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ABSTRACT

The concentration of heavy metals (Cd, Zn, Mn, Cu, and Pb) in water and sediment samples collected from five
study stations along Anambra River was assessed for one month. The samples were obtained in plastic containers
and carried to the laboratory for analysis of the selected heavy metals. The concentration of the various heavy
metals in water and sediment samples were determined using an atomic spectrophotometer. Data obtained were
analyzed using descriptive analysis to establish means significant difference in the concentration of heavy metals
was evaluated using Analysis of variance (ANOVA). Heavy metals in water occurred in the order Zn>Pb>Cu>Cd
while the trend in sediment was Zn>Mn>Pb>Cu>Cd. All the studied heavy metals except for manganese were
observed in the water at all the stations. In water and sediment samples, zinc dominated the other heavy metals
at all the study stations. The concentration of cadmium, manganese, and lead were above the WHO acceptable
limits while the concentrations of zinc and copper were within the permissible limits. Thus, Anambra River is
slightly polluted. The river, therefore, should be treated and monitored to prevent further contamination.
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INTRODUCTION

Aquatic bodies have been heavily
contaminated, surface waters being the most
assaulted and polluted particularly through
anthropogenic activities. Such activities include
agriculture, irrigation, fire, urbanization, mining,
and industrialization. These activities generate vast
quantities of deleterious substances including heavy
metal which negatively impact surface waters and
sediments. Heavy metals are generally non-
biodegradable and can be highly poisonous when
accumulated above the threshold limit. Heavy
metals in water undergo interactive reactions,
including precipitation, adsorption,
bioaccumulation in organisms, organic metallic
complexing during sedimentation, and post
dispositional effects of diagenesis (Zoumis et al.,
2001; Tukura et al., 2007; Tukura, 2015). Sediment,
a component of the aquatic body, refers to a material
deposited on the bottom of a water body. They are
important, sinks due to sedimentation which
according to Moshchenko (2001) is the settling of
suspended particles through the water column due to
gravity and it is a fundamental mechanism that
provides for the transport of matter from
trophogenous areas to bottom communities. The
study was undertaken to assess the concentration of
heavy metals in water and sediment from the
Anambra River.
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MATERIALS AND METHODS

Anambra River (Omambala River) which
covers a land area of 14,010 km? is located in the
southeastern part of Nigeria. The Anambra River
basin lies between latitudes 6°10" and 7°20'N and
longitudes 6°35' and 7°40'E (Awachie and Hare,
1978) (Fig. 1). Two seasons namely rainy season
and dry season operate in the area. The study was
conducted for one month (July). Water and sediment
samples used in this study were collected from five
study stations of Anambra River. The water and
sediment samples that were collected in plastic
contains were transported to the laboratory for
analysis of heavy metals. Four sampling points were
selected from each study station and four replicate
samples were taken from each point. The replicate
samples were representative of the station from
where they were collected. The concentrations of the
heavy metals (Cadmium, Zinc, Manganese, Copper,
and Lead) in water and sediment samples were
determined using Atomic  Spectrophotometer
(AAS). Data were analyzed using descriptive
analysis to establish means. Analysis of variance
(ANOVA) was used to evaluate the significant
difference in the concentration of the heavy metals.
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Fig. 1: Map of the Study Area

RESULTS AND DISCUSSION

The results of the heavy metal
concentrations in water and sediment collected from
Anambra River is shown (Tables 1 and 2). The
heavy metals cadmium, zinc, copper and lead were
detected while manganese was not detected from the
water sample. Heavy metals observed in the water
sample varied at the study stations Cadmium the
least metal in the water sample at all the stations
ranged from 0.001 mg/l in station 5 to 0.030 mg/l in
station 2. The concentration of zinc varied from 4.54
mg/l in station 5 to 4.70 mg/l in station 4. The
concentration of copper in mg/l varied from 0.040
(in stations 4 and 5) and 0.080 (in station 2). The
variations in the concentration of heavy metals in
water sample in relation to stations is presented in
Fig. 2. Heavy metals in water in relation to the
station were not significantly different (p>0.05). The
following heavy metals were observed from the

Table 1: Concentration of Heavy Metals in Water (mg/l)

sediment sample: cadmium, zinc, manganese,
copper, and lead. Only copper was restricted in
distribution, occurring only at stations 2 and 3.
Cadmium which ranged from 0.010 mg/kg to 0.030
mg/kg at stations 1 and 4 respectively, had the least
concentration at all the study stations. The
concentration of manganese varied from 0.80 mg/I
at station 2 to 0.86 mg/kg at station 5. The
concentration of zinc in sediment was highest at the
five study stations. The highest (1.33 mg/kg)
concentration was recorded at station 2 while the
lowest concentration (1.15 mg/l) was recorded at
station 1. Lead concentration ranged from 0.40
mg/kg (station 5) to 0.70 mg/kg (station 3). There
was no significant difference (p>0.05) in the heavy
metals in sediments in relation to stations. The
variations of heavy metals in sediment in relation to
stations is shown (Fig.3).

