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The pri mary pa ram e ters for test ing an in di vid ual mon i tor ing sys tem are stan dard de vi a tion
and the co ef fi cient of vari a tion. The In ter na tional Electrotechnical Com mis sion (IEC) stan -
dard 62387-1 rec om mends test ing the co ef fi cient of vari a tion of dosemeters for var i ous doses 
be cause the ac cept able co ef fi cient of vari a tion changes with the dose level. How ever, for dose
quan tity Hp(10), i. e. doses greater than 1.1 mSv, the  ac cept able limit is 5 % and re mains un -
changed up to the high est dose in the mea sur able range. This study was car ried out to con firm
whether the same is fol lowed in the In dian per son nel mon i tor ing sys tem when mea sur ing
Hp(10) and also in or der to study the vari a tion in the co ef fi cient of vari a tion with a given dose. 
It was ob served that even if the co ef fi cient of vari a tion at doses be tween 0.1 mSv and 1.1 mSv
is lower than the IEC re quire ment, at higher doses, the same may not be true. In rou tine mon -
i tor ing, since the an tic i pated doses are less than 1 mSv, a mon i tor ing sys tem which per forms
better than the IEC re quire ment at these lev els of doses is an ad van tage. How ever, good per -
for mance at said dose lev els does not nat u rally in di cate good per for mance at higher doses.
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IN TRO DUC TION

In In dia, a sin gle thermoluminescence (TL) based 
dosemeter de vel oped by the Bhabha Atomic Re search
Cen tre (BARC) is ap proved for per son nel mon i tor ing
of all ra di a tion work ers work ing with X, beta, and
gamma ra di a tions. The per for mance char ac ter is tics of
this dosemeter in terms of Hp(10) are well es tab lished
[1, 2]. There are sev eral ac cred ited ser vice pro vid ers
who of fer per son nel mon i tor ing us ing the said de vice.
The qual ity of the ser vice is guar an teed by the Cen tral
Ac cred i ta tion Agency which cer ti fies that the ser vice
pro vider meets the pre scribed pro ce dures and re quire -
ments. Qual ity is fur ther con firmed by a reg u lar and
com pre hen sive qual ity as sur ance (QA) programme. In -
ter nally, ev ery lab o ra tory is ex pected to carry out pe ri -
odic checks on the qual ity of its dosemeters.

The pri mary pa ram e ters for test ing an in di vid ual
mon i tor ing sys tem are stan dard de vi a tion (SD) and the
co ef fi cient of vari a tion (CoV). The val i da tion pro ce -
dure of new dosemeters in volves in di vid ual test ing of
the dosemeters by ex po sure to 3 mGy air kerma of 137Cs 
pho ton ra di a tion in open-air ge om e try and sub se quent
read ings in the cal i brated reader. Dosemeters are ac -

quired in batches of thou sands. Af ter the read ing, ex -
posed dosemeters are grouped per re sponse while
en sur ing that the CoV of a sin gle batch is less than 5 %.
Typ i cally, this may be around 3-4 %. There fore, from
the very be gin ning, it can be ex pected that all
dosemeters in a mon i tor ing lab o ra tory have a CoV of
less than 5 %. How ever, since in di vid ual cal i bra tion
fac tors are not ap plied and only batch cal i bra tion is used 
it is likely that, with wear and tear, the CoV will sur pass
its orig i nal value. Ser vice pro vid ers are ex pected to dis -
con tinue the use of dosemeter batches whose CoV de -
grades to above 5 %. How ever, con di tions such as a de -
lay in iden ti fy ing the de te ri o ra tion in qual ity may oc cur, 
with the pro vider con tin u ing to of fer its ser vice with de -
vices with a CoV greater than 5 %. There fore, pe ri odic
test ing of CoV within the lab o ra to ries of the ser vice pro -
vider is con sid ered es sen tial. 

