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Abstract Toxicological evaluation of Clarias gariepinus
from bitumen-polluted River Oluwa, Nigeria, was carried
out in furtherance of studies on the environmental impacts
of the bitumen exploration in Ondo State, Nigeria.
Samples were taken from three different (two polluted
and one as control) sites. The effect of changes in monthly
seasonal flow rate was assessed for the sites of study.
Blood plasma clinical-chemical parameters (BCCPs) and
histological changes/lesions in various organs were evalu-
ated as markers of pollution in the fish blood using stan-
dard methods. The result of the physicochemical properties
of water from the sampling points revealed some of the
values conforming to approved standards while others
showed deviation. Significant differences were found in
the blood and histological endpoints between the control
and the polluted sites as well as between the two seasons
evaluated across the sites. The public health implications of
consuming this fish are fully discussed.
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Introduction

The pollution of fresh water sources with varieties of
pollutants is a global issue of concern to environmental-
ists (Honggang et al. 2010; Dahunsi et al. 2012, 2014).
Also, the presence of toxicants in aquatic environment
affects the water quality parameters thus leading to
changes in the blood and histological indices of
inhabiting fish (Kavitha et al. 2010; Dahunsi et al. 2011).

Fish contains high-quality protein and other essential
amino acids useful in human and animal diets. They are
considered one of the most susceptible aquatic organisms
to toxic substances in water, since they are mostly found
near the apex of the food chain (Prusty et al. 2011).
Therefore, the safety level of freshwater fish should be
of high priority (Keskin et al. 2007; Dahunsi et al. 2012).

Biological monitoring techniques like hematological
and biochemical variables have become veritable tools
in the assessment of environmental quality, water pollu-
tion, and the general health status of aquatic organisms
especially fish (Pimpao et al. 2007; Olufayo, 2009; Li et
al. 2011a). As reported in several studies, blood plasma
clinical-chemical parameters (BCCPs) are markers of
organ function or abnormality such as liver and kidney
dysfunctions, bone disorders, and metabolic
malfunctioning among others. These conditions are
however triggered by factors such as infectious diseases,
genetic defects, and environmental stressors including
starvation, dehydration, and exposure to pollutants
(Richards and Proszkowiec-Weglarz, 2007; Sonne et
al. 2008, 2010, 2012). Other biochemical indices like
glucose, protein, and enzymes are frequently used as
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Table 1 Mean values of physicochemical characteristics and heavy metal concentrations of water from Oluwa River during sampling

period
Parameters Control Site A Site B Regulatory limits

NIS (2007) WHO (2011)
Temperature (°C) 23.06+0.01 24.97+0.03* 25.38+0.31* Ambient -
pH 6.58+0.04 6.87+0.05* 6.78+0.07* 6.5-9.5 6.5-8.5
Electrical conductivity (s cm ') 0.11£0.11 0.15+0.01* 0.17+0.02* 1000 1000
Alkalinity (CaCO; mg L") 53.38+3.11 58.78+0.48* 59.58+2.11% - -
Total hardness (mg CaCO;L™") 2.5140.14 4.01+0.25* 4.26+0.24% 150 <200
Total solids (mg Lfl) 720+31.12 1320+32.23* 1420+27.11* - <1500
Total dissolved solid (mg L") 270.10+8.20 429.65+21.44* 413.45+16.30* 500 <1000
Total suspended solid (mg L") 6.00£0.00 9.19+0.26* 10.08+0.35 500 500
Biological oxygen demand (mg O,L™") 1.80+0.16 13.83+0.23* 14.11+£1.07* - -
Dissolved oxygen (mg O,L ") 6.21+0.02 2.71+0.22% 2.34+0.15* - 6.0
Chemical oxygen demand (mg L") 5.81+0.40 165.38+£3.41* 162.96+2.81%* - -
Chloride (mg L") 5.02+0.01 7.03+0.15% 7.31+021* 250 -
Nitrate (mg L") 1.02+0.01 1.84+0.79* 2.21+0.96* 50 50
Sulfate (mg L") 7.23+0.02 9.91+0.41%* 10.76+0.32* 100 500
Phosphate (mg L) 0.6+0.01 58.93+£3.23* 62.86+3.08* - -
Cadmium (mg L") 0.003+0.03 0.12+0.05* 0.09+0.003* 0.003 0.003
Chromium (mg L") 0.03+0.01 0.58+0.05* 0.62+0.07* 0.05 0.05
Lead (mg L") 0.02+0.21 0.19+0.01* 0.54+0.21* 0.01 0.01
Zinc (mg L) 0.2+0.01 2.79+0.17* 3.02+0.11* 3.000 -
Iron (mg L") 0.12+0.01 0.06+0.01* 0.15+0.08* 0.300 -
Copper (mg L") 0.09+0.01 0.13+0.07* 0.14+0.07* 1.000 2.000
Nickel (mg L™ ND ND 1.0 2.0
Fluoride (mg L") 0.04+0.02 0.22+0.02% 0.24+0.02* NA NA
Manganese (mg L) 0.10£0.01 0.43+0.02* 0.15£0.04* NA NA

