and reflects at least a 100-fold Enrichment Factor above back-
ground (control) values (Muzerengi, 2017; Barbieri, 2016; Pam et al., 2013).

3. Results and Discussions

Seasonal and mean values of physico-chemical parameters analyzed for various
sampling stations in study area are in Table 2 while those of the control station

are in Table 3.

3.1. Physico-Chemical Parameters in Bottom Sediments

1) pH

Bottom sediment mean pH ranged from 5.81 at SBS7 to 6.44 at SBS6, and all
values were higher than the control (CBS1) value of 5.74 (Table 4). Seasonal
values ranged from 5.40 at SBS7 during rainy season (RNS) to 6.74 during late
rainy season (LRS) at SBS6 (Table 2). The lower pH reflected the presence of
sulfides such as pyrites (FeS,) which when exposed to water and air, form Acid
Mine Drain (AMD) that infiltrates surface water bodies and thus reduces the pH
(Galhardi & Bonotto, 2016). This also affects the pH of the bottom sediments
lying under the surface water.

2) Chloride

Chloride mean concentrations ranged from 43.30 - 112.33 mg/kg (SBS6 - SBS3),
and only mean value of Pb-Zn mine downstream/run-oft (SBS6) was lower than
the control sediment (CBS1) from Aku stream (Table 4). Seasonal mean chloride
concentration was highest in the rainy seasons than the dry seasons in the study
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Table 2. Seasonal values of physico-chemical parameters and heavy metals in bottom sediments.

SBS3 SBS6 SBS7 SBS8

Parameters RNS LRS DRS LDS RNS LRS DRS LDS RNS LRSS DRS LDS RNS LRS DRS LDS

pH 5.80 5.85 6.43 6.53 6.70 6.74 6.21 6.10 5.40 6.00 6.09 574 560 624 6.70 6.61

Cond.

(uS/em) 1204.00 1210.00 1780.00 1986.00 206.00 208.00 320.00 342.00 630.00 634.00 484.84 486.00 625.00 630.00 534.80 404.00
Cl” (mg/kg) 184.00 184.00 39.80 41.50 52.00 54.00 2830 3890 98.00 112.00 7.89 80.27 94.00 96.00 87.92 46.60

Alkal.
(mg/kg)

0.60 0.90 1.20 1.35 0.60 0.90 0.80 0.48 0.92 099 1.00 0.98 040 0.80 2.00 1.80

TOC (%) 282.71 284.71 6.88 7.81 6927 6930 6.71 9.10 13450 139.10 7.29 17.41 138.00 142.09 7.11 15.56
TOM (%) 1.08 1.11 1.16 2.23 1.62 1.67 1.43 1.39 2.36 282 310 3.81 2.41 243 314 0091
Cu (mg/kg) 47.95 4890 52,67 5421 5.60 6.58 2.41 438 11.78 11.83 272 451 3298 3551 2345 2290
Zn (mg/kg) 52.79 5586 62.14 5750 23.24 30.60 2229 34.82 31.03 3190 32.64 3479 3325 56.85 52.58 48.88
Fe (mg/kg) 3321.10 3645.30 34.00 55.80 2288.40 2362.58 35.70 40.84 2106.80 2287.68 36.70 36.23 2062.662122.70 34.80 44.60
Mn (mg/kg) 55.83 60.80 2670 2850 53.60 59.87 23.10 29.90 55.06 53.76 18.10 19.70 58.10 54.72 17.40 19.00
Ni (mg/kg) 4.69 4.89 2.61 3.88 7.83 9.83 2.59 4.19 1596 1698 233 259 1684 17.12 1241 22.40
Pb (mg/kg) 151.34 153.12 164.92 179.53 27.54 39.06 44.62 4080 7194 72.16 529 1036 80.63 8581 90.87 92.10
Cd (mg/kg) 19.38 2098 3139 31.85 0.49 0.50 1.42 1.64 0.73 072 131 1.74 078 0.80 136 1.66

Cr (mg/kg) 1.45 1.43 1.41 2.20 1.34 1.32 1.18 1.90 1.16 .12 1.32 130 1.21 1.19 130 1.86

Table 3. Seasonal and mean values of physico-chemical paraameters and heavy metals in
control bottom sediments.

