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Heavy metals level in water, sediments and health risks assessment of Ikoli
Creek, Bayelsa State, Nigeria
Victor Ighariemu, Donatus C Belonwu, Matthew O Wegwu
Ighariemu V, Belonwu DC, Wegwu MO. Heavy metals level in water,
sediments and health risks assessment of Ikoli Creek, Bayelsa State,
Nigeria. J Environ Chem Toxicol March-2019;3(1):1-6.
Water and sediments sample from Ikoli Creek, Bayelsa state were
analyzed for levels of Heavy Metals (Cd, Cr, Pb Zn and Fe) using atomic
absorption spectrometer (GBC Avanta PM AAS, SNA6600) under
standard operating conditions and was compared with permissible limits
set by World Health Organization (WHO). The mean concentration of
different metals in water followed this order: Fe>Cd>Cr>Pb>Zn.
Sediments Fe>Zn>Cd>CD>Pb. The health risk assessment of the various

INTRODUCTION
Many of the challenge that mankind is facing in the modern world today
are related to the quality of water consumed [1,2]. Ikoli creek is one of the
numerous creek in Bayelsa state, Nigeria facing pollution problems and it
is also a major transportation route to many communities in Bayelsa State,
Nigeria [3]. These problems are aggravated by the release of inorganic
pollutants to the environment. The sources of inorganic pollutants in
freshwater are diverse. About 40% of the globally accessible renewable
freshwater is used by industry and consumed by humans [4], generating
together a vast amount of wastewaters containing several toxic chemicals
in unstable concentrations. These inorganic pollutants are persistent in
small amount in the environment [5] and manifest itself in the form of
heavy metals in freshwater resulting to health risk in humans [6] and are
further deposited in the sediments. This problem is receiving a global
attention all over the world and in developing countries in particular as a
result human anthropogenic activities. The level of contamination by
heavy metals to water in the environment internationally is very high
thereby affecting the biosphere including aquatic lives present in the
freshwater habitat [3,7-10]. More attention should be given to toxic heavy
elements because of bioaccumulation and biomagnification potential, and
their persistence in the environment [11-13].
The investigation of metals with relatively high density compared to water
and sediments could be used to assess the anthropogenic and health risks
posed by toxic chemicals discharges on the riverine ecosystems [15-17].
Therefore, it is imperative to assess the concentrations of heavy metals in
water and sediments of any contaminated riverine ecosystem. The
objective of this study are to determine the concentration of heavy metals
in Ikoli creek and sediment; to assess the carcinogenic and noncarcinogenic systemic health risks that the estimated concentrations would
pose on the inhabitants who consume the water for drinking.

MATERIALS AND METHODS

Study area
lkoli creek is located in Yenagoa, the Bayelsa state capital linking Agbura
community. it is located in between Longitude 5°00 and 6°.45' East and

heavy metals were calculated. The values for Chronic Daily Intake (CDI)
for heavy metals (Cd, Cr, Pb and Zn) were found not detectable except for
Iron (Fe) having a high value which was ascribed to the soil composition
of the area. Hazard Indices were below 1 for the heavy metals in drinking
water samples and the Life Cancer Risk (LCR) indicated no health risk
when compared with USEPA recommended standard limits. This study
recommended that continuous monitoring of (Cd, Cr, Pb Zn and Fe) in
water and sediments of Ikoli Creek should be done to assess the risk of
these metals in this creek.
Key Words: Health risk; Ikoli Creek; Heavy metal; Geology; Sediments

Latitude 5°00 and 6°.30' North Surrounded by vegetation. The natives of
Agbura community major occupation is farming and fishing.

Sample collection and preparation
The representative water samples (250 ml each) were therefore collected
from Ikoli creek (15 samples in triplicate) including a control sample from
Swali River in Yenagoa Bayelsa State. Triplicate samples of the sediment
were also collected using Eckman sediment grab from 5 locations along
Ikoli creek including Swali river. The samples were wrapped with
aluminum fossil and transported to the laboratory in an ice pack. At the
laboratory, the samples were air-dried and sieved using mesh. From each
sampling point, the water samples were collected using amber bottles prewashed with 10% nitric acid (HNO3) and double distilled water. Water
sample was transported to the laboratory, for heavy metal analysis, all the
samples were stored in a refrigerator at 5°C.