n=180

WHO World Health Organization (2011), NIS Nigeria Industrial Standard (2007), ND not detected, NA not available

*Significant difference (P<0.05)

indicators of the general state of health and early warn-
ing in fish under stress (Osman et al. 2010).

Many studies have documented changes in blood
parameters resulting from exposures to certain environ-
mental conditions and/or the presence of contaminants
(Li et al. 2010, 2011b; Vasylkiv et al. 2010, 2011).
Hematological variables such as hemoglobin (Hb), he-
matocrit (Ht), red blood cell (RBC) count, white blood
cell (WBC) count, and others have widely been used to
assess stress induced by environmental pollutants
(Kreutz et al. 2011; Saravanan et al. 2011).

Fish exposed to pollutants in water also exhibits
several histological anomalies which include disruption
of hepatic architecture, leading to massive intrahepatic

@ Springer

hemorrhage and death in a few hours; cytosolic vacuo-
lation; single-cell necrosis; fibrosis; apoptosis; and tu-
mor promotion (Lezcano et al. 2012).

The African sharptooth catfish (Clarias gariepinus)
constitutes the major fauna population of River Oluwa
and is usually available throughout the year in varying
population. They are native and territorial in this envi-
ronment, hence their suitability for pollution monitoring.
Prior to this research, the toxicological impact of bitumen
pollution on the fish species from this river was yet to be
ascertained. Few studies have tried to establish the link
between bitumen exploration and the pollution of River
Oluwa and also to link it with adverse environmental
health (Olajire et al. 2007; Ayandiran et al. 2014). There
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Table 4 Histopathology of the muscle of Clarias gariepinus from River Oluwa during high- and low-flow seasons

Months Atrophy Splitting of muscle fibers Focal area of necrosis Edema Vacuolar degeneration
High-flow season
July
Control - - - -
Site A + ++ - -
Site B ++ ++ ++ - -
August
Control - - - -
Site A + ++ - — ++
Site B ++ - - ++
September
Control - - - -
Site A + - ++ ++
Site B ++ - +++ - ++
Low-flow season
December
Control - - - -
Site A + ++ - -
Site B ++ e ++ - -
January
Control - - - -
Site A + ++ o - ++
Site B ++ - - ++
February
Control - - - -
Site A + - ++ ++
Site B ++ - -+ - ++

(-) none, (+) mild, (++) moderate, (+++) severe

is however a need to assess the toxicological mechanism
and the resultant effect of the river’s pollution on the
inhabiting fish species which serves as a potent source
of food and livelihood for the host communities. The aim
of'this study is therefore to evaluate the effects of bitumen
pollution on the blood and histological parameters of the
fish in relation to their seasonal distribution.

Materials and methods
Collection site description

Ondo State constitutes an economically significant part
of south-western Nigeria and has one of the largest fresh

and coastal water areas in the country. It is located in the
coordinates 6° 35" 19 N, 4° 50’ 3 E and altitude 61 m.
This is where bitumen was first spotted in Nigeria in 1910
and two bitumen observatory wells were dug in the state
in the 1960s during the early explorative activity of
Nigerian natural bitumen. The seepage of the bitumen
is brought about by naturally flowing out over large
stretches of the river especially during the dry season
when temperature is above 37 °C during which it occurs
as a free flowing liquid and via exploration. Oluwa is a
major river of economic, agricultural, and environmental
significance flowing through many communities within
the state, and it receives continuous seepage from bitu-
men exploration besides other activities (washing, farm-
ing, etc.) being carried out along its tributaries.