CS1

Parameters RNS LRS DRS LDS MEAN STDEV
pH 4.50 5.80 6.35 6.30 5.74 0.86
EC (uS/cm) 367.00 369.00 284.00 296.00 329.00 45.31
Chloride (mg/kg) 76.00 78.00 22.00 26.00 50.50 30.65
Alkal. (mg/kg) 0.56 0.63 1.20 1.20 0.90 0.35
Nitrate (mg/kg) 2.00 2.10 9.86 9.35 5.83 4.37
TOC (%) 1.36 1.42 0.72 0.70 1.05 0.39
TOM (%) 2.35 2.46 1.25 1.21 1.82 0.68
Cu (mg/kg) 6.76 7.24 2.37 2.69 4.77 2.59
Zn (mg/kg) 26.61 26.65 2.39 2.54 14.55 13.95

Fe (mg/kg) 2249.10 2264.30 34.30 33.92 114541 1283.23
Mn (mg/kg) 54.06 53.86 16.90 16.98 35.45 21.37
Ni (mg/kg) 9.49 10.21 2.68 3.88 6.57 3.84
Pb (mg/kg) 13.40 13.81 3.84 5.10 9.04 5.30
Cd (mg/kg) 0.85 0.91 1.52 1.59 1.22 0.39
Cr (mg/kg) 0.86 0.92 1.42 1.40 1.15 0.30
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Table 4. Mean values of physico-chemical parameters and heavy metals in bottom sedi-
ments of study and control areas.

Parameter SBS3 SBS6 SBS7 SBS8 Control (CBS1)
pH 6.15 6.44 5.81 6.29 5.74
EC (uS/cm) 1 545.00 269.00 558.71 548.45 329.00
Chloride (mg/kg) 112.33 43.30 74.54 81.13 50.50
Alkal. (mg/kg) 1.01 0.70 0.97 1.25 0.90
Nitrate (mg/kg) 7.90 7.13 6.83 5.90 5.83
TOC (%) 0.81 0.88 1.75 1.29 1.05
TOM (%) 1.40 1.53 3.02 2.22 1.82
Cu (mg/kg) 50.93 4.74 7.71 28.71 4.77
Zn (mg/kg) 57.07 26.78 32.82 47.89 14.55
Fe (mg/kg) 1764.05 1181.88 1116.85 1066.19 114541
Mn (mg/kg) 42.96 41.62 36.66 37.31 35.45
Ni (mg/kg) 4.02 6.11 9.47 17.19 6.57
Pb (mg/kg) 162.23 38.01 39.94 87.35 9.04
Cd (mg/kg) 25.90 1.01 1.13 1.15 1.22
Cr (mg/kg) 1.62 1.44 1.23 1.39 1.15

area (Table 2). High concentration of chloride could be due to the agricultural
activities such as pesticides from farm soils, inputs from mines and other waste
dumps/discharges, and leachates from chloride-rich rocks in the area. It could
also be due to presence of organic matter, possibly from animal origin (Tresh et
al., 1944).

3) Electrical conductivity (EC)

Bottom sediments had a range of 269.00 to 1545.00 pS/cm, with SBS3 (mine
pit) having highest mean value. Control mean was higher than the value of SBS6
(Table 4). Also, mean rainy season concentrations were higher than those of dry
seasons at SBS7, SBS8, and CBS1 (control sediment) while the reverse was the
case at SBS3 and SBS6 (Table 2). The high electrical conductivity recorded in bot-
tom sediments could be due to presence of high concentration of charged ions
(both cations and anions) in the area (Chukwuemeka et al., 2017).

