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Abstract

This study was conducted to investigate the concentration of three heavy metals; iron, chromium and
lead in surface water and plant (Sacciolepis africana) tissues along the Epie creek. This was aimed at
determining the heavy metal loading of surface waters and the extent of bioaccumulation in the most prevalent
grass species found growing within the river course. Metals were determined using atomic absorption
spectrophotometer. Result of water analysis recorded the least and most significant iron concentrations of 3.42
+ 0.06 mg/L and 12.06 + 0.06 mg/L for Agudama and Edepie axis respectively. Contrastingly, water samples
showed chromium and lead levels which were below their instrument measurable limits. Consequently, lead (Pb)
and chromium (Cr) levels were within WHO permissible limits, while iron (Fe) exceeded regulatory standard for
water samples collected from all field locations. Similarly, iron recorded elevated iron concentrations in plant
(cupscale grass) with the least amount being revealed for Igbogene stem (196.63 = 5.21 mg/kg), and the most
concentration been reflected for Edepie root sample (9,423.17 + 48.55 mg/kg). Even though iron levels
prevalently exceeded recommended threshold in plants, the stem were mostly within limit for iron. The only
grass sample depicting significant lead amount (0.34 mg/kg) was the stem section collected at Akenfa location.
Evidently, metals were least stored in plant stems and most bioaccumulated in plant roots. Furthermore, Cr and
Fe are the only significantly correlating metals in plants (r = 0.700, p < 0.01). Overall, the increasing level of Fe
in the water environment is further indication of the impact of unregulated dumping of scraps and domestic
waste along the creeks embankment.

Corresponding author: Ayobami Aigberua, Department of Chemical Sciences, Faculty of Science, Niger Delta
University, Wilberforce Island, PMB 71, Yenagoa, Bayelsa State, Telephone #: +234 (0) 803 276 5181

Keywords: Anthropic, Heavy metals, Contamination, Cupscale grass, Epie Creek
Received: Oct 26, 2019 Accepted: Nov 14, 2019 Published: Nov 18, 2019
Editor: Sylvester C. IZAH, PhD Student, Department of Biological Science, Niger Delta University, Nigeria.

www.openaccesspub.org JPAE CC-license  DoOI: 10.14302/issn.2637-6075.jpae-19-3074 Vol-1 Issue 4 Pg. no.— 7



http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jpae
https://openaccesspub.org/journal/jpae/archives
https://doi.org/10.14302/issn.2637-6075.jpae-19-3074

Freely Available Online

Introduction

Studies on heavy metal pollution of rivers, lakes,
fish and sediments have become a major environmental
focus in recent decades because they are one of the
most serious pollutants in our natural environment due
to their toxicity and persistence [1]. In the aquatic
environment, trace elements are distributed amongst
the various environmental components such as water,
suspended solids, sediments and biota [2]. Aquatic
organisms, including fish accumulate pollutants directly
from contaminated water and indirectly via the food
chain (bioaccumulation) [3-6]. Some economic plants
have been reported to reflect higher metal
concentrations than roadside soils of major
roads [7]. Areas of alarming metal thresholds are mostly
locations of potential environmental impact [8].

Water pollution occurs when unwanted materials
(with potentials to threaten human and other natural
systems) find their way into rivers, lakes, wells, streams,
boreholes or even reserved fresh water in homes and
industries [9]. Heavy metals in water may be natural
(weathering of rocks and soils) and anthropogenic
(mining, industries, wastewater irrigation and
agricultural activities [10-11]. Large quantities of heavy
metals have been released into rivers worldwide due to
global rapid population growth and anthropogenic
activities [12-15].

Sacciolepis africana is a genus of plant in the
grass family with the common name cupscale grass
(Sacciolepis africana). They are widespread in tropical
and warmer temperate regions and persist for periods
exceeding 24 months. Also, it is normal that they flower
yearly with grass growing as tall as 2 meters in height.
Even though they occur as weeds of deep water rice,
they are commonly found in superficial, slow-going
water where their roots may be of wiry and condensed
mass [16-17]. The plant is also widespread in the area
of study (along the river course of the Epie creek), in the
south-south part of Nigeria.

