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Abstract

This study investigated heavy metals in water and sediment from contamination sites between Rimi and
Kabawa axis by Lower Benue River, Ibi, Taraba state. Heavy metal levels was investigated using atomic
absorption spectrometer (AAS) Bulk Scientific Model 210 VGP using spectrometer techniques. The
highest concentration of Zinc (Zn) in September/October, was (0.1667 mg/kg) while Cadmium (Cd)
recorded a lower mean concentration value (0.0013 mg/kg) in December/January. Concentration ranking
profile in water was found to be Zn>Pd>Cu>Cd. Results of heavy metal in sediments during the study
from September 2022 to February 2023 revealed significant difference (p<0.05) among metals studied.
Ranking profile in sediment was found to be Zn>Pb>Cu>Cd. Zinc (Zn) value show the higher
concentration (2.2667 mg/kg) in November and recorded lower value (1.1000 mg/kg) for the month of
January and February. Value recorded for Cadmium (Cd) was observed to be lower than those recorded
other metals. Higher Cadmium (Cd) values (0.0020 mg/kg) were observed to be high in September,
October and January and low value (0.0013 mg/kg) recorded for November, December and February.
Mean heavy metals concentrations between water and sediment during the study showed sediment
recorded higher value for Zinc (Zn) (2.2667 mg/kg) in November while lower value was recorded for
Cadmium (Cd) (0.0013 mg/kg) in November, December and January. Mean concentrations of metals on
water showed zinc (Zn) reported higher in September (0.1667 mg/l), October (0.1667 mg/l), November
(0.1334 mg/l) and December (0.1334 mg/l), compared to January and February (0.1000 mg/l). The
concentration of Lead (Pb) in water recorded higher value in December (0.5147 mg/l), January,
November (0.3910 mg/l), and February (0.3497 mg/l), compared to October (0.1647 mg/l), and
September (0.1237 mg/l). Result of important physico-chemical parameters measured in water samples
during the study period showed total dissolved solid (TDS) recorded the higher value (134.25 mg/l)
compare to other parameters. There were significant difference (p<0.05) in metals Variation between
water and sediment. Findings from this study showed levels of metals were within WHO safe range and
USEPA in drinking water and sediments except lead (Pb) values which was above the safe level. Thus,
there is need for continuous monitoring of the contamination sites at Rimi and Kabawa districts by Lower
River Benue and the general water body at large. If not controlled, it will contribute to general
contamination of the river at Ibi and hinder its use for both commercial and household purposes.
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1. Introduction

Aqguatic ecosystem is a “receiver” of almost everything including heavy metals Contamination.
Heavy metal is a growing problem worldwide currently reaching an alarming rate [,
Estuaries and inland water bodies are major sources of drinking water in Nigeria, but often
contaminated by urban population and industrial establishment [*4l. We have various sources of
heavy metals; some originates from manmade events like draining of sewage and dumping of
wastes, conversely, metals occurring in small amounts naturally enters aquatic ecosystems
through leakage, airborne dust and forest fires 1. Other sources of contamination in our water
ways include human activities such as, domestic waste, agriculture, aquaculture, shipping,
block molding, fishing, and Industrial effluent are mainly discharge directly or indirectly
through seepage into our waters with little or no treatment [*3l. Since metals cannot be readily
degraded, they are deposited and incorporated in water, sediments and aquatic organisms,
resulting in contamination of water bodies [*7],
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Concentration of metallic contaminant are greatest near towns
with urban storm water project runoff, landfills, leachates,
boating activities ™. Due to the aforementioned industrial
contamination of water ways have advanced as major
encounter in densely populated countries including Nigeria
141 Presence of heavy metals in water might profoundly
affect microalgae which constitutes main sources of food for
bivalve, mollusks, zooplankton (rotifers, copepods, and brine
shrimps) 1. Also, bio concentration and magnification lead
to high toxicity of metals in organisms, even when the
exposure rate is low. Under such situation, toxicity of a
moderately toxic metal could be enhanced by synergism
resulting in decline in the fishery 1. Contamination in form of
heavy metals and crude oil spills in aquatic food web poses
danger to public health and could a long term effect on
ecological integrity and man [23 151, All wastes have prospect
of causing environmental harm that will translate to global
challenges, pressure of population growth produces stress
causes environmental degradation especially in form of solid
waste contaminants, affects water which life depends [,
Common waste found in refuse dumps includes heavy metals,
which enters into environment from both natural and
manmade sources, unclean food source or agricultural
products, soils and other components through water, air and
soil (29191,

