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Abstract: This study aimed to determine the acute and chronic toxicity of water 
soluble fraction WSF of diesel fuel on common carp Cyprinus carpio. The median 
lethal concentrations (LC50) in C. carpio were 0.005993, 0.005972, 0.005942 and 
0.005931% for exposure period of 24, 48, 72 and 96 hours respectively. Behavioural 
changes were studied during acute toxicity period, and were abnormal movement, 
swimming near to water surface of aquaria, lose of body balance and suddenly 
movement with jump.  These changes have increased as concentration of diesel fuel 
and duration of exposure increased. The chronic toxic effects of water soluble 
fraction of diesel fuel on C. carpio were determined by using three concentrations 
(0.00039%, 0.00059% and 0.0011%) with eight fishes for six weeks. Histological 
changes in liver, gill, kidney and muscles were assessed after 2, 4 and 6 weeks of 
chronic exposure. Histological changes in liver were cellular swelling, degeneration 
of hepatocytes, necrosis, cellular atrophy and nuclear pyknosis. In gill, these 
changes were congestion, necrosis, cellular swelling, thickened of primary and 
secondary lamella. In the kidney, observed changes were glomerular degeneration, 
dilation of Bowman’s space, tubular degeneration and necrosis. While in skeletal 
muscles, the changes were atrophy and necrosis of muscle fiber and fragmented of 
myofibrils. These histological changes have found to be more severe when exposure 
time and concentration of water soluble fraction WSF of diesel fuel increased. 
Keywords: Cyprinus carpio, LC50, WSF Diesel fuel, behavior, Histological changes. 

 
Introduction 

The aquatic environments are contaminated with innumerable of organic and non-organic 
pollutants (Sen & Kirikbakan, 2009) of domestic waste, industrial, agricultural and mining industrial 
origin (Lenartova et al., 1997). These pollutants not only affect the integrity of the ecosystem and also 
affect the physiological functions of the animals and even human being consumers (Sen & Kirikbakan, 
2009; Perez-Lopez et al., 2002). 

The accidental release of hazardous materials such as chemical solvents and petroleum into the 
aquatic environment has become the focus of increasing regulatory and public concern due to the 
adverse effects of such materials on human health and the environment (Bourodimos & Carvoumis, 
1990). As a result of rapid industrialization and urbanization, increasing quantities of man-produced 
pollutants which include petroleum hydrocarbons have been discharged into environment. When these 
pollutants go into water bodies, they form direct or indirect impacts on the biota of aquatic ecosystem 
(Kakkar et al., 2011). The leach of engine fuel, such as of diesel oil, from underground bulk storage 
tanks is often causing groundwater contaminations and such contaminants may end into river and to 
other aquatic ecosystems and subsequently creating serious threats (Pacheco & Santos 2001a). Only 
some reports have been published about the effects of diesel oil exposure on morphological and 
physiological parameters of freshwater fishes (Zhang et al., 2003).  

The acute spill and especially the intense release of diesel oil is probably a very harmful to the 
fish community, since those cellular changes in a long time may prompt a irreversible alteration, with 
a deterioration of the respiratory and also to osmoregulatory system. This may lead to the wide spread 
of disease and even death of the animals (Furia, 2004). The soluble fraction of diesel oil contains 
many polycyclic aromatic hydrocarbons (PAH) that cause fish lesion in their liver and gill (Simonato 
et al., 2008). 

Dissolution is one of the fundamental mass transfer processes that occur when oil is spilled on 
water. Although the fraction of oil that dissolved into water is relatively small when compared to the 
total mass of the oil and this fraction that intimately contacts the aquatic organisms and thus is 

Corresponding: E-Mail: ayat_munaf17@yahoo.com; Tel: 009647709787184;  

331 

                                                   

mailto:ayat_munaf17@yahoo.com


J. Int. Environmental Application & Science,  Vol. 11(4): 331-345 (2016) 

considered more important to determinate of the oil toxicity (Mark, 1992). Soluble petroleum 
hydrocarbons have the ability for absorption by organisms and to concentrate in their tissues to about 
10 to 100 times higher than in the waters (Ramachandran et al., 2006). 

