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Ef fec tive atomic num bers (ZPIeff) and elec tron den si ties of eigh teen al co hols such as wood al co -
hol, CH3OH; grain al co hol, C2H5OH; rub bing al co hol, C3H7OH; butanol, C4H9OH; amyl
al co hol, C5H11OH; cetyl al co hol, C16H33OH; eth yl ene gly col, C2H4(OH)2; glyc erin,
C3H5(OH)3; PVA, C2H4O; erythritol, C4H6(OH)4; xylitol, C5H7(OH)5; sorbitol,
C6H8(OH)6; volemitol, C7H9(OH)7; allyl al co hol, C3H5OH; geraniol, C10H17OH; propargyl
al co hol, C3H3OH; inositol, C6H6(OH)6, and men thol,  C10H19OH have been cal cu lated in the
pho ton en ergy re gion of 1 keV-100 GeV. The es ti mated val ues have been com pared with ex per i -
men tal val ues wher ever pos si ble. The com par i son of ZPIeff of the al co hols with wa ter phan tom
and PMMA phan tom in di cate that the eth yl ene gly col, glyc erin, and PVA are sub sti tute for
PMMA phan tom and PVA is sub sti tute of wa ter phan tom. ZPIeff of al co hols have also been com -
pared with hu man or gans and tis sues. Eth yl ene gly col, glyc erin and PVA, allyl al co hol, and
wood al co hols are found tis sue sub sti tutes for most of hu man or gans. Kerma which is the prod -
uct of the en ergy fluence and mass en ergy-ab sorp tion co ef fi cient, have been cal cu lated in the en -
ergy re gion from 1 keV to 20 MeV for the al co hols. The re sults show the kerma is more or less
in de pend ent of en ergy above 100 keV.
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INTRODUCTION

Gamma in ter ac tion with mat ter is thrust area in
ra di a tion mea sure ment, nu clear phys ics, ra di a tion
phys ics, med i cal phys ics, ra di a tion do sim e try, ra di a -
tion pro tec tion, ra di a tion bi ol ogy, nu clear tech nol ogy,
clin i cal ap pli ca tions as well as in med i cal di ag nos tics
[1] and space re search [2]. Gamma ra di a tion is mea -
sured by ra di a tion de tec tors of var i ous me di ums such
as solid, liq uid, and gas eous. The ra di a tion dose ab -
sorbed by hu man body is mea sured by do sim e ters of
equiv a lent atomic num ber. Do sim e ters of such type
are se lected for dose mea sure ment such as LiF per -
sonal do sim e ters and ra di a tion mon i tors. Qual ity as -
sur ance of the do sim e ters is car ried out by cal i bra tion
of the do sim e ters on hu man body equiv a lent phan tom.
Wa ter and poly-methyl-metha-crylate (PMMA) are
the ver sa tile ma te ri als suit able for stan dard phan toms
used for ra dio ther apy and ra di a tion do sim e try due to
clos est hu man body tis sue equiv a lent [3]. Other var i -
ous tis sue equiv a lent ma te ri als such as Perspex, plas -

tic, rub ber, glass boro sili cate, A-5 tis sue equiv a lent
ma te ri als such as wax, plas tic or solid wa ter are avail -
able for dosimetric anal y sis. Some al co hols have been
re cently used for dosimetric ap pli ca tions [4].

Mass at ten u a tion co ef fi cients (µ/r), ef fec tive
atomic num ber (Zeff) and ef fec tive elec tron den si ties
(Neff) are the dosimetric in ter est pa ram e ters for the
pho ton in ter ac tion. The mass at ten u a tion co ef fi cient is 
a mea sure of pho ton in ter ac tion with mat ter; it is used
to de rive the mo lec u lar, atomic cross-sec tion, ef fec tive 
atomic number and ef fec tive elec tronic density. Any
pa ram e ter of the above can be used for pho ton in ter ac -
tion study. The pho ton in ter acts with me dium by
photo-ab sorp tion, Compton scat ter ing and pair-pro -
duc tion pro cess which de pends on the pho ton en ergy
and con stit u ent atomic num ber of the el e ments. The
photo-ab sorp tion and pair-pro duc tion are the com -
plete pho ton re moval pro cess whereas Compton in ter -
ac tion slows down pho ton en ergy and then is re moved
by photo-ab sorp tion in ter ac tion.