4) Alkalinity

Alkalinity mean values ranged from 0.70 - 1.25 mg/kg, with sediments from
Iyiogwe stream (SBS8) having the maximum value. Also, control (CBS1) mean
value was only higher than that of (SBS6) (Table 3). Seasonal mean concentra-
tions during dry seasons were higher than those of rainy seasons at all stations
including the control (CBS1), exception of SBS6 where the reverse was the case
(Table 2 and Table 3).

5) Nitrate

Mean nitrate concentrations ranged between 5.90 - 7.90 mg/kg, with highest
mean recorded at the mine pit (SBS3). However, all recorded mean values from
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the study area were higher than that of the control (CBS1) (Table 3). Also, sea-
sonal nitrate concentrations in bottom sediments, were in the order of RNS <
LRS < DRS < LDS, exception of the control (CBS1) and SBS8, whose concentra-
tions decreased during the late dry season (LDS) (Table 2 and Table 3).

6) Total organic carbon (TOC)

TOC mean concentrations ranged between 0.81 - 1.75 mg/kg in the order of
SBS3 < SBS6 < SBS8 < SBS7, and control (CBS1) value was higher than those of
SBS3 and SBS6 (Table 4). Seasonal TOC concentrations were sharply higher
during the rainy seasons than in the dry seasons (Table 2). High TOC could be
due to increased rates of biodegradation especially during rainy seasons which
also depended on increased availability of water from rainfall.

7) Total organic matter (TOM)

According to Pam et al. (2013) metals are mobilized by soil organic matter, at
weakly acidic and alkaline conditions, to form insoluble or soluble organic metal
complexes, while at strongly acidic conditions they are immobilized by the or-
ganic matter. Mean TOM ranged between 1.40 - 3.02 mg/kg in the order of SBS3
< SBS6 < SBS8 < SBS7 in the study area, and control (CBS1) mean concentration
was higher than those of SBS3 and SBS6 (Table 4). Seasonal concentrations were
highest during the late rainy season (LRS) at all stations including control (CBS1)
(Table 2 and Table 3). The relatively high TOM at SBS8, SBS7 and SBS6 could be
due to increased rate of biodegradation of trees, shrubs and many other soil or

pond-dwelling plant and animal materials prevalent at these sampling stations.

3.2. Heavy Metals in Bottom Sediments

Mean heavy metal concentrations in bottom sediments from the study area also
varied between rainy and dry seasons, as higher concentrations were recorded
during the rainy seasons at some stations and during the dry seasons at other
stations.

1) Copper

Highest mean concentration of copper in bottom sediments was 50.93 mg/kg
at SBS3 (Pb-Zn mine pit) while the lowest concentration was 4.74 mg/kg at SBS6
(Pb-Zn mine downstream/run-off), with mean value only lower than that of the
control (CBS1) (Table 4). Highest seasonal value of Cu was obtained at SBS3
during the late dry season (LDS) while the lowest value was at SBS6 in the dry
season (DRS) (Table 2). Mean concentrations were within standard values, ex-
ception of the mine pit which had a mean concentration of 50.93 mg/kg. This
was higher than the standard values of DPR (2002), Dutch Target and Interven-
tion Values (2000), and China (Wang & Shan, 2013) but lower than the guide-
lines of Canada (CCME, 2001) (Table 5). Apart from contributions from natural
sources, copper inputs to bottom sediments could result from mine wastes and
discharges from the mine pits; and also from farming activities, as its compounds
could be added to fertilizers and animal feeds to serve as nutrient to support
plant and animal growth (Jumbe & Nandini, 2009).
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Table 5. Target values/limits for heavy metals in soil/sediment.