@ Springer
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Collection of fish samples

Adult sizes of catfish between 4 and 6 months old
(weight 0.7+0.2 kg; length 23+2 cm) were collected
from two polluted sections (designated A and B) of
River Oluwa with different levels of pollution activities
and located widely apart from each other in terms of
flow direction. One of these sites (B) receives more
bitumen seepage than the other (A). Samples were also
collected from the unpolluted portion of the river with
neither bitumen pollution nor heavy domestic activities
and were used as control. Fishing was done during late
night with the help of professional local fishermen. Gill
nets about 12.192-m long and 1.828-m wide with a cork
line at the top rope and metal line with the ground rope
made locally of nylon were used for fishing. Fishing was
done monthly starting from the month of July, 2011, to
February, 2012. A total of 432 fish samples were col-
lected over this period. Samples were transported to the
Ecotoxicology and Fisheries Laboratory, LAUTECH, in
well-aerated containers into which ice cubes were added
to lower the temperature of the fish before the com-
mencement of further studies.

Collection and preservation of fish blood

Blood samples were collected from the test organism (C.
gariepinus) caught from the two sampling sites during
the high-flow months (July—September) and low-flow
months (December—February). This was done with the
use of 5-mL sterilized syringes by direct puncture in the
heart. Blood samples were then transferred into steril-
ized plastic tubes having ethylenediaminetetraacetic ac-
id (EDTA) to prevent blood clotting. The container were
then rotated gently so as to mix thoroughly with the
EDTA and also not to damage the blood cells. In the
laboratory, each blood sample was then separated into
two sets and stored in a refrigerator at 4 °C. One set of
preserved blood sample was used for hematological
studies while the other was used for the estimation of
various blood biochemical parameters. Fish were later
dissected and organs such as the livers, gills, and muscle
were removed and fixed in 4 % calcium—formol fixative
at4 °C.

Evaluation of Plasma biochemical parameters

The biochemical assays were carried out using the
methods of Sonne et al. (2008, 2010, 2012, 2013).

@ Springer

Fig. 1 a A photomicrograph of normal muscle of Clarias P
gariepinus (control) from unpolluted local fish farm, H&E x200.
b Photomicrograph of muscle of Clarias gariepinus from Oluwa
river at high flow season, July H&E %200 (site A). A—atrophy of
muscle bundle, B—splitting of muscle fibres. ¢ Photomicrograph
of muscle of Clarias gariepinus from Oluwa River at high flow
season, July H&E %200 (site B). A—atrophy of muscle bundle,
B—splitting of muscle fibers, C—focal area of necrosis. d
Photomicrograph of muscle of Clarias gariepinus from Oluwa
River at high flow season, August H&E %200 (site A).
A—atrophy of muscle bundle, E—Vacuolar degeneration in
muscle bundles. e Photomicrograph of muscle of Clarias
gariepinus from Oluwa River at high flow season, August H&E
%200 (site B). A—atrophy of muscle bundle, B—splitting of
muscle fibres, C—focal area of necrosis, E—vacuolar
degeneration in muscle bundles. f Photomicrograph of muscle of
Clarias gariepinus from Oluwa river at high flow season,
September H&E x200 (site A). A—atrophy of muscle bundle,
D—edema between muscle bundles, E—vacuolar degeneration in
muscle bundles. g Photomicrograph of muscle of Clarias
gariepinus from Oluwa river at high flow season, September
H&E %200 (site B). A—atrophy of muscle bundle, C—focal
area of necrosis, E—vacuolar degeneration in muscle bundles. h
Photomicrograph of muscle of Clarias gariepinus from Oluwa
River at low flow season, December H&E x200 (site A).
B—splitting of muscle fibres, C—focal area of necrosis,
E—vacuolar degeneration in muscle bundles. i Photomicrograph
of muscle of Clarias gariepinus from Oluwa River at low flow
season, December H&E %200 (site B). A—atrophy of muscle
bundle, C—focal area of necrosis, E—vacuolar degeneration in
muscle bundles. j Photomicrograph of muscle of Clarias
gariepinus from Oluwa River at low flow season, January H&E
x200 (site A). A—atrophy of muscle bundle. C—focal area of
necrosis. E—vacuolar degeneration in muscle bundles. k
Photomicrograph of muscle of Clarias gariepinus from Oluwa
River at low flow season, January H&E %200 (site B).
B—splitting of muscle fibres, C—focal area of necrosis,
D—edema between muscle bundles, E—vacuolar degeneration
in muscle bundles. 1 Photomicrograph of muscle of Clarias
gariepinus from Oluwa River at low flow season, February H&E
x200 (site A). B—splitting of muscle fibers, E—vacuolar
degeneration in muscle bundles. m Photomicrograph of muscle
of Clarias gariepinus from Oluwa River at low flow season,
February H&E %200 (site B). C—focal area of necrosis,
D—edema between muscle bundles, E—vacuolar degeneration
in muscle bundles

