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An ac cu rate cal i bra tion of the ther apy level ra di a tion do sim e try sys tem has a piv otal role in
the ac cu racy of dose de liv ery to can cer pa tients. The two meth ods used for ob tain ing a tis sue
equiv a lent cal i bra tion of the sys tem: air kerma cal i bra tion and its con ver sion to a tis sue equiv -
a lent value (ab sorbed dose to wa ter) and di rect cal i bra tion of the sys tem in a wa ter phan tom,
have been com pared for iden ti cal ir ra di a tion ge om e try. It was found that the de vi a tion be -
tween the two meth ods re mained within a range of 0% to ±1.7% for the PTW UNIDOS
dosimetry sys tem. This means that al though the rec om mended method is in-wa ter cal i bra -
tion, un der ex cep tional cir cum stances, in-air cal i bra tion may be used as well.
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IN TRO DUC TION

The use of ra di a tion is very com mon in our ev -
ery day lives. One of its ma jor uses is in the health sec -
tor where ra di a tion is uti lized not only as di ag nos tic
tool, but also as a ther a peu tics agent in the treat ment of
tu mours. Ra di a tion doses in volved in the treat ment of
tu mours are usu ally rather high. An op ti mal ra di a tion
dose to the tu mour, dose frac tion ation and the pre ven -
tion of healthy tis sue re ceiv ing un due ra di a tion doses
are fun da men tal el e ments of treat ment plan ning. Dose
de liv ery and dose de ter mi na tion de pend upon care ful
cal i bra tion of the do sim e try sys tem which con sists of
an ion iza tion cham ber and an electrometer as sem bly
[1-4]. The quan tity of in ter est for the hos pi tal phys i cist 
is the ab sorbed dose to the wa ter, since wa ter is a tis sue
equiv a lent ma te rial. The do sim e try sys tem at a ra dio -
ther apy cen tre, there fore, needs to have an ab sorbed
dose to wa ter cal i bra tion fac tor, ND,W. This cal i bra tion
is pro vided by the Sec ond ary Stan dard Do sim e try
Lab o ra tory (SSDL), which has its own do sim e try stan -
dard cal i brated to a pri mary do sim e try sys tem in a Pri -
mary Stan dard Do sim e try Lab o ra tory (PSDL) [5].

Pri mary cal i bra tions in ab sorbed doses to wa ter
are not pro vided by many stan dard lab o ra to ries world -

wide and, be cause of that, do sim e try mea sure ments
rely upon the air kerma stan dard. Al though the use of
the di rect ab sorbed dose to wa ter cal i bra tion is the rec -
om mended method, in its ab sence, air kerma cal i bra -
tion can be con verted to the ab sorbed dose to wa ter
cal i bra tion, us ing data pro vided by the IAEA stan dard
pro to cols [6, 7].

In the pres ent work, the two meth ods, di rect ab -
sorbed dose to wa ter cal i bra tion and cal cu la tion of the
ab sorbed dose to wa ter through air kerma cal i bra tion
have been com pared through the PTW UNIDOS do -
sim e try sys tem which is a field in stru ment. The two
said meth od ol o gies have been com pared for var i ous
cal i bra tion ge om e tries, us ing the Co-60 ther apy level
stan dard source.

MA TE RI ALS AND METH ODS

The PTW UNIDOS do sim e try sys tem con sists
of a graph ite thim ble ion iza tion cham ber, type 30004, 
with an ac tive vol ume of 0.6 cm3 in side the graph ite
thim ble and a body made of alu mi num. The build-up
cap of the cham ber, with wall thick ness of 4.55 mm,
is made of poly methyl  methacrylate  (PMMA). The
cham ber’s re sponse to  Co-60  gamma  ra di a tion
(1.25 MeV) is in de pend ent of the di rec tion of the
beam in ci dence when used with a build-up cap. The
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mea sur ing as sem bly is UNIDOS, a mi cro pro ces sor
con trolled dosemeter with mea sure ment modes
avail able in terms of charge, doses, and dose rates [8].
The cham ber was cal i brated by a sec ond ary stan dard
(work ing stan dard), that of the SSDL Health Phys ics
Di vi sion PINSTECH, con sist ing of an ion iza tion
cham ber, type NE-2561, and a mea sur ing as sem bly,
type NE-2560,  cal i brated against the pri mary stan -
dard of the IAEA do sim e try lab o ra tory (Seibersdorf,
Vi enna, Aus tria), both in terms of air kerma and the
ab sorbed dose to wa ter.

