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Abstract 
Electron accelerator is considered as an important tool in cancer radio-therapy and it providing unique choice in 

treatment of superficial tumor. In this paper, the mass stopping power of electrons has been calculated in 

biomedical human substances such as bones, soft-tissues and water with energy range of (10 keV- 1000 MeV) 

using two methods. The first method is done by calculating the energy loss of electrons in the tissue as one 

compound. The second method is by calculating the collision energy loss of electrons for each element of the 

compositions of bone, soft-tissue and water, and then calculates the collision energy loss of the tissue, where the 

tissue was considered to be made up of thin layers of pure elements (H, C, N, O, Na, Mg, P, S, Cl, K, Ca, Fe and 

Zn). The present results of the mass stopping power (dE/dX) for bone, tissue (soft) and water were compared for 

the two methods with the standard published results (ESTAR PROGRAM). The results are found in excellent 

agreement with the standard published data, where the error doesn’t exceeds 0.3% when the first method was used. 

But it was found that the error is high when the second method is used. Therefore, we recommended using the first 

method and treating the tissue as one compound instead of it is composed of thin layers of pure elements. 
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 ...0 – 0.0.)في بعض الانسجة البشرية ضمن مدى طاقة الالكترونات  حساب الفقدان لطاقة الالكترونات

 (مليون الكترون فولت

 

 وفاطمة حسن فخري شاكر محمود مربط 0دو سعيد سلمان كمون0د

 كلية مدينة العلم الجامعة

 :الخلاصة 

معالجة السرطانية وقد تكون هي الوسيلة الوحيدة في  للأوراميعتبر معجل الالكترونات احد الوسائل المهمة في العلاج الاشعاعي  

قدرة الايقاف تم في هذا البحث حساب  .والجلدية السطحيةرطانية  تحت معالجة الاورام السمثل  بعض حالات الاورام السرطانية 

(  keV 10 )  من  الطاقة في مدى (الماء)مكونات الجسم البشريالرخوة والعظام وبعض  الانسجة رونات خلال مرورها فيلالكتل

في النسيج واعتبار خلال مرورها رونات طاقة الالكت حساب الفقدان في  الاولى هي, باستخدام طريقتين  ( MeV 1000)الى  

في النسيج واعتبار النسيج مكونا من عدة رونات خلال مرورها الالكت طاقةحساب الفقدان في  قة الثانيةيوالطر. النسيج كمركب واحد

ج تبين بان النتائ قدو.( H ,Na,Mg,P,S,Cl,K,Ca,Fe,Zn)له طبقات كل طبقة تمثل عنصرا من العناصر الكيميائية المكونة 

كأقصى حد عند استخدام الطريقة الاولى % 3.0ولا تتعدى نسبة الخطأ طابقة بشكل كبير مع اهم النتائج العالمية المنشورة تالحالية م

وفي حالة استخدام الطريقة .حساب الجرعات المكافئة للالكترونات عند مرورها في تلك الانسجةلويمكن اعتمادها كنتائج قياسية 

الفقدان في وبناء عليه توصي الدراسة الحالية بعدم اعتماد الطريقة الثانية في حساب ,ة الخطأ عالية على النتائجد ان نسبجالثانية و

 . الانسجة رونات خلال مرورها فيطاقة الالكت
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1. Introduction  
When charged particles pass through matter they interact with atomic electrons by several ways. The charge 

particles may interact with atoms through inelastic collision and resulting in excitation and ionization of atoms, this 

is known as collision loss. The charged particles may suffer another type of interaction which is known as elastic 

collision in which it doesn’t loss any energy. In addition, the particle can interact with atoms through 

bremsstrahlung production and it known as radiative loss. The current knowledge, both experiment and theoretical, 

is far from being complete, and is often inadequate for the determination of stopping power values of a variety of 

materials and for a wide range of particle energies. [1]. 

 Information about interaction of radiation with matter especially with the tissue of human body and water  is 

very important from the point of dosimetry and radiation protection, radiotherapy and calibration of computed 

tomography scanners. 

