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En ergy ab sorp tion buildup fac tors in the en ergy range of 0.2 MeV to 2 MeV us ing a geo met -
ric pro gres sion fit ting ap prox i ma tion in some se lected es sen tial amino ac ids, fatty ac ids and
car bo hy drate mol e cules have been ob tained.  A semi em pir i cal re la tion-ship de scrib ing en ergy 
ab sorp tion buildup fac tors as a func tion of pen e tra tion depth, Compton scat ter ing and en -
ergy ab sorp tion cross-sec tion is used. This semi em pir i cal method was de fined in an ear lier
work on wa ter and soft tis sue by one of the pres ent au thors. We used this method for the cal -
cu lat ing en ergy ab sorp tion buildup fac tor in bi o log i cal sam ples. The re sults are com pared
with the en ergy ab sorp tion buildup fac tors data of the geo met ric pro gres sion fit ting method.
Good agree ment be tween semi em pir i cal and geo met ric pro gres sion fit ting meth ods has been
ob served, so that av er age de vi a tion is less than 2 % for all sam ples.

Key words: buildup fac tor, GP fit ting, bi o log i cal sam ple, semi em pir i cal re la tion ship

INTRODUCTION

  The buildup fac tor is one of the im por tant prop -
er ties of a ma te rial used for beam collimation, tis sue
com pen sa tion or ra di a tion shield ing and pro tec tion. It
di rectly af fects the ab sorbed dose quan tity and  hence,
cor rect dose de liv ery to a tu mor is not pos si ble with out 
the knowl edge of the buildup fac tor of the ma te rial for
tis sue com pen sa tion pur poses. For nar row beam ge -
om e try  B  = 1  ex actly,  and  for  broad beam ge om e try
B > 1. In nar row beam ge om e try, ide ally there is no
scat tered or sec ond ary ra di a tion to de tect, so there is
no buildup fac tor con trib ut ing to the de tected ra di a -
tion. How ever, broad beam ge om e try will usu ally pro -
duce some type of sec ond ary scat tered ra di a tion which 
de pends on the ge om e try and com po nents in volved.
The value of B is a func tion of ra di a tion type and en -
ergy, at ten u at ing me dium and thick ness, ge om e try,
and mea sured quan tity [1].

 Up to now, stud ies about en ergy ab sorp tion
buildup fac tors (EABF) in bi o log i cal sam ples have
been widely made us ing the well-known meth ods such 
as, the geo met ric pro gres sion (GP) fit ting method,
gen er al ized feed-for ward neu ral net work (GFFNN),
and Monte Carlo based codes [2-11].

  Re cently, Sardari and Baradaran [12] de vel -
oped a new re la tion ship es ti mat ing the buildup fac tor
as a func tion of pen e tra tion depth, Compton scat ter -

ing, and en ergy ab sorp tion cross-sec tions. In an other
work Sardari and  Kurudirek [13] de vel oped this semi
em pir i cal equa tion ap proach to the data ob tained
through a five pa ram e ter GP fit ting method to the
EABF for soft tis sue, wa ter, and hy dro gen, car bon, ni -
tro gen and ox y gen based dosimetric ma te ri als.

  Re cently Kurudirek and Ozdemir [14] es ti -
mated the en ergy ab sorp tion and ex po sure buildup
fac tors by us ing the G-P fit ting method for some bi o -
log i cal mol e cules such as amino ac ids, fatty ac ids and
car bo hy drates in the en ergy re gion 0.015-15 MeV up
to pen e tra tion depths of 40 mfp**. Mean while, the
chem i cal com po si tion data of these bi o log i cal mol e -
cules were taken from their study. In the pres ent study,
we have ap plied the semi-em pir i cal re la tion ship to cal -
cu late the en ergy ab sorp tion buildup fac tor data for
some bi o log i cal mol e cules such as mus tard oil, glu -
cose, mannitol, su crose, ribose and valine.

MATERIALS AND METHODS

GP fitting method

  To cal cu late the buildup fac tors, the G-P fit ting
pa ram e ters were ob tained by the method of in ter po la -
tion from the equiv a lent atomic num ber (Zeq). Com pu -
ta tions are il lus trated step by step as fol lows:
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(a) cal cu la tion of the equiv a lent atomic num ber, Zeq,
(b) cal cu la tion of geo met ric pro gres sion (G-P) fit ting

pa ram e ters. and
(c) cal cu la tion of en ergy ab sorp tion and ex po sure

buildup fac tors.
In the first step, the equiv a lent atomic num ber,

Zeq, for a par tic u lar ma te rial has been cal cu lated by
match ing the ra tio (m/r) Compton /(m/r) to tal, of that ma te -
rial at a spe cific en ergy with the cor re spond ing ra tio of
an el e ment at the same en ergy.

