Science World Journal Vol. 17(No 4) 2022
www.scienceworldjournal.org

ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)
Published by Faculty of Science, Kaduna State University

DISTRIBUTION OF HEAVY METAL AND PHYTOPLANKTON IN
CALABAR RIVER PORT TERMINALS, CALABAR, CROSS RIVER

STATE, NIGERIA

*IHena J.S., "Magaiji J.I. and 2Kulawe D.

Department of Geography, Faculty of Environmental Sciences, Nasarawa State University, Keffi, Nigeria
2Department of Biological Sciences, Faculty of Science, Gombe State University, Gombe, Nigeria

*Corresponding Author Email Address: jayhena@yahoo.com

ABSTRACT

An aquatic ecological evaluation of Calabar River Port terminals
was carried out from February 2020 to January, 2021 with the aim
of assessing seasonal variation of heavy metals and the
distribution of phytoplankton. Atomic absorption spectroscopy
(AAS) was employed to analyze heavy metal concentration and
standard procedure was use in the identification of phytoplankton
from three sampling stations namely Eco marine terminal, INTELS
terminal and Shoreline terminals in Calabar River port. Results
showed elevated levels of lead, Chromium (0.28 + 0.04), Nickel
(0.67 £ 0.03), Lead (0.02 + 0.02), cupper (0.03 + 0.01) and
Cadmium (0.31 £ 0.09) in all the stations beyond the NESREA
recommended limits. The study also showed significant negative
relationship between plankton and heavy metals. It recommends a
yearly monitoring by regulatory agencies to ensure that shipping
activities do not interfere with water quality at the terminals.

Keywords: Water Quality, Heavy Metal, Phytoplankton, Pollution,
Port Terminals.

INTRODUCTION

Environmental pollution due to heavy metals is increasingly
becoming a problem and has become of great concern due to the
adverse effects it has on aquatic ecosystem. Due to the astounding
increase of the use of heavy metals, it has resulted in an imminent
surge of metallic substances in both the terrestrial and the aquatic
environment (Gautam et al, 2016). Heavy metal being non bio-
degradable, can persist in the environment and become
concentrated up in the food chain. (Eja et al., 2003)

Phytoplankton is of great importance in bio-monitoring of pollution
(Davies et al, 2009). The distribution, abundance, species
diversity, species composition of the phytoplankton are used to
assess the biological integrity of the water body (Townsend et al.,
2000). Phytoplankton are good indicators of environmental change
due to their quick response to changes in environmental pressures
such as nutrient availability (Water report) The biomass of
phytoplankton affects the light climate for benthic macrophytes
(Sand-Jensen and Borum 1991) as well as the nutrient availability
(Sand-Jensen and Borum 1991) and oxygen conditions for benthic
macrophytes through their sedimentation (Holmer and Bondgaard,
2001).

Ityavyar and Tyav (2004) defined Environmental pollution as an
undesirable change in the environment through harmful
substances; waste materials and resources, caused by man's
activity or natural disaster which also results to the degradation of
the environment with its attendant consequences on biodiversity
According to Elliot (2016), sources of pollution in inland and coastal

waters of Nigeria include agro-chemicals (herbicides, pesticides
etc.); industrial effluents, domestic sewage and refuse; crude oil
spillage and toxic petrochemical by-products. Other sources of
harmful chemicals include 'poisonous' plants and plant secondary
metabolites which are often used in fishing. These secondary
metabolites subsequently, contributes to water pollution with a lot
of negative effects on some important aquatic fauna and flora
(Omoregie, et al., 2015) Results of several studies (Uttah et al.,
2008; Ibrahim and Abdullahi, 2008; Woke et al., 2013; Arazu and
Ogbeibu, 2017; Kwen et al., 2019; Asiegbu et. al., 2019) have
shown that physical and chemical conditions of aquatic
ecosystems determine the occurrence, diversity and density of
both flora and fauna in any given habitat, which may change with
season of the year (Okogwu and Ugwumba, 2006).

Human activities which include spills from discharging of cargo
from vessels, cleaning of oil tanks painting at berth within Calabar
River Port Terminals, Calabar, Nigeria may introduce heavy metals
and petrochemical effluents that contain hydrocarbons and other
toxic organic compounds which are consumed by bacteria and
lower the amount of dissolved oxygen in aquatic environments
(Fleeger et al. 2003).