Since the human body contains mostly water, the knowledge of depth dose profile of charged particles in this 

stopping medium is also of great importance for an accurate treatment planning. 

Electron linear accelerator becomes one of the effective equipment in cancer radiotherapy and treatment of many 

tumors [2, 3], so that the radiation dose should be accurate to obtain therapeutic success, when a significant under 

dose can cause failure to control the disease and overdose increases the risk of damage to normal tissues. Therefore 

the knowledge of mean free path and continuous slowing down approximation range (CSDA) for biological 

materials are also  important, so that many authors made several studies on biological compounds [4-9].  

Tissues and water equivalent materials (TEMs) can be used in quality assurance in radiotherapy[10], dosimetry 

measurements, CT-Scanner calibration[11], such materiel was consider to be equivalent to a tissue has the same 

radiation characteristics as the real human tissues ,accordingly many (TEMs) have been studied and developed [12-

22].  

Phantoms are physical or virtual representations of the human body to be used for the determination of 

absorbed dose to radiosensitive organs and tissues. In radiation protection a widely used physical model is the 

ALDERSON-RANDO phantom (Alderson  [23], Fisher and Snyder  [24,25] introduced this type of phantom for an 

adult male which also contains ovaries and a uterus .the phantom has been further developed by Snyder et al 

[26,27]. Since then it is known as “MIRD-5 phantom” (Medical Internal Radiation Dose Committee (MIRD) 

Pamphlet No.5).and many other phantoms for children of various age [28], and a pregnant female adult phantom 

Stabin et al [29]. 

The International Commission on Radiological Protection (ICRP) has created a task group on dose 

calculations, which, among other objectives, should replace the currently used mathematical MIRD phantoms by 

voxel phantoms [30]. 

 

2-Mass Stopping Power of the Electrons   
The electron loses their energy by ionization and excitation of the orbital electrons in the medium. Mass 

stopping Power (dE/dX) can be defined as the rate of energy loss per unit path length of an electron or positron by 

excitation and ionization which was known as “collisional energy loss.”The mass collision stopping powers for 

electrons and positrons are given by [31]:  
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where 

 
 

 
  is for shell correction accounting for non-participation of K-shell electrons at low energies and; 

 is for the polarization or density effect correction  in condensed media  [31,32,33] 

 
4.6052X+ C                                                                                     X  ˃X1 

4.6052X + a(X1- X)
m

 + C                                                        X0< X < X l 

(X) = 

0                                 for non - conducting materials                       X < Xo 

 (Xo)10
2(x-xo)

            for conducting materials                                X < Xo. 

 

The parameters Xo, Xi, a, m, and C Parameters for elements and many compounds and mixtures were published 

[34, 35]. 

In this equation,   X=                
 

        is the electron kinetic energy in units of the rest mass, and 

                                   
 

   
         

Where, 

  o    : is the Plasma energy   =         
     

       =                           

Ne      : is the electron density ( electron /cm
3
 )of the medium. 

        : is the Fine structure constant  =  1/137 

       : is the density of the medium (g/cm
3
) 

 

2.1 Stopping Power In Compound 

The mass stopping power can be well approximated for a mixture of elements or chemical compounds through 

the assumption of Bragg’s additive Rule [36, 37]. 

 It states “that atoms contribute nearly independently to the stopping power, and hence their effects are additive “in 

terms of the weight fractions wi of elements of atomic number Zi Present in a compound or mixture. The mass 

stopping power  
  

   
 
   

can be written according to Bragg’s additive Rule as: 

 
  

   
 
   

     
  

   
 
    

            

 

Where, wi is the fraction by weight of the ith element. 

The rule can also be applied for mass collision and radiative stopping power as well, and the   mean 

excitation energy for compound or mixture can also be calculated using the same rule by the following relation 

[38]; 



VOL 9       NO 1      YEAR 2017 JOURNAL OF MADENT ALELEM COLLEGE   
 

044 
 

 

    
                

            

 

   

Where: Zj is the atomic weight of the jth element in the compound 

Aj is the atomic mass of the jth element in the compound 

Ij is the excitation energy of the jth element in the compound 

 

 

3. Calculation of Energy Loss of Electrons  
Following the ESTAR program [39] which is a PC package used for calculating stopping power and ranges 

of electrons in any element and the results of  about (180) compounds and mixture were published. In the present 

study we use two methods to calculate the energy loss of electrons in the energy range of electrons from 10 keV up 

to 1000 MeV for tissues and water. The first one is by calculating the energy loss of electrons in the tissue as one 

compound using equation (1).The results are compared with published results and given in Table(1). 