Sediments are major sinks of heavy metal released to the
environment and accumulates from waste; municipal,
medical/pharmaceutical, unlike other organic contaminants
they are not readily oxidized to carbon (IV) oxide by
microbial action 22, Most metals do not undergo microbial or
chemical degradation, and their total concentrations in soils
persists for a long time after introduction B4, Therefore the
deployment of water and sediment as indicator of heavy metal
contamination in aquatic environment, its suitability for
human utilization is wvery important and have been
documented [22 27. 141,

Materials and Methods

Study Area

This study was conducted at Lower River Benue, ibi, between
Rimi and Kabawa axis located in Taraba south bordering
Shandam town of Plateau state. It is found within Latitude
8°18’N and 9° 51’E about 350 meter below sea level. The axis
of the river receives effluents discharge from Agricultural
fields, Block molding cottage industries and huge dump sites
just by the river. The axis of the river is also utilized for
commercial activities such as fishing, domestic purposes and
as a commercial transportation route. The inhabitant are
majorly farmers, fishermen and traders.

Samples collection

Water

Water samples were collected at 30cm depth below the water
surface and acidified to pH 1.5 with Five (5) ml concentrated
nitric acid in situ after collection to keep the metals in
solution 1. Afterwards, seal and kept in containers earlier
washed and rinsed in distilled water. Sample was collected
monthly for six (6) months between September 2022 and
February 2023. All samples were transported to laboratory
and kept in deep freezer at -5 °C, prior to further analysis
method described by (Wanghboje et al., 2014).

Sediment
Sediment sample were obtained using bottom grab sampler
from a determined point of 50-100 cm and packed in
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polythene bags previously soaked in aqueous HNOj3 acid and
rinsed in purified water. Samples were air-dried at
temperature of 60 °C in moisture extraction oven to obtain
constant weight. Thereafter kept in labeled polythene bags
prior to digestion and analysis.

Samples digestion

Water

Water sample was allowed to defreeze at room temperature
(27 °C) and digestion was carried out using pre-concentrated
HNO; acid methods [?1. Blank were prepare using the same
amount of mixed acids.

Sediment

The oven-dried sediments sample was sieved using a 160 um
mesh size screen. Sediments were weighed and 1 g of each
was placed in a 250 ml flask and digested using HCLO, and
HNO; (10 ml). Mixture was heated until milky precipitate
appears suggesting complete digestion. The precipitate was
allowed to cool and made to 25 ml mark in a volumetric flask
with distilled water. The digest was kept in a labelled plastic
bottle until analysis.

Statistical analysis

Data was presented as mean and standard deviation. Mean
was subject to one way analysis of variance (ANOVA) using
9.0 statistical packages for the social sciences (SPSS) 2012 to
ascertain significant differences at 5% level of probability.
Significant mean were subject to Duncan Multiple Range Test
(DMRT).

Results and Discussion
Results of investigation of metals concentrations in water and
sediment from two contaminated sites, Rimi and Kabawa axis
of Lower Benue River are shown in Table 1 to 4. The samples
were collected monthly for six (6) month between September
2022 and February 2023.

Monthly Mean concentrations of heavy metals in water
during study period.

Result of concentrations of heavy metals in water during the
study are presented in Table 1. The result revealed heavy
metals concentration for Zinc (Zn) was higher in September
(0.1667 mg/l), October (0.1667 mg/l), November (0.1334
mg/l) and December (0.1334 mg/l), compared to January and
February (0.1000 mg/l). While cadmium (Cd) recorded lower
value (0.004 mg/l) in water. Cadmium (Cd) concentration in
water showed November (0.0043 mg/l) recorded higher level
of concentration compared to October, February (0.0020
mg/l) while December, January (0.0013 mg/l) and September
(0.004 mg/l) recorded lower concentrations. Lead (Pb)
Concentration (0.5147 mg/l), for water was higher in
December, November (0.3910 mg/l), and February (0.3497
mg/l), compared to October (0.1647 mg/l), and September
(0.1237 mg/l). Copper (Cu) concentrations were lower in
September (0.0057 mg/l), December (0.0104 mg/l), and
January (0.0177 mg/l), compared to October, November
(0.0180 mg/1), and February (0.0204 mg/l).

