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Eth a nol-chloro ben zene/oscillotitrator do sim e try sys tem is widely used in con trol ling the ir -
ra di a tion pro cess in gamma fa cil i ties. The eth a nol-chloro ben zene do sim e try sys tem pro vides
a re li able means of mea sur ing ab sorbed dose. It is based on a pro cess of radiolytic for ma tion
of hy dro chlo ric acid in aque ous ethanolic so lu tions of chloro ben zene by ion iz ing ra di a tion.
The ir ra di a tion tem per a ture de pend ence of do sim e ter re sponse is a com plex func tion of dose
and tem per a ture for each con cen tra tion of chloro ben zene. At dif fer ent tem per a ture the
mobility of con duct ing spe cies from hy dro chlo ric acid is changed lead ing to dif fer ent
oscillotitrator de flec tions dur ing high-fre quency conductometric read out. In this pa per, we
ex am ined the in flu ence of tem per a ture on the cal cu la tion of the ra di a tion dose. We showed
that the tem per a ture sig nif i cantly in flu enced the mea sure ment re sults, and that the cal i bra -
tion curve has to be formed at the ir ra di a tion tem per a ture in or der to ob tain pre cise val ues of
the ab sorbed dose.
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IN TRO DUC TION

In dus trial ap pli ca tion of ra di a tion tech nol ogy is
ex pand ing, es pe cially in the ster il iza tion of med i cal
de vices and food ir ra di a tion. For this pur pose, tra di -
tional ra di a tion sources such as 60Co and 137Cs are
used. Lately, high power elec tron ac cel er a tors are
com ing to the mar ket. New stan dards and reg u la tions
re lated to healthcare prod ucts and food treat ment are
con tin u ously be ing in tro duced by in ter na tional and
na tional au thor i ties. There are sev eral stan dards de -
vel oped by the re gional and in ter na tional bod ies, such
as the In ter na tional Or ga ni za tion for Stan dard iza tion
(ISO), the Eu ro pean Com mit tee for Stan dard iza tion
(CEN), and the Amer i can So ci ety for Test ing and Ma -
te ri als (ASTM) which pro vide rec om men da tions and
guide lines for the ra di a tion pro cesses. The most im -
por tant re quire ments of those stan dards are pro cess
con trol and pro cess val i da tion. For those pro to cols,
do sim e try is es sen tial [1].

Do sim e try is the mea sure ment of ab sorbed ion -
iz ing ra di a tion doses [2]. It de scribes the re la tion ship
be tween the ab sorbed dose in a do sim e ter and in the
sur round ing ma te rial. The do sim e ter may be any ma te -
rial to which a cer tain prop erty changes un der the in -
flu ence of ra di a tion. The main re quire ments for the se -
lec tion of ma te ri als to be used as a do sim e ter are that
the chang ing prop erty is mea sur able, the changes are
rel a tively sta ble over time, and that the changes are re -
pro duc ible. A do sim e ter sys tem con sists of three com -
po nents: phys i cal or chem i cal do sim e ters, the in stru -
ment for mea sur ing the rel e vant ra di a tion-in duced
ef fect in the do sim e ter and the pro ce dure for use [3].

Sev eral do sim e try sys tems are be ing used for ra -
di a tion pro cess ing. One of the most com monly used
do sim e ter sys tems in gamma ir ra di a tion fa cil i ties is
the eth a nol-chloro ben zene (ECB) – oscillotitrator sys -
tem. The ECB do sim e try sys tem pro vides a re li able
means of mea sur ing dose based on the radiolytic for -
ma tion of hy dro chlo ric acid (HCl) in the aque ous
ethanolic so lu tion of chloro ben zene by ion iz ing ra di a -
tion [4, 5]. De ter min ing the con tent of the pro duced
HCl can be done in three ways: by ti tra tion to de ter -
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mine the con cen tra tion of chlo ride ions, by spec tro -
pho to met ric read out at 485 nm, and by high-fre quency 
mea sure ment of change in the di elec tric con stant
which can be un der taken with the solution still in its
sealed am poule [6]. Last mea sure ment method uses an
oscillotitrator as an in stru ment for mea sure ment of
change in the con duc tiv ity. In that case, do sim e ters can 
be read up to about 3 years [7], and ac cord ing to some
ex pe ri ences even af ter more than 20 years. An other
ad van tage of us ing this method in com par i son to
chem i cal ti tra tion is that when us ing the oscillotitrator, 
the mea sured am poules are closed, so the con tact be -
tween the per son who mea sures with ECB so lu tion is
avoided. Also, the ad van tage is based on the re sponse
which is in stan ta neous, and the elec trodes need not be
in di rect con tact with the so lu tion. This is es pe cially
im por tant be cause the ECB so lu tion is toxic. Also, it is
eas ier to ma nip u late with closed am poules dur ing the
ra di a tion pro cess.

