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Oc cu pa tional ex po sures of ra di a tion work ers due to ex ter nal sources of ra di a tions in three
ma jor cat e go ries of work i. e., Pa ki stan Re search Re ac tors (PRR), Iso tope Pro duc tion Plant
(IPP) and Ap plied Health Phys ics (AHP) were mea sured us ing thermoluminescent do sim e -
ters and re ported in this ar ti cle for the pe riod 2003 to 2007. It has been found that av er age
an nual ef fec tive doses re mained in the range of 1.52-3.36 mSv, 0.91-3.19 mSv, and 0.24-2.63 
mSv at PRR, IPP, and AHP, re spec tively, dur ing the said pe riod. All doses are well be low the
an nual dose limit of 20 mSv and found to be com pa ra ble with the doses re ceived by the work -
ers in other parts of the world. No over ex po sure case has been iden ti fied dur ing the pe riod. It
can be con cluded that ra di a tion work ers of PINSTECH are well trained and ob serve the prin -
ci ples of ra di a tion pro tec tion. Doses are anal o gous with UNSCEAR re port and other coun -
tries of the world, in the same fields.
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IN TRO DUC TION

The term “oc cu pa tional ex po sure” has been used 
by the In ter na tional La bour Or ga ni za tion (ILO) re fer -
ring “ex po sure of worker dur ing a pe riod of work” [1].
Oc cu pa tional ex po sure de fined by In ter na tional
Atomic En ergy Agency (IAEA) safety stan dard is “All 
ex po sure of work ers in curred in the course of their
work, with the ex cep tion of ex po sures ex cluded from
the stan dards and ex po sures from prac tices or sources 
ex empted by stan dards” [2]. There are dif fer ent cat e -
go ries of work in which peo ple may be ex posed to ion -
iz ing ra di a tion. United Na tions Sci en tific Com mit tee
on the Ef fects of Atomic Ra di a tion (UNSCEAR) cat e -
go rized oc cu pa tional ex po sures by the type of ra di a -
tion work for ana lys ing the ex po sure data and for
better com pre hen sion of the risk as so ci ated with the
use of ra di a tion [3].

Pa ki stan re search re ac tors (PRR), iso tope pro -
duc tion plant (IPP), and ap plied health phys ics (AHP)
are three ma jor cat e go ries of ac tive work at Pa ki stan
In sti tute of Nu clear Sci ence and Tech nol ogy
(PINSTECH). There are two re search re ac tors at

PINSTECH, Pa ki stan Re search Re ac tor-I (PARR-I)
and Pa ki stan  Re search  Re ac tor-II  (PARR-II).
PARR-I, is 10 MW swim ming pool type re search re ac -
tor and is  used for  re search,  train ing of man power 
and  ir ra di a tion of  sam ples.  PARR-II  is a 30 kW min -
ia ture neu tron source re ac tor and is mainly used for
neu tron ac ti va tion anal y sis and teach ing pur poses.
Work ers of IPP are in volved in the pro duc tion of 131I,
99mTc gen er a tor, and des patch of radiopharmaceutical
kits to all the nu clear med i cal cen tres in the coun try.
Health phys i cists su per vise ra di a tion work and en -
force ra di a tion pro tec tion pro ce dures to en sure that the 
work is be ing car ried out ac cord ing to the code of prac -
tice is sued for the safe use of ra di a tion at in sti tute [4].

Oc cu pa tional ex po sure of work ers en gaged in
work at PRR, IPP, and AHP, was mea sured by Ra di a -
tion Do sim e try Lab o ra tory (RDL), us ing thermolu mi -
nes cent do sim e ters (TLD) dur ing the pe riod  from 2003
to 2007. Pe riod of five con sec u tive years has been se -
lected to check com pli ance  with  an nual  as well as  five  
year dose lim its  (20 mSv av er aged over 5 con sec u tive
years, 50 mSv in any sin gle year, dur ing 5 con sec u tive
years and 100 mSv dur ing 5 con sec u tive years) as rec -
om mended by In ter na tional Com mis sion on Ra dio log i -
cal Pro tec tion (ICRP) and Pa ki stan Nu clear Reg u la tory
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Au thor ity (PNRA) [5, 6]. This pa per de scribes the oc -
cu pa tional ex po sure trend at PRR, IPP, and AHP dur ing
the pe riod from 2003 to 2007.

