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The different aspects of calibration of a TLD reader system will
be discussed based on the results of an intercomparison experiment per-
formed at the Centro de Estudios Nucleares, UNAM.

Los diferentes aspectos de la calibraci6n de un equipo de lectura
para dosimetría termoluminiscente se discuten en base a los resultados
obtenidos en el experimento de intercomparación efectuado en el Centro
de Estudios Nucleares de la UNAM.

1. I~TROIlJCflrn

For the application of a thermohrniniscence dosi.metry systcm in
pcrsonnel dosimctry three different TLD-Harshaw readers of the type 2000

.Karlsruhe Nuclear Research Center, Fed. Rep. Germany.
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~ere calibrated. During this study the change of the dosimcter response
after repcatcd use of the dosimeters l,'cre im"estigatcd taking into

account the inflt~nce of a post. and pre-irradiation annealing, cf the
Teader instability and of a change Di the cxposurc conditions.

EV.\LUATlQ\ rrOl\I(UE

Thc dosimeters used "'"ere LiF(Tll).700) aod CaF2: [)y(TLO-200, ribbons

of the size 1/8" x 1/8" x 0.35"; each dosimetcr had beco previcus1y ca-
librated several times at 2.SR, and it5 relative response monitored and

recorder [01' purpose of nOl1l1alizing the readings of .111 TLD's in this
experirnent to a tmiform 5en5itivity. After cleaning in methanol .111

dosimcters "'ere aIUlcalcd as £ol10\0.'s: 400°C for l.Sh, 100°C foy 15 min,

room tcmpcratuTc foy 7 minI and finall}' 1000( for 2h.

T\\'o hundred thirty :nmealed TLD-700 dosin:eters \\'t.:'1'C dividC'd as
follows:

A set of 150 was irradiated to 2.9R and stored as refercnce dosi-

metcrs ("daily reading first dar exposures") storage l. Another set

oí 50 Tlll-700 dosimeters ","'asstored \o,'it.hout aJlY irradiation, storage II

and the remaining 30 TlD-700 annealcd dosimeters were divided into 3

set oí 10 dosirnetcr each ("dail)' dosimeters"). See Figure A,

30 d05imeter5
(35et50fl0)

" daily OO5imelers "

S TORAGE r
150 re'erence dosim",lers
irradialed to ?9 R
" daily rNdíog5, lirsl day
c.posure "

STORAGE 1I
50 refe.ence dosimele.s
" daíly el(posure, last
day readíny "

Fiq. A. Treatment of 230 TLD-700 dosimeters
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The TllJ's fTom storagc l. fraID storage JI and the "daily dosimeters"

","'crc then intnxluccd ioto thc following cycle (5ee Figure B).

S t"•• c\ly 10
( SO T••• r 1

Fig. B. Every day evaluation cycle

Every day the thrce sets of la dosimeters together with five coming

from storage JI were annealed and irradiated during a 17 hour period to
2.9R. After irradiation the five dosimeters cOnUog íTem staTage JI were
transferred to staTage 111 to be read on the last working day ("daUy

exposure, 1ast day reading").
The thrcc sctsof 10 irradiated dosimetcrs were post-annealed

together with [ifteen dosimeters coming íTom storage l. The post-annealed
treatment consistcd of washing in methanol followcd by a heating pcriod
of 20 min, at 100°(.
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frorn storage
dosimeters"

coming
"daily

After the post-annealing treatment, the 45 dosimeters were divided
into three sets of 10 "daily dosimeters" plus S "storage 1 dosimeters";
each set was then evaluated in a given rcacler. Each day the same ten

"daily dosimetcrs" Kere Tead in the same reader.

Every day the fifteen cvaluated dosimeters
were taken out of the cycle and the remaining 30
began the cyele again.

The las! working day a11 the dosimeters fram storage 111 were
post-annealed and evaluated in the UNAM reacler (reference dosimeters
"every day exposure, last day reading"). See Fig. B.

The annealed CaFz:Dy dosimeters were distributed as £0110"'5:
Five were irradiated at 6.7 mR from a 227Ra source. Each oí

them were placed in a spherical capsule paired with a non irradiated
CaF2:Dy dosimeter and irradiated at different locations of ~~xico City.