The common carp (Cyprinus carpio L.) belongs to Cyprinidae, which is considered as the largest 
freshwater teleost family (Nelson, 1994). This fish species as higher organisms in the food chain of 
aquatic ecosystem and also foodstuff that frequently consumed by human being has been considered a 
bioindicator species in waterways (Oruc & Uner, 2004). The common carp (C. carpio L.) is probably 
the oldest and most extensively cultured fish species in the world (Nelson, 1994). C. carpio is account 
to the world’s second uppermost farmed fish production, fundamentally from polyculture in Asia 
(Milstein, 1992). 

Toxicity test considered as an important analytical tool for estimation impacts of the chemical 
agents on living organisms during standardized conditions. In order to be useful for comparisons 
between chemical agents to reveal acute or chronic effects by using lethal or sublethal concentrations, 
respectively (Rand & Petrocelli, 1985). The tests are designed to provide dose-response information, 
expressed as percent effluent concentration that is lethal to 50% of the tested organisms (LC50) within 
the prescribed period of time (24-96 h), or the highest effluent concentration in which survival is not 
significantly different from the control (EPA, 2002). 

Histological study is a rapid method for detection of pollutants effects on a various tissues of fish 
and has been extensively used to determine the deleterious impacts of hydrocarbons pollutants 
(Moreira et al., 2014). 

This study aims to investigate the toxic effects of water soluble fraction of diesel fuel on 
Common carp C. carpio by determination of 96 hours LC50 values and observing the behavioural 
changes of common carp exposed to different concentrations of diesel fuel. Also aims to determine the 
histological changes in organs liver, gill, kidney and skeletal muscles after 2, 4 and 6 weeks of chronic 
exposure to sublethal concentrations of WSF of diesel fuel. 

 
Material and Methods 
Preparation of water soluble fraction of water soluble fraction (WSF) 
Diesel fuel used in the study was obtained from Midland Refineries Company (M.R.C) Al-Durah 
refinery in southern Baghdad. The preparation of water soluble fraction (WSF) of diesel was 
conducted according to the method suggested by previous studies (Anderson, 1974 and Orlu & 
Ogbalu, 2013), by added 1 part of diesel fuel on 9 parts of distilled water in bottle and stirring with a 
magnetic stirrer for 20 hours at room temperature. The bottle was capped to minimize evaporation of 
more volatile oil hydrocarbons. The stirring speed was adjusted so that the vortex did not extend more 
than 25% of the distance to the bottom of the container. After mixing of 20 hours, the oil and water 
phases were allowed to separate for 1 to 6 hours before the water phase was siphoned off, and used in 
the study. Different concentrations of the WSF of diesel fuel were prepared by diluting the stock 
(WSF) with de-chlorinated tap water which using in acclimazation of C. carpio in order to obtain 
experimental concentrations for diesel 

 
Acclimatization of fish 
Samples of C. carpio fish of 40 -60 gm weight used in current work collected from Al- Madaan 
Hatcheries in south of Baghdad and transferred by plastic tanks to the environment and pollution 
laboratory. Fish samples were acclimated to the laboratory conditions for 14 days before commencing 
the experiment at temperature of 21-25 °C and pH of 6.5-8. Fish samples were placed into glass 
aquaria with diminution of 70×40×70 cm contain 40 L of de-chlorinated tap water which left for about 
72 hours (to elimination of chlorine). Fishes were fed daily with dried commercial fish food. Water 
aquaria were aerated by air pump (aerator) continuously. 

 
Acute toxicity 
The acute toxicity test was carried out by using five lethal concentrations and determining the LC50 
(lethal concentrations for 50% of fishes) (Soorenal et al., 2011). Acute toxicity test of C. carpio was 
performed according to OECD (1993) and carried out for a period of 96 hours. Fish samples were 
divided into six groups of eight fishes in each group. Fish samples were divided into six aquaria, the 
first one is control group and other five aquaria were subjected to toxicity test concentrations with 
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three replications. Acute toxic effect of diesel fuel on the fishes was determined by use of Finney 
Probit Analysis (Finney, 1971). The concentrations that used in acute toxicity test were 0.0078%, 
0.0085%, 0.0087%, 0.0098% and 0.0108%.  
 
Behaviour changes 
The behaviour of examined samples is considered as a highly sensitive indicator to environmental 
changes (Kasumyan, 2001). The fishes behaviour was assessed via movement, body balance, 
respiration  movement and neural response compared to control group (without treatment) and 
recorded the behaviour changes during acute test from 24 hr. to 96 hr. of exposure period.  
 