It is well known that the tem per a ture change
does not have an ef fect on the con cen tra tion of formed
HCL [8] when the con cen tra tion is mea sured by chem -
i cal ti tra tion. How ever, when oscillotrator is used for
mea sure ment, a change in the val ues on the scale is ob -
served de pend ing on am poule tem per a ture. This is
very im por tant to con sider be cause, dur ing the pro cess 
of goods ir ra di a tion, there may oc cur a change of tem -
per a ture in a ware house or bunker due to dif fer ent
weather con di tions, as well as due to heat ing in pro -
cesses in plants with high source ac tiv ity. Fur ther, the
am bi ent tem per a ture in the do sim e try lab o ra tory can
vary de pend ing on the sea son, the out side tem per a -
ture, the way of heat ing and cool ing the room, etc.
Some do sim e try lab o ra to ries achieve the ther mo static
con di tions by hold ing the do sim e ters at the am bi ent
tem per a ture of the mea sur ing room for a pe riod of one
hour in or der to equal ize the tem per a ture of the mea -
sured and the ref er ence do sim e ters. How ever, it is of -
ten nec es sary to per form dosimetric mea sure ments
much faster, due to the re quests of us ers who come to
take over their treated goods. The aim of this pa per is
to prove that ther mo static treat ment is a nec es sary part
of de ter min ing the dose of ab sorbed ra di a tion us ing
the ECB-oscillotitrator sys tem in the ra di a tion pro -
cess ing units. This knowl edge leads to a more pre cise
de ter mi na tion of the dose of ab sorbed ra di a tion in the
ster il iza tion of med i cal equip ment, health care prod -
ucts, food con ser va tion, ster il iza tion of pharma-
ceuticals and cos me tics, treat ment of soil, cul tural her -
i tage and all other prod ucts that can be ir ra di ated in ra -
di a tion fa cil i ties.

First, we per formed mea sure ments of am pules
ir ra di ated in the ref er ence lab o ra tory Riso High Dose
Ref er ence Laborator with known doses, and then we
mea sured the doses at the am poules from the stan dard
ir ra di a tion batch, us ing cal i bra tion at room tem per a -
ture and cal i bra tion at am poule tem per a tures. We con -
cluded that the tem per a ture of the am poule sig nif i -

cantly in flu ences the mea sure ment re sults and that the
mea sure ment er ror de creases if the cal i bra tion is per -
formed at the tem per a ture of the am poules.

MATERIALS AND METHODS 

Preparation of ethanol-chlorobenzene

The dosimetric so lu tion is a 24 % so lu tion of
chloro ben zene in eth a nol. High pu rity chem i cals (man -
da tory pro anal y sis) and tri ple- dis tilled wa ter qual ity
(milli-q wa ter sys tem) are used to pre pare the so lu tion.
All dishes used in the prep a ra tion of ECB do sim e ters
are washed with dis tilled wa ter qual ity for
radiochemical tests. In a glass con tainer vol ume of 2 li -
ters, 480 ml of chloro ben zene, 80 ml of tri ple dis tilled
wa ter, 0.8 ml of ac e tone, 0.8 ml of ben zene, and eth a nol
up to 2000 ml are poured. The pre pared so lu tion is
poured into 2 ml am poules. The am poules are pre vi -
ously se lected by mea sur ing the outer di am e ter in the
range of ±0.02 mm. The filled am poules are clogged
with the flame of the bu tane mix ture and the ox y gen [9].

To main tain the con stant tem per a ture of the EBC
am poule, we used a hand-made ther mo static cham ber.
This cham ber has a sys tem of heat ers that quickly heat
up am pules to the re quired tem per a ture, as well as a
cool ing sys tem, should it be nec es sary to lower the tem -
per a ture of the am poule. It can reach tem per a tures from
5 °C to 60 °C.