Monthly mean concentration of heavy metals in sediments
during study period

The results of concentrations of metals in sediment during the
study is presented in Table 2. Results showed Zinc (Zn)
recorded higher concentrations (2.2667 mg/kg) in November
and lower value (1.1000 mg/kg) in January and February.
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Cadmium (Cd) recorded lower concentrations throughout the
study. Cadmium (Cd) values (0.0020 mg/kg) were generally
observed to be higher in September, October and January and
lower (0.0013 mg/kg). In November, December and February.
Lead (Pb) Concentrations in sediment (1.9137 mg/kg) and
(1.2347 mg/kg) was observed to be higher in October,
November, follow by February (0.5970 mg/kg) compared to
September (0.4940 mg/kg), December (0.4730 mg/kg), and
January (0.3907 mg/kg). Copper (Cu) values were observed to
be lower in September (0.1024 mg/kg), October (0.1100
mg/kg), November (0.1384 mg/kg), compared to February
(0.1610 mg/kg), January (0.1737 mg/kg), and December
(0.1757 mg/Kkg).

Comparison of heavy metal variation between water and
sediments during the study

Variations of metals between water and sediments during this
study period is presented in Table 3. Generally, sediments
recorded higher mean concentration (2.2667 mg/kg) for Zinc
(Zn) in November while Cadmium (Cd) value (0.0013 mg/kg)
was lower in November, December and January. Higher mean

https://www.fisheriesjournal.com

value (0.1667 mg/l) for Zinc (Zn) in water was recorded in
September and October. While Cadmium (Cd) recorded lower
value (0.0013 mg/kg) in December and January. It was also
observed that sediments value for Lead (Pb) (1.9137 mg/kg)
recorded higher mean in October while Copper (Cu) recorded
lower value (0.1024 mg/kg) in September. In water a higher
mean value for Lead (Pb) (0.5147 mg/l) was recorded in
December. While copper (Cu) value (0.0057 mg/l)

Recorded lower mean for sediments.

Correlation between heavy metal in water and sediments
during study period

Correlation results of metals in water and sediments from Rimi
and Kabawa axis during the study are presented in Table 4.
Results revealed cadmium (Cd) and lead (Pb) reported
positive correlation between water and sediment. There was
significant difference between lead (Pb) value (0.259 mg/l) in
water and cadmium value (0.143 mg/kg) in sediment, there
was weak association (negative correlation) between zinc
value (-0.037 mg/kg) in sediment and copper value (-0.238
mg/l) in water.

Table 1: Monthly variation of heavy metals (mg/l) in water from Rimi and Kabawa axis during study period.

Months
Metals SEPT OCT NOV DEC JAN FEB
WI/Cd 0.004+0.00122 0.0020+0.0012% 0.0043+0.0032 0.0013+0.0007° 0.0013+0.00072 0.0020+0.00122
W/Pb 0.1237+0.03552 0.1647+0.0544 " 0.3910+0.2698" 0.5147+0.10882 0.3910+0.16062 0.3497+0.16472
W/Zn 0.1667+0.03342 0.1667+0.0334" 0.1334+0.03342 0.1334+0.0334°" 0.1000+0.0000° 0.1000+0.0000°
WI/Cu 0.0057+0.0024 2 0.0180+0.0050°" 0.0180+0.0069 2 0.0104+0.0024° 0.0177+0.0027 0.0204+0.00272

KEY: W=Water. Data are presented as mean+S.E.M. Data with same letters are not significantly different (p>0.05).
Significance at (p>0.05)

Table 2: Monthly variation of heavy metal (mg/kg) in sediments from Rimi and Kabawa axis during study period.