Indices analyzed include the following: albumin (Alb,
g L"), glucose (Glu, mmol L"), total protein (TP,
g L"), calcium (Ca, mmol L"), sodium (Na,
mmol L"), potassium (K, mmol L"), chloride (ClI,
mmol L"), and HCO;~ (HC, mmol L™"). All analyses
were routinely conducted at the laboratory using an
automated spectrophotometric analyzer also containing
ion-selective electrodes (ADVIA1800, Siemens), and
assays were subjected to daily internal and quarterly
external quality control.
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Evaluation of hematological parameters

The analyses were carried out at the Medical Laboratory
of the University Health Centre, LAUTECH,
Ogbomoso, following standard methods (Ptashynski et
al. 2002; Kubrak et al. 2013). Packed cell volume (PCV)
was evaluated using hematocrit method and Hb concen-
tration (using cyanmethemoglobin method) was ana-
lyzed within 2 h after collection. RBC and WBC were
counted by Neubauer’s improved hemocytometer using
Hyem’s and Turk’s solution as a diluting fluid, respec-
tively. The values were then used in calculating mean
corpuscular hemoglobin (MCH), mean corpuscular vol-
ume (MCV), and mean corpuscular hemoglobin con-
centration (MCHC) according to the method of Dacie
and Lewis (1975).

Histological analyses

Fish organs (gills, liver, and body muscle) were fixed
in 4 % paraformaldehyde, prior to being embedded in
paraffin. Paraffin sections (5-pum thick) were prepared
and stained with hematoxylin and eosin (H & E)
according to standard procedures (Isitor et al. 2012;
Chen et al. 2013). All sections were examined under
a light microscope.

Statistical analysis

All the results were subjected to statistical tests per-
formed using SPSS Version 19. The ¢ test (two sample
assuming equal variances) at a p value less than or equal
to 0.05 was used to conduct the test of significance.

Result
Water quality

The result of the physicochemical properties of water
from the three sampling points of River Oluwa is
shown in Table 1. As revealed, some of the values
are in conformity with approved standards by some
regulatory bodies while others show deviation from
such standards thereby revealing the polluted nature
of some of the samples.

Hematology

The result of hematological parameters of C.
gariepinus from the three sites and for both high-
and low-flow seasons is shown in Table 2. The
parameters include white blood cell count (WBCc),
red blood cell count (RBCc), PCV, Hb, MCYV,
MCHC, and MCH. All the hematological parame-
ters investigated during the high- and low-flow
months showed significant differences from the
control values except for MCH for site A in the
month of January, 2010.

Biochemistry

The biochemical analysis results revealed that the
values recorded for glucose and potassium at site B
during the high-flow season of July 2009 were not
significantly different from the control values for the
same month. The values obtained for all other pa-
rameters were significantly different (higher) than the
control values. During the low-flow season, the
values for potassium and HCO; were both not
significantly different from control values in the
months of December 2009 (site B) and February
2010 (site A), respectively, as shown in Table 3.

Histology

Body muscle The various changes observed in the mus-
cle are shown in Table 4. Figure 1a shows the normal
structure of the body muscle of C. gariepinus from the
unpolluted portion of River Oluwa (control) in compar-
ison with those having histological alterations (Figs. 1b—
m). Varying degrees of histological alterations were
observed in the muscle during both low- and high-
flow months which include atrophy of muscle bundles,
necrosis, edema, vacuolar degeneration, and splitting of
muscle fibers.

