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Abstract

Human activities have significantly disrupted the natural metabolic cycles and balance of certain heavy
metals, making them potentially harmful to human health and the environment depending on their
concentration. This study evaluated the levels of heavy metal contamination in sediments from
Ogbanokwute spring to determine the extent of pollution, using standard analytical methods
recommended by APHA and AOAC. Physicochemical parameters and heavy metal analyses were
conducted in triplicate to ensure high precision and accuracy of the results. The average mean of the
physicochemical properties of the sediments ranged from 2.56-2.94% for moisture content, 7.20~7.40
for pH, 149.48-150.07 uS/cm for electrical conductivity, 10.857-10.868 mg/kg for sodium, 42.623-
43.110 mg/kg for potassium, 75.740-76.000 mg/kg for calcium, and 18.680-19.367 mg/kg for
magnesium. The mean concentrations of the analyzed heavy metals were 0.00173-0.00183 ppm for
chromium, 0.0026-0.00467 ppm for cadmium, 0.0357-0.0723 ppm for mercury, 0.0033-0.0060 ppm
for lead, 0.607-0.823 ppm for zinc, and 0.00283-0.005 ppm for arsenic. Based on pollution indices, the
geo-accumulation index classified the sediments as uncontaminated, while the enrichment factor
indicated very high enrichment of mercury and significant enrichment of cadmium and zinc. The
contamination factor showed moderate chromium contamination. However, the pollution load index
(PLI) values suggested only baseline levels of pollutants, and the ecological risk assessment revealed
low concentrations of heavy metals. Overall, the results indicate that Ogbanokwute spring sediments
contain very low levels of heavy metal contaminants, suggesting that the spring water is not adversely
affected and is therefore safe for drinking.
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INTRODUCTION

Water is necessary for life to exist on Earth. It supports vital processes in humans, animals,
and plants and accounts for 50% to 75% of the total body weight of living things (Barry et al.,
2010). The sediments found in the water bodies are essential components of the aquatic system
and vary in shape, size, density, and content. The weathering and erosion of bedrock minerals,
organic materials, soils, and other instream sources are the natural origins of these sediments
(Ho-Sik et al., 2012). The bedrock and soils that are weathered around land surfaces or eroded
at river bottoms and then carried into rivers by wind and precipitation have an impact on the
geochemical characteristics of sediments (Ho-Sik et al., 2012).

Numerous contaminants are stored in the sediments. Human activities like mining, farming,
industrial processes, urbanization, burning fossil fuels, smelters, untreated waste from
various industries, and human-generated waste are some of the ways that these hazardous
and heavy metal pollutants enter the water sediment (Amirhossein et al., 2015). According to
Tchounwou et al., (2012) and Enyo et al., (2020), heavy metals are naturally occurring metallic
elements that are non-biodegradable and have densities that are around five times higher than
those of water (density > 5 g/cm?3).

Human activities have significantly altered the metabolic cycles and balance of some heavy
metals, making them potentially harmful to human health depending on concentration
(Ohiagu et al., 2022). These harmful heavy metals enter the body system through food, air,
water, or other sources, either naturally or as a result of human activity. Over time, they
bioaccumulate in the human organs, causing major issues because of their toxicity and leading
to the worsening of a variety of human diseases (Engwa et al., 2019; Gomaa, 2022).

Because of man's anthropogenic activities, heavy metals are constantly present in the
environment, making human exposure to them inevitable. Therefore, it is necessary to
investigate how heavy metals from the activities of Amawusa slum residents are endangering
the sediment of Ogbanaokwuta spring. Thus, this work tends to evaluate the heavy metal
contamination of Ogbanaokwuta spring sediments and their primary sources using some
reliable pollution indices.

