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Occupational exposures of radiation workers due to external sources of radiations in three
major categories of work ¢. e., Pakistan Research Reactors (PRR), Isotope Production Plant
(IPP) and Applied Health Physics (AHP) were measured using thermoluminescent dosime-
ters and reported in this article for the period 2003 to 2007. It has been found that average
annual effective doses remained in the range of 1.52-3.36 mSyv, 0.91-3.19 mSy, and 0.24-2.63
mSv at PRR, IPP, and AHP, respectively, during the said period. All doses are well below the
annual dose limit of 20 mSv and found to be comparable with the doses received by the work-
ers in other parts of the world. No over exposure case has been identified during the period. It
can be concluded that radiation workers of PINSTECH are well trained and observe the prin-
ciples of radiation protection. Doses are analogous with UNSCEAR report and other coun-

tries of the world, in the same fields.
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INTRODUCTION

The term “occupational exposure™ has been used
by the International Labour Organization (ILO) refer-
ring “exposure of worker during a period of work [1].
Occupational exposure defined by International
Atomic Energy Agency (IAEA) safety standard is “A//
exposure of workers incurred in the course of their
work, with the exception of exposures excluded from
the standards and exposures from practices or sources
exempted by standards” [2]. There are different cate-
gories of work in which people may be exposed to ion-
izing radiation. United Nations Scientific Committee
on the Effects of Atomic Radiation (UNSCEAR) cate-
gorized occupational exposures by the type of radia-
tion work for analysing the exposure data and for
better comprehension of the risk associated with the
use of radiation [3].

Pakistan research reactors (PRR), isotope pro-
duction plant (IPP), and applied health physics (AHP)
are three major categories of active work at Pakistan
Institute of Nuclear Science and Technology
(PINSTECH). There are two research reactors at
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PINSTECH, Pakistan Research Reactor-1 (PARR-I)
and Pakistan Research Reactor-II (PARR-II).
PARR-I, is 10 MW swimming pool type research reac-
tor and is used for research, training of manpower
and irradiation of samples. PARR-II is a 30 kW min-
iature neutron source reactor and is mainly used for
neutron activation analysis and teaching purposes.
Workers of IPP are involved in the production of 13'1,
99mTc generator, and despatch of radiopharmaceutical
kits to all the nuclear medical centres in the country.
Health physicists supervise radiation work and en-
force radiation protection procedures to ensure that the
work is being carried out according to the code of prac-
tice issued for the safe use of radiation at institute [4].
Occupational exposure of workers engaged in
work at PRR, IPP, and AHP, was measured by Radia-
tion Dosimetry Laboratory (RDL), using thermolumi-
nescent dosimeters (TLD) during the period from 2003
to 2007. Period of five consecutive years has been se-
lected to check compliance with annual as well as five
year dose limits (20 mSv averaged over 5 consecutive
years, 50 mSv in any single year, during 5 consecutive
years and 100 mSv during 5 consecutive years) as rec-
ommended by International Commission on Radiologi-
cal Protection (ICRP) and Pakistan Nuclear Regulatory
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Authority (PNRA) [5, 6]. This paper describes the oc-
cupational exposure trend at PRR, IPP, and AHP during
the period from 2003 to 2007.

THERMOLUMINESCENT DOSIMETRY

Occupational exposure of radiation workers at
the Institute was measured by TLD. TLD is reusable
and has a linear dose response over a wide range of
photon energies [7]. TLD made by Harshaw (now
Thermo) known as TLD 100, 600, and 700 were used
in this study. These TLD contain lithium fluoride (LiF)
phosphorus in different isotopic compositions making
them suitable for measurement of radiation doses due
to beta-gamma and neutron radiation [7].

TLD card enclosed in plastic holder was worn by
the worker on the chest for the personal dose assess-
ment. Used dosimeters were read on a fully automatic
and computerized Harshaw TLD Workstation Model
8800. Hot nitrogen gas was used to heat the TLD in
this reader. TL-signal was collected between 110 °C to
300 °C. Normally, dosimeters were found to be zeroed
in the normal read out process, however, the dosime-
ters were re-read to remove any residual signal for
better accuracy. Occupational doses were measured in
term of Hp(10) by applying conversion coefficient [8,
9]. Doses were corrected for chip-to-chip inherent
variations in the sensitivity by employing element cor-
rection factors (ECC) and fading factors (FF) of the
period for which the dosimeter was used. Value of
minimum detectable limit (MDL) and recording level
for LiF is 0.01 mSv. In routine, the service was pro-
vided on monthly basis. All the steps involved in oper-
ating personal monitoring service i. e., from dose cal-
culation to preparation of dose reports and
maintenance of dose history were carried out using lo-
cally developed software RaDLab [10].

Quality assurance

Since 1990 Radiation Dosimetry Laboratory has
been participating in “Intercomparison of personal do-
simetry exercises” arranged by IAEA at regional and
international level to check the accuracy, harmoniza-
tion of measurement procedure, and for quality assur-
ance. These intercomparison exercises were carried
out for the measurement of doses due to low/high en-
ergy photons, beta and neutrons in free air, on phantom
as well as in mixed field of radiations. Results of RDL,
always met the accuracy criteria for personal dosime-
try and were found to be within the trumpet curve pro-
vided by IAEA for personal dosimetry.