The the o ret i cal val ues for mass at ten u a tion co ef -
fi cients and cross-sec tions of about 100 dif fer ent el e -
ments, com pounds, and mix tures have been com plied
by Berger and Hubbell [5] and given in the form of
XCOM soft ware at en er gies 1 keV to 100 GeV  which
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has been trans formed to WinXcom soft ware at win -
dow plat form for easy ex port in ex cel form [6, 7].
Mass at ten u a tion co ef fi cients, ef fec tive atomic num -
bers and elec tron den si ties of com pos ite ma te ri als are
pho ton en ergy de pend ent. The mass at ten u a tion co ef -
fi cients of ma te rial at var i ous en er gies are used for es -
ti ma tion of ef fec tive atomic number by ra tio ef fec tive
atomic cross-sec tion to ef fec tive elec tronic cross-sec -
tion. A sim i lar pro gram XmuDat also cal cu lates mass
at ten u a tion co ef fi cient, mass en ergy trans fer, mass at -
ten u a tion co ef fi cients for el e ments, com pounds, and
mix tures in the en ergy range from 1 to 50 MeV pho ton
en ergy range for the med i cal phys ics in ter est [8]. 

Sev eral re search ers have stud ied pho ton in ter ac -
tion pa ram e ters like the Zeff and Neff for var i ous com -
pos ite ma te ri als at pho ton en ergy from 1 keV to 1 GeV
[9], to tal mass at ten u a tion co ef fi cients, ef fec tive atomic
and elec tron num bers for PbO, bar ite, cole man ite, tin -
cal, and ul ex ite at 80.1, 302.9, 356.0, 661.7, and 1250.0
keV pho ton en er gies [10], ef fec tive atomic num ber of
the com pos ite ma te ri als such as bakelite, ny lon, tef lon
etc. in the pho ton en ergy re gion 280-1115 keV by mea -
sur ing the in co her ent scat ter ing cross-sec tion [11], spin
ice com pounds and con crete shield ing ma te ri als [12,
13]. The most use ful pho ton in ter ac tion pa ram e ter, Zeff

and Neff, are avail able for few so lu tions [14],
thermoluminescent do sim e ters [15], or ganic com -
pounds [16], gases and gas eous mix ture [17], amino ac -
ids [18], fatty ac ids and car bo hy drates [19], pho ton in -
ter ac tion pa ram e ters of com mon sol vents [20], and
mass at ten u a tion co ef fi cients of eth a nol have been ex -
per i men tally in ves ti gated in pho ton en ergy 0.123-1.33
MeV [21].

In the pres ent work, we have se lected dosimetric
in ter est of eigh teen al co hols con tain ing H, C, and O el -
e ments such as wood al co hol, rub bing al co hol,
butanol, amyl al co hol, cetyl al co hol, eth yl ene gly col,
glyc erin, poly vi nyl al co hol (PVA), erythritol, xylitol,
sorbitol, volemitol, allyl al co hol, geraniol, propargyl
al co hol, inositol, men thol, poly vi nyl al co hol, and
com puted Zeff and Neff for to tal pho ton in ter ac tion in
pho ton en ergy range 1 keV to 100 GeV. The PVA is
pres ently used as a ra di a tion shield ing for ra di a tion
pro tec tion, hard drives from data cor rup tion, amino
acid from ox i da tive dam age in space flight [22]. The
ef fec tive atomic num ber and elec tron den si ties have
been com pared with avail able pos si ble ex per i men tal
val ues at few pho ton en er gies [23, 24]. The ef fec tive
atomic num ber of al co hols have been com pared with
wa ter phan tom, PMMA phan tom, hu man or gans, and
tis sues to ex plore pos si bil i ties for tis sue sub sti tutes.
Kerma of al co hol rel a tive to air (Ka) also have been
com puted for pho ton en ergy re gion 1 keV to 20 MeV.
Com puted pho ton in ter ac tion pa ram e ters for al co hols
are found very use ful for phan tom and tis sue sub sti tute 
for dosimetric in ter est, shield ing ef fec tive ness, ex po -
sure and en ergy ab sorp tion build-up fac tors. In ad di -
tion, the phan tom equiv a lence com pared with wa ter