The second method is by calculating the collision energy loss of electrons for each element of the 

compositions of bone, soft-tissue and water using Eq. (1), where the tissue was considered to be made up of thin 

layers of pure elements. The composition of tissue (soft), bone (compact) and water (liquid) are given in Table 

(2).Accordingly we calculate the stopping power in H, C, N, O, Na, Mg, P, S, Cl, K, Ca, Fe and Zn, which are the 

elemental compositions of the tissues and water using Eq.(1). The excitation energy and the density effect 

parameters used in this study were taken from NIST program .[39].The results are compared with the standard and 

presented in Table (3) and Table (4), and then using Eq. (4) to calculate the collision energy loss in the tissues and 

water.  

The present results of the mass stopping power (dE/dX) for bone, tissue (soft) and water which are 

calculated by this method are compared with other published results and presented in Table (5). 

 

3.1 calculation of      ,      and           

In the calculation of stopping power of electrons in the tissues, the values of       ,      and            have been 

used and can be calculated using the following formulas [40]:  
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4. Discussion and Conclusion 
 

The results of the present work of stopping power are in excellent agreement with the standard results 

published by reference [39], where the error on the present study doesn
’
t exceeds 0.3% as a maximum when the 

tissues and water was considered as one compound as shown in Table (1). The present study provides good 

information about the stopping power of electrons in some human substances when the electron accelerator is used 

in tumors and cancer therapy. The present study also provided excellent and accurate results about the stopping 

power of electron in 14 elements as showing in Table (3) and Table (4).   

 It can be noticed that from Table (5), when the second method is used to calculate the collision energy loss of 

electrons in bone, soft-tissue and water in which the tissue was considered to be composed of a thin layer of pure 

elements of the tissues composition, the error on the results is high and reached to about 25% in some cases, so we 

recommended to use the first method and treating the tissue as one compound instead of composed of thin layers of 

pure elements. 
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Table (1):    Comparison of the mass collision stopping power of electrons with the standard 

results in  

                   Bone, Tissue (soft) and Water, where all tissues was considered to be as one 

compound  
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898000×08  

-3  
3.3.030. .3.0 H 898000×08-3  3....03. .3.0 

0 C .9.2 3.000.33 0. C .9.2 3.000333 0. R ...03×08-3  3.000.3. 3. 

0 N 09.1×08-3  3.30.003 00 N 09.1×08-3  3.300333 00     

. R ...03×08-3  3..03000 3. R ...03×08-3  3...33.. 3.     

. NN 8900 3.33..03 ..3 gM 0901 3.330333 ...     

. gM 0901 3.333.03 ... P 090. 3.303333 .00     

0 P 090. 3.33.003 .00 T .980 3.330333 .03     

0 T .980 3.33.333 .03 CN 0911 3...0333 .3.     

3 CC 39.0 3.33.0.3 .0.         

.3 K 0900 3.33.333 .33         

.. CN 0911 3.333003 .3.         

.0 es 0900 3.3333.3 00.         

.0 ne 0903 3.333303 003         
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Table (3): Values of mass collision stopping power (MeV.cm
2
/g) for electrons in pure 

elements of the tissues composition 
 

dMecenst H R R N Re Vg I 

dneoge 

(VeM)  

sA/ sd sA/ sd sA/ sd sA/ sd sA/ sd sA/ sd sA/ sd 

dts.  cNCc.  dts.  cNCc.  dts.  cNCc.  dts.  cNCc.  dts.  cNCc.  dts.  cNCc.  dts.  cNCc.  

