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Original research article

Histo-toxicity of Corexit 9500 dispersant on Gill and Liver of Clarias
gariepinus (Burchell 1822)

ABSTRACT

Corexit 9500 is a chemical sprayed on oil spills, toxic to marine organisms causing aquatic
pollution and deaths. The aim of this study was to assess the chronic toxicity of Corexit 9500
on histology of liver and gill of juveniles of Clarias gariepinus. Range finding tests were
conducted over a 96-hr period after acclimatization of the test organisms in the laboratory.
The test organisms 10/treatment were exposed to the following concentrations of Corexit
9500; 0.00 ml/L, 0.0125 ml/L, 0.025 ml/L and 0.05 ml/L in triplicate. Liver and gill were
excised from fish every week for histological assay using standard methods. The LC50 at
96hrs was 0.115 ml/L. The growth in length and weight of C. gariepinus was significantly
higher in the control than the test treatments (p<0.05). Hyperplasias , necrosis of epithelial
cells, inflammation of the secondary gill lamella and hypertrophic primary gill lamella were
observed in the exposed gills.Hepatic lesions in the liver tissues of the fishes exposed to
Corexit 9500 were characterized by hyperplasia, narrowing of the central vein and
vacoulations. The alterations observed in the liver and gill tissues indicated that Corexit 9500
may have interfered with transamination and metabolic processes, with the possibility of
affecting the physiological functions of the fish in an aquatic environment.
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1. INTRODUCTION

Oil spill dispersants are tools or reagents known to be efficacious in the dispersal of oil spills

[1]. They are made up of a complex mixture of solvents and surfactants which aid in

lowering the interfacial tension of oil and water, enabling phase mixing, formation of micelle

and dispersion at the surface [2]. The toxicity of these chemicals is of immense concern as

different chemicals when combined together in an effluent can have unknown synergistic

effects even if their respective toxicities are known and of no consequence [3, 1]. However,

toxicity is a relative property of a chemical, which refers to its potential to have deleterious

effects on living organism. Acute toxicity is a property of a substance that has toxic effects on

an organism, when the organism is exposed to a lethal dose of a substance once and chronic



2

toxicity is a property of a substance that has toxic effects on a living organism, when the

organism is repeatedly exposed to that substance [4].

Fishes are veritable tools for assessing the effect of pollution in aquatic environments because

of their mobile nature [5]. Clarias gariepinus belong to the family Clariidae and contribute

greatly to the commercial catch of the artisanal fishers in fresh water communities of the

Niger Delta and Nigeria at large.It is also a preferred species for aquaculture and greatly

enhances the protein requirements of the people. In Nigeria, the Niger-Delta region has been

affected the most by oil spills resulting in the degradation of the environment and in a bid to

control the pollution, several dispersants have been introduced into water bodies which may

also impact natural and man-made ponds , thustriggering acute and chronic responses in fish

and other aquatic lives.

Corexit 9500 is one of the several dispersants that are commercially available and used to

change the inherent chemical and physical properties of oil, thereby changing the oil's

transport, fate, and potential effects in the environment. In Nigeria, the use of dispersants is

permitted only in an offshore environment [6]; however, Corexit 9500 is not among the

approved dispersants in Nigeria [7] and was first used in the British Petroleum Deepwater

Horizon (DWH) Oil spill in the Gulf of Mexico in 2010,without knowledge of its

toxicological effects on aquatic fauna.Consequently, [8] reported that the absence of thorough

scientific research on dispersants and the chemicals that comprise dispersants, as well as the

lack of public disclosure of each dispersant’s ingredients and formulation, hinders any effort

to understand the full impacts of dispersant use. Nevertheless, some studies have investigated

the chemical reactions of Corexit 9500 and other dispersant (Goldscrew, Eco-Remover,

Rigwash, Biosolve) on spilled oil and their toxicity to some aquatic vertebrate and

invertebrate fauna [9, 10, 11, 12, 13 and 14], however , there is a dearth of information on the
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histopathological responses of Corexit 9500 on the gill and liver of Clarias gariepinus.This

study is aimed at filling some of the gaps in the knowledge of ‘Corexit 9500’ using

measurable histopathological alterations in the gill and liver tissues as well as its effect on

growth, survival and on the physicochemical characteristics of the medium.

