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Abstract Oil spill pollution has remained a source of
several international litigations in the Niger Delta region
of Nigeria. In this paper, we examined the impacts of
small recurrent crude oil spills on the physicochemical,
microbial and hydrobiological properties of the Nun
River, a primary source of drinking water, food and
recreational activities for communities in the region.
Samples were collected from six sampling points along
the stretch of the lower Nun River over a 3-week period.
Temperature, pH salinity, turbidity, total suspended
solids, total dissolved solids, dissolved oxygen, phos-
phate, nitrate, heavy metals, BTEX, PAHs and microbial
and plankton contents were assessed to ascertain the
quality and level of deterioration of the river. The results
obtained were compared with the baseline data from
studies, national and international standards. The results
of the physicochemical parameters indicated a signifi-
cant deterioration of the river quality due to oil produc-
tion activities. Turbidity, TDS, TSS, DO, conductivity
and heavy metals (Cd, Cr, Cu, Pb, Ni and Zn) were in
breach of the national and international limits for drink-
ing water aquatic health. They were also significantly
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higher than the initial baseline conditions of the river.
Also, there were noticeable changes in the phytoplank-
ton, zooplankton and microbial diversities due to oil
pollution across the sampling zones.
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Introduction

Oil spills have the potentials of adversely affecting the
coastal and marine habitats, wildlife, fisheries and hu-
man activities (Fattal et al. 2010; Allan et al. 2012;
Beyer et al. 2016). Crude oil is a highly toxic compound
comprising a mixture of up to 10,000 different hydro-
carbons which can cause great damage to the aquatic
ecosystems (Dawes 1998). Oil spills occur relatively
frequently along the Nigerian coastal Niger Delta Re-
gion, with an estimated 1.5 million tons of spilled crude
oil in the last 50 years (Kadafa 2012; Ordinioha and
Brisibe 2013). The Niger Delta has remained a major
source of international environmental controversies due
to continued environmental disasters caused by oil and
gas exploration and production. A United Nations En-
vironment Programme (UNEP 2011) report concluded
that oil contamination is wide spread in the area and has
severely impacted many components of the environ-
ment. However, because of poor management practices
and inadequate record keeping, incidences of oil spills
and their attendant risks are not well documented within
this region. Some of the pollutants introduced into the
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aquatic system during an oil spill in coastal and marine
habitats include polyaromatic hydrocarbons (PAHs), oil
and grease (O&Q), short-chain alkanes, heavy metals,
etc. Heavy metals accumulated in terrestrial and aquatic
environments can cause adverse effects on the ecosys-
tem (Bhattacharya et al. 2016; Guo and Yang 2016).
Although their adverse health effects have been known
for a long time, marine and human exposure to heavy
metals is still increasing in some areas (Jarup 2003).
Phytoplankton and zooplankton play a significant role
in the marine food web dynamics and biogeochemical
cycle (Alcaraz et al. 2010; Almeda et al. 2013). The
adverse effect of crude oil on these organisms have been
extensively studied (Jung et al. 2012; Almeda et al.
2013; Ordinioha and Brisibe 2013).

This study evaluated the environmental impacts of
spilled crude oil on the aquatic ecosystem of the Nun
River in the Niger Delta of Nigeria. The Nun River
(Fig. 1) is one of the most important river systems in
the Niger Delta providing nursery and breeding grounds
for a large variety of fishes (Abowei and Hart 2009) and
other wildlife organisms. It is fed by several other small-
er rivers and streams within the area. It is a primary
source of sustenance for the local communities who
depend directly on the river for drinking water, food
and sports. The river, like many other river systems in
the Niger Delta region, has been plagued with several
minor oil spills over several decades of oil and gas
exploitation. There are regular small spills in several
oil and gas facilities in and around the Nun River. While
large oil spills and their effects have been severally
documented in the literature, minor and recurrent spills
are often not given more attention in literature
(Brussaard et al. 2016). This research was therefore
designed to assess the impact of small and recurrent
crude oil spills on various physicochemical parameters
and determine the hydrobiological status of the Nun
River following several small spills of an unknown
volume of crude oil in 2009. The results were compared
with the baseline data previously collected in 2004 and
2008.