Chemical analysis
All filtered and acidified water samples and sediment were analyzed for
Heavy Metals (Cd, Cr, Pb, Zn and Fe) by using atomic absorption
spectrometer (GBC Avanta PM AAS, SN A6600) under standard
operating conditions. In order to provide greater data confidence from the
analytical procedure regarding bias and variability, appropriate quality
assurance and quality control (QA/QC) on water and sediment samples
were ensured.

Analytical technique and accuracy check
In view of data quality assurance, each sample was analyzed in triplicate
and after every 5 samples two standard; one blank and another of 2.5 μg/L
of respective metal were analyzed on atomic absorption
spectrophotometer. The reproducibility was found to be at 95% confidence
level. Therefore, the average value of each water sample was used for
further interpretation. Standard solutions of all five elements were
prepared by dilution of 1000 mg/L certified standard solutions from
Sigma-Aldrich Fluka, Switzerland of corresponding metal ions with
distilled water. All the acids and reagents used were of high analytical
grade. Performance of the instrument was checked by analyzing the
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standard reference material solutions concurrently to check the precision
of the instrument. Blanks and Standard Reference Materials were included
in the analysis as part of the quality assurance and quality control (QA/
QC).

by means of GBC Avanta PM AAS, SN A6600 (Atomic Absorption
Spectrophotometer (AAS) for Cd, Cr, Pb, Zn and Fe.

Water quality parameters

The statistical analysis used is version 20 of SPSS Statistical package.
Data were expressed as mean ± standard deviation using one way analysis
of variance (ANOVA), While Duncan multiple range test statistics was
used to determine the source of observed difference at P<0.05.

Physico-chemical parameters like temperature, pH and dissolved oxygen
(DO) of the Ikoli creek river water were measured. Water samples were
collected on spot using water sampler for the detection of
physicochemical parameters. EXTECH Multi-probe DO700 kit was used
to determine pH, Total Dissolve Solid (TDS), Temperature, Conductivity,
Dissolved oxygen and Salinity. Hach’s 2100P turbidimeter was used to
determine the turbidity of the water. Winkler Method was used to measure
dissolved oxygen in freshwater systems.

Statistical analysis

Data analysis
Human Health Risks Assessment (HHRA) of the water was also carried
out using toxicological indices to calculate the non-carcinogenic health
risk effects and carcinogenic health risk effects. The risk values are
presented in Table 1.

Assessment of heavy metal analysis in sediment
The concentration of heavy metals in sediment was analyzed using
standard analytical procedure. The elements determination was performed
Table 1: Water quality parameters, abbreviation and analytical methods.
Parameters

Abbreviation

Unit

Analytical techniques

Temperature

Temp

℃

Handheld EXTECH Multi-probe DO700

pH

pH

Conductivity

Cond

μS/cm

Handheld EXTECH Multi-probe DO700

Total Dissolved Solid

TDS

mg/L

Filtration and gravimetric

Salinity

Sal

mg/L

Handheld EXTECH Multi-probe DO700

Turbidity

Tur

NTU

Handheld Hach’s 2100P turbidimeter

DO

DO

mg/L

EXTECH Multi-probe DO700

BOD5

BOD5

mg/L

5-day incubation at 20°C

COD

COD

mg/L

Potassium dichromate oxidation reflux

Lead

Pb

mg/L

Instrumental, digestion (GBC Avanta PM AAS, SN A6600)

Chromium

Cr

mg/L

Instrumental, digestion (GBC Avanta PM AAS, SN A6600)

Cadmium

Cd

mg/L

Instrumental, digestion (GBC Avanta PM AAS, SN A6600)

Zinc

Zn

mg/L

Instrumental, digestion (GBC Avanta PM AAS, SN A6600)

Iron

Fe

mg/L

Instrumental, digestion (GBC Avanta PM AAS, SN A6600)

Handheld EXTECH Multi-probe DO700

Non-carcinogenic water ingestion equation
��� �� =

� × �� × �� × �� × ��/1000�
365 ����/���� × �� × ��

where the toxicant Chronic Daily Intake (CDI), heavy metal concentration
in fish (C), the total body weight (BW) for an adult of 70 kg having the
unit’s mg/kg-day, duration of exposure (ED), frequency of exposure (EF),
the average life time is given as (LT), the rate of ingestion in fish (IRF).
Fish consumption=102.74 g/day [3].

