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Abstract

This study examines plankton composition and diversity as well as the heavy metal concentrations in fish from
Bundu-ama creek, rivers State, Nigeria. The heavy metals tested were Nickel (Ni), copper (Cu), chromium (Cr), Zinc
(Zn), Cadmium (Cd), using Atomic Absorption Spectrophotometer. The results for the heavy metals are as follows; Ni
was below detectable limit throughout the points in the first month, while in the second month and third month it
ranged from (0.038+0.046mg/kg to 0.0213+0.037mg/kg), Cr ranged from (0.029+0.006mg/kg to
0.409+0.0386mg/kg), Cu ranged from (2.116+0.773mg/kg to 3.467+0.248mg/kg), Zn ranged from
(3.393+£0.280mg/kg to 2.75+0.844mg/kg) and Cd was below detectable limit. The highest phytoplankton species
identified belongs to the family Bacillariophyta, while the highest zooplankton species identified belongs to the family
Copepoda. Heavy metals were above WHO limits indicating that the creek is polluted due to anthropogenic activities
in the area and consumption of the fishes may be considered unsafe.
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1. Introduction

The increased in the use of heavy metals over the past few decades have tremendously and inevitably resulted in an
increased influx of metallic substances in the aquatic environment [1]. This consequently results in the contamination
of the animals that are living in contaminated waters with high metal concentrations [2, 3, 4, 5 & 6]. The metals are of
special concern because of their diversified effects and the range of concentration stimulated toxic effects to the
aquatic organisms. Industrial waste constitutes the major source of metal pollution in natural water. Aquatic systems
are exposed to effluent discharged from industries, sewage treatment plants and drainage from urban and agricultural
sites (areas). These pollutants are capable of causing serious damages to the aquatic life [7 & 8] and can result in the
imbalance in the composition of planktons. The imbalance in the population and distribution of planktons as a result
of anthropogenic activities such as the ones mentioned above could result in the damage to the fishery resources that
is dependent on them. As any factor that influences plankton composition directly affects the plankton feeders such as
the commercial fishes [9]. Generally, Phytoplanktons and zooplanktons are microorganisms that are located at the
first and second lower tropic levels [10,11] and the health of the aquatic environment depends on the plankton colony
because the planktons are vital in the food chain, as the Phytoplanktons form the basis of the aquatic food web as
primary producers, and are capable of using the sun’s energy to transform air into sugars therefore providing a rich
supply of food for the zooplanktons and other aquatic creatures such as fishes which are also eaten by other animals
and mammals [12]. These discharges especially those from the industries contains heavy metals which are inorganic
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chemicals that are non-biodegradable and they tend to accumulate over time as they cannot be metabolized by the
body and converted into a form that is harmless, and as such has made it important to determine the heavy metal
concentration in edible sea foods in order to evaluate the components of these heavy metals on human health. [13].
Fish and mussels constitute a major part of the human diet and many studies have been conducted on the
accumulation of metals in different fish species [14,15,16,17,18,19 & 20].

Fishes are well known bio-indicators of heavy metals contamination in aquatic ecosystems because they are higher
tropic level organisms and are usually eaten by man, there organs and tissues such as liver, kidney, muscle, viscera
and whole organisms are analysed to assess the concentration of the metals [21,22,23]. Large amounts of these metals
may accumulate in the soft and hard tissues of fish [24]. In aquatic environment, the availability of a metal to
organisms is dependent on many physico-chemical in addition to biological factors [25,26 & 27]. However, heavy
metals are known to enter fish through a number of routes such as; the gills, skin, liver and once absorbed, are
transported into the blood stream to either a storage point or to the liver for biotransformation and/or storage
[28,29]. According to [30], heavy metals are not destroyed in humans who have indirectly consumed them but instead
tend to accumulate in the body tissues such as; the liver, muscles and bones and thus threaten the health status. Heavy
metals are non-biodegradable and possess the ability to accumulate in the tissues of plants and animals through the
food chain, so that when humans feed on these plants and animals the heavy metal trace are transferred to the
muscles which results in various diseases depending on the metal involved [31,32,33 & 34]. This research will provide
detailed information on the levels of these heavy metals (chromium, copper, nickel, lead and iron) in fish and
sustainability of the fish population via the assessment of the plankton composition and distribution in Bundu-ama
creek.

