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Introduction

Radiois otope s  are  us e d in indus try, pow e r ge ne ration,
agriculture , and h e alth  s e ctor for th e  be ne fit of m an-
k ind. Ioniz ing radiations  are  us e d for th e rape utic as
w e ll as  diagnos tic purpos e  to pe rform  various  k inds
of proce dure s . Th e  diagnos tic proce dure s  involve
intrave nous  adm inis tration of radioph arm ace utical
w h ile  th e rape utic radiois otope s  are  m os tly adm inis -
te re d th rough  orally. Th e  m os t com m only radio is o-
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BACKGROUND: Radioactive  is otope s  are  us e d in nucle ar m e dicine  for diagnos tic as  w e ll as  th e rape utic purpos e .
Th e  proce dure s  adopte d in nucle ar m e dicine  involve  h andling of uns e ale d radionuclide s  and m ay h ave  dire ct
contact of finge rs  w ith  uns h ie lde d vials  and s yringe s . It is  th e  pos s ib ility of e xtre m itie s  contam ination w h ile
h andling uns e ale d radioactive  s ource s  due  to w h ich  occupational w ork e rs  ge ts  unw ante d radiation e xpos ure .
In th is  re gard, a s tudy w as  conducte d in nucle ar m e dicine  de partm e nt of AECH -NORI, Is lam abad to e valuate
th e  e xtre m itie s  e xpos ure  of radiation w ork e rs  w h ile  pe rform ing diffe re nt diagnos tic and tre atm e nt proce dure s .
MATERIAL AND METH ODS: During th e  s tudy pe riod approxim ate ly 9 0-9 5%  proce dure s  w e re  pe rform e d w ith
9 9 m Tc, 5-6%  by us ing 131I, 1%  w ith  201Tl and 0.25-0.5 %  for MIBG. Eigh t radiation w ork e rs  (s e ve n nucle ar m e dicine
te ch nologis ts  and one  radio ph arm acis t) participate d in s tudy and e xtre m ity dos e s  w e re  e valuate d at H p(0.07).
TLD bas e d ring dos im e te rs  w e re  us e d to m e as ure  th e  occupational e xpos ure . RESULTS: Th e  m e as ure d m inim um ,
m axim um  and ave rage  dos e s  w e re  found 9 .24 m Sv/y, 9 0.0 m Sv/y and 37.2 m Sv/y for th e  te ch nologis ts  of nucle ar
m e dicine  de partm e nt. Th e  m inim um , m axim um  and ave rage  dos e s  for radio ph arm acis t w e re  found to be  9 5.52
m Sv/y, 312.9 6 m Sv/y and 204 m Sv/y, re s pe ctive ly. CONCLUSION: All e igh t w ork e rs  w e re  righ t h ande d and found
th at righ t h and of s ix w ork e rs  e xpos e d m ore  th an th e  le ft h and. Th e  m e as ure d re s ults  cle arly s h ow  th at th e  annual
e xtre m ity dos e s  of radiation w ork e rs  are  w ith in th e  re com m e nde d lim its  (500 m Sv/y).1