Liver The various changes observed in the liver are
shown in Table 5. Figure 2a shows the normal histolog-
ical structures of the liver of C. gariepinus from the
unpolluted portion of River Oluwa (control) and those
with varying degrees of histological alterations as
shown in Figs. 2b-m. The most common lesions in the
liver of the fish species under study were vacuolar
degeneration in the hepatocytes, focal areas of necrosis,
hypertrophy of hepatocytes, and loss of trabecular cell
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4 Fig. 2 a Photomicrograph of liver of Clarias gariepinus showing
normal central vein and trabecular arrangements of cells, H&E
x200. b Photomicrograph of liver of Clarias gariepinus from
Oluwa River at high flow season, July H&E %200 (site A).
B—dilation and thrombosis formation in central vein, C—fatty
degeneration, F—focal area of necrosis. ¢ Photomicrograph of
liver of Clarias gariepinus from Oluwa River at high flow
season, July H&E x200 (site B). A—hypertrophy of
hepatocytes, B—dilation and thrombosis formation in central
vein, D—Iloss of trabecular arrangement of cells, F—focal area
of necrosis. d Photomicrograph of liver of Clarias gariepinus from
Oluwa river at high flow season, August H&E %200 (site A).
A—hypertrophy of hepatocytes, B—dilation and thrombosis
formation in central vein, C—fatty degeneration, D—loss of
trabecular arrangement of cells, F—focal area of necrosis. e
Photomicrograph of liver of Clarias gariepinus from Oluwa river
at high flow season, August H&E %200 (site B). B—dilation and
thrombosis formation in central vein, F—focal area of necrosis. f
Photomicrograph of liver of Clarias gariepinus from Oluwa River
at high flow season, September H&E x200 (site A).
A—hypertrophy of hepatocytes, B—dilation and thrombosis
formation in central vein, D—loss of trabecular arrangement of
cells, E—hepatocyte degeneration. g Photomicrograph of liver of
Clarias gariepinus from Oluwa River at high flow season,
September H&E %200 (site B). D—Loss of trabecular
arrangement of cells, E—hepatocyte degeneration, F—focal area
of necrosis. h Photomicrograph of liver of Claris gariepinus from
Oluwa River at low flow season, December H&E %200 (site A).
A—hypertrophy of hepatocytes, B—dilation and thrombosis
formation in central vein, F—focal area of necrosis. i
Photomicrograph of liver of Clarias gariepinus from Oluwa
River at low flow season, December H&E %200 (site B).
A—hypertrophy of hepatocytes, C—fatty degeneration,
E—hepatocyte degeneration, F—focal area of necrosis. j
Photomicrograph of liver of Clarias gariepinus from Oluwa
River at low flow season, January H&E x200 (site A).
A—hypertrophy of hepatocytes, B—dilation and thrombosis
formation in central vein, D—loss of trabecular arrangement of
cells, E—hepatocyte degeneration, F—focal area of necrosis. k
Photomicrograph of liver of Clarias gariepinus from Oluwa river at
low flow season, January H&E x200 (site B). A—hypertrophy of
hepatocytes, B—dilation and thrombosis formation in central vein,
D—Iloss of trabecular arrangement of cells. E—hepatocyte
degeneration, F—focal area of necrosis. 1 Photomicrograph of
liver of Clarias gariepinus from Oluwa River at low flow season,
February H&E x200 (site A). A—hypertrophy of hepatocytes,
C—fatty degeneration, D—Iloss of trabecular arrangement of
cells, E—hepatocyte degeneration, F—focal area of necrosis. m
Photomicrograph of liver of Clarias gariepinus from Oluwa River
at low flow season, February H&E %200 (site B). A—hypertrophy
of hepatocytes, B—dilation and thrombosis formation in central
vein, D—Loss of trabecular arrangement of cells, E—hepatocyte
degeneration, F—focal area of necrosis

arrangement which were more prominent during the
low-flow months.

Gills The various changes observed in the gills are as
shown in Table 6. Figure 3a shows the normal

histological structures of the gills of C. gariepinus from
the unpolluted portion of River Oluwa (control) and
those with varying degrees of histological alterations
as shown in Figs. 3b-m. These changes include distor-
tion of gill lamella, hyperplasia, edema in secondary
lamella, necrosis, epithelial lifting, and hypertrophy of
epithelial cell.

Discussion

There is an observed statistical difference (p<0.05) in
the mean values of temperature of the water from the
three sites and it is highest in site B (25.38+0.31). All
temperature values fall within the acceptable tempera-
ture range (0-30 °C) for good surface water (Chapman,
1996). The mean pH values of water samples from all
three sites of the river were found to be weakly acidic
(Table 1) and are within the permissible limit of 6.5 to
9.5 by the Nigerian Industrial Standard (2007) and the
World Health Organization (2011).