MATERIALS AND METHODS

Study Area

Enugu State is one of the states in Nigeria's South-East geopolitical zone and is home to a
number of ethnic groups. The state is bounded to the south by Abia State, to the east by Ebonyi
State, to the northeast by Benue State, to the northwest by Kogi State, and to the west by
Anambra State. The seventeen Local Government Areas that comprise Enugu State are:
Aninri, Awgu, Enugu East, Enugu North, Enugu South, Ezeagu, Igbo Etiti, Igbo Eze North,
Igbo Eze South, Isi Uzo, Nkanu East, Nkanu West, Nsukka, Oji River, Udenu, Udi, and Uzo-
Uwani. The five major district areas that comprise the Enugu North Local Government Area
are Amaigbo Lane, Onuato, Umunevo, Enugwu-Ngwo, and Ihenwuzi.

The Ogbanokwute spring water is located in the Amawusa slum in the Umunevo community
of Obiagu, Ogui Nike, Enugu North L.G.A. Enugu State. The region is located in the
cretaceous Enugu formation of the southern Benue trough lithostratigraphy. It is composed
of siltstone and pyrite lenses embedded in black shale. Because of the fractures in these rocks,
a secondary porosity medium is created, which stores groundwater. Some of these
groundwater sources also release water as springs along weak zones (Obaje, 2009).
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Figure 1: Ogbanaokwute spring water outlet Figure 2: Ogbanaokwute spring water runway

Sample Collection and Preparation

Sediment samples were collected in the morning from Ogbanokwute spring at two distinct
locations: the upper and lower parts. Six sampling sites were selected, three (3) from the upper
part and three (3) from the lower part. Samples were taken at depths ranging from 5 to 20 cm
and placed in sanitized, labeled, airtight polyethylene bags. They were then transported to the
laboratory for analysis. Each sample was left to air-dry at ambient temperature for seven days,
after which the dried sediments were ground into fine powder using a clean ceramic Teflon
pestle and mortar. The powdered samples were sieved and stored in a desiccator until further
analysis.

Physico-Chemical Analysis of the sediment sample

The electrical conductivity (EC) of the sediment was measured using a desktop conductivity
meter (model: DDS-307A) manufactured by Mettler Toledo in compliance with AOAC 2004
and Amadi et al., 2004. A typical electronic pH meter (model: SGZ-200BS) manufactured by
Labscience England was used to measure the sediment's pH (Amadi et al., 2004). The
sediment's sodium, potassium, calcium, and magnesium contents were measured using the
titrimetric method (Issam and Antoine, 2007), and the moisture content was determined using
the gravimetric method (Amadi et al., 2004).

Digestion and Heavy metal analysis of the sediment sample

For the digestion of the sediment sample for heavy metals analysis, 2g of the dried sediment
sample was weighed and transferred into a digestion flask and 20ml of the acid mixture
(650ml conc. HNOs; 80ml perchloric acid; 20ml conc H>SO,) was added. The mixture was
heated in a digesting flask until a clear digest was obtained. It was diluted with distilled water
to the 50ml mark. The solution was filtered and ready for AAS analysis. The blanks were
prepared using the same procedure but without the sediment samples. The heavy metal
content of the samples was analyzed using Varian AA240 Atomic Absorption
Spectrophotometer according to the method of American Public Health Association (APHA,
1995).
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Assessment of pollution indices

Geo-Accumulation Index (Igeo)

The geo-accumulation index (Igeo) values were determined using the Mullers' 1969 model
(Singh et al., 2017; Jena et al., 2019), which is represented by

Igeo = Logz(cn/1.5 X BTL)

Here, Cn denotes the concentration of metals in the sediment sample, while Bn
indicates the geochemical background concentration of the metal (n). Since there are no
regional geochemical background values for these elements, the study used the world average
elemental concentrations in mg/kg (90 for Cr, 0.3 for Cd, 0.07 for Ag, 0.4 for Hg, 20 for Pb, 80
for Al, 95 for Zn, and 13 for As) reported by Turekian and Wedopohl (1961) in the earth's crust
as a reference. The geo-accumulation index is divided into seven classifications, from highly
contaminated to uncontaminated, with higher values indicating greater pollution.