Ke yw ords : Occupational Expos ure , Uns e ale d radioactive  s ource s , Extre m ity, Nucle ar Me dicine , Contam ination,
Ioniz ing radiation.
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tope s  us e d in nucle ar m e dicine  de partm e nt are
9 9 m Tc,131I, 201Tl, 32P and de cay w ith  diffe re nt h alf live s
by e m itting be ta and gam m a rays .2-5 Pe rform ing
diffe re nt proce dure s  in nucle ar m e dicine , radiation
w ork e rs  ge t w h ole  body as  w e ll as  e xtre m itie s
e xpos ure . Us e  of le ad glas s , le ad s h ie lds  and brick s
m inim iz e s  th e  w h ole  body e xpos ure  but e xtre m itie s
are  in proxim ity to radiation s ource s  s o th e y ge t h igh e r
e xpos ure  th an w h ole  body.6-9
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Radiation m onitoring of occupational e xpos ure s  is
carrie d out to com pliance  w ith  th e  re gulatory dos e
lim its  and to de m ons trate  an appropriate  le ve l of
radiation prote ction.
Sixte e n ring dos im e te rs  (TLD-100) w e re  give n to
e igh t radiation w ork e rs  to e valuate  th e  e xtre m itie s
dos e s . Th e  radiation w ork e rs  w h o participate d in th is
s tudy include  s e ve n nucle ar m e dicine  te ch nologis ts
and one  radio ph arm acis t. Each  w ork e r w as  provide d
tw o ring dos im e te rs  to w e ar in inde x finge r of righ t
and le ft h ands . Ring dos im e te rs  w e re  w orn in inde x
finge r as  th is  finge r is  e xpos e d m ore  to radiation as
com pare d to oth e rs . During w ork ing, it w as  as s ure d
th at th e  face  of dos im e te r re m aine d tow ards  radiation
s ource . Th e  radiation w ork e rs  w e re  random ly obs e rve d
to follow  th e  ins tructions  and w e aring proce dure s  for
TLD us age  during w ork ing h ours .
Each  dos im e te r h as  a las e r e ngrave d code . In addition
to las e r e ngrave d code , th e  nam e  of w ork e r and e xtra
code  w e re  m ark e d on th e  dos im e te r to avoid any
confus ion during us e  of particular ring dos im e te r. To
dis tinguis h  be tw e e n righ t and le ft ring TLDs , th e s e
w e re  color code d w ith  black  and w h ite  color tape s
for righ t and le ft h ands  re s pe ctive ly. Th e  us e d ring
dos im e te rs  (TLD-100) could m e as ure  radiation dos e s
in th e  range  of 10 µSv to 10 Sv. Th e  TLD-100 ring
dos im e te rs  cons is t of LiF:M g,Ti h aving abs orption
coe fficie nt 8.2 w h ich  is  clos e d to h um an tis s ue  7.4.8,9

Th e  e xpos e d TLD ring dos im e te rs  w e re  re adout afte r
one  m onth  in th e  facility of Pak is tan Nucle ar Re gularity
Auth ority (PNRA) in NDCL w ith  H ars h aw  Bicron Mode l
6600E autom atic TLD re ade r. All TLD ring dos im e te rs
w e re  calibrate d be fore  us e . In orde r to re ad e xpos e d
TLD, pre  h e at te m pe rature  adju s te d at 50°C,
te m pe rature  rate  15°C and anne aling te m pe rature
fixe d at 300°C.8 Th e  e xpos e d ring dos im e te rs  w e re
re place d w ith  ne w  ring dos im e te rs  s im ultane ous ly at
an inte rval of one  m onth  for th e  purpos e  of e valuation
of dos e s . Study w as  conducte d for a pe riod of s e ve n
m onth s .

Th e  num be r of m e dical proce dure s  in nucle ar m e di-
cine  is  incre as ing and ne e ds  prope r atte ntion to e va-
luate  e xtre m ity dos e s  of occupational w ork e rs . Extre -
m itie s  dos e  m onitoring of occupational e xpos ure s  is
ge ne rally carrie d out to ve rify and com pliance  w ith
th e  re gulatory bodie s  dos e  lim its . Optim iz ation of
dos e s  is  ne ce s s ary to follow  th e  bas ic s afe ty principle s
and e xpos ure  to occupational w ork e rs  w h ich  are
be ing e xpos e d by ioniz ing radiation during w ork ing
h ours  s h ould be  as  low  as  re as onably ach ie vable .
Routine  m onitoring h e lps  to ide ntify th e  dos e s  to
occupational w ork e rs  and indicate  th e  le ve ls  of
radiation prote ction in orde r to cons ide r th e  ALARA
principle .8,10 Extre m ity dos e s  of radiation w ork e rs  in
nucle ar m e dicine  de partm e nt of Nucle ar Me dicine ,
Oncology and Radioth e rapy Ins titute  (NO RI) are
m onitore d for s e ve n m onth s  by us ing ring dos e m e te rs
(TLD-100). Th e s e  dos e m e te rs  are  conve nie nt to w e ar
during w ork ing and can be  us e d in dry, w e t and h um id
e nvironm e nt.
Contam ination is  als o a m ajor factor w h ile  h andling
uns e ale d radioactive  s ource s  due  to w h ich  occu-
pational w ork e rs  ge ts  unw ante d radiation e xpos ure .
From  radiation prote ction point of vie w  it is  im portant
to k now  th e  e xte nt of radiation e xpos ure  to re s pe ctive
h and (le ft or righ t) and particular finge r of th e  radiation
w ork e r. In th is  s tudy, e igh t occupational w ork e rs
including a radio ph arm acis t are  m onitore d to as s e s s
th e  ioniz ing radiation e xpos ure  to e xtre m itie s . Ring
dos im e te rs  are  not com m only us e d in nucle ar m e di-
cine  de partm e nts  of Pak is tan to as s e s s  e xtre m itie s
dos e s  of occupational w ork e rs . Th e  goal of th e  pre s e nt
s tudy is  to de te rm ine  e xtre m ity dos e s  of occupational
w ork e rs  in nucle ar m e dicine  de partm e nt during th e
pre paration and adm inis tration of radioph arm a-
ce uticals . Th e  s tudy als o include s  radiation e xpos ure
during im age  acq uis ition proce dure s  on gam m a
cam e ra.