The significant decrease (p<0.05) in values for total
suspended solids (TSS) and total dissolved solids (TDS)
of water from all the sites falls within the permissible
limits of 500 mg L™ for TSS and 1000 mg L' for TDS
which are the standard limits of both the WHO and NIS
for good water quality. The high BOD and COD values
in sites A and B are indication of high organic and
inorganic pollutant loads in the sites and are significant-
ly different from the control value. The mean BOD
values of the samples exceeded the permissible limit
(3.0-6.0 mg L") of the European Union (EU) for good
quality water that will adequately support fishes and
other aquatic life forms since the BOD value for unpol-
luted waters is usually <2 mg L™ while values for
polluted ones can be as high as >10 mg L™'. The
significantly high mean COD values in sites A and B
also exceeded the permissible limit (<20 mg L™") for
unpolluted surface water thus falling within the category
of polluted waters (20-200 mg L") (Chapman, 1996).
Lower DO values were recorded in sites A and B and are
an indication that the river is depleted in oxygen, and
this could be attributed to the polluted nature of the
water by bitumen and other pollutants. Values obtained
for all metals in both sites are very high and above the
WHO and NIS permissible limits for surface waters and
statistically different from the control value which in
most cases falls within the standard limits. The high
metal values could easily be attributed to bitumen
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pollution as well since bitumen has been reported to
contain heavy metals (Yoon et al. 2009).

Hematological parameters such as erythrocyte count,
hemoglobin concentration, and hematocrit values are
known to vary in fish in response to different toxicants
(Kavitha et al. 2010). Also, hematological investigations
have proven to be valuable for fish biologists in the
quick detection of changes in fish health since such
changes usually precede behavioral and visible lesions
(Kavitha et al. 2011). Decrease in the recorded values of
PCV, Hb, and RBC showed that the fish species (C.
gariepinus)under study became anemic due to the effect
of the pollutants (bitumen and other environmental con-
taminants) in the water, and this agrees with previous
submissions that the entry of toxicants into aquatic
media may affect the water quality parameters, which
in turn leads to changes in the hematological variables of
fish, due to its close association with the external envi-
ronment (Kavitha et al. 2010, 2011). Furthermore, the
reduction in the count of RBC may be caused by stim-
ulation of hemolyzing action of the RBC by the bitumen
seeping into the river and may also be attributed to
hemodilution resulting from impaired osmoregulation
across the gill epithelium and which is similar to the
report of Adeyemo (2005). Other toxicants had also
been reported to have a similar reduction effect on the
RBC of fishes (Kavitha et al. 2011). Reduction in the Hb
content of the fish species may be an indication of
decline in hemoglobin synthesis as well as the reduction
in oxygen carrying capacity which could be as a result of
interference of the bitumen seep with hemoglobin syn-
thesis pathways. Atamanalp and Yanik (2003) observed
similar result from fishes exposed to mancozeb. The
observed increase in WBC may be due to stimulated
lymphopoiesis and/or enhanced release of lymphocytes
from lymphomyeloid tissue meant to be a defense mech-
anism of the fish against the water toxicants and the
stress induced (Ates et al. 2008).

Higher increase in MCH and MCV values during the
high-flow months compared to the low-flow months
may be due to the reduction in cellular blood iron,
resulting in reduced oxygen carrying capacity of the
blood and eventually stimulating erythropoiesis
(Wintrobe, 1978). It could also be due to swelling of
red blood cells which is usually stress-related
(Jastrzebska and Protasowickiz 2005). A reduced value
of MCHC was recorded in both sites A and B during
high-flow months compared to the low-flow months
which signifies red blood cell swelling (Weppener et

al. 1992a, 1992b). MCHC is usually not influenced by
the blood volume or by the number of cells in the blood
but can be interpreted incorrectly only when new cells,
with a different hemoglobin concentration, are released
into the blood circulation (Sobecka, 2001).

The increase in the values of MCV and MCH together
with the decrease in the value of MCHC further confirmed
the anemic condition in the fish species from polluted
portions (sites A and B) of River Oluwa and that the
anemia may be due to an increase in the rate of erythrocyte
destruction in the hematopoietic organ of C. gariepinus,
together with lysis of erythrocytes in the circulation and
inhibition of erythropoiesis and hemosynthesis.

Measurement of plasma biochemical parameters is
mostly used in clinical diagnosis of fish physiology to
determine the general health status (Osman et al. 2010).
Serum glucose is one of the most sensitive biochemical
indices for analyzing the state of health of an organism,
and its high concentration in the blood of fish indicates
that such fish is under stress and it is intensively utilizing
its energy reserves, i.e., glycogen in the liver and mus-
cles, whereas a decrease in concentration indicates the
exhaustion of energy of resources and, subsequently, the
worsening of an organic status (Kavitha et al. 2011).

