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Abstract

Wetland areas in Abuloma, Ogbogoro and Eagle Island with evidence of sand mining operations were
investigated for impacts of in-stream sand mining on the surface water quality, abundance, composition,
and the diversity of phytoplankton. We thus, hypothesized that sand mining will impact phytoplankton
abundance. The study lasted six, i.e., October 2020-March 2021. Physico-chemical parameters were
assessed using standard procedures while plankton were sampled, identified, and classified employing
appropriate techniques and identification keys. The results of water quality assessment shows
temperature and pH to be within acceptable limit for tropical waters as recommended by WHO, while
Dissolved Oxygen (DO), Biochemical Oxygen Demand (BOD), Total Dissolved Solids (TDS), and Electrical
Conductivity (EC) (uS/cm) were not within acceptable limit as stipulated by WHO. Phytoplankton
results shows that a total of 2,610 individuals from 4 taxa and 43 species were encountered. The family
Bacilliarophyceae with 2,466 individuals, dominated while Charophyta with 24 individuals was the least
encountered. The result implies that sand mining activities negatively impacted the water quality of the
studied areas, which influenced the composition and abundance of phytoplankton population

Keywords: Benthic; Macro invertebrate; Sand mining; Phytoplankton; Andoni river; Mangrove forest

Abbreviations: DO: Dissolved Oxygen; BOD: Biochemical Oxygen Demand; TDS: Total Dissolved Solids;
EC: Electrical Conductivity; CEMPOS: Centre for Marine Pollution and Seafood Safety; ANOVA: Analysis of
Variance

Introduction

Wetland is one of the most productive coastal systems in the world because of its
ecosystem services, buffering ability and filtration of waste from upland locations. It recharges
the river, serve as site for aquaculture, erosion control and habitat for aquatic organisms.
Seventy percent of the Niger Delta coast is surrounded by wetland and mangrove forest. But
the wetland is facing threat from anthropogenic activities such as oil and gas exploration,
coastal development project, dredging and sand mining etc., which renders the wetland and
the adjoining rivers polluted and unproductive. In addition, increase in population growth
increased the need for the provision of infrastructural development [1], which added more
pressure to the already fragile ecosystem. Thus, to maintain rapid urbanization, several sand
mining sites were established [2] at the detriment of environmental quality. Traditionally,
sites for sand mining are rivers and beaches; though, sand is mined from river mouths, banks,
and inland sand deposits. Several inland sand deposits, which are lateritic in nature, have
been put under immense pressure by increased construction activities. The non-selective
extraction of sand has been one of the most disastrous human activities on the stability of
the coastal environment [3,4]. Sand and gravel excavation impact water resources such as
fisheries, aesthetic and recreational functions, and the stability of the river channels [5].
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The impact of sand mining activities on the environment is
exhaustless. For instance, aquatic biota suffers and there is an
increase in turbidity and TSS in habitat near downstream [6]. This
variation in the water quality property directly affects benthic
organisms such as crustaceans (shrimps, crabs, etc.), squids, fin fish,
macro invertebrates and mollusc [7]. Mining particularly affects
the eggs which are found at the bottom of river, stream, or seabed.
Furthermore, aquatic organisms have the propensity to accumulate
toxic or heavy metals arising from sediments in the sand dredging
sites. There will be high mortality of benthic organisms which will
either be dislodged or killed when the waterbed is excavated during
sand mining [8]. Phytoplankton serves as natural food for various
fishes and shrimps [9] inhabiting first producer level in energy
flows. It is a primary producer that increases the dissolved oxygen
in the aquatic environment, which is a peculiar life source for all
animals [10]. In food chain, phytoplankton is eaten by herbivores
(such as zooplankton) which in turn is consumed by larger
carnivores (fish and others). Phytoplankton serve as an indicator
of water quality [11], thus the larger the abundance the higher the
water quality. Sand is a significant resource with vital roles in the
global construction industry [12]. Sand mining has occurred when
sand is removed from their natural settings [5]. Mining of sand in
most parts of Nigeria is done at subsistence and commercial levels.
According to report, due to Nigeria's housing deficit estimated
at around 16 million [13,14] and the increasing development of
infrastructures, the need for sand alongside other construction
materials will continue to be severe [15].

