388

S. Chandrasekhar, ef al.: Study on the Coefficient of Variation in Indian Personnel ...
Nuclear Technology & Radiation Protection: Year 2016, Vol. 31, No. 4, pp. 388-392

STUDY ON THE COEFFICIENT OF VARIATION IN
INDIAN PERSONNEL MONITORING SYSTEM

by

Sneha CHANDRASEKHAR *, Suresh M. PRADHAN, Madhumita BHATTACHARYA,

Ratna PRADEFEP, and Debabrata DATTA

TLD-Personnel Monitoring and Services Section, Radiological Physics and Advisory Division,
Bhabha Atomic Research Centre, CT&CRS, Anushaktinagar, Mumbai, India

Technical paper
DOI: 10.2298/NTRP1604388C

The primary parameters for testing an individual monitoring system are standard deviation
and the coefficient of variation. The International Electrotechnical Commission (IEC) stan-
dard 62387-1 recommends testing the coefficient of variation of dosemeters for various doses
because the acceptable coefficient of variation changes with the dose level. However, for dose
quantity H,,(10), 7. e. doses greater than 1.1 mSyv, the acceptable limitis 5 % and remains un-
changed up to the highest dose in the measurable range. This study was carried out to confirm
whether the same is followed in the Indian personnel monitoring system when measuring
H,,(10) and also in order to study the variation in the coefficient of variation with a given dose.
It was observed that even if the coefficient of variation at doses between 0.1 mSvand 1.1 mSv
is lower than the IEC requirement, at higher doses, the same may not be true. In routine mon-
itoring, since the anticipated doses are less than 1 mSv, a monitoring system which performs
better than the IEC requirement at these levels of doses is an advantage. However, good per-
formance at said dose levels does not naturally indicate good performance at higher doses.
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INTRODUCTION

In India, a single thermoluminescence (TL) based
dosemeter developed by the Bhabha Atomic Research
Centre (BARC) is approved for personnel monitoring
of all radiation workers working with X, beta, and
gamma radiations. The performance characteristics of
this dosemeter in terms of /,(10) are well established
[1, 2]. There are several accredited service providers
who offer personnel monitoring using the said device.
The quality of the service is guaranteed by the Central
Accreditation Agency which certifies that the service
provider meets the prescribed procedures and require-
ments. Quality is further confirmed by a regular and
comprehensive quality assurance (QA) programme. In-
ternally, every laboratory is expected to carry out peri-
odic checks on the quality of its dosemeters.

The primary parameters for testing an individual
monitoring system are standard deviation (SD) and the
coefficient of variation (CoV). The validation proce-
dure of new dosemeters involves individual testing of
the dosemeters by exposure to 3 mGy air kerma of 3’Cs
photon radiation in open-air geometry and subsequent
readings in the calibrated reader. Dosemeters are ac-
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quired in batches of thousands. After the reading, ex-
posed dosemeters are grouped per response while
ensuring that the Col of a single batch is less than 5 %.
Typically, this may be around 3-4 %. Therefore, from
the very beginning, it can be expected that all
dosemeters in a monitoring laboratory have a Col of
less than 5 %. However, since individual calibration
factors are not applied and only batch calibration is used
it is likely that, with wear and tear, the CoV will surpass
its original value. Service providers are expected to dis-
continue the use of dosemeter batches whose CoV de-
grades to above 5 %. However, conditions such as a de-
lay in identifying the deterioration in quality may occur,
with the provider continuing to offer its service with de-
vices with a CoV greater than 5 %. Therefore, periodic
testing of ColV/within the laboratories of the service pro-
vider is considered essential.

When testing for Co¥, guidance is taken from the
recommendations of the International Electrotechnical
Commission (IEC 62387-1) [3] which include the expo-
sure of fixed numbers of dosemeters to various doses.
The dosimetry system is considered to have passed the
testifthe CoV does not exceed a given limit for each dose
level. These limits vary, with higher values being permis-
sible for lower doses, probably due to the increased ran-
dom errors at lower ones. The acceptance limit for CoV
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according to IEC 62387-1 is 15 % for H,(10) less than
0.1 mSy, [16—(H,(10))/(0.1 mSv)] % for H(10) from
0.1 mSv to 1.1 mSv and 5% for H(10) greater than
1.1 mSv. To determine whether the same is followed in
the Indian Personnel Monitoring System, this study was
carried out.