Materials and methods
Study area and sample collection

The sampling location was the lower Nun River, which
is one of the major river systems of the Niger Delta. The
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Niger Delta is the most inhabited Delta in the World. It
covers 70,000 km? with a third being wetlands and
hosts the largest Mangrove in the World (Nyananyo
1999). The Niger Delta is also the largest river delta in
Africa and the third largest in the World. The Nun
River is a tributary of the River Niger and was once
famous for its serene beauty. It was chosen mainly
because of its location in the freshwater swamp forest
zone, which is considered as one of the most impor-
tant ecological zones of the Niger Delta. It is located
between latitude 5°011E and 6°17N. The stretch of
the river is long with wide meander whose outer
concave bank is relatively shallow with minimum
and maximum widths of 200 and 250 m, respectively
(Sikoki et al. 1998; Abowei and Hart 2009). A sys-
tematic sampling pattern (Swaney et al. 1999) was
adopted to distribute and locate the sampling zones
along a chosen transects. At each of the sampling
zone, two sampling points were determined, one each
on the left and right sides of the river. The three
sampling locations (zones 1, 2 and 3) were distributed
downstream of the Nun River Crude Oil Flow Station
close to Yenagoa to account for the entire length of the
Lower Nun River (Fig. 1), and positioning was carried
out using a handheld Global Positioning System.
Zone 1 (4°51'00.0"N 6°07'48.0"E) is the upstream
location with several upstream petroleum activities
including a crude oil flow station and the Nun River/
Kolo Creek oil pipeline. There are also several other
oil and gas facilities in the upper Nun River north west
of Yenagoa. The river flows behind Yenagoa in the
south-western end and receives polluted discharges
from Epie Creek which runs through the town and
has been identified as a major sink for waste generated
in the town. (Ezekwe et al. 2013). Zone 2 (4°36'00.0"
N 6°04'48.0"E) and zone 3 (4°27'36.4"N 6°03'07.2"
E) are the midstream and downstream points, respec-
tively, with less anthropogenic activities and mainly
local fishing and recreational activities.

Freshwater samples (S1 to S6, two from each zone)
were collected in triplicates from the Nun River over a
3-week period in May 2009 following a small spill of
an unknown quantity. The sampling period was dry
with precipitation and average daily temperatures
displaying no trend along the transect. Samples were
collected ~5 to 10 m from the river banks and about
1 m below the river surface. Samples for physico-
chemical analyses were collected, prewashed and
sealed in 2-L plastic container. Samples for total
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Fig. 1 Map showing the Nun River and the sampling locations

hydrocarbon measurements were placed in 1-L glass
containers, acidified with concentrated hydrochloric
acid and sealed with aluminium foil. Samples for the
analyses of heavy metals we collected in prewashed
150-ml plastic containers acidified with HNOs. The
samples were stored at <4 °C until further analysis.
The planktons (phytoplanktons and zooplanktons)
were collected using plankton net at ~0—-50 cm depth.
The phytoplanktons and zooplanktons samples were
then rinsed and transferred into a storage bottle; 5%
formalin—sucrose solution was then added to preserve
them and stored at about 5 °C.

The baseline data used were collected upstream of
the current sampling points. The data from 2004 was
part of earlier baseline studies carried out by the same
sampling team before an oil pipeline installation in the
area in May/June 2004. On the other hand, the
June 2008 data was from a previous environmental
impact assessment (EIA) studies carried by Shell

Petroleum Development Company and was used as a
baseline for a recent EIA report (SPDC 2015).

Instrumental analysis

Various analytical methods were employed for the
physicochemical parameters, heavy metals, benzene,
toluene, ethylbenzene and xylene (BTEX), oil and
grease and PAHs. All the chemicals used were of
analytical grade and were purchased from Sigma-
Aldrich (Germany). The standard mixtures of 16
PAHs in methylene chloride—benzene (1:1, v/v) were
purchased from Supelco (Bellefonte, PA, USA).
Quality control measures were adopted for the labo-
ratory analyses as stipulated by the Department of
Petroleum Resources (DPR) Guidelines and Stan-
dards for Petroleum Industry in Nigeria (EGASPIN
2002). To maintain analytical accuracy, duplicate and
blank samples were included in the analyses. Distilled
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water used for analysis conforms to ASTM D 1193
Type 1. For all chemical analyses, the samples were
evaluated using an internal quality approach and val-
idated if they satisfied the defined internal quality
controls. For each experimental run, a blank, certified
reference materials and samples were analysed in
triplicate to eliminate any batch-specific error.

Physicochemical parameters

Physicochemical parameters (conductivity, pH and tem-
perature and dissolved oxygen) were measured in situ at
each of the sampling locations using a portable meter
(WTT pH 3151, Germany). Nitrate was determined
using a UV-4 Unicam Spectrophotometer (UK) accord-
ing to APHA (2005); absorbance was measured at
410 nm. Soluble phosphate was determined according
to the ascorbic method, as reported by Murphy and
Riley (1962), and measured using colorimetric methods.
The suspended matter was determined by filtering a
known volume of water through a pre-weighed, dried
Whatman glass fibre filter.