Rivers are by far the cheapest form of water
supply compared to other sources like groundwater and
seawater  desalination.  Meeting water  quality
expectations for streams and rivers is required to protect
drinking water resources, encourage recreational
activities and provide a good environment for fish and
wildlife [18]. There has been report of the positive
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identification of bacterial isolates like Pseudomonas,
Enterobacter, Bacillus, Citrobacter, Erminia, Klesbsiella,
Shigella, Salmonella, Proteus, Serratia, Micrococcus,
Corynebacterium species, Staphylococcus aureus and
E-coli in water samples from Epie creek, traversing
different locations at Akenfa, Agudama-Epie, Tombia,
Opolo and Biogbolo. Bacteriological contamination was
attributed to the presence of anthropogenic activities
along the river course [19].

This study was conducted to measure the
quality of surface waters of Epie Creek with respect to
its total metal concentrations. The Epie creek is located
within latitude 5°23'N, 5°30'N, and Longitude 6°58'E,
7°04'E. It traverses through the stretch of Yenagoa
(Igbogene axis) to government house (Okutukutu axis),
being one of the major essential surface waters in
Bayelsa State. The creek is connected to Ikoli and Taylor
creeks. Also, the creek serves as a recipient channel for
domestic, commercial and poorly managed industrial
wastes, while the water is often used for drinking,
bathing, recreational and transportation activities. Heavy
metal concentrations in the water were compared with
those of Sacciolepis africana plant.

The aim of this study is to evaluate the level of
heavy metal contamination of water from Epie creek,
especially those emanating at points close to waste
dumpsites. The study also aims to determine the level of
bioaccumulated trace/heavy metals within different
sections (leaves, stems and roots) of Sacciolepis
Africana (cupscale grass).

Materials and Methods
Materials

Solutions and reagents used include: distilled
water, 37% hydrochloric acid (Sigma-Aldrich Chemicals,
USA), 65% nitric acid (Riedel-De Haen, Germany).
Equipment

Flame atomic absorption spectrophotometer
(Model: GBC Avanta Ver. 2.02/AA6600), analytical
weighing balance (Model: Mettler AE200), hot plate
(Model: Corning PC-351), Soil sieve (Model: Endecotts
Ltd - stainless steel with 2mm mesh and brass frame).

Methods
Study Area
Study was conducted along the stretch of Epie
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Creek, from Igbogene to Okutukutu axis of Yenagoa
City. Yenagoa metropolis with latitude 5°23'N and
5°30'N, and Longitude 6°58'E and 7°04'E is located in
Bayelsa State, within the south-south region of the oil-
rich Niger Delta zone of Nigeria.

Sample Collection and Preservation

Three replicate water samples were randomly
collected from six locations along the Epie Creek.
Surface waters were directly collected from the
superficial layer into sampling containers. The sites
were: up-Igbogene (control) (latitude 05.0386,
longitude 06.4033); Igbogene (latitude 05.0255,
longitude 06.3996); Akenfa (latitude 05.0019, longitude
06.3787); Agudama (latitude 04.9791, longitude
06.3675); Edepie (latitude 04.9616, longitude 06.3660);
and Okutukutu axis (latitude 04.9543, longitude
06.3448). The sampling stations were selected based on
their proximity to effluent discharge points in which
waste dump sites were used as point sources of
pollution along the river, while up-Igbogene axis was
sampled as control. The grass species were found
sprouting within the water environment but at close
proximity to the river embankments. From each of the
field locations, three replicate grass samples were
collected.

Samples were collected in the dry season month
of December 2017. The water samples were collected
from the sampling stations in clean, sterilized 250 mL
plastic bottles. They were then acidified with 5 mL
concentrated nitric acid and transported to the
laboratory for heavy metal analysis. In the field, the
containers were severally rinsed with habitat water at
each sampling point prior to collection.

Each sample was collected by submerging the
receiving container into the river at about 100 mm to
300 mm below the surface with the open end aligned
against the flow direction of water current. Similarly, the
plant (Sacciolepis africana) samples were collected from
around point source waste dump sites. Afterwards,
vegetation samples were placed in aerated polyethylene
bags in order to retain their fresh condition while been
transported to the laboratory.