Instruments and measurements

Mea sure ments were made by oscillotitrator
OK-302/1 sup plied by Radeliks Elec tro chem i cal In -
stru ments, Bu da pest. The oscillotitrator con sists of the 
reader in clud ing con trols and the os cil la tor, which is
built to gether with the am poule holder. Am poules are
placed in a holder and value is read on the scale. The
oscillotitrator mea sure ment is based on de ter mi na tion
of elec tri cal con duc tiv ity through var i ous so lu tions.
With an in crease in the ra di a tion dose, they are ex -
posed to, the so lu tion in creases the con duc tiv ity due to 
the radiolytic for ma tion of HCl, and this is man i fested
by the higher value of the sig nal (shown in ar bi trary
units, a.u.) on the scale. In stru ment cal i bra tion is per -
formed by ref er ence do sim e ters ir ra di ated in the ref er -
ence Riso Lab o ra tory with the re quired doses of ra di a -
tion. For each lot of do sim e ters, the 24 non-ir ra di ated
do sim e ters  are  sent  to the Riso Lab o ra tory, and it is
re quired  that  they  be  ir ra di ated with dif fer ent doses
of  ra di a tion.  (1  kGy, 3 kGy, 5 kGy, 10 kGy, 15 kGy,
20 kGy, 30 kGy, and 55 kGy). Three dif fer ent do sim e -
ters are sent for each of the in di cated doses. Based on
the ref er ence do sim e ters a cal i bra tion curve is con -
structed and used to cal cu late the ra di a tion dose from
the ir ra di a tion pro cess. The av er age oscillometric
mea sure ment value is de ter mined based on the dif fer -
ence in the mea sure ment re sults of the three am poules
ir ra di ated with the same dose, as stated. 
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The for ma tion of the cal i bra tion curve is rou -
tinely per formed at room tem per a ture, and in this pa -
per, we will show that the cal i bra tion should be per -
formed at the tem per a ture at which the rou tine
mea sure ments are per formed. Rou tine and ref er ence
do sim e ters should al ways be thermostated to the tem -
per a ture of the cal i bra tion curve, in or der to avoid
mea sure ment er rors.

RE SULTS AND DIS CUS SION

To de ter mine the de pend ence of the tem per a ture
on the re sponse of the oscillotitrator, do sim e ters ir ra di -
ated in the Riso Lab o ra tory with pre cise doses of 5, 10, 
15, 20, 25, and 35 kGy were used. We used three do -
sim e ters for each of the above doses.

Do sim e ters are ex posed to tem per a tures of 5, 10, 
15, 20, 30, 40, and 50.

Ta ble 1 shows the re sults of the mea sure ments
on the oscillotitrator. In or der to avoid a sub se quent
change in tem per a ture af ter ther mo stat, and be fore
mea sur ing, the am poules are placed di rectly from the
ther mo stat into the oscillotitrator holder.  In the col -
umns, the av er age mea sure ment value of three dif fer -
ent do sim e ters is given for each in di vid ual dose and
mea sure ment tem per a ture.

From tab. 1 one can see that the oscillotitrator re -
sponse is sig nif i cantly higher with the tem per a ture in -
crease. Based on these re sponses and known dose val -
ues, curves of ad dic tion have been con structed, fig. 1.

When those val ues are con verted to the third-de -
gree poly no mi als, equa tions that de scribe the de pend -
ence of the dose and the oscillotitrator sig nal for each
in di vid ual tem per a ture are ob tained

5 °C
Y = 3.62422 + 0.35205 X – 0.00193 X 2 +

+.4.21452·10–5 X 3 (1)

10 °C
Y= 2.93609 + 0.33515 X  – 7.10327·10–4 X 2 +

+.1.92086·10–5 X 3 (2)

15 °C
Y = 3.18957 + 0.2298 X + 0.00102 X 2 +

+.6.10497·10–6 X 3 (3)

20 °C
Y= 2.74126 + 0.22054 X  + 7.179364·10–4 X2 +

+.8.28564·10–6 X3 (4)

30 °C
Y = 2.64315 + 0.23435 X – 1.83072 ·10–4 X2 +

+.1.18522·10–5 X3 (5)

40 °C
Y= 0.57988 + 0.42039 X  – 0.00569 X2 +

+.4.92729·10–5 X3 (6)

50 °C
Y = 1.66345 + 0.24602 X – 0.00189 X2 +

+.2.04496·10–5 X3 (7)

Af ter hav ing de ter mined the equa tions, we se -
lected ten do sim e ters ir ra di ated with an un known ra di -
a tion dose. Those were do sim e ters for con trol ling the
pro cess of in dus trial ster il iza tion of med i cal de vices
(re quired dose of min i mum 25 kGy) and food con ser -
va tion (re quired dose of min i mum 5 kGy). Five ran -
domly se lected do sim e ters from each dose were used,
and mea sured af ter be ing thermostated at tem per a tures 
of 5 °C, 10 °C, 20 °C, 30 °C, 40 °C, and 50 °C.