Safe concentration 
Fishes were exposed to three concentrations of WSF of diesel fuel, which were 1/15th, 1/10th and 
1/5th of the 96h LC50 value (Al-Sawafi & Yan, 2013). These three concentrations were used at 
chronic toxicity.  
 
Chronic toxicity 
Three groups of fishes were used in each aquarium and subjected to 0.00039%, 0.00059% and 
0.0011% concentrations for six weeks, in addition to control group without treatment. Water was 
replaced every 48 hours to remove the wastes. Fishes were feed regularly once a day (FAO, 1987).   
 
Histological changes 
After each of the respective exposure periods 2, 4 and 6 weeks, the liver, gill, kidney and skeletal 
muscles tissue of C. carpio were immediately removed. Tissue sections prepared according to method 
mentioned by previous study (Junqueria and carneiro, 2003). Samples were fixed with 10% formalin. 
The fixed tissues were dehydrated with series of up grading ethanol: 70-95% to 100% respectively, 
cleared in xylene and embedded in paraffin blocks. After blocks have been completely cooled the 
blocks were trimmed. Then the samples were cut by using a rotary microtome with thickness 4- 5 μm. 
Tissues sections were stained with Hematoxylin and Eosin [H &E] and tested by light microscope 
(Olympus, Japan) and photographed. 
 
Statistical Analysis 

All experiments were carried out with three replicates. The LC50 values were calculated using 
probit analysis statistical method. The Microsoft Excel was used to estimate regression equation (Y= 
mortality percentage; X=log of concentrations) and LC50 was derived from the best-fit line obtained. 

 
Results and Discussion 
Acute toxicity 
Median lethal concentration LC50: 

In acute toxicity test in which five  concentrations were used to obtained LC50 of WSF diesel fuel 
on C. carpio at 24, 48, 72, and 96 hours. The obtained value of median lethal concentrations were 
0.005993%, 0.005972%, 0.005942% and  0.005931% for exposure period 24, 48, 72 and 96 hours 
respectively (Fig. 1, A.B,C and D) by using the concentrations  0.007830%, 0.008503%, 0.008701%, 
0.009887% and 0.010877 %. 

According to previous study (Rodrigues et al., 2010), it has been reported after 96hr. of exposure 
to the different WSFs of diesel and gasoline, on marine pejerrey Odontesthes argentinensis larvae, the 
median lethal concentration after 96 h (LC50) of exposure for WSF of  diesel and gasoline, which were 
13.46% and 5.48%, respectively. Also (Al-Khafagy, 2005) found that the 96h LC50 value of WSF gas 
oil concluded was 2%. In other study, it was reported that the 96hours LC50 value of WSF diesel fuel 
in O. Niloticus fingerlings was determined 0.000808% (Dede & Kaglo, 2001). Similar work has found 
that 96 h static acute toxicity test was also investigated on the juveniles Clarias gariepinus (African 
catfish) and Clarias anguillaris (mudfish) on exposure to different concentrations of crude oil polluted 
water, and after 96 h, probit analysis showed the LC50 of crude oil for C. anguillaris to be 0.000122% 
while that of C. garieinus was 0.000219% (Awoyinka et al., 2011). 
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Table 1. Values of median lethal concentration LC50 of WSF of diesel fuel on C. carpio 
Period (hours) Value of LC50 (%) 
24 0.005993 
48 0.005972 
72 0.005942 
96 0.005931 

 

 

 
Figure 1. Median lethal concentration value LC50 of water soluble fraction of diesel fuel (WSF) 

through 24, 48, 72 and 96 hr. in Cyprinus carpio L. (A, B, C and D) 
 
Behavioural changes: 
Behaviour changes considered as sensitive measurement of an organism’s response into stresses such 
as environmental contaminants. Behaviour changes were noticeable and can be found at chemicals 
concentrations which below to those concentrations cause mortality (LC50), bioassays that are still to 
apply the behaviour changes in the toxicity testing (Little & Finger, 1990; Gerhardt, 2007). Since 
behaviour serves as link between ecological and physiological processes, it may be perfect for 
studying environmental pollutant impacts. Fish are an excellent model in this regard, since many 
ecologically relevant fish behaviours are easily observed and quantified in a controlled setting (Scott  
& Sloman, 2004). 