Sample Preparation/Analysis
Analysis of Heavy Metals in Water and Plant Tissues

All laboratory wares were washed with
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laboratory detergent, soaked in 10% hydrochloric acid
solution overnight, thoroughly rinsed in distilled water,
and then dried at 85°C. Exactly 100 mL of unfiltered
water was strained through whatmann filter paper,
transferred into a 150 mL glass beaker, before adding 5
mL of concentrated nitric acid solution. Afterwards, the
acidified water was evaporated to near-dryness on a hot
plate. A further 5 mL of concentrated nitric acid solution
was added before the sample mixture was continuously
heated for 15 minutes. Sample was concentrated to
about 5 mL before leaving it to cool at room
temperature. Thereafter, the acid digest was filtered
into 100 mL volumetric flask and the volume made up
to mark with distilled water. The filtration step aids in
the removal of silicate and other insoluble materials
prior to the aspiration of acid extracts for Pb, Cr, and Fe
analysis on the atomic absorption spectrophotometer
(AAS). Instrument detection limits were 0.02 mg/L,
0.006 mg/L and 0.09 mg/L for Pb, Cr and Fe
respectively. The solution was stored in 125 mL
polypropylene bottle and aspirated through the
nebulizer unit of the instrument. Concentrations of the
respective metals were reported in mg/I units [20-21].

The plant samples were isolated into their leaf,
stem and root sections. All the plant parts were washed
with distilled water to remove dirt, dust, and other
contaminants. Furthermore, the vegetation samples
were washed with distilled water and dried at room
temperature (22°C to 25°C) before further subjecting
them to oven-drying at 60°C. The dried plant parts
were crushed, powdered and homogenized. The
powdered samples were stored in polyethylene
sampling bags for further processing. Subsequently, a
muffle furnace was used to dry-ash the plant samples.
Five grams of each dry-ash sample was weighed into a
conical flask. Each of the weighed samples was mixed
with 10 mL of 1 N hydrochloric acid (HCI) and 10 mL of
1 N nitric acid (HNOs). A mixture of the ash solution was
predigested at about 50°C on a hot plate. Heating
continued until white fumes evolved, resulting in a clear
brown-colored solution. The heat was further intensified
to 120°C for few minutes until sample was adequately
concentrated. Afterwards, the cooled ash solution was
filtered and made up to mark in 50 mL volumetric flask
using distilled water. Filtrates were made through
whatmann No. 1 filter paper and collected into clean
and sterilized polypropylene vials. Subsequently, the
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filtered sample (ash) solutions were aspirated into the
atomic absorption spectrophotometer (AAS) and the
concentrations of test elements such as lead (Pb), iron

(Fe), and chromium (Cr) were determined at
wavelengths of 217.0, 248.3 and 357.90 nm
respectively.  Subsequently,  concentrations  were

recorded in mg/kg units [22-25].
Chemical Analysis

The concentrations of Pb, Cr and Fe in the
different sample matrices were determined using FAAS
(GBC Avanta PM, A6600, Australia). The operational
condition of equipment is provided in Table 1 below.

Statistical Analysis of Data

In order to determine the association and
variation between test metals in surface waters and
vegetation of Epie Creek, descriptive statistical analysis
was carried out using statistical package for social
science (SPSS) version 20. Data was expressed as mean
+ standard deviation. The range (minimum and
maximum) of the values obtained across the sampling
points was also presented. One way analysis of variance
(ANOVA) was used to show significant variation at P =
0.05. Where significant  variation occurred,
Waller-Duncan statistics was used to compare mean
values of each test parameter under investigation.
Heavy metal distribution in water and vegetation was
correlated using Spearman’s rho correlation matrix.

Results and Discussion
Heavy Metals in Water

The concentrations of chromium (Cr), lead (Pb)
and iron (Fe) in the water and plant (cupscale grass)
samples from Epie creek (up-Igbogene (control)) and
the other five sample locations (Igbogene, Akenfa,
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Agudama, Edepie and Okutukutu) are presented in
Tables 2 and 3.