The sche matic di a gram used for air kerma cal i bra -
tion is shown in fig. 1, that for the ab sorbed dose to wa ter
cal i bra tion in fig. 2. The cen tre of the cham ber was
aligned with the cen tre of the Co-60 gamma ray beam us -
ing a la ser align ment sys tem, while the cal i bra tion was
per formed  by  the  sub sti tu tion  method,  us ing  the 
SSDL stan dard. The source to cham ber dis tance (SCD)
was 100 cm, 150  cm,  and  200 cm. At  each  SCD  set -
ting, field sizes at the  cham ber po si tion of 10 ´ 10 cm2,
15 ́ .15 cm2, 20 × 20 cm2, 30 × 30 cm2, and 40 × 40 cm2

were  se lected.  Nor mal  cal i bra tion   ge om e try  uses  a
100 cm SCD and 10 × 10 cm2 field size. We in creased
both pa ram e ters, start ing with a stan dard set ting, in or der
to see the ef fects of scat ter ing. For air kerma mea sure -
ments, the ir ra di a tion was per formed in open air with the
cham ber in side the build-up cap, where as for the ab -
sorbed dose to wa ter cal i bra tion, the cham ber was in -
serted in an IAEA stan dard  wa ter phan tom of 30 ́ .30 ×
´.30 cm3. The cham ber was kept in a 3.45 mm thick
PMMA sleeve, at a stan dard depth of 5 cm from the front
face of the phan tom.

In the di rect method, mea sure ments were made
in the wa ter phan tom. The ab sorbed dose to wa ter cal i -
bra tion fac tor ND,W was de ter mined by the fol low ing
re la tion

N
D

M
D,W

W cm
=

( )5
(1)

where DW(5 cm) is the dose at a depth of 5 cm in the
wa ter phan tom, as mea sured by the SSDL work ing
stan dard, and M is the PTW UNIDOS dosemeter read -
ing in charge mode, cor rected for am bi ent con di tions.

In this method, the ab sorbed dose to wa ter cal i -
bra tion fac tor DW(5 cm) was de rived from the ex per i -
men tally de ter mined air kerma cal i bra tion fac tor NK

for PTW cham ber type 30004 con nected with a PTW
UNIDOS dosemeter (mea sur ing as sem bly). The for -
mal ism for the in di rect de ter mi na tion of DW(5 cm) has
been dis cussed in de tail in the IAEA do sim e try pro to -
col TRS-277 [6]. Us ing this for mal ism, the ab sorbed
dose to air cal i bra tion fac tor ND,air was de rived from
NK through fol low ing equa tions

N K MK air= / (2)

N N g k kD,air K m att= -( )1 (3)

where Kair cor re sponds to the mean ab sorbed dose to
air in side the cav ity of the cham ber, g is the frac tion of
the sec ond ary elec tron en ergy lost to brems strah lung
in the air, km – the cor rec tion fac tor for non-air equiv a -
lence of the cham ber wall, and katt – cor rects for the at -
ten u a tion and scat ter ing of pho tons in the cham ber
wall (graph ite) and build-up cap (PMMA). The ab -
sorbed dose to wa ter cal i bra tion fac tor was cal cu lated
from 

N N S PD,W D,air W,air c= ( ) (4)

where SW,air is the wa ter-to-air stop ping power ra tio
and Pc is the over all per tur ba tion cor rec tion fac tor of
the ion iza tion cham ber for phan tom mea sure ment at
Co-60 qual ity. Fol low ing val ues of var i ous cor rec tion
fac tors have been used [6, 9, 10]:

g = 0.003         for Co-60, there fore,
1 – g = 0.997,
km katt =  0.975    for 0.6 cm3, PTW cham ber type 30004,
SW,air = 1.133    for Co-60 av er age gamma en ergy
                        (1.25 MeV), and
Pc = 0.993        for Co-60 ra di a tion qual ity.