2. Material and methods

2.1. Study Area

Bundu-ama is a heavily populated community and is also one of the known shanties in port-harcourt. It is enclosed by
a network of creeks dissecting its landmass and all linked creeks are connected to the Bonny River which is the largest
river in the area with an average width of 0.5km [35]. The community experiences the injection of large quantities of
effluents due to the activities on one hand and improper domestic waste management that creates a poor sanitary
condition. The weather climate of the region shows that the mean annual temperature is 28°C with an annual range of
3.8 °C, while humidity is 85% [36]. Three sample stations were established along the creek, after a reconnaissance
visit to the areas.

2.2. Sampling Stations

Station 1 is located upstream with latitude N04045.007” and longitude E007001.037”. It has good vegetation of
mangroves. Station 2 is located midstream with latitude N04044.711” and longitude E007001.393. Point 2 also has
vegetation with dead roots of mangrove and the surface of the water filled with oil film. Station 3 is located
downstream with latitude N04044.724” and longitude E007001.403”. The station has an island with plastic waste
disposal and faecal discharges as well as illegal bunkering discharges.

2.3. Samples and Sampling Techniques

For the collection of both phytoplankton and zooplankton, water samples were collected at every station. For the
phytoplankton, surface water was collected using the plankton net which had a bottle underneath and was transferred
to the labelled sample collecting bottle. While for that of the zooplankton, water samples were collected just under the
surface of the water with another sample labelled bottle and immediately fixed with 4% formalin for identification.

2.4. Fish

Fishes were collected by the local fishermen, and stored in a cooler pack stuffed with ice blocks in other to maintain
freshness and later transported to the laboratory. Samples were collected once every second week of every month for
three months.

2.5. Analysis/ Microscopy for Plankton

Plankton samples were collected with the help of a plankton net (mesh size: 20 pm) through vertical hauls from the
upper layer of 10 cm. Filtered plankton samples were kept in sampling bottles and immediately fixed with 10%
formalin. In the laboratory, Samples for the extraction of plankton comprised of a uniform volume of 100 ml using
distilled water. Following a thorough agitation and homogenization, 1 ml subsamples were taken using a Stempel
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Pipette and transferred to a graded 1 ml counting chamber for observation under a binocular microscope with
magnification of 40x. The organisms were simultaneously identified using the specialized literature for each
taxonomic group (key) and enumerated.

2.6. Heavy Metal Preparation and Digestion of Fish Samples

The fish samples were ashed in a furnace at about 450 °C and allowed to cool in a dissicator after which they were
ground to fine homogenous powder. 3 g of sample was weighed into a 100ml beaker in a calibrated weighing balance.
10ml of Aqua Regia was added to the sample in a fume hood. The sample was then placed in a hot plate and heated till
digestion was completed. The beaker was rinsed with distilled water and the digest was filtered into 50ml standard
flask. The beaker was filled up to the 50ml mark with distilled water. 3-point calibration was prepared for each metal,
which was used to calibrate the Atomic Absorption Spectrophotometer (AAS). The absorbance of the standards and
the sample were measured on the Agilent-SPECTRAA 55B AAS using appropriate hallow cathode lamp. Quality control
standard were used as check samples every 5 run.

3. Results

3.1. Phytoplankton and Zooplankton species of Bundu-Ama Creek

The station point that had the highest population is point 3 while point 2 and 1 followed. The division that contributed
the most to the population of the phytoplanktons is Bacillarophyta while the least is the Chaetocerotaceae as seen in
Table 1. The zooplankton species was only made up of two divisions with 34 different species. The division copepod
contributed the highest population and diversity in the creek, while the least was contributed by the division
Cladocera. The station point with the highest diversity is point 1 while point 2 and 3 had the same number of species.
The species population was highest in point 1 and least in point 3 as seen in Table 2.