In the present study the results showed marked behavioural changes in C. carpio as a result of 
being exposed to different concentrations WSF of diesel fuel during exposure period (96 hours), and 
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these behavioural changes were increased at higher concentrations, while in the control group not 
appeared any changes. Results are shown in Table 2. 

According to Umejuru (2007) investigation of acute toxicity of water soluble fraction of crude oil 
on the behaviour of the Juvenile crawfish (Procambarus clarki.), and observed anxiety, swimming 
upside down, loss of balance, excessive mucus secretion and lightening in colour, gathering at the 
surface for breathing and hitting to the side walls of aquaria. 

 
Table 2. Show the behavioural changes in C. carpio during exposure period. 
 

Behavioural changes Concentrations 
The behaviour of fish and their swimming were normal and no mortality recorded Control 
Opercular movement of the fish became faster when compared with a control group 
and fish swimming were close to the surface. 

0.007830% 

Disorders and quick movement from one side of the aquaria to another side and then 
return to the silence state again 

0.008503% 

Abnormal movement with sudden jumping, swimming close to the surface of water 
of aquaria. 

0.008701% 

Fish show nervous and rapid movement directly after adding the pollutant, lose of 
balance in their swimming.  

0.009887% 

Fish movement generally more affected, fish become inactive and suddenly rapid 
movement with jump, lose balance of the body, slow movement of the opercular, 
weak response to any external stimulus, barrel-rolling fish swimming which 
evidence to lose body balance, then all fish died  

0.010877% 

 
Histological changes 

Histopathological biomarkers have been widely used in fish for detection and assessment the 
effects of exposure to pollutants (Ribeiro et al., 2006) the changes detection of liver, gill and kidney 
organs are normally easier to identify and would serve as warning signs of damage to fish health 
(Fanta et al., 2003). 

 
Liver 

Liver has a wide range of functions, including detoxification, protein synthesis, and production of 
biochemicals that necessary for digestion (Maton et al., 1993). Normal liver tissues (Figure 2- A) 
show normal hepatic tissue, central vein, hepatocytes, hepatic sinusoid and nucleus of endothelium. 

The histopathological changes in liver of C. carpio exposed to different concentrations of diesel 
fuel for two, four and six weeks (Figures 2, 3, 4) show cellular swelling, hepatocytes atrophy, 
accumulation of bile pigment, advanced degeneration of hepatocytes, edema, atrophied hepatocytes, 
nuclear hypertrophy, nuclear kryolysis and pyknosis, necrosis and infiltration of inflammatory cells. 

The liver can be considered as target organ and of great significance to fish, since it participates in 
biotransformation and excretion of xenobiotics. So, the liver can be studied in environmental 
monitoring because of its high sensitivity to contaminants (Thophon et al., 2003).  In present study, 
the longer exposure period with higher concentration (0.0011%) shows infiltration of inflammatory 
cells and generalized necrosis of liver section that may reflect the damage of organ associated with 
time and concentration, this is agreement with study of Kakkar et al. (2010) reported the liver changes 
were swelling of hepatocytes, degeneration, necrosis, haemolysis, dilation, congestion and fibrosis of 
blood sinusoids in Puntius ticto when exposed to WSF petrol, in addition these changes were more 
damages according to dose and time dependents. The shrunk and pyknotic nuclei refer that the cells 
became hypofunctional and at the end necrosis was extensive in liver of Corydoras paleatus fish 
exposed to sublethal levels of organophosphorus (Fanta et al., 2003). 

Necrosis of some portions of the liver tissue that was observed possibly resulted from the excessive 
work required by the fish to get rid of the WSF of diesel fuel from their body during the process of 
detoxification by the liver (Navaraj & Yasmin, 2012). Importance factor reflects the capacity of the 
alteration to be reversible following removal of a stressor degenerative alterations (general necrosis) 
are given as the highest importance factor to be a direct effect of toxicants which are generally 
irreversible, and their persistence or progression may lead to a fractional or total loss of organ function 
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(Agamy, 2012). Hinton & Lauren (1990) mention that, although swelling is an integral part of 
adaptation to cell injury, hepatocyte swelling as a result of toxic injury is rare. 
 