RE SULTS AND DIS CUS SION

The val ues of the ab sorbed dose to wa ter cal i bra -
tion fac tor ND,W, de ter mined us ing di rect mea sure ments 
in a wa ter phan tom and those cal cu lated from the air
kerma cal i bra tion fac tor, have been shown in tabs. 1, 2,
and 3. The mea sure ments were re peated for three dif fer -
ent SCD val ues and five field sizes at each SCD set ting.
Over all, the re sults pre sented here re veal very good
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Fig ure 1. Ex per i men tal set-up used for air kerma
cal i bra tion

Fig ure 2. Ex per i men tal set-up used for ab sorbed dose
to wa ter cal i bra tion



agree ment be tween cal i bra tion fac tors ob tained by the
two meth od ol o gies. When the cal i bra tion fac tors ob -
tained in these two ways are com pared, it is seen that in
most cases the dif fer ence is less than 1%, ex cept for a
few cases of field sizes higher than the stan dard field
size of 10 × 10 cm2. A dif fer ence of 1.5% in cal i bra tion
fac tors ob tained by the two meth ods has been quoted by 
Bjerke et al. [11]. McEvan et al.  [12] have shown that
the dif fer ence in cal i bra tion fac tors de rived from the
pri mary stan dard cal o rim e ter dif fered from ±1%  to ±2.
This means that the data val ues for var i ous cor rec tion
fac tors which have been taken from the IAEA codes, as
in di cated in the pre vi ous sec tion, can safely be used for
the de ter mi na tion of the ab sorbed dose to wa ter cal i bra -
tion fac tor through the air kerma cal i bra tion fac tor. Cal -
i bra tion fac tors ob tained through air kerma mea sure -
ments had a mean of 52.93 mGy/nC, with a stan dard
de vi a tion of 0.58%, while  cal i bra tion f ac tors  ob tained
by the di rect ab sorbed  dose to wa ter have a mean value

of 52.87 mGy/nC, with a stan dard de vi a tion of 0.9% at a 
95% con fi dence level. The per cent de vi a tion of ab -
sorbed dose to wa ter cal i bra tion fac tors ob tained
through the air kerma con ver sion, as com pared to the
one ob tained by di rect mea sure ment, is evenly dis trib -
uted in the neg a tive and pos i tive di rec tion, as in di cated
in fig. 3. This means that the de vi a tion is a ran dom phe -
nom e non. A rel a tively higher de vi a tion has been found
for field sizes larger than 20 × 20 cm2. This could be due
to the pen um bra, as much as to the in creased scat ter ing
from sur round ings, as in di cated else where [13].

The over all er ror limit in dose de liv ery to can cer
pa tients dur ing ra di a tion ther apy is ±5% [10,14]. Our
find ings in di cate that if an ion iza tion cham ber at a
ther apy in sti tute is cal i brated for the ab sorbed dose to
wa ter in di rectly, us ing the air kerma cal i bra tion fac tor,
the er ror in duced will not ex ceed that of ±5% limit.

CON CLU SION

In the light of the pre sented study and its re sults, it
may be con cluded that, al though the di rect pro ce dure
for ob tain ing the ab sorbed dose to wa ter cal i bra tion fac -
tor is rec om mended, in its ab sence, the de ter mi na tion of 
the ab sorbed dose to wa ter cal i bra tion fac tor from the
air kerma cal i bra tion fac tor works equally well for field
sizes not greater than 20 × 20 cm2.
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Ta ble 3. Com par i son of ND,W for the PTW ion iza tion
cham ber, type 30004, us ing air kerma for mu la tion and
di rect mea sure ments in a wa ter phan tom of SCD 200 cm

Field size at
chamber
position

[cm2]