Hazard index
For the risk assessment of multiple heavy metals contained in water,
hazard index (HI) was employed by summing all the calculated THQ
values for the determined metals [18].
HI=THQ (Pb)+THQ (Cr) THQ (Cd)+……
Where THQ is the target hazard quotient of an individual metal in the
present study is five (5) metals (Cd, Zn, Fe, Pb, and Cr).
The exposed population is assumed to be safe when HQ<1 [14].

Non-carcinogenic health risk
The equation for calculating this is given as:
Target Hazard Quotient ��� =

���
���

Where the toxicant Chronic Daily Intake is given as CDI; the reference
dose is given as RfD all expressed in milligrams per kilogram.

Carcinogenic health effects
The oral slope factor estimates the chance of an individual developing
cancer through oral means by exposure to pollutant levels over time. The
equation for calculating excess Lifetime Cancer risk is presented below:
Carcinogenic risks=CDI × SF
Where risk is the likelihood of an individual developing cancer over time;
Chronic Daily Intake dose (CDI) and slope factor (SF) units are in
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[(mg/kg-day)-1]. In this study, the amount of estimated excess cancer risk
was compared with the acceptable maximum risk suggested by the
USEPA which is ≤ 1 × 10-6 [18].

physicochemical parameters are very important because they have a
significant effect on the water quality. It is obviously clear that water is
one of most important elements responsible for life on earth.
Unfortunately, human activity and Industrial activity have degraded the
quality of water [20]. The values of temperature were ranged from
28.95-30.33 ℃ and the control 31.12 ± 0.09 respectively. The mean value
of water temperature was found within the permissible limits set by WHO
[21], which was between 25 and 30 ℃. The pH of the water samples
analyzed were found to be slightly acidic having a mean concentration
value ranging from 6.61-6.93 mg/L including the control 6.93 respectively
(Table 2). The pH value was within the acceptable limit of 6.5-8.5, the pH
affects chemical and biological processes and temperature affects the
availability of oxygen concentration in the water [22].

Where, according to USEPA database the oral toxicity reference dose
values (RfD) are 5.0E-04, 1.5, 3.6E-02, 3.0E-01, 7.0E-01 mg/kg-day for
Cd, Cr, Pb, Zn and Fe respectively [19].

RESULTS AND DISCUSSION

Water quality parameters
The physico-chemical parameters of the water column such as pH, temp,
salinity, dissolved oxygen (DO), etc. are presented in Table 1. The

Table 2: Water quality parameters of Ikoli creek, Bayelsa state, Nigeria. AGAQ - Sampling points, NG - No Guideline, AGAQX Control, Data is expressed as Mean ± Standard Deviation in the same column with different alphabet is significantly different
(p<0.05) while Mean ± Standard Deviation in the same column with the same alphabet is not significantly different.
Temperature
(°C)

pH (mg/L)

Conductivity
(μS/cm)

TDS (mg/l)

Salinity
(mg/L)

Turbidity (NTU)

DO (mg/L)

BOD5 (mg/L)

COD (mg/l)

