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Abstract 

A study was carried out to assess the physico-chemical, heavy-metals parameter and Histopathology of adult fish 
specimen of Oreochromis niloticus and Clarias gariepinus collected from effluents sources of Ologe lagoon. The 
aim of the study is to assess the impact of industrial effluents on the lagoon, and on the health of resident fish 
fauna. 5 sample stations were marked out. Water samples were collected in triplicates; once every two months 
from each sample station. Effluent samples from the three point sources were also analyzed. Mean values for 
physico-chemical parameters, heavy-metals and three other effluent sources monitored ranges are pH, 
6.17±0.42-10.25±1.18, DO, 1.18±0.50-6.13±1.03 mg/l, TDS, 86.6±19.17-621.97±16.22 mg/l, hardness, 
ND–58.03±0.90 mg/l, alkalinity, 22.06±8.08-352.37±14.58 mg/l, Cl-1, 31.09±18.16-268.98±31.41 mg/l, acidity, 
ND-73.73±13.00 mg/l, Zn, 0.07±0.01-0.65±0.18 mg/l, Fe, ND-1.40±0.50 mg/l, Cu, 0.001±0.001-0.53±0.36 mg/l, 
Cd, ND-0.07±0.02 mg/l, and Pb, ND-10.15±21.83 mg/l. Several live lesions have been observed in the study as 
tissue bio-makers consistent with the exposure of fish to effluent. These include pigmented macrophage 
aggregation, hepatocytes vacoulation, multi foci coagulative necrosis and liver fatty degeneration. The 
preponderance of these lesions in fish from contaminated waters bordering urban locations similar to our test 
location has been firmly established and described by other researchers. Therefore, the extent of deformities and 
cell injuries is as a result of toxicant actions of the industrial effluents. 
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1. Introduction 

Histopathology provides a sensitive indicator of stress induced by industrial effluents. Due to the central role of 
organs in the transformation of several chemical active compounds into aquatic environment, the teleost gills, 
kidney and liver has been the foci of toxicology studies and has indeed been shown to be very sensitive to 
pollutant exposure (Pinkney, 2004). Pathological changes resulting as consequences due to exposure to certain 
chemicals, especially Poly Aromatic Hydrocarbons (PAHs), regarded as characteristics have been included in the 
definitions of beneficial use impairment criteria (Blazer, 2007). Relevant aquatic pollution sources in Nigeria in 
particular, Lagos being the commercial capital with its great (and ever growing) population and industries 
include: pesticides, plastic wastes, myriad industrial effluents, sawmill and pulp industry, runoffs and shipping 
ballast. 

Heavy metals have long been recognized as serious pollutants of the aquatic environment, they cause serious 
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impairment in metabolic, physiological and structural system when present in high concentration as opined by 
Javed (2003). Heavy metals may affect organisms directly by accumulating in their body or indirectly by 
transferring to the next trophic level of the food chain. Trace metals are introduced into the environment by a 
wide spectrum of natural and anthropogenic sources. Metals are non-biodegradable and once they enter the 
environment, bio-concentration may occur in fish tissues by means of metabolic and bio-absorption processes 
(Hogstrand & Haux, 1991).  

However, in fish living in water bodies receiving high discharges of effluent from industries, a range of 
alterations related to physiological abnormalities have been observed (Tyler et al., 1998; Vethaak et al., 2002). 
These effects have been attributed to various estrogenic chemicals known to be present within treated or/and 
untreated industrial effluents. Indeed, extensive laboratory-based studies have confirmed that chemicals 
contained in industrial effluents can induce many effects (Seki et al., 2002; Jobling et al., 2006). Furthermore, it 
has been shown that exposure to industrial effluents can inhibit the reproduction of fish (Seki et al., 2002; Parrott 
& Blunt, 2005; Harries et al., 2000; Kang et al., 2003; Thorpe et al., 2007). Although, the concentrations of 
chemicals typically measured in Waste water, treated or un-treated effluents may be low, compared to those 
required to affect fish reproduction in short-term laboratory studies, there are still major concerns about 
long-term exposures to effluents. This is because a prolonged exposure to some of these chemicals increases 
their level of effect (Thorpe et al., 2001, 2003). Specific studies that directly assess the effects of industrial 
effluents on population-relevant end-points, such as fish seed production (fingerlings/juveniles), are therefore, 
required to understand the consequence of exposure; relative to their histopathology, physiology, growth and 
survival.  

