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A study on neu tron kerma fac tors and pho ton air-kerma for hu man or gans is pre sented for
neu tron en ergy range 2.53×10–8 to 29 MeV and pho ton en ergy range 1 keV to 20 MeV. The
human or gans wa ter equiv a lence for pho ton and neu tron, is also pre sented. The ra tio of the
mass-energy ab sorp tion co ef fi cients of hu man or gans to wa ter was found con stant and unity
above 100 keV, whereas there was a large dif fer ence for en er gies be low 100 keV. The neu tron
kerma fac tors of hu man or gans and wa ter are found of same or der of mag ni tude whereas dif -
fers for air. The neu tron kerma fac tors of hu man or gans and tis sue sub sti tutes were found to
be equal to wa ter for neu tron en er gies be tween 63 eV and 200 keV. The skel e ton-cor ti cal bone 
was found to be away from wa ter equiv a lence for low-en ergy pho tons and high-en ergy neu -
trons. 
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IN TRO DUC TION

Ion iz ing ra di a tion is widely ap plied in dif fer ent ar -
eas of med i cal sci ences in clud ing med i cal items ster il iza -
tion, di ag nos tic ra di ol ogy, phar ma ceu ti cal la bel ling, and
ra dio ther apy [1]. In nu clear med i cine, ra di a tion pro vides
di ag nos tic in for ma tion about the func tion ing of a spe -
cific or gan; also, is used for ther apy and im ag ing us ing
gamma cam era for ac cu rate de tec tion of dis ease pro gres -
sion and stag ing in vi tal or gans [2].

X-rays, mag netic res o nance im ag ing (MRI),
com put er ized to mog ra phy (CT) scan, pos i tron emis -
sion to mog ra phy (PET) and sin gle pos i tron emit ted
com puted to mog ra phy (SPECT) are im age meth ods
used in di ag nos tics. Now a days, the can cer pa tients re -
ceive ra di a tion dose dur ing course of the treat ment de -
pend ing on the type of can cer/tu mour, which is aimed
to im pact the tu mour; how ever, there are or gans and
tis sues that also re ceive scat tered ra di a tion. Var i ous
types of ra di a tions (X-rays, gamma rays, and neu -
trons) are used for can cer treat ment, wherein fast neu -
tron ther apy is found to be  better com pared to gamma
ra di a tion, be cause of large LET val ues [3] .To kill the
same num ber of can cer ous cells, neu trons re quire one
third the ef fec tive dose with re spect to pro tons [4] .

Kerma is an ac ro nym for ki netic en ergy re leased
per unit mass, de fined as the sum of the ini tial ki netic
en er gies of all the charged par ti cles lib er ated by un -

charged ion iz ing ra di a tion (i. e., in di rectly ion iz ing ra -
di a tion such as pho tons and neu trons) in a sam ple of
mat ter, di vided by the mass of the sam ple [5, 6]. It is
de fined by K = dEtr/dm, where Etr is the en ergy trans -
ferred and m is the mass. The ki netic en ergy of charged 
par ti cles lib er ated af ter in ter ac tion de pends upon the
ini tial en ergy of ra di a tion. In case of pho tons, the pho -
ton en ergy is trans ferred to a me dium in a two-step
pro cess. First, en ergy is trans ferred to charged par ti -
cles in the me dium through par tial pho ton in ter ac tion
pro cesses (e. g. pho to elec tric ef fect, Compton scat ter -
ing, pair pro duc tion, and photodisintegration). Next,
these sec ond ary charged par ti cles trans fer their en ergy 
to the me dium through atomic ex ci ta tion and ion iza -
tions. How ever, neu tron in ter ac tion has a high lin ear
en ergy trans fer (LET), since neu tron in ter acts pri mar -
ily via (n, p) or spallation re ac tions, thus it de pos its a
large amount of en ergy. Neu tron ther apy is su pe rior to
pro ton ther apy for can cer treat ment, be cause of its
higher bi o log i cal ef fec tive ness, ex po nen tial cell sur -
vival and slow DNA dam age.

The sen si tiv ity of sal i vary gland tu mours, sar co -
mas, and mel a no mas and pros tate tu mours is higher for
neu tron than that ob tained with pho ton ex po sure [7].