The result shows a wide range of concentrations
of the selected heavy metals. The concentrations of iron
(Fe) in mg/L are: 4.05 + 0.06, 5.06 + 0.04, 3.42 = 0.06,
4.05 £+ 0.04, 12.06 = 0.06 and 5.44 £ 0.05 respectively
for up-Igbogene (control), Igbogene, Agudama, Akenfa,
Edepie and Okutukutu sampling sites. Iron was the most
significant mineral concentration across all sample
locations while lead and chromium were below the
instrument detection limits of 0.02 and 0.006 mg/L
respectively. Iron levels exceeded the stipulated WHO
permissible limit of 1.0 mg/L. The result obtained from
this study showed an increasing level of iron in the
surface water environment as compared to the
concentration range of 0.32 to 2.52 mg/L that was
previously reported [26]. The spike in iron may be from
the turbid appearance of water samples emanating from
soil runoffs or leachates from increasing anthropic
occurrences of waste dumpsites. A greater mobility
factor of 0.84% for iron in dumpsite environments as
compared to 0.71% in uncontaminated control habitats
has been reported in a previous study [27].

Results obtained for the metals (Cr, Fe and Pb)
in water samples were compared with WHO maximum
permissible limits. The permissible limits of Cr, Fe and Pb
for water according to WHO are 0.1 mg/L, 1.0 mg/L and
0.05 mg/L respectively [28]. Consequently, the
concentrations of Cr and Pb were recorded within WHO
permissible limits while Fe values exceeded stipulated
regulatory comparison (Table 4). The results of Cr and
Pb obtained in this study partially corroborated [20]
where Cr recorded mean values of 0.27 £ 0.05 mg/L
and 0.23 £+ 0.01 mg/L in the Middleton creek, Bayelsa

Table 1. Operational status of FAAS
L Lamp | Flame composition Check standard | Detection

Metals Slit width | Wavelength - . ..

) (nm) (nm) current | Acetylene | Air concentration, | limit

(mA) | (L/min) | (L/min) | (mg/L) (mg/L)

Pb 1.00 217.0 5.0 2.0 10.0 0.5 0.02

Cr 0.2 357.9 6.0 2.0 10.0 0.5 0.006

Fe 0.2 372.0 7.0 2.0 10.0 5.0 0.09
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Table 2. Concentration of heavy metals in surface waters of Epie Creek

sample Location(s) Iron, Fe Lead, Pb Chromium, Cr
(mg/L) (mg/L) (mg/L)
up-Igbogene (Control) 4.05+0.06b ND ND
Igbogene 5.06+0.04c ND ND
Agudama 3.42+0.06a ND ND
Akenfa 4.05+0.04b ND ND
Edepie 12.06+0.06e ND ND
Okutukutu 5.44+0.05d ND ND

Data is expressed as mean + standard error; different letters along the column indicate significant
variation (p < 0.05) according to Duncan statistics. Also, ND represents non-detection.

Table 3a. Concentration of metals in plant tissues obtained from Epie creek

Sample Identity/Location(s) Iron, Fe Lead, Pb Chromium, Cr
(mg/kg) (mg/kg) (mg/kg)
up-Igbogene (control) leaf 638.07 £ 2.17f ND 3.19 + 0.14h
stem 295.13 + 7.40ab ND 0.95 + 0.10de
root 5,010.43 + 96.11j ND 3.07 £ 0.10h
Agudama leaf 1,012.85 + 23.83¢g ND 1.59 + 0.11f
Stem 492.57 £ 12.37cde ND 0.45 = 0.04bc
Root 9,233.13 + 38.25I ND 7.26 £+ 0.19j
Akenfa leaf 601.37 + 11.45¢ef 0.21 £ 0.02b 1.11 £ 0.08e
Stem 408.93 £ 8.58bc 0.34 £ 0.03c 0.21 + 0.03ab
Root 2,399.30 + 29.31h ND 4.74 £ 0.25c
Edepie leaf 469.50 + 22.53cd ND 0.25 + 0.02ab
Stem 298.13 + 6.93ab ND ND
Root 9,423.17 + 48.55m ND 8.83 + 0.36k
Igbogene leaf 365.53 + 13.33bc ND 1.20 + 0.06e
Stem 196.63 £ 5.21a ND ND
Root 7,122.73 + 76.74k ND ND
Okutukutu leaf 564.90 = 17.54def ND 0.70 = 0.09cd
Stem 288.53 + 16.58ab ND ND
root 3,993.87 + 96.11i ND 3.04 £ 0.13g