Physical disruption of the habitat caused by dredging activities
includes noise, which can interrupt nesting/breeding activities. It
can also have adverse effect on the totality of water property of the
aquatic environment as seen in the studies of [16]. Sand mining
also encourages loss of endemic species due to migration of these
species during sand excavation processes. The research aim was
to evaluate environmental impacts of sand mining on plankton
composition and diverseness in selected coastal areas around Port
Harcourt. The objectives are

i. To determine the impact of sand mining activities on
physico-chemical parameters of selected water bodies around Port
Harcourt.

ii. To estimate the effect of sand mining activities on
phytoplankton abundance and diversity in the study area.

Methodology
Study area

The study area is Port Harcourt, the administrative capital of
Rivers State and the biggest city in the Niger Delta with more than
2 million inhabitants. Port Harcourt lies along the Bonny River. Port
Harcourt lies between longitude 7°2”E and latitude 4°48’'N. The
city is 9m above sea level and has a tropical wet climate. Rainfall
is significant most month of the year with short dry season from
December to February. The driest month is January with 58mm of
rainfall while the heaviest precipitation occurs in September with
average of 367mm of rain. The average temperature is usually
between 25 °C - 28 °C. Three economically important coastal areas
where there is an intensive in stream mining are Abuloma, Eagle
Island and Ogbogoro. These areas are the study sites, which are
described below:

Abuloma (Site 1): The first site is Abuloma lies between
longitude 7°4’E and latitude 4°44’N while the study site was
longitude 7°3’E and latitude 4°46’N (Figure 1). Abuloma is an
economically important town in Port Harcourt surrounded by
rivers linking the different communities like Ojimba-Ama, Kalio-
Ama, Okujagu-Ama etc. Owing to the interconnection of these
rivers and their efficient boat transportation system, it serves as
a hub for multiple business ventures that are thriving. Rivers and
creeks located in Abuloma are transportation medium for tugboats,
barges, and houseboat. Asides water transportation of petroleum
products including diesel, kerosene, and wood [17], there are a
host of other household and municipal activities, but majorly sand
mining does occur.
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Figure 1: Map of study areas.
Source: Geography Department, University of Port Harcourt, Rivers State, Nigeria.
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Eagle island (Site 2): Eagle Island lies between longitude
6°58’E and latitude 4°46’'N while the study location was between
longitude 6°58’E and latitude 4°47’N (Figure 1). Eagle island, a
town in Obio Akpor LGA of Rivers State is located behind the Rivers
State University. The region has a warm and humid climate with
two seasons, dry and wet season according to survey of [18]. It is
around 1000m to the confluence of the Bonny and Rumoulumeni
Rivers. There are diverse sources of anthropogenic activities (e.g.,
boat transportation) going in this region among, which is sand
mining operation.

Ogbogoro (Site 3): Ogbogoro lies between longitude 6°55’E
and latitude 4°50’N while the sampling station lies between
longitude 6°55’E and latitude 4°50’N (Figure 2). Rumoke, widely
known as Ogbogoro is a town in Obio-Akpor local government area.
This area has a major river, with smaller interconnecting creeks
where intensive sand mining activities is ongoing. The area is a
choice sand mining zone because it has good sharp sand, which is

often preferred by construction company [19].

Figure 2: Wetland areas impacted by sand mining activities in the Niger Delta: (a) Ogbogoro (b) Eagle Island and (c)
Abuloma.