Dur ing treat ment of can cer ous cells of a tu mour,
some healthy cells are be ing ex posed to sub-le thal
dose. There fore, pro ce dure for can cer treat ment with
ra di a tion al ways con sid ers low ex po sure. It has been
al ready re ported that that treat ment with neu trons im -
plies less ex po sure com pared with treat ment with pho -
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tons or elec trons. The dose de liv ered by neu trons, re -
quired to kill the same num ber of can cer ous cells, is
ap prox i mately one third of the dose de liv ered by pho -
tons [8]. The im por tance of neu tron en ergy de po si tion
and en ergy of the gen er ated charged par ti cles in fast
neu tron ther apy is de scribed in lit er a ture [9].

Prac ti cal ex po sure of hu man or gans re quires ex -
haus tive da ta base and in for ma tion re gard ing in ter ac -
tion of ra di a tion with hu man or gans and pos si ble af -
fects af ter ex po sure. The ra di a tion in ter ac tion, en ergy
de po si tions and sec ond ary charge pro duc tion, is sim u -
lated with tis sue equiv a lent ma te ri als and phan toms.
The phan tom ma te ri als for sim u la tion should be cho -
sen af ter thor ough in ves ti ga tion of phys i cal, chem i cal
and ra di a tion in ter ac tion pa ram e ters.

Kerma val ues which are used for neu tron in ter -
ac tion are de fined for med i cal ap pli ca tions. Sim i larly,
kerma val ues of pho ton ra di a tion are used in do sim e -
try for dose eval u a tion. The use of the kerma fac tors in
neu tron do sim e try has been re ported in the lit er a ture
[10-12] .The neu tron kerma fac tors for el e ments and a
few ma te ri als have been re ported [13], also pho ton

kerma of al co hols and thermo-lu mi nes cent do sim e ters 
have been re ported [14, 15]. Con sid er ing wide ap pli -
ca tion of pho tons and neu trons for di ag no sis and ther -
apy of var i ous hu man body or gans, it is vi tal to in ves ti -
gate the en ergy of sec ond ary charged par ti cles in
hu man or gans. The sim u la tions and re search work is
car ried out us ing tis sue equiv a lent ma te ri als, there fore
some suit able tis sue ma te ri als are also stud ied.

The aim of this work is to cal cu late the pho ton
and neu tron kerma fac tors of vi tal hu man or gans. The
wa ter equiv a lence of hu man or gans and tis sue sub sti -
tutes, is also dis cussed for re search and med i cal ap pli -
ca tions. The pres ent study is use ful for pho ton and
neu tron ap pli ca tions in med i cal prac tice. 

MA TE RIAL AND METHOD

The den sity and the el e men tal com po si tion of
hu man or gans and tis sue sub sti tutes are shown in tabs.
1 and 2 [13], re spec tively. These fea tures were used for 
cal cu lat ing the kerma pa ram e ters.
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Ta ble 1. El e men tal com po si tions and den sity of hu man body organs

Or gan or tis sue Code
El e men tal com po si tion and den sity

H C N O Na S Cl P K Fe Ca Mg I Den sity 
[kgm–3]

Ad i pose tis sue AdTs 11.4 59.8 0.7 27.8 0.1 0.1 0.1 950

Blood (whole) BL 10.2 11 3.3 74.5 0.1 0.2 0.3 0.1 0.2 0.1 1060

Brain BR 10.7 14.5 2.2 71.2 0.2 0.2 0.3 0.4 0.3 1040

Breast (mam mary
gland) BT 10.6 33.2 3 52.7 0.1 0.2 0.1 0.1 1020

Cell nu cleus ClNs 10.6 9 3.2 74.2 0.4 2.6 1000

Eye lens EyLs 9.6 19.5 5.7 64.6 0.1 0.3 0.1 0.1 1070

GI tract (in tes tine) GiTt 10.6 11.5 2.2 75.1 0.1 0.1 0.2 0.1 0.1 1030

Heart (blood filled) HT 10.3 12.1 3.2 73.4 0.1 0.2 0.3 0.1 0.2 0.1 1060

Kid ney KY 10.3 13.2 3 72.4 0.2 0.2 0.2 0.2 0.2 0.1 1050

Liver LR 10.2 13.9 3 71.6 0.2 0.3 0.2 0.3 0.3 1060

Lung LG 10.3 10.5 3.1 74.9 0.2 0.3 0.3 0.2 0.2 1050

Lymph LH 10.8 4.1 1.1 83.2 0.3 0.1 0.4 1030

Mus cle (skel e tal) ME 10.2 14.3 3.4 71 0.1 0.3 0.1 0.2 0.4  1050

Ovary OY 10.5 9.3 2.4 76.8 0.2 0.2 0.2 0.2 0.2 1050

Pan creas PS 10.6 16.9 2.2 69.4 0.2 0.1 0.2 0.2 0.2 1040

Skel e ton-car ti lage SnCe 9.6 9.9 2.2 74.4 0.5 0.9 0.3 2.2 1100

Skel e ton-cor ti cal
bone SnCb 3.4 15.5 4.2 43.5 0.1 0.3 10.3 22.5 0.2 1920

Skel e ton-red mar row SnRw 10.5 41.4 3.4 43.9 0.2 0.2 0.1 0.2 0.1 1030

Skel e ton-spongiosaa  SnSa 8.5 40.4 2.8 36.7 0.1 0.2 0.2 3.4 0.1 0.1 7.4 0.1 1180