phan tom, PMMA phan tom, hu man or gans and tis sues
is graph i cally shown for the in ter ested pho ton en ergy
re gions. 

COMPUTATIONAL METHOD

Direct method

Com pu ta tions of the ef fec tive atomic num ber
and elec tron densities of the al co hols for to tal gamma
pho ton in ter ac tion have been car ried out by prac ti cal
for mula [25]. The mass at ten u a tion co ef fi cients of the
el e ments in our study have been ob tained from
WinXcom com puter pro gram [5, 6]. The atomic num -
ber and atomic mass of el e ments have been taken from
atomic weight of el e ments [26]. The ef fec tive atomic
num ber, ZPIeff
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where fi is the mo lar frac tion in the mix ture/com pound, µ
– the lin ear at ten u a tion co ef fi cient, r –  the den sity, µ/r –
the mass at ten u a tion co ef fi cient, A – the atomic weight, Z
– the atomic num ber, and the ra tio A/Z, be tween the
atomic mass and the atomic num ber is ap prox i mately
con stant. The mass at ten u a tion co ef fi cients of in di vid ual
el e ments are ob tained from WinXcom pro gram for pho -
ton en ergy 1 keV to 100 GeV.

The ef fec tive elec tron den sity is given by Neff =
= NAZ/A which is gen er al ized as
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where ni is the num ber of at oms of the i.th con stit u ent
el e ment, n – the to tal num ber of at oms in the mol e cule,
and <A> – the  av er age atomic mass of the al co hols. 

Kerma of alcohols relative to air

Ki netic en ergy re leased per unit mass (kerma) is
de fined as the ini tial ki netic en ergy of all sec ond ary
charged par ti cles lib er ated per unit mass at a point of
in ter est by un charged ra di a tion [27, 28]. It is ap pli ca -
ble to in di rect ion iz ing ra di a tion such as pho tons and
neu trons and has the unit, J/kg = Gy, as the ab sorbed
dose. Kerma is di rectly re lated to pho ton fluence and
like li hood of in ter act ing me dium.

Kerma de rived as let y [Jm–2] is en ergy fluence
of mono-en er getic pho ton pass ing through A area, A
of an ab sorber. The pho ton en ergy trans ferred from
un charged ion iz ing gamma ra di a tion to charge par ti cle 
in a vol ume over a short dis tance dx be hind the area is
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then (y µen) A dx where µen is mass en ergy-ab sorp tion
co ef fi cient.  Since the mass in the vol ume with den sity
r is rA dx, the kerma is
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There fore, the kerma is the prod uct of the en ergy
fluence and mass en ergy-ab sorp tion co ef fi cient.
Kerma of the al co hols rel a tive to air can be de rived as 
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Now the com pu ta tion of kerma is cal cu la tion of
mass en ergy-ab sorp tion co ef fi cient, µen/r of alcohol
and air by the fol low ing re la tion
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where wi and (men/r)i are the weight frac tion and the
mass en ergy-ab sorp tion co ef fi cient of the i th con stit u -
ent el e ment pres ent in the al co hol. For any chem i cal
com pound, wi is given by
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The val ues of (men/r)i have been taken from the
com pi la tion of Hubbell and Selt zer [29].