Assessment of physico-chemical parameters: The three
different locations were sampled for six months (October
2020-March 2021). The following physico-chemical
were determined in triplicate samples per site, namely water
temperature, Electrical Conductivity (EC), Dissolved Oxygen (DO),
pH, salinity, Total Dissolved Solids (TDS) and Biochemical Oxygen
Demand (BOD). Water temperature was taken in-situ, while the

indices

remaining physico-chemical properties (i.e, DO, BOD, pH, TDS,
EC, and salinity) were determined in the laboratory at the Centre
for Marine Pollution and Seafood Safety (CEMPOS), University of
Port Harcourt. The temperature was measured via a centigrade
thermometer (0° to 50°) by inserting the thermometer into water
for up to one minute before taking the readings. The dissolved
oxygen (DO) was taken using a portable dissolved oxygen meter
(JPB-607A analyzer by Xergy Inc.). This was done by dipping the
sensitive point (probe) into the water after it has been calibrated
and the reading was taken. The result was expressed in mg/1 [20].
The pH was measured using a portable pH/EC/TDS Meter (HI-9810-
6 by Hanna instruments). The bulb end of the meter was rinsed
with distilled water and then dipped into the water to determine
the reading [21]. For the total dissolved solid and conductivity, a
portable pH/EC/TDS Meter (HI-9810-6 by Hanna Instruments)
was used to determine the measurements. The bulb end above
meter was rinsed with distilled water before it was dipped into
water respectively and when it stabilized, the reading was taken.
TDS was expressed in mg/L while conductivity was expressed in

parts per thousand (°/00). To determine the Biochemical oxygen
demand (BOD), water samples were collected in absence of air
bubbles into dark bottles, which were kept in a place without light
for 5 days [22]. The DO in sample was determined after the storing
period and the difference between the initial and final DO was the
BOD expressed in mg/L. Salinity was obtained using a portable
Hanna Salinity Tester (H198318 by Hanna Instruments).

Analysis of diversity indices of study area: The number
of each individual species or taxa was counted and recorded. The
abundance and diversity of the benthic fauna were calculated
(Equation 1)

Total number of organisms

Density=
Area of sample unit

Margalef’s Index (Equation 2) and Shannon-Wiener’s Index
(Equation 3) were used to calculate diversity and Pielou’s Index of
evenness (Equation 4) was also applied to compare relative density
as shown below:

Margalef’s index

-] (2)

()

Where, D is the Species richness, S is the sum total of species,
while N is the over-all number of organisms. The In is the normal
logarithm (Log E). Furthermore, the community structure of the
river was analyzed using the Shannon Weiner diversity index. The
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following formula was used to calculate the diversity.

H =3PilnPi[24] (3)

Where, H is the diversity in species, Pi is the percentage of
organisms found in the i" species, In is the normal logarithm. The
evenness within a community, which was used as an indication of a
station’s homogeneity was also calculated (Equation 4).

E= %[25] (4)

Where, H is the diversity of species, and InS is the overall
number of species’ natural logarithm.

Plankton sampling and analysis: At Site 1 (Abuloma River),
using tugboat samples were acquired by filtering the water
through standard plankton net (55pm mesh size) with a base
collector of 500ml for about 5 minutes. The resultant concentrated
phytoplankton samples were transferred into a 350ml plastic
container and fixed with 5% formalin for preservation according
to the method of [26,27]. At the remaining sites (Eagle Island and
Ogbogoro), samples were obtained by stepping into the water body
on foot and filtering through the water using a standard plankton
net (55pum mesh size) with a base collector of 500ml for about 5
minutes and the plankton concentration transferred into a 350ml
plastic bottle. The bottles were taken to lab for phytoplankton
identification and analysis. In the laboratory, the samples were
allowed to stand for 24 hours for phytoplankton to settle before
the concentrated supernatant was pipetted using a wide-mouthed
pipette. One (1)ml of the phytoplankton subsample was withdrawn
from field samples which was homogenized by inverting the

containers for a few times. The samples were placed on a sedge-wick
rafter-counting chamber and observed directly under a microscope
(ZEISS Microscope Primo Star, Magnification 100x) using the drop
count method by [28] for species identification and classification.
Identification keys of American Public Health Association (1985)
was used for identification of phytoplankton species.