Skel e ton-yel low
mar row SnYw 11.5 64.4 0.7 23.1 0.1 0.1 0.1 980

Skin SN 10 20.4 4.2 64.5 0.2 0.2 0.3 0.1 0.1 1090

Spleen SP 10.3 11.3 3.2 74.1 0.1 0.2 0.2 0.3 0.3 1060

Tes tis TS 10.6 9.9 2 76.6 0.2 0.2 0.2 0.1 0.2 1040

Thy roid TD 10.4 11.9 2.4 74.5 0.2 0.1 0.2 0.1 0.1 0.1 1050

Ta ble 2.  El e men tal com po si tions and den sity of tis sue sub sti tutes

Tis sue
equiv a lent

El e men tal com po si tion and density

H C N O F Ca Cl Na S K P I Den sity
[kgm–3]

A150 10.1 77.7 3.5 5.2 1.7 1.8 1120

BR12 8.7 69.9 2.4 17.9 1 0.1 970

RM/G1 10.2 9.4 2.4 77.4 0.2 0.1 0.1 0.2 1070

TH/L2 10 13.6 2.2 73.5 0.1 0.2 0.2 0.1 0.06 1080



Pho ton kerma

As sum ing the en ergy flux of mono-en er getic
pho tons y [Jm–2] that is per pen dic u lar to an area A in a
me dium with a mass en ergy-ab sorp tion co ef fi cient,
men/r. The en ergy trans ferred to charged par ti cles in
the vol ume over a short dis tance dx, be hind the area, is
yAmen dx. Since the mass in the vol ume with the den -
sity r is rAdx, the kerma is given by
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There fore, the kerma is the prod uct of the en ergy
flux and the mass en ergy-ab sorp tion co ef fi cient. The
kerma of any tis sue rel a tive to air is de fined by
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In or der to com pute kerma rel a tive to air, the val -
ues of mass en ergy-ab sorp tion co ef fi cient, men/r, for
air and the se lected tis sue were cal cu lated by mix ture
rule [16] 
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Here, wi and (men/r)i are the weight frac tion and
the mass en ergy-ab sorp tion co ef fi cient of the ith el e -
ment pres ent in a tis sue. The val ues of (men/r)i have
been taken from the com pi la tion re port of [17].

Neu tron kerma

The dis si pa tion of neu tron en ergy in a me dium is
a two-step pro cess. In the first step, neu trons trans fer
en ergy to the atomic nu clei pro duc ing sec ond ary
charged par ti cles. In the sec ond step, the sec ond ary
charged par ti cles tra verse the me dium, giv ing up the
en ergy to the at oms and mol e cules by ex ci ta tion and
ion iza tion. The kerma due to neu trons in ter act ing with
a me dium was cal cu lated

K E k E E
E

E

= ò FE T d( ) ( )

min

max

(4)

where FE(E) is the neu tron flux spec trum and kT(E) –
the neu tron kerma fac tor for the com pound or mix ture.
kT(E) was cal cu lated us ing the KERMA pro gram by
eq. [18]

k E w k ET i i
i

( ) ( )= å (5)

Here, wi is the weight frac tion of the ith el e ment in 
the tis sue sub sti tute and k(E)i is the neu tron kerma fac -
tor of ith el e ment in the com pound or com pos ite ma te -
rial. Kerma fac tors for el e ments are from [19].

The wa ter equiv a lence of a tis sue for neu tron in -
ter ac tion was cal cu lated

K
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In fig. 1, the neu tron kerma fac tors of wa ter and
air, are shown [19].

RE SULTS AND DIS CUS SION

The neu tron kerma pa ram e ters of hu man or gans
and tis sue sub sti tutes for 2.53×10–8 to 29 MeV neu -
trons en er gies are shown in figs. 2-8. While in figs.
9-15, pho ton air-kerma of hu man or gans and tis sue
sub sti tutes for en er gies of 1 keV to 20 MeV, are pre -
sented.