  Thus, firstly the Compton par tial mass at ten u a -
tion co ef fi cient, (m/r) Compton, and the to tal mass at ten -
u a tion co ef fi cients, (m/r) to tal, were ob tained for the el -
e ments of Z = 4-40 and for the cho sen ma te ri als in the
en ergy re gion 0.015 to 15 MeV, us ing the WinXCom
com puter pro gram [15, 16]  that was ini tially de vel -
oped as XCOM [17]. When the ra tio (m/r) Compton

/(m/r) to tal lies be tween two suc ces sive ra tios of el e -
ments, the fol low ing for mula is em ployed for the in -
ter po la tion of Zeq [2]
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where Z1 and Z2 are the el e men tal atomic num bers cor -
re spond ing to the ra tios  R1 and R2, re spec tively, and R
is the ra tio for the soft tis sue at the spe cific en ergy.

  In the sec ond step, to cal cu late the G-P fit ting
pa ram e ters, a sim i lar in ter po la tion pro ce dure was
adopted as in the case of an equiv a lent atomic num ber.
The G-P fit ting pa ram e ters for el e ments were taken
from the ANSI/ANS-6.4.3 [18] stan dard ref er ence da -
ta base, which pro vides the G-P fit ting pa ram e ters for
el e ments, from be ryl lium to iron in the en ergy re gion
0.015-15 MeV up to a depth of 40 mfp. G-P fit ting
buildup fac tor co ef fi cients of the ma te ri als un der con -
sid er ation were in ter po lated ac cord ing to the given
for mula
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where P is the G-P fit ting func tion co ef fi cient cor re -
spond ing to Zeq, P1 and P2 are the val ues of G-P fit ting
func tion co ef fi cients cor re spond ing to the el e men tal
atomic num bers Z1 and Z2, at a given en ergy, re spec -

tively, where as Zeq is the equiv a lent atomic num ber of
the cho sen ma te rial at the given en ergy.

  In the fi nal step, the com puted G-P fit ting pa -
ram e ters (b, c, a, Xk, and d) are used to com pute the
EABF of these amino ac ids in the en er gies 0.015-15
MeV and pen e tra tion depths up to 40 mfp with the help 
of the G-P fit ting for mula, as given by the equa tions
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and E is the in ci dent pho ton en ergy, x – the pen e tra tion
depth  in  mfp,  a,  b,  c,  d,  and  Xk  are  the  G-P  fit ting
pa ram e ters  and  b  is  the value of the buildup fac tor at
1 mfp. The pa ram e ter K rep re sents pho ton dose mul ti -
pli ca tion and a change in the shape of the spec trum [9]. 
The GP fit ting val ues of buildup fac tors for these
amino ac ids was taken from the pre vi ous study for
com par i son [14].

Semi empirical approach

  The atomic mix ture of mus tard oil, glu cose,
mannitol, su crose, ribose, and valine is C22H42O2,
C6H12O6, C6H14O6, C12H22O11, C5H10O5, and C5H11O2N,
re spec tively. Us ing the data along with the mi cro scopic
cross-sec tions for en ergy ab sorp tion (sa) and Compton
scat ter ing (ss), the mac ro scopic cross-sec tions in amino
ac ids con tain ing H, C, O, and N are ob tained us ing the
equa tions
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O
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The mi cro scopic cross-sec tions data are shown
in tab. 1. The mac ro scopic scat ter ing and ab sorp tion
cross-sec tion and ra tio of mac ro scopic scat ter ing to
ab sorp tion cross-sec tion (Ss/Sa) are shown in tab. 2.
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Table 1. Scattering and energy absorption cross-sections for hydrogen, oxygen, nitrogen, and carbon

E [MeV] Ss
H [cm–1] Sa

H [cm–1] Ss
O [cm–1] Sa

O [cm–1] Ss
N [cm–1] Sa

N [cm–1] Ss
C [cm–1] Sa

C [cm–1]