Statistical analysis

Data on water quality parameters were subjected to One-Way
Analysis of Variance (ANOVA) at probability level of P<0.05 to
determine mean differences using IBM SPSS, version 25 (SPSS Inc.,
USA). Duncan multiple range test was used to separate the mean
differences. Microsoft Excel 2016 was employed for graphical
illustrations of plankton abundance and composition across the
sites. The community structure (Margalef’s species diversity,
Shannon-Wiener’s index, and species evenness) was calculated
using PAST software version 3.2.

Result
Mining destroys the wetland ecosystem

Sand mining activities destroy the wetlands ecosystem and
plunder its resources because of the use of heavy-duty equipment,
which is used to clear the mangrove forest (Figure 2). The dumping
of the sand smother living organisms and changes the chemistry
of the soil thus, negatively impacting the phytoplankton population
with serious implication on the fishery industry.

Physico-chemical parameters: The results of water quality
across the sampling sites tested during study period are presented
in Tables 1 & 2 and Figures 3 & 4.

Table 1: Range, Mean and Standard error of physicochemical parameters across study sites. Different letters indicate

significant differences (P < 0.05).

Parameters Abuloma Ogbogoro Eagle Island T
Range Mean+SE Range Mean+SE Range Mean+SE
Temp (°C) 30.5-31.9 31.2£0.21° 30.1-32.0 31.0£0.30° 30.5-31.5 31.1£0.24* 25-32
DO (mg/L) 7.55-8.41 7.99+0.122 7.81-8.51 8.11+0.09° 7.32-7.93 7.63+0.09* 6.5-8.5
pH 4.3-5.8 5.13£0.23% 4.4-6.1 5.57£0.26° 4.7-6.3 5.53+0.222 >4
BOD (mg/L) 25.19-31.41 30.12+0.97° 6.35-15.92 10.96+1.29° 25.07-28.97 27.46x0.62? 250
TDS (ppt) 20.1-21.2 20.8+0.1° 9.5-11.2 10.8+0.28" 7.3-13.4 10.5+0.86* 500(ppm)
EC (uS/cm) 26.89-32.92 30.7£0.84* 11.21-79.27 25.88+10.76° 26.3-29.63 28.2£0.49* 2000
Salinity (%o) 0.3-2.5 1.7+0.32° -4.6 1.45+0.76° 2.6-3.8 2.93£0.22¢ n/a

Table 2: Relative abundance of phytoplankton (No. of cells per ml) in three locations from March to October in the Niger
Delta, Nigeria where AB=Abuloma, OG=0Ogbogoro, EI=Eagle Island.

Taxonomic species Oct Nov Dec Jan Feb Mar
Group AB | 0G ElI | AB | 0G El | AB | OG EI AB | OG | EI | AB | OG | EI AB | 0OG EI
Triceratium ) ) 2 ) ) 4 ) ) 2 ) ) 0 ) 0 1
favus
Bacillariophyta | - Navicula 4 |17 7 | 511|537 |4 2|1|4|6]|2]|6]4]7]|3
amphibola
Navicula distan 4 2 3 3 9 1 3 2 2 1 4 0 3 1 4 2 2 1
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Navicula

e e o e 2 -2 -] -2
gastrum
Nav1c.ula ) ) ) ; ; 8 _ ) 6 - - 4 - - 2 - - 6
mutica
Detronula sp 3 - - 5 9 - - 6 7 - - 5 - - 2 - - 5
Skeletonema | 45 | 26 | 4 |8 | 6 | 4 | 1 10| 4 | 0|3 | 1| 1|8 | 4|7 12|16
costatum
Tabellaria
fenestrate 3 - - - - - 2 - - 1 h - 0 i . 4 ) )
Tabellaria 3 3 _ 1 6 - 4 6 - 2 1 6 1 5 4 2 2 1
flocculosa