AGSW1

30.22 ± 0.02e

6.66 ± 0.01b

70.56 ± 0.03a

52.53 ± 0.13c

37.44 ± 0.06c

10.07 ± 0.03d

4.14 ± 0.04a

6.37 ± 0.10f

9.74 ± 0.04c

AGSW2

29.17 ± 0.02d

6.61 ± 0.01a

72.36 ± 0.05d

50.43 ± 0.02b

36.35 ± 0.04bc

8.15 ± 0.04b

4.63 ± 0.03d

6.02 ± 0.01a

8.77 ± 0.02a

AGSW3

28.90 ± 0.02b

6.61 ± 0.03a

71.81 ± 0.03b

50.20 ± 0.03a

35.50 ± 0.02a

7.97 ± 0.01a

4.34 ± 0.03c

6.13 ± 0.02b

9.08 ± 0.03b

AGSW4

29.12 ± 0.00c

6.63 ± 0.02ab

77.05 ± 0.04c

55.15 ± 0.02d

39.50 ± 0.05d

9.17 ± 0.03c

4.31 ± 0.01c

6.23 ± 0.04cd

9.72 ± 0.02c

AGSW5

30.33 ± 0.02f

6.62 ± 0.02ab

71.05 ± 0.04b

52.50 ± 0.02ce

35.07 ± 0.05bc

10.41 ± 0.02e

4.24 ± 0.02b

6.20 ± 0.02bc

9.72 ± 0.01c

AGSWX

28.39 ± 0.02a

6.93 ± 0.02c

92.31 ± 0.01e

62.34 ± 0.03

41.22 ± 0.02e

16.33 ± 0.02f

4.30 ± 0.02c

6.30 ± 0.20ef

10.08 ± 0.03d

NG

250

NG

NG

5

NG

NG

NG

WHO

The mean concentration value of water conductivity ranged from
70.56-77.05 μS/cm and the control was higher with a mean concentration
of 92.31 μS/cm. Total Dissolved Solids (TDS) is a measure of the amount
total ions present in the solution. This dissolved solid includes minerals,
salt, metals. It can be comparable to conductivity. The mean concentration
value of total dissolved solid ranged from 50.20-55.15 mg/L. It was found
that the control 62.34 mg/L has higher mean concentration value as a
result of anthropogenic activity in that location (swali river). The U.S
Environmental Protection Agency (EPA) advises against consuming water
containing more than 500 mg/liter of TDS. Salinity is a measure of the salt
content of the water. The salinity of freshwater is always less than 0.5%.
The mean concentration values of salinity ranged from 35.50-37.44 mg/L
but the control 41.22 mg/L was higher when compared.
In the present study, the mean concentration value of water turbidity
ranged from 7.97-10.41 NTU in the various sampling point compared
with the control 16.33 NTU. The control sample was the highest after
analysis as a result of ongoing human activity there. The mean value of
water turbidity was above W.H.O permissible limit [21].
The DO mean concentration value ranged from 4.14-4.63 mg/L compared
with the control 4.30 mg/L. The dissolve oxygen in the study area was
reduced as a result of the presence of oil sheen on the surface of the water.
In this study, the concentration of DO is within the WHO acceptable limit
of 4-10 mg/L [23].
BOD and COD water sampled ranged from 6.02-6.37 mg/L compared
with the control 6.20 mg/L, and from 8.77-9.74 mg/L compared to the
control 10.08 mg/L respectively.

organic compounds and the loss of oxygen of certain inorganic materials
(e.g., iron, sulfites). unpolluted natural water has a BOD value of <5
mg/L. The presence of organic compound in water under normal
conditions supports the growth of bacteria and other microorganisms,
which may enhance the concentration of BOD5 and COD [23,24].

Metal ion concentration in water
The results of heavy metal concentrations (Zn, Pb, Cr, Cd Fe and Cr) in
Ikoli creek are presented in Table 3. The concentration of studied metals
in Ikoli creek followed the ranged order of: Fe>Zn>Pb>Cr>Cd. The mean
concentration of Zn, Pb, Cr, and Cd in the samples was Not Detected,
However only Fe was detected in all the sampling point including the
control sample and was above WHO/FAO Permissible limit of 0.3 mg/L
for drinking water (Table 3) when compared with lake Asejire, a nonnatural lake constructed on River Oshun, located in Egbeda Local
Government Area of Oyo State, Southwestern Nigeria facing pollution
problems as a result of anthropogenic activities, heavy metals present (Fe
and Pb) in the water were in small amount while Cr and Cd were not
detected [25,26].
Heavy metal Pollution affect the physio-chemical quality of water [3,13].
These heavy metals have the ability to built up or bioaccumulates
overtime in the aquatic ecosystems [28,29]. Some metals are considered in
the environment as indicators are as a result of human activities example
of such are arsenic, cadmium, chromium, mercury, nickel, and lead. These
metals are dangerous when present in the natural environment in high
amount [29,30].