Months
Metals SEPT OCT NOV DEC JAN FEB
S/Cd 0.0020+0.00122 0.0020+0.0000? 0.0013+0.00132 0.0013+0.0007° 0.0020+0.00122 0.0013+0.00132
S/Pb 0.4940+0.0358" 1.9137+0.53242 1.234740.2142 0.4730+0.07422 0.3907+0.02072 0.5970+0.17932
S/Zn 1.2000+0.3056 P 2.2000+0.20822 2.2667+0.0882 1.3667+0.0334 2 1.1000+0.05782 1.1000+0.00002
S/Cu 0.1024+0.0024" 0.1100+0.0296 2 0.1384+0.0154" 0.1757+0.00742 0.1737+0.01692 0.1610+0.01792

KEY': S= Sediment. Data are presented as meanS.E.M. Data with same letters are not significantly different (p>0.05).

Table 3: Heavy metal variation between water and sediment during the study period.

Months

Metals Sept Oct Nov Dec Jan Feb Safe Limit (WHO, 2008)
W/Cd | 0.004+0.0012% | 0.0020+0.00122 | 0.0043+0.003% | 0.0013+0.0007° | 0.0013+0.0007? | 0.0020+0.0012° 0.05

S/Cd | 0.0020+0.00122 | 0.0020+0.0000% | 0.0013+0.00132 | 0.0013+0.0007° | 0.0020+0.00122 | 0.0013+0.00132 0.99

W/Pb | 0.1237+0.0355% | 0.1647+0.0544° | 0.3910+0.2698"° | 0.5147+0.1088% | 0.3910+0.16062 | 0.3497+0.1647? 0.05

S/Pb | 0.4940+0.0358° | 1.9137+0.5324% | 1.2347+0.214? | 0.4730+0.0742?% | 0.3907+0.02072 | 0.5970+0.17932 35.8

W/Zn | 0.1667+0.0334% | 0.1667+0.0334° | 0.1334+0.0334?% | 0.1334+0.0334° | 0.1000+0.0000° | 0.1000+0.0000° 40

S/Zn | 1.2000+0.3056"° | 2.2000+0.2082?2 | 2.2667+0.0882"° | 1.3667+0.0334? | 1.1000+0.05782 | 1.1000+0.0000°2 121

W/Cu | 0.0057+0.00242 | 0.0180:+0.0050° | 0.0180+0.00692 | 0.0104:+0.0024° | 0.0177+0.0027° | 0.0204+0.0027 2 20

S/Cu | 0.1024+0.0024° | 0.1100+0.02962 | 0.1384+0.0154° | 0.1757+0.0074? | 0.1737+0.01692 | 0.1610+0.0179?2 31.6

KEY: W=Water, S= Sediment. Value are presented as mean+S.E.M. Values with different superscript across each column indicates a level of
Significance at (p>0.05).

Table 4: Correlation of metals between water and sediments during study period

Heavy metals | Cd (water) | Cd (sediment) | Pb (water) | Pb (sediment) | Zn (water) | Zn (sediment) | Cu (water) | Cu (sediment)
Cd (water) 1
Cd (sediment) 0.143 1
Pb (water) 0.259 -0.201 1
Pb (sediment) 0.012 -0.39 -0.028 1
Zn (water) 0.161 0.171 0.016 -0.244 1
Zn (sediment) -0.037 -0.056 -0.215 0.338 0.259 1
Cu (water) -0.238 0.096 0.296 0.02 -0.059 -0.296 1
Cu (sediment) 0.353 -0.334 0.066 -0.066 -0.099 -0.062 -0.396 1

**_Correlation is significant at the 0.01 level (2-tailed).
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Metal concentration in water and sediments from Lower
Benue River

Contamination of aquatic environment with heavy metals is a
worldwide problem due to its persistence and continuous
accumulation in the environment &, Aquatic organisms are
exposed to high levels of heavy metals and fishes are highly
sensitive to changes surrounding their environment. Results
from this study showed metals are concentrated in sediments
than water, this corroborate findings of [*- 8],