Data is expressed as mean + standard error; different letters along the column indicate significant varia-
tion (p < 0.05) according to Duncan statistics. Also, ND represents non-detection.
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Table 3b. FAO/WHO guidelines and test results for heavy metals in water and plant samples

Concentration of | Drinking water Concentration of Plant sample
Heavy metal | metal in water permissible limit | metal in plant permissible limit
(mg/L) (mg/L) (mg/kg) (mg/kg)
Iron 3.42 - 12.06 1.0 196.63 — 9,423.17 425.0
Chromium ND 0.1 <0.006 - 8.83 0.10
Lead ND 0.05 <0.02 -0.34 0.30

Note: ND represents non-detection. Chromium ND = 0.006 mg/I, Lead ND = 0.02 mg/I.

Table 4. Correlation coefficient of heavy metal concentrations in plant (cupscale grass) tissues Spearman's
rho correlation of cupscale grass in the vicinity of water-side waste dumps

Parameters IRON LEAD CHROMIUM
IRON 1.000

LEAD -0.113* 1.000

CHROMIUM 0.700™ -0.137* 1.000

N=54 (n=3).

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.01 level (2-tailed).

state, during the dry and wet seasons respectively. In
addition they reported Pb amounts below measurable
detection limit of the instrument (0.02 mg/L). On the
other hand, [21] had reported Pb values ranging
between <0.001 and 0.007 mg/L in the surface waters
of Kolo creek. Contrastingly, the concentrations of Pb
and Cr significantly exceeded WHO limits in oil
contaminated surface waters of Azuabie creek [29]. The
trace or non-detectable levels of Pb and Cr along Epie
creek is an indication that activities releasing these
micropollutants into the environment are rare.

Concentration of Heavy Metals in the Plant (Sacciolepis
Africana)

The concentrations of Cr, Pb and Fe in the
various plant sections; roots, stem and leaves, obtained
from all the sample and control locations are presented
in Table 3a.

Results indicate that the concentration of iron in
vegetation sample was in the order; root > leaf > stem.
The study further shows that the concentrations (mg/
kg) of lead (Pb) in most of the sample locations and
up-Igbogene (control) were below measurable detection
limit of the instrument for various parts of the plant
(Table 3).

www.openaccesspub.org JPAE CC-license

Results show that the highest concentrations of
iron (Fe) and chromium (Cr) were found in the plant
roots, followed by the leaves, and lastly the stem across
all sampling sites. There was significant difference in the
concentration of iron and chromium in the roots, leaves
and stem for all sample sites. The concentration of
metals in the plant tissues revealed the trend; roots >
leaves > stem. This may have resulted from the
embedding of roots in soil and direct absorption of
minerals from bottom soil which ultimately leads to
elevated concentrations. The absorbed minerals are
transported to the leaves where they are used for
photosynthesis whilst being accumulated in leaves. The
stem only allows transfer of minerals from the roots to
leaves, leading to decreasing element concentrations in
the stem.