Heavy metals Station 1 Station 2 Station 3 Station 4 Station 5
Cd 0.020 0.030 0.020 0.020 0.001
Zn 4.62 4.58 4.60 4.70 4.54

Mn ND ND ND ND ND

Cu 0.050 0.080 0.050 0.040 0.040
Pb 0.900 1.000 0.900 0.800 1.000

NB: ND = not detected
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Table 2: Concentration of Heavy Metals in Sediments (mg/kg)

Heavy metals Station 1 Station 2 Station 3 Station 4 Station 5

Cd 0.010 0.020 0.010 0.030 0.020

Zn 1.20 1.23 1.15 1.18 1.22

Mn 0.85 0.80 0.83 0.84 0.86

Cu ND 0.01 0.02 ND ND

Pb 0.50 0.60 0.70 0.60 0.40
NB: ND = not detected
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Fig. 2: Variations in heavy metal concentrations (mg/l) in water in relation to stations
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Fig. 3: Variations in heavy metal concentrations (mg/kg) in sediments in relation to stations

The heavy metals (Cd, Zn, Cu, Pb)
encountered in water except for manganese occurred
in the order Zn>Pb>Cu>Cd. The trend of
concentration of heavy metals in sediment is
Zn>Mn>Pb>Cu>Cd.

The least concentration of cadmium
recorded in this study is both water and sediment
agree with Lawal-Are and Babaranti (2014) who
obtained similar results. Cadmium concentration
and sediment in Anambra River were above the
World Health Organization (WHO) (2008)
permissible limit is fatal causing according to
Oronsaye (1987) histopathological alteration in
stickleback, Gastrerostus aculeatus and Itai-itai
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disease (Erickson et al., 1983). Sources of cadmium
include plastic, batteries and fossil fuels and
children's toys. Cadmium is present in children's
toys at a level above the regulatory standard (Finch
et al., 2015; Obaro et al., 2015). The dominance of
zinc over all other metals in the study show a high
accumulation of the metal in water and sediment
samples. The mean concentration of zinc in water
obtained in this study is lower than 10 mg/lI which
Kakulu and Osibanjo (1992) recorded for Calabar
River. The mean concentration recorded in water
was within the WHO acceptable standard while the
sediments mean value was below the WHO
allowable limit. Zinc is an essential trace element
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that is easily bioaccumulated by aquatic life.
However, it is toxic at levels above permissible
limits. The mean concentration of copper in water
was within the WHO acceptable standard while the
sediment mean value was below the acceptable
standard. Copper not being detected in stations 1, 4
and 5 may be due to the concentration of
anthropogenic activities occurring in them. Copper
enter aquatic environments through anthropogenic
sources. The entry of water through anthropogenic
sources may lead to significant concentrations
entering the aquatic environment (either directly via
sewage or industrial discharges through natural
sources, e.g. from the weathering of rocks or the
solution of copper minerals (Canadian Council of
Resource and Environmental Ministers (CCRM,
1987; Cole et al., 1999). The mean concentration of
manganese obtained from sediment was above the
WHO allowable limit. The non-detection of this
metal in water in this study Odiette (1999) attributed
to the fact that heavy metals accumulate in

sediments to elevated levels because sediment
serves as a sink or as a reservoir. Manganese in
water and sediment come from varied sources
including paint, fertilizers, and pesticides. A lower
mean value of 0.026 mg/l was recorded for Ikpoba
Reservoir (Wangboje and Ekundayo, 2013). The
mean levels of lead obtained for sediment exceeded
the WHO permissible limit. The mean concentration
of lead in water obtained in this study was higher
than 0.06 mg/l concentration of lead in water
obtained by Lawal-Are and Babaranti (2014). The
result for sediment recorded in this study was lower
than 5.88 mg/kg they obtained in their studies. Lead
in water could be conceived to mainly originate
from an industrial and domestic discharge of wastes
in the river and is non-essential for plants and
animals and is toxic by ingestion-being a cumulative
poison, producing damaging effects on the kidney,
liver, tissues, blood vessels, nervous system and
depresses sperm count (Anglin-Brown et al., 1995;
Tijani et al., 2004; Amadi (2012).

Table 3: Values of Heavy Metals in Water and Sediments from Anambra River compared with Acceptable

Standard
Heavy metals Water sample Sediments WHO, 2018
Cd 0.018+0.01 0.018+0.01 0.005
Zn 4.61+0.06 1.20+0.03 5.0
Mn Nd 0.84+0.02 0.1
Cu 0.05+0.02 0.02+0.01 0.05
Pb 0.92+0.08 0.56+0.11 0.05

Nd = Not detectable

CONCLUSION AND RECOMMENDATION
Anambra River is slightly polluted. Only
zinc and copper were within the WHO Permissible
limit. Anambra River, therefore, should be
adequately  monitored to  prevent  further
contamination which will seriously affect its health.