Higher concentrations of metals in Sediment occur as result of
discharge contaminants into aquatic environment and are
absorbed into the sediment M. Heavy metals (Zn, Cu, Pb, and
Cd) found in water and sediment were lower compared to the
(281 safe limit recommend in fresh water. The higher
concentration of zinc in October (2.200 mg/kg) and
November (2.2667 mg/kg) in sediments may be as result of
excessive effluent deposit from contamination into the water
from nearby maize fields and petroleum products used in
powering rice milling machines and automobiles,
additionally, use of boats for transportation across the river
may increases concentrations of the metals in water and soil
(181 Zinc (Zn) is essential in animals its deficiency may lead to
decreased fertility 251,

Cadmium (Cd) target tissues include liver, placenta, kidney,
lungs, brain and bone. Cd poisoning could lead to cancer,
anemia .and in fish may causes gills damage % result of this
study shows that Cd was low in water and sediment compared
to WHO permissible limits 0.5 mg/l and 0.99 mg/l %81, The
level of lead (Pb) in this study may be as result of the
inhalation of dust particles arising from ongoing bridge
project construction. However, level of Pb in water and
sediment shown in Table 1 and 2 is below the recommended
limit of 35.8 mg/kg 2. Reports have shown that adults
absorbed 35 to 50% of lead (Pb) through drinking water while
absorption rate for children may be greater than 50%
influenced by factors like age and physiological status., in
human body greatest percentage is adsorbed into the kidney,
followed by liver and other soft tissues like heart and brain
[10]

Copper (Cu) in aquatic environment could result from
domestic and agricultural wastes, though it aid body functions
and is necessary for synthesis of hemoglobin ?°1. Copper (Cu)
values reported in this study is less than the 20.00mg/I for
water and 31.60 mg/kg for sediments recommended by WHO
(281 excessive intake may cause health issue to aquatic life.
The result from this present study shows variation from
values of metal in water and sediment reported in Ovia River
by 1. Variations may be ascribed to I effluent discharge from
domestic waste, runoff from pesticide, fertilizer and diesel
accumulated with time 'Y, Concentrations of Cd, Cu, Pb, Zn.
in river and sediments were generally low during the study.

Correlation of heavy metal between water and sediment
during the study

In aquatic environment, sediments have been widely used as
environmental indicator for assessing metal contamination [61,
Carriage of metals is a function of the suspended sediment
structure and water understanding in natural water [,
Sediment is an essential part of the river, with the variation of
environment %, The investigation of heavy metals in water
and sediment could be used to assess impacts posed by waste
discharges to river ecosystem [4. The correlation analysis
carried out to see the relationship of concentrations of heavy
metals (Zn, Cd, Pb, and Cu) in water and sediment, shows
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significant positive correlation in Cadmium (Cd) and Lead
(Pb). But Zinc (Zn) in sediment and copper (Cu) in water
showed negative correlation as shown in Table 4. In general
heavy metals (Zn, Cd, Pb and Cu) concentrations obtained in
sediment were higher compared to heavy metals in water.
This confirms the ability of sediment to serve as sinks for
heavy metals ['61, The correlation values are indicatives of the
origin of individual’s metals showing that their sources were
closely related. Copper (Cu) recorded higher correlation in
sediment compared to Lead (Pb) in water respectively. The
result emphasis that heavy metal in water and sediment might
be from contaminated sources, consequences of
anthropogenic activities such as effluent from industries,
surface run-off and domestic wastes [l. The positive
correlation in water and sediment reported in Lower river
Benue could be accounted for by geology of the area,

domestic waste and surface run-off from agricultural fields
[31]

Conclusion

Results from this research provide base line information on
heavy metals in water and sediment along Rimi and Kabawa
axis of Lower Benue River, Ibi, Taraba State. The study
ascertained occurrence of metals in water and sediment along
the axis of the contaminated sites at lower river Benue. The
study also showed sediment recorded higher concentrations of
heavy metal compared to water. Concentrations of metals
were within the recommended limits for drinking water and
sediment by WHO and FMENV except values for Lead (Pb).
This present research work provides valuable baseline data on
heavy metals in water and sediment from contaminated sites
along Rimi and Kabawa axis of Lower River Benue, Ibi,
Taraba State, Nigeria. Concerted effort must be put in place to
avoid environmental and health hazards with time.