In the second part of our research the dose-re-
lated behavior of SD was analyzed.

MATERIALS AND METHODS

The dosemeter used in the present study is the
same as used in the countrywide personnel monitoring
programme for monitoring personal doses due to X,
beta, and gamma radiations. Our study, however, con-
siders only the dosemeter's response due to photon ra-
diation. The dosemeter is comprised of three identical
CaSO,: Dy teflon discs, each placed under a different
filter [1].The readings are carried out in a nitrogen gas
heating-based semiautomatic TLD badge reader [4].

This dosimeter is used for estimation of /,(10)
(whole body) dose. Though the readings of all three
discs are required, the reading under dosemeter disc
D1 (with an effective filtration of 1060 mg/cm?) is
considered primary and serves for the calibration of
the reader to '*’Cs gamma and estimation of the dose
due to photons of energy greater than 200 keV. There-
fore, in our study, the readings of disc D1 are em-
ployed for SD estimation.

Dosemeters for personnel monitoring services
are acquired in bulk. They are individually checked for
response to radiation by annealing, exposed to 3 mGy
of 137Cs radiation and read on a calibrated reader.
Since a large number of these devices are to be an-
nealed, exposed and read in a short span of time, irradi-
ations are carried out in free-air panoramic setup.
Though this method is not valid for calibration and es-
timation of doses in terms of H(10), it is considered
adequate for the selection of dosemeters. The calibra-
tion of readers is necessary so as to ensure consistency
in their performance and is therefore carried out on a
daily basis, using dosemeters already in service. In a
single batch, atleast 200 dosemeters are tested for each
of the 3 elements. If the Col of the entire batch ex-
ceeds 5 %, the batch is rejected. Otherwise the batch is
accepted. In accepted batches, dosemeters showing in-
dividual readings greater than 1.15 or less than 0.85
times the mean readings are rejected. Variations due to
other factors such as reader stability and background
radiation are kept to an acceptable minimum.

In this study, dosemeters from 2 procurement
batches were used — “Batch 17 of 1500 dosimeters
witha CoV of3.5 % and “Batch 2” of 1000 dosemeters
with a CoV of 8.3 %. For each level of dose, a random
sample of 10 dosemeters was taken from each batch.

Irradiations for CoV testing were carried out on a
phantom, as per ISO-4037 [5], at a distance of 1.5 m
from the source. After ensuring that the dy values were
not exceeded, 5 dosemeters were irradiated simulta-

neously, at 6 dose levels, w; (i =1, 2, ..., 6). For each
level of dose, 2 such irradiations were carried out so
that 10 dosemeters were irradiated for each dose level.
Irradiations were carried out at normal incidence and
for a single energy, '3’Cs gamma.The conventional
true value of H(10) (C) was obtained by multiplica-
tion of delivered air kerma (measured in open-air) with
1.21 (hy value for R-Cs) [5]. After irradiation, the
mean indicated value of H(10)(G) along with SD was
calculated for each of the 3 individual dose elements.
In the second part of the investigation we have
analyzed variation of SD with the signal (dose).
Three types of variation of SD are considered
common in metrology [6, 7]:
(a) variance (V1) proportionate to response (Poisson)

Vi =a+kS (D
(b) SD (o) increasing linearly with dose

or =a+kS 2)
and
(¢) the quadratic model

Vi=a+kS* (3)

Here, V' is the total variance, o —the total SD, a
represents oy (SD of background) in eq. (2) and o Zz; in
egs. (1) and (3), k represents the slope of SD variation
with signal S (asymptotic relative SD) in eqgs. (1) and
(2); ineq. (3) krepresents the square of asymptotic rel-
ative SD.

Measurement results were fitted to the curves (1)
—(3) and conclusions of SD behavior regarding doses
drawn.

Since the SD of a sample can have varying val-
ues, 90 % confidence limits of the true (population) SD
have been estimated. Variances of random samples
(s%) from a normal population have a skewed distribu-
tion depending on N, the sample size and population
SD (o). Therefore, chi-square distribution is used for
estimating the range of SD within a confidence inter-
val based on a single measurement of a sample SD

(N =1)s?
2= @)
o
RESULTS AND DISCUSSION

The values C, G, and SD are given in tab. 1 for
dosemeter disc D1. Discs D2 and D3 showed similar
values.