ND,W from air
kerma

formulation, 
A [mGy/nC]

ND,W from
direct

measuremen,t
B [mGy/nC]

Percent [%]
difference

100 (B – A)/B

10 ´ 10
15 ´ 15
20 ´ 20
30 ´ 30
40 ´ 40

52.93
53.11
53.28
52.95
52.91

53.02
53.47
53.59
53.49
53.82

0.17
0.67
0.58
1.01
1.69

Ta ble 1. Com par i son of ND,W for the PTW ion iza tion
cham ber, type 30004, us ing air kerma for mu la tion and
di rect mea sure ments in a wa ter phan tom of SCD 100 cm

Field size at
chamber
position

[cm2]

ND,W from air
kerma

formulation, 
A [mGy/nC]

ND,W from
direct

measurement,
B [mGy/nC]

Percent [%]
difference

100 (B – A)/B 

10 ´ 10
15 ´ 15
20 ´ 20
30 ´ 30
40 ´ 40

52.83
52.63
52.68
53.45
53.62

52.47
52.38
52.65
52.68
52.72

–0.69
–0.48
–0.06
–1.46
–1.71

Ta ble 2. Com par i son of ND,W for the PTW ion iza tion
cham ber, type 30004, us ing air kerma for mu la tion and
di rect mea sure ments in a wa ter phan tom of SCD 150 cm

Field size at
chamber
position

[cm2]

ND,W from air
kerma

formulation, 
A [mGy/nC]

ND,W from
direct

measurement,
B [mGy/nC]

Percent [%]
difference

100 (B – A)/B

10 ´ 10
15 ´ 15
20 ´ 20
30 ´ 30
40 ´ 40

52.75
52.67
52.64
52.69
52.81

52.55
52.41
52.65
52.60
52.61

–0.38
–0.50
–0.02
–1.17
–1.38

Fig ure 3. Ex tent of per cent de vi a tion of ab sorbed dose to
wa ter cal i bra tion fac tor ob tained through air kerma con -
ver sion, as com pared to those ob tained by di rect mea -
sure ment



REF ER ENCES

[1] Ahmad, S. S., Mahmood, K., Orfi, S. D., Com par i son
of Cal i brated Ab sorbed Dose to Wa ter Cal i bra tion
and Di rect Ab sorbed Dose to Wa ter Cal i bra tion Co ef -
fi cients of Farmer Type Ion iza tion Cham bers, SSDL
News let ters, 48 (2003), pp. 19-23

[2] Khan, F. M., The Phys ics of Ra di a tion Ther apy, 3rd

ed., Lippincott, Wil liam & Wilkins, Bal ti more, Md.,
USA, 2003

[3] ***, In ter na tional Com mis sion on Ra di a tion Units and
Mea sure ments, Mea sure ment of Ab sorbed Dose Mea -
sured in a Phan tom Ir ra di ated by a Sin gle Beam of  X or 
Gamma Rays, Re port No. 23, ICRU, Bethesda, Md.,
USA, 1973

[4] Andreo, P., Suentjens, J. P., Podgorsan, E. B., Cal i bra -
tion of Pho ton and Elec tron Beams, Ra di a tion
Onchology Phys ics, A Hand book for Teach ers and
Stu dents, IAEA, Vi enna, 2005, p. 301

[5] ***, In ter na tional Atomic En ergy Agency, Mem ber
Lab o ra to ries of the IAEA/WHO Net work of SSDLs,
SSDL Newslatter No. 45, IAEA Vi enna, 2003, p. 33

[6] ***, In ter na tional Atomic En ergy Agency, Ab sorbed
Dose De ter mi na tion in Pho ton and Elec tron Beams,
An In ter na tional Code of Prac tice, Tech ni cal Re ports
Se ries No. 277, IAEA, Vi enna, 1987

[7] ***, In ter na tional Atomic En ergy Agency, Re view of
Data and Meth ods Rec om mended in the In ter na tional
Code of Prac tice IAEA Tech ni cal Re ports Se ries No.
277, Ab sorbed Dose De ter mi na tion in Pho ton and
Elec tron Beams, IAEA-TECDOC-897, IAEA, Vi -
enna, 1996