Recommendation

Therefore, it is recommended that routine heavy metals check
should be sustained, the dumping of waste contaminants close
to the river should be discouraged along Rimi and Kabawa
area. Also setting up of cottage industries along the river bank
should be discontinued at Rimi and Kabawa Areas. This will
improve on water quality and reduce drastically heavy metal
levels of the river.

Acknowledgment

We wish to thank management of central laboratory Federal
University Wukari for the analysis using Atomic Absorption
Spectrophotometer (AAS) facility.

References

1. Adejare LI, Balogun KJ, Shelle RO. Hydrochemistry and
levels of some heavy metals in samples of Ibeshe, Lagos
lagoon complex, Nigeria. Journal of American Science.
2011;7(1):625-632.

Aderinola OJ, Clarke EO, Olarinmoye OM, Kusemiju V,
Anatekhai MA. Heavy metals in surface waters,
sediments and periwinkles of Lagos lagoon. American-
Eurasian Journal on Agriculture & Environmental
Science. 2009;5(5):609-617.

Ahamad MI, Song J, Sun H, Wang X, Mehmood MS,
Sajid M, et al. Contamination Level, Ecological Risk,
and Source Identification of Heavy Metals in the
Hyporheic Zone of the Weihe River, China. International
Journal of Environmental Research and Public Health.
2020;17(1070):117-124.


https://www.fisheriesjournal.com/

International Journal of Fisheries and Aquatic Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ahmed AS, Sultana S, Habib A, Ullah H, Musa N,
Hossain MB, Rahman MM, Sarker MS. Bioaccumulation
of heavy metals in some commercially important fishes
from a tropical river estuary suggests higher potential
health risk in children than adults. Plos one. 2019 Oct
17;14(10):e0219336.

Akaeze CS. Solid waste analysis, a research project of
Chemistry/Biochemistry University of Uyo, Nigeria,
2001, 80.

Alam R, Ahmed Z, Howladar MF. Evaluation of heavy
metal contamination in water, soil and plant around the
open landfill site Mogla Bazar in Sylhet, Bangladesh.
Groundwater for Sustainable Development.
2020;10:100311.

Ali H, Khan E, llahi I. Environmental chemistry and
ecotoxicology of hazardous heavy metals: environmental
persistence, toxicity, and bioaccumulation. Journal of
chemistry. 2019 Mar 5;2019.

Ambedkar G, Muniyan M. Analysis of heavy metals in
water, sediments and selected freshwater fish collected
from Gadilam River, Tamilnadu, India. Int J Toxicol
Appl Pharmacol. 2012;2(2):25-30.

American Public Health Association (APHA). Standard
methods for the Examination of water and waste water.
21t ed. Washington, DC: American Public Health
Association. 2005, 88.

Azaman F, Juahir H, Yunus K, Azid A, Kamarudin MK,
Toriman ME, et al. Heavy metal in fish: Analysis and

human health-a review. Jurnal Teknologi. 2015
Oct;77(1):61-9.
Azeem T, Rehman HU, Zarin K. Analysis of

physicochemical parameters and heavy metals of water
and sediments with respect fishes collected from Ghol
Dam District Karak, Khyberpakhtunkhwa, Pakistan. Int.
J. Pharma Sci. Res. 2016;7(11):423-426.

Federal Ministry of Environment (FMNEV). Federal
Ministry of Environment National Guideline and
Standards for water quality in Nigeria; c2001. p. 114.
Gan Y, Wang L, Yang G, Dai J, Wang R, Wang W.
Multiple factors impact the contents of heavy metals in
vegetables in high natural background area of China.
Chemosphere. 2017 Oct 1;184:1388-1395.

Ikponmwen EG, Orowe AU, Oguzie FA. Heavy Metal
concentration in Water and Sediment of Ovia River, Edo
State, Nigeria. Nigerian Journal of Applied Sciences.
2020;38:49-56.

Ikponmwen EG, Orowe AU, Sado MO. Bioaccumulation
of polycyclic aromatic hydrocarbons from light and
heavy crude oils in fingerlings of the African catfish
(Clarias  gariepinus). Chemistry of the Total
Environment. 2022;2(2):1-7.

Islam MS, Han S, AHMED MK, Masunaga S.
Assessment of trace metal contamination in water and
sediment of some rivers in Bangladesh. Journal of water
and environment technology. 2014;12(2):109-121.