When a small sample is used, SD can have some
significant variation. Also, the most probable value of
SD is less than the conventional true value (o) [8]. To
account for this, IEC 62387-1 [3] gives additional fac-
tors to ensure a probability of 80 % of passing a test if
the SD being tested is 0.9 times the acceptable limit.
These factors are given for samples of size 5 and test-
ing at 12 dose levels. In a similar way, ¢, ¢, [8] values
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Table 1. Mean indicated value, measured SD and Col at different dose levels

Ni)e.v(g Sclgvse Cgﬁzevﬂ;lggal Mean indicated value G [Sv]|Measured SD s [uSv] Var‘fgggﬂmggﬁ] CE)IE g] Ccoolr/rmectgoo/n]s‘}’(‘,f,h
C [uSv] Batch 1 Batch 2 Batch 1 | Batch 2 | Batch 1 | Batch 2 c [
1 351 350 312 11.6 23.1 331 74 | 125 | 13.1 17.3
2 531 547 491 16.8 312 | 3.08 63 | 107 | 112 14.8
3 849 877 823 272 56 | 3.10 6.4 7.5 7.9 10.4
4 1168 1229 1144 343 53.0 | 279 4.6 5.0 52 6.9
5 2113 2158 2000 33.1 137.6 | 1.53 6.9 5.0 52 6.9
6 3184 3184 3183 1267 | 3260 | 398 | 102 | 5.0 52 6.9
7 0 0 0 13 32 ~ - ~ -

for various sample sizes/dose levels are available for
confirming whether the performance of a dosimetric
system is adequate for the CoV. This method gives a
probability of 50 % for passing the test if the SD being
tested is equal to the acceptable limit. If w is the num-
ber of dose levels for which the testing is carried out,
adequate performance will be ensured if for w-2 or
more dose levels, the measured CoV is less than cl
times the acceptance limit. Further, for the maximum
two, not adjacent dose levels, the measured Col
should be less than ¢, times the acceptance limit (c, is
greater than c).

The method used in this paper includes irradia-
tion of a sample of 10 at 6 dose levels. Usage of param-
eters ¢; and ¢, is flexible and can be applied for any
sample size and any number of dose levels greater than
5. Table 1 also shows maximum acceptable limits of
CoV(CoV,,) for each of the dose levels after applica-
tion of these factors, ¢; =1.046 and ¢, = 1.389 [8].

From the results 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 levels w=5, 6. This was
expected as Batch 2 had a higher CoV at the procure-
ment test.

Further, a plot of the experimental SD values for
Batch 1 is given in fig. 1 along with the variations as
predicted by eqgs. (1)-(3) (using o =13 puSv and k=
=0.0398).
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Figure 1. Plot of variation of standard deviation with
mean indicated value (G). Plus sign, cross and open
triangle are theoretical values based on eqs. (1), (2) and
(3) for dosemeters from Batch 1. Filled squares are
experimental values of Batch 1

It can be seen that eq. (1) (Poisson) and (2) (lin-
ear) do not correspond with experimental observa-
tions. The best fit is (3).

In the specific case of personnel monitoring,
based on empirical data, the behavior of SD has been
reported to follow eq. [9]

2 _ 2 212
or —O'B+C7HKT

)

This is identical to the quadratic model, eq. (3),
where o — the total SD, o — the SD in background
dosemeters, o, —the relative SD at high doses, and K
— the value of the dose. The relative SD is an asymp-
totic value, and it is assumed that the relative SD at
3 mSv is acceptable as an approximation for the rela-
tive SD at high doses. Therefore, the behavior of our
dosimetry system can be approximated by the qua-
dratic equation.

IEC standard 62387-1 requires 5 dosemeters for
the determination of CoV. However, the SD measured
from small samples can have significant variations. A
useful approximation defined in literature for estima-
tion of uncertainty in s/c-is 1/ [2(N —1)]"? [10], where
s is the sample SD, o is the true SD and N is the size of
the sample. Therefore, with an increase of &V, the uncer-
tainty in estimation of s would be reduced. The present
study has been carried out for samples of 10
dosemeters. With the approximation stated above, the
inherent error in estimation of o for samples of 10
dosemeters would be 23.6 %. The 90 % confidence lim-
its of o for the experimental values obtained using (4)
are given in tab. 2. The expected SD as per (3) is also
given in the table. This data validates our assumption

Table 2. 90 % confidence limits of population standard
deviation based on experimental standard deviation

90 % confidence limit

Mean
indicated | Measured | Expected of o
value G | SD s [uSv]| SD [pSv] Upper limit|Lower limit
[nSv] [uSv] [uSv]
350 11.6 17.9 19.1 8.5
547 16.8 23.1 27.6 12.2
877 27.2 333 44.8 19.8
1229 343 44.9 56.4 25.0
2158 53.8 76.6 88.5 39.2
3184 126.7 112.2 208.4 92.4
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that the quadratic equation is a good representative of
the behavior of our personnel monitoring system.