Heavy metals

Fifty millilitres of the water samples collected was first
digested in a Teflon container by adding 1.0 mL of
concentrated hydrochloric acid and shaken. The sam-
ples were then allowed to cool to room temperature and
then filtered. Heavy metals—arsenic (As), barium (Ba),
cadmium (Cd), chromium (Cr), cobalt (Co), copper
(Cu), lead (Pb), mercury (Hg) and nickel (Ni) concen-
trations—were then determined using a Perkin Elmer
3110 Atomic Absorption Spectrophotometer (Perkin
Elmer, UK) as have been previously described by Prat
et al. 1999 and APHA 2005. The laboratory standards
used were checked with standard reference material.

Analysis of oil and grease, BTEX and Total PAH

Oil and grease were analysed by gravimetric methods,
as described in APHA 2005. BTEX and polycyclic
aromatic hydrocarbons (PAHs) were determined
using a Shimadzu GC-17A gas chromatograph
equipped with a split/splitless injector, a flame ioni-
zation detector. One microliter volume injection of
samples (BTEX) was separated using the following
oven programme: initially, temperature at 30 °C for
1 min and then ramped to 100 °C at 10 °C/min, held
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for 5 min and then to 220 °C at 5 °C/min and held for
15 min. Injector and detector temperatures were set at
180 and 220 °C, respectively. Detailed procedures are
described in Moliner-Martinez et al. 2013.

Total PAH was extracted and analysed, as has been
previously described in Cam et al. 2000. Sixteen priority
PAHs were separated and quantified following this oven
programme: initial temperature of 40 °C held for 1 min
and then ramped to 160 °C at 25 °C/min and then to
300 °C at 5 °C/min and held for 6 min. The total PAH is
represented as the summation of all 16 PAHs (naph-
thalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene,
benz[a]anthracene, chrysene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, dibenzo[a,k]
anthracene, benzo[ghi]|perylene and indeno[1,2,3-

cd]pyrene).

Microbiology analysis
Microbial enumeration

One millilitre of each sample was transferred into 9 mL
of sterile distilled water in the next test tube, and serial
dilution was made up to 10 dilutions to achieve the
desired bacterial density. Pure cultures were then isolat-
ed by plating 0.1 mL aliquots of the 10~ dilution onto
the appropriate growth media in the Petri dishes for total
heterotrophic bacteria, total coliform bacteria and
hydrocarbon-utilizing bacteria respectively. Nutrient
agar was used for the analysis of total bacteria count at
28 °C for 24 h in the incubator. Pure bacterial isolates
were identified by their cultural, morphological and
physiological characteristics in accordance with
methods described by Cruickshank et al. (1975), and
their identification was based on the Bergey’s Manual of
Determinative Bacteriology (Buchanan and Gibbons
2001). MacConkey agar was used for the cultivation
of total coliform bacteria and incubated at 37 °C for
48 h, while minimal salt agar was used for the cultiva-
tion of hydrocarbon-utilizing bacteria at 30 °C in the
incubator for 5 days. The inoculations were duplicated
and incubated with corresponding un-inoculated plates
as control sample plates. The developed colonies were
enumerated as total viable organisms at the end of each
incubation period. The spread plate inoculation method
was used for all the inoculations with the aid of a sterile
glass rod.
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Plankton analysis

A total of 0.5-1 mL of the sample was placed on a
microscope slide and examined under the light micro-
scope at high magnification (x20). Abundance and
evenness as a means of characterizing the diversity of
the selected species were carried out using the Shannon
diversity index (H). This index incorporates species
richness as well as equitability of the community, and
it is dependent on sample size (Reiss and Kroncke
2005).

Expressed as H = —)p;(Inp;) (1

Where A = Shannon’s diversity index.
p; = proportion of each species (S) in each sample
(made up to the ith species)

H H
Huma  InS

EH = (2)

Where Ey = equitability (evenness).

S = total number of species in the community
(richness).

Equitability assumes a value between 0 and 1, with 1
being complete evenness (Heathcote 2009).

Statistical analysis

Statistical analyses were done by descriptive statistics
(e.g. mean, median and standard deviation). Analysis of
variance was performed to compare the means, and the
statistical significance was considered at p < 0.05.