Table 1: Geo-Accumulation Index (Igeo) Classification

Class Igeo Value Description

0 Igeo <0 Uncontaminated

1 0<Igeo<1 Uncontaminated to moderately contaminated
2 1<Igeo<2 Moderately contaminated

3 2<Igeo<3 Moderately to heavily contaminated

4 3<Igeo<4 Heavily contaminated

5 4 <Igeo<5 Heavily to extremely contaminated

6 Igeo >5 Extremely polluted

Ogpbeibu, et al. (2014) and Singh, et al. (2017)

Enrichment factor (EF)

EF values are useful in determining whether a given element's concentration in a sample is
mostly the result of natural processes or whether human activity has a substantial impact. Al
was selected as the normalizing element when calculating EF values, in accordance with (El
Zokm et al.,, 2020) suggestion: The following formula is used to compute the enrichment
factor.

(Metal/Al)Sediment
(Metal/Al)Shale

EF =

The normalizing element, Al, which has an average shale concentration value of 80 mg/kg
(Gehan et al., 2020; Turekian and Wedopohl 1961), was utilized for the sediment analysis in
this study. Sutherland (2000) states that EF can be divided into five categories: When EF < 2
indicates no enrichment or depletion of mineral enrichment, 2<EF<5 indicates moderate
enrichment, 5<EF<20 indicates significant enrichment, 20<EF<40 indicates very high
enrichment, and EF>40 indicates extremely high enrichment.

Contamination Factor (CF)
The contamination factor (CF) is a single-index method that is efficient and straightforward
in tracking heavy metal contamination (Hakanson 1980). To determine the level of

contamination in the sediment, the contamination factor (CF) can be computed as follows:

CF = C metal
~ C background

where C metal is the measured concentration of a particular metal and C background is its
background value. The background concentration for this study is the global average elements
concentrations suggested by Turekian and Wedopohl (1961). The degree of contamination is
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then categorized using a range of CF values, from low to extremely high (Hakanson 1980), as
seen below

CF <1: Low contamination

1 < CF < 3: Moderate contamination

3 < CF < 6: Considerable or moderately severe contamination

6 < CF: Very high or severe contamination

Degree of Contamination (Cd)
To ascertain the level of contamination in the sediment, the degree of contamination (Cd) is
often computed as the total of all contamination factors, which is expressed as follows:

cd =Y CF
Cd<8 indicates low contamination, 8<Cd<16 indicates moderate contamination, 16<Cd<32
indicates considerable contamination, and 32<Cd indicates very high contamination, in that
order (Biose and Oyagha 2024).

Pollution Load Index (PLI)
The total pollution level of a given area, is determined using the pollution load index. It can
also be defined as the evaluation of the overall toxicity of sediments (Hakanson 1980). The
following relationship can be used to determine the pollution load index:

PL1 = [CFy X CFy X CF3 X — — — — — x CE,]"/n
where n is the number of metals being assessed and is the contamination factor of the nth
metal. The pollutant load index is categorized as: low (CF<1), moderate (CF: 1-3),
considerable (CF: 3-6) and high (CF>6). PLI=1 denotes that only baseline levels of pollutants
are present, while
PLI > 1 signify a steady decline in the site's quality (Mohiuddin et al., 2010).

Potential Ecological Risk Index (PERI).
Heavy metal pollution from the sedimentology perspective was assessed using Hakanson's
(1980) potential ecological risk index technique, which is represented in the equation below.

Er' <= Tr.Cf
Tr stands for a substance's toxic-response factor for a given substance (chromium = 2,
cadmium = 30, mercury = 40, lead = 5, zinc = 1 and arsenic = 10) and Cf for contamination
factor.
The risk factor is described using the following terms.: Eri < 40, low potential ecological risk;
40<Eri< 80, moderate potential ecological risk; 80<Eri<160 considerable potential ecological
risk,160<Er'< 320, high potential ecological risk and Er'> 320, very high potential ecological
risk Hakanson's (1980).
The potential ecological risk index (RI), which is the total of the risk elements, was defined
similarly to the degree of contamination.

RI =Y Ert, assumingi=1
Where Er! is the ecological risk factor. Hakanson (1980) provided the following terms for the
prospective ecological risk index: RI<150 denotes low ecological risk, 150<RI<300 denotes

moderate ecological risk, 300<RI<600 denote considerable ecological risk and RI>600 denotes
very high ecological risk.
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Data Analysis
All determinations were conducted in triplicates and data generated were analyzed
statistically using (SPSS) version 27 and Microsoft Excel 2016.