3.2. Heavy Metal concentration in Bundu-Ama Creek

Table 1 Phytoplankton Species of Bundu-Ama Creek

Taxonomic Groups Station 1 | Station 2 Station 3
Bacillariophyta

Amphipleura pellucida 3 * 6
Amphora sp. * *

Gyrosigma attenuatum * 3 7
Nitizschia sigma * 2 14
Cymatopleura elliptica * * 1
Diplonesis elliptica * * 2
Gyrosigma spenceri * 3 7
Nitizschia seriata * * 7
Cymbella hybrid * 4 1
Cymbella lata * 2 *
Nitizschia denticula * 6 *
Caloneis amphisbaena * 3 *
Brebissonia boeckii * 2 *
Nitizschia lanceolata * 5 4
Stauroneis anceps * 2 3
Nitizschia pleudo 7 1 8
Antinocyclus curvatulus * 1 *
Antinocyclus octonarius * * 3
Coscinodiseus wailesii * *
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Antinella punclata * 1 *
Dactyliosolen antarcticus * 2 *
Synedra sp 6 4 6
Pleurosigma sp 6 * 4
Fragilaria virescens * * 3
Flagilariopsis curta * 3 *
Amphiprosa sp 2 2 *
Cocconeis scutellum 2 * 8
Hannaca arcus * 1 *
Pinnularia gentilis 2 1 *
Cylindrotheca closterum 3 5 4
CYANOPHYTA

Anabenopsis auociborkii 6 2 *
Oscillatoria tenius * 11 *
Oscillatoria priceps * 2 *
Rivularia plankton * 1 *
Aphauizomenon sins-aquae * 3 *
Lyngbya humnetica * * 2
Achnanthes gracillina 3 * 9
Melosira pusilla * * 7
Navicula amphibola * * 20
Navicula plicata * * 2
Melosira varians * * 2
Anabaena flos-aquae 2 * 2
Oscillatoria limosa * * 3
Achnanthes hungarica * * 2
Phormiaium sp * 2 *
Navicula mutica * 4 5
Achnanthes peragallii * * 4
CHLOROPHYTA

Closteriopsis longisscina 4 * *
Chlorigonuim euchlonim 4 * *
Chlamyclomonas elliptica 1 * *
Chodatella longiseta 1 1 *
Gonatozygon aculeatum * 2

Cyclotella meneghiniana * 2 2
Tetmemorus brebissonii * 1 *
CHAETOCEROTACEAE

Bacteriastrum delicatum porosira | * 2 *
Bacteriastrum furcaluin * 1 *
XANTHOPHYTA

Tribonema viride * * 3
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Gloeobotrys lumneticus 1 2 *
Triboruma minus * 1 1
Total population 53 90 157
Total species diversity 17 36 35
Key: * means absence of organism
Table 2 Zooplankton Species of Bundu-Ama Creek
TAXONOMIC GROUPS STATION 1 STATION STATION 3
2
CLADOCERA
Daphinia pulex * * 1
Daphinia longiremii * 2 *
COPEPODA
Cyclops copepodid * * 1
Diaptomus siciloides 2 1 *
Female senecella calanoidas 1 * *
Thermocyclops hyalinus 1 * *
Female Macrocyclops ater 1 * *
Fifth leg of Mebocyclops tenius | 1 * *
heterocope appendiculata 1 * *
TOTAL POPULATION 7 3
TOTAL SPECIES DIVERSITY 6 2 2
Key: * means absence of organism
Table 3 Concentration of Chromium (mg/kg) In Bundu-Ama Creek
Station 1 Station 2 Station 3
1st Month | 0.029£0.0062A | 0.243+ 0.2502A4 | 0.115% 0.097bA
2nd Month | 0.399+0.2422A | 0.189% 0.0912A | 0.126+ 0.095bA
3rdMonth | 0.409+0.3862A | 0.392% 0.0462A | 0.45+ 0.0782A

(P<0.05)

Table 4 Concentration of Copper (mg/kg) In Bundu-Ama Creek

a-d Different letters in the same column indicate significant difference (P<0.05); A-C Different letters in the same row indicate significant difference

Station 1 Station 2 Station 3
1stMonth | 2.116%0.7732A | 2.383+ 0.5742A | 2.381+ 0.20424
2nd Month | 2.593+0.5282A | 2.555+0.2172A | 2.234+ 0.0932A
3rdMonth | 3.467+0.248A | 2.147+ 1.1522A | 3.147+0.7772A

a-d Different letters in the same column indicate significant difference (P<0.05); A-C Different letters in the same row indicate significant difference
(P<0.05)