Results and discussion
Physicochemical characteristic of the Nun River

The result for the physicochemical analyses of the
freshwater samples from the Nun River is presented
in Table 1. pH values are within the range of 5.2 to
6.9, with an average of 5.75 which is below the limit
(6.00-9.00) set by the DPR/Federal Ministry of En-
vironment (FMEnv) for effluent wastewater
discharges.

pH of water bodies is temperature dependent (Talling
2010). Water pH is a major factor in all chemical reac-
tions associated with the formation, alteration and dis-
solution of minerals. It affects transformation processes

in metals in crude oil and nutrients as well as influencing
the toxicity of contaminants. The pH values are within
the range previously reported for freshwater rivers in the
Niger Delta (Asonye et al. 2007). Freshwater systems in
the Niger Delta region are predominantly acidic
(Nyananyo et al. 2007; Ezekiel et al. 2011); consequent-
ly, drastic changes in pH will affect all other physico-
chemical parameters of the water, including the aquatic
life (Zhang et al. 1995). The pH of the river in zones 1
and 2 was moderately acidic and outside of the DPR
limits of 6.0 to 9.0, although there were within the
original baseline data for 2004 and 2008. There was a
significant difference (P < 0.05) between the pHs of
zones 1 and 2 compared to zone 3. The pH values
improved further downstream due mainly to dilution
effects and possible lower pollution load. Typical bio-
logical activities are limited to pHs 6 to 8, and most
aquatic organisms do not tolerate wide variations in
water pH. The lower pH in zones 1 and 2 could be
attributed to either the presence of heavy metals from
the oil spills or mainly from humic acid which resulted
from the decomposition of forest materials in the river
(Beadle 1974).

The mean temperature values ranged between 27.0
and 28.0 °C. These values reflected an optimal condition
for the survival of aquatic life. It is also consistent with
temperatures recorded in surface water bodies in the
tropics and freshwater in the Niger Delta region
(Mulusky 1974; Alabaster and Lloyd 1980; Ezekiel
et al. 2011, Agedah et al. 2015).

The turbidity values for S1-5 were relatively high.
This could be attributed to the presence of a variety of
materials, such as silt, and organic matter resulting
from the several activities going on along the river.
These organic constituents often serve as feed to
micro organisms, while the inorganic constituents
stimulate algal growth. Turbidity-induced changes,
occurring in freshwater body, may alter the composi-
tion of an aquatic community. The turbidity levels for
zones 1 and 2 are higher than the national limits
(P < 0.05) and have significantly deteriorated com-
pared to the earlier baseline conditions of the river in
2004, although lower than reported 2008 values. It is
also higher than the general requirements for drinking
water, aesthetics and general aquatic health.

Total suspended solids (TSS) are dependent on the
nature and makeup of the underlying sediment. S1-S5
all had significant occurrences of total dissolved solids
(TDS) and TSS which in most cases were higher than
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Table 1 Results of the physicochemical analyses of the freshwater sample

Parameter pH Temp Salinity Turbidity TDS TSS DO Electrical conductivity Phosphate Nitrate
(mg/L) (°C) (NTU)  (mg/L) (mg/L) (mg/L) (us/cm) (x10°) (POy) (mg/L)  (NO;,
(<107 (mg/L)
S1 520 28.00 80.90 32.00 9.80 90.20 230 14.00 5.60 0.74
S2 550  28.00 8343 27.00 2.87 82.60 6.60 4.10 5.10 0.80
Mean 535 28.00 8217 29.50 6.34 86.40 445 9.05 5.35 0.77
Stdev 021 0.00 1.79 3.54 4.90 5.37 3.04  7.00 0.35 0.04
S3 552 27.00 97.63 27.00 2.87 85.00 620 4.10 5.00 0.84
S4 550  27.00 92.00 10.00 2.94 66.00 8.00 4.20 5.00 0.81
Mean 551 27.00 94.82 18.50 291 7550 7.10  4.15 5.00 0.83
Stdev 0.01 0.00 398 12.02 0.05 1344 127 007 0.00 0.02
S5 590 28.00 70.00 8.00 3.15 7830 7.50  4.50 4.10 1.00
S6 690 27.00 8.00 1.00 0.56 38.10 8.60 0.80 1.60 0.56
Mean 640 2750 39.00 4.50 1.86 5820 8.05 2.5 2.85 0.78
Stdev 071 071 43.84 495 1.83 2843 0.78  2.62 1.77 0.31
Max 690  28.00 97.63 32.00 9.80 90.20  8.60 14.00 5.60 1.00
Min 520  27.00 8.00 1.00 3.81 38.10 230  0.80 1.60 0.56
DPR/ 6.00— 25.00 600.00 10.00 5.00 50.00 7.5 9.00 5.00 10.00
FMEnv 9.00
Limit
WHO limit 6.5- - - - - 6.00  9.00 5.00 50.00
8.5
Baseline
2004 638 270 NA 0.21 0.25 5.80 8.00 2.0 0.05 0.15
2008 730 279 NA 150 0.29 1.40 560 041 6.06 0.60
USEPA 65- NA 55- NA NA
9.0 9.5