River ports are extremely complex systems with a wide range of
environmental factors such garbage production, noise, dredging,
and discharges into the water, air, and soil are just a few (Darbrato
et al., 2005).
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MAP OF STUDY AREA SHOWING SAMPLING STATIONS
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METHODOLOGY

Plankton identification

Water samples were collected from the three terminals in the
Calabar Port—the Eco Marine Terminal (ECMT), the INTELS
terminal, and the Shoreline Jetty on a monthly basis for a period of
twelve months (February,, 2020 — January, 2021) using the random
sampling technique.

Also Sampling for phytoplankton was done monthly for the period
of 12 months at the identified sampling stations. Planktons were
obtained from 100 liters of water fetched with a plastic bucket and
filtered through a 55um mesh standard plankton net as described
by Eni and Andem, (2012). Phytoplanktons were preserved in 4%
buffered formalin solution and stored in 500ml plastic sample
bottles. The sample was then transported to the Central Analytical
Laboratory, Institute of Oceanography, University of Calabar for
identification.

For laboratory examination, a total of 144 samples—each
representing the water quality and plankton—were taken. At each
terminal, two (2) samples were taken each month for water quality
analysis and two (2) samples for plankton analysis. Each month,
the value for that terminal was determined using the average value

4°580°N

for each of the terminals for each parameter.

In the laboratory, samples from the three stations were
concentrated to 10ml, 1ml from each sample was taken and all
individual taxa present were counted under a microscope.
Specimens were sorted, counted using Zeiss binocular microscope
at different magnifications (60 x, 100 x and 400 x) Lugol's iodine
solution was used to stain the samples in order to improve the
ability to distinguish between different species of phytoplankton
and to identify them based on their morphological characteristics.
(Akpan,1994). Planktons were estimated using Sedgwick-Rafter
counting chamber as described by Ovie et al. (2015).
Phytoplanktons were identified using method of Alfred. ef al.
(1973).

Analysis of Heavy Metal

Cupper, (Cu), Nickle (Ni), Lead (Pb), Cadmium (Cd), Chromium
(Cr) and Mercury (Hg) where analyzed using standard procedure
of open digestion set by APHA (2009) for the digestion of water
samples. 50 mLwell-mixed, acid preserved sample was measured
and transferred into a 42 beaker. 5 mL of concentrated HNO? was
added to 50 mL of the water sample. The mixture was heated
slowly to evaporate to a volume of about 15 — 20 ml on a hot plate.
Continues heating and adding of concentrated HNO as necessary
was employed until digestion was complete as shown by a light-
colored, clear solution. The walls of the beaker were washed down
with double distilled water and then filtered with a 0.45 pum pore
filter paper. The filtrate was transferred to a 50 ml volumetric flask
and topped to the mark. The digested samples were used to
measure the individual metal concentrations in the water using an
atomic absorption spectrometer (AAS)

RESULT AND DISCUSSION

Table 1: Seasonal variation in the concentration of heavy metals in
water in Calabar Port Terminal

Concentration NESREA
of Heavy Seasons p-value ttest standard
Metals Dry Wet
Cupper (Cu) 003001 003=0.01 092 p=005 001
Nickel {Ni) 067+003 066=003 076 p=005 001
Lead (Pb) 002002 002+001 045 p=005 (1
Cadmium (Cd)  031+009 031=008 098 p>005 (0
Chromium (Cr)  028+004 0252005 051 p=005 (5
Mercury (Hg)  000£000 000+000 EDL 0.0005
Mean + S.D values with p < 0.05 are significant while p > 0.05 are
not significant

Where: Cu = Copper; Ni = Nickel; Pb = Lead; Cd = Cadmium; Cr =
Chromium; Hg = Mercury. BDL= Below Detection Limit
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Table 2: Seasonal Distribution of Phytoplankton in Calabar River port Terminals during the study Period