Calibration was carried out in Secondary Stan-
dard Dosimetry Laboratory (SSDL), on 30 cm x
x 30cmx 30 cm polyethylene methacrylate (PMMA)
water phantom using protection level gamma sources
(°°Co and '¥’Cs). SSDL is a member of the

IAEA/WHO network of secondary standard dosime-
try laboratories. Its measurements are traceable to
National Physical Laboratories (NPL), Teddington,
UK, and IAEA Dosimetry Laboratory, Austria. SSDL
regularly participates in I[AEA postal dose
intercomparison exercises to check the field irradia-
tion values. Results of SSDL were always in good
agreement with IAEA. Neutron calibration was per-
formed on thermal column of 10 MW research reactor
(PARR-I).

RESULT AND DISCUSSION

Occupational doses of PINSTECH radiation
workers employed in three major categories of work
i. e, PRR, IPP, and AHP were monitored during
2003-2007 and are discussed here. 50% of radiation
workers at PINSTECH are employed in these three
categories of work. About 6000 TLD were processed
during the period to estimate personal dose equivalent
H,(10) (in short personal dose). In general H,(10) can
provide a good measure of effective dose without un-
derestimation or excessive overestimation [11]. None
of the workers received neutron dose during
2003-2007. Table 1 depicts the number of radiation
workers in the said categories of work along with their
annual average doses on yearly basis during
2003-2007. It can be seen that annual average effec-
tive dose (AAED) of workers remained in the range of
1.52-3.36 mSv, 0.91-3.19 mSyv, and 0.24 -2.63 mSy, at
PRR, IPP, and AHP, respectively. All the workers re-
ceived doses well below the annual limit of 20 mSv.
Comparison of AAED values among PRR, IPP, and

Table 1. Number of monitored workers and their AAED
at PRR, IPP, and AHP during 2003-2007

Numberof | Al
Year Category m\n?gglt(()e;esd effectivegdose
[mSv]
PRR 54 152
2003 IPP 31 0.89
AHP 15 0.30
PRR 54 3.15
2004 PP 31 1.64
AHP 16 0.24
PRR 52 177
2005 IPP 31 297
AHP 16 1.09
PRR 44 2.29
2006 1PP 37 3.03
AHP 17 1.03
PRR 43 3.36
2007 1PP 39 299
AHP 17 2.63
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AHP showed the highest value in PRR followed by
IPP, and then AHP. Workers at PRR received relatively
higher doses because of repair and maintenance of the
reactor, disposal of active resins used in the pool water
demineralising unit, regeneration of recirculation
demineraliser and larger number of irradiated samples
in 2004 and 2007 [12]. AHP workers received rela-
tively lower doses than PRR and IPP. This was ex-
pected because workers at AHP mainly supervise the
radiation work for the radiological safety of workers
and all are well aware of radiation protection practices.

To see the dose distribution in a more explicit
way, number of workers of PRR, IPP, and AHP were
distributed in predefined effective dose intervals as
per pattern of UNSCEAR report [3]. Tables 2, 3, and 4
depict the number of workers and their AAED in dif-
ferent dose intervals during 2003-2007. It can be seen
from these tables that 95%, 96%, and 100% of the

Table 2. Distribution of number of workers and their
AAED in various effective dose intervals at PRR during
2003-2007

Table 4. Distribution of number of workers and their
AAED in various effective dose intervals at AHP during
2003-2007

Effective dose intervals
Year | Categories 0.01-0.99 1.0-4.99
[mSv] [mSv]
Workers 14 1
2003
AAED 0.20 1.72
Workers 16 -
2004
AAED 0.24 -
Workers 11 5
2005
AAED 0.67 2.00
Workers 11 6
2006
AAED 0.68 1.67
Workers 1 16
2007
AAED 0.77 2.79

Effective dose intervals
Year | Categories | (.01-0.99 1.0-4.99 5.0-9.99
[mSv] [mSv] [mSv]

Workers 7 47 -
2003

AAED 0.81 1.62 -

Workers 2 46 6
2004

AAED 0.65 2.80 6.68

Workers 1 51 -
2005

AAED 0.99 1.78 -

Workers 0 44 -
2006

AAED 0 2.28 -

Workers 3 35 5
2007

AAED 0.48 3.23 5.91

Table 3. Distribution of number of workers and their
AAED in various effective dose intervals at IPP during
2003-2007

Effective dose intervals
Year | Categories | 0.01-0.99 | 0.01-0.99 | 0.01-0.99
[mSv] [mSv] [mSv]
Workers 19 12 -
2003
AAED 0.37 1.76 -
Workers 8 23 -
2004
AAED 0.81 1.93 -
Workers 1 26 4
2005
AAED 0.95 2.59 5.87
Workers 2 33 2
2006
AAED 0.79 2.92 6.87
Workers 1 37 1
2007
AAED 0.75 2.97 5.60

workers in PRR, IPP, and AHP, respectively, lies in the
dose range 0of 0.01 mSv to 4.99 mSv. Number of work-
ers towards the high dose ranges is nil. Nobody re-
ceived dose more than the annual limit of 50 mSyv in
any single year during 2003-2007 in PRR, IPP, and
AHP. Therefore, no over exposure case i. e., dose
>100 mSv in five years, has been observed in any of
the three categories during 2003-2007.