We cal cu lated the ab sorbed dose in two ways:
us ing the cal i bra tion done at the room tem per a ture
(20°C), and the cal i bra tion per formed at the tem per a -
ture at which the do sim e ters from the pro cess were ex -
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Table 1. The value of the signal response measured on the oscillotitrator at different temperatures of
the ampoule with the ECB dosimeter

Dose

Temperature

5 °C 10 °C 15° C 20° C 30° C 40 °C 50°C

Sig nal on the oscillotitrator (a. u.)

5 kGy 4.1 6.1 7.6 9.7 9.9 12.4 15.1

10 kGy 19.1 22.3 26.2 29.6 31.7 32.7 41.0

15 kGy 34.0 34.9 41.5 44.3 47.4 56.7 64.7

20 kGy 46.8 49.9 55.4 58.7 64.7 72.4 80.1

25 kGy 56.2 60.6 66.8 70.4 76.9 84.2 93.9

35 kGy 72.4 79.9 87.1 90.1 97.9 Value out side the range

Fig ure 1. The ra tio of the oscillotitrator sig nal and
the dose de pend ing on the am poule tem per a ture



posed, by us ing the previous equa tions. The aim of
two dif fer ent mea sure ments was to de ter mine the
amount of er ror in the mea sure ment at room tem per a -
ture with out tak ing cal i bra tion into con sid er ation. The
fol low ing re sults were ob tained, tab. 2. The ta ble
shows the av er age val ues of dose mea sure ment with
the room tem per a ture cal i bra tion, the cal i bra tion of the 
am pule tem per a ture, as well as the ex pected dose of
mea sure ment. An er ror in dose mea sure ment us ing
cal i bra tion at room tem per a ture in com par i son to the
mea sure ment of the dose by us ing cal i bra tion at am -
poule tem per a ture was ob tained.

From tab.  2 one can see that the mea sure ment er -
rors in crease with the in crease of the tem per a ture dif -
fer ences rel a tive to room tem per a ture. Thus the de vi a -
tions are the small est at the tem per a tures clos est to
room tem per a ture (15 °C and 30 °C) and the high est

for the tem per a tures that are most dif fer ent from room
tem per a ture (5 °C and 50 °C). Also, one can no tice that 
de vi a tions at low tem per a tures are higher for low
doses (27 %: 23 %), while at high tem per a ture the
mea sure ment er ror in creases for high doses of ra di a -
tion (25 %: 48 %).

Fig ure 2 pre sents the de pend ence of the mea -
sured dose on the tem per a ture when the room tem per a -
ture cal i bra tion is used (full lines), and when cal i bra -
tion at the am poule tem per a ture is used (dotted line).

CON CLU SIONS

In this pa per we ex am ined the tem per a ture in flu -
ence on the ac cu racy of mea sure ment of the ab sorbed
ra di a tion dose in the eth a nol-chloro ben zene – oscillo-
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Ta ble 2. Re sults of the ra di a tion dose based on the oscillotitrator sig nal for dif fer ent tem per a tures and
dif fer ent cal i bra tions

T = 5 °C

Dose [kGy], room tem per a ture
cal i bra tion 3.68 3.64 3.64 3.68 3.64 19.38 19.38 19.97 19.18 19.18

Dose [kGy], cal i bra tion on the
am pule tem per a ture 5.07 5.00 5.00 5.07 5.00 25.23 26.05 25.23 24.96 24.96

Ex pected dose [kGy] 5 25

Error [%] –27.41 –27.33 –27.33 –27.41 –27.33 –23.18 –23.35 –23.18 –23.13 –23.13

T = 10 °C

Dose [kGy], room tem per a ture
cal i bra tion 4.21 4.21 4.14 4.21 4.14 21.39 22.14 21.59 21.39 21.30

Dose [(kGy], cal i bra tion on the
am pule tem per a ture 5.09 5.09 4.99 5.09 4.99 25.56 26.42 25.80 25.56 25.47

Ex pected dose [kGy] 5 25

Er ror [%] –17.29 –17.29 –17.04 –17.29 –17.04 –16.34 –16.20 –16.30 –16.34 –16.36

T = 15 °C

Dose [kGy], room tem per a ture
cal i bra tion 4.56 4.47 4.51 4.51 4.51 24.17 25.20 24.17 23.73 23.86

Dose [kGy], cal i bra tion on the
am pule tem per a ture 5.10 5.00 5.05 5.05 5.05 25.68 26.74 25.68 25.23 25.36