Phytoplankton Phytoplankton
Class Species Dry Season Wet Seasons Total
ECMT  INTELS  Shorelines | ECMT  INTELS  Shorelines Dry  Wet
I Coscinodiscus
Bacillariophyceae —— 13 1 T 15 7 13 £y 35
Coscinodliscus
radiate 19 12 8 15 26 T 36 43
Mavicula sp. 9 0 0 7 11 0 9 18
Melosira sp. 0 B 0 0 28 0 6 28
Melosira granuiate ] 0 ] 1 0 7 0 7
Denticum thermals 2 ] 0 g 32 0 T 35
Digtoma sp. a 1 0 a 7 0 1 7
Cyclotella
mensaghiniang 0 0 ° 3 0 ° o 3
Tribonemsa minus 1" 0 1 19 3 10 12 32
Xanthophyceae
Trifonema sp. 0 6 0 0 21 0 6 21
5 ) 1 0 1 16 4 0 12 20
Chlorophyceas Pyrogyra sp
Chiamydomorias 0 0 7 0 0 12 712
5p.
Dermatopfyton
radians a 0 g 0 0 10 9 18
Heterothriy
uiothricoides 0 0 0 ! 0 0 0 !
Eudoring elegans ] 0 0 5 6 0 0 1"
Clostenium gracie ] 0 0 g g 0 0 14
Euglenodea Euglena sp. a ] 1] Q ] 10 0 10
Anabasna affinis ] 0 0 a g 2 0 1"
Cyanophyceas
Oscifatona sancta ] 0 0 a g 16 0 25
Individuals 65 4 30 o4 17 ar 136 360
Taxa_5 6 i 6 1 13 9
Evenness_e"H/S  0.8797  0.3441 07977 0.7536  0.7339 0.9137
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Table 3. Correlation coefficient for heavy metals and plankton
during the rainy season
Cu Ni Pd Cd Cr Phyto  Phyto
Taxa Ind.
Cu 1
Ni 0.379 1
Pb -.ga2g” -661" 1
Cd 8527 -0.066 -635" 1
Cr 7527 00696 -635" 806" 1
Phyto 037504 742" 562" 00258 0083 1
Taxa
Phyto  -01286 03839 -0095 -0327 -023 703" 1
Ind.
Table 4. Correlation coefficient for heavy metals and plankton
during the dry season
Cu Ni Pd Cd Cr  Phyto Phyto
Taxa  Ind.
Cu 1
Ni 5600 1
Pb - 955" - 649 1
Cd B846™ 00514 -770™ 1
Cr 803 00424 -gB5™ 911 1
Phyto 574* 633" -721"* 03456 026 1
Taxa
Phyto -606* 0.372% -732*  551* 0.39 678% 1
Ind.

Seasonal correlation between heavy metal and plankton
distribution shows a positive correlation between Cu and
phytoplankton distribution in terms of diversity in both season and
negative relationship in terms of individual (abundance) in both
seasons. The correlation coefficients for phytoplankton was
positive for dry and wet season respectively but negatively
correlated with individual species in both seasons. This implies that
increase in Cu concentration led to increase in phytoplankton
diversity during both seasons but negligible decrease in
phytoplankton abundance in both season. This agrees with the
findings of Rodgers et al. (2010) that the 13C assay showed an
impact of copper on phytoplankton, through reduction in 13€
uptake, suggesting a reduction in photosynthetic activity. It is
possible that Cu concentrations toxic to marine phytoplankton are
confined to areas impacted by heavy anthropogenic emissions.
Sholkovitz et al. (2012) showed that significant correlation between
Cu concentrations in phytoplankton with various phytoplankton that
were abundant at Blanakan Ponds was Nitzschia with correlation
coefficient (r) = 0.7518. It showed that the higher Cu concentration
in phytoplankton, the higher Nitzschia abundance (Siswantining,
2017).

Nickel showed strong positive correlation with phytoplankton
distribution in both seasons. Thus, increase in nickel showed
increase in phytoplankton abundance and diversity. Lead showed
negative correlation with both diversity and abundance in dry and
wet. However, only phyto taxa had strong negative correlation in
dry season. The correlation coefficients for phyto taxa were -0.56
and -0.10 for dry and wet season respectively but -0.10 for

individual in both seasons affects phytoplankton communities at
different levels - abundance, growth strategies, and dominance and
succession patterns. However, Guo et al., 2022 posits that's That
Ni sensitivity of phytoplankton varied between the 11 species
tested within the study but was generally rather 435 low. This may
be partly due to the use of nitrate as a nitrogen source in his
experiments as other studies have revealed higher Ni sensitivities
when growth is fuelled by other nitrogen-sources, such as urea.
The reduced sensitivity observed in his study may also be due to
the use of the high concentration of organic ligand (EDTA) added
to our media, which complexed Ni making it less available for
biological interactions (Guo et al.2022)