REFERENCES

Amadi, A.N. (2012). Assessment of Aba River using
the Heavy Metal Pollution Index.American
Journal of Environmental
Engineering,2(2): 45—49.

Anglin-Brown, B., Armour-Brown, A. and Lalor,
G.C. (1995). Heavy metal pollution in
Jamaica I: Survey of cadmium, lead, zinc
concentration in the Kintyre and Hope flat
districts. Environmental ~Geochemistry
Health, 17: 63-66.

Awachie, J.B.E., and Hare, L. (1978).Central
Institute of Freshwater Aquaculture
(CIFA) Technical Paper, 5: 170-184.

CCREM (Canadian Council of Resource and
Environmental Ministers) (1987).
Canadian Water Quality Guidelines. Inland
Waters Directorate, Environmental
Canada, Ottawa.

Cole, S., Codling, I.D., Parr, W. and Zabel, T.
(1999). Guidelines for managing water

OFisheries Society of Nigeria

quality impacts within UK European
marine sites. Neil Hailey and Alastair Burn
eds. A report Produce as part of the UK
Marine SACs project-a joint venture
involving English Nature, Scottish Natural
Heritage, Countryside Council for Wales
Joint Nature Conservation Committee,
Environment and Heritage Service
Northern Ireland and Scottish Association
of Marine Science and the Financial
Support of European Commission Life-
Nature Programme.

Erickson, M.M., Poklins, A., Dickinson, A.N. and
Hilman, 1.S. (1983).Tissue mineral levels
in victims of sudden infant death
syndrome. Toxic metals, lead, and
cadmium. Pediatric Research,7: 779-789

Finch, L.E., Hillyer, M.M. and Leopold, M.C.
(2015). Quantitative analysis of heavy
metals in children's toys and jewelry. A
multi-instrument, multi-techniques
exercise in analytical chemistry and public
health.Journal of Chemical Education, 92:
849-854.

Kakulu, S.E. and Osibanjo, O. (1992). Pollution
studies of Nigerian Rivers. Trace metal
levels of surface waters in the Niger Delta

1849



AGBABIAKA L.A. AND K.N. IBEMENUGA

Area. International Journal of
Environmental Studies, 41: 287—-292.

Lawal-Are, A.O. and Babaranti, O.A. (2014). Heavy
metal concentrations in Pseudotolithus
typus and Tarkwa Bay, Nigeria. Nigerian
Journal of Fisheries, 11(1 and 2):
733-743.

Moshchenko, A.V. (2001). A study of
Sedimentation and Resuspension in the
Near-Bottom Boundary Layer using
Cylindrical traps in Hydrobiological
Investigation. Russian Journal of Marine
Biology, 27(2): 121-124.

Obaro, 1.0., Abubakar, U., Haruna, M.A. and
Elinge, M.C. (2015). Evaluations of some
heavy metals concentration in River
Argungu. Journal of Fisheries and Aquatic
Science, 10: 581-586.

Odiette, W.O. (1999). Environmental Physiology of
Animal and Pollution.First
Edition.Diversified Resources Limited,
Lagos. 257pp.

Oronsaye, J.A.O. (1987). The uptake of dissolved
cadmium by the stickleback Gasterostus
aculeatus L. Ecotoxicology.
Environmental Safety, 4: 88—96.

Tijani, M.N., Jinno, K. and Hiroshiro, Y. (2004).
Environmental impact of heavy metal

OFisheries Society of Nigeria

distribution n water and sediment of
Ogunpa River, Ibadan area, Southwest
Nigeria.Journal of Mining and Geology,
40(1): 73-83.

Tukura, B.W. (2015). Heavy Metals Pollution of
Water and Sediments in Mada River,
Nigeria. Journal of Scientific Research and
Reports, 6(2): 157-164.

Tukura, B.W., Gimba, E. and Ndukwe, 1.G. (2007).
Effects of pH and total organic carbon
(TOC) on the distribution of trace metals in
Kubanni Dam Sediments, Zaria, Nigeria.
Scientific World Journal, 3(2): 1-6.

Wangboje, O.M. and Ekundayo, O.T. (2013).
Assessment of heavy metals in surface
water of the Ikpoba Reservoir, Benin City,
Nigeria.Nigerian Journal of Technology,
32(1): 61-66.

WHO (2008). Guidelines for drinking water
quality.3 edition. Incorporating the first
and second agenda volume
recommendations (World Health
Organization, Geneva, 2008).

Zoumis, T., Schmidt, A., Grigorova, L. and
Calmano, W. (2001). Contaminant in
sediment mobilization and demobilization.
Science Total Environment, 266: 195-202.

1850