When test ing for CoV, guid ance is taken from the
rec om men da tions of the In ter na tional Electrotechnical
Com mis sion (IEC 62387-1) [3] which in clude the ex po -
sure of fixed num bers of dosemeters to var i ous doses.
The do sim e try sys tem is con sid ered to have passed the
test if the CoV does not ex ceed a given limit for each dose 
level. These lim its vary, with higher val ues be ing per mis -
si ble for lower doses, prob a bly due to the in creased ran -
dom er rors at lower ones. The ac cep tance limit for CoV
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ac cord ing to IEC 62387-1 is 15 % for Hp(10) less than
0.1  mSv,  [16 – (Hp(10))/(0.1 mSv)] %  for Hp(10) from
0.1  mSv  to  1.1  mSv  and  5 %  for Hp(10) greater than
1.1 mSv. To de ter mine whether the same is fol lowed in
the In dian Per son nel Mon i tor ing Sys tem, this study was
car ried out.

In the sec ond part of our re search the dose-re -
lated be hav ior of SD was an a lyzed.

MA TE RI ALS AND METH ODS 

The dosemeter used in the pres ent study is the
same as used in the coun try wide per son nel mon i tor ing
programme for mon i tor ing per sonal doses due to X,
beta, and gamma ra di a tions. Our study, how ever, con -
sid ers only the dosemeter's re sponse due to pho ton ra -
di a tion. The dosemeter is com prised of three iden ti cal
CaSO4: Dy tef lon discs, each placed un der a dif fer ent
fil ter [1].The read ings are car ried out in a ni tro gen gas
heat ing-based semi au to matic TLD badge reader [4]. 

This do sim e ter is used for es ti ma tion of Hp(10)
(whole body) dose. Though the read ings of all three
discs are re quired, the read ing un der dosemeter disc
D1 (with an ef fec tive fil tra tion of 1060 mg/cm2) is
con sid ered pri mary and serves for the cal i bra tion of
the reader to 137Cs gamma and es ti ma tion of the dose
due to pho tons of en ergy greater than 200 keV. There -
fore, in our study, the read ings of disc D1 are em -
ployed for SD es ti ma tion.

Dosemeters for per son nel mon i tor ing ser vices
are ac quired in bulk. They are in di vid u ally checked for 
re sponse to ra di a tion by an neal ing, ex posed to 3 mGy
of 137Cs ra di a tion and read on a cal i brated reader.
Since a large num ber of these de vices are to be an -
nealed, ex posed and read in a short span of time, ir ra di -
a tions are car ried out in free-air pan oramic setup.
Though this method is not valid for cal i bra tion and es -
ti ma tion of doses in terms of Hp(10), it is con sid ered
ad e quate for the se lec tion of dosemeters. The cal i bra -
tion of read ers is nec es sary so as to en sure con sis tency
in their per for mance and is there fore car ried out on a
daily ba sis, us ing dosemeters al ready in ser vice. In a
sin gle batch, at least 200 dosemeters are tested for each 
of the 3 el e ments. If the CoV of the en tire batch ex -
ceeds 5 %, the batch is re jected. Oth er wise the batch is
ac cepted. In ac cepted batches, dosemeters show ing in -
di vid ual read ings greater than 1.15 or less than 0.85
times the mean read ings are re jected. Vari a tions due to
other fac tors such as reader sta bil ity and back ground
ra di a tion are kept to an ac cept able min i mum.

In this study, dosemeters from 2 pro cure ment
batches were used – “Batch 1” of 1500 do sim e ters
with a CoV of 3.5 % and “Batch 2” of 1000 dosemeters
with a CoV of 8.3 %. For each level of dose, a ran dom
sam ple of 10 dosemeters was taken from each batch.