THERMOLUMINESCENT DO SIM E TRY

Oc cu pa tional ex po sure of ra di a tion work ers at
the In sti tute was mea sured by TLD. TLD is re us able
and has a lin ear dose re sponse over a wide range of
pho ton en er gies [7]. TLD made by Harshaw (now
Thermo) known as TLD 100, 600, and 700 were used
in this study. These TLD con tain lith ium flu o ride (LiF) 
phos pho rus in dif fer ent iso to pic com po si tions mak ing
them suit able for mea sure ment of ra di a tion doses due
to beta-gamma and neu tron ra di a tion [7].

TLD card en closed in plas tic holder was worn by 
the worker on the chest for the per sonal dose as sess -
ment. Used do sim e ters were read on a fully au to matic
and com put er ized Harshaw TLD Work sta tion Model
8800. Hot ni tro gen gas was used to heat the TLD in
this reader. TL-sig nal was col lected be tween 110 °C to
300 °C. Nor mally, do sim e ters were found to be ze roed
in the nor mal read out pro cess, how ever, the do sim e -
ters were re-read to re move any re sid ual sig nal for
better ac cu racy. Oc cu pa tional doses were mea sured in
term of HP(10) by ap ply ing con ver sion co ef fi cient [8,
9]. Doses were cor rected for chip-to-chip in her ent
vari a tions in the sen si tiv ity by em ploy ing el e ment cor -
rec tion fac tors (ECC) and fad ing fac tors (FF) of the
pe riod for which the do sim e ter was used. Value of
min i mum de tect able limit (MDL) and re cord ing level
for LiF is 0.01 mSv. In rou tine, the ser vice was pro -
vided on monthly ba sis. All the steps in volved in op er -
at ing per sonal mon i tor ing ser vice i. e., from dose cal -
cu la tion to prep a ra tion of dose re ports and
main te nance of dose his tory were car ried out us ing lo -
cally de vel oped soft ware RaDLab [10].

Qual ity as sur ance

Since 1990 Ra di a tion Do sim e try Lab o ra tory has 
been par tic i pat ing in “Intercomparison of per sonal do -
sim e try ex er cises” ar ranged by IAEA at re gional and
in ter na tional level to check the ac cu racy, har mo ni za -
tion of mea sure ment pro ce dure, and for qual ity as sur -
ance. These intercomparison ex er cises were car ried
out for the mea sure ment of doses due to low/high en -
ergy pho tons, beta and neu trons in free air, on phan tom 
as well as in mixed field of ra di a tions. Re sults of RDL,
al ways met the ac cu racy cri te ria for per sonal do sim e -
try and were found to be within the trum pet curve pro -
vided by IAEA for per sonal do sim e try.

Cal i bra tion was car ried out in Sec ond ary Stan -
dard Do sim e try   Lab o ra tory   (SSDL),   on  30  cm  ´ 
´..30 cm ́   30 cm poly eth yl ene methacrylate (PMMA) 
wa ter phan tom us ing pro tec tion level gamma sources
(60Co and 137Cs). SSDL is a mem ber of the

IAEA/WHO net work of sec ond ary stan dard do sim e -
try lab o ra to ries. Its mea sure ments are trace able to
Na tional Phys i cal Lab o ra to ries (NPL), Teddington,
UK, and IAEA Do sim e try Lab o ra tory, Aus tria. SSDL
reg u larly par tic i pates in IAEA postal dose
intercomparison ex er cises to check the field ir ra di a -
tion val ues. Re sults of SSDL were al ways in good
agree ment with IAEA. Neu tron cal i bra tion was per -
formed on ther mal col umn of 10 MW re search re ac tor
(PARR-I).