2.MATERIALS AND METHODS

2.1 Acclimatization and Feeding of fish

Live juveniles of Clarias gariepinus were obtained from Sokari Integrated Farm and

Services(a private fish farm) in Port Harcourt City and acclimatized in a square glass aquaria

for fourteen days [15]. The choice of this fresh water species was as a result of its high

aquaculture value by fish farmers of natural and man-made ponds in the Niger-Delta,

availability and ease of handling. Three hundred (300) juveniles (mean length 8.40±2.40cm

and mean weight 3.28±1.28g SE) were kept at room temperature 27 ± 20C in a ‘borehole’

waterfilled glass aquaria of 400 Litres capacity. A Hunzu air pump was used to provide

aeration. The water exchange was done every two days and fish were fed twice a day with

1% body weight of fish feed made up of 35% crude protein.

2.2Procurement of Corexit 9500

Corexit 9500 was purchased from a chemical shop in Port Harcourt in 4 litre plastic gallon

and stored for use in the preparation of the test solution. The active ingredient includes;

Sodium nitrate 7661-99-4, Sodium nitrate 7632-00-0 and Sodium teraborate 130-3-4 (Lot no.

BPOJ1337A). The dispersant was a ‘Type 1’ dispersant, so it was not diluted. In order to

determine the appropriate concentrations a preliminary range finding test was carried out on a

group of five fishes which were exposed to six spaced sample dilution of the stock solution in

logarithmic series of 0.1, 1, 3, 5, 7, 9 and 15mls/L for 24 hours. The test fishes were first
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observed after an exposure period of 8 hours [16] and 4 hours interval and a control. The

lowest concentration with signs of behavioural anomaly (erratic swimming, hyperventilation)

was noticed at 5ml/L plastic basin after about 8 hours.

2.3Experimental design

The experimental design was a Complete Randomized Design (CRD).Toxicity was assessed

by diluting the oil spill dispersant in concentrations. Acute and chronic toxicity tests were

carried out. The tests were compared against themselves and the control; each test chamber

had ten (10) fish base on the loading weight. It was recommended that the loading rate for

static renewal tests in the test solutions should not surpass 0.65g/L at 200C for acute tests and

0.40g/L at 250C for chronic test and the plastic container should not be crowded [17].

2.4 Definitive test/LC50

Definitive test 0.1, 0.3, 0.5, and 0.7ml/L of Corexit 9500 and a control were used for

measuring mortality of fish over a period of 96 hours [18]. 2.0ml/L was used as the dilution

factor [19,20]. The test solution was renewed every 24 hours and fishes were not fed during

the experiment.

2.5. Chronic testing

A 25L plastic basin was used for dilution of test solution. However, the test concentration of

0.00 (control) ,0.0125, 0.025, and 0.05ml/L of Corexit 9500 in dilution water were prepared

by separately mixing 0.2, 0.4 and 0.8ml/L of Corexit 9500 in 16 litres of water. A 2 ml

syringe was used for measuring the dispersant into one litre of water [20] while the fish was

randomly introduced into the test basins. The test concentration and water in the plastic basin

were renewed after every 2days. All treatment concentrations had 3 replicates of ten fish and

there were no sexual considerations.
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2.5.1Evaluation of some physicochemical parameters

The water quality of the test media were measured in-situ to ascertain its correctness for fish

survival based on recommended quality parameters [15, 21], thus in this study pH, Dissolved

Oxygen (DO), Conductivity and Temperature were measured on a weekly basis using a

standard Hanna multi-parameter probe (model no: HI98130).

2.5.2Dissection

At the end of every week the fishes from each concentration were immobilized by cervical

dislocation prior to dissection on a dissecting board; a surgical blade was used to make a

longitudinal slit on the ventral surface of the abdominal wall, from the anus to a point by the

pectoral fin, the operculum was then opened to reveal the gills.The alimentary tract was

removed completely and liver separated from the anterior part of the gut while the gills were

cut out and placed in separate Petri-dishes and preserved in Universal bottles containing 10%

formal saline solution for histological assay.