Thalassiosira
oestripii

Thalassiosira

cleve
ThaIasszo.Slm ) ) ) ) ) 1 ) i 9 ) ) 6 i ) 3 i i 3
eccentrica
Pleurosigma | 138181011 7 |11 8|1 | 1|21 4]|8] 7 5]/|12
elongatum
Cocconeis 4| 6 | 6 | 4 16| 4|7 18] 8|8 |6 | 4| 7|5 6|81 2]|4
Entomonesi 1o\l o0 oy e | o o s - -4l 1]le 6| 3|5 | 4
sulcate
Chaetoceros | o | 4 | ¢ | g | 5 |5 | 6| 3| 4| 2|2 8|4 /|3|a4|2]|6]|s3
socialis
Cyclotella le 3| -] - lslels|s | 3|1, a7 ]2|-|-]-|1
slytorum
Fragilaria sp - 4 - - 4 1 - 1 2 - - 2 - 1 - 3 - 1
Diploneis 2 6 | 3| -] 41212 15|63 /|3| 1|6/ 4]|ce
finnica

Cylindrotheca 8 16 10 4 5 8 6 10 12 10 14 6 14 | 12 | 10 6 9 9

Coscinodiscus | 51 | 15 | 16 | 18 | 14 | 10 | 6 | 6 | 9 |12 | 15 |21 | 20 |17 |10 | 8 | 7 | 10
granii
COSCIH(.JdISCUS 2 1 9 1 5 6 1 2 7 1 1 4 6 4 9 6 1 2
marginatus

Cosinodicus
radiatus

Coscinodiscus
lacustris

Actinocyclus
octonarium

Melosira pusilla | - - 12 - 6 - - 25 - - 21 - 5 - 2 - - 6

Corethron 1 - - 6 4 4 - 3 - 2 4 2 1 0 - 2 1 0

Surirella
fastuosa

Leptocylendrus
danicus

Gyrosigma
biticum

Achnanthes
linearis

Navicula
plicata

Mastogloia
smithii

Amphora
granulate
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Chaetqceros. ) ) ) ) 19 ) 3 ) ) ) ) ) ) ) ) )
concovicornis
Gyrosigma |15 | ¢ - J1f10] - | 3|6 |59 |11]6]|3|8]|3]6]|1
attenuatum
Laciniosus - - - - 8 6 24 - - - - - - - - -
Guinardia sp - - - - 3 - - - 3 - 6 - - 2 - - 3
Bacillaria - - sl -l a s 22 - 12 1] -] 2|4
paxillifera

Paralia sulcate 0 1 0 1 1 0 0 2 - - - - - - - -
Sub-total 139 | 151 | 152 | 93 | 191 | 184 | 105 | 175 | 162 | 98 | 115 | 145 | 141 | 104 | 132 | 122 | 100 | 157

Cyanophyta Oscillaturia - 22 - 19 - 12 - 7 - 8 - 9 2 - 6 - 3

Dinophyta Alexandrium 3 1 - 4 2 - - 5 - - 1 4 - - 2 3

Charophyta Nougeotia 8 - 6 - - 6 - - 3 - - - - 1 -
Grand total 150 | 174 | 159 | 99 | 214 | 186 | 123 | 175 | 174 | 101 | 123 | 146 | 154 | 106 | 132 | 131 | 103 | 160
(a) o (b)
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Figure 3: Graph of physico-chemical characteristics of study sites in the Niger Delta, Nigeria.
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Figure 4: Estimation of the numerical composition (a) Across months, (b) Locations and (c) Relative abundance of
phytoplankton in the Niger Delta, Nigeria.

