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Summary     
The present study has been conducted to explain the effect of 

sub lethal concentrations of toluene on some physiological 

aspects of freshwater crab S. boulengeri including oxygen 

consumption rate, water and ionic regulation, bioaccumulation 

and histopathological effects. Three sub lethal concentrations 

(2.5, 5.5 and 10.5 ppm) of toluene were used to study their 

effects during long term exposure (14 days) under 28° C. The 

results showed that there was a positive correlation between 

oxygen consumption rate and toluene concentration. Oxygen 

consumption rate reached to 0.223 mg O2/g/h in 10.5 ppm 

toluene. Body water content showed an increase to 71.17% in 

10.5 ppm toluene. Ionic regulation also affected by toluene. A 

significant decrease (P<0.01) was recorded in the level of Na+  in 

the haemolymph, as it reached to 245.5 mmol/l in 10.5 ppm 

toluene.  While K+ concentration in the lymph showed a 

significant increase (P<0.01) to 12.41 mmol/l comparing with the 

control.  Bioaccumulation of toluene in the gills in 5.5 ppm 

toluene reached to 2.98 mg/g dry wt. during the 3rd day of 

exposure.  While it decreased to 1.34 mg/g dry wt. during the 11th 

day of exposure. Histopathological changes include swelling, 

hyperplasia, and hypertrophy in gill filaments.  Recovery data 

after 4 days of transfer to clean water showed that the 

physiological parameters studied (oxygen consumption rate, 

water and ionic regulation) did not return to the normal levels.   
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INTRODUCTION  
    Transportation of oil derivatives via Shatt Al-Arab River and Basra 
channel causes large quantities of oil spills into aquatic environment.     

Toluene is one of petroleum derivatives. It is a mono-aromatic 
hydrocarbon which when enter aquatic environment impact many 
physiological and biological activities of aquatic animals. 
     Ionic regulation affected largely by hydrocarbon compounds (Thurberg et 
al., 1978; Engelhardt et al., 1981; Brauner et al., 1999).    

It has been found that toluene affect ionic regulation of many aquatic 
animals such as fish (Faddaq et al., 2004; El-Sayed et al.,, 1995; Buikema, 
1980) and aquatic invertebrates (Hashim and Ahmed, 1998; Bakke and 
Skjoldal, 1979).      

Gill of Crustaceans represents the respiratory and osmoregulatory organ. 
It is in direct contact with the pollutants in the water.  This will affect its 
function and alter histological construction. This histological alternation can 
be considered as biomarkers for environmental pollution (Tricklebak, 2001). 
      There are many local studies concerning petroleum hydrocarbons  
pollution and  their effects on aquatic animals (Ahmed et.al.,2001; Hashim 
and Ahmed,1997; Al-Saad, 1990; Al-Obaidi, 2000), the  levels of 
hydrocarbons in fish and sediment (Al-Saad, 1995, Al-Saad et al.,1997; Al-
Saad and Al-Timari,1993; Al-Khafaji, 2000, 2001). However, there are no 
local studies concerning toluene pollution and its sub lethal physiological 
effects. Due to increase the level of hydrocarbons pollution in  land water 
especially Shatt Al-Arab Estuary, and due to the lack of information of 
toluene pollution, this study was conducted to show the physiological 
impacts of sub lethal concentration of toluene on freshwater crab Sesarma 
boulengeri, which is an important species of freshwater crustacean that 
disappeared from large area of Shatt Al-Arab Estuary banks due to 
increasing activity of transportation of oil derivatives via Shatt al-Arab 
estuary. So this species were chosen to study the impact of toluene on 
oxygen consumption rate, water and ionic regulation and histopathological 
effects on the gills.  

Materials and Methods 
      Collecting and acclimating of fresh water Crab Sesarma boulengeri: 
Fresh water crab S. boulengeri was collected from Shatt Al-Basra channel 
during March 2004 to October 2004 at low tide from intertidal zone by 
hands. Kept in plastic containers (10 L) with some water from the same 
environment. The animals were brought to the laboratory, put in glass 
aquariums (30 X 30 X 60 cm) each aquarium contain 3L of de chlorinated 
tap water.  
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    Acclimation was continued for 7 days on laboratory condition. Animals 
were fed a commercial diet (26% protein). Feeding was stopped before 24 
hours of starting the experiments.  