The above statement better supports the increased se-
rum glucose level recorded in the sites A and B during the
low-flow months and decrease in the values during high-
flow months. Increased level of glucose during low-flow
months reflects hyperglycemia, while decrease during
high-flow months reflects hypoglycemia. Both conditions
of different responses of serum glucose suggested the
presence of ailment in the fish which may have been
induced by the toxicants (bitumen and other contami-
nants). Hyperglycemic conditions develop either due to
increased glycogenolysis or decrease in glucose utilization
by the cell which means the inhibition of glycolysis (Bedii
and Kenan, 2005). The different responses of glucose as
related to different toxicants have been reported by previ-
ous researchers (Dahunsi et al. 2011; Saravanan et al.
2011; Sonne et al. 2008, 2010, 2012, 2013).

Furthermore, the plasma protein levels recorded in
both polluted sites were lower than the control values
during high- and low-flow seasons. The low level of
plasma protein can be attributed to possible inhibition or
decrease in the process of protein synthesis occurring in
the body. Other possible causes may include nutritional
imbalance, infectious disease, kidney damage, leakage,
and edema. Similar observations have been made
(Kavitha et al. 2011; Vani et al. 2011).
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4 Fig. 3 a A photomicrograph of normal gill of Clarias gariepinus
from a local fish farm, H&E %200. b Photomicrograph of gill of
Clarias gariepinus from Oluwa River at high flow season, July
H&E %200 (site A). A—necrosis of gill lamella, C—degeneration
of gill lamella. ¢ Photomicrograph of gill of Clarias gariepinus
from Oluwa River at high flow season, July H&E %200 (site B).
A—mnecrosis of gill lamella, C—degeneration of gill lamella,
H—edema of gill filament. d Photomicrograph of gill of Clarias
gariepinus from Oluwa River at high flow season, August H&E
%200 (site A). A—necrosis of gill lamella, B—hyperplasia,
C—degeneration of gill lamella, E—hypertrophy of epithelial
cells. e Photomicrograph of gill of Clarias gariepinus from
Oluwa River at high flow season, August H&E %200 (site B).
A—necrosis of gill lamella, B—hyperplasia, D—edema of
lamella. f Photomicrograph of gill of Clarias gariepinus from
Oluwa River at high flow season, September H&E %200 (site
A). B—hyperplasia. g Photomicrograph of gill of Clarias
gariepinus from Oluwa River at high flow season, September
H&E %200 (site B). A—necrosis of gill lamella,
C—degeneration of gill lamella. h Photomicrograph of gill of
Clarias gariepinus from Oluwa River at low flow season,
December H&E %200 (site A). A—necrosis of gill 1 amella, B
hyperplasia, C—degeneration of gill lamella. i Photomicrograph
of gill of Clarias gariepinus from Oluwa River at low flow season,
December H&E %200 (site B). C—degeneration of gill lamella,
E—hypertrophy of epithelial cells, F—epithelial lifting,
G—degeneration of gill lamella and filament. j Photomicrograph
of gill of Clarias gariepinus from Oluwa River at low flow season,
January H&E %200 (site A). A—necrosis of gill lamella,
C—degeneration of gill lamella, E—hypertrophy of epithelial
cells, F—epithelial lifting. k Photomicrograph of gill of Clarias
gariepinus from Oluwa River at low flow season, January H&E
x200 (site B). G—degeneration of gill lamella and filament,
H—edema of gill filament, I—necrosis of gill filament. 1
Photomicrograph of gill of Clarias gariepinus from Oluwa River
at low flow season, February H&E %200 (site A). F—epithelial
lifting, G—degeneration of gill lamella and filament, I—necrosis
of gill filament. m Photomicrograph of gill of Clarias gariepinus
from Oluwa River at low flow season, February H&E 200 (site
B). A—necrosis of gill lamella, B—hyperplasia, C—degeneration
of gill lamella, D—edema of lamella, F—epithelial lifting,
H—edema of gill filament

Significantly different levels of albumin was recorded
during the low-flow season which could be a precursor of
liver disease for the inhabiting fish since albumin is known
to increase during liver disease and dehydration (Sonne et
al. 2013). All values for potassium, calcium, and sodium
were found to be statistically different from the control
during both seasons. High levels of these elements may be
detrimental to fish health since potassium increases during
kidney disease while a high calcium concentration has
been implicated in bone disease (Sonne et al. 2013).
Sodium on the other hand has been indicated to be a useful
tool in the measurement of stress, primarily due to the

active movement across the gill structure depending on
the concentration in the external medium.