Ex pected dose [kGy] 5 25

Er ror [%] –10.53 –10.64 –10.58 –10.58 –10.58 –5.88 –5.75 –5.88 –5.94 –5.92

T = 20 °C

Dose [kGy], room tem per a ture
cal i bra tion 5.03 4.99 5.03 5.03 4.99 25.85 25.98 26.12 25.75 25.66

Dose [kGy], cal i bra tion on the
am pule tem per a ture 5.03 4.99 5.03 5.03 4.99 25.85 25.98 26.12 25.75 25.66

Ex pected dose [kGy] 5 25

Er ror [%] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T = 30 °C

Dose [kGy], room tem per a ture
cal i bra tion 5.15 5.03 5.15 5.15 5.08 29.01 29.36 28.86 28.86 28.72

Dose [kGy], cal i bra tion on the
am pule tem per a ture 5.10 4.98 5.10 5.10 5.03 25.77 26.07 25.64 25.64 25.52

Ex pected dose [kGy] 5 25

Er ror [%] 1.08 1.06 1.08 1.08 1.07 12.58 12.62 12.55 12.55 12.53

T = 40 °C

Dose [kGy], room tem per a ture
cal i bra tion 5.88 5.64 5.76 5.76 5.71 32.31 33.17 32.47 32.31 32.21

Dose [kGy], cal i bra tion on the
am pule tem per a ture 5.34 5.04 5.19 5.19 5.13 25.57 26.42 25.72 25.57 25.46

Ex pected dose [kGy] 5 25

Er ror [%] 10.14 11.78 10.91 10.91 11.25 26.39 25.55 26.23 26.39 26.49

T = 50 °C

Dose [kGy], room tem per a ture
cal i bra tion 6.55 6.25 6.55 6.50 6.45 37.83 38.31 38.43 37.83 38.91

Dose [kGy], cal i bra tion on the
am pule tem per a ture 5.24 5.00 5.24 5.20 5.16 25.51 25.87 25.96 25.51 26.32

Ex pected dose [kGy] 5 25

Er ror [%] 25.07 25.12 25.07 25.07 25.07 48.29 48.10 48.05 48.29 47.84



tirtator do sim e try sys tem. We found that the val ues in -
di cated by the oscillotitrator are highly de pend ent on
the tem per a ture of the do sim e ter. The dose cal cu lated
from the oscillotitrator sig nal has to be de ter mined us -
ing a cal i bra tion curve con structed at the same tem per a -
ture as the tem per a ture of the am poule. 

The for ma tion of the cal i bra tion curve in ir ra di a -
tion fa cil i ties' dosimetric lab o ra to ries is rou tinely per -
formed at room tem per a ture, and in this pa per, we have 
shown that the cal i bra tion should be per formed at the
tem per a ture at which the rou tine mea sure ments are
per formed later. Rou tine and ref er ence do sim e ters
should al ways be thermostated to the tem per a ture of
the cal i bra tion curve in or der to avoid mea sure ment er -
rors.
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Fig ure 2. The ra tio of cal cu lated dose and tem per a ture
for dif fer ent cal i bra tions
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TA^NOST  ODRE\IVAWA  APSORBOVANE  DOZE  ZRA^EWA  KORI[]EWEM 
SISTEMA  ETANOL-HLORBENZEN 

Oscilotitrator  na  razli~itim  temperaturama  merewa

Dozimetrijski sistem etanol-hlorbenzen/oscilotitrator ~esto se koristi pri
kontroli procesa ozra~ivawa u gama radijacionim postrojewima. Ovaj dozimetrijski sistem je
pouzdano sredstvo za merewe apsorbovane doze. Zasnovan je na procesu radioliti~kog formirawa
hlorovodoni~ne kiseline u rastvoru hlorbenzena u etanolu, pod uticajem jonizuju}eg zra~ewa.
Odnos tem per a ture ozra~ivawa i ozdiva dozimetra je kompleksna funkcija koja zavisi od doze i
tem per a ture za svaku koncentraciju hlorbenzena. Na razli~itim temperaturama, pokretqivost
~estica koje poti~u od hlorovodoni~ne kiseline se mewa, {to dovodi do razlike u signalu na
oscilatitratoru tokom visokofrekventnog konduktrometrijskog o~itavawa. U ovom radu smo
ispitivali uticaj tem per a ture na izra~unavawe doze apsorbovanog zra~ewa. Pokazali smo da
temperatura zna~ajno uti~e na rezultate merewa i da je za dobijawe preciznih vrednosti
apsorbovane doze neophodno formirati kalibracionu krivu na temperaturi ozra~ivawa.

Kqu~ne re~i: etanol-hlorbenzen, oscilotitrator, dozimetrija, zra~ewe