Preparation of stock toluene (saturated solution)     
Five liters of toluene were purchased from GPR (General Purpose 

Reagent) with the following properties: 
Atomic wt. 0.860 

 

0.866 
Boiling degree 110 

 

111° C 
Purity: 92.12 % 
Refracting index: 1.493 

 

1.497.      
The saturated solution of toluene was prepared by dissolving 535mg 

toluene in distilled water making up to 1 liter (NAS, 1975). The stocked 
toluene was transfer to separating funnel, shacked for 20 min., then left to 
settle for 10 min. The upper layer was dissenting; remaining solution is the 
saturated toluene.  Kept in close bottle in 10° C for at least 48h before use.  

Preparation of exposure solutions:      
Three sub lethal concentration of toluene (2.5, 5.5, 10.5 ppm) from stock 

toluene were prepared.  Each transfer to a glass aquarium (30 X 30 X 60 cm) 
containing 10 liter dechlorinated tap water.      

Two replicates for each concentration were used with twelve individuals 
for each treatment and control treatment. 
     Water temperature, salinity, pH were determined daily during the 
experimental period which continued for 14 days.    
      Opaque plastic cover was used to cover the aquarium to reduce stress 
from the experimental animals.  

Physiological measurements: 
Sampling:      

Two to three individuals of crabs were taken from each toluene 
concentration during the 1st, 5th, 10th and 14th day.  The weight of the crabs 
was taken and it was ranged between 10.4 to 20.5 g.  The haemolymph were 
taken using microsyring (100 µl) by puncturing the podium membrane 
between the 4th and 5th walking legs. Lymph volume was ranged between 10 

 

50 µl, putting in plastic vials (12ml) dilute to 50 to 100 times using 
deionized distilled water., then kept under freezing (-12° C) for later assay of 
Na+ and K+. 
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 Water content of the body: 
      The water content of the body was estimated by taking the wet weight of 
the sampled individuals then taking dry weight after drying the animals in 
electric oven under 105° C for 24 hours (Ahmed, 1996).  

Na+ and K+ concentration measurement:      
The concentration of ions (Na+ and K+) in the haemolymph was 

determined by flame photometer (ANA-10AL) after calibrating the 
apparatus using  standard solution of NaCl ( 2 ,1,0.5,0.25 mmol/l) and KCl 
(0.25 , 0.15, 0.1, 0.05 mmol/l) (Ahmed,1996).  

Oxygen consumption Rate:      
Oxygen consumption rate of S. boulangeri exposed to sub lethal 

concentration of toluene (2.5, 5.5, 10.5 ppm) were measured. Four 
individuals were taken (weighted 15.3-20.3g). Each one kept in 1 liter 
conical flask containing dechlorinated tap water. The flasks were closed 
firmly. Aeration was used by using plastic tube pass through the plastic 
stopper. The flasks were covered with opaque plastic cover to reduce stress 
(Sumich et al., 1996). Acclimation on this enclosed environment was 
continued for 24h.  The experiment began by stopping the aeration and adds 
three volumes of toluene to each flask as follow (2.5, 5.5, 10.5 ppm toluene.  
The 4th flask was kept as control.      

Oxygen concentration in each flask was determined by using DO meter 
(MPS55) through intervals (30, 60,120,180 min) after stopping aeration. 
     Oxygen consumption rate was calculated as mg O2/g /h. 

Hydrocarbon concentration in the gills: 
      Hydrocarbon concentration was determined in the gills of  S. boulengeri 
exposed to 5.5 ppm toluene. 
      Three glass aquariums (30X30X60cm) were used.  Each contain 10 liter 
of water containing 5.5 ppm toluene twelve individuals were kept in each 
aquarium. Using plastic opaque cover to minimize evaporation. The 
experiment continued for 11 days. Samples of crabs were taken during the 
3rd, 7th, 11th days of exposure.  

Extraction of Hydrocarbons from the gills: 
     The method of UNEP (1992) was used for extraction of hydrocarbons.  
After drying the gills of crabs that exposed to toluene using freeze-drying 
method for 48h.  The gill samples were crush and kept in vials. The 
extraction was done using methyl alcohol in soxhlet apparatus.  
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The extraction continued using mixture of methanol: Benzene (1:1) for 
24 hours. The extracted aromatic portion is dissolve in 5ml hexane, and then 
the concentration of toluene was determined using UV Cintra 5GBC 
Scientific Equipment on wave length 484 nm.  