 
Figure 2. Histological changes of liver of C. carpio during 2 weeks [A] Shows normal hepatic tissue, 

central vein (CV), hepatocytes (H), hepatic sinusoid (S) and nucleus of endothelium (arrow). 
[B] Liver section treated with 0.00039% shows cellular swelling (S), hepatocytes atrophy 
(arrows) and accumulation of bile pigment (B). [C] Liver section treated with 0.00059% shows 
advanced degeneration of hepatocytes (DH) and nuclear pyknosis (Arrows). [D] Liver section 
treated with 0.0011% shows zone of dead hepatocytes (necrotic hepatocytes), edema (E) and 
atrophied hepatocytes (arrow). X40 H&E stain. 

 

 
 
Figure 3: Histological changes of liver of C. carpio during 4 weeks [A] Liver section treated with 

0.00039% concentration liver: show cellar swelling (SC) and degenerated hepatocytes (DH). 
[B] Liver section treated with 0.0011% concentration, show cellar swelling (SC), degenerated 
hepatocytes and nuclear hypertrophy (arrows). X40 (H&E) satin. 
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Figure 4. Histological changes of liver of C. carpio during 6 weeks [A] Liver section treated with 

0.00039% concentration show edema (E), atrophied hepatocytes (black arrow), and nuclear kryolysis 
(doted arrows) pyknosis (doted red arrows). [B] Liver section treated with 0.00059% concentration 
show cellular swelling (Cs), necrosis (N) and nuclear pyknosis (Arrows). [C, D] Liver sections 
treated with 0.0011% concentration show generalized necrosis (N) and cellular swelling (CS), edema 
(E), infiltration of inflammatory cells (Arrow) and cellular atrophy (A). X40 (H&E) satin. 

 
Gills 

They are very important in respiration, acid–base balance, osmoregulation and excretion of 
nitrogenous wastes in fish (Evans et al., 2005). They include the greatest surface area of the aquatic 
organisms in contact with external environment. Control group shows normal gill arch, primary 
lamellae, secondary lamellae, bony support and cartilaginous support. Normal gill tissues (Figure 5- 
A) show gill arch, primary lamellae, secondary lamellae, bony support and cartilaginous support. 

Histopathological changes in C. carpio gill during two, four, and six weeks of exposure to different 
concentrations of WSF diesel fuel (Figures 5, 6 & 7) were, cellular swelling of primary lamellae 
epithelium and marked atrophy of chloride cells, congestion, cellular hyperplasia and degenerated 
chloride cells, necrotized cells and chloride cells and edema, while in 0.0011% concentration for six 
weeks exposure, the findings showed marked thickening of the primary lamellae and loss of secondary 
once due to sever edema and congestion of blood vessels with generalized necrosis of choroid and 
epithelial cells. This indicates to at high concentration and increase exposure period lead to more 
changes. 

Gill alterations are dose-time dependent, therefore a greater damage in gill of pompanos fish 
(Trachinotus sp.) occur at highest concentration and long exposure time after exposed to WSF diesel 
oil, these alterations were hyperplasia of lamellar epithelium, cellular lifting, aneurysms and lamellar 
fusion these play a role in the defense of the organisms because acts as a barrier that increase distance 
between toxicant and bloodstream (Furia, 2004). 

Gill histopathologic such as lifting, swelling, and hyperplasia of the lamellar epithelium could 
serve as a defence role, as these alterations enhance the distance across which waterborne irritants 
must diffuse to reach the bloodstream (Mallatt, 1985) 

Thophon et al., (2003) observed that the first sign in the pathology is the edema of the epithelial 
cell in gills and this is due to epithelium covering the secondary lamella lifting away in continuous 
sheet from the pillar cell system, thus increasing the diffusion distance from water to a blood. 
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Figure 5.  Histological changes of gill of C. carpio during 2 weeks [A] Normal gill: shows gill arch 

(Ga),  primary lamellae (PL), secondary lamellae (SL), bony support (B) and cartilaginous 
support (C), X4. [B] Gill section treated with 0.00039% concentration, shows cellular swelling 
of primary lamellae epithelium (E) and marked atrophy of chloride cells. X40 (H&E) stain. [C] 
Gill section treated with 0.00059% concentration, shows: Congestion (BC) , cellular hyperplasia 
(H) and degenerated chloride cells showed degenerative granules (Dg), X40 (H&E) stain. [D] 
gill section treated with 0.0011% concentration, shows congestion (C) degenerative changes (D) 
necrotized cells (N) and chloride cells, X40. 