0.2 0.319 0.0879 2.5 0.711 0.223 0.619 1.91 0.539

0.3 0.258 0.0953 1.814 0.668 1.56 0.572 2.078 0.764

0.4 0.219 0.098 1.527 0.687 1.315 0.589 1.751 0.783

0.5 0.19 0.099 1.527 0.789 1.335 0.69 1.143 0.592

0.6 0.169 0.098 1.184 0.688 1.012 0.59 1.355 0.786

0.8 0.139 0.096 0.973 0.672 0.837 0.576 1.122 0.768

1 0.118 0.093 0.947 0.743 0.83 0.65 0.71 0.557

2 0.069 0.078 0.549 0.632 0.481 0.553 0.412 0.472



The fol low ing semi-em pir i cal re la tion ship was used to 
de scribe the vari a tions of buildup fac tor as func tion of
en ergy ab sorp tion cross-sec tions and pen e tra tion
depth r
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where a and b are pa ram e ters to be found so that the re -
sults of eq. 1 fit to the data ob tained from the GP fit ting
method. The fol low ing re la tion ship was de fined for OR -
I GIN soft ware with a given set of B and X as in put data

B aX b= +( )1 (9)

For each set of data at spe cific pho ton en er gies,
OR I GIN com puted the best quan tity for a and b pa -
ram e ters. The val ues of these pa ram e ters are listed in
tab. 3  for  these  amino  ac ids  in  the  en ergy  range  of
0.2 MeV-2 MeV.

  For de tailed ex pla na tions on the semi-em pir i cal 
re la tion and mi cro scopic cross-sec tions of  H, C, O,
and N used in this study, we may re fer to the pre vi ous
study in which the use of a semi em pir i cal re la tion is
ex plained in de tail [12].

RESULTS AND DISCUSION

  The com puted buildup fac tor data ob tained by
the GP fit ting method and eq. (8) are col lected in tab. 4. 

The rel a tive dif fer ences in buildup fac tors be tween the 
semi em pir i cal and GP fit ting method are shown in tab. 
5. It has been ob served that the dif fer ences de crease
with the in crease in en ergy and pen e tra tion depth, so in 
2 MeV the dif fer ences are very low (£0.7). At 0.5 MeV 
the dif fer ence in some sam ples is partly high, so that
the av er age dif fer ence for glu cose is about 8 % and for
valine is about 4 %. At 2 MeV ex cept for glu cose (its
av er age dif fer ence is 7 %); the av er age dif fer ence is
less than 1.5 % and at 10 MeV the av er age dif fer ence is 
less than 0.5 % for all sam ples. It has been ob served,
that there is  good agree ment be tween semi em pir i cal
and GP fit ting meth ods so that the av er age dif fer ence
is less than 2 % for these sam ples.

 These re sults in di cate that ribose has the min i -
mum dif fer ences in all en er gies and pen e tra tion depths 
while the max i mum dif fer ences are for glu cose.

CONCLUSION

  In the pres ent study, a semi-em pir i cal re la tion -
ship was ap plied to the en ergy ab sorp tion buildup fac tor 
data ob tained from the GP fit ting method. The re sults
are quite sat is fac tory for mus tard oil, glu cose, mannitol, 
su crose, ribose and valine. It was con cluded that for
lower pen e tra tion depths (<10 mfp) and pho ton en er -
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Table 2. Ratio of scattering to absorption cross-section for mustard oil, glucose,  mannitol, sucrose, ribose, and valine

Mustard oil Glucose Mannitol

E [MeV] Ss [cm–1] Sa [cm–1] Ss/Sa Ss [cm–1] Sa [cm–1] Ss/Sa Ss [cm–1] Sa [cm–1] Ss/Sa

0.2 60.41 16.97 3.55 30.28 8.55 3.54 30.92 8.73 3.54

0.3 60.18 22.14 2.71 26.44 9.73 2.71 26.96 9.92 2.71

0.4 50.77 22.71 2.23 22.29 9.99 2.23 22.73 10.19 2.23

0.5 36.18 18.76 1.92 18.3 9.47 1.93 18.68 9.67 1.93

0.6 39.27 22.78 1.72 17.26 10.02 1.72 17.6 10.21 1.72

0.8 32.46 22.27 1.45 14.23 9.79 1.45 14.51 9.98 1.45

1 22.47 17.64 1.27 11.35 8.91 1.27 11.59 9.10 1.27

2 13.06 14.92 0.87 6.59 7.56 0.87 6.73 7.71 0.87

Sucrose Ribose Valine

E [MeV] Ss [cm–1] Sa [cm–1] Ss/Sa Ss [cm–1] Sa [cm–1] Ss/Sa Ss [cm–1] Sa [cm–1] Ss/Sa