Another set of the annealed CaF2:Dy dosimeters were irradiated
with a 137CS source at different doses ranging frem 1 to 10 rnR.

Evaluation of these dosimeters gave the calibration curve where
each point represents the mean value of then dosimeters readings.

A calibration factor for the available equipment in Mexico was
Obtained from two sets of LiF dosimeters (irradiated and non-irradiated)
provided by the Karlsruhe Nuclear Research Centre.

For the evaluation of the LiF dosimeters three different Harshaw
readers from the type 2000 have been used; one reader from the UNAM;
one from the INEN and one reader from the Hospital General de la Secre-
taría de Salubridad y Asistencia.

3. INSTABlLITY OF 1HE TL OOSIMEfER SYSTEM

3.1 Anne.a.t'.-<:ngand Re. - U-6e. 06 the. dO-6.óne..teA

The mean value reading oí every set of la dosimeters per reader,
annealed. irradiated to 2.9 R and evaluated every day (daily dosimeters)
is shown in Fig. l.
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DAILY REAOING AFTER ANNEAlING,MEAN VALUE
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Fig. 1. Mean value oi test dosirneters after daily irradiation reading
and annealing.

It can be seen, that the daily deviation oí the dosimeter reading
oí the arder oí !lOt is mainly due to the influence oí the annealing

technique Oy the irradiation, beeause all the three readers have shown
the same change. Fig. 2 shows the standard deviation fay the three
readers.
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Fig. 2. a standard deviation oi the daily 10 dosimeters reading.
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Excluding the abnormal values far the second day the relative
standard deviation oí the 10 dosimetcrs was found to be between 1.5~
and 3%, approximately.

1Wosets of referenee dosirncters '~'ere used to control the daily
c)''-posures and the influence oí the pre-irradiation armealing.

From ane set lS dosimeters wcrc daily annealed, irradiated and
stored, perfomed the evaluation of a11 dosimeters the last \o,'orking day.

\\'ith this set the influence oí the daUy armealing and irradiation can

be poiot out. The mean values of these referenee dosir.eter readings is
shown in Fig. 3. Compared to the results in Fig. 1. it can be seco
from tabIe 1 that the change oí the dosimeter response is oí the same
arder. Al1 dosimeters from the second set were annealed and irradiated
at the first day. The valuation of 15 dosimeters (five dosimeters per
reader) was performed every day. In Fig. 4 the daily change of the
mean value of reference dosimeters is shown. Because of a a~repro-
ducibility of the daily irradiations and a reader stability of i2\

(see Fig. 4) the main influence on the daily dosimeter reading is due
to the pre-annealing technique.

Fl:EFEFl:ENCE OOSIMETEFI: Fl:EAOING
OAILY EXPOSUFl:E. LA,ST DAY REAOING
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Fig. 3, Reference dosimeter reading on the last day after daily anneal-
íng and exposure.
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caU'ARlSON 01' REFERENCE IXlSIMETER READING ANIJ IJAILY READING OF 10

IXlSI~IETERS AF11'R Al\NEALING A~D EXPOSURE WITIj 3 READERS

'" R£L. OOSIt,l(T£1l IlEAOlliG 111 'l.. l----- --- ----- ----.,. RUEIl. "" . VNA" IN lJi HOSPITAL-- ------ f----, .- .- 9'.01 9••••41 98.~9, ---- 94.S9 99.08 90.40

, 90.b4 9b.OS 95,44 93.20

• 10).98 lU.S1 10].71 10b,51, 101>.)0 102.1>5 107.12 lOl.s8

, 102.44 102.11 IDl.tA 100.78

, 108.!>3 1I2.H IGb,U. 10].1>5

8 89.111 90.92 91.57 95.18

• 93.59 95,32 9).92 9].bl

lO 105,28 _~O'l.8) 102.23 _ll~~~ __~--------
IIlEA" 54.26 54.S5 lL01 1.4b
.C

') •••••• ~•••• 100).