Parameter DPR*  DUTCH® CHINA® CANADA! UK®
Copper (mg/kg) 36.00 36.00 35.00 63.00 -
Zinc (mg/kg) 140.00 140.00 100.00 200.00 -
Iron (mg/kg) - - - - -
Manganese (mg/kg) - - - - -
Nickel (mg/kg) 35.00 35.00 40.00 50.00 -
Lead (mg/kg) 85.00 85.00 35.00 70.00 500.00
Cadmium (mg/kg) 0.80 0.80 0.20 1.40 1.00
Chromium (mg/kg) 100.00 100.00 90.00 64.00 25.00

Sources: a = DPR (2002); b = Dutch Target and Intervention Values (2000); ¢ = CHINA (Wang & Shan,
2013); d = CANADA (CCME, 2001); e = UK (EQS, 2017).

2) Zinc

Mean zinc concentrations range was from 26.78 - 57.07 mg/kg (SBS6 - SBS3);
and the control (CBS1) mean level was found to be lower than those from the
study area (Table 4). Mean levels at the various stations, including the control
were within referenced standard guidelines/limits (Table 5). According to Wu-
ana & Okieimen (2011), water-soluble zinc in soils can contaminate groundwa-
ter, and that, due to the accumulation of Zn in soils, plants often take up high
amounts of Zn that are too much for their systems to synthesize.

3) Iron

The highest mean concentration of iron in bottom sediments was 1764.05
mg/kg at SBS3 (mine pit) while the lowest was 1066.19 mg/kg at SBS8 (Iyiogwe
stream); and the mean control (CBS1) value was found to be higher than those
of SBS7 (NNPC pipeline stream) and SBS8 (Table 4). Also, iron had higher mean
concentrations in the rainy seasons than the dry seasons in both study and con-
trol areas; and a sharp decrease in the dry season values compared to those of the
rainy seasons (Table 2).

4) Manganese

Mean concentrations of Mn ranged from 36.66 - 42.96 mg/kg (SBS7 - SBS3);
and control (CBS1) mean level was found to be lower than those from the study
area (Table 4). Manganese also had higher mean concentrations during the rainy
seasons than the dry seasons, and there was also a sharp decrease in the dry sea-
sons (DRS and LDS) values compared to those of the rainy seasons (RNS and
LRS) at all stations (Table 2). Mn occurs naturally in many types of rocks and
soil (Izomoh & Akpambang, 2017). The high level of Mn found in bottom sedi-
ments from both study and control areas could thus be attributed to its high
natural occurrence in the surrounding rocks and soils in the area.

5) Nickel

The highest mean level of nickel in bottom sediments was 17.19 mg/kg at
SBS8 (Iyiogwe stream) while the lowest was 4.02 mg/kg at SBS3 (mine pit). The
control (CBS1) mean value was higher than those of SBS3 and SBS6 (Table 4).
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Comparison with standard guidelines showed that nickel concentrations in bot-
tom sediments were within limits of DPR (2002), Dutch Target and Intervention
Values (2000), China (Wang & Shan, 2013), Canada (CCME, 2001) and UK
(EQS, 2017) (Table 5). Mean Ni levels were also below the estimated toxic level
of Ni (100 mg/kg) in agricultural soils (Ezeh & Chukwu, 2011).

6) Lead

Mean lead concentrations in the bottom sediments ranged from 38.01 - 162.23
mg/kg, with SBS3 (mine pit) having the highest lead concentration and SBS6
(mine discharge downstream/run-off), having the lowest. Control (CBS1) mean
level was found to be lower than those from study area (Table 4). When com-
pared with standard values/limits, mean Pb concentrations in bottom sediments
from mine pit (SBS3) was found to be higher than limits of DPR (2002), Dutch
Target and Intervention Values (2000), China (Wang & Shan, 2013), and Cana-
da (CCME, 2001) but lower than that of UK (EQS, 2017), while other stations,
including the control, had values within the standard values/limits (Table 5). In
the presence of high sulfide concentration, lead under reducing conditions,
forms lead sulfide (PbS) which is the most stable solid form within the soil ma-
trix. Lead gets into the human system through inhalation and ingestion, which re-
sults in accumulation in the brain and consequently cause poisoning (known as
plumbism) that may also lead to death (Wuana & Okieimen, 2011).