NA not available

the DPR limit of 500 and 50 mg/L, respectively. The
tidal regime may not have influenced these values along
the river. The positive effect of the presence of
suspended solids in water is that toxic chemicals such
as metals tend to adsorb to them or form complex
substances with them, making the toxins less bioavail-
able to living organisms (Kamath et al. 1991).

The dissolved oxygen (DO) ranged from 2.3 to 8.6.
with the lowest DO recorded in zone 1. The values are
lower than those reported by Agedah et al. 2015, who
reported DO values of 12.1 to 13.3 mg/L for the upper
Nun River. The values are, however, similar to other
freshwater studies in the area. Seiyaboh et al. 2007
reported DO values of 4.8 to 7.2 mg/L for the Tombia
Bridge construction. Aghoghovwia and Ohimain
2014 reported DO values of 5.0 to 7.92 mg/L for the
lower Kolo Creek in Beyelsa State. The DO concen-
tration of the Nun River zone 1 was significantly
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lower (P < 0.05) when compared to zones 2 and 3
(S4-6). This is due to zone 1 being closer to the
source of the crude oil spills. The concentration of
DO vary daily and seasonally, depending upon the
species of phytoplanktons present, light penetration,
nutrient availability, temperature, salinity, water
movement, partial pressure of atmospheric oxygen
in contact with the water, thickness of the surface film
and the bio-depletion rates (Imevbore 1983; Nelson-
Smith 1993). The level of DO in water is a major
factor that influences the survival of fauna and flora
in aquatic environments. For example, while fish spe-
cies like Ophiocephalus obscura, the snakehead,
Clarias gariepinus, and other catfish species can sur-
vive with DO that ranged from 0.5 to 4 mg/l which is
within the range of DO for zones 1 and 2, other
species such as Palaemonetes africana and Paeneus
kerathurus (shrimps) will not survive as they require
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higher DO concentration ranging from 7 to 11 mg/I to
thrive IUCN 2013). The significantly lower DO in all
zones sampled, compared to the earlier baseline in
2004 and 2008 (P < 0.05), indicate significant pollu-
tion and impact from possibly crude oil pollution
from oil operations and urban runoffs received from
Epie Creek and nearby towns and villages.

The electrical conductivity is a good indicator of
the general chemical richness of the freshwater sam-
ples examined. S1 had the highest value (1400 ps/cm)
relative to all the freshwater samples collected. This
can be attributed to the high values of TSS, TDS and
the temperature observed in the samples. The record-
ed values are higher than values of 64 ps/cm reported
by Agedah et al. 2015 for the upper Nun River, but
within the values for freshwater systems of the Niger
Delta, which has been reported to be usually between
20 and 1500 ps/cm (Abowei 2010).

Nitrate and phosphate are indicators of organic
pollution in water mainly from human, plant, animal,
sewage and fertilizer sources. Phosphate and nitrate
concentrations were significantly higher than the ini-
tial baseline conditions (P < 0.05), indicating in-
creased pollution load from urban activities. Howev-
er, the values remain within the national and interna-
tional limits and similar to those reported by Agedah
et al. 2015. Although they were found to be higher
than values reported by Odokuma and Okpokwasili
(1993), the relatively low levels of nitrates and phos-
phate indicate that most of the pollutant loads in the
river are likely from hydrocarbon sources, as domes-
tic and urban runoff from the nearby towns is usually
associated with high nitrate and phosphate loads.

There was a significant difference (P < 0.05) be-
tween the upstream and downstream concentrations
for all the physicochemical parameters examined,
except for pH and nitrates. This supports the conclu-
sion that the pollutants can be attributed to the oil
production activities and other anthropogenic activi-
ties upstream of the zone 1.

Hydrocarbon pollution

Values for O&G obtained were within the range of
0.19 to 4.92 mg/L (Table 2), with an average of
2.57 mg/L. S4 reported the highest oil and grease
concentration with a value of 4.92 mg/L followed by
S1 with a value of 4.1 mg/L, while S6 recorded the
lowest concentration of 0.19 mg/L. Comparison with

the values set by DPR revealed that the obtained
values were below the set standard of 10.00 mg/L.
The levels of total PAH and BTEX for all the samples
were found to be below the instrument detection limit.