BOD and COD concentrations in all the sampling points show that mean
value is within the acceptable limit of 8 mg/L according to United Nations
World Water Development Reports 2016 by Connor Richard. BOD is the
measure of dissolved oxygen needed for the biochemical breakdown of
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Table 3: Heavy Metals in River Water (Ikoli Creek Bayelsa State). AGAQ - Sampling points, AGAQX - Control, Data is expressed as
Mean ± Standard Deviation in the same column with different alphabet is significantly different (p<0.05) While Mean ± Standard
Deviation in the same column with the same alphabet is not significantly different.
Zinc (mg/L)

Chromium (mg/L)

Lead (mg/L)

Cadmium (mg/L)

Iron (mg/L)

AGW 1

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

1.136 ± 0.03c

AGW 2

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

2.107 ± 0.04e

AGW 3

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

2.216 ± 0.02f

AGW 4

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

0.958 ± 0.06b

AGW 5

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

0.426 ± 0.02a

AGSWX

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

1.413 ± 0.08d

WHO/FAO

3

0.05

0.01

0.003

0.3

Metal concentration in sediment
Heavy metal concentrations of sediments are presented in Table 4. Fe was
found to be abundant. The mean concentration value ranged from
266.46-2143.23 mg kg-1, while Zn mean concentration values ranged from
0.08-3.13 mg kg-1 and the other heavy metals were found to below
detection limits as presented in Table 4. However, the control sample
(swali river sediment) were shown to have some level of Zn (3.13 mg
kg-1), Cr (2.32 mg kg-1) and Fe (920.64 mg kg-1) present respectively.

However when compared with Karnaphuli river in Bangladesh,
Chromium concentration in sediment was higher than other metals as a
consequence of direct discharging untreated wastes from petroleum,
fertilizers and textile industries [7,8]. Also, when compared with lake
Asejire, in Oyo State, Southwestern Nigeria, heavy metals (Fe, Pb, Cr and
Cd) in the sediment were found in quantities less than 1 mg kg-1, except
iron which showed a notably high concentration (2.392 mg kg-1) [25]. Epe
and Badagry lagoon [31], Kolo Creek Niger Delta [32].

Table 4: Heavy Metals in Sediment (Ikoli Creek Bayelsa State). AGAQ - Sampling points, AGAQX - Control, Data is expressed as
Mean ± Standard Deviation in the same column with different alphabet is significantly different (p<0.05) While Mean ± Standard
Deviation in the same column with the same alphabet is not significantly different.
Zinc (mg kg-1)

Chromium (mg kg-1)

Lead (mg kg-1)

Cadmium (mg kg-1)

Iron (mg kg-1)

AGSW1

1.26 ± 0.041c

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

920.61 ± 0.30c

AGSW2

0.08 ± 0.011a

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

368.77 ± 0.17b

AGSW3

1.33 ± 0.020d

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

266.46 ± 0.43a

AGSW4

1.33 ± 0.041d

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

1043.81 ± 0.23d

AGSW5

0.70 ± 0.017b

0.001 ± 0.00a

0.001 ± 0.00a

0.001 ± 0.00a

2143.23 ± 0.21e

AGSWX

3.13 ± 0.047

2.320 ± 0.08b

0.001 ± 0.00a

0.001 ± 0.00a

920.64 ± 0.28c

Human health risk assessment
The residents inhabiting the study area were interviewed for basic
information about Ikoli creek about possible health problems after
consumption of the water in the study area. It was noted during interview
that residents were generally using river water (Ikoli creek) for drinking
and other domestic purposes. Therefore, the river that were used for
drinking purposes were also selected for Health risk assessment like CDI
and HQ indices.

metals in water for adult and child were not detected for Zn, Cr, Pb and Cd
and were found to be below US EPA Standard limit. US EPA [33] only Fe
level was found in Ikoli Creek as a result of the geology of the area.
A recent study of a Chinese population exposed to Cr+6 in drinking water
provided evidence of an increased risk of stomach cancer [34]. Chronic
ingestion of water contaminated with cadmium above 0.005 mg/L-1 may
cause renal failure and skeletal system damage [35]. Cadmium poisoning
can result into itai-itai disease by drinking cadmium contaminated water
[36].