REFERENCE OOSIMETER REAOING,OAllY REAOING.
FIRST DAY EXPOSURE
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Fig. 4. Daily reference dosimeter reading after first day exposure
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3.3 l~ght SOuAce

The daily light source chc~~ of thc ~~rec readers is sho~n in
Fig. 5 (mean value oí 10 readings). Exccpt the results fTem the eighth
day. the change oí the light source rcading h"aS ;!;2t. Fig. 6shows

the relative standard deviation 10 oí 10 rcndings per day. The value
is (0.54 . 0.96)\ for the I~1N rcader, (0.59 - 1.54)\ for the UNA'I
reader and (0.61 - 0.99)\ fOT thc rC3dcr oí the Hospital General.

l"lEN
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OAILYUG,",T SOURCE REAOlNG. lIo4EAN VALUE
OF 10 REAOtNGS
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Fig. 5. Mean value of the daily light source reading
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3.~ Va4k CunAent

The daily change of the dark current is presentcd in Fig. 7 (mean
value oí 10 measurerncnts):

Corresponding to the different multiplier sensitivity of the
readers (see Fig. 11) the maximum change pey day was !28\, !23\ and
!9\ [ar the LJNA\f. INENand Hospital General rcaders, respectively. It

should be pointed out that the suppression oí the dark current frem
the first day was not changed during the experiments.
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Fig. 7. Mean value of the daily dark current reading

The relative standard deviation fay 10 is given in Fig. 8 foy 10

reading per day and was found to be 6 - 16\(UNAM), 3 - 6\(INEN) and
0.5 - 3\(HospitaI General).

The lower detection limit oí the LiF dosimetcr system based on
the standard deviation can be presented only if a minimum of 10 dosi-
meters is used for the irradiation.

The l~~r detection limit for a single measurement is given by
the maximum deviation of the dark current (see paragraph 5).
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1{] STANDARD OEVIATION OF OARK CURRENT ,lO READINGS
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Fig. 8 o standard deviation oi 10 dark current readings

4. CALIBRATHJI

For the calibration of the TLD two 137C5 source cf 200 rnCi and
10 mCi were used. The dosimeters were exposed at the same distance
from the source (70 cm). The dase rate at these positions were
171.18 rnRIh (souree 1), and 6.72 rnRIh (souree IIJ.

Fig. 9. Calibration curve oi LiF (TLD-700)
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Thc calibration cunes far Uf and CaF2 :Dy obtained hy changing

tllC exposure pcriod from S min up to 17 h and 90 min, respcctively,

are presented in Fig. 9 and Fig. 10 far the lJNAr.l rcader.
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Fig. 10 Calibration curve CaF2:Dy(TLD-200) found fer two different batehes

It can be seen from the figures that there is a relativcly high
divergence fTan the linearity duc to the individual reader adjusonent.

From the dosimeter reading only the dark current was substracted
which was found during the heating cycle without using a dosimeter.
rabIe 2 shows the corresponding reader sensitivity.

TABlE Z

OOSIMETER RESPCl'iSE FUlND ~'IlB 1HE lJNA\1 READER

DOSIMETER nC/R_____________ 1- _

TLO - 700 18.75

TLO - 100

TLD - 200 UNAM

TLO - 200 - GFK

670

470
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S. I.O\,I:RDETECrIQ'i LI~IIT

The la~er detcction limit oí the Lif dosirnctcr systcm found with
the difíerent readers is presented in Fig. 11.

l00¡ DOSlMETER R'::AOING fER 2.9 R
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Fig. 11. Dosimeter reading and lower detection limit found fer the
three TLD readers

Taking into account the different rcacler sensitivity for a 2.9 R
cxposure which gives S4.S nC (UNAM) compared to 8 nC (INEN) and 1.46 nC
(Hospital General) and the maximum dark current fluctuatían fmmd in

Fig. 8, the lower dcteetíon 1imit is given by a measuring error oí Z mR
(UKAM). 14 mR (INEN) and 40 mR (Hospital General).

FOT the application oí LiF dosimeters to environmental monitoring,
and accumulated dose oí (10:t 2) mR can be measured with the UNftNreader,

Khich corresponds to an accumulation pcriod of the order of 5 weeks.
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locations free in

of ~.Oprivate build-
exposed at different
the lY.\..\\1and OUt5 ide

CaF2:Dy dosimetcrs wcre
aiT at the Sala:ar C~ntcr. at
ings in ~Iexico ei t y .