Although the values for O&G obtained for all
samples collected were within limits set by DPR, they
were significantly higher (P < 0.05) than the initial
baseline conditions demonstrating hydrocarbon pol-
Iution from the crude oil spills. The relatively high
value obtained for S1 may likely be because of the
crude oil spill from crude oil exploitation activities
upstream of the sample points. Odokuma and
Okpokwasili (1993) also observed increases in oil
and grease content at sites near areas with large oil-
related activities. Surprisingly, quantifiable levels of
PAH and BTEX were not obtained in the freshwater
samples as their concentration was found to be below
the instrument detection limits. This is understand-
able considering the high levels of TSS reported in the
river. In a similar study by TUCN 2013, both BTEX
and PAH were below the instrument detection limits
from water samples in the same study area. They,
however, detected high quantities of PAH in the sed-
iments, indicating greater partitioning of the petro-
leum hydrocarbons to the river sediments. Sediments
studies were outside the scope of this paper.

Heavy metals

The result for the various heavy metal analyses on the
freshwater samples is presented in Table 3. Compar-
ison between the values obtained for the heavy metals
and the national limits set by the DPR for freshwater
ecosystem shows that cadmium (Cd), chromium (Cr),
copper and nickel (Ni) had values above the DPR
regulatory limits and higher than the 2004 baseline
data (P < 0.05). These metals have been associated
with crude oil, and therefore, their high concentra-
tions may be attributed to hydrocarbons pollution in
the river. Ni had the overall highest concentration.
This is an indication of oil pollution, as Ni is usually
at its highest concentration in crude oil (Fiedler et al.
2009, Zhang et al. 2015). The lowest Cd was found in
S5 and S6. The maximum concentrations of Cr were
recorded in S1 and S4. A higher Pb level was deter-
mined in S5, while the highest Ni values were obtain-
ed at S2 and S3. The further away from the source of
the spill, the lower the metal concentration. This is
similar to the trend observed by Zhang et al. 2015,
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Table 2 Results of oil and grease, PAH and BTEX

Oil and grease Total PAH BTEX
(mg/L) (mg/L) (mg/L)
S1 4.1 <0.002 <0.002
S2 2.09 <0.002 <0.002
S3 1.89 <0.002 <0.002
S4 4.92 <0.002 <0.002
S5 2.24 <0.002 <0.002
S6 0.19 <0.002 <0.002
Max 4.92
Min 0.19
Standard deviation 1.69
DPR limit 10.00 0.002 1.0
Baseline 2004 0.15 <0.002 <0.002
Baseline 2008 <0.1 NA <0.002

Detection limit BTEX and individual PAHs = 2 pg/L
NA not available

where the concentration of heavy metal of a lake in
Louisiana gradually declined with distance from the
source of oil pollution.

pH values recorded in Table | reported moderately
acidic pH conditions with the exception of S6 which
was found to be within the neutral range. Acidic
values are fundamental indicators of the presence of
heavy metals in freshwater samples and acidic condi-
tions accelerate the leaching of heavy metals, hence
increasing their availability for absorption in the eco-
system. The value obtained for S6 is not surprising
since it was collected from downstream of the river
with less indication of crude oil pollution and must
have undergone dilution due to the downwards flow
of the water and inflow from other tributaries.

Except in S6 downstream of the river, heavy metals
in the freshwater of the samples, as shown in Table 3,
had high levels of Cd, Cr, Cu, Pb, Ni and Zn which
were significantly higher than the 2004 and 2008
baseline conditions. The downstream concentrations
are also significantly lower (P < 0.05) than the up-
stream levels. This can be attibuted to the crude oil
pollution upstream of the Nun River. These heavy
metals can bioaccumulate in marine organisms which
eventually move up the food chain and causes signif-
icant health effects to the local communities who
depend on the river for drinking water, fishing and
other recreational activities (Aloulou et al. 2011;
Ordinioha and Brisibe 2013).
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Table 3 Concentration of heavy metals obtained from the various
sampling site (samples represent triplicate samples)