Chronic Daily Intake (CDI) indices
Table 5 summarizes the calculated Chronic Daily Intake (CDI) values for
consumption of drinking water in Ikoli creek. The results indicated that
heavy metals were not detected in Ikoli creek, but only Fe was present in a
considerable amount. The CDI values for Fe ranged from 1.34E-02,
3.24E-03 to 6.62E-02, 1.60E-02 for adult and child. Therefore, CDI
indices for heavy metal in the study area were found in the order of
Fe>Zn>Cr>Cd>Pb. However, the Chronic Daily Intake (CDI) for heavy
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Table 5: Chronic Daily Intake (Cdi) For Water. ( – ) Not Detected.
Pb

Cd

Cr

Zn

Fe

Samples

Adult

Child

Adult

Child

Adult

Child

Adult

Child

Adult

Child

AGW 1

-

-

-

-

-

-

-

-

3.57E-02

8.63E-03

AGW 2

-

-

-

-

-

-

-

-

6.62E-02

1.60E-02

AGW 3

-

-

-

-

-

-

-

-

6.96E-02

1.68E-02

AGW 4

-

-

-

-

-

-

-

-

3.01E-02

7.28E-03

AGW 5

-

-

-

-

-

-

-

-

1.34E-02

3.24E-03

Target Hazard Quotient (THQ) indices

Community), the mean THQ index values for Cd, Cr, Pb and Zn for Ikoli
creek (river water) were not detected except Iron (Fe) having a ranging
from 7.60E-01, 1.84E-01 to 1.48E+00, 3.58E-01 for adult and child.

Table 6 summarizes the Target Hazard Quotient (THQ) indices of heavy
metals through consumption of drinking water in the study area (Agbura
Table 6: Target Hazard Quotient For Water. USEPA [17], THQ: 1,HI: 1.
Pb

Cd

Cr

Zn

Fe

Samples

Adult

Child

Adult

Child

Adult

Child

Adult

Child

Adult

Child

AGW 1

-

-

-

-

-

-

-

-

7.60E-01

1.84E-01

AGW 2

-

-

-

-

-

-

-

-

1.41E+00

3.41E-01

AGW 3

-

-

-

-

-

-

-

-

1.48E+00

3.58E-01

AGW 4

-

-

-

-

-

-

-

-

6.41E-01

1.55E-01

AGW 5

-

-

-

-

-

-

-

-

2.85E-01

6.89E-02

Hazard indices

CONFLICT OF INTEREST

Table 7 summarizes the HI through consumption of the water in the study
area. The HI values for other heavy metals were not detected with
exception of Fe having a value slightly above 1.
Table 7: Hazard Indices of Water. USEPA [18], Maximum
Permissible Limit, LCR: 1 × 10-6 to 1 × 10-4, HI: 1.
HI
Samples

Adult

Child

AGW 1

7.60E-01

1.84E-01

AGW 2

1.41E+00

3.41E-01

AGW 3

1.48E+00

3.58E-01

AGW 4

6.41E-01

1.55E-01

AGW 5

2.85E-01

6.89E-02

CONCLUSION
Water quality can be affected by heavy metal pollution. It is apparent from
this study that most of the heavy metal were below detectable limit with
exception of Fe having high level, which was ascribed to the soil
composition of the area. Carcinogenic and non-carcinogenic risk of water
for the heavy metals Cd, Cr, Pb, and Zn were below detectable limits.
Consumption of water from Ikoli creek can be affect humans as a result of
bioaccumulation of high level of Iron present. However the exposed
population in the study area is assumed to be safe from carcinogenic and
non-carcinogenic risk condition.