RESULTS AND DISCUSSION

Ef fec tive atomic num bers, ZPIeff of the al co hols
are given in tab. 1 along with ef fec tive atomic num ber
based on XmuDat. In tab. 1 we have shown the ra tio of
ZPIeff of al co hol to wa ter and PMMA phan tom for min -
i mum and max i mum val ues to un der stand the close -
ness of al co hols with phan toms at those en er gies.
Com par i son of ZPIeff with ex per i ment is given in tab. 2. 
The vari a tion of ZPIeff with the pho ton en ergy for al co -
hols is shown in figs. 1 and 2. The vari a tion of Neff with 
pho ton en ergy for al co hols is shown in fig. 3. Fig ure 4
gives vari a tion of kerma val ues for  al co hols  rel a tive
to air,  Ka  in  the  pho ton  en ergy re gion from1 keV to
20 MeV. Fig ures 5 and 6 give the per cent age de vi a tion
of ZPIeff of al co hols rel a tive to PMMA phan toms, wa ter 
phan tom for en ergy re gion 1 keV to 100 GeV, hu man
or gans and tis sues in  the  pho ton  en ergy  re gion  from
1 keV to 20 MeV.

Effective atomic number

The vari a tion of ZPIeff with gamma pho ton en -
ergy is shown in fig. 1. From the fig ure it is clear that
the ZPIeff of the al co hols var ies with en ergy. In the en -
ergy range of 1 keV to 100 GeV, the vari a tion of ZPIeff

with en ergy is mainly dom i nated by dif fer ent pho ton
in ter ac tion pro cesses namely pho to elec tric ab sorp -
tion, Compton scat ter ing and pair pro duc tion. The
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Table 1. Effective atomic numbers of the alcohols 

Description Formula/|
Monomer

(Zeff)XmuDat

ZPIeff

( )

( )

Z

Z

PIeff

PIeff

alcohol

water

( )

( )