Ra tio of mass-en ergy ab sorp tion co ef fi cients of
hu man or gans and tis sue sub sti tutes to wa ter are
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Fig ure 1. Neu tron kerma fac tors of wa ter and air

Fig ure 2. Neu tron kerma fac tors for ad i pose tis sue, blood 
(whole), brain, and breast

Fig ure 3. Neu tron kerma fac tors for cell nu cleus, eye lens,
GI tract, and heart (blood filled)



shown in fig. 16. The ra tio merges to unity above pho -
ton en ergy of 100 keV for all the hu man or gan and tis -
sue sub sti tutes. How ever, at about 30 keV (fig. 16), the 
ra tio reaches up to 7 for skel e ton cor ti cal bone (SnCb)
and al most 3 for skel e ton-spongiosa (SnSa), whereas
other's near to unity.

Neu tron kerma fac tors (NKF) of hu man or gans
and tis sue sub sti tutes and wa ter are shown in fig. 17.

The ra tio of neu tron kerma fac tor of hu man body and
tis sue sub sti tutes to wa ter are found to be very large for 
neu tron en er gies be low 100 eV, whereas for neu tron
en er gies higher than 100 eV, this ra tio be comes unity,
ex cept for skel e ton cor ti cal bone (SnCb). It can be
noted that the ra tio for skel e ton cor ti cal bone (SnCb)
be comes much less than unity com pared with other
hu man body and tis sue sub sti tutes.
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Fig ure 4. Neu tron kerma fac tors for kid ney, liver, lung,
and lymph

Fig ure 5. Neu tron kerma fac tors for mus cle (skel e ton),
ovary, pan creas, and skel e ton-car ti lage

Fig ure 6. Neu tron kerma fac tors for skel e ton-cartillage,
skel e ton-cor ti cal bone, skel e ton-red mar row,
skel e ton-spongiosa, and skeleton-yel low mar row

Fig ure 7. Neu tron kerma fac tors for skin, spleen, tes tis,
and thy roid

Fig ure 8. Neu tron kerma fac tors for A150, BR12,
RM/G1, and TH/L2

Fig ure 9. Pho ton air-kerma for ad i pose tis sue, blood
(whole), brain and breast



CON CLU SIONS

The pho ton air-kerma and neu tron kerma fac tors
for hu man or gans and tis sue sub sti tutes were in ves ti -
gated.  The pho ton air-kerma for hu man body or gans
and wa ter were found to be near unity for en er gies
above 100 keV. The ra tio of the mass-en ergy ab sorp -
tion co ef fi cients of hu man or gans to  wa ter, showed
large de vi a tion from unit for en er gies be low 100 keV,
while the ra tio of the neu tron kerma fac tor for hu man
or gans to wa ter, showed de vi a tion from unit for en er -
gies be low 100 eV. The neu tron kerma fac tors of hu -
man or gans and wa ter are found to be the same or der of 
mag ni tude while there are sig nif i cant dif fer ences in
com par i son in to air kerma fac tors.

For neutrons with en er gies 63 eV up to 200 keV
the neu tron kerma fac tors of hu man or gans and tis sue
sub sti tutes were found to be equal to wa ter. How ever,
for neu tron en er gies be tween 63 eV to 200 keV the ob -
tained data for skel e ton-cor ti cal bone (SnCb) were
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Fig ure 10. Pho ton air-kerma for cell nu cleus, blood (eye
lens), GI track and heart (blood filled)

Fig ure 11. - Pho ton air-kerma for kid ney, liver, lung and
lymph

Fig ure 12. Pho ton air-kerma for mus cle (skeleton),
ovary, pan creas and skel e ton car ti lage

Fig ure 13. Pho ton air-kerma for skel e ton-red mar row,
skel e ton-spongonia and skel e ton-yel low mar row

Fig ure 14. Pho ton air-kerma for skin, spleen, tes tis and
thy roid



found to be away from wa ter equiv a lence for low-en -
ergy pho tons and high-en ergy neu trons. 

AU THOR'S CON TRI BU TION

The idea for in ves ti ga tion of the neu tron and
pho ton kerma pa ram e ters for hu man body or gans was

put for ward by V. P. Singh for var i ous med i cal ap pli ca -
tions, the cal cu la tions were done by V. P. Singh and H.
R. Vega-Carrillo, and anal y sis and dis cus sion was car -
ried out by V. P. Singh, N. M. Badiger, and H. R.
Vega-Carrillo. The manu script and fig ures were pre -
pared by V. P. Singh and H. R. Vega-Carrillo.
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