The AAED over the block of five consecutive
years at PRR, IPP, and AHP are found to be 2.41 mSy,
2.37 mSyv, and 1.06 mSy, respectively, for 2003-2007
(fig. 1). These doses are comparable with the doses re-
ceived by workers in the same categories of work in
other countries. AAED of reactor operation workers at
Organic Cooled Research Reactor WR-1 in Canada
and Karlsruhe Nuclear Research Centre in Germany,
lie in the range of 5.70-9.30 mSv and 2.20-3.17 mSy,
respectively, for the period of 1973 to 1978 [13, 14].
While the AAED of health physics workers at Organic
Cooled Research Reactor WR-1 in Canada and
Karlsruhe Nuclear Research Centre in Germany, lie in
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Figure 1. Number of workers in various effective dose in-
tervalsin PRR, IPP, and AHP during a block of five years
(2003 to 2007)
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the range of 2.90-6.50 mSv and 3.48-4.86 mSyv, re-
spectively, for the period of 1973 to 1978 [13, 14]
AAED values [3] for the workers of IPP are 2.69 mSv
for Argentina, 1.98 mSv for India, 2.97 mSv for Hun-
gary, 2.45 mSv for Canada, 1.48 mSv for Thailand,
and 4.46 mSv for China, while the world average for
isotope production plant is 2.95 mSv during the period
0f 1994 to 1999 [3]. Values are comparable to Pakistan
where the reported value is 2.37 mSv during
2003-2007.

CONCLUSIONS

Personal dose equivalent H,(10) due to external
sources of radiation was estimated using TLD. Analy-
sis of the data showed that nobody crossed any rele-
vant personal dose limit during 2003-2007. Therefore,
it can be concluded that the radiation workers at
PINSTECH are well trained and follow the code of
practice.
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Axxrtep IIABUH, Myxamag MACY [, Myxamax MYHUP, Kxannn AXME]]

NPOPECUOHAJTHA O3PAYEHOCT Y UCTPAXHNBAYKNM
PEAKTOPUMA, ITPOU3BOAIBU N30TOITA 1 MENJUIINMHCKOJ
OU3NIIN Y ITAKUCTAHY O 2003-2007. TOOUHE

Y pajy je BOKyMeHTOBaHa Npo(ecHOoHalHa 03PAaYEHOCT PafiHAKa YCiel] CIOoJballllbUX U3BOpa
3pauema y UCTPaKUBAUKUM PeaKTOpUMa, IOCTPOjehIMa 3a IPOU3BOAY U30TOIA U MEAUIIUHCKO] (PU3HIH,
on 2003. o 2007. roguHe, ycTaHOBIbEHA MEPEHEM TEPMOJIYMIHUCIIEHTHUM I03UMETpUMa. Y TBpheHo je na
ce y OBOM IIEpUOJTy Cpe/ih-a TOfIUIha e(peKTUBHA 1032 KOjy IPUME PaiHALN Halla3nuia y joMeny 1.52 mSv —
3.36 mSv 3a ucrpaxkuBauke peaktope, 0.91 mSv—-3.19 mSv 3a npoussBomwy uzorona u 0.24 mSv-2.63 mSv 3a
MeIuIUHCKY (u3uky. CBe f1o3e ¢y 3HATHO UCIOJ TpaHulle rofulme jo3e of 20 mSv u ynopenuse cy ca
flo3aMa Koje Cy IPUMUJIU PafHULU y JPYIUM JIeJIOBUMa CBETa. Y OBOM IIEpUOAY HUjE YTBPhHEH HU jefaH
clly4aj mpekopayerwa IpaHulie 03padeHocTd. MoxKe ce 3aKIbYUUTH fia Cy PajHULM Y 110Jby NOBUIIEHOT
3payerwa y [lakucTaHCKOM MHCTUTYTY 3a HyKJeapHE HayKe M TEeXHOJOTHjy JoOpo yBexkOaHM U Jia ce
IpUAp3KaBajy Hadena 3allTUTe Off 3padema. Jlo3e cy ciuune onnma y UNSCEAR wusBemrajy, Kao u 'y
APYIEM 3eMJbaMa y CBETY 3a OBY JICJIaTHOCT.

Kmwyune peuu: ilepmMoAyMUHUCUEHIUHU 003UMETHAD, UPOpeCcUOHAIHA 03PaUeHOCI, epeKitiueHa 003da,
UCTIPANCUBAUKU PEAKIop, UPOU3BOOHA USOTUOTA, MEOUUUHCKA PU3UKA