Depuration: 
      Recovery experiment was done for the individidual remaining from the 
experiment of sub lethal exposure  for 14 days. 
Five individuals were taken from each concentration (2.5,5.5,10.5 ppm 
toluene) (weighed 4.84-10.88 g) wash with clean water and transfer to glass 
aquarium (30 X30 X60 cm) each contain 3 liter of  clean tap water.  The 
individuals were kept for 4 days.  At the end of the experiment the following 
parameter were taken: 
Na+ and K+ concentration in the lymph. 
Water content of the whole body. 
Hydrocarbons concentration in the gills.  

Histopathological study: 
     Gill samples were taken from individuals that exposed to 5.5 ppm toluene 
for 14 days. Fixed in Bouin's solution for 24h, dehydrated using ethyl 
alcohol. Sectioning was curried out using rotating microtome to 5-7 microns. 
Staining was done by using Haematoxyline-Eosing Method (Humason, 
1979).  

Results: 
Concentration of toluene in the exposure solution: 
     Fig 1 showed the concentration of toluene in the experimental solution 
(2.5, 5.5, 10, 5 ppm) in the 5th an 14th day of exposure.  There was a decrease 
in toluene concentration in the 5th day from 0.82, 1.21, 2.11 ppm in the 
exposure concentration to 0.21, 0.25, 0.34 ppm respectively.  

Effect of toluene on oxygen consumption rate: 
     Fig. 2 showed oxygen consumption rate of S. boulangeri exposed to sub 
lethal concentration of toluene (2.5, 5.5, 10.5 ppm) for 24 hr.  
     The experiment showed an increase in the oxygen consumption rate with 
increasing toluene concentration.  
      Oxygen consumption rate reached to 0.223 mg O2/g/h in 10.5 ppm 
toluene comparing with the control (0.163 mg O2/g/h). 
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Fig 1: Toluene concentration (ppm) in the exposure media
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Fig.2: Oxygen consumption rate in S boulengeri after 24h of exposure to different levels of toluene.
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Water content of the body: 
     Fig.3 show the water content of the body of S. bolengeri exposed to 2.5, 
5.5, 10.5 ppm toluene. The result showed that there was a significant 
(P<0.01) increase in water content of the body after 14 days of exposure to 
10.5 ppm toluene. As water content reached to 71.17% ± 8.41 comparing 
with the control (66.9% ± 0.8).  While there was a non-significant (P>0.01) 
increase in water content in the 2.5 ppm toluene after 10 days of exposure, 
as it reached to 68.9% ± 1.06 comparing with the control.   

Ionic concentration of the haemolymph (Na+, K+): 
      Fig 4 showed the concentration of Na+ in the lymph of S.boulengeri 
exposed to sublethal concentration of toluene (2.5, 5.5, 10.5 ppm). 
      The exposure caused a significant (P<0.01) decrease in the Na+ level 
during the 1st day of exposure in all concentrations.  The significant decrease 
(P<0.01) continued till the 10th day of exposure in 10.5ppm toluene 
comparing with the control. 
      K+ concentration show disturbance (fig 5) in all toluene concentration, 
while in the 14th day there was a significant increase (P<0.01) in all toluene 
concentration, comparing with the control (7.29 mmol/l).      

Fig.3: Water content (%) in the body of S.boulengeri exposed to different levels of toluene.
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Fig.5:Potassium concentration (mmol/l) in  the haemolymph of S. boulengeri exposed to different 
levels of toluene  for 14 days.
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Fig.4: Sodium concentration  (mmol/l) in the haemolymph of S. boulengeri exposed to 
different levels of toluene for 14 days.
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Bioaccumulation of toluene in the gills: 

      Table 1 show the concentration of toluene in the gills of S. boulengeri 

exposed to 5.5 ppm toluene for 11 days.  There was an increase in the 

toluene level as it reached to 2.98µg/g dry wt. after 3 days of exposure, and 

then it decreased to 2.25µg/g dry wt. after 7 days of exposure. During the 

11th day of exposure the concentration reached to 1.34 µg/g dry wt.  

Table 1: Toluene accumulation in the gills of S. boulengeri exposed 

to sub lethal concentration of toluene (5.5 ppm) for 11 days.  

Day Toluene conc. µg/g dry wt.) 