Temperature (°C): The mean monthly surface water
temperature ranged from 30.1-32.0 °C (Table 1 & Figure 3). The
highest mean temperature (31.2+0.21 °C) was recorded at Abuloma,
while the lowest mean temperature was observed at Eagle Island
(31.1+£0.24 °C) (Table 1). There was non-significance (p>0.05)
across months and stations for surface water temperature.

Dissolved Oxygen (DO): The mean DO throughout the
study sites ranged between 4.3 to 6.3mg/L. The smallest mean
(5.13+0.23mg/L) wasrecorded in Abulomaand highestin Ogbogoro
with 5.57+0.26 mg/L (Table 1). Results disclosed that there was no
significant difference in the mean DO at (p>0.05) throughout the
stations. The DO across stations and months were similar to the
stipulated minimum requirement of 5mg/L by Federal Ministry of
Environment (FME), Nigeria.

pH: The mean pH across study sites ranged from 7.55 to
8.41 (Table 1). The highest mean was recorded at Ogbogoro
with 8.11+0.09 while the lowest mean was at Eagle Island with
7.63£0.09. The difference in mean pH between stations and months
were not significant at (p>0.05).

Biochemical Oxygen Demand (BOD): The results obtained
for BOD ranged from 0.3-2.5mg/L. Results revealed that the lowest
level of BOD5 was recorded in Abuloma (1.7+£0.32mg/L), whereas
the maximum mean value of -2.93+0.22mg/L was recorded at Eagle
Island (Table 1). Mean values were insignificantly different (p>0.05)
in the different stations throughout the months of sampling.

Total Dissolved Solids (TDS): Total dissolved solids (TDS)
concentration collected across the stations and the months
discovered that there were variations throughout study period of
samples as shown in Table 1. The table shows that variations in
TDS values ranges from 6.35-31.41mg/L. The lowest mean value
was recorded at Ogbogoro (10.96+1.29mg/L) and was highest at
Abuloma (30.12+0.97mg/L). There was significance (p<0.05) in
spatio-temporal variation in TDS.

Electrical Conductivity (EC): Electrical conductivity observed
across the sites at each month reveal that there was only little
variation throughout the period sampled as shown in Table 1.
Furthermore, the results reveal the mean variation in conductivity
values ranges from 26.3-79.27uS/cm. The maximum mean value
of 30.7+0.84uS/cm was recorded in Abuloma while the minimum
mean value of 25.88+10.76uS/cm was recorded in Ogbogoro. There
was no significant difference (p>0.05) in electrical conductivity
in the stations sampled during the months. The conductivity was
determined to show the ability of the water to conduct electrical
current based on the ions present, which is determined by the level
of salinity of the water. Thus, the more the ions available, the higher
the conductivity of the water and vice versa.

Salinity (%o): Salinity recorded across the stations and months
showed slight variations throughout the period sampled (Table 1
& Figure 3). Result shows that variations in salinity values range
from 7.3-21.2%o. The maximum value of 21.2%o was recorded at
Abuloma while minimum value of 7.3%o0 was recorded at Eagle
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Island. The highest mean value was also recorded at Abuloma
while the least mean value was recorded at Eagle Island. ANOVA
results revealed that salinity in the individual stations of the month
sampled were significantly different (p<0.05). Graph of the physico-
chemical properties of the various study areas are represented in
Figure 3.