7) Cadmium

The mean concentrations of cadmium ranged from 1.01 mg/kg at SBS6 (mine
discharge downstream/run-off) to 25.90 mg/kg at SBS3 (mine pit). However,
only SBS3 was found to have a higher mean cadmium concentration than the
control (CBS1), amongst the bottom sediments from study area (Table 4). The
Pb-Zn mine pit/pond (SBS3) recorded a mean level (25.90 mg/kg) higher than
the referenced standards guidelines (Table 5).

8) Chromium

Bottom sediments had minimum mean chromium value of 1.23 mg/kg at
SBS7 (NNPC pipeline stream) while the maximum was 1.62 mg/kg at the mine
pit (SBS3). All stations from the study area recorded higher mean chromium
concentration than the control (CBS1) from Aku stream (Table 4). Seasonal
mean concentrations were higher during the dry seasons than in the rainy sea-
sons (Table 2). Also, all stations from study and control areas were within stan-
dards guidelines (Table 5). Chromium is found mainly in Chrome-Iron ore
(FeO-Cr,0;). It is considered non-essential for plants, but essential for animals
(Jumbe & N&ini, 2009).

3.3. Evaluation of Pollution Indices for Bottom Sediment Qualities

1) Contamination factor (CF)

Contamination factor was estimated using mean concentrations of the heavy
metals in the study areas with their concentrations from the control sample sta-
tions used as the background values (Pam et al., 2013) on Equation (1). CF val-

ues for bottom sediments (Table 6) show that Manganese and Chromium con-

DOI: 10.4236/gep.2020.84009

135 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2020.84009

R. Sha’Ato et al.

taminations were at moderate degrees of contamination in the study area; Cop-
per was very high at the mine pit (SBS3) and Iyiogwe stream (SBS8) but mod-
erate at the mine downstream/run-off (SBS6) and NNPC pipeline stream (SBS7);
Zn was at moderate levels at SBS6 and SBS7 but considerable at SBS3 and SBSS;
Iron was at low degree of contamination at SBS7 and SBS8 while at SBS3 and
SBS6, it was moderate; Ni contaminations were low at SBS3 and SBS6 but mod-
erate at SBS7 and SBS8; Pb was at a very high degree of contamination at SBS3
and SBS8 but considerable at SBS6 and SBS7; while Cd contamination was also
at a very high degree but low at SBS6, SBS7 and SBS8. The high CF values were
indications that the heavy metals at the various sampling stations, except iron
(Fe) were from anthropogenic sources, as reported by Akoto et al. (2008) that CF
values between 0.5 and 1.5 indicate that the metal is entirely from crust materials
or natural sources while values above 1.5 could come from anthropogenic
sources.

2) Pollution Load Index (PLI)

This model (Equation (2)) proposed by Tomlinson et al. (1980), according to
Musa et al. (2018), represents the number of times by which the metal concen-
tration in the soil exceeds the average natural background metal concentration;
and gives an indication of the total level of metal toxicity in a given sample
(Muzerengi, 2017). PLI values for the sampling stations were greater than 1 (i.e.
PLI > 1) (Table 7), which indicated polluted conditions and deterioration of the
bottom sediment qualities, with high degree of heavy metal contamination in the
study area. Most polluted site by PLI estimation is the Pb-Zn mine site (SBS3).

Table 6. Contamination factors (CF) of heavy metals in bottom sediments.

Heavy Metal SBS3 SBS6 SBS7 SBS8
Copper 10.69 1.00 1.62 6.03
Zinc 3.92 1.84 2.26 3.29
Iron 1.54 1.03 0.98 0.93
Manganese 1.21 1.17 1.03 1.05
Nickel 0.61 0.93 1.44 2.62
Lead 17.95 4.21 4.42 9.67
Cadmium 21.27 0.83 0.92 0.94
Chromium 1.41 1.25 1.07 1.21

Table 7. Pollution load index (PLI) of heavy metals in bottom sediments.