Control 0.04 

3rd day 2.98 

7th day 2.25 

11th day 1.34 

 

Depuration:      

The recovery results showed that physiological parameters did not return 

to the normal levels as in control and as follow:   

Water content of the body:  

       Fig 6 show no significant (P>0.01) changes in water content in the body 

after 4 days of transfer to clean water as it reached to 67.28% , 69.67%, 

69.25% comparing with the level during the 14th days of exposure to toluene 

(2.5, 5.5, 10.5 ppm respectively).   
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Ionic concentration in the haemolymph: 

     Fig 7. showed the concentration of Na+ in the lymph after 4 days of 

transfer to clean water.  The results showed that there was a significant 

increase (P<0.01) in Na+  level in 2.5, 5.5  ppm toluene, While there was  no 

significant (P>0.01) increase  of Na+ in 10.5 ppm toluene comparing with 

the concentration in the 14th day of exposure to toluene. 

     Fig 8. also shows the concentration of K+ in the lymph after 4 days of 

transfer to clean water.  It showed that there was a significant (P<0.01) 

decrease in K+ level (6.76, 5.0, 3.5 mmol/l) in all concentration of toluene 

(2.5, 5.5 10.5 ppm respectively) comparing with K+ concentration during the 

14th day of exposure to toluene.      
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Bioaccumulation of toluene in the gills: 

     After 4 days of transfer to clean water there was a decrease in toluene 

concentration in the gills which reached to 0.96µg/g dry wt comparing with 

the 14th day of exposure to 5.5 ppm toluene (1.34 µg/g dry wt) (fig 9).  

The histopathological effect:      

Many histopathoogical changes occurred on the gills during the exposure 

to 5.5 ppm toluene for 14 days. These changes include swelling in many 

region of the gill filament (plate2), hypertrophy in some filaments and 

hyperplasia, which caused fusing of many gill filaments (plate1, 2, 3).  

Necrosis in some places of the epithelia was noticed.     
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Plate 1: Longitudinal section in the gill of S. boulengeri show the 
marginal vessel (Mv), Cuticle (Cu), Pillar cells (PC), 
Haemolymph lacuna (HI) and gill filament (Gf). (400X).    

       

 

Plate 2: Longitudinal suction in the gill of S. boulengeri exposed to 5.5 
ppm toluene for 14 days. Show Hypertrophy (Ht), Hyperplasia (Hp) in 
the gill filaments.  400X      
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Plate 3: Longitudinal suction in the gills of S. boulengeri exposed to 5.5 
ppm toluene for 14 days show Necrosis (N) in the Marginal vessels 
of the gill filaments. 

Discussion: 
     The persistence of petroleum compounds in water is extensively affected 
by temperature.  Present study showed that the concentrations of Hcs in the 
test solutions decreased sharply at the end of the exposure experiment.  
Similar result was recorded by Korn et al., (1979); Short and Harris (1995); 
Duxbury and Duxbury (1997) and Faddaq et al., (2004).  The decrease in 
HCs conc. in water is due to volatilization of light compounds (which 
include Mono Aromatic Hydrocarbons and light Alkenes less than 10 carbon 
atoms), evaporation and biodegradations (Moles et al., 1979; Ramusino et 
al., 1984).      

The results showed that freshwater crab S. boulengeri exposed to sub 
lethal concentration of toluene suffer from several physiological alternations 
concerning ionic and water regulation.        

The results showed an increase in the oxygen consumption rate during 
exposure, ranged between 0.613-0.223 mg O2/g/h.  This increase also was 
reported for Amphipod Pulex pulex exposed to benzene (Hashim, 1984).  
The increase is related to accumulation of hydrocarbon in the tissues 
(Hashim, 1984). O2 consumption rate also showed an increase in isopod 
Cirolana borealis exposed to toluene (0.125, 1.25, 5.7 ppm,) as O2 

consumption rate reached to 184.84, 210.4, 166.62 µg/g/h respectively 
comparing with control (181 µg/g/h (Bakke and Skjoldal, 1979).      

This increase is related to increasing the energy demand under stress of 
oil pollution (Faddaq et al., 2004).  Besides the damage of the gill epithelia  
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may explain this increase (Engelhardt et al., 1981).  Also the increase in 
Oxygen consumption rate is accompanied with increase in temperature and 
increase the time of exposure to the pollutants (Smith and Hargreaves, 
1983).      