Composition, abundance, and diversity of phytoplankton:
The relative abundance of the phytoplankton organisms
encountered within the study areais presented in Table 2 and Figure
4. Figure 4a shows the monthly distribution of phytoplankton in
the study area, while Figure 4b. shows the spatial distribution of
phytoplankton across location. A total of 2610 phytoplankton
in 4 taxa, 43 species were collected across the study sites. The
Bacilliarophyceae (diatoms) dominated with 2466 individuals, 40
species constituting (94.48%). The Cyanophyceae were next with
95 individuals, 1 species (3.64%) followed by Dinophycaea with
25 individuals and one species (0.96%). Charophyta was the least
abundant with 24 individuals, one species (0.92%). Coscinodiscus
spp and Navicula spp were the most dominant being represented
with 5 species each which were highly prevalent across the study
sites in all months. Phytoplankton composition and abundance
was highest at Eagle Island (36.67%) and least at Abuloma with
29.04% (Figure 4c). In all the months, the group bacillariophyta is
the most abundant taxa (Figures 4a & b). The biodiversity indices
including Margalef’s diversity index, species evenness, Shannon-
Wiener index, and number of individuals caught across three sites
are presented in Table 3. The number of species caught throughout
the period of study ranged between 758 and 957 with the highest
recorded at Eagle Island and lowest in Abuloma. The Margalef’s
diversity index of phytoplankton ranged from 5.002 to 5.536, while
the Shannon-Wiener index ranged from 3.246 to 3.455 whereas
species evenness ranged between 0.7336 and 0.8115.

Table 3: Phytoplankton diversity indices across study
sites in Port Harcourt, Nigeria.

Indices Abuloma Ogbogoro Eagle Island
Taxa_S 35 35 39
Individuals 758 895 957
Dominance_D 0.04523 0.04707 0.03693
Simpson_1-D 0.9548 0.9529 0.9631
Shannon 3.296 3.246 3.455
Evenness_e”“H/S 0.7715 0.7336 0.8115
Brillouin 3.195 3.158 3.361
Menhinick 1.271 1.17 1.261
Margalef 5.128 5.002 5.536
Equitability_] 0.927 0.9129 0.943
Fisher_alpha 7.585 7.257 8.174
Berger-Parker 0.1121 0.07933 0.07941

Discussion
Impact of mining on physicochemical properties

Environmental parameters significantly influence the

maintenance of a healthy aquatic environment and the output of

natural food organisms [29]. The water quality indices obtained in
this research such as temperature and pH, were within acceptable
range for tropical waters as recommended by WHO, while others
including Dissolved Oxygen (DO), Biochemical Oxygen Demand
(BOD), Total Dissolved Solids (TDS) and Electrical Conductivity (EC)
werenotwithinacceptablerangeasstipulated by WHO. Temperature
which was non-significant across all stations and sampling period
has most significant physical attribute influencing the metabolic
rate of aquatic life was within optimal water temperatures range
of 18 °C-38 °C. Results from this study was similar to reports of
[30] whose study showed the impact of in-stream sand dredging
on water quality. The results of [31] are slightly above studies of
[32,16]. Difference could be attributed to time of day in which
samples were taken for each study as air temperature can influence
surface water temperature. The DO concentrations throughout
the stations as seen from this investigation supports the inverse
relationship between BOD and COD as higher DO and lower BOD
values are principally attributed to high algae production, which
has effect on increasing oxygen solubility at lower temperatures
[33]. The reduced level of dissolved oxygen observed across the
sites could be partly due to high temperature on rivers as well as an
increase in organic load during the dredging process particularly
in Abuloma, with the least DO values where sand mining activities
was very severe. The higher the organic load the more the aerobic
biodegradation that depletes oxygen [34]. The DO result from this
study was in consonance with reports of [35]; however, varied with
reports of [16]. Biological Oxygen Demand (BOD) is important
in pollution monitoring [36]. Water with BOD lower than 4mg/L
are thought to be clean and those with levels more than 10mg/L
are considered as polluted as they hold high quantity of organic
material [37]. Thus, the recorded BOD values (0.3 and 2.5mg/L) in
the sand mining sites show that the water is clean probably due
to air circulation from the sand mining, which constantly circulate
the water while dredging for the sand. The high-water pH values
were not significantly different across the stations and could be
associated with presence of suspended particles due to acid runoffs,
discharges from industrial and domestic activities around the sites,
most specifically Ogbogoro. Moreover, the pH was consistent with
the report of [16]. The mean pH on river was neutral even with
an ongoing sand mining project. Abandoned dredging machines
and materials can lead to increase in acidity of the water and
sand [38], as observed at Eagle Island, which has an abandoned
dredger. Alterations in pH levels observed in aquatic ecosystem
was linked to respiration or photosynthesis of algae deriving food
from an industrial pollutant or contaminant. Most contaminants,
specifically, metals tend to be more soluble in water as pH goes
down [39].