Ologe lagoon is used for fishery, waste disposal, sand mining and transportation. As with other lagoons within 
the Lagos lagoon complex (Figure 1), it is also regarded as the ‘large septic tank’ in the region. The main 
anthropogenic pressure on Ologe lagoon is from the adjacent Agbara industrial estate, where over 20 factories 
belonging to: food and beverages, pharmaceutical, breweries, metal finishing industries, chemical and pulp and 
paper companies presently occupy the industrial area. The effluents of these industries are discharged in the 
lagoon all year round, with their immediate impacts on the ecology of the lagoon system. Ologe lagoon drains 
into the Atlantic Ocean through the Badagry creek and through the Lagos harbour. Ologe lagoon is of great 
importance not only to Lagos state and Nigeria, but to the entire West-African sub-region as ecological 
catastrophes occurring upstream, could have severe consequences downstream if unchecked. This research work 
was an attempted to determine the significance and severity of lesions observed in fish tissues, liver and gills 
relative to the contaminated aquatic locations of the study area and due to dearth of relevant pathological data 
relating anthropogenic input to the aquatic environment and fish health. The test species, Oreochromis niloticus 
and Clarias gariepinus were selected for use as a local sentinel species for the investigation of the impact of 
brackish water industrial pollutants on fish on the basis of their ubiquitousness, prolificacy, and market potentials 
in Nigeria.  

2. Materials & Methods 

2.1 Study Area 

The study area is within the Lagos lagoon complex, covering about 6354.71 km2 in area and 285 km in perimeter, 
is a brackish coastal water bounding the city of Lagos, lying between 6º27'- 37'N and 3º02-3º09'E (Clarke et al., 
2008). The lagoon cuts across the southern part of the Lagos metropolis, linking the Atlantic Ocean (in the west 
and south) and Lekki lagoon (in the east). It is fairly flat, approximately above sea level, swampy area to the 
south east. It serves severally as a place of abode, recreation, livelihood and transport for fisher folk and is a 
dumpsite for residence, industries, and for other wastewaters. 
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Figure 1. Map of Lagos Lagoon - Inset Ologe 
Lagoon 

Figure 2. Map of Ologe Lagoon showing sampling 
stations (*). Source: Clarke, 2009 

 

2.2 Specimen Collection 

A total of 400 specimens of Oreochromis niloticus and Clarias gariepinus were collected at Ologe lagoon. The 
fish were collected in the early hour of the day live to avoid heat exertion and suffocation. They were then 
brought to the Lagos State University Fisheries laboratory so as to collect or extract the organs needed; and 
labelled. The external appearance of the fish indicated few abnormalities. No sex selection was made. The fish 
were sacrificed by a pre-occipital severance of the spinal cord. Each specimen was weighed, the total and 
standard length were recorded. They were then dissected, the liver, tissues, hearth and gills excised. These were 
then examined using hand lens, to detect the presence of gross lesions.  

2.3 Water Quality Parameter 

Water samples were taken once in two months between January-November (2011) and this was with respect to 
five (5) sample stations in the study area (Ologe lagoon). The sample stations were plotted to traverse the whole 
lagoon area, these are Obele, Gbanko, Idolowu, Ibiye jetty and Otto jetty. These are also represented in Figure 2. 
The physical and chemical characteristic of the effluent were determined using standard methods (APHA, 1998), 
and the heavy-metal contents using the Atomic Absorption Spectrophotometer (AAS). The following parameters 
were analyzed: The temperature was measured with mercury in bulb thermometer. The thermometer is immersed 
in the water sample for 2-3 minutes and the values thus recorded. The measurements were taken three times and 
the average value recorded. An Orion pH meter (model 407 A) was used in the measurement of pH levels. The 
pH meter was calibrated using reference buffer solutions of 4.0 to 9.2 ranges. The purpose of calibrating or 
standardizing the pH meter with standard buffer solution is usually to ensure the linearity of the meter. The test 
solution was stirred during the period of pH measurement. Successive portions of the test solution were 
measured, until readings of two successive portions differ with less than 0.02. Dissolved Oxygen (DO) was 
determined using the Winkler’s method in which 0.5 ml of MnS04 solution and 0.5ml alkaline Iodide reagent 
was added to the test solution well below the surface of the liquid in a sampling bottle. This was then mixed by 
inverting the bottle a few times resulting in a precipitate which settles at the bottom. Then 0.5 ml of concentrated 
H2S04 was added, stopped and mixed by gentle inversion. This solution was then titrated with 0.025 N 
Thiosulphate. 1-2 ml freshly prepared starch solution was added until a titre value is obtained and then used to 
get the amount of oxygen. Total Dissolved Solid (TDS) was measured by evaporating the sample to a small 
volume and transferred to a weighed basin where the sample was dried at 105 °C to constant weight. The residue 
was cooled in a desiccator and weighed. Alkalinity was determined using titration method. 25 ml of test sample 
was titrated with 0.02N H2SO4. One or two drops of methyl orange was added until a titre value is obtained. The 
value was used to calculate the alkalinity. 