RE SULT AND DIS CUS SION

Oc cu pa tional doses of PINSTECH ra di a tion
work ers em ployed  in  three  ma jor cat e go ries of work
i. e., PRR, IPP, and AHP were mon i tored dur ing
2003-2007 and are dis cussed here. 50% of ra di a tion
work ers at PINSTECH are em ployed in these three
cat e go ries of work. About 6000 TLD were pro cessed
dur ing the pe riod to es ti mate per sonal dose equiv a lent
Hp(10) (in short per sonal dose). In gen eral Hp(10) can
pro vide a good mea sure of ef fec tive dose with out un -
der es ti ma tion or ex ces sive over es ti ma tion [11]. None
of the work ers re ceived neu tron dose dur ing
2003-2007. Ta ble 1 de picts the num ber of ra di a tion
work ers in the said cat e go ries of work along with their
an nual av er age doses on yearly ba sis dur ing
2003-2007. It can be seen that an nual av er age ef fec -
tive dose (AAED) of work ers re mained in the range of
1.52-3.36 mSv, 0.91-3.19 mSv, and 0.24 -2.63 mSv, at
PRR, IPP, and AHP, re spec tively. All the work ers re -
ceived doses well be low the an nual limit of 20 mSv.
Com par i son of AAED val ues among PRR, IPP, and
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Ta ble 1. Num ber of mon i tored work ers and their AAED
at PRR, IPP, and AHP dur ing 2003-2007

Year Category
Number of
monitored
workers

Annual
average

effective dose
[mSv]

2003

PRR 54 1.52

IPP 31 0.89

AHP 15 0.30

2004

PRR 54 3.15

IPP 31 1.64

AHP 16 0.24

2005

PRR 52 1.77

IPP 31 2.97

AHP 16 1.09

2006

PRR 44 2.29

IPP 37 3.03

AHP 17 1.03

2007

PRR 43 3.36

IPP 39 2.99

AHP 17 2.63



AHP showed the high est value in PRR fol lowed by
IPP, and then AHP. Work ers at PRR re ceived rel a tively 
higher doses be cause of re pair and main te nance of the
re ac tor, dis posal of ac tive res ins used in the pool wa ter
de min er al is ing unit, re gen er a tion of recirculation
demineraliser and larger num ber of ir ra di ated sam ples
in 2004 and 2007 [12]. AHP work ers re ceived rel a -
tively lower doses than PRR and IPP. This was ex -
pected be cause work ers at AHP mainly su per vise the
ra di a tion work for the ra dio log i cal safety of work ers
and all are well aware of ra di a tion pro tec tion prac tices.

To see the dose dis tri bu tion in a more ex plicit
way, num ber of work ers of PRR, IPP, and AHP were
dis trib uted in pre de fined ef fec tive dose in ter vals as
per pat tern of UNSCEAR re port [3]. Ta bles 2, 3, and 4
de pict the num ber of work ers and their AAED in dif -
fer ent dose in ter vals dur ing 2003-2007. It can be seen
from these ta bles that 95%, 96%, and 100% of the

work ers in PRR, IPP, and AHP, re spec tively, lies in the
dose range of 0.01 mSv to 4.99 mSv. Num ber of work -
ers to wards the high dose ranges is nil. No body re -
ceived dose more than the an nual limit of 50 mSv in
any sin gle year dur ing 2003-2007 in PRR, IPP, and
AHP. There fore, no over  ex po sure case i. e., dose
>100 mSv in five years, has been ob served in any of
the three cat e go ries dur ing 2003-2007.

The AAED over the block of five con sec u tive
years at PRR, IPP, and AHP are found to be 2.41 mSv,
2.37 mSv, and 1.06 mSv, re spec tively, for 2003-2007
(fig. 1). These doses are com pa ra ble with the doses re -
ceived by work ers in the same cat e go ries of work in
other coun tries. AAED of re ac tor op er a tion work ers at 
Or ganic Cooled Re search Re ac tor WR-1 in Can ada
and Karlsruhe Nu clear Re search Cen tre in Ger many,
lie in the range of 5.70-9.30 mSv and 2.20-3.17 mSv,
re spec tively, for the pe riod of 1973 to 1978 [13, 14].
While the AAED of health phys ics work ers at Or ganic
Cooled Re search Re ac tor WR-1 in Can ada and
Karlsruhe Nu clear Re search Cen tre in Ger many, lie in
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Ta ble 2. Dis tri bu tion of num ber of work ers and their
AAED in var i ous ef fec tive dose in ter vals at PRR dur ing
2003-2007

Year Categories

Effective dose intervals

0.01-0.99
[mSv]

1.0-4.99
[mSv]

5.0-9.99
[mSv]