The concentration of heavy metals is presented in Table 3 - 6 and also in Fig 1 to 4. The highest concentration of
Chromium in the first month was recorded in point 2, with a mean value of 0.243+ 0.250 while the least concentration
was observed in point 1 with a mean value of 0.029+ 0.006 In second month the highest concentration was recorded
in point 1, with a mean value of 0.399+ 0.242. while the least concentration was observed in point 3, with a mean
value of 0.126+ 0.0095. In the third month, the highest concentration was recorded from point 1, with a mean value of
0.409% 0.386, while the least was observed in point 3, with a mean value of 0.45+ 0.078. For Copper, the highest
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concentration in the first month was recorded from point 3, with a mean value of 2.381+ 0.204, while the least
concentration was recorded in point 1, with a mean value of 2.116+ 0.773. In second month the highest concentration
was recorded in point 1, with a mean value of 2.593+ 0.528. while the least concentration was observed in point 3,
with a mean value of 2.234+ 0.093. In the third month, the highest concentration was recorded from point 1, with a
mean value of 3.467+ 0.248, while the least was observed in point 2, with a mean value 0f2.147 + 1.152. For Nickel, it
was observed that the first month was below detectable limit in all points. In second month the highest concentration
was recorded in point 1, with a mean value of 0.038+ 0046. while the least concentration was observed in point 2,
with a mean value of 0.0103+ 0.018. In the third month, the highest concentration was recorded from point 3, with a
mean value of 0.0673+ 0.012, while the least was observed in point 1, with a mean value of 0.054 * 0.028. For Zinc, the
highest concentration in the first month was recorded from point 1, with a mean value of 3.393+ 0.280, while the least
concentration was recorded in point 3, with a mean value of 2.6+ 0.229. In second month the highest concentration
was recorded in point 2, with a mean value of 3.153+ 0.285. while the least concentration was observed in point 3,
with a mean value of 2.234+ 0.093. In the third month, the highest concentration was recorded from point 3, with a
mean value of 3.347+ 0.458, while the least was observed in point 1, with a mean value of 2.75+ 0.844.

Table 5 Concentration of Nickel(mg/kg) in Bundu-Ama Creek

Station 1 Station 2 Station 3
1st Month BDL BDL BDL
2nd Month | 0.038+ 0.046aA | 0.0103+ 0.018bA | 0.0213+ 0.037aA

3rd Month | 0.054+ 0.028aA 0.075+ 0.026aA 0.0673+ 0.012aA

a-d Different letters in the same column indicate significant difference (P<0.05); A Different letters in the same row indicate significant difference
(P<0.05)

Table 6 Concentration of Zinc (mg/kg) in Bundu-Ama Creek

Station 1 Station 2 Station 3

1stMonth | 3.393+0.2802A | 2.99+ 0.6302A 2.6x 0.22924

2rd Month | 3.077+1.01524 | 3.153+0.28524 | 2,167+ 0.366%4

3rd Month 2.75% 0.84424 3.22+x0.0502A | 3.347%0.45824

a-d Different letters in the same column indicate significant difference (P<0.05); A Different letters in the same row indicate significant difference

(P<0.05)
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4., Discussion

4.1. Phytoplankton and Zooplankton Species

The results indicate that there are variations in the population and species diversity of plankton, which may be due to
seasonal variations such as; temperature, climate etc. and also anthropogenic activities. According to [37], the
distributions of zooplankton vary from place to place and year to year and this is due to the dynamic nature of the
aquatic systems. [38], also reported that most zooplankton move upwards from deeper layer of water column as
darkness approaches and return back at dawn. [39] stated that zooplankton species number and distribution in a
particular marine environment tells the prevailing chemical and physical conditions of the habitat. As regards the
zooplanktons in this study, two taxonomic groups were identified and each group was widely distributed in all the
sampling stations. These groups are the Copepods and the Cladocerans. The population of phytoplankton in Station 1
is the lowest when compared to the other stations or points while the population of zooplanktons in point 1 was the
highest when compared to the other points. The low population and diversity recorded in Station 1 can be attributed
to the fact that the location of station is upstream where the rate of the water flow is not conducive for the sedentary
phytoplankton species that utilise the sun for their photosynthesis. The high population of phytoplankton that is
recorded in Station 3 can be as a result of the activities that occurs in that region such as the discharge of faeces and
the disposal of waste, as these activities can an increase in the nitrogen and other nutrients that encourages the
growth of the phytoplankton species as it has been reported that Species composition changes significantly over time
at a specific spatial location in response to temporal variation in the concentrations of local nutrient [40]. It is
important to note that among the different families identified, the family Bacilliariophyceae has about 20 species and
is the predominant in the water body. This result is in agreement with most reports from some Niger Delta rivers. [41]
reported a total of 17 species from River Nun. [41] also observed 20 and 34 species from Orashi and Nkisa Rivers
respectively, whereas [42] recorded a total of 27 species from the New Calabar River. Different studies on
phytoplankton in the rivers and creeks of the Niger Delta and Nigeria have recorded the dominance of
Bacillariophyceae. Such reports include [41], [43,44 &45]. It is believed that only those species that have developed
the highest self-sustaining natural mechanisms of natural increase or multiplication usually becomes the predominant
species. The population of phytoplankton is generally influenced by the temperature of the water, the velocity of the
water current, nutrient availability and light penetration into the water [40].