RESULTS AND DISCUSSION

physicochemical parameters of the sediment

The physicochemical characteristics and heavy metal concentrations of the Ogbanokwute
spring sediment under study are shown in Table 3. The water content of the soil or sediment
is an important factor that influences a variety of environmental processes, according to Isaac
(2024). The reservoir-like role of soil moisture in regulating transpiration, evaporation,
infiltration, and runoff has a direct effect on water flow (Issac 2024). Higher soil moisture can
increase runoff and perhaps result in flooding, whereas low soil moisture can exacerbate
drought conditions and reduce the amount of water available in rivers and lakes. It was found
that the sediment from Station B had a greater moisture content (2.94 + 0.0322) than the
sediment from Station A (2.73 + 0.0036).

pH is a crucial element, given that the majority of chemical processes in watery habitat are
regulated by pH changes and that high acidic or alkaline environment in any habitat can kill
marine life (Kapil et al., 2018). The examined sediments have quite basic pH values. Station B
had the lowest pH value, measuring 7.20, while Station A had the highest, at 7.36. The findings
of the analysis were comparable to those published by Kapil et al., (2018) and Adesuyi et al.,
(2016).

Electrical conductivity (EC) is the ability of the sediment to permit the flow of electric current
and is dependent on the concentration of ionizable substances in the sediment (Majolagbe et
al., 2023). The electrical conductivity (EC) of the sediment under examination is 150.07 + 6.2931
uS/cm from station A and 146.48 + 5.8629 uS/cm from station B. The electrical conductivity
level in this investigation can be ascribed to the ion concentrations in the water channels under
consideration.

The primary sources of soluble minerals in water bodies include sedimentary rocks, all forms
of detritus, atmospheric depositions, erosion, human activity, industrial effluents, and
agricultural runoff from surrounding areas that enters the water drift area. These substances
eventually settle, stabilize, and accumulate in sediment (Cheung et al., 2003). According to the
results of the soluble minerals in the sediments, potassium ranges from 42.623 mg/kg at
station A to 43.110 mg/kg at station B during the study, while sodium ranges from 10.86
mg/kg to 10.87 mg/ kg, with the maximum recorded at station A and the minimum at station
B. Despite being less dangerous in water, potassium spreads quickly because of its strong
mobility and transformation capacity. According to this data, the potassium content is higher
than the sodium concentration at every location. Additionally, this research found that the
amount of calcium in the sediment is quite high when compared to magnesium. The calcium
mean values at stations A and B were 75.740 mg/kg and 76.000 mg/kg, respectively. For
magnesium, station A had the greatest mean value (19.367 mg/kg), whereas station B had the
lowest (18.680 mg/kg). Calcium and magnesium are found naturally in water bodies and are
essential for aquatic life and humans. They are known to have an impact on water hardness
as well.
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Table 2: Results of the physicochemical parameters and heavy metal concentrations of the
evaluated water sediment from water outlet and runway source

Sources Station A Station B

Parameters Unit Minimum Maximum Mean *SD Minimum Maximum Mean *SD
Moisture % 2.224 2.731 2.56 £ 0.2913 2.899 2.959 2.94 +£0.0321
Content

pH Nil 7.32 7.40 7.36 £ 0.0404 7.19 7.22 7.20 £ 0.0153
Electrical uS/cm 143.010 155.090 150.07 + 6.2931 143.090 153.250 146.48 + 5.8629
Conductivity