 

 
Figure 6. Histological changes of gill of C. carpio during 4 weeks [A] Gill section treated with 

0.00039% concentration, show congestion (C). [B] Gill section treated with 0.0011% 
concentration, show cellular swelling (CS) and edema (E). [C] Gill section treated with 
0.0011% concentration, show cellular swelling (CS) and congestion(C). X40. (H&E) stain. 
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Figure 7. Histological changes of gill of C. carpio during 6 weeks [A] Gill section treated with 

0.00039% concentration, show severs necrotic cells (N). [B, C] Gill sections treated with 
0.0011% concentration, show thickened primary lamella (PL) and secondary lamella (SL), 
necrosis (N) and congestion (C). X40 (H&E) satin. 

 
Kidney 

Exposing fish to the pollutants leads to induce pathological changes in the kidney and liver (Adams 
et al., 2010). Normal kidney tissues (fig. 8- A) show renal tubules, glomerulus and collecting duct.  

The histopathological changes in C. carpio during two, four and six weeks of exposure (fig. 8, 9, 
10, 11) to different concentrations of WSF diesel, the changes were glomerular deterioration, dilation 
of Bowman’s space, tubular occlusion by necrotic tissue, and sever tubular degeneration lead 
increasing in the diameter of renal tubules, accumulation of edematous fluid, distended glomerulus 
and Bowman space, aggregation of melanomacrophages, fibrosis, necrotic renal tubules and 
glomerular degeneration.  

In 0.0011% concentration, similar changes in previous concentrations in addition to more necrosis 
of glomeruli showing deterioration and marked dilation of Bowman’s space. 

In present study, the main changes in kidney of WSF were tubular degeneration and dilation of 
Bowman’s space, and these findings are in agreement with Haensly et al., (1982) who reported major 
changes in Pleuronectes platessa collected from two sites in U.K. and France after long term effects of 
crude oil spill during 1978- 1980. The kidney is one of the first organs to be affected by water 
contaminants. The necrosis occurred in renal tubules affects the metabolic activities and this promotes 
metabolic abnormalities in fish (Gabriel, 2007). Gusmao et al., (2012) found that renal changes have 
been less utilized as biomarkers of environmental pollution than gills and liver, but are also considered 
as an important biomarkers. In case of exposing to petroleum (WSF), the kidney changes of 
Odontesthes argentinensis were cytoplasmic vacuolation, degeneration, and necrosis in renal tubules, 
and these changes are related to the presence of toxic substances in the filtrate from the glomerulus. 

In the study of Kakkar et al., (2011) that examined chronic toxicity of water soluble fraction of 
petrol on freshwater Channa punctatus has found that the kidney at lower concentration shows 
damaged blood vessels, necrosis of haemopoitic tissue and severe degenerative and necrotic changes 
in renal tubules while at higher concentration, it shows rupture of peritoneal lining, widening of 
tubules, space in the tissue, congestion and lymphocytic infiltration in kidney. 
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Figure 8.  Histological changes of kidney of C. carpio during 2 weeks [A] Normal kidney: shows 

renal tubules (RT), glomerulus (G) and collecting duct CD. [B] Kidney treated with 0.00039% 
concentration, shows glomerular deterioration (GD), dilation of Bowman’s space (Bc), tubular 
degeneration (TD) and tubular occlusion (TO). [C] Kidney treated with 0.00039% concentration, 
shows tubular occlusion by necrotic tissue (NT), and sever tubular degeneration lead increasing in 
the diameter of renal tubules (HD).  [D] Kidney section treated with 0.00059% concentration, shows 
accumulation of edematous fluid (OF), tubular degeneration (TD), and tubular necrosis (TN). 

 
Figure 9.  Histological changes of kidney of C. carpio during 2 weeks [E] Kidney section treated with 

0.00059% concentration, shows distended glomerulus and Bowman space (G), tubular 
degeneration (TD) and aggregation of melanomacrophages (M). [F] Kidney section treated with 
0.0011% concentration, shows degenerated renal tubules (D), fibrosis (F) and aggregation of 
melanomacrophages (arrows). [G] Kidney section treated with 0.0011% concentration, shows 
degenerated renal tubules (D) and aggregation of melanomacrophages (arrows) and necrotic 
renal tubules (N). X40, (H&E) stain.  
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Figure 10. Histological changes of kidney of C. carpio during 4 weeks [A] Kidney section treated 

with 0.00039% concentration, shows tubular degeneration (TD), and glomerular degeneration 
(GD). [B] Kidney section treated with 0.0011% concentration, shows tubular degeneration 
(TD), and glomerular degeneration (GD). X40. (H&E) stain. 