Z

Z

PIeff

PIeff

alcohol

PMMA

Min Max Min Max Min Max

Wood alcohol CH3OH 6.80 3.0007 7.3884 0.90 0.93 0.83 1.06

Grain alcohol C2H5OH 6.47 2.8895 7.0652 0.87 0.89 0.80 1.01

Rubbing alcohol C3H7OH – 2.8339 6.8619 0.85 0.86 0.79 0.99

Butanol C4H9OH 6.15 2.8006 6.7222 0.84 0.84 0.78 0.97

Amyl alcohol C5H11OH – 2.7784 6.6204 0.83 0.83 0.77 0.95

Cetyl alcohol C16H33OH – 2.7064 6.2308 0.81 0.78 0.75 0.89

Ethylene glycol C2H4(OH)2 – 3.4008 7.3943 1.02 0.93 0.94 1.06

Glycerin C3H5(OH)3 6.95 3.5723 7.3962 1.07 0.93 0.99 1.06

PVA C2H4O 6.62 3.4293 7.0739 1.03 0.89 0.95 1.02

Erythritol C4H6(OH)4 – 3.6675 7.3972 1.10 0.93 1.02 1.06

Xylitol C5H7(OH)5 – 3.7281 7.3978 1.12 0.93 1.04 1.06

Sorbitol C6H8(OH)6 – 3.7701 7.3982 1.13 0.93 1.05 1.06

Volemitol C7H9(OH)7 – 3.8008 7.3985 1.14 0.93 1.06 1.06

Allyl alcohol C3H5OH – 3.2006 6.8687 0.96 0.86 0.89 0.99

Geraniol C10H17OH – 2.9660 6.3629 0.89 0.80 0.82 0.91

Propargyl alcohol C3H3OH – 3.7507 6.8755 1.12 0.86 1.04 0.99

Inositol C6H6(OH)6 – 4.0008 7.4002 1.20 0.93 1.11 1.06

Menthol C10H19OH – 2.8392 6.3602 0.85 0.80 0.79 0.91

Water H2O 7.51 3.3343 7.9818 1.00 1.00 0.93 1.15

PMMA C5H8O2 6.56 3.6007 6.9646 0.90 0.93 1.00 1.00



vari a tion in ZPIeff is large be low 100 keV where pho to -
elec tric pro cess is dom i nant and the vari a tion is al most 
con stant be tween 0.3-3 MeV where the Compton scat -
ter ing pro cess is dom i nant and fur ther above 100 MeV
al most con stant which is due to the pair pro duc tion
pro cess. There fore, the ZPIeff value var ies from 6.33 to
7.34 at 1 keV, var ies from 2.7 to 4.0 at 1 MeV and var -
ies from 2.92 to 4.33 at 10 GeV. It is need less to say
that the higher val ues in the low en ergy re gion is due to 
pho to elec tric ab sorp tion pro cess, the in ter me di ate val -
ues in the me dium en ergy re gion due to the Compton
scat ter ing and  higher val ues in the high en ergy re gion
is due to pair pro duc tion pro cess. All vari a tions can be
clearly ex plained by the Z de pend ence of to tal atomic
cross-sec tions, thus ZPIeff as Z4-5 for pho to elec tric ab -
sorp tion, Z for Compton scat ter ing and Z2 for pair pro -
duc tion. It fol lows from the above that the pho to elec -
tric ab sorp tion cross-sec tion gives higher weight to the 
high Z el e ments than the other pro cesses and is pro por -
tional to Z4-5 which clearly ex plains the max i mum val -
ues of ZPIeff in the low en ergy re gion. In con trast, the
Compton scat ter ing cross-sec tion is pro por tional to Z,
giv ing less weight to the high Z el e ments than pho to -
elec tric ab sorp tion and pair pro duc tion pro cesses.
Hence, the given al co hols have the low val ues of ZPIeff

in this en ergy re gion. These re sults are in good agree -
ment with the ex per i men tal re sults as ex plained in next 
sec tion. From figs. 1 and 2, it is clearly seen that ZPIeff

of the wa ter phan tom is higher than all the al co hols in
photo ab sorp tion re gion whereas com pa ra ble in
Compton and pair pro duc tion re gions. Also fig. 1(a)

shows that ZPIeff of wood al co hol is iden ti cal in the
pho ton en ergy 1 keV to 100 GeV.
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Fig ure 1. Ef fec tive atomic num bers of al co hols, 
wa ter, and PMMA phan tom

Fig ure 2. Ef fec tive atomic num bers for
non-co her ent of al co hols, wa ter, and PMMA phan tom

Fig ure 3. Ef fec tive elec tron den si ties of al co hols, wa ter,
and PMMA phan tom



Effective electron densities

The Neff of the al co hols con tain ing low atomic
num ber el e ments H, C, and O is shown in fig. 3. The
ZPIeff of the al co hols are found in the range of 1.5×1022

to 2.7×1023 elec tron/cm3 with min i mum for
C16H33OH. It is to be noted that the Neff value is min i -
mum for al co hol con tain ing the max i mum car bon and
hy dro gen at oms. The Neff val ues fol lows vari a tion of
ZPIeff val ues with low est val ues in Compton scat ter ing
re gion and high val ues in photo-ab sorp tion and pair
pro duc tion re gion.

Comparison with experiments

Ex per i men tal data of ef fec tive atomic num ber of
pos si ble al co hols have been com pared. The ex per i men -
tal val ues along with our cal cu lated val ues are given in
tab. 2. From the ta ble we no tice a good agree ment be -

tween cal cu lated and ex per i men tal val ues of ef fec tive
atomic num bers. From the com par i son we no tice that
low en ergy pho tons have un der gone the pho to elec tric
ab sorp tion, me dium en ergy pho tons pho to elec tric and
Compton scat ter ing and high en ergy pho tons the pair
pro duc tion pro cess. To the best of our knowl edge, there
are no ex per i men tal data in the lit er a ture for pho ton en -
er gies above 1333 keV where in only pair pro duc tion
pro cess is the ma jor in ter ac tion pro cess.