3.3.3 ...0. ...00 .3.33 .3.30 .3.3. .3.33 .3.00 .3.00 ...03 ...00 .0... .0..0 ..... ...03 

3.303 03... 03... ....3 ..... ....0 ..... ...00 ...0. 3.33 3.30 .3.00 .3.03 3.0. 3.03 

3.3.3 ...00 ...0. ..3. ..03 ..33 ..03 ..0. ..00 ..30 ..30 ...0 .... ..03 ..03 

3.3.3 .0... .0... .... .... .... .... ..3. ..30 ...3 ...0 ...3 ...3 ...0 ...0 

3.303 .3... .3... ..00 ..00 ..00 ..00 .... ...0 0.03 0.03 0.03 0.00 0... 0... 

3..33 0.0. 0.00 0... 0... 0... 0... 0..3 0..0 0.0. 0.0. 0.03 0.00 0..0 0..0 

3.033 ..0. ..0. 0..0 0..0 0..3 0..0 0... 0... 0.03 0..3 0.0. 0.0. 0..0 0..0 

3..33 .... .... ..03 ..00 ..3. ..3. ..00 ..00 ..03 ..03 ..0. ..0. ...0 ...0 

3..33 ..3. ..3. ..0. ..0. ..0. ..0. ..00 ..00 .... .... ...3 ...3 .... .... 

3.033 0.00 0.00 .... .... ...3 ...3 ...0 ...0 .... .... .... .... ...0 ...0 

..333 0.00 0.0. .... .... ...0 ...0 .... .... ...3 ...3 ...0 ...0 .... .... 

0.333 0.00 0.00 ...3 ...3 ...3 ...3 ...0 ...0 .... .... ...0 ...0 ...0 ...0 

..333 ..30 ..30 .... .... ..03 ..03 ..00 ..00 ...0 ...0 ...3 ...3 .... .... 

..333 ...0 ...0 ...0 ...0 ..00 ..00 ..0. ..0. ...0 ...0 .... .... ...3 ...3 

0.333 ..03 ..03 ..0. ..0. ..3. ..3. ..30 ..30 .... .... ...0 ...0 ...0 ...0 

3.333 ..0. ..0. ..00 ..00 ..30 ..3. ..3. ..3. ...0 ...0 ...3 ...3 .... .... 

.3.333 ..03 ..03 ..0. ..00 ..33 ..33 ..30 ..3. ...0 ...0 ..03 ..03 .... .... 

03.333 ..03 ..03 ..03 ..03 0... 0... 0..0 0..0 ..0. ..0. ..00 ..00 ..00 ..00 

.3.333 ..3. ..3. ..00 ..0. 0.03 0.03 0.00 0.00 ..00 ..00 ..0. ..0. ..03 ..03 

.3.333 .... .... ..33 ..33 0.0. 0.0. 0.0. 0.0. ..0. ..0. ..00 ..00 ..00 ..00 

03.333 ..0. ..0. ..30 ..30 0..3 0.03 0.00 0.00 ..03 ..03 ..33 ..33 ..0. ..0. 

.33.333 ..0. ..0. ..3. ..3. 0..0 0..0 0... 0... ..3. ..3. ..30 ..30 ..00 ..00 

033.333 ..00 ..00 ..33 ..33 0... 0... 0..3 0..3 ..3. ..3. ..30 ..30 ..30 ..30 

.33.333 ...3 ...3 0.3. 0.3. 0..3 0..3 0..0 0..0 0.3. 0.3. 0.30 0.30 ..30 ..30 

.33.333 .... .... 0.30 0.30 0..0 0..0 0..0 0... 0.3. 0.3. 0.3. 0.3. 0.3. 0.3. 

033.333 ...3 ...3 0..3 0..3 0... 0... 0... 0... 0.30 0.3. 0.33 0.30 0.30 0.30 

.333.333 ...0 ...0 0..0 0... 0..0 0..0 0..0 0..0 0.30 0.30 0..3 0..3 0.3. 0.3. 
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Table (4): Values of mass collision stopping power (MeV.cm
2
/g) for electrons in  

pure elements of the tissues composition 
 

 

dMecenst I S RM K Re Fe nn 

dneoge 

(VeM)  

sA/ sd sA/ sd sA/ sd sA/ sd sA/ sd sA/ sd sA/ sd 

Tts.  cNC.  Tts.  cNC.  Tts.  cNC.  Tts.  cNC.  Tts.  cNC.  Tts.  cNC.  Tts.  cNC.  