 

 
Figure 11. Histological changes of kidney of C. carpio during 6 weeks [A] kidney section treated with 

0.00039% concentration, shows tubular degeneration (TD) and necrosis (N). X40. (H&E) stain. 
 

Muscles 
Fish muscles are commonly analyzed to determine contaminants concentrations and to evaluate the 

health risks because it is considered as main part consumed by humans (Begüm et al. 2005). Normal 
muscular tissue shows muscle fibers in (fig. 12- A). 

 
Figure 12. Histological changes of muscles of C. carpio during 2 weeks [A] Normal muscular tissue: 

shows muscle fibers (mf). X10.  [B] Muscles section treated with 0.00039% concentration, shows 
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atrophy of muscle fiber (arrows), necrosis of muscle fibers (N) and fragmented of myofibrils (FF), 
X10. (H&E) stain. [C] Muscle section treated with 0.00059% concentration, shows necrosis of 
muscle fiber (NF), atrophied muscle fibers (AF) and edema (E), X40. [D] Muscles section treated 
with 0.00059% concentration, shows atrophy of muscle fiber (AF) and wide edematous spaces (E), 
X40 (H&E) stain. 

Histopathological changes in C. carpio muscles during two, four and six weeks of exposure to 
different concentrations of WSF diesel fuel (Figures 12, 13 & 14), show atrophy of muscle fiber, 
necrosis of muscle fibers and fragmentation of myofibrils, edema and wide edematous. In 0.0011% 
concentration for six weeks, it shows generalized muscular depletion and magnified depleted muscular 
tissue (Figure 14. B, C). 

 

 
Figure 13. Histological changes of muscles of C. carpio during 4 weeks [A] Muscles section treated 

with 0.00039% concentration, show atrophy of muscle fiber (A), and fragmented of myofibrils 
(FF), X10. (H&E) stain. [B] (A) Muscles section treated with 0.0011% concentration, show 
atrophy of muscle fiber (A), and necrosis of fibers (N), X14. (H&E) stain. 

 

 
 

Figure 14. Histological changes of muscles of C. carpio during 6 weeks [A] Muscles section treated 
with 0.00039% concentration, shows necrosis of muscle fibers (N) and atrophy (A). X10. 
(H&E) stain. [B] Muscle section treated with0.00059% concentration, shows generalized 
muscular depletion (D). X10. [C] muscle section treated with 0.00059% concentration, shows 
magnified depleted muscular tissue (D). X40. (H&E) stain. 
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In study of Kazempoor et al., (2015), it has been found that the pathological lesions in muscles 
have increased after 16 day exposure to 16% WSF of Iranian crude oil in yellow fin sea bream fish 
due to infiltration of inflammatory cells and low degenerative disturbance of peripheral muscle fiber 
and might be as result of accumulated of oil derivatives in muscle tissue. The skeletal muscle of 
Siganus canaliculatus and Epinephelus morio were collected from different sites at Jeddah and 
Yanbou coast revealed minimal lesions which reflected in minimal effect of total petroleum 
hydrocarbon on the muscles, slight edema, hyalinization and rarely necrosis of some muscle fibers, 
were seen in addition few to focal aggregation of round cells among degenerated or necrotic muscle 
fibers (Afifi et al., 2014). Muscles fiber degeneration associated with food intake polluted with 
hydrocarbons due to the food intake consider as main way of hydrocarbons entry to fish body (Khan, 
1995). 

 
Conclusion 

In present study the results explain the toxic effects of water soluble fraction of diesel fuel on 
C. carpio. The mortality of C. carpio increased with increaseing concentrations of WSF diesel fuel. C. 
carpio exposed to WSF diesel fuel induced behavioural response and histological alterations which 
dependent on the concentrations and the exposure time. Sublethal concentrations of WSF diesel fuel 
lead to damage in liver, gill, kidney and skeletal muscles. Therefore, leaching amount of diesel to 
aquatic environment result in effects on aquatic organisms and edible species which lead to effects on 
human health.  
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