Sodium mg/kg  10.24 11.25 10.868 + 0.5485 10.16 12.03 10.857 £ 1.0174
Potassium mg/kg  39.73 46.57 42.623 £ 3.5396 38.75 49.88 43.110 £ 5.945
Calcium mg/kg  65.04 85.08 75.740 +10.089 73.96 79.00 76.000 + 2.6536
Magnesium mg/kg  18.84 19.81 19.367 + 0.4903 18.48 18.84 18.680 + 0.1833
Chromium ppm 0.0005 0.0030 0.00183 £ 0.00126 0.0005 0.0040 0.00173 £ 0.00197
Cadmium ppm 0.0010 0.0040 0.00267 £ 0.00153 0.0030 0.0060 0.00467 £ 0.00153
Mercury ppm 0.0290 0.0440 0.0357 + 0.00764 0.0570 0.0880 0.0723 + 0.01550
Lead ppm 0.0020 0.0050 0.0033 + 0.00153 0.0050 0.0070 0.0060 + 0.00100
Zinc ppm 0.5300 0.6700 0.607 £ 0.07095 0.7500 0.9000 0.823 £ 0.07505
Arsenic ppm 0.0015 0.0040 0.00283 £ 0.00126 0.0040 0.0060 0.0050 +0.0010

Key: Station A is a sediment sample collected from a water outlet at coordinates N 60°26.175’, E 70°27.624’, with
an elevation of 170 meters.

Station B is a sediment sample taken from the water runway at coordinates N 60°26.678", E 70°27.981’, with an
elevation of 169.4 meters.

heavy metal concentrations of the sediment

According to Helen et al., (2016), heavy metals are families of metals and metalloids with large
densities that can be dangerous at low concentrations because of their toxicity, persistence,
non-biodegradability, and bioaccumulation. (Kapil et al., 2018). According to Edward et al.,
(2001), these nonbiodegradable heavy metals from the biosphere can enter the ecosystem
through natural or man-made sources like atmospheric depositions, erosion, anthropogenic
sources, untreated industrial waste, human-generated waste, agricultural runoff, etc. (Kapil
et al., 2018). The presence of these harmful heavy metals in drinking water can lead to a variety
of ailments, such as cardiovascular disease, neurological disorders, hepatorenal syndrome
(HRS), and an increased risk of developing various cancers in people. Based on the results of
the heavy metal analysis of the sediment, the mean amounts of these metals were as follows:
Zn>Hg>Pb>Ar>Cd>Cr. Zinc had the highest concentration mean value of 0.823 ppm for the
station B sediments and 0.607 ppm for the station A sediment among all the metals that were
examined in the sediments. As indicated in Table 3, the zinc content was found to be far below
the USEPA and WHO sediment quality recommendations' limitations. Mercury levels were
measured at a minimum of 0.0357 ppm at section A and a maximum of 0.0723 ppm at section
B. According to Table 3, the mercury level was found to be below the TEC and PEC standards.
Station B recorded the highest mean concentration of 0.0060 + 0.00100 ppm for lead, while
station A recorded the lowest mean concentration of 0.0033 + 0.00153 ppm, both of which were
below the USEPA guideline limit of 40 ppm for Pb in sediment. With mean levels of 0.0050
ppm and 0.00283 ppm, respectively, the arsenic concentration was found to be below the TEC
and PEC permissible limits at station B and station A, respectively (Table 3). Below the USEPA
and WHO sediment quality criteria, the levels of chromium and cadmium range from 0.00173
ppm (station B) to 0.00183 ppm (station A) and 0.00267 ppm (station A) to 0.00467 ppm (station
B), respectively (Table 3). Station B has a higher level of heavy metal content than station A,
according to the results of the heavy metal analysis. One possible explanation for this could
be that of human activity in the nearby aquatic habitat
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Table 3: Sediment Quality Guidelines (SQG) for metal elements in ppm

Metal element USEPA Sediment WHO Sediment Threshold Effect Probable Effect
Quality Guidelines Quality Guidelines Concentration Concentration
(SQG) limits (SQG) limits (TEC) (PEC)

Chromium 25 25 434 111

Cadmium 0.6 6 0.99 4.98

Mercury - - 0.18 1.06

Lead 40 - 35.8 128

Zinc 110 123 121 459

Arsenic - - 9.79 330

Source: Kapil et al., ( 2018); MacDonald et al., (2000)

