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 In this study, Benzene, Toluene and Xylene concentrations from gasoline 

and exhaust emission were measured from 44 in-use motorcycles. The motorcycle 
samples were considered both engine type (2 and 4-stroke) and engine age (old, 
moderate and new). The ages of engine were determined as follow: New motorcycles 
were less than 5 years old, Moderate age motorcycles were in range of 5-10 years old 
and Old motorcycles were more than 10 years old. Tedlar bag was used to collect the 
sample of exhaust emission at idle condition. The samples were analyzed using gas 
chromatography with flame ionization detection (GC/FID). The study revealed that the 2-
stroke motorcycle emitted hydrocarbon (Benzene, Toluene and Xylene) about 3-4 times 
larger than that of 4-stroke motorcycle. The average concentrations of Benzene, Toluene 
and Xylene from the old 2-stroke motorcycle were found to be 116.15, 261.73 and 39.21 
ppm, respectively. While new 4-stroke motorcycle were found to be 11.74, 29.00 and 
7.59 ppm, respectively. These result also indicated that there were a significant increase 
in air pollutant emissions with engine age at significant level (α) 0.05.  
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APPENDIX  A 

 

The interesting web site about exhaust gas and gasoline from internet 
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Http://www.ehpnet1.niehs.nih.gov/docs/1996/suppl-6/bezabeh.html 
  
Does Benzene Cause Multiple Myeloma? An Analysis of the Published Case-Control 
Literature 
 

Two case series and two epidemiological studies in the 1970s and 1980s 
suggested that benzene exposure might be a risk factor for multiple myeloma. An 
analysis has now been conducted of the published population-based and hospital-
based case-control studies published through mid-1995 that permit examination of the 
relationship between multiple myeloma and benzene exposure or surrogates for 
benzene exposure. No increased association was found between multiple myeloma and 
benzene exposure or exposure to chemical groups that included benzene. The odds 
ratios from these analyses approximated 1.0. Exposures to petroleum products and 
employment in petroleum-related occupations did not appear to be risk factors for 
multiple myeloma. Cigarette smoking, as a surrogate of benzene exposure, was not 
found to be associated with multiple myeloma, while some studies of products of 
combustion described as "engine exhaust" did show a significant association with 
multiple myeloma. In toto, the population-based and hospital-based case-control 
literature indicated that benzene exposure was not a likely causal factor for multiple 
myeloma.  - Environ Health Perspect 104(Suppl 6):1393-1398 (1996) 

 

And other interesting web sites 

http://www.ubavie.gv.at/publkationen/reports/r124s.htm 

http://seasilver.threadnet.com/preventorium/petrol1.htm/petrol1 

http://enviro.nfesc.nany.ril/esc425/VOL6NO2.txt 
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APPENDIX  B  

 

Calculation of exhaust and gasoline concentrations
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1 Calculation for gasoline samples 

1.1 The concentrations  in mg/m3 unit  
 

The standard solutions, with Acetone 250 ml, Benzene 125 µl, Toluene 
75  µl  and  Xylene 50 µl had a total volume as 250250 µl. The amounts of 1 µl 
standard solution and 1 µl gasoline sample were used to calculate for the 
concentration of each substance. 

 
From    Weight of substance (g)  =  Volume (cm3)  x  Density (g/cm3) 
 
  Density of Benzene is  0.8787  g/cm3   

  Density of Toluene is  0.8660  g/cm3   

 Density of Xylene is   0.8647  g/cm3   

 
Std. Soln  250250   µl  has Benzene    =       125   µl 
Std. Soln      1        µl  has Benzene     =    1   x  125    .    µl 
             250250 
          = 4.9950 x 10-  4 µl 

         = 4.9950 x 10-  7    ml 
 
Weight of Benzene in Std. Soln  is      = (4.9950 x 10- 7) x 0.8787   

         = 4.3891 x 10-  7  g 
         = 4.3891 x 10-  4  mg  

  
On the same way,  weight of Toluene and Xylene in standard solution can be 
found as: 
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Benzene  = 4.3891 x 10-  4  mg 
Toluene = 2.5954 x 10-  4  mg 
Xylene  = 1.7227 x 10-  4  mg 
 
When the standard solution or the gasoline samples, with Benzene, 

Toluene, and Xylene components   were  injected into the Injection port of  
Gas Chromatography (GC) at temperature 200 0C. All hydrocarbon 
components were evaporated immediately and moved into the column by the 
carrier gas (N2) in the state of gases. After detected by the Flame Ionization 
Detector (FID), the  peak  areas of Benzene,  Toluene,  and  Xylene  were  
shown as the chromatogram 