2.5.3Histopathological examination

The universal bottles containing the gill and liver samples were immediately transported to

the Histopathology laboratory of the Rivers State University. Histological analysis was done

on the test organisms to evaluate the sub lethal effects of the different concentration

according to [15]. Tissue processing was then done by systematic dehydrating, clearing,

impregnating, and embedding. This was done by an automatic tissue processor after which

they were microtomed. In the dehydration, the tissues were sequentially put in 10% formal

saline, 70% , 90%, 95% alcohol, absolute I(100% alcohol), absolute II, and finally in

absolute III. After this the tissues were cleared in Xylene I and Xylene II. Impregnation

involved putting the dehydrated and cleared tissues in molten Paraffin Wax (Wax I and then

Wax II) (between 50-600C) in cassettes within the wax cups. The tissues were then embedded
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and microtomed (4 - 5µ) and placed on glass slides to dry. The microtomed tissues were

stained using the H & E method which involved staining the tissues for three minutes with

Haematoxylin (H) and for 10 minutes in 1% solution of Eosin (E). Micrographs of stained

slides were obtained using a Leica ATC 2000 Photomicroscope at X100 magnification.

2.6 Statistical Method

Data obtained from this study was collated and subjected to one way analysis of variance

(ANOVA) and Tukey was used for mean separation using JMP-SAS version 12.Results were

considered significant at P-value ˂0.05.

3.RESULTS

3.1 Mortality Rate

Table 1 shows the mortality rate of C. gariepinus exposed to acute concentrations of Corexit

9500.It indicated that out of the total fishes exposed to the various concentrations during the

study period 0, 2,4 and 9 individual fishes died in 0.3, 0.5 and 0.7ml/L concentrations while

1, 2, 6 and 1 fishes died within 48 hrs. At a seventy-two hour period only a single mortality

was recorded at 0.1 and 0.3ml/L concentrations.

Table 1:Mortality rate of Clarias gariepinus exposed to acute concentrations of Corexit
9500.

Conc. in
(ml/L)

Log of
Conc.

Deaths 24 hours 48
hours

72
hours

96
hours

Total
mortalit
y

Probit

0.0 0 10 0 0 0 0 0 0
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0.1 -1 10 0 1 1 3 5 5

0.3 -0.522 10 2 2 1 3 8 5.84

0.5 -0.301 10 4 6 0 0 10 8.09

0.7 -0.154 10 9 1 0 0 10 8.09

3.2Definitive Test/ LC50
Test concentrations of 0.7, 0.5 and 0.3ml/L resulted in total mortality of fish over a period of

24, 48, 72 and 96 hours. While the 0.1ml/L concentration led to 50% mortality after 96hours

for Corexit 9500. The 96-hr Median Lethal Concentrations (LC50) of the dispersant (Fig 1)

obtained from graphical illustration was 0.115 ml/L. The Coefficient of Determination (r2)

between the log concentration of the dispersant (Corexit 9500) and the probit mortality was

0.862.

Figure 1: The Lethal Concentration (LC50 ) at 96-hr for Corexit 9500 in C. gariepinus

3.3Physicochemical parameters
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The physicochemical parameters (Table 2) of all the test media showed that temperature was

not significantly different at P>0.05(26.17-26.53oC). The DO of control was significantly

higher than that of the treatments, with the lowest DO observed in the 0.05ml/L treatment.

pH was acidic for all treatments including the control but was more acidic with increasing

concentration of Corexit 9500 (5.84-5.51). The pH value for each treatment was different

(p<0.05). The conductivity of the control was not different from the treatments, but the

treatments were different from each other (p<0.05)

Table 2: Mean (±SE) of physicochemical parameters in exposure tanks

Concentrations

ml/L

Conductivity (s/m) Temp(oC) DO(ml/L) PH

Control 21.53±0.50abc 26.50±0.14a 6.15±0.33a 5.84±0.12a

0.0125 20.42±0.67b 26.53±0.35a 5.63±0.22b 5.56±0.08bc

0.025 23.87±3.57c 26.17±0.16a 5.76±0.41b 5.64±0.24b

0.05 21.25±0.61a 26.31±1.19a 5.35±0.22c 5.51±0.10c

Values with different superscript in the same column are significantly different from each
other (p< 0.05)