Cadmium had negligible correlation with phytoplankton abundance
and diversity in both seasons. However, the negligible correlation
was positive in dry season taxa S but negative in wet season. The
correlation coefficients were 0.03 and 0.33 for diversity and
abundance in dry season but -0.33 and -0.31 in wet season.
Chromium also had negligible correlation with phytoplankton
abundance and diversity in both seasons. Hindarti and Larasati,
(2019) reported the increasing heavy metals concentration lead to
the decreasing of cell density and intracellular pigment content of
Nitzschia sp., thus the lower correlation value during the dry
season. However, the negligible correlation was positive in dry
season but negative in wet season. The. The negative correlation
observed in Cd and Pb corroborate the report of Echeveste et al.
(2012) that Cd and Pb are lethal to oceanic marine phytoplankton.
The positive correlation between Nickel and phytoplankton affirmed
the report of Boyce et al. (2010) that Nickel act as nutrient that is
essential for the growth of cells in water organism. Some
phytoplankton utilize heavy metals for their growth, they multiply
increase in population when they get Fe, Zn, Cu, Mn etc. Thus,
some phytoplankton are considered pollution indicator.

Conclusion

The quality of water influences the abundance, diversity and specie
evenness of phytoplankton in water. There was observed an
elevated heavy metal concentration in Calabar River port terminals.
These varied spatially due to tidal influence and variation in human
activities. All Heavy metals in the study showed negative
relationship with plankton except nickel which had a strong positive
relationship Thus, pollution of water body with heavy metal has
significant impact on planktons distribution and consequently on
food chain

REFERENCES

Alfred, J.R.B, Bricice, S, Issac, M.L, Michael, R.G, Rajendran, M.
Royan, J.P. (1973). A guide to the study of freshwater
organisms. Journal Madras Univ Suppl 1:103-151.13.

APHA, (1976). American Public Health Association Standard
Methods for Examination of Water, Sewage and Wastewater,
14th edn. American Public Health Association, Washington
DC.

Arazu, V. N. and Ogbeibu, A. E. (2017). The composition,
Abundance and distribution of Zooplankton Of River Niger at
Onitsha Stretch, Nigeria. Animal Research International 14
(1): 2629 — 2643.

Asiegbu,. O., Oyediran., G. and Ezekwe., L. C. (2019). Preliminary
Investigation of the Distribution and Relative Abundance of
Plankton and Fish Species in Ivo River Basin Southeastern
Nigeria. Acta Scientific Microbiology, 2:4

Distribution of Heavy Metal and Phytoplankton in Calabar River Port

Terminals, Calabar,

Cross River State,

Nigeria

524


http://www.scienceworldjournal.org/

Science World Journal Vol. 17(No 4) 2022
www.scienceworldjournal.org

ISSN: 1597-6343 (Online), ISSN: 2756-391X (Print)
Published by Faculty of Science, Kaduna State University

Darbrato, R.M, Ronza, A., Stojanovic, T.A., Wooldridge, C. and
Casal, J. (2005). A procedure for Identifying Significant
Environmental Aspects in Sea Ports. Marine Pollution
Bulletin, 50 (8): p. 866-74.

Davies, O.A., Tawari, C.C., Abowei, J.F.N. (2009). Zooplankton of
Elechi Creek, Niger Delta Nigeria. Environmental Ecology. 26
(4c):2441- 2346.

Eni, G.E., Samuel, I.U. and Andem, A.B. (2012). Composition and
Abundance of Phytoplankton of Adiabo River in Calabar River
System Southeast Nigeria. European Journal of Zoological
Research; 1(4):93-98

Fleeger, JW., Carman, K.R. and Nisbet, R.M. (2003). Indirect
Effects of Contaminants in Aquatic Ecosystems. Science
Total Environment. 30;317(1-3):207-33.

Guo, J.A., Strzepek, R., Willis, A., Ferderer, A, and Bach, L.T.,
(2022). Investigating the Effect of Nickel Concentration on
Phytoplankton Growth to Inform the Assessment of Ocean
Alkalinity Enhancement. Biogeosciences Discuss. [preprint],
https://doi.org/10.5194/bg-2021-312, in review, 2022

Hindarti, D. and Larasati, A. (2019). Copper (Cu) and Cadmium
(Cd) Toxicity on Growth, Chlorophyll-a and Carotenoid
Content of Phytoplankton Nitzschia sp. The 1st International
Conference on Fisheries and Marine Science. IOP Conf.
Series: Earth and Environmental Science 236 (201)