 
If 

 
1.Standard solution 

Peak area of Benzene in standard solution is   = X 
Peak area of Toluene in standard solution is  = Y 
Peak area of Xylene in standard solution is  = Z 

 
2.The gasoline sample 

Peak area of Benzene in the gasoline sample   = X1 

Peak area of Toluene in the gasoline sample  = Y1 
Peak area of Xylene in the  gasoline sample  = Z1 

 
The concentrations of Benzene in the gasoline sample were calculated 

by comparing with the Benzene in standard solution that know the exact 
concentration. 
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Thus 

Area of Std. Soln  X  has benzene  =      4.3891 x 10-  4            mg 
Area of gasoline sample X1 has benzene =    (4.3891 x 10-  4)  X 1 .     mg 

         X 
So,  weight of Benzene in gasoline sample is  =   (4.3891 x 10-  4)  x  X1 .   mg 

         X 
 
On the same way,  it is found that  : 
 

Weight of Benzene in gasoline sample    =    (4.3891 x 10-  4) x  X1  .    mg 

                  X 
Weight of Toluene in gasoline sample is  =   (2.5954 x 10-  4)  x  Y1  .    mg 

          Y 
Weight of Xylene in gasoline sample is   =   (1.7277 x 10-  4)  x   Z1  .    mg 

          Z 
 
The amount of gasoline sample used is 1 µl        and    1 m3 =  1 x 109 µl   
 
That it means : 
 

Sample  1 µl ,it  has benzene    =   (4.3891 x 10- 4)  x  X1  .       mg 

       X 
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Sample  1 m3 ,it  has benzene  =   (4.3891 x 10- 4)  x  X1  x (1 x 109).    mg 

                             X 
        = (4.3891 x 105)  x  X1   .  mg 

        X 
 
Concentration of Benzene in gasoline sample is   (4.3891 x 105)  x  X1  .mg/m3 

              X 
 
On the same way, it can be defined that 
 
Concentration of Toluene in gasoline sample is   (2.5954 x 105)  x  Y1 .mg/m3 

             Y 
 
Concentration of Xylene in gasoline sample is   (1.7277 x 105)  x  Z1 . mg/m3 

              Z 
 

1.2 Concentrations in ppm  unit  
 

The standard solutions, with Acetone 250 ml, Benzene 125 µl, Toluene 
75  µl  and  Xylene 50 µl  had a total volume as 250250 µl. The amounts of 1 µl 
standard solution and 1 µl gasoline sample were used to calculate  for the 
concentration of each substance. 
 
Std. Soln  250250    µl  has Benzene  =    125    µl 
Std. Soln  1 x 106µl, it has Benzene               =   (1 x 106)   x  125  .       
µl 
                     250250 
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         = 499.50      
µl 
 
Concentrations of Benzene in standard solution is   = 499.50    ppm 
 

On the same way , it can be defined that 
 

Concentrations of Toluene in standard solution is   = 299.70    ppm 
 
Concentrations of Xylene in standard solution is     = 199.80    ppm 
 

If 
 

1.Standard solution 
Peak area of Benzene in standard solution is   = X 
Peak area of Toluene in standard solution is  = Y 
Peak area of Xylene in standard solution is  = Z 

 
2.The gasoline sample 

Peak area of Benzene in the gasoline sample   = X1 

Peak area of Toluene in the gasoline sample  = Y1 
Peak area of Xylene in the  gasoline sample  = Z1 

 
Area of Std. Soln  X  has benzene    =       499.50                    ppm 
 
Area of gasoline sample X1 has benzene       =    (499.50)  x  X 1  .        ppm 
                        X 
So, 
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Concentration of Benzene in gasoline sample is  =    (499.50)  x  X 1  .   ppm
                X 
 
On the same way, it can be defined that 
 
Concentration of Toluene in gasoline sample is  =    (299.70)  x  Y 1  .     ppm
                Y 
 
Concentration of Xylene in gasoline sample is  =    (199.80)  x  Z 1  .     ppm
                Z 
 

2 Calculation for exhaust gas samples 

2.1 Concentrations in mg/m3  unit 
The standard solutions, with Acetone 250 ml, Benzene 125 µl, Toluene 

75  µl  and  Xylene 50 µl,  had a total volume as 250250 µl. The amounts of 1 
µl standard solution and 1 ml exhaust gas sample were used to calculate  for 
the concentration of each substance. 