Kerma of alcohols

The vari a tion of kerma rel a tive to air (Ka) of the
al co hols for pho ton en ergy 1 keV to 20 MeV is shown
in fig. 4. It is to be noted that the Ka val ues of wa ter are
higher than al co hols in the en tire pho ton en ergy re gion 
1 keV to 20 MeV. We have found that the Ka val ues are
equal to 1 at pho ton en ergy of ~80 keV. Ka vari a tion
with pho ton en ergy rep re sents vari a tion of ef fec tive
atomic num bers in par tial pho ton in ter ac tion pro cess;
photo ab sorp tion, Compton scat ter ing, and pair pro -

duc tion. Ka val ues of all the se lected al co hols are in the
range of 0.57 to 0.98 in the pho ton en ergy range from 1 
keV to 80 keV. The Ka val ues of wa ter are found of
1.02 to 1.18 in pho ton en ergy re gion of 1 keV to 80

keV. Above 100 keV the Ka val ues are in the range of 1
to 1.14.  We have found that the Ka val ues are higher
for poly-al co hols com pared with mono-al co hol and
wa ter be cause the 16O weight frac tions are larger. The
Ka val ues of all the al co hols vary from 0.40 to 1.07 be -
low 100 keV where photo ab sorp tion is dom i nat ing in -
ter ac tion pro cess. In me dium and high pho ton en ergy,
Ka val ues are found to be more or less same.

Water and PMMA phantom substitute 

Phan toms for cal i bra tion of the per sonal do sim e -
ters are ISO, PMMA, and wa ter phan toms, used as hu -
man tis sue sub sti tutes. It is found that the ZPIeff of the
al co hols are in range of the wa ter and PMMA phan -
toms ex cept slight vari a tion for wa ter phan tom in
photo-ab sorp tion re gion. Per cent age de vi a tion
(DZPIeff = Com puted ZPIeff – Phan tom ZPIeff)100/phan -
tom ZPIeff) of the al co hols rel a tive to phan tom is shown 
in fig. 5(a, b). The DZPIeff for PMMA phan tom for pho -
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Fig ure 4. En ergy de pend ency of kerma rel a tive to air
of al co hols

Table 2. Comparison of effective atomic numbers with literature values

Alcohol Literature* Photon energy [keV]

54 59.54 81 123 356 511 662 1173 1274 1333

Wood alcohol
a 3.83 – 2.99 2.96 2.92 3.11 3.00 2.92 2.90 2.99

c 3.21 3.17 3.08 3.03 3.00 3.02 3.00 2.99 2.99 3.00

Grain alcohol
a 3.00 – 3.02 2.8 2.7 2.91 3.85 2.85 2.85 –

c 3.06 3.03 2.95 2.91 2.89 2.91 2.89 2.89 2.89 2.89

Butanol
b 2.92 ± 0.09  – – – – – – – – –

c 2.94 2.92 2.85 2.82 2.80 2.82 2.80 2.80 2.80 2.80

Glycerin

a 3.46  – 3.48 3.56 3.44 3.69 3.63 3.55 3.57 3.54

b 3.81 ± 0.12  – – – – – – – – –

c 3.80 3.76 3.66 3.60 3.57 3.59 3.57 3.57 3.57 3.58

*(a) A. H. El-Kateb and A. S. Ab dul-Hamid, 1991; (b) B. S. Sidhu et al, 2012; (c) pres ent com pu ta tional work



ton en ergy range 1 keV to 100 GeV are found of
–24.88% to +11.50% whereas –36.45% to +19.98%
for wa ter phan tom. It is to be noted that the DZPIeff vari -
a tion is very large in pho ton en ergy 0.008 to 0.03 MeV
sim i lar to pho to elec tric ab sorp tion. We found that
DZPIeff value for the eth yl ene gly col, glyc erin and PVA
rel a tive to PMMA phan tom are near to zero in pho ton
en ergy from 10 keV to 10 MeV there fore these al co -
hols are sub sti tute of PMMA phan tom. In en ergy
range 100 MeV to 100 GeV, propargyl al co hol is most
suit able sub sti tute for PMMA phan tom. The suit able
sub sti tute for the wa ter phan tom is found erythritol al -
co hol in the pho ton en ergy re gion, of 100 keV to 15
MeV. Fig ure 5(b) shows that PVA is wa ter phan tom
sub sti tute in en ergy re gion of 100 keV to 100 GeV. 