J Environ Chem Toxicol Vol.3 No.1 March-2019

The authors declare there is no conflict of interest.

ACKNOWLEDGEMENTS
I wish to thank Prof M.O Wegwu, Dr. D.C Belonwu in Environmental
Toxicology Units, Department of Biochemistry, Faculty of Science,
University of Port Harcourt, Mr. TCN Angaye, Niger Delta University
Wilberforce Island Bayelsa state for their contribution for making this
work a success, and Dr. Kpobari W. Nkpaa, Environmental Toxicology
Units, Department of Biochemistry, Faculty of Science, University of Port
Harcourt, for advising and guiding me on the human health risk
assessment protocol, and manuscript editing.

REFERENCES
1.

2.

3.

4.
5.

UN Educ Sci Cult Organ (UNESCO). The United Nations World
Water Development Report 3: Water in a Changing World.
Paris/New York: UNESCO/Berghahn Books 2009.
Schwarzenbach RP, Egli T, Hofstetter TB, et al. Global Water
Pollution and Human Health. Annu Rev Environ Resour
2010;35:109-36.
Ighariemu V, Belonwu DC, Wegwu MO. Levels of Some Heavy
Metals and Health Risks Assessment of Three Different Species of
Catfishes in Ikoli Creek, Bayelsa State, Nigeria. Biol Trace Elem Res
2018;185:2.
Cosgrove WJ, Rijsberman FR. World Water Vision: Making Water
Everybody’s Business. London: World Water Council 2000.
Woo S, Yum S, Park HS, et al. Effects of heavy metals on
antioxidants and stress-responsive gene expression in Javanese
medaka (Oryzias javanicus). Comp Biochem Physiol C Toxicol
Pharmacol 2009;149:289-99.

5

Ighariemu et al
6.

7.

8.

9.

10.
11.

12.

13.

14.

15.

16.

17.

18.
19.
20.
21.

6

Enaam JA. Evaluation of Surface Water Quality Indices for Heavy
Metals of Diyala River Iraq. Journal of National Science Research
2013;3:63-4.
Islam MS, Ahmed MK, Baki MA, et al. Human health risk
assessment of heavy metals in tropical fish and shell fish collected
from the river Buriganga, Bangladesh. Environmental Science
Pollution Research 2015.
Islam MS, Ahmed MK, Habibullah-Al-Mamun M, et al. Preliminary
assessment of heavy metal contamination in surface sediments from
a river in Bangladesh. Environ Earth Sci 2015;73:1837-48.
Islam MS, Ahmed MK, Shaheen N, et al. Trace elements in two
staple cereals (rice and wheat) and associated health risk implications
in
Bangladesh.
Environment
Monitoring
Assessment
2015;187:326-36.
Fenglian F, Qi W. Removal of Heavy Metal ions from Waste Waters:
A review. Journal of Environmental Management 2011;92:407-18.
Ahmet D, Fevzi Y, Tuna AL, et al. Heavy metals in water, sediment
and tissues of Leuciscus cephalus from a stream in southwestern
Turkey. Chemosphere 2006;63:1451-8.
Chanpiwat P, Sthiannopkao S, Kim K. Metal content variation in
wastewater and biosludge from Bangkok's central wastewater
treatment plants. Microchem Journal 2010;95:326-32.
Muhammad S, Shah MT, Khan S. Arsenic health risk assessment in
drinking water and source apportionment using multivariate
statistical techniques in Kohistan region, northern Pakistan. Food
Chem Toxicology 2010;48:2855-64.
Khan S, Cao Q, Zheng YM, et al. Health risks of heavy metals in
contaminated soils and food crops irrigated with wastewater in
Beijing China. Environmental Pollution 2008;152:686-92.
Yi Y, Yang Z, Zhang S. Ecological risk assessment of heavy metals
insediment and human health risk assessment of heavy metals in
fishes in themiddle and lower reaches of the Yangtze River basin.
Environ Pollut 2011;159:2575-85.
Saleem M, Iqbal J, Shah MH. Geochemical speciation,
anthropogenic contamination, risk assessment and source
identification of selected metals in fresh water sediments-a case
study from Mangla lake, Pakistan. Environ Nanotechnol Monit
Manag 2015;4:27-36.
Zheng N, Wang QC, Liang ZZ. Characterization of heavymetal
concentrations in the sediments of three freshwater rivers in Huludao
City, Northeast China. Environ Pollut 2008;154:135-42.
USEPA. Screening level (RSL) for chemical contaminant at superfound sites. US Environmental Protection Agency 2011.
USEPA. Guidelines for Carcinogen Risk Assessment. EPA/630/
P-03/001F, Risk Assessment Forum, Washington, DC 2005.
Li S, Liu W, Gu S, et al. Spatio-temporal dynamics of nutrients in the
upper Han River basin, China. J Hazard Mater 2009;162:1340.
WHO (World Health Organization). Guidelines for Drinking Water
Quality 3rd edn. WHO (World Health Organization), Geneva 2004.