 
From    Weight of substance (g)  =  Volume (cm3)  x  Density (g/cm3) 
 
  Density of Benzene is  0.8787  g/cm3   

  Density of Toluene is  0.8660  g/cm3   

 Density of Xylene is   0.8647  g/cm3   

 
Std. Soln  250250   µl  has Benzene    =       125   µl 
Std. Soln      1        µl  has Benzene     =    1   x  125    .    µl 
             250250 
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           = 4.9950 x 10-  4 µl 
          = 4.9950 x 10-  7    ml 

 
 
Weight of Benzene in Std. Soln  is      = (4.9950 x 10-  7) x 0.8787   

         = 4.3891 x 10-  7  g 
         = 4.3891 x 10-  4  mg  

  
On the same way, weight of Toluene and Xylene in standard solution can be 
found as : 

 
Benzene  = 4.3891 x 10- 4  mg 
Toluene = 2.5954 x 10- 4  mg 
Xylene  = 1.7227 x 10- 4  mg 
 

When the standard solution or the exhaust gas samples with Benzene, 
Toluene, and Xylene components ,  were  injected into the Injection port of  
Gas Chromatography (GC) at temperature 200 0C. All hydrocarbon 
components were evaporated immediately and moved into the column by the 
carrier gas (N2) in the state of gases. After detected by the Flame Ionization 
Detector (FID), the  peak  areas of Benzene,  Toluene,  and  Xylene  were  
shown as  the chromatogram 

 
If 
1.Standard solution 

Peak area of Benzene in standard solution is  = X 
Peak area of Toluene in standard solution is = Y 
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Peak area of Xylene in standard solution is = Z 
 
2.The exhaust gas sample 

Peak area of Benzene in the exhaust gas samples = X1 

Peak area of Toluene in the exhaust gas samples  = Y1 
Peak area of Xylene in the exhaust gas samples = Z1 

 
The concentrations of Benzene in the exhaust gas sample were 

calculated by comparing  the Benzene in standard solution that we know the 
exact concentration . 
 
Thus, 

 
Area of Std. Soln  X  has benzene          =  4.3891 x 10-  4 mg 
Area of exhaust gas sample X1 has benzene  =  (4.3891 x 10-  4) X 1 .mg 

           X 
So,  
Weight of Benzene in exhaust gas sample is    =   (4.3891 x 10-  4)  x  X1 .    mg 

                      X 
 
On the same way, it is found that: 
 
 
Weight of Toluene in exhaust gas sample is  =   (2.5954 x 10-  4)  x  Y1  .      mg 

          Y 
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Weight of Xylene in exhaust gas sample is    =   (1.7277 x 10-  4)  x   Z1  .     mg 

          Z 
 
The amount of gasoline sample, we used is 1 ml        and    1 m3 =  1 x 106  ml 
 
That it means : 
 

Sample  1 ml ,it  has benzene    =   (4.3891 x 10- 4)  x  X1  .       mg 

       X 
 
Sample  1 m3 ,it  has benzene  =   (4.3891 x 10- 4)  x  X1  x (1 x 106).    mg 

                             X 
         = (438.91)  x  X1  .                       mg 

        X 
 
Concentration of Benzene in exhaust gas is   (438.91)  x  X1  .      mg/m3 
               X 
 
On the same way, it is found 
Concentration of Toluene in exhaust gas is   (259.54)  x  Y1 .       mg/m3 
          Y 
 
Concentration of Xylene in exhaust gas is    (172.77)  x  Z1 .       mg/m3 
                    Z 
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2.2 Concentrations in ppm  unit 
 
From the gas’s  law  defined that 1 g - mole  of vapor or gas has volume 

22.4 liters  at 20 oC and 760 mmHg (1 atm). 
 
At the room temperature (25 0C) and,  the volume of vapor is 24.45 liters. 