Human organ and tissues substitute 

Hu man or gans and tis sues sub sti tutes have been
com piled by White [30]. The ZPIeff of al co hols have
been com pared with wa ter and PMMA phan toms in
the ear lier sec tion. Sim i larly we have in ves ti gated for
hu man or gans and tis sue such as skel e ton mus cle, soft
tis sue, lung tis sue, ad i pose tis sue, blood, brain, breast
tis sue, eye lens, ovary, tes tis, and soft tis sue 4-com -
part ment [2] by cal cu lat ing the per cent age de vi a tion

of the DZPIeff (%) of the al co hols as shown in fig.
6(a-h). 

Per cent age de vi a tions (DZPIeff = computed ZPIeff

– hu man or gans and tis sue ZPIeff) 100/human or gans
and tis sue ZPIeff) of the al co hols are found within range
of –40% to + 30% for pho ton en ergy re gion of 1 keV to 
20 MeV.

Fig ure 6(a-f) show that glyc erin, PVA and eth yl -
ene gly col are near est skellton mus cle, soft tis sue, lung 
tis sue, blood, and brain sub sti tute in pho ton en ergy re -
gion, 0.1 to 10 MeV whereas glyc erin is only pos si ble
sub sti tute in en ergy above 10 MeV. 

Fig ure 6(d) shows that PVA and allyl al co hol are
ad i pose tis sue sub sti tute in pho ton en ergy of 1 keV to
0.01 MeV whereas allyl al co hol and wood al co hols are 
near est ad i pose tis sue equiv a lent in pho ton en ergy of
0.1 MeV to 20 MeV. 

Fig ure  6(g)  shows  that  in  low pho ton en ergy of
1 keV to 0.01 MeV, wood al co hol, inositol, volemitol,
xylitol, glyc erin, eth yl ene gly col, PVA, and erythritol
are breast tis sue sub sti tute whereas eth yl ene gly col and
PVA are breast sub sti tute in re main ing en ergy re gion.

Fig ure 6(h) shows that glyc er ine is eye lens sub -
sti tute in pho ton en ergy of 0.1 to 20 MeV.  

Sim i larly it was found that glyc erin may be sub -
sti tute for ovary, tes tis, and soft tis sue (4-com part -
ment) in pho ton en ergy re gion of 0.1 to 20 MeV. 

CONCLUSIONS

The pres ent com pu ta tion of ZPIeff and Neff are
based on atomic pho ton-in ter ac tion cross-sec tions. In
the pres ent ap prox i ma tion, ZPIeff and Neff are in de -
pend ent of any chem i cal bond ing ef fects of the al co -
hols. A much larger and higher-di men sional da ta base
would be re quired to ac com mo date mo lec u lar and
other ma trix en vi ron ments of the tar get atom [1]. Care -
ful ex per i ments would be re quired to study any pos si -
ble chem i cal bond ing en vi ron ment on pho ton-in ter ac -
tion cross-sec tions and ef fec tive atomic num bers of
the al co hols. By our study, we con clude that:

· the ef fec tive atomic num ber and the cor re spond -
ing ef fec tive elec tron den sity of eigh teen al co hols
have been cal cu lated in pho ton en ergy re gion
from 1 keV to 100 GeV,

· three en ergy re gions are ap prox i mately E < 0.01
MeV, 0.05 MeV < E < 5 MeV, and E > 200 MeV,
the main pho ton-in ter ac tion pro cesses in these re -
gions are pho to elec tric ab sorp tion, in co her ent
Compton scat ter ing and pair pro duc tion, re spec -
tively,