2003
Workers 7 47 –

AAED 0.81 1.62 –

2004
Workers 2 46 6

AAED 0.65 2.80 6.68

2005
Workers 1 51 –

AAED 0.99 1.78 –

2006
Workers 0 44 –

AAED 0 2.28 –

2007
Workers 3 35 5

AAED 0.48 3.23 5.91

Ta ble 4. Dis tri bu tion of num ber of work ers and their
AAED in var i ous ef fec tive dose in ter vals at AHP dur ing
2003-2007

Year Categories

Effective dose intervals

0.01-0.99
[mSv]

1.0-4.99
[mSv]

2003
Workers 14 1

AAED 0.20 1.72

2004
Workers 16 –

AAED 0.24 –

2005
Workers 11 5

AAED 0.67 2.00

2006
Workers 11 6

AAED 0.68 1.67

2007
Workers 1 16

AAED 0.77 2.79

Ta ble 3. Dis tri bu tion of num ber of work ers and their
AAED in var i ous ef fec tive dose in ter vals at IPP dur ing
2003-2007

Year Categories

Effective dose intervals

0.01-0.99
[mSv]

0.01-0.99
[mSv]

0.01-0.99
[mSv]

2003
Workers 19 12 –

AAED 0.37 1.76 –

2004
Workers 8 23 –

AAED 0.81 1.93 –

2005
Workers 1 26 4

AAED 0.95 2.59 5.87

2006
Workers 2 33 2

AAED 0.79 2.92 6.87

2007
Workers 1 37 1

AAED 0.75 2.97 5.60

Fig ure 1. Num ber of work ers in var i ous ef fec tive dose in -
ter vals in PRR, IPP, and AHP dur ing a block of five years 
(2003 to 2007)



the range of 2.90-6.50 mSv and 3.48-4.86 mSv, re -
spec tively, for the pe riod of 1973 to 1978 [13, 14]
AAED val ues [3] for the work ers of IPP are 2.69 mSv
for Ar gen tina, 1.98 mSv for In dia, 2.97 mSv for Hun -
gary, 2.45 mSv for Can ada, 1.48 mSv for Thai land,
and 4.46 mSv for China, while the world av er age for
iso tope pro duc tion plant is 2.95 mSv dur ing the pe riod
of 1994 to 1999 [3]. Val ues are com pa ra ble to Pa ki stan
where the re ported value is 2.37 mSv dur ing
2003-2007.

CON CLU SIONS

Per sonal dose equiv a lent Hp(10) due to ex ter nal
sources of ra di a tion was es ti mated us ing TLD. Anal y -
sis of the data showed that no body crossed any rel e -
vant per sonal dose limit dur ing 2003-2007. There fore, 
it can be con cluded that the ra di a tion work ers at
PINSTECH are well trained and fol low the code of
prac tice.
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PROFESIONALNA  OZRA^ENOST  U  ISTRA@IVA^KIM
REAKTORIMA,  PROIZVODWI  IZOTOPA  I  MEDICINSKOJ 

FIZICI  U  PAKISTANU  OD  2003-2007.  GODINE

U radu je dokumentovana profesionalna ozra~enost radnika usled spoqa{wih izvora
zra~ewa u istra`iva~kim reaktorima, postrojewima za proizvodwu izotopa i medicinskoj fizici, 
od 2003. do 2007. godine, ustanovqena merewem termoluminiscentnim dozimetrima. Utvr|eno je da
se u ovom periodu sredwa godi{wa efektivna doza koju prime radnici nalazila u domenu 1.52 mSv –
3.36 mSv za istra`iva~ke reaktore, 0.91 mSv – 3.19 mSv za proizvodwu izotopa i 0.24 mSv – 2.63 mSv za 
medicinsku fiziku. Sve doze su znatno ispod granice godi{we doze od 20 mSv i uporedive su sa
dozama koje su primili radnici u drugim delovima sveta. U ovom periodu nije utvr|en ni jedan
slu~aj prekora~ewa granice ozra~enosti. Mo`e se zakqu~iti da su radnici u poqu povi{enog
zra~ewa u Pakistanskom institutu za nuklearne nauke i tehnologiju dobro uve`bani i da se
pridr`avaju na~ela za{tite od zra~ewa. Doze su sli~ne onima u UNSCEAR izve{taju, kao i u
drugim zemqama u svetu za ovu delatnost.

Kqu~ne re~i: termoluminiscentni dozimetar, profesionalna ozra~enost, efektivna doza,
..........................istra`iva~ki reaktor, proizvodwa izotopa, medicinska fizika