Mate rial and Me th od

It is  an e s tablis h e d fact th at th e  radiation w ork e rs
w h o are  routine ly w ork  in controlle d and s upe rvis e d
are as  are  e xpe cte d to e xpos e  m ore  ioniz ing radiation.
Routine  pe rs onal dos im e try h e lps  to ide ntify individual
e xpos ure  le ve ls , nature  of proce dure s , and individual
w ork load in th e  fram e w ork  of th e  ALARA principle .8,11,13

Re s ults  and Dis cus s ion

Occupational radiation dos e s  w e re  m e as ure d during
pre paration and adm inis tration of radionuclide s  in
H ot Lab and s canning of th e  patie nts  on Gam m a
Cam e ra. In th e  s tudie d tim e  pe riod, TLD bas e d ring



147PJR April - June 2018; 28(2)PAK ISTAN JOURNAL  OF RADIOLOGY

from  th e  table  th at righ t h and of s ix w ork e rs  w as  m ore
e xpos e d com pare d to le ft h and. Th e  m e as ure d ave -
 rage  dos e  of w ork e r-5 is  s am e  for both  h ands  and
for w ork e r-2; le ft h and got m ore  dos e  th an righ t h and
in th e  s tudie d pe riod.
W h ole  body dos e s  of s e le cte d radiation w ork e rs ,
m onitore d w ith  TLD badge s  are  s h ow n in (Tab. 2).
Month ly e ffe ctive  dos e s  are  cons ide re d to corre late
th e  m e as ure d e xtre m itie s  dos e s . W h ole  body dos e s
are  m e as ure d in routine  at facility le ve l to incorporate
th e  s afe ty protocols  of re gulatory body. Th e  e xpos e d
badge s  are  re ad at Radiation Dos im e try Lab,
PINSTECH , Is lam abad.  It is  cle ar from  th e  (Tab. 2)
th at all m e as ure d dos e s  are  w ith in th e  re com m e nde d
lim its . In orde r to cons ide r th e  w ork load, diffe re nt
type s  of s cans  and num be rs  of s cans  pe rform e d in
th e  nucle ar m e dicine  de partm e nt during th e  s tudy
ye ar are  s h ow n in (Tab. 3). Apart from  th e s e  m e ntione d

dos im e te rs  w e re  us e d to de te rm ine  th e  e q uivale nt
dos e  to th e  e xtre m itie s  of occupational w ork e rs  w h o
re gular w ork  in nucle ar m e dicine  de partm e nt of AECH -
NORI, Is lam abad. Pre s e nt s tudy is  carrie d out to
as s e s s  th e  e xtre m itie s  dos e s  and com pliance  w ith
th e  re gulatory body dos e  lim its .
In th e  s tudie d pe riod, total one  h undre d and tw e lve
TLD ring dos im e te rs  w e re  us e d and e valuate d.
Minim um , m axim um  and ave rage  dos e s  m e as ure d
w e re  0.16 m Sv, 7.5 m Sv and 1.9 9  m Sv pe r m onth
re s pe ctive ly for th e  te ch nologis ts  of nucle ar m e dicine
de partm e nt. Th e  m inim um , m axim um  and ave rage
dos e s  m e as ure d m onth ly for radio ph arm acis t w as
0.321 m Sv, 36.9 7 m Sv and 16.0 m Sv re s pe ctive ly.
W ork e r-8 is  radio ph arm acis t, w h e re as  oth e r s e ve n
w ork e rs  are  nucle ar m e dicine  te ch nologis ts  and all
w e re  righ t h ande d. Th e  dos e s  of righ t and le ft h ands
of s e le cte d w ork e rs  are  s h ow n in (Tab. 1). It is  obvious