0.2 57.43 16.22 3.54 25.24 7.129 3.54 18.28 5.70 3.20

0.3 50.56 18.61 2.7 22.04 8.113 2.71 18.41 6.77 2.71

0.4 42.62 19.1 2.23 18.58 8.33 2.23 15.53 6.95 2.23

0.5 34.69 17.961 1.93 15.25 7.895 1.93 12.19 6.31 1.93

0.6 33 19.15 1.72 14.38 8.35 1.72 12.01 6.97 1.72

0.8 27.22 18.72 1.45 11.86 8.16 1.45 9.92 6.81 1.45

1 21.53 16.9 1.27 9.46 7.43 1.27 7.57 5.94 1.27

2 12.5 14.33 0.87 5.49 6.3 0.87 4.39 5.03 0.87

Table 3. Parameters a and b for the energy absorption buildup factor in eq. (8) for various energies

0.2 [MeV] 0.5 [MeV] 2 [MeV]

a b a b a b

Mustard oil 0.11 3.29 0.23 2.43 0.68 1.31

Glucose 0.14 2.7 0.23 2.3 0.68 1.31

Mannitol 0.11 3.31 0.23 2.42 0.68 1.31

Sucrose 0.12 3.2 0.23 2.42 0.68 1.31

Ribose 0.11 3.32 0.23 2.43 0.68 1.31

Valine 0.11 3.47 0.23 2.43 0.68 1.31



gies lower than 2 MeV, the pre sented semi-em pir i cal
ap prox i ma tion can be used as a safe tool to es ti mate
buildup fac tors for gamma and X-rays in these bi o log i -
cal sam ples.
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Table 5. Relative difference [%] between the buildup factor values for biological samples obtained through eq. 8. and GP
fitting approximation

r (mfp) Mustard oil Glucose Mannitol Sucrose Ribose Valine

0.2 MeV

1 2.4 15.4 0.7 3.9 0.08 5.8

2 3.3 15.2 1.8 4.6 0.9 7.8

4 0.6 9.1 0 1.8 0.8 5.2

7 0.9 2.2 0.4 0.09 1.1 1.8

10 0.4 1.6 0.9 0.5 0.3 0.2

0.5 MeV

1 1.6 6.1 1.2 1.1 1.8 1.7

2 0.4 8.2 0.3 0.2 0.6 0.6

4 0.2 7.9 1.4 0.7 0.1 0.2

7 0.2 6.4 2.4 0.7 0.4 0.1

10 0.5 5.2 2.9 0.2 0.58 0.3

2 MeV

1 0.5 0.5 0.3 0.4 0.3 0.7

2 0.3 0.3 0.1 0.1 0.1 0.4

4 0.2 0.2 0.08 0.04 0.1 0.2

7 0.1 0.1 0.2 0.16 0.2 0.1

10 0.3 0.3 0.07 0 0.1 0.3
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Danial SALEHI, Dariu{ SARDARI, Milad S. JOZANI

POLUEMPIRIJSKA  RELACIJA  ZA  ENERGETSKI  FAKTOR
NAGOMILAVAWA  U  NEKIM  BIOLO[KIM  UZORCIMA

Odre|eni su energetski faktori nagomilavawa u opsegu energija od 0.2 MeV do 2 MeV
izra~unati fitovawem geometrijskom progresijom u izabranim amino kiselinama, masnim
kiselinama i karbohidratnim molekulima. Kori{}ena je poluempirijska relacija koja opisuje
energetski faktor nagomilavawa kao funkciju dubine prodirawa i efikasnih preseka za
Komptonovo rasejawe i energetsku apsorpciju. Ovaj poluempirijski metod ve} je definisan za vodu
i meko tkivo u prethodnom radu jednog od autora. Iskoristili smo ovaj metod za prora~un
energetskog faktora nagomilavawa u biolo{kim uzorcima. Rezultati su upore|eni sa podacima
dobijeni metodom fitovawa geometrijskom progresijom. Uo~eno je dobro slagawe rezultata
poluempirijskog metoda i fitovawa geometrijskom progresijom, tako da je sredwa devijacija mawa
od 2 % za sve uzorke.

Kqu~ne re~i: faktor nagomilavawa, fitovawe geometrijskom progresijom, biolo{ki uzorak,
..........................poluempirijska relacija