3.4Histology of Liver and Gills of C. gariepinus

3.4.1 Liver

The photomicrographs of the liver (Plate 1) in week one showed mild hyperplasia at

0.05ml/L exposure concentration and vacuolation of liver parenchyma at 0.025ml/L exposure

concentration. Slides were generally similar for the lower concentrations and the control,

however by the second week, the lowest exposure concentration of 0.0125ml/L showed tissue

necrosis as well as occlusion of the central vein (OCV) as evident from Plate 2. By the 3rd

week, liver cells at 0.025ml/l and 0.05ml/l exposure concentrations showed vacuolationof the

liver stroma ( Plate 3).
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Plate 1: Photomicrographs of the Liver of fish exposed to various concentrations
of Corexit 9500 (A= Control (CNT), B= 0.0125, C = 0.025 and D= 0.05ml/L) in

week one (Mag. x100).

Plate 2: Photomicrographs of Liver of fish exposed to various concentration of Corexit
9500 [A= Control (CNT), B= 0.0125, C = 0.025 and D= 0.05ml/L)in week two
(Mag. x100).Slide A (Control) is the liver with a normal Central Vein (CV) and Hepatocyte (H) indicated

by the black arrows, while slide B shows tissue necrosis (red circle). However, there is no notable histological change in
slide C while in slide D there was occlusion of the Central Vein (OCV) with marked inflammatory cells.
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Plate 3: Photomicrographs of Liver of fish exposed to various concentration of Corexit
9500[A= Control (CNT), B= 0.0125, C = 0.025 and D= 0.05ml/L)in week three
(Mag.x100).In Plate 3 the following observations were noted ; Slide A ( Control) indicated that the liver

had a normal Central Vein (CV) and Hepatocyte (black arrow) , there was no notablechanges in slide B while Slide C and D
showed vacuolisation ( black arrow) of the liver stroma.
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3.4.2Gills

Plate 4 showed fish gills had hypertrophy in the primary gill lamellae at the 0.025ml/L

concentration and inflammation of the secondary gill lamellae at the higher exposure

concentrations (0.025 and 0.05ml/L) in the first week of exposure. Further histological

analysis showed that in Slide A (Control) the gill had a normal water channel (WC), primary

and secondary gill lamella (PGL and SGL), while slide B had hypertrophic primary gill

lamella (HPGL). C and D showed inflammation of the secondary gill lamella (Arrow).

Plate 4: Photomicrographs of Gill of fish exposed to various concentration (0.0125, 0.025
and 0.05ml/L) of Corexit 9500 in week one (Mag. x100).
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Plate 5 shows the photomicrographs in the second week of sampling which indicated that

there was loss of secondary gill lamellae at the 0.0125ml/L exposure concentration, while the

higher concentrations of 0.025 and 0.05ml/L appeared to be similar to the control.

Plate 5: Photomicrographs of Gill of fish exposed to various concentration (0.0125, 0.025
and 0.05ml/L) of Corexit 9500 in week two (Mag. x100).

Plate 6 shows the photomicrographs at the third week of exposure and it clearly confirms that

the secondary gill lamellae and water channels were poorly displayed in comparison to the

control while the higher concentrations of exposure revealed inflammation of the primary and

secondary gill lamellae.
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Plate 6: Photomicrographs of Gill of fish exposed to various concentration (0.0125, 0.025
and 0.05ml/L) of Corexit 9500 in week three (Mag. x100).

4. DISCUSSIONS

4.1Definitive test/LC50

Data obtained from this study is indicative that 96 hour LC50 for C. gariepinus juveniles

exposed to Corexit 9500 was 0.115ml/l. This result was lower than that reported by [1]. The

96 hour LC50 is not constant and is known to vary for different toxicant [22, 23] and

concentrations [24].