Sampling Stations PLI Level Indication
SBS3 3.31 >1 Polluted area
SBS6 1.32 >1 Polluted area
SBS7 1.44 >1 Polluted area
SBS8 2.07 >1 Polluted area
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3) Enrichment Factor (EF)

EF of the heavy metals in the bottom sediments were assessed using Equation
(3), with Iron (Fe) as the reference element (RE) since it is often characterized by
low occurrence of variability (Muzerengi, 2017), and particularly stable in the
soil and its concentration is not influenced or characterized by vertical mobility
or degradation phenomena (Barbieri, 2016). EF values (Table 8) showed that at
SBS3, Fe, Mn, Ni and Cr concentrations come entirely from natural weathering
processes of rocks and other available substances, as their EF values were within
0.5 < EF < 1.5 range, while Cu, Zn, Pb and Cd concentrations were influenced by
anthropogenic sources, with EF values above the range. At SBS6, EEF values for
Cu, Fe, Mn, Ni, Cd and Cr were within 0.5 < EF < 1.5, while those of Zn and Pb
were above the range. EF values at SBS7 also indicated that Fe, Mn, Ni, Cd and
Cr were within the range of 0.5 < EF < 1.5, while those of Cu, Zn and Pb had EF
values above the range. At SBS8, EF values for Fe, Mn, Cd and Cr were within
the range (0.5 < EF < 1.5) which indicated a natural cause of weathering for their
concentration, while the values of Cu, Zn, Ni and Pb were above the range, indi-
cating rather significant contribution from anthropogenic sources to their concen-
trations (Pam et al., 2013). Order of anthropogenic inputs in bottom sediments
from the mine pit/pond (SBS3) was Cd > Pb > Cu > Zn > Fe > Cd > Mn > Ni,
while at SBS6 it was Pb > Zn > Cr > Mn > Fe > Cu > Ni > Cd. At SBS7, the order
was Pb > Zn > Cu > Ni > Cr > Mn > Fe > Cd, while at SBS8 it was Pb > Cu >
Zn > Ni> Cr > Mn > Cd > Fe.

4) Geoaccumulation index (I,)

Based on the model (Equation (4)) and its seven-class categorization of heavy
metal pollution, as proposed by Muller (1979) (Inengite et al., 2010; Fagbote &
Olanipekun, 2010; Izomoh & Akpambang, 2017), the intensities of heavy metal
contamination and pollution in bottom sediments in Thetutu minefield were also
assessed. Igeo values (Table 9) indicated that Copper was <0 (no pollution) at
SBS6, 0 - 1 (unpolluted to moderate pollution) at SBS7, and 2 - 3 (moderate pol-
lution to high pollution) at SBS3 and SBS8; Zn was in the range of 0 - 1 (unpol-
luted to moderate pollution) at SBS6 and SBS7 but 1 - 2 (moderate pollution) at
SBS3 and SBS8; Fe was also 0 - 1 (no pollution to moderate pollution) at SBS3
but < 0 (no pollution) at SBS6, SBS7 and SBS8; Mn and Cr were < 0 indicating
no pollution by the two metals. Ni was also < 0 (no pollution) at SBS3, SBS6,
SBS7 but 0 - 1 (no pollution to moderate pollution) at SBS8; Pb was 3 - 4 (high
pollution) at SBS3, 2 - 3 (moderate pollution to high pollution) at SBS8, and 1 - 2
(moderate pollution) at SBS6 and SBS7. Cd was also 3 - 4 (high pollution) at
SBS3 but < 0 (no pollution) at SBS6, SBS7 and SBS8.