These observations imply that if a batch of
dosemeters is tested for CoV, then it is preferable to
carry out the testing at multiple values of dose. Very
often, the testing is carried out at a single dose level. In
such cases, care should be taken that the dose is suffi-
ciently high to ensure that the measured value of CoV
is a true representation.

CONCLUSION

An important parameter for testing an individual
monitoring system is the coefficient of variation. In rou-
tine monitoring of radiation workers, the doses encoun-
tered are most often less than 1 mSv. Therefore, it is
sometimes considered that a monitoring system which
performs better than the IEC requirement at these val-
ues of doses should be a better system. However, good
performance at these dose levels does not naturally in-
dicate good performance at higher levels of doses. In
the monitoring system studied it is observed that
dosemeters which show poor performance in terms of
standard deviation or coefficient of variation at higher
doses may actually show acceptable behavior at lower
doses. Internationally, higher values of coefficient of
variation are accepted at lower doses since random er-
rors may be higher. However, exact dose estimation is
of greater importance at higher doses than at lower
doses since predicted health effects from radiation ex-
posure are determined at this dose. Therefore, it is re-
quired that the values of coefficient of variation at all the
dose values indicated by IEC are calculated for a moni-
toring system and periodically checked.
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Cuexa YAHIPACEKXAP, Cypem M. IIPAJIXAH,
Manxymuta BATAYAPJA, Patna IIPAJTUII, [Ie6aopara JATA

INPOBEPA KOEOUIIMIEHTA BAPUJAIIMJE Y MHAWJCKOM
CUCTEMY JIMYHOI' MOHUTOPUHI A

CranpappiHa ieBujanuja u Koe(puIujeHT Bapyjalyje cy IpuMapHH IapaMeTpu IpoBepe cucTeMa
nugHor MoHuTopuHra. Cranmapn 62387-1 MebyHaponHe eneKTpoTeXHHUKEe KOMHCHje Tpernopyuyje
poBepy KoepuIjeHTa Bapujannje Jo3uMeTapa 3a pa3He BpeJHOCTH /1034, jep ce MPUXBATI/HUBA BPETHOCT
Koe(ulMjeHTa Bapujanyje Mema ca HUBOOM jo3e. Mnak, 3a BeJIUYUHY Hp(10), npu jgo3ama Behum of
1.1 mSv, npuxBaT/buBa rpaHuia je 5 %, Koja ocTaje HelpOMEeHIJbHBA YaK U IPH 03aMa OJIUCKUM T'PaHUIHUM
BpeHOCTHMA MepHor oncera. OBa CTyAuja je cnpoBefieHa Kako OM ce MOTBPAWIO Aa e UCTH MOCTYNaK
CIIPOBOJIH 1 y CUCTEMY JIMYHOT MOHMTOpHHTa y ViHnujn npu mepemy H (10), kao u na ce u3y4un npomMeHa
Koe(ulujeHTa Bapujaumje ca 1030M. Y OUCHO je [la MaKo je Koe(uIujeHT BapHjalyje 3a 103€ y OICery Off
0.1 mSv o 1.1 mSv HIKM Off 3aXTeBa CTaHjap/a, TO HUje cay4aj U Ipy BUIIMM Jo3aMa. TOKOM PyTUHCKOT
MOHUTOPHHTA, MOIITO CYy OUEKUBaHE BPEIHOCTH 103a Mame of 1 mSv, cucTeM JIMYHOT MOHUTOPUHTA KOjI
“Ma HUXE BPEJHOCTU 3aXTeBaHMUX IapamMeTapa Off CTaHAapja, Y IPEeJHOCTH je y OBOM OIICEry fAo3a.
MebyTtum, noOpe nepcopMaHce y 4aTOM OICETy 03a HUCY MHAUKATOP JOOpHUX nepOpMaHCH IPU BULLTUM
Jmo3ama.

Kmwyune peuu: koegpuyujeniti sapujayuje, auunu monuitiopunz, Uuouja