Toluene exposure caused a disturbance in water content of the body.  
This result was recorded also by Ahmed et al., (2001) in S. boulangeri 
exposed to crude oil.  This is because of increasing the permeability of the 
gill membrane during exposure to crude oil.  This increase in water content 
also recorded in the gills of Potamon floviatile (euryhaline Crab) exposed to 
benzene (Hashim and Ahmed, 1998).     

The present study also reported disturbance in ionic regulation (Na+ and 
K+) in the haemolyph. The disturbance also recorded for S. boulengeri 
exposed to crude oil (Ahmed et.al.,2001), as the concentration of Na+ and 
K+ showed a decrease  comparing with the control, and in Potamon fluviatile  
exposed to benzene (Hashim and Ahmed,1998). This disturbance is related 
to the damage of the gill epithelia and the chloride cells which is responsible 
for active transport of the ions (Lignot and Charmantier, 2001). It was 
reported that pollutants disturb the transportation of ions to the haemolymph 
through the gill membrane (Anger and Charmatier, 2000).      

The present study showed that the conc. of HCs in the gills was 
correlated with the concentration of exposure media, as high concentration 
of HCs in the gills coincided with high concentration of toluene in the 
exposure media. The route of influx of HCs to the blood is via gill 
membranes (Heras et al., 1992). Movement of HCs depends on its 
concentration ratio of tissue to water, on diffusion and flow rate of blood 
through tissues (Ackman et al., 1996).      

In this study the damage of the gill epithelia is the main result of 
disturbing the active transport process of the ions though the gill membrane.  
The increase of toluene concentration in the gills of S. boulengeri in the 
beginning of exposure then its decrease in the end of exposure time was 
recorded also by Lee et al, (1972) in the muscles of Mytilus californianus 
exposed to hydrocarbons. 
     It is well known that aquatic animals can bioaccumulate aromatic 
hydrocarbons which are dissolving easily in water and with higher 
concentration comparing with other hydrocarbons (GESAMP, 1993).      

The result of recovery after 4 days of transfer to clean water showed that 
the physiological parameters (Na+, K+ level, water content) did not return to 
the normal level.  Ahmed et. al.,(2001) found that the water content and Na+   
level in the body of S. boulengeri exposed to crude oil return to it s normal 
level after 5 days of transfer to clean water.  That was evident also from the 
concentration of toluene in the gills after 4 days of transfer to clean water, as   
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toluene concentration was 0.96 µg/g dry wt., while in control it was only 
0.04 µg/g dry wt.      

It is well known that aquatic animals differ in their ability of recovery 
after exposure to pollutants, this is depend on the kind of pollutant, 
concentration of pollutant , exposure time  and  species (Busdosh,1981) also 
it depends on the quantity of adipose tissue in the animal body (Kumar et 
al.,1999; Lee,1972)      

The histopathological study showed that toluene caused damage and 
several changes in the gill epithelia represented by swelling, hypertrophy, 
hyperplasia and necrosis of gill epithelia.  These changes was  recorded in 
may aquatic animals as in King Crab Paralithodes camtscatica 
(Smith,1976), in fish T. zilli (El-Sayed et al.,1995) in freshwater fish Liza 
abu (Faddaq et al.,2004) and in some invertebrates (Engelhardt et al.,1981). 
These changes are due to the penetration of petroleum hydrocarbons to the 
blood through gill membrane which cause damage in the gill epithelia 
(Engelhardt et al., 1981).  Also this may explain as a kind of protection 
against pollutants which represents by hypertrophy, hyperplasia and fusion 
of epithelia (El-Sayed et al., 1995).  Nelson-Smith (1971) referred that 
petroleum hydrocarbons dissolve in the adipose layer of plasma membrane 
causing rupturing of this membrane and diffusion of hydrocarbons inside the 
cells.  However Hinton and Lauren (1990) referred that hypertrophy of cells 
due to effect of pollutants on cell membrane which cause an increasing the 
permeability of these membrane causing increase the water content of the 
cells and its organelles.      

In conclusion the exposure of freshwater crab S. boulengeri to sub lethal 
level of toluene tend to increase the level of oxygen consumption rate and 
disturbance in water and ionic regulation and that  these parameters did not 
return to the  normal levels even after 4 days of transfer to clean water.  Also 
long exposure to sub lethal concentration of toluene for 14 days caused 
many histopathological changes in gill epithelia.  
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