4.2Physicochemical parameters



15

The observed significant (P>0.05) decrease in the values of DO with increasing

concentrations of Corexit 9500 could be attributed to the ability of the dispersant to reduce

soluble oxygen and interfere with diffusion of atmospheric oxygen in the medium. The

reduced dissolved oxygen content of the Corexit 9500 with higher concentration might have

caused stress in the fish resulting in reduced feed uptake activity and suffocation which might

have led to the fish death during acute testing. Similar results were observed by [25] and [26].

4.3Histopathology of Liver and Gills

The outcomes from the current investigation suggest that the histopathological lesions

observed in the fishes were as a result of exposure to Corexit 9500 compounds.

Histopathological characteristics of particular organs express condition and time-integrated

endogenous and exogenous effects on the organism stemming from alterations at lower levels

of biological organization [27]. Therefore, histological changes occur earlier than

reproductive changes and are more sensitive than growth or reproductive parameters and, as

an integrative parameter, provide a superior assessment for the growth and development of

the organism than a single biochemical parameter [28].

The liver is the main organ for detoxification [29] that suffers serious morphological

alterations in fish exposed to water toxicants [30]. Therefore toxic effects of chemicals

usually appear primarily in the liver. Alterations in the liver may be useful as markers that

indicate prior exposure to environmental stressors. Significant deformations in liver on

exposure to the Corexit 9500 were observed and may affect the various liver functions of C.

gariepinus as observed by previous studies [31, 32]. Necrosis was also observed which

indicated that the capacity of C. gariepinus to maintain homeostasis was affected.
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The changes in the gills of C. gariepinus exposed to the water toxicants fall within the

general reactions of fish organs to environmental pollutants. Fernandes and Mazon [33]

observed that fish gills are the prime target organ of all pollutants due to their extensive

surface area in contact with the external medium. The reduced distance between the external

medium and gill morphology are important biomakers that provide a rapid method of

detection of the effect of pollutants [34]. The damage of gills of fish exposed to the sub-lethal

concentrations of Corexit 9500 was severe. Extensive structural loss was observed in the gills

of Corexit 9500 treated group. The observed lamellar necrosis and inflammation of the

primary and secondary lamellar of the gill epithelium are direct responses induced by the

action of Corexit 9500, this is in accordance with [35] classification of gill

lesions.Hypertrophy was also observed in the Corexit 9500 treated group. Gill alterations

such as hyperplasia of the epithelial cells can be considered adaptive, since they increase the

distance between the external environment and blood, serving as a barrier to the entrance of

contaminants. Hyperplasia as the fish's response maybe(1) to ward off or block something

that irritates its tissues, whether externally or internally, or (2) to quickly heal an injured or

irritated site. Hypertrophy however, may play a role in the early stages of neoplasia. Gill

hyperplasia might serve as a defensive mechanism leading to a decrease in the respiratory

surface and an increase in the toxicant-blood diffusion distance. Changes in fish gill are

among the most common responses to environmental pollutants [36].

The gills of Corexit 9500 treated samples exhibited lamellar telangiectesis (localised dilation

of blood vessel). This appearance of the secondary lamellae results from the collapse of the

pillar cell system and breakdown of vascular integrity with a release of large quantities of

blood that push the lamellar epithelium outward [37]. Shortening and clubbing of ends of the

secondary gill lamellae and clubbing of adjacent lamellae were well marked in the Corexit

9500 treated group.



17

5. CONCLUSIONS / RECOMMENDATIONS

The histology of C. gariepinuswith occlusion of the central vein, hyperplasia and vacuolation

of liver parenchyma, and hypertrophy in primary gill lamellae of the gills are attributed to

Corexit 9500 induced hepatic and gill toxicity. The result of such exposure led to stress-

induced retarded growth and deaths through impaired cellular functions. Corexit 9500 was

found to be highly toxic to C. gariepinus even at very low concentration. The LC50 for C.

gariepinus juveniles exposed to Corexit 9500 was 0.115ml/L. The parameters measured

could provide useful information for evaluating the toxicological effects of Corexit 9500 on

some fresh water fish and help in the diagnosis of the pollution. Thus, long term and shot

term sequential data should be provided on the use of different types of dispersant and their

impact when mixed with crude oil and studies should be carried out on oil spill dispersant

using different species as their impact is species selective. Furthermore, dispersants should be

used as a last resort in the field when combating an oil spill.
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