Because of the short accumulation periad of 1 ~cck and the rela-
tiycly high fluctuation oí the dark curren! (in the arder of factor 2)

during the evaluatíon of thc dosirneters, thc accuracy oí the results

fOlmd is no! reliablc enough. Taking iota account the calibratíon curve
in Fig. 10 the natural background level found W3S in the range of
, 1.6 "R/h.

A linear dose charactcristic ,,"'ould gi\'(' a valuc oí 101 rnR/y.

careful calibratíon of the dosimeter batch in the low energy
rangc and longC'Tcxposure periods up to 3 months shoulJ imprO\-e this

resul ts.

7. DISCUSSla-i OF 1HE RESULTS

The results found [or the three TLD readers are summarized in
tabIe 3. Here the ~~imum deviation oí the LiF dosimeter system is
presented ",-hich""as found [01' the different test nms, and which can be
explained by error influcnces and instabili ties of the dosimeter system
due to the pre- and post-irradiatian annealing at different days as ",'e11
as Jue ta the readers instability and the conditians of the dany irrJ-
diations.

The individual dosimeter response faund £01' the 30 dosimeters
",hich ""ere anncaled ever)' dar ,,-as\oo'ithin:!:2.5\.

Hle reproducibil ity of the irradiation perfo~d ever)' day was
within !2~. A similar reproducibilitr of the reader sensitivity ""as
found with the light sourcc check.

The reference dosimetcr set ~o. 2 which was cxposed at the first
dar and read daily. reflects the influence of post-irradiatian annealing
and readcr inestability. A comparison oE the reference dosimeter set
~o. 1 and of the 10 test dosimcters ",hich were annealed daily before
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irradiatian, ShOK5 that the influence of the prc-irradiation arulcaling
yields to a maJ(imum daily dedation of the dosimetcr reading of :!: 10%.

TABLE 3

W0a~Ll-1DEVIATICW or IlIE 'IIJJ SYSTBI

ERROR I~FLU£HC[ .l TEST "'''lt. (){VIAHOH

--~---------r------------- ----~-----
P ••.• PO<I .••••• do, .••••.•.•'io;."" ••.•..••

• •••• d"l;OII unM , ••
uu,u ! ..,
HOSPITAL ! U.... Ihad ••• ¡•• R.I.t"""", "",_ •• dllI,

•••••• 1;•• l.-..t <lo, "'''''''' ! ••
Pos' •••• do, ~.r......,.40._ •••óO;l,

•••• "'II,,..!loy ••••••••••

111[01 , ,
u_ .•••• , ,

'-, ~.-IHN ! "uu,u , "1l0SPlHill ! •
M •••• '.' ..-

III(N ! U

1,111 •••• ! ,
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000._., """"..,., ....---, ! '"
C.•••LlBlt.IIOIIOF •••• LO SV5'[U FOIl

HRSOIlIlEL AICl EIlVJlOIlt.lEtnAL 1II01l1TOIlIti(;
R 11•••••.•••••• £ ,,_

x) due to the instability of pre- and post-annealing, of the reader and
irradiation.

These large deviation of the dosimeter response was incorporated
by the anncaling technique. The control of the ovens tcmperaturc at
40DO( anu lDDoe was not sufficient and temperature changes during !he
annealing technique of more than 51,was observed. The uncontroled
change of the temperature during a pre- and post-irradiation period of
2 hours yields to a deviation oí the dosimeter reading in !he order
of "101.

For a ruUne use oí thermoluminisccnce dosimcter the long tenn
st~IDility oí the annealing technique is oí IDOst interest. To improve
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the relative high inaccuracy of the dosimeter systcm ovens ~ith a better
temperature control should be used. In this case the overa11 accurae)'
oE thc dosimeter system should be in the arder oE t3\. taking into
account individual eorrection factors for the dosimcter response.

During the investigations it W3S found out that two Harshal,-,'readers
givc inaccurate readings, when the evaluation ~as perfenmcd in differcnt
ranges of the pico amperemcter. This was fOWld ~1inly if the dosimeter
reading was IQ!,-,"(difference up to factor 2 be~'een the two scale read-
ings) .

The relative high non-linearity in the lower dese range and the
dark current reading fluctu..1.tionin the reader of the UNAM should be
therefore investigateJ berr carefully.
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