Ir ra di a tions for CoV test ing were car ried out on a 
phan tom, as per ISO-4037 [5], at a dis tance of 1.5 m
from the source. Af ter en sur ing that the dF val ues were
not ex ceeded, 5 dosemeters were ir ra di ated si mul ta -

neously, at 6 dose lev els, wi (i =1, 2, …, 6). For each
level of dose, 2 such ir ra di a tions were car ried out so
that 10 dosemeters were ir ra di ated for each dose level.
Ir ra di a tions were car ried out at nor mal in ci dence and
for a sin gle en ergy, 137Cs gamma.The con ven tional
true value of Hp(10) (C) was ob tained by mul ti pli ca -
tion of de liv ered air kerma (mea sured in open-air) with 
1.21 (hpk value for R-Cs) [5]. Af ter ir ra di a tion, the
mean in di cated value of Hp(10)(G) along with SD was
cal cu lated for each of the 3 in di vid ual dose el e ments.  

In the sec ond part of the in ves ti ga tion we have
an a lyzed vari a tion of SD with the sig nal (dose).

Three types of vari a tion of SD are con sid ered
com mon in me trol ogy [6, 7]:
(a) vari ance (VT) pro por tion ate to re sponse (Pois son) 

V a kST = + (1)

(b) SD (sT) in creas ing lin early with dose

sT = +a kS (2)

and
(c) the qua dratic model

V a kST = + 2 (3)

Here, VT is the to tal vari ance, sT – the to tal SD, a
rep re sents sB (SD of back ground) in eq. (2) and sB

2  in
eqs. (1) and (3), k rep re sents the slope of SD vari a tion
with sig nal S (as ymp totic rel a tive SD) in eqs. (1) and
(2);  in eq. (3) k rep re sents the square of as ymp totic rel -
a tive SD. 

Mea sure ment re sults were fit ted to the curves (1) 
– (3) and con clu sions of SD be hav ior re gard ing doses
drawn. 

Since the SD of a sam ple can have vary ing val -
ues, 90 % con fi dence lim its of the true (pop u la tion) SD 
have been es ti mated. Vari ances of ran dom sam ples
(s2) from a nor mal pop u la tion have a skewed dis tri bu -
tion de pend ing on N, the sam ple size and pop u la tion
SD (s). There fore, chi-square dis tri bu tion is used for
es ti mat ing the range of SD within a con fi dence in ter -
val based on a sin gle mea sure ment of a sam ple SD

c
s

2
2

2

1
=

-( )N s
(4)

RE SULTS AND DIS CUS SION

The val ues C, G,  and SD are given in tab. 1 for
dosemeter disc D1. Discs D2 and D3 showed sim i lar
val ues.

When a small sam ple is used, SD can have some
sig nif i cant vari a tion. Also, the most prob a ble value of
SD is less than the con ven tional true value (s) [8]. To
ac count for this, IEC 62387-1 [3] gives ad di tional fac -
tors to en sure a prob a bil ity of 80 % of pass ing a test if
the SD be ing tested is 0.9 times the ac cept able limit.
These fac tors are given for sam ples of size 5 and test -
ing at 12 dose lev els. In a sim i lar way, c1, c2 [8] val ues
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for var i ous sam ple sizes/dose lev els are avail able for
con firm ing whether the per for mance of a dosimetric
sys tem is ad e quate for the CoV. This method gives a
prob a bil ity of 50 % for pass ing the test if the SD be ing
tested is equal to the ac cept able limit. If w is the num -
ber of dose lev els for which the test ing is car ried out,
ad e quate per for mance will be en sured if for w-2 or
more dose lev els, the mea sured CoV is less than c1
times the ac cep tance limit. Fur ther, for the max i mum
two, not ad ja cent dose lev els, the mea sured CoV
should be less than c2 times the ac cep tance limit (c2 is
greater than c1).

The method used in this pa per in cludes ir ra di a -
tion of a sam ple of 10 at 6 dose lev els. Us age of pa ram -
e ters c1 and c2 is flex i ble and can be ap plied for any
sam ple size and any num ber of dose lev els greater than 
5.  Ta ble 1 also shows max i mum ac cept able lim its of
CoV(CoVmax) for each of the dose lev els af ter ap pli ca -
tion of these fac tors, c1 =1.046 and c2 = 1.389 [8].