22. Kowalkowski T, Zbytniewski R, Szpejna J, et al. Application of
chemometrics in river water classification. Water Res
2006;40:744-52.
23. Onojake MC, Ukerun SO, Iwuoha G. A statistical approach for
evaluation of the effects of industrial and municipal wastes on Warri
Rivers, Niger Delta, Nigeria. Water Qual Expo Health 2011;3:91-9.
24. Mustapha A, Aris AZ, Juahir H, et al. River water quality assessment
using environmentric techniques: case study of Jakara River Basin.
Environmental Science and Pollution Research 2013;20:5630-644.
25. Jenyo-Oni A, Oladele AH. Heavy Metals Assessment in Water,
Sediments and Selected Aquatic Organisms in Lake Asejire, Nigeria.
European Scientific Journal 2016;12:24.
26. Sylvester CI, Tariwari CN. Heavy metal concentration in fishes from
surface water in Nigeria: Potential sources of pollutants and
mitigation measure. Sky Journal of Biochemistry Research
2016;5:31-47.
27. Said MM, Tahir S, Sardar K. Health risk assessment of heavy metals
and their source apportionment in drinking water of Kohistan region,
northern Pakistan. Eselvier Microchemical Journal 2011;98:334-43.
28. Rainbow PS. Trace metal bioaccumulation: models, metabolic
availability and toxicity. Environment International 2011;33:576-82.
29. Idris AM. Combining multivariate analysis and geochemical
approaches for assessing heavy metal level in sediments from
Sudanese harbors along the Red Sea coast. Microchemical Journal
2008;90:159-63.
30. Cuculic V, Cukrov V, Kwokal Z, et al. Natural and anthropogenic
sources of Hg, Cd, Pb, Cu and Zn in seawater and sediment of Mljet
National Park, Croatia. Estuarine, Coastal and Shelf Science
2009;81:311-20.
31. Olowu RA, Ayejuyo OO, Adewuyi GO, et al. Determination of
heavy metals in fish tissues, water and sediment from Epe and
Badagry Lagoons, Lagos, Nigeria. E-Journal of Chemistry
2010;7:215-21.
32. Emmanuel N, Ogamba NE, Sylvester CI. Heavy Metal
Concentration in Water, Sediment and Tissues of Eichhornia
crassipes from Kolo. Greener Journal of Biological Sciences
2017;7:20-4.
33. US EPA (Environmental Protection Agency). Integrated Risk
Information System (IRIS) 2000.
34. NJDHSS, NJDEP. Analysis of oral, esophageal and stomach cancer
incidence near chromium contaminated sites in Jersey City, Hudson
Country, New Jersey. Health Consultation 2000; p: 58.
35. United Nation Environmental Programme (UNEP). Draft Final
Review of Scientific Information on Cadmium 2008.
36. Gregory OA, Ayotunde TE, Tunde OE. Health Risk Assessment of
Exposure to Metals in a Nigerian Water Supply. Human and
Ecological Risk Assessment: An International Journal
2012;20:29-44.

J Environ Chem Toxicol Vol.3 No.1 March-2019