The histological examination of the gill filaments of
the fish (C. gariepinus) from sites A and B showed a
varying degree of aberrations. Gills perform numerous
functions which include respiration, excretion of nitrog-
enous waste products, and acid—base balance.
Therefore, functional impairment of gills caused by
pollutants leads to a significant damage to the health of
fish, and fish gills are considered to be the most appro-
priate indication of water pollution levels (Carmargo
and Martinez, 2007).

In this study, lesions like hypertrophy, hyperplasia of
epithelial cells, epithelial lifting, destruction of gill la-
mella, necrosis, and degeneration of gill filaments and
lamella were more prominent during low-flow months
at site B than in high-flow months. This observation
could possibly be attributed to the absence of dilution of
water in the low-flow months since the river experi-
enced low flows during this period as a result of increase
in water evaporation rate, while mild aberrations record-
ed in the high-flow months could be due to dilution as a
result of large volume of water in the river during flood.
It could also be as a result of pollutants from higher
human anthropogenic activities of in site B. The patho-
logical changes observed in the gill of the test organisms
may be a reaction to toxicant intake or an adaptive
response to prevent the entry of the pollutant through
the gill surface. The observed epithelial lifting and hy-
perplasia of lamella could be interpreted as a defense
response of the fish as these alterations increase the
distance across which water-borne irritants must diffuse
to reach the blood stream. Observed alterations like
hypertrophy and necrosis can adversely affect the gas
exchange and ionic regulation (Simonato et al. 2008).
Edema in gill filament and lamella could probably be
due to increased capillary permeability (Olurin et al.
2006). The present results are in agreement with those
observed in other fish species under the influence of
different pollutants (Simonato et al. 2008; Fagbenro and
Akinduyite, 2011).

The organ most associated with detoxification and
biotransformation process is the liver, and it is also one
of the organs most affected by contaminant in the water
due to its function, position, and blood supply (Thophon
et al. 2003). The liver of C. gariepinus from sites A and
B of River Oluwa during high- and low-flow seasons
showed pathological changes such as degeneration of
hepatocytes, focal areas of necrosis, thrombosis
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formation in central veins, hypertrophy of hepatocytes,
fatty degeneration, and loss of trabecular arrangement of
cells. However, these changes may be attributed to
direct toxic effects of pollutant on hepatocytes, since
the liver is the site of detoxification of all types of toxins
and chemicals (Soufy et al. 2007). The degeneration of
hepatocytes might indicate an imbalance between the
rate of synthesis of substances in the parenchymal cells
and their release into the circulatory system (van Dyk et
al. 2007). Oxygen deficiency as a result of gill degener-
ation is considered as the most common cause of cellular
degeneration in the liver. Hypertrophy of hepatocytes
observed in the liver of the test organisms were noticed
in virtually all the livers investigated, and this could be
as a result of fatty degeneration of accumulated lipid
droplets leading to the collapse of blood sinusoids.
Dilation and thrombosis formation observed in the
blood vessel may be responsible for cellular degenera-
tion and necrosis in the liver (van Dyk et al. 2007). The
present results are in agreement with those observed by
many authors who have studied the effect of different
pollutants on fish liver (Ptashynski et al. 2002; Fanta et
al. 2003; Renugadevi and Prabu 2010; Fagbenro and
Akinduyite, 2011).

The histological alteration in the muscle of the
fish species under study could be a direct result of
the heavy metal present in the heavy oil which the
bitumen contained. The alterations like atrophy,
splitting of muscle fibers, focal area of necrosis,
vacuolar degeneration, and edema recorded in this
study are in agreement with those observed by
many investigators who earlier studied the effect
of different pollutants on fish muscles (Das and
Mukherjee 2000).

Conclusion

In conclusion, the current research has assessed the
toxicological impact of bitumen runoff on the fish from
River Oluwa, and it is evident that the fish health status
is negatively affected by this pollution menace.
Significant differences were found in the blood and
histological endpoints between the control and the pol-
luted (A and B) sites as well as between the two seasons
evaluated across the sites. Farming and fishing are the
major occupations of the populace whose lives depend
on the river to a great extent. These polluted fishes could
harbor pathogens that in turn cause serious diseases in

@ Springer

the consumers, and thus, their consumption is discour-
aged. It is further advocated that qualitative measures be
put in place to stop the indiscriminate discharge of
bitumen runoff and other anthropogenic activities into
this economically important river as the public health
consequences are numerous and fatal. Further studies
are ongoing as to determine the occurrence of parame-
ters such as concentration of polycyclic aromatic hydro-
carbons (PAHs) and low-volatile lipophilic substances
in the fish tissues.
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