From the re sults in tab. 1, it can be seen that
Batch 1 passed the CoV test for all doses, but Batch 2
failed to pass the test for dose lev els w = 5, 6. This was
ex pected as Batch 2 had a higher CoV at the pro cure -
ment test. 

Fur ther, a plot of the ex per i men tal SD val ues for
Batch 1 is given in fig. 1 along with the vari a tions as
pre dicted  by eqs. (1)-(3) (us ing sB = 13 µSv and k =
=.0.0398).

It can be seen that eq. (1) (Pois son) and (2) (lin -
ear) do not cor re spond with ex per i men tal ob ser va -
tions. The best fit is (3).

In the spe cific case of per son nel mon i tor ing,
based on em pir i cal data, the be hav ior of SD has been
re ported to fol low eq. [9]

s s smT B TK2 2 2 2= + (5)

This is iden ti cal to the qua dratic model, eq. (3),
where sT – the to tal SD, sB – the SD in back ground
dosemeters, sµ – the rel a tive SD at high doses, and KT

– the value of the dose. The rel a tive SD is an as ymp -
totic  value,  and  it  is  as sumed  that  the  rel a tive SD at
3 mSv is ac cept able as an ap prox i ma tion for the rel a -
tive SD at high doses. There fore, the be hav ior of our
do sim e try sys tem can be ap prox i mated by the qua -
dratic equa tion.

IEC stan dard 62387-1 re quires 5 dosemeters for
the de ter mi na tion of CoV. How ever, the SD mea sured
from small sam ples can have sig nif i cant vari a tions. A
use ful ap prox i ma tion de fined in lit er a ture for es ti ma -
tion of un cer tainty in s/s is 1 2 1 1 2/ [ ( )] /N -  [10], where
s is the sam ple SD, s is the true SD and N is the size of
the sam ple. There fore, with an in crease of N, the un cer -
tainty in es ti ma tion of s would be re duced. The pres ent
study has been car ried out for sam ples of 10
dosemeters. With the ap prox i ma tion stated above, the
in her ent er ror in es ti ma tion of s for sam ples of 10
dosemeters would be 23.6 %. The 90 % con fi dence lim -
its of s for the ex per i men tal val ues ob tained us ing (4)
are given in tab. 2. The ex pected SD as per (3) is also
given in the ta ble. This data val i dates our as sump tion
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Ta ble 1. Mean in di cated value, mea sured SD and CoV at dif fer ent dose lev els

No. of dose
lev els w

Con ven tional
true value,

C [µSv]

Mean in di cated value G [µSv] Mea sured SD s [µSv] Co ef fi cient of
vari a tion, CoV [%] CoV [%]

(IEC)

CoVmax [%] with
cor rec tions for

Batch 1 Batch 2 Batch 1 Batch 2 Batch 1 Batch 2 c1 c2

1 351 350 312 11.6 23.1 3.31 7.4 12.5 13.1 17.3

2 531 547 491 16.8 31.2 3.08 6.3 10.7 11.2 14.8

3 849 877 823 27.2 52.6 3.10 6.4 7.5 7.9 10.4

4 1168 1229 1144 34.3 53.0 2.79 4.6 5.0 5.2 6.9

5 2113 2158 2000 33.1 137.6 1.53 6.9 5.0 5.2 6.9

6 3184 3184 3183 126.7 326.0 3.98 10.2 5.0 5.2 6.9

7 0 0 0 13 32 – – – –

Fig ure 1. Plot of vari a tion of stan dard de vi a tion with
mean in di cated value (G). Plus sign, cross and open
tri an gle are the o ret i cal val ues based on eqs. (1), (2) and
(3) for dosemeters from Batch 1.  Filled squares are
ex per i men tal val ues of Batch 1

Ta ble 2. 90 % con fi dence lim its of pop u la tion stan dard
de vi a tion based on ex per i men tal stan dard de vi a tion

Mean
in di cated
value G
[µSv]

Mea sured
SD s [µSv]

Ex pected 
SD [µSv]

90 % con fi dence limit
of s 

Up per limit
[µSv]

Lower limit 
[µSv]

350 11.6 17.9 19.1 8.5

547 16.8 23.1 27.6 12.2

877 27.2 33.3 44.8 19.8

1229 34.3 44.9 56.4 25.0

2158 53.8 76.6 88.5 39.2

3184 126.7 112.2 208.4 92.4



that the qua dratic equa tion is a good rep re sen ta tive of
the be hav ior of our per son nel mon i tor ing sys tem.