3.4. Correlations

Among heavy metals in bottom sediments

Highest positive correlation (r = 0.992) was between Pb and Cu while the
highest negative correlation (r = —0.789) was between Ni and Mn. Correlations
determine the relationships between the sources of heavy metals, and positive
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correlations point to similar sources of heavy metal pollution (Inengite et al.,
2010; Dragovi et al., 2008). Thus, the high positive correlations between Pb and
Cu, Zn and Cu, Pb and Cd, Fe and Cd, etc. (Table 10), point to common sources
(Bhuiyan et al., 2009; Mohsen & Alireza 2014) such as anti-corrosion materials
on pipes and other metal surfaces; and from solid or liquid waste materials in the
mining areas such as tailings, cables, lubricating oils, automobile tires, batteries
and metal alloys used to harden engine parts. There was also strong positive
correlations between Pb and Zn (r = 0.950) which points to a common source;

the Pb-Zn mines where the two metals are the most prevalent heavy metals

hugely extracted from the Ihetutu mines.

Table 8. Enrichment factor (EF) of heavy metals in bottom sediments.

Heavy Metal SBS3 SBS6 SBS7 SBS8
Copper 6.94 0.96 1.66 6.47

Zinc 2.55 1.78 2.31 3.54

Iron 1.00 1.00 1.00 1.00
Manganese 0.79 1.14 1.06 1.13
Nickel 0.40 0.9 1.48 2.81

Lead 11.66 4.08 4.53 10.38
Cadmium 13.81 0.81 0.95 1.01
Chromium 0.92 1.21 1.09 1.30

Table 9. Geoaccummulation index (I,,) of heavy metals in bottom sediments.

Heavy Metal SBS3 SBS6 SBS7 SBS8
Copper 2.83 —-0.60 0.11 2.01
Zinc 1.39 0.30 0.58 1.13
Iron 0.04 -0.54 -0.62 -0.69
Manganese -0.30 -0.36 —-0.54 -0.51
Nickel -1.29 —-0.69 -0.06 0.81
Lead 3.58 1.49 1.56 2.69
Cadmium 3.82 -0.86 -0.69 -0.67
Chromium —-0.09 -0.27 -0.49 -0.32

Table 10. Correlation of heavy metals in bottom sediments in ihetutu minefield.

Cu Zn Fe Mn Ni Pb cd Cr

Cu 1

Zn 0.980 1

Fe 0.794 0.670 1

Mn 0.442 0.259 0.788 1

Ni -0.126 0.056 -0.702 -0.789 1

Pb 0.992 0.950 0.862 0.536 -0.246 1

Cd 0.869 0.770 0.989 0.706 -0.594 0.921 1

Cr 0.779 0.653 0.847 0.884 —-0.489 0.828 0.832 1
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3.5. Analysis of Variance (ANOVA)

ANOVA was performed using Microsoft Office Excel (2007), on the means of
the different stations, at a significance level, a = 0.05. The results showed that
there were no statistically significant differences in mean of the parameters
among the sampling stations in the study area, as p-values (0.644) was higher

than the significance level (a = 0.05).

4. Conclusion

The evaluation carried out on bottom sediments in Thetutu minefield, using pollu-
tion indices/models to estimate the levels of heavy metal contaminations/enrichment
confirmed that the bottom sediments of the pits/streams in the study area were
all contaminated to various degrees by heavy metals through point and non-point
anthropogenic sources. Bottom sediments were found to be highly polluted when
compared to background (pre-mining) values obtained from a control site in Utu-
ru. Heavy metals pollution in the area was in the order of Fe > Pb > Zn > Mn >
Cu > Ni > Cd > Cr. Generally, the level of deterioration of bottom sediment
qualities among the sampling stations, in terms of heavy metals contamination,
was in the order of Pb-Zn mine pit (SBS3) > Iyiogwe stream (SBS8) > NNPC pipe-
line (SBS7) > Pb-Zn downstream/run-off (SBS6). Compared to standard target
values, bottom sediments from Ihetutu minefield were found to be highly pol-
luted with Pb, Zn and Cu especially at the mine site. The study covered only some
few rivers, streams and mine pits/ponds in the area due to denial of access to
others by the mining companies. Further research should be carried out on heavy
metals, and streams and mine pits/ponds not covered in this study; and the health
impact of these contaminants on the bottom sediment dwelling organisms in the

study area.
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