[8] ***, In struc tion Man ual PTW-UNIDOS Uni ver sal
Dosemeter, Firm ware No. 2.20 D196.131.0/4, 1996

[9] ***, In ter na tional Atomic En ergy Agency, The Use of 
Plan Par al lel Ion iza tion Cham ber in High En ergy
Elec tron and Pho ton Beams, An In ter na tional Code of 
Prac tice, Tech ni cal Re ports Se ries No. 381, IAEA,
Vi enna, 1997

[10] ***, In ter na tional Atomic En ergy Agency, Ab sorbed
Dose De ter mi na tion in Ex ter nal Beam Ra di ol ogy, An
In ter na tional Code of Prac tice for Do sim e try Based
on Stan dards of Ab sorbed Dose to Wa ter, Vi enna,
Tech ni cal Re port Se ries No. 398, 2000

[11] Bjerke, H., Järvinen, H., Grimbergen, T. W. M.,
Grindborg, J-E., Chauvenet, B., Czap, L., Ennow, K.,
Moretti, C., Rocha, P., Com par i son of Two Meth ods
of Ther apy Level Cal i bra tion at 60Co Gamma Beams,
Phys. Med. Biol., 43 (1998), 10, pp. 2729-2740

[12] McEvan, M. R., Wil liams, A. J., DuSautoy, A. R., De -
ter mi na tion of Ab sorbed Dose Cal i bra tion Fac tors for
Ther apy Level Elec tron Beam Ion iza tion Cham bers,
Phys. Med. Biol., 46 (2001), 3, pp. 741-755

[13] Hatimbbhai, M., Singh, P., Iyer,  P. S., Ef fect of Field
Size on the Ra di a tion Pen um bra and In te gral Dose for
Telegamma Ther apy Units, Strahlentherapie, 151
(1976), 2, pp. 151-155

[14] ***, In ter na tional Com mis sion on Ra di a tion Units
and Mea sure ments, De ter mi na tion of Ab sorbed Dose
in a Pa tient Ir ra di ated by Beams of X or Gamma Rays
in Ra dio ther apy Pro ce dures, Re port No. 24, ICRU,
Bethesda, Md., USA, 1976

Re ceived on Au gust 31, 2009
Ac cepted on March 10, 2010

W. Arshed, et al.: A Com par i son of In-Air and In-Wa ter Cal i bra tion of  ...
54 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2010, Vol. 25, No. 1, pp. 51-54

Vahid AR[ED, Halid MAHMUD, Ikramulah GAZI, Asad ULAH,
Pervin AHTER, Sajed S. AHMAD, Zi{an XAMIL

PORE\EWE  KALIBRACIJE  U  VAZDUHU  I  VODI  DOZIMETRIJSKOG
SISTEMA  NAMEWENOG  PROCENI  DOZE  ZRA^EWA  U  LE^EWU  RAKA

Etalonirawe sistema za dozimetriju zra~ewa koji se koristi u terapiji, ima vode}u
ulogu u ta~nom odre|ivawu doze pre date bolesnicima od raka. Dve metode su kori{}ene i
upore|ene za tkivno-ekvivalentnu kalibraciju sistema sa istovetnom geometrijom ozra~ivawa:
kalibracija preko kerme u vazduhu i wene konverzije u vrednost ekvivalentnu tkivu (apsorbovana
doza u vodi) i direktna kalibracija sistema u vodenom fantomu. Utvr|eno je da su odstupawa izme|u 
dve metode ostala u granici od 0% do ±1.7% za PTW UNIDOS dozimetrijski sistem. Ovim je
utvr|eno da se u posebnim okolnostima kalibracija u vazduhu mo`e tako|e koristiti, mada je
kalibracija u vodi preporu~ena metoda.

Kqu~ne re~i: kalibracija, apsorbovana doza, konverzija kerme u apsorbovanu dozu