Assessment of pollution indices of the sediment

The geo-accumulation index (Igeo) of the heavy metals in both stations is shown in Table 4.
According to the geo-accumulation index, both stations were classified as uncontaminated in
class 0 (Igeo < 0) for all of the heavy metals that were examined. From the enrichment factor
results (Table 5), mercury recorded extremely high enrichment in both stations, cadmium and
zinc recorded significant enrichment, while chromium, lead, and arsenic recorded no
enrichment for either Station A or Station B of the sediment under study. The contamination
factor (Table 6) served as the basis for evaluating the total contamination of the station under
study. All of the heavy metals that were examined showed low contamination at both stations,
with the exception of chromium, which recorded moderate contamination at both Stations A
and B (Table 6). The degree of contamination reveals low contamination (Cd<8) of the studied
heavy metals in both stations, while the pollution load index value suggests moderate
concentration (CF: 1-3) of the investigated heavy metals in both station A and station B (Table
6), indicating perfection. Despite the high mercury enrichment in the spring sediments, the
contamination has not been severe enough to require quick actions to reduce pollution.
According to the ecological risk assessment result in table 7, both stations had a low potential
ecological risk factor because the Eri value for each of the heavy metals under analysis was
less than 40 (Eri < 40). To determine the total ecological risk (RI) of the metals found in the
spring sediment, RI was computed by adding up the five risk categories (Table 7). RI could
describe the ecological risk resulting from the overall contamination and the susceptibility of
the local ecosystem to the harmful metals. For both stations A and B, the contribution to the
total potential ecological risk (RI) shows low ecological risk (RI<150).

Table 4: The Geo-Accumulation Index (Igeo) of the sediments

Parameters Station A Igeo class Parameters Station B Igeo class
Cr -16.17075623 Igeo<0 Cr -16.25182784 Igeo<0
Cd -7.396941449 Igeo<0 Cd -6.590358641 Igeo<0
Hg -4.070966521 Igeo <0 Zn -7.435853773 Igeo<0
Pb -13.15020886 Igeo<0 Pb -12.28771238 Igeo<0
Zn -7.875049687

As -12.75038445 Igeo<0 As -11.92925841 Igeo<0
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Table 5: The Enrichment factor (EF) of the sediments

Parameters Station A EF Class Parameters Station B EF Class
Cr 0.0311 EF <2 Cr 0.0206 EF <2
Cd 13.614 5<EF<20 Cd 16.671 5<EF<20
Hg 136.520 EF>40 Hg 193.574 EF>40
Pb 0.252 EF <2 Pb 0.321 EF <2
n 9.774 5<EF<20 Zn 9.278 5<EF<20
As 0.333 EF <2 As 0.412 EF <2

Table 6: The Contamination Factor, Contamination Degree and Pollution Load Index) of
the sediments

Contamination Factor CD PLI
Locations Cr Cd Hg Pb Zn As
Station A 2.033 0.009 0.0893 0.00017 0.0064 0.00022 2.1381 1.1350
Station B 1.922 0.0156 0.181 0.0003 0.0087 0.00039 2.1279 1.1341
Class 1<CF<3 CF<1 CF<1 CF<1 CF<1 CF<1 Cd<8 (CF:1-3)

Table 7: The Potential Ecological risk index of the sediments

Location Potential ecological risk factor (Eri) RI Risk grade
Cr Cd Hg Pb Zn As

Station A 4.066 0.27 3.572 0.0009 0.0064 0.0022 7.917 low  ecological
risk

stationB 3.844 0.468 7.24 0.0015 0.0087 0.0039 11.566 low  ecological
risk

Potential low low Low Low Low low low

ecological

risk

CONCLUSION

Water is essential to life on Earth, and the adverse effects of water contamination on human
and animal health have made it a major global concern. This study evaluated the impact of
heavy metals on the sediments of Ogbanaokwute spring using pollution indices. The
enrichment factor revealed significant enrichment of cadmium and zinc, as well as
exceptionally high enrichment of mercury. The contamination factor indicated considerable
chromium contamination, while the prospective ecological risk assessment showed that the
studied heavy metals posed low ecological risk (RI <150) at both stations. Overall, the findings
suggest that the level of contamination in the sediments was not high enough to require
immediate remediation efforts. However, the data generated from this study could serve as a
valuable baseline for government agencies responsible for monitoring and controlling
pollution in aquatic ecosystems.
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