The FAO/WHO maximum permissible limit for
Fe, Cr and Pb in leafy vegetable is 425.0 mg/kg, 0.10
mg/kg and 0.3 mg/kg respectively [30]. For iron (Fe)
concentrations, values ranged between 365.53 mg/kg
and 1,012.85 mg/kg (leaves), 196.63 mg/kg and 492.57
mg/kg (stem) and 2,399.30 mg/kg and 9,423.17 mg/kg
(roots). The most significant iron concentrations were
recorded at the root section of the grass species. Apart
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from stem sample collected at Agudama sample station,
all other stem samples were found at concentrations
within the FAO/WHO regulatory limit of 425.0 mg/kg for
iron (Fe) (Table 3b). Trends across both sampling
locations were observed to be similar for Fe mineral.
Apart from the samples of Edepie stem, Igbogene stem
and root, and Okutukutu stem which showed Cr values
below the instrument detection limit of 0.006 mg/I,
chromium (Cr) levels ranged from 0.25 to 3.19 mg/kg
(leaves), <0.006 to 0.95 mg/kg (stem) and <0.006 to
8.83 mg/kg (roots) across all sampling locations, with
the root section of Sacciolepis africana plant collected
from Edepie axis reflecting the most significant
concentration of 8.83 mg/kg. Most of the chromium
concentrations obtained in this study exceeded FAO/
WHO recommendation of 0.10 mg/kg. Apart from the
observed presence of lead (Pb) in Akenfa leaf (0.21 mg/
kg) and Akenfa stem (0.34 mg/kg), all other sample
locations recorded lead (Pb) values below the instrument
detection limit of 0.30 mg/kg. The levels of iron (Fe) and
chromium (Cr) in common edible vegetable leaves and
stems sold in Yenagoa metropolis has been assessed
previously [22]. Iron (Fe) values reported in both studies
are similar, with reported concentrations ranging
between 307.6 mg/kg and 1,051.31 mg/kg. On the
other hand, chromium (Cr) level in this study was lower
when compared to the range of 8.12 mg/kg to 31.72
mg/kg reported for the commonly consumed vegetables.
The dissimilarities in chromium (Cr) composition of plant
tissues from the two different studies may have resulted
from the variations in the trace/heavy metal
bioaccumulation potential of the diverging plant species
as well as the difference in geology of field area.

Statistical Analysis Result

The data was statistically analyzed using
student’s t-test at a 0.05 significance level. There was
no basis of statistical correlation for samples where lead
and chromium concentrations were reportedly below
measurable detection limit of the instrument at 0.02 mg/
| and 0.006 mg/| respectively.

Iron concentrations ranged from 291.44 mg/kg
to 4,967.55 mg/kg, showing significant variation (p <
0.05) among the various locations apart from stem
samples collected from Akenfa axis and leaf samples
from Igbogene axis (p > 0.05) (Table 3).

Lead concentrations ranged from <0.02 mg/kg
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to 0.34 mg/kg. Akenfa leaf and stem samples of
Sacciolepis africana were significantly different (p <
0.05) across the various field locations of the river
(Table 3).

Chromium concentrations ranged between
<0.006 mg/kg to 8.83 mg/kg. Apart from samples of
Akenfa stem and Edepie leaf which depicted no
significant difference (p > 0.05), all other cupscale grass
samples showed marked significant differences (p <
0.05) across the various field locations of Epie creek
(Table 3).

The mean concentrations highlighted in Table 3
were used to establish correlation coefficients. These
were presented in Table 4. Apart from chromium and
iron that depicted significant positive correlation
(r = 0.700, p < 0.01), all other heavy metals, lead and
iron (r = -0.113, p < 0.05) and chromium and lead
(r = -0.137, p < 0.05) depicted negative correlations
(Table 4).

Conclusion

In comparison to trace/heavy metal values
reported for surface water samples, results of this
finding revealed comparatively greater heavy metal
distribution in Sacciolepis africana (cupscale grass)
samples. Also, the elevated threshold levels of iron in
water is reminiscent of an environment receiving
anthropic inputs from soil and dumpsite leachates, which
has in turn reduced the clarity and increased the
turbidity of the water environment. Consequently,
mineral iron loading of the water makes it unsafe for
human consumption, as it may only serve irrigational
purposes for nearby farmlands. Apart from the lead in
Akenfa stem section which slightly exceeded FAO/WHO
limits, all other spatially diverging samples were within
specified regulatory recommendations for lead. Even
though, most of the iron and chromium concentrations
exceeded FAO/WHO limits, the stem section of weed
species been evaluated appears to be the Ileast
bioaccumulated with heavy metals. The comparative
evaluation of Epie creek reveals that there is significant
deterioration in water quality. This is with respect to the
increasing iron concentration when compared to
previous studies. Consequently, water derived from the
Epie River may not be suitable for public use or even
recreational activities.
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