Héglander, H., Karlson, B., Johansen, M., Walve, J . and
Andersson, A. (2013). Overview of Coastal Phytoplankton
Indicators and their Potential Use In Swedish Waters. Waters
Report no. 1: 5

Holmer, M., Bondgaard, E. (2001). Photosynthetic and Growth
Response of Eelgrass to Low Oxygen and High Sulfide
Concentrations during Hypoxic Events. Aquatic Botany,
70:29-38

Ibrahim, S. And Abdullahi, B. A. (2008). Effect Of Lead On
Zooplankton Dynamics In Challawa River, Kano State,
Nigeria Bayero Journal of Pure and Applied Sciences, 1(1):88
- 94

Ityavyar, E.M. and Tyav, T.T. (2004 ). Environmental Pollution In
Nigeria: The Need For Awareness Creation For Sustainable
Development. Journal of Research In Forestry, Wildlife and
Environment. 4:2 pp 4.

Kwen, K., Ewutanure, J. S. and Binyotubo, T. E. (2019).
Zooplankton Species Diversity and Physico-Chemical
Parameters in the Lower Taylor Creek Area, Bayelsa State,
Nigeria. American Journal of Engineering Research 8: 6. Pp
94-99

Okogwu, O.l. and Ugwumba, O.A. (2006). The Zooplankton and
Environmental Characteristics of Ologe Lagoon, South west,
Nigeria. The Zoologist 4:1

Omoregie, E., Malachy, N.O., Ajino, I., Romanus, |. and Kazimievz,
W. (2009). Effect of Single Superphosphate Fertilizer on
Survival and Respiratory Dynamics of Oreochromis niloticus.
Acta Lchthyological et Piscatorial, 39(2): 103 -110.

Ovie, S. I., Mbagwu, I. G., Adukwu, G. and Ajayi, O. (2015).
Preliminary Study on the Limnology and Zooplankton
Abundance in Relation to Fish Production in Kontagora
Reservoir. National Institute for Freshwater Fisheries
Research, New Bussa, Niger State, Nigeria. Annual Report.
Pp. 49.52

Rodgers, K., Robinson, C.D., Davies, |.M., Standing, D.B. and
Paton, G.. (2010). Impact of Copper on Marine
Phytoplankton. Paper presented at the 15th ICHMET
conference held at Gdansk University of Technology
September 19-23, 2010 Gdansk, Poland

Sand-Jensen, K. and Borum, J. (1991). Interactions Among
Phytoplankton, Periphyton, and Macrophytes in Temperate
Freshwaters and Estuaries. Aquatic Botany, 41:137-175.

Sholkovitz, E. R., Sedwick, P. N., Church, T. M., Baker, A. R. and
Powell, C. F. (2012). Fractional Solubility of Aerosol Iron:
Synthesis of a Global Scale Data Set. Geochim. Cosmochim.
Acta 89, 173-189. doi: 10.1016/j.gca.2012.04.022

Siswantining, T., Takarina, N.D. and Wariawan, A. (2017). The
Relationship between Copper (Cu) Concentration on
Phytoplankton and Nitzschia Dominance at Blanakan Fish
Ponds, Subang, West Java. Procceeding of the 3
International  Symposium on  Current Progress in
Mathematics and Science.

Townsend, C.R., Harper, J.D., Begon, M. (2000). Essentials of
Ecology. 34 Edition. Blackwell Sciences, London, UK; 2000

Uttah, E. C. Uttah, C., Akpan, P. A., lkpeme, E. M., Ogbeche, J.,
Usip, L. and Asor, J.(2008)

Bio-survey of Plankton as Indicators of Water Quality for
Recreational Activities in Calabar River, Nigeria. Journal of
Applied Science and Environmental Management. 12(2) 35 —
42

Woke, G. N., Babatunde. B. B. and Wokoma A. (2013). Effect of
Indomie Industrial Effluent Discharge On Fish Fauna of New
Calabar River, Port Harcourt. Global Journal of
Environmental Sciences 12 : 41-47

Wokoma, O.A.F., Umesi, N. and Edoghotu, A.J. (2010). Organic
Pollution and Periphyton Abundance of the Upper Bonny
Estuarine System, Nigeria. International Journal of
Educational Development 1 (1), 27 - 35.

Distribution of Heavy Metal and Phytoplankton in Calabar River Port
Terminals, Calabar, Cross River State, Nigeria

525


http://www.scienceworldjournal.org/