2.4 Heavy Metals Determination 

Heavy metals determination was done in test materials (according to APHA, 1998) by atomic absorption 
spectrophotometric methods (Perkins Elmer AAS model 3110). The samples were prepared by wet digestion 
methods. In a 500 ml Taylor flask, 0.5ml of concentrated H2SO4 was added to 100 ml of sample. This was 
allowed to boil down to the white fume stage. The solution was allowed to cool; 1 ml of 60% HCLO4 and 5ml 
conc. HN03 was added and digested until clear. Also, a blank was digested in the same way. The prepared 
samples was then diluted to appropriate volume and read in the AAS. Zinc standard was obtained by preparing a 
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stock solution (0.4398 g ZnSO4 7H2O in water and made up to I litre). The standard solution was diluted to give 
a range of 0-5 ppm Zn which was used as the working standard. The prepared sample was diluted as appropriate 
and read on the AAS using 213.8 nm wavelength. A calibration curve was prepared from standard range and 
Zinc concentration was obtained. Chromium (Cr) Standard was prepared, from the stock solution (1 ml = l mg 
Cr) by dissolving 2.82 g k2Cr2O7 in water and made up to a litre. A working range of 0-2 ppm Cr was used and 
357.9 nm wavelength was selected. The acetylene and air flow and other settings as specified were adjusted. A 
calibration curve was prepared from the standard readings and was used to calculate the chromium concentration. 
Lead standard was prepared from the stock solution 100 ppm Pb) by dissolving 0.1599 g PbCNo3 in 20ml 1% 
v/v HNO3 and made up to 1 litre. A working range of 0-l00 ppm Pb was prepared by diluting the stock solution 
and including the acid as appropriate to match the sample condition. The lead concentration was read by 
selecting 283.3nm wavelength. The acetylene and airflow was adjusted and a calibration curve was prepared. 
Chloride was measured using the agentometric method. The water sample was titrated against silver nitrate 
solution (AgNO3) using 10% potassium chromate solution as indicator. Titre value was equivalent to the amount 
of chloride presents.  

2.5 Histopathology  

Liver and gills samples of each specimen were fixed with 10% formalin in phosphate buffer for 36 hours. Care 
was taken so that onset of fixation was immediately post excision. Fixed specimen were taken to the Veterinary 
Pathology Laboratory of the University of Ibadan, Nigeria where they were dehydrated in graded ethanol and 
then transferred into Xylene for five minutes preparatory to embedding in paraffin. Liver and gills samples were 
then embedded in paraffin and histological sectioning subsequently done at 5 µm using a TBS® CUTTM rotary 
microtome. Sections were randomly done but care was taken to ensure that a large as possible area of the liver 
and gills were sectioned. Resulting sections were mounted on glass microscope slide and air-dried prior to 
staining using Haematoxylin and Eosin stain and cover slipped (Neskovic et al., 1996). Stained sections were 
analyzed using light microscope. Obtained sections were carefully observed under high magnification 
microscope at x 350 and x 450 magnification, for the presence and qualification of detectable stromal and 
parenchymal derangements including (but not limited to): 1. Vacoulation 2. Macrophage aggregation 3. Biliary 
duct proliferation and 4. Neoplasia. Various regions of each of the organs were section to keep the investigative 
process as accurate as possible. 