3.3.3 ..... ...003 ...0. ...00 ...00 ...0. ....3 ...30 ..... ....3 .0.00 .0.00 .0... .0... 

3.303 3.0. 3.030 .3.30 .3.3. 3.03 3..3 3... 3... 3.3. 3.03 0... 0... 0.3. 0.3. 

3.3.3 ..03. ..000 ..303 ..30 ..00 ..00 ..00 ..0. ..30 ..3. .... .... ..30 ..30 

3.3.3 ...03 ...0. ...00 ...0 ..03 ..00 ..00 ..00 ...3 ...3 0.03 0.03 0.0. 0.0. 

3.303 0.... 0...3 0.0.. 0.0. 0..0 0..0 0... 0... 0.0. 0.03 0.00 0.00 0..3 0..3 

3..33 0..00 0...3 0.0.0 0.0. 0... 0... 0... 0... 0.00 0.00 0.03 0.03 0.03 0.03 

3.033 0..0. 0...3 0.00. 0.00 0... 0... 0... 0... 0.0. 0.0. ..30 ..30 ..00 ..00 

3..33 ...00 ...0. ..0.3 ..00 ...0 ...0 ...0 ...0 ..0. ..0. ...3 ...3 .... .... 

3..33 ...00 ...0. ...0. ...0 .... .... .... .... ...0 ...0 ..00 ..00 ..00 ..00 

3.033 ...00 ...0. ....3 ...0 ...3 ...3 ...3 ...3 ...0 ...0 ..00 ..00 ..03 ..03 

..333 ..... ....3 ...3. ...3 ...0 ...0 ...0 ...0 ...3 ...3 ..0. ..0. ..00 ..00 

0.333 ...0 ....3 ...3. ...3 .... .... ...3 ...3 .... .... ..00 ..00 ..00 ..00 

..333 ..... ....3 ...03 ...0 .... .... .... .... ...3 ...0 ..00 ..00 ..0. ..0. 

..333 ...3. ...33 ...00 ...0 ...3 ...3 ...0 .... .... .... ...0 ...0 ..03 ..03 

0.333 ...0. ...0. ...0 ...0 ..0. ..0. .... .... ...0 ...0 .... .... ...0 ...0 

.3.333 ..... ....3 ...30 ..03 ..03 ..03 ...3 ...3 ..0. ..03 ...0 ...0 .... .... 

03.333 ..000 ..000 ..00. ..00 ..3. ..3. ..00 ..00 ..03 ..03 .... .... ...0 ...0 

.3.333 ..003 ..000 ..0.. ..0. 0.30 0.30 ..0. ..0. ..0. ..0. ...0 ...0 ...3 ...3 

.3.333 ..00. ..00. ..00. ..00 0... 0... ..03 ..03 ..33 ..33 .... .... .... .... 

03.333 ..0.. ..0.3 ..3. ..3. 0..3 0.03 ..30 ..30 ..30 ..30 ...3 ...3 ...0 .... 

.33.333 ..0.3 ..0.0 ..30 ..30 0.00 0.00 ..3. ..3. ..3. ..3. ..0. ..03 ...0 ...0 

033.333 ..30. ..300 ..300 ..33 0.00 0.0. 0.33 0.33 0.3. 0.33 ..0. ..0. ..0. ..0. 

.33.333 ..300 ..30. 0.3.0 0.3. 0... 0..0 0.3. 0.3. 0.3. 0.3. ..0. ..0. ..03 ..03 

.33.333 0.330 0.33. 0.300 0.30 0... 0... 0.30 0.30 0.33 0.33 ..0. ..0. ..00 ..00 

033.333 0.303 0.300 0.33. 0.33 0..0 0..3 0... 0..3 0..0 0... ..0. ..0. ..0. ..0. 