(  From   :  gas’s  law  P1V1 = P2V2  ) 
                       T1    T2  

         
Molecular weight of Benzene  = 78.11 
Molecular weight of Toluene  = 92.13 
Molecular weight of Xylene  = 106.16 
 

At room temperature (25 0C) and atmospheric pressure 760 mmHg.  
Benzene 1 g-mol has weight  =  78.11 g 
 
Thus, in state of gaseous 
 
Benzene 78.11 g has the volumes  = 24.45  liters 
 
Benzene 78110 mg has the volumes = 24.45  x  10 6  µl   
 
 
Then, 
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Benzene (4.3891 x 10-  4)  x  X1 . mg  has the volumes    

       X 

  
 (4.3891 x 10-  4)  x  X1 x  (24.45 x 10 6)   µl 

       X  x  (78110)    
 

   = 0.13739  x  X1   .                                    µl 
     X 
 
1 ml or 1 x 103 µl of the exhaust gas sample was used, That it means: 
 
 
1 x 103 µl  of exhaust gas contains Benzene   =   0.13739  x  X1   .   µl 
        X 
1 x 106 µl of exhaust gas contains Benzene    =   0.13739  x  X1  x (1 x 106)  .µl 
        X x (1 x 103) 
            =   137.39  x  X1  .              µl 
        X 
 
Concentration of Benzene in exhaust gas is  (137.39)  x  X1  .     ppm 
                     X 
 
On the same way, it can be defined that 
Concentration of Toluene in exhaust gas is  (68.88)  x  Y1  .     ppm 
                   Y 
Concentration of Xylene in exhaust gas is  (39.79)  x  Z1  .     ppm 
                  Z 
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APPENDIX  C 
 

Chromatogram of exhaust from 2 and 4 stoke motorcycle  
and chromatogram of gasoline 
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APPENDIX  D 
 

Questionnaire of used in this study 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 
 
 
 

 
 

APPENDIX  E 
 

Details of motorcycle samples  
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2-stroke Motorcycles 
 

Number Trade Name Engine 
Capacity 

Period of 
use (years) 

Octane 
No. of 

gasoline 

Frequency 
of use 

Main- 
tenance 

1 YAMAHA 125 11 91 1 2 
2 YAMAHA 125 10.5 91 2 2 
3 KAWASAKI 125 18 91 1 2 
4 YAMAHA 125 11 95 3 2 
5 SUZUKI 110 12 95 3 1 
6 YAMAHA 150 10.5 95 1 2 

 
 
 
 
 

Old 

7 YAMAHA 110 14 95 2 2 
1 KAWASAKI 125 7 91 2 3 
2 YAMAHA 125 5.5 91 2 2 
3 YAMAHA 110 7 95 1 1 
4 KAWASAKI 150 8 95 1 1 
5 KAWASAKI 110 5 95 1 2 
6 YAMAHA 150 6 95 2 2 
7 KAWASAKI 150 7 91 2 1 
8 YAMAHA 125 5 91 1 1 
9 HONDA 150 6 91 3 3 

 
 
 
 
Mod-
erate 

10 HONDA 150 5 91 1 1 
1 KAWASAKI 150 1.5 95 2 1 
2 KAWASAKI 110 1 95 2 1 
3 HONDA 150 4 95 1 2 
4 HONDA 110 3 95 3 1 
5 KAWASAKI 125 2 91 2 2 
6 HONDA 110 2 95 1 2 
7 HONDA 125 3 95 2 2 
8 YAMAHA 125 4 95 3 1 
9 KAWASAKI 150 3 91 1 1 

 
 
 
 
New 

10 HONDA 110 2.5 95 1 2 
Explanation: Frequency of use  1 = Rarely use, 2 = Moderately use, 3 = Frequently use 
  Maintenance  1 = Good, 2 = Moderate, 3 = Poor 
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4-stroke Motorcycles 
 

Number Trade Name Engine 
Capacity 

Period of 
use (years) 

Octane 
No. of 

gasoline 

Frequency 
of use 

Main- 
tenance 

1 HONDA 100 12 95 1 1 
2 SUZUKI 100 15 95 1 2 
3 HONDA 110 12 95 1 2 

 
 
 
 

Old 

4 SUZUKI 100 15 95 1 2 
1 KAWASAKI 100 8 95 2 2 
2 HONDA 100 9 95 1 1 
3 HONDA 100 5.5 91 2 2 
4 HONDA 100 10 91 1 1 
5 SUZUKI 100 5 91 2 2 

 
 
Mod-
erate 

6 HONDA 100 9 95 1 2 
1 HONDA 110 3 months 95 1 1 
2 SUZUKI 100 3 91 1 2 
3 HONDA 110 1 95 2 2 
4 HONDA 110 10 months 95 2 1 
5 HONDA 100 4 95 2 2 
6 KAWASAKI 110 3 months 95 2 1 

 
 
 
New 

7 HONDA 100 4.5 95 2 1 
 
Explanation: Frequency of use  1 = Rarely use, 2 = Moderately use, 3 = Frequently use 
  Maintenance  1 = Good, 2 = Moderate, 3 = Poor 
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