Sample Heavy metal concentration (mg/L)
Cd Cr Cu Pb Ni Zn

S1 0204 0.893 0421 0.038 0.821 0.464
S2 0410 0.718 0.713 0.067 1.590 0.429
Mean 0.307 0.806 0.567 0.053 1.206 0.447
Stdev 0.146 0.124 0.206 0.021 0.544 0.025
S3 0.061 0893 0363 0.038 1.667 0.357
S4 0.020 1.150 0.304 0.095 0.282 0.714
Mean 0.041 1.022 0.334 0.067 0975 0.536
Stdev 0.029 0.182 0.042 0.040 0.979 0.252
S5 0.001 0.100 0.538 0.152 0.128 0.464
S6 0.001 0.020 0.246 0.010 0.113 0.229
Mean 0.001 0.060 0392 0.081 0.121 0.347
Stdev 0.000 0.057 0.206 0.100 0.011 0.166
Max 0410 1.150 0.713 0.152 1.667 0.714
Min 0.001 0.020 0.246 0.010 0.113 0.229

DPR limit ~ 0.005 0.030 1.000 0.050 0.070 1.500
WHO limit  0.003 0.050 2.000 0.010 0.070 3.000

Baseline
2004 <dl <dl <dl <dl <dl 0.014
2008 <dl 0.47 <dl <dl 0.042 0.034

USEPA <22* 85" 9* <2.5%  52% <120*

dl detection limit, dl in mg/L (Cd=0.0001, Cr=0.003, Cu=0.005,
Pb =0.0015, Ni = 0.005, Zn = 0.95)

#Values are reported in pg/L
Hydrobiological characteristics

The diversity of phytoplanktons in the samples is re-
ported in Table 4. A total of 16 phytoplankton species
were noticed in the samples with Melosira moniliformis
dominating with the most occurrences, while Cymbella
pediculus had the least occurrences. Highest values
were recorded in the S6 and S4. The total counts for
all the samples were within the range of 32 to 39, the
Shannon Weiner Index was within the range of 1.154 to
2.273, while the Equitability Index was within the range
of 0.644 to 0.948. S6 was observed to not only have a
greater number of species present, but the individuals in
the community (biomass) were distributed more equita-
bly among these species. The lower distribution of
species in S1 and S2 which are closer to the source of
the spills is an indication of the impact of oil pollution
on the aquatic ecosystem. The presence of Cyanophytes
(as Oscillatoria species) is a good indicator of pollution,
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Table 4 Phyto-planktons abun-

dance and diversity Species S1 S2 S3 S4 S5 S6
Pleurosigma simonsenii 1 1 1 1
Surierella linearis 6 3 5
Eunotia flexuosa 1 1 2
Spirogyra sp. 5 2 3
Tabellaria flocculosa 8 7 6
Scenedesmus quadricauda 1 4 3 1
Oscillatoria sp 2 2 1 2 3
Pinnularia acrosphaeria 3 2
Pinnularia rostrata 3
Cymbella pediculus 2
Cymbella lunta 2 1 3 6
Navicula mutica 10
Navicula cuspidata 5 7 5
Melosira granulata 5
Melosira moniliformis 19 11
Melosira varians 4 14
Total count 32 36 32 39 39 39
Number of species (S) 6 7 8 9 10 11
Shannon Weiner Index (H) 1.154 1.664 1.455 2.053 1.958 2.273

Equitability Index (E)

0.644 0.855 0.700 0.935 0.850 0.948

as they appear to be abundant in waters high in organic
pollutants (Jacob and Al-Muzaini 1995). Their prolifer-
ation during a particular season also depends on water
temperatures, light penetration and the supply of nutri-
ent to the surface layer. This is well expected as phyto-
plankton serve as potential food for zooplankton and
have shorter and initial higher generation rate. Phyto-
planktons are often used as water quality indicators
(Brettum and Andersen 2005; DEHP 2016). As a result
of the shortness of their life cycle, they tend to respond
rapidly to environmental changes; thus, their biomass
and species composition indicate the quality of the water
in which they are seen. The low biomass in S1, S2 and
S3 may be attributed to the levels of turbidity and
hydrocarbon contents of these samples as they are col-
lected at the upper end of the river (Selala et al. 2013).
On the other hand, the higher biomass in S6, S4 and S5
may be a result of the reducing turbidity and hydrocar-
bon contents of the samples and tidal action in reducing
the turbidity as the water flows down the river, as
previously report by Duursma and Dawson (1981).
Oscillatoria sp. was widely distributed in the study
area and recorded in all the samples. The results in
Table 4 showed that the oil spill pollution in the river