· the max i mum val ues of ef fec tive atomic num ber
and elec tron den si ties for to tal and non-co her ent
scat ter ing are found in the low-en ergy range of
pho to elec tric ab sorp tion re gion,

· the min i mum val ues of ef fec tive atomic num ber
and elec tron den si ties are found at in ter me di ate
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Fig ure 5. DZPIeff [%] of al co hols rel a tive PMMA and wa -
ter phan toms
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Fig ure  6. DZPleff [%] of al co hols rel a tive to hu man or gans and tis sues



en er gies, typ i cally 0.05 MeV < E < 5 MeV, where
Compton scat ter ing is dom i nant,

· the sin gle val ues of the ef fec tive atomic num ber
and the elec tron den sity pro vided by the pro gram
XMuDat are found be tween min i mum and max i -
mum valves cal cu lated,

· the poly-al co hols are hav ing large kerma val ues
com pared with mono-al co hol in photo ab sorp tion
re gion,

· kerma cal cu la tion and equiv a lence anal y sis of al -
co hols with wa ter phan tom, PMMA phan tom, hu -
man or gans and tis sues have thrown light for
phan tom and tis sue sub sti tutes use ful in ra di a tion
phys ics, dosimetric in ter est, med i cal ap pli ca tions
and ra dio di ag no sis, and

· eth yl ene gly col, glycerin and PVA, allyl al co hol and
wood al co hols are very use ful al co hols for tis sue
sub sti tute in ra di a tion phys ics and radiobiology.
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Vi{vanat P. SING,  Nagapa M. BADIGER

STUDIJA  O  EFEKTIVNIM  ATOMSKIM  BROJEVIMA  I  GUSTINAMA 
ELEKTRONA,  KERMI  U  ALKOHOLIMA,  FANTOMU,  QUDSKIM

ORGANIMA  I  TKIVNIM  EKVIVALENTIMA

Za osamnaest vrsta alkohola, kao {to su metanol CH3OH, etanol C2H5OH, izopropil
alkohol C3H7OH, butanol C4H9OH, amil alkohol C5H11OH, cetil alkohol C16H33OH, etilen
glikol C2H4(OH)2, glicerin C3H5(OH)3, polivinil akohol C2H4O, eritritol C4H6(OH)4, ksilitol
C5H7(OH)5, sorbitol C6H8(OH)6, volemitol C7H9(OH)7, alil alkohol C3H5OH, geraniol
C10H17OH, propargil alkohol C3H3OH, inozitol C6H6(OH)6 i mentol C10H19OH, izra~unati su
efektivni atomski broj ZPIeff i gustina elektrona u opsegu energija fotona od 1 keV do 1 GeV.
Izvr{eno je upore|ivawe procewenih i eksperimentalnih vrednosti, gde god je bilo mogu}e.
Pore|ewe ZPIeff alkohola sa vodenim fantomom i fantomom od pleksiglasa PMMA, pokazuje da su
etilen glikol, glicerin i polivinil alkohol zamena za pleksiglas PMMA fantome, dok se
polivinil alkohol mo`e koristiti i kao zamena za vodeni fantom. Izvr{eno je i pore|ewe sa
qudskim organima i tkivima. Za etilen glikol, glicerin, polivinil alkohol, alil alkohol i
metanol utvr|eno je da se mogu koristiti kao zamena za qudsko tkivo za ve}inu organa. Kerma, koja
je proizvod fluensa energije i masenog koeficijenta apsorpcije, izra~unata je u opsegu energija od
1 keV do 20 MeV za razmatrane alkohole. Rezultati pokazuju da je kerma iznad 100 keV mawe-vi{e
nezavisna od energije.

Kqu~ne re~i: alkohol, fantom, efektivni atomski broj, qudsko tkivo, gama zra~ewe, kerma