Table  2: W h ole  body m onth ly dos e s  of radiation w ork e rs  m e as ure d w ith  TLD badge s

Monthly Doses (µSv)
Worker

1

2

3

4

5

6

7

8

Total
Dose

(µSv/y)Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

510

610

420

510

390

690

370

660

130

150

110

90

510

330

160

330

280

230

160

170

630

220

110

390

120

70

80

120

190

160

190

440

130

150

120

70

130

470

90

160

70

170

90

80

670

380

140

120

110

140

180

190

740

140

170

270

90

120

150

150

140

290

80

630

250

230

150

150

450

170

320

380

180

160

170

130

450

180

150

390

170

100

80

160

320

360

200

280

130

170

250

170

150

100

120

450

2170

2300

1960

1990

4770

3490

2100

4500

Table  1: Dos e s  (m Sv) for righ t and le ft h ands  of s e le cte d w ork e rs  ave rage d for e ach  m onth  during s tudy pe riod

Study
Period

December January February March April May June

Right
Hand

Left
Hand

Right
Hand

Left
Hand

Right
Hand

Left
Hand

Right
Hand

Left
Hand

Right
Hand

Left
Hand

Right
Hand

Left
Hand

Right
Hand

Left
Hand

Worker

1

2

3

4

5

6

7

8

1.468

0.963

3.34

0.73

4.03

2.87

4.84

36.97

1.56

3.55

4.87

0.62

3.14

2.52

1.56

20.2

1.76

1.06

1.33

3.50

2.34

1.34

4.08

9.03

1.49

2.08

1.19

1.97

1.80

1.29

2.02

7.96

1.88

1.89

7.56

3.96

4.81

1.11

3.47

26.08

1.76

1.99

6.91

5.92

4.48

0.77

6.4

24.4

0.93

1.15

3.31

1.29

0.84

2.51

1.03

10.74

1.71

2.17

1.87

0.99

0.78

1.86

1.58

13.2

1.46

0.201

3.44

1.47

1.21

0.963

1.31

17.85

1.31

0.94

1.56

0.93

1.34

0.77

2.21

22.7

0.507

4.65

1.52

0.19

2.18

0.73

2.19

1.80

0.41

3.2

2.33

0.17

3.95

0.70

0.86

0.73

2.06

1.099

1.063

0.167

1.24

0.721

0.886

0.385

1.51

1.41

1.05

0.16

1.11

1.08

0.30

0.32
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Th e  m onth ly dos e s  w e re  als o ave rage d on ye arly
bas is  for com parative  purpos e . Th e  m e as ure d m ini-
m um , m axim um  and ave rage  annual dos e s  for te ch no-
logis ts  are  9 .24 m Sv, 9 0.0 m Sv and 37.2 m Sv. Th e
m inim um  m axim um  and ave rage  annual dos e s  m e a-
s ure d w ith  ring dos im e te rs  for radio ph arm acis t are
9 5.52 m Sv, 312.9 6 m Sv and 204.0 m Sv re s pe ctive ly.
Th e s e  dos e s  follow  th e  tre nd as  m onitore d by Ch rus -
cie le w s k i, Jank ow s k i and Cove ns  s h ow n in (Fig. 3).14-16