hindered the growth of certain species of phytoplankton
as can been seen with the varying distributions across
the sampling zones with lower Shannon Weiner Index in
zone 1 compared to zones 2 and 3. Similar patterns were
reported by Ozhan and Bargu (2014) while assessing the
impact of Macondo oil spill in the Gulf of Mexico.
The zooplankton diversity is reported in Table 5. It can
be seen that diversity and evenness in S3 and S6 were
higher than those observed in S1, S2, S4 and S5, which
exhibited sequentially reducing values. The total counts
were within the range of 21 to 29. The Shannon-Weiner
index is usually based on density, and it is assumed that
the more abundant a particular species, the more important
it is (Risser and Rice 1971). The Shannon-Weiner diver-
sity index results ranged between 1.153 and 1.844, while
the equitability index was within the 1.153 to 1.844 which
is an indication of low—moderate diversity. The highest
value was found in S3, and the lowest value was recorded
in S1. Centopages typicus, Metridia lucens, Candicia
armata and Cyclopoid copepod were all widely distribut-
ed in the study area and recorded in all the samples. S3
had a more distribution of all species present in the com-
munities (biomass) and a greater number of species pres-
ent. A total of eight zooplankton species were observed in

@ Springer
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Table 5 Zooplanktons abun-
dance and diversity

Species S1 S2 S3 S4 S5 S6
Eucyclops macrurus 1 2 2 2
Centopages typicus 2 1 1 1 3 1
Metridia lucens 1 1 4 1 1 5
Temora stylifera 18 2 8 2 16
Temora longicomis 1 1

Candicia armata 14 2 8 7 17 2
Cyclopoid copepod 2 1 1 2 2 1
Oithona helgolandicus 4 3 4 1
Total count 21 26 21 21 29 28
Number of species (S) 6 6 8 6 6 7

Shannon Weiner Index (H)
Equitability Index (Ey)

1.153 1.116 1.844 1.472 1.306 1.361
0.643 0.623 0.887 0.821 0.729 0.700

the samples where C. armata had the highest occurrence
and Temora longicomis the least occurrence. As a result of
the absence of data on the diversity of the Nun River
before the oil spill, it is not possible to effectively highlight
the impact of the oil spill on biodiversity of the study area
and compare post-event effects. However, the reduced
diversity of the zooplanktons in S1 and S2 closer to the
source of oil pollution is an indication of the impact of oil
on the ecosystem. Also, zooplanktons are known to me-
tabolize and accumulate hydrocarbons. They therefore
play a major role in hydrocarbon cycling within the aquat-
ic ecosystem (Lotufo 1998; Almeda et al. 2013). Overall,
while there was a noticeable impact on plankton diversity,
the toxic effects were not severe. This could be attributed
to the non-detectable levels of PAHs in the surface water
which has the major toxic effects of plankton organisms
(Barros et al. 2014; Acosta-Gonzalez et al. 2015).

The total heterotrophic bacteria were found to be within
1.51 x 10° and 0.78 x 10° cfu/mL, the total coliform
bacteria was within the range of 0.43 x 10° and
1.16 x 10° cfmL, while the hydrocarbon-utilizing bac-
teria (HUB) values were within the range of 3.5 % 10% in
the S4 to 7 x 10? in S2 (Table 6). Hydrocarbon-utilizing
bacteria increases in abundance usually following oil spills

Table 6 Microbial counts

and during the oil biodegradation process (Yakimov et al.
2007, Hazen et al. 2010; Dubinsky et al. 2013). From
Table 6, it can be seen that there were more counts of the
HUB in zone 1 closer to the source of the spill compared
to the other samples downstream of the Nun River, indi-
cating higher levels of hydrocarbon pollution upstream.

Conclusion

The effects of oil pollution on the water quality of the
Nun River were investigated. While some of the phys-
icochemical parameters were within national regulatory
limits, they were significantly higher than previous
baseline conditions of the river. turbidity, TDS, TSS,
DO, conductivity and heavy metals (Cd, Cr, Cu, Pb, Ni
and Zn) were in breach of the national and international
limits for drinking water and ecological health. Micro-
bial and plankton populations and diversities in all
freshwater samples were also found to be relatively
impacted by the recurrent small spills reaching the river.
The pollutants detected in the river will pose serious
health risk to the local communities using the river as a
source of sustenance.

S1 S2 S3 S4 S5 S6
Total heterotrophic bacteria (cfu/mL) 0.73 x 10° 1.51 x 10° 0.78 x 10° 1.54 x 10° 0.69 x 10° 0.59 x 10°
Total coliform bacteria (cfu/mL) 0.58 x 10° 0.67 x 10° 0.57 x 10° 1.16 x 10° 0.71 x 10° 0.43 x 10°
Hydrocarbon-utilizing bacteria (cfu/mL) 5.00 x 10? 7.00 x 10> 4.50 x 10 3.50 x 10> 4.00 x 10" Nil

@ Springer
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