.333.333 0.3.. 0.3.. 0...0 0... 0..3 0... 0..0 0..0 0..0 0..0 ..00 ..00 ..0. ..0. 
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Table (5): Comparison of the mass stopping power of electrons in bone, tissue (soft) and 

water, where the  

with the  tissue was considered to be made up of thin layers of pure elements                  

standard resu 

Ed/  EX (VeM0mc
2
/g)  

dRdNE  

(VeM)  

ENRd  ESSSd (tfos)  RE dN 
ATSER(  

dts)[03]  
 tsdset 

dtuss 

ARRRR%  ATSER 
(dts)[03  

] 

 tsdset 

dtuss 

ARRRR 
% 

ATSE 
R(dts) [

03]  

 tsdset 

dtuss 

ARRRR 
% 

3.3.3 03..03 03.3.0 -..000  00..03 00.033 -3.30.  00...3 00.03. -...0.  

3.303 .0..03 .0.000 -...0.  .0..03 .0.003 -3.000  .0..03 .0.0.. -..00.  

3.3.3 0..3. 0.0.. -..3..  0.0.0 0.00. -3.0.3  0.000 0.0.0 -.....  

3.3.3 ..003 ...0. -3.3..  ..000 ..000 -3.033  ..030 ..0.3 -..300  

3.303 ....0 ....0 -3.33.  ..0.3 ..003 -3....  ..0.0 ..030 -..3.0  

3..33 0.003 0.0.0 -3.0.3  ...30 ...00 -3..03  ..... ....0 -..30.  

3.033 0..33 0.... -3...0  0.00. 0.033 -3..3.  0.030 0.0.3 -3.300  

3..33 ..33. 0.333 -3..0.  0...0 0...0 -3.0..  0...0 0.... -3.0.0  

3..33 ..0.. ..00. -...0.  ..3.. ..3.. -3.000  ..3.0 ..300 -3.33.  

3.033 ..0.3 ..0.0 -...0.  ..00. ..033 -3.0.3  ..00. ..3.0 -....0  

..333 ..03. ..0.. -0.30.  ..003 ..0.. -...00  ..0.3 ..000 -0.300  

0.333 ...0. ..0.3 -0.0..  ..0.0 ..00. -0..33  ..00. ..3.3 -..03.  

..333 ..00. ..000 -..3..  ..0.3 ..30. -..003  ..003 0.30. -0.0.0  

..333 ..000 ..33. -0..33  ..33. 0.3.. -0.300  ..3.. 0.... -.3...3  

0.333 ..0.3 ..3.0 -0..00  ..300 0.... -3....  ..3.0 0..00 -.0.03.  

.3.333 ..00. ..330 -0.0..  ..3.0 0...0 -.3..03  ..3.0 0.00. -.0...0  

03.333 ..333 0..00 -....30  0.30. 0.0.0 -.0..0.  0.3.. 0..30 -.0.0.0  

.3.333 ..30. 0.0.3 -.0.00.  0..3. 0...0 -...000  0...0 0..0. -0...03  

.3.333 0.3.0 0.03. -....3.  0...0 0..0. -.0.000  0.... 0...3 -00.303  

03.333 0.300 0.003 -...030  0...0 0.... -.0.0.3  0..00 0..3. -00..30  

.33.333 0.3.. 0.0.. -.....3  0..00 0..30 -.0....  0.030 0.00. -00.030  

033.333 0.... 0..00 -...0.0  0.0.0 0..00 -.0.30.  0.0.0 0.0.. -0..033  

.33.333 0..0. 0..30 -...33.  0.03. 0.0.3 -.3.00.  0.000 0.030 -0..00.  

.33.333 0.03. 0..0. -...303  0.0.. 0.030 -.3.00.  0.0.0 0.3.0 -0..00.  

033.333 0.000 0...0 -...303  0.0.. 0.00. -.3.000  0.00. 0.30. -0..3..  

.333.333 0.0.. 0..00 -...300  0.00. 0.0.0 -.3.0.0  0..33 0.330 -0..00.  
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