3. Results 

3.1 Water Quality Parameters 

Summary of the results is reported in Table 1, this shows that pH ranged between 11.7-11.93 being an alkaline 
environment, dissolved oxygen (DO) was between 4.96 - 10.06 mg/l, Chemical oxygen demand (COD) range 
between 203.5-1356.8 mg/l, biological oxygen demand (BOD) was between 37.68-56.7 mg/l, etc. These values 
were indicative for the peak of dry season in the lagoon. During the peak of raining season, as evident in July, 
pH give changed to a better environmental condition as a result of rain dilution of effluents, DO was between 
3.76-5.3 mg/l, COD range between 302.5-1356.8 mg/l showing constant level chemical pollutants in the 
environment and are not easily degradable, while BOD was between 38.71-49.82 mg/l which shows that organic 
compound are bio-degradable at the peak of rainfall. Heavy-metal values in Ologe lagoon were also represented 
in the tables 1: Zn; which is one of the pollutants, was detected in the water samples with values ranging from 
0.94-1.62 mg/l, Ni was between 0.44-41.51 mg/l, Al ranged between 21.61-196.86 mg/l, Cr ranged from 
0.84-3.22 mg/l, Cu ranged from 0.22-1.15 mg/l, but lead was not detected during the dry season. Conversely, the 
wet season present an interesting range of data with zinc ranging between 0.56-1.54 mg/l, Ni was between 
0.18-0.99mg/l, Aluminium ranged between 183.63-199.99 mg/l, Cr ranged from 1.68-2.89 mg/l, Cu ranged from 
0.49-0.61 mg/l, and lead range between 0.18-0.30 during the wet season. 

 

Table 1. Water Quality parameter within the period of study (2011) in Ologe Lagoon 

Parameter Jan. March May July Sep. Nov. 

PH 11.82±0.09 10.95±0.06 9.55±0.41 10.88±0.77 9.53±1.19 8.62±0.39 

Dissolved Oxygen (mg/l) 7.35±2.70 5.69±1.76 6.04±0.78 7.3±2.7 5.69±1.76 4.68±0.65 

Total Dissolved Solid (TDS) (mg/l) 273.5±15.75 166.75±26.86 628.5±29.63 280.25±18.01 376.25±40.39 430.5±62.55

Chemical Oxygen Demand (mg/l) 623.28±06.1 265.01±56.02 226.85±51.08 621.14±35.52 1216.9±23.68 648.3±40.59
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Biological Oxygen Demand (mg/l) 49.19±8.38 166.75±0.26 49.11±7.76 51.62±13.76 52.92±4.71 42.54±5.02

Total alkalinity (mg/l) 24.14±2.56 265.01±2.90 25.75±1.65 24.43±2.12 491.3±952.47 18.19±0.80

Chloride (mg/l) 235.00±23.2 21.62±2.49 84.79±48.93 39.98±43.26 690.77±24.99 775.1±155.1

Zinc (mg/l) 1.62±0.51 0.43±571.98 0.56±0.01 0.89±0.21 0.67±0.12 0.83±0.48 

Nickel (mg/l) 0.52±0.18 41.51±0.53 0.44±0.04 0.54±0.12 0.69±0.20 0.73±0.38 

Aluminium (mg/l) 185.14±11.4 21.61±0.04 196.86±5.95 185.55±9.64 186.15±5.27 192.05±6.76

Chromium (mg/l) 2.24±1.05 390.25±2.18 0.63±0.19 1.18±0.90 1.42±0.34 1.99±0.60 

Cupper (mg/l) 0.57±0.41 1.15±0.03 0.22±0.03 0.33±0.28 0.42±0.14 0.53±0.05 

Lead (mg/l) ND 0.60±0.03 0.21±0.23 0.49±0.06 ND 0.25±0.06 

Note: ND = Not detected. 

 

The comparison of results of physicochemical parameters and heavy-metals amongst Ologe lagoon, effluents 
from breweries, soft drink industry, hotels and Federal Ministry of Environment standards (FME) are presented 
in Table 2. pH from Ologe lagoon was highest (10.25±1.18), while others were slightly acidic especially from 
soft drink industry (6.17±0.42). The result showed that dissolved oxygen (DO) was the most severed parameter, 
with the lowest mean DO concentration of 1.18±0.05 (from Breweries industry) when compared with overall 
mean value from Ologe lagoon (6.13±1.03).  