Liu S, Tian S, Li K, Wang L, Liang T. Heavy metal bio
accessibility and health risks in the contaminated soil of
an abandoned, small-scale lead and zinc mine.
Environmental Science and Pollution Research. 2018
May;25:15044-15056.

Mgbemena MN, Obi-Uchendu EC, Onwukwe VI. Heavy
metal pollution of water, sediments and plants in Aba
River, Abia State, Nigeria. J. Basic Physical. Res.
2011;2(1):18-24.

Mohiuddin KM, Otomo K, Ogawa Y, Shikazono N.
Seasonal and spatial distribution of trace elements in

~ A5~

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

https://www.fisheriesjournal.com

water and sediment of Tsurumi River
Environmental monitoring and
2012;184(1):265-279.

Morillo J, Usero J, Gracia I. Heavy metal distribution in
marine sediments from the southwest coast of Spain.
Chemosphere. 2004 Apr 1;55(3):431-442.

Ogoyi DO, Mwita CJ, Nguu EK, Shiundu PM.
Determination of Heavy Metal Content in Water,
Sediment and Microalgae from Lake Victoria, East
Africa. The Open Environmental Engineering Journal.
2011;4:156-161.

Oguzie FA, Okhagbuzo GA. Concentrations of heavy
metals in effluent discharges downstream of Ikpoba river
in Benin City, Nigeria. African Journal of Biotechnology.
2010;9(3):319-325.

Orowe AU, Ikponmwen EG. Effect of Bioremediation on
changes in physical and chemical properties of water
during exposure to crude oil. Technical Transactions of
Material Science and Technology Society of Nigeria.
2020;3:90-97.

Saleem M, Igbal J, Shah MH. Geochemical speciation,
anthropogenic contamination, risk assessment and source
identification of selected metals in freshwater sediments:
A case study from Mangla Lake, Pakistan. Environmental
Nanotechnology, Monitoring & Management. 2015 Nov
1;4:27-36.

Sivaperumal P, Sankar TV, Nair PV. Heavy metal
concentrations in fish, shellfish and fish products from
internal markets of India vis-a-vis international standards.
Food chemistry. 2007 Jan 1;102(3):612-620.

Parker RC. Water analysis by atomic absorption
spectroscopy. Varian techtron, Switzerland.
Determination of trace heavy metals in Illisha Africana
fish and in associated water and sediment from some fish
ponds. Int. J. Environ. Stud. 1972;45:231-238.

Wangboje OM, Ikhuabe AJ. Heavy metal content in fish
and water from River Niger at Agenebode, Edo State,
Nigeria. African Journal of Environmental Science and
Technology. 2015;9(3):210-217.

Wangboje OM, Oronsaye JA, Okieimen FE, Oguzie FA.
Chemical Fractionation of Heavy Metals in the
Sediments of the lkpoba Reservoir, Benin City Nigeria.
Nigeria journal of applied science. 2014;32:241-254.
World Health Organization (WHO). Guidelines for
drinking water quality, food and food product. 3™ edition,
incorporation the first and second addenda; c2008. p.
105.

Yong J, Jie Z, Liwei Z, Xiaoli L, Dingding W, Jiali L, et
al. Analysis of heavy metals in the surface sediments of
shallow lakes in Nanjishan (Poyang Lake) Natural
Wetland in China. Journal of Environmental Biology.
2017 Jul 1;38(4):561-570.

Zacharia JT. Degradation Pathways of Persistent Organic
Pollutants (POPs) in the Environment. Persistent Organic
Pollutants. Intech Open; c2019. p. 45-47.

Zauro SA, Dabai MU, Tsafe Al, Umar KJ, Lawal AM.
Extent of some heavy metals contaminator in soil of
farmlands around Sokoto Metropolis. European Scientific
journal. 2013, 9(3)

Zhao XM, Yao LA, Ma QL, Zhou GJ, Wang L, Fang QL,
et al. Distribution and ecological risk assessment of
cadmium in water and sediment in Longjiang River,
China: Implication on water quality management after
pollution accident. Chemosphere. 2018;194:107-116.

in Japan.
assessment.


https://www.fisheriesjournal.com/