Th e  radiation dos e s  m e as ure d in th e  pre s e nt s tudy
are  on th e  h igh e r s ide  as  com pare d to Ch rus cie -
le w s k i.14 It is  obs e rve d from  th e  s am e  figure  th at
Jank ow s k i m e as ure d m inim um  annual dos e  for radio
ph arm acis t is  h igh e r th an pre s e nt s tudy and m axim um
ave rage  dos e s  are  low e r th an th is  s tudy. Th e  pre s e nt
s tudy s h ow s  m inim um  and ave rage  annual dos e s  for
te ch nologis ts  low e r th an Cove ns  s tudy16 w h ile  ave rage
annual dos e s  for te ch nologis ts  is  h igh e r th an Cove ns .
H ow e ve r, th e  m e as ure d dos e s  of th e  radiation w ork e rs
are  w e ll be low  th e  re com m e nde d lim its  500 m Sv pe r
ye ar.

s cans  308 iodine  th e rapy and diagnos tic s cans  are
als o pe rform e d in th e  s am e  de partm e nt. Th e  proce -
dure s  pe rform e d in th e  de partm e nt are  s h ow n to
provide  th e  fundam e ntal inform ation re garding th e
e xte nt of e xpos ure .

Bone

Cardiac

Renal

DMSA

G.I.Bleed

Table  3: Scans  pe rform e d in one  ye ar in nucle ar m e dicine
de partm e nt

Type of scans Number of
scans

Type of
scans

Number of
scans

3175

599

1999

139

22

HIDA

Liver Scan

Lung Scan

Thyroid  Scan

MIBG

141

06

31

3833

19

Com parative  e q uivale nt dos e s  of diffe re nt w ork e rs
are  s h ow n in (Fig. 1). It is  obvious  from  th e  (Fig. 1)
th at w ork e r 8 re ce ive d m ore  dos e  as  com pare d to
oth e r w ork e rs . W ork e r-8 involve d in th e  e lution of
te ch ne tium  and k it pre paration during s tudie d pe riod
and h e nce  got m ore  e xpos ure . It is  als o cle ar in th e
s am e  figure  th at righ t h and e xpos ure  is  m ore  as
com pare d to le ft h and in 75%  cas e s  of pre s e nt s tudy.
Calculate d m onth ly m e an dos e s  are  s h ow n in (Fig.
2) to m ak e  th e  re s ults  m ore  cle ar. It is  obvious  from
(Fig. 2) th at m onth ly dos e s  of occupational w ork e rs
are  be low  th e  re com m e nde d lim its .

Figure  1: Com paris on of e q uivale nt dos e s  of radiation w ork e rs

Figure  2: Com paris on of m e an dos e s  for th e  s tudy pe riod

Conclus ions

Ioniz ing radiation is  e xte ns ive ly us e d in m e dical
practice s  and th e  large s t group of w ork e rs  occu-
pationally e xpos e d to m an-m ade  s ource s  of radiation.
Extre m itie s  are  m ore  prone  to radiation e xpos ure
during pre paration and adm inis tration of dos e s  in H ot
Lab and m ay h ave  dire ct contact of th e  finge rs  w ith
uns h ie lde d vials  and s yringe s . TLD bas e d ring dos i-
m e te rs  are  us e d and m e as ure d m inim um , m axim um
and ave rage  dos e s  pe r m onth  found 0.16 m Sv, 7.56
m Sv and 1.9 9  m Sv re s pe ctive ly for th e  te ch nologis ts .
Th e  m inim um , m axim um  and ave rage  dos e s  m e a-
s ure d pe r m onth  for radio ph arm acis t are  0.321 m Sv,
36.9 7 m Sv and 16 m Sv, re s pe ctive ly. All s e le cte d

Figure  3: Com paris on of pre s e nt s tudy w ith  oth e r countrie s
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w ork e rs  w e re  righ t h ande d and calculate d re s ults
indicate  th at righ t h ands  of 75%  w ork e rs  w e re  m ore
e xpos e d as  com pare d to le ft h ands .  Th e  m e as ure d
dos e s  of radiation w ork e rs  w e re  w ith in th e  acce ptable
lim its . Extre m itie s  dos e s  of occupational w ork e rs  can
be  s ubs tantially re duce d to optim iz e  th e  proce dure
protocols  and follow  th e  prope r s afe ty culture . It is
re com m e nde d th at e xtre m itie s  dos e s  s h ould be
routine ly m onitore d and us e  of radiation prote ctive
de vice s  and s h ie lds  m igh t re duce  occupational dos e s
s ignificantly.
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