3.2 Histopathology 

Microscopic examinations are shown in Plate 1-6 (at x350). These shows condition of diseases or abnormalities 
in the gills and liver being bio-makers of industrial influx in the aquatic environment having strong pathotoxic 
effects on the resident specimens. Hepatic perivascular mono-nuclear cell infiltration and necrosis in Clarias 
gariepinus, multi-focal coagulative necrosis of the hepatocytes, and hepatic fatty degeneration in Oreochromis 
niloticus ranging from mild to severe were a relatively consistent findings with the majority of the observed 
lesions occurring in the livers from Ologe lagoon (Plate 3, 4, 5, and Plate 6). However in the gill, there were 
cases of severe gill lamella necrosis and degeneration (as shown in Plate 1 and 2).  

 

Table 2. Comparative mean values of physico-chemical and heavy-metals parameter of Ologe lagoon and three 
other effluent sources 

Parameters Ologe lagoon Breweries Soft drinks Hotels FME Standards 

pH 10.25±1.18 7.62±0.07 6.17±0.42 6.77±0.32 6.0-9.0 

DO (mg/l) 6.13±1.03 1.18±0.50 3.2±0.10 1.34±0.00 >2 

TDS (mg/l)  359.29±10.32 569.58±17.56 86.6±19.17 621.97±16.22 1000 

Hardness( mg /l) ND 42.32±11.63 12.53±1.53 58.03±0.90 - 

Alkalinity( mg /l) 176.6±10.4 88.04±19.48 22.06±8.08 352.37±14.58 30-50 

Cl-, (mg/l) 268.98±31.41 189.37±11.87 31.09±18.16 156.87±33.I5 250 

Acidity( mg /l) ND 71.80±14.43 73.73±13.00 ND - 

Zn (mg/l) 0.65±0.18 0.35±0.12 0.63±0.40 0.07±0.01 < 1 

Iron, mg/L ND 1.40±0.50 0.35±0.05 0.32±0.05 20 

Cu (mg/l) 0.53±0.36 0.23±0.31 0.02±0.00 0.001±0.001 <1 

Cd (mg/l) ND 0.01±0.04 0.07±0.02 ND < 1 

Pb (mg/l) 0.38±21.83 ND ND ND < 1 

ND = Not Detected. FME = Federal Ministry of Environment. FME source: FEPA, 1999. 
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Plate 1. Gill showing severe gills lamella (arrows) 
necrosis and Degeneration in C. gariepinus 

Plate 2. Gill showing severe gill lamella necrosis and 
degeneration In Oreochromis niloticus 

  

Plate 3. Liver tissues in C. gariepinus showing areas of 
coagulative necrosis 

Plate 4. Liver showing perivascular mono-nuclear 
cell Infiltration and Vacoulation (x350) in O. 

niloticus 

Plate 5. Liver of C. gariepinus with perivascular 
coagulative necrosis (x450) 

Plate 6. Severe Liver fatty (arrows) degeneration in 
O. niloticus (x350) 
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4. Discussion  