These ob ser va tions im ply that if a batch of
dosemeters is tested for CoV, then it is pref er a ble to
carry out the test ing at mul ti ple val ues of dose. Very
of ten, the test ing is car ried out at a sin gle dose level. In
such cases, care should be taken that the dose is suf fi -
ciently high to en sure that the mea sured value of CoV
is a true rep re sen ta tion.

CON CLU SION

An im por tant pa ram e ter for test ing an in di vid ual
mon i tor ing sys tem is the co ef fi cient of vari a tion. In rou -
tine mon i tor ing of ra di a tion work ers, the doses en coun -
tered are most of ten less than 1 mSv. There fore, it is
some times con sid ered that a mon i tor ing sys tem which
per forms better than the IEC re quire ment at these val -
ues of doses should be a better sys tem. How ever, good
per for mance at these dose lev els does not nat u rally in -
di cate good per for mance at higher lev els of doses. In
the mon i tor ing sys tem stud ied it is ob served that
dosemeters which show poor per for mance in terms of
stan dard de vi a tion or co ef fi cient of vari a tion at higher
doses may ac tu ally show ac cept able be hav ior at lower
doses. In ter na tion ally, higher val ues of co ef fi cient of
vari a tion are ac cepted at lower doses since ran dom er -
rors may be higher. How ever, ex act dose es ti ma tion is
of greater im por tance at higher doses than at lower
doses since pre dicted health ef fects from ra di a tion ex -
po sure are de ter mined at this dose. There fore, it is re -
quired that the val ues of co ef fi cient of vari a tion at all the 
dose val ues in di cated by IEC are cal cu lated for a mon i -
tor ing sys tem and pe ri od i cally checked.
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PROVERA  KOEFICIJENTA  VARIJACIJE  U  INDIJSKOM
SISTEMU  LI^NOG  MONITORINGA

Standardna devijacija i koeficijent varijacije su primarni parametri provere sistema
li~nog monitoringa. Stan dard 62387-1 Me|unarodne elektrotehni~ke komisije preporu~uje
proveru koeficijenta varijacije dozimetara za razne vrednosti doza, jer se prihvatqiva vrednost
koeficijenta  varijacije  mewa   sa  nivoom  doze.  Ipak,  za  veli~inu  Hp(10),  pri   dozama ve}im  od
1.1 mSv, prihvatqiva granica je 5 %, koja ostaje nepromenqiva ~ak i pri dozama bliskim grani~nim
vrednostima mernog opsega. Ova studija je sprovedena kako bi se potvrdilo da se isti postupak
sprovodi i u sistemu li~nog monitoringa u Indiji pri merewu Hp(10), kao i da se izu~i promena
koeficijenta  varijacije  sa dozom. Uo~eno je da iako je koeficijent varijacije za doze u opsegu od
0.1 mSv do 1.1 mSv ni`i od zahteva standarda, to nije slu~aj i pri vi{im dozama. Tokom rutinskog
monitoringa, po{to su o~ekivane vrednosti doza mawe od 1 mSv, sistem li~nog monitoringa koji
ima ni`e vrednosti zahtevanih parametara od standarda, u prednosti je u ovom opsegu doza.
Me|utim, dobre performanse u datom opsegu doza nisu indikator dobrih performansi pri vi{im
dozama.

Kqu~ne re~i: koeficijent varijacije, li~ni mon i tor ing, Indija