Electrical conductivity and total dissolved solids values
obtained in our study were above the permissible limits of WHO
for tropical waters. However, the EC and the TDS values from this
work is in line with the studies of [16,30]. TDS can be influenced
by alterations in pH, and this change has potential of enhancing the
precipitation of some solutes or will affect solubility of suspended
matter [39]. The salinity of this research shows a highly significant
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brackish environment. Abuloma had the highest salinity level
(21.2%o0) because it is closer to the brackish belt in the region
whereas Ogbogoro has the least salinity (7.3%o) because it is far
away from the brackish belt and in upland area. This salinity level
has the capacity of supporting the distribution, abundance, growth,
and diversity of planktons and other aquatic fauna requiring stable
salinity for survival. The study site at Eagle Island has low salinity
because of low human activity due to the stoppage of the sand
mining activity 5 years ago, thus improved water quality has led to
the resurgence of phytoplankton at the site. In contrast Abuloma
study site is being actively mined, which has made it to have high
human activity with low water quality and reduced phytoplankton
growth.

Impact of sand mining on phytoplankton abundance

In general, the high composition of phytoplankton species
encountered in the present study and the dominance of diatoms
compares favorably with the results of previous study [40] but
at variance with some others. For instance, [39]; showed that
cyanobacteria and euglenophyta are the most dominant groups in
their studies. Coscinodiscus spp. and Navicula spp. were the most
dominant in the study sites being represented with 5 species each.
High species diversity was recorded across the study sites (Table
3) because of two main reasons, firstly, high nutrient concentration
and secondly, low pollution in the sand mining environment, which
has encouraged the proliferation of fishes [41] and biotic life [42].
Mining activity is a form of disturbance that causes variation in
species diversity indices [42], And this may cause detrimental
effect on the plankton community [26] in the long run if nothing
is done to stop it. Therefore, the lower the abundance of the
plankton community the more it would have negative effect on
the zooplankton abundance with a resultant effect on the fishery
population in the food chain [43-54]. This situation has ripple
effect on the fish consuming population in the locality because it
can lead to a reduced catch by the fisher folks, which will impact the
livelihood opportunities of the local people [55-82].

Conclusion

Generally, the investigation discovered that there were no
significant variations in some physicochemical parameters in
Abuloma, Ogbogoro and Eagle Island except for TDS and salinity
contents [83-102]. Some parameters analyzed such as DO, BOD,
EC and TDS were found to be above the approved limits based on
WHO standards, hence implying that water quality on these studied
areas have been impacted negatively by continuous in-stream sand
mining activities alongside other anthropogenic perturbations.
In tropical regions, plankton density varies from freshwater to
estuarine zones and from dry to wet seasons [103-122]. There was
evident variation of phytoplankton distribution and abundance
across the stations and this is related to the differences in water
quality parameters that supports phytoplankton proliferation in
these areas with diatoms as the most abundant species. November
had highest abundance of phytoplankton, while the least abundance
was observed in January [123-130]. The higher composition and
abundance of phytoplankton in Eagle Island is supported by the

least sand mining activities among three observed sites while the
reduced phytoplankton abundance in Abuloma is attributed to the
high sand mining activities in the area as shown by the high TDS
value obtained at Abuloma. The highest diversity values recorded
at Ogbogoro for phytoplankton is attributed to the favorable food
resource and lesser pollution at the site.
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