The level of pollution due to anthropogenic activities can be linked to why there is a record of low diversity and
population of zooplanktons in station 3 as seen in the results presented above. This is because although there is
limited knowledge on the nature of interaction that exists between pollution and zooplanktons, it is reported that
these pollutants have direct toxic effects on zooplankton, including lethal or sub lethal effects [46]. In addition, there is
a form of interaction that occurs in the physicochemical characteristics of the pollutants in the water column due to
the presence of the zooplanktons via the process of absorption, transformation and elimination and all these
significantly affects the composition of the zooplanktons [47]. However, when we compare the results of station one
with that of station 3, there is a significant difference in the composition. Station 1 is free from any form of pollution
via anthropogenic activities which makes is suitable for the zooplanktons there to thrive.

4.2. Metal Concentration in Fishes

The results from the laboratory showed that five (5) heavy metals were tested for and found to be present and they
include; Cd, Ni, Cr, Cu, Zn. But also from the results, it was discovered that Cadmium was below detectable limit in all
the sampling stations. For Chromium, it was observed all the months exceeded the WHO 0.05mg/kg limits, however in
the first month, station 1 was below the WHO limit. The main sources of Chromium into the water body is through
industrial waste such as; pigments of paint, cement, paper, production of corrosive inhibitors [48], electroplating and
metal fishing industries, municipal waste water treatment plants and oil drilling. Chromium has been classified as a
human carcinogen and hence exposure to it can lead to cancer of the respiratory tract, renal damage, allergy, asthma
in the individuals that feed on fishes that have accumulated chromium. The levels of Copper in the fish samples from
all points and months were above the [49] standard values of 3.0mg/kg. And the concentration of copper (Cu) in
fishes from Bundu-Ama creek is due to the contamination of the aquatic environment with refined hydrocarbon
products during their loading operations. It is also released to the atmosphere during combustion of fossil fuel,
decaying vegetation. However, copper is an essential substance to human life and is found in water as a trace element
less than 5 pL/L [50]. but when there is high accumulation it causes Anaemia, increase in brittleness of various blood
vessels and bones, stomach and intestinal irritation [51]. Nickel (Ni) concentration in all the points in the first month
were below detectable limits, whereas in the second and third months all the stations were below the WHO 0.05-
0.6mg/kg limit. It is released into the environment from power plants and trash incinerators and its presence leads to
an increase in the acidity of the river and fishes tend to accumulate it in their systems when present in zinc-polluted
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water body. In humans, high intake of Ni leads to cancer of the lung and nasal cavity, it also causes skin rash liver,
brain and endocrine glands, it can also be transferred to children from their mothers through breast milk and placenta
[52]. Zinc (Zn) concentration in all the points in all the months exceeded the WHO standard limits. Zinc enters the
environment as a result of both natural processes and anthropogenic activities. It is found naturally in air, water and
soil but its absorption rises unnaturally due to human activities. It increases the acidity of the river and fishes tend to
accumulate it in their systems when present in zinc-polluted water body. Fishes tend to accumulate zinc in their
bodies when they live in zinc polluted canals. When in high accumulation in humans, it causes gastrointestinal
disorders such as; abdominal cramps, vomiting, diarrhoea etc. [53].

5. Conclusion

From these results it is observed that there is the presence of heavy metals in Bundu-Ama Creek and from the
observed plankton results, there is also an abundance of species in those areas. Due to the fact that some fishes
depend on planktons, there is the tendency to find these fishes present in abundance in these areas and as such are
exposed to the presence of these heavy metals. And once consumed by animals and humans, there is the transfer of
these metals into our system and although its effects may not be visible at the moment, it does not exempt the risk of
deleterious health effects in the future.
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