Metabolic rate and physiological processes are controlled by water temperature. As metabolic activities increase 
with an increase in temperature, fish demand for oxygen increases. In this study, The mean dissolved oxygen of 
6.13mg/l recorded for the sampling stations buttressed the recommendation of the Federal Ministry of 
Environment, that DO level of 3-4 mg/l is required for fish growth. This is also supported by Agboola et al. 
(2008) and Adeboyejo et al. (2009) who reported the mean DO level of 4.81mg/l in Badagry creek and 4.5 mg/l 
in Kuramo lagoon, Nigeria respectively. Comparatively, the DO level in Ologe lagoon is well above the 
minimum 5.0 mg/l suggested by Awosika et al. (2002) and the 6.0mg/l standard suggested by FEPA (1999) for 
the survival of fish and other aquatic organisms. However Dissolved oxygen remained slightly stable throughout 
sampling period within the lagoon system. Onset of rainfall and effluent discharge lead to the introduction of 
biodegradable contaminants which increased the total dissolved solid. At the peak of dry season, BOD and COD 
values were relatively high due to absence of rainfall which could have diluted it. pH values of 10.25±1.18 
recorded for the lagoon was higher than recommended limit of FME (Federal Ministry of Environment- 6.0-9.0). 
Pidgeon and Cains (1987) observed that High pH causes more carbonate and bicarbonate in water. And that 
organic acids resulting from decaying vegetation or biodegradable effluents might be responsible for low pH in 
most aquatic ecosystems as occasioned by the introduction from effluents resulting in pH of 6.17± 0.32 from our 
effluent sources. The level of oxygen depletion depends primarily on the amount of waste added, size, velocity 
and turbulence of the stream. Frequent deaths of fish in water in fact don’t come from toxicity of matters, but 
from deficit of consumed oxygen from biological decomposition of pollutants. These pollutants affect the 
ecology of the lagoon negatively by altering the balance of other parameters, for instance: Alkalinity, pH and 
Biological Oxygen Demand. The effluents are highly alkaline and adding heavy metals to the lagoon in 
significant quantities (EPA, 2004, 2005). 

Heavy metals values in Ologe lagoon were represented in the Tables 1. Zinc; which has the grand mean of 0.65, 
Nickel has a grand mean of 38.18mg/l and was high with Aluminium ranged between 177.43-201.88 mg/l, 
chromium ranged from 0.84-3.22 mg/l, Cupper ranged from 0.02-0.81 mg/l, but lead was not detected during the 
dry season (January and September, 2010). Conversely, the wet season present an interesting range of data with 
zinc ranging between 0.56-1.54 mg/l, Nickel was between 0.18-0.99 mg/l, Aluminium ranged between 
183.63199.99 mg/l, chromium ranged from 1.68-2.89 mg/l, Cupper ranged from 0.49-0.61 mg/l, and lead range 
between 0.18-0.30 during the wet season. The mean values of the heavy metals in this study are below the 
(WHO, 2008) standards for drinking water. Also, the values are lower than the (USEPA, 1996) limits for the 
protection of aquatic ecosystems. The metallic contaminants in water of Ologe Lagoon have shown that the 
concentrations of these metals are still within the permissible limits but the bioaccumulations corroborate its 
histopathological implications. 

Several live lesions have been established as tissue bio-makers consistent with the exposure of fish to effluent. 
These include pigmented macrophage aggregation (Patino et al., 2003; Fournie, 2001). Hepatocytes vacoulation 
(Stehr et al., 1998), multi foci coagulative necrosis and liver fatty degeneration. These biomarkers have been 
conclusively linked with certain factors: increase in age (Blazer et al., 2007), stress (Fournie, 2001) and 
degeneration relative to the level of exposure to PCBs (Stehr et al., 1998). The preponderance of these lesions in 
fish from contaminated waters bordering urban locations similar to our test location with Oreochromis niloticus 
has been firmly established and described in details for Winter flounder Pleuronectes americanus (Augspurger et 
al., 1994, Blazer et al., 2007; Murchelano et al., 1985) and conclusively establish a direct relationship between 
pervasiveness and severity of this lesion, hepatic neoplasm and levels of site contamination. There is a consensus 
however; that vacuolated hepatocytes are frequently found proximal to neoplasm and that tumour is usually 
associated with increasing numbers of vacuolated liver cells which were absent in the kidney with any lesions. 
The extent of deformities and cell injuries is also consistent with hepatotoxicant actions (Augspurger et al., 
1994).  

This study has established to some degree, the destructive and pathological potentials of industrial pollution on 
Ologe lagoon on the resident aquatic fauna and corroborates earlier work done by other researchers. And 
therefore proffers the recommendations: Manufacturing outfits should be made to install factory based recycling 
facilities especially for effluents, Industry must be encouraged to control pollution and develop technology that 
will recover and recycle their wastes , Conservation of existing threatened and endangered species through the 
in-situ and ex-situ conservative principles, Enforcing environment management system (EMS) tools in public 
and private establishment for effective environmental and cost oriented management e.g. EIA, and adopting the 
best available technology and introduction of tax rebates for industries for meeting pollution free standard.  
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