
DISMAL AWARENESS ABOUT RADIATION HAZARDS AMONG
HEALTHCARE RADIATION WORKERS: POINT TO PONDER?

154PJR October - December 2015; 25(4)PAK ISTAN J OU RNAL OF RAD IOLOGY

Correspondence : Dr. Nos h e e n Fatim a
De partm e nt of Nucle ar Me dicine ,
Dr. Z iauddin H os pital, Karach i, 74700
Pak is tan.
Em ail: nos h e e n.fatim a@ z iauddinh os pital.com

EDUCATION IN RADIOLOGY

Subm itte d 15 Augus t 2015, Acce pte d 9  Se pte m be r 2015

Introduction

Radiation bas e d diagnos tic im aging in radiology and
nucle ar m e dicine  is  cons ide re d as  s tandard of care
for diagnos is  and m anage m e nt in m ode rn m e dicine .
According to a re ce nt re port of National Council for
Radiation Prote ction (NCRP), during th e  las t 30 ye ars
th e re  h as  be e n a s ix fold ris e  in radiation e xpos ure
to Am e ricans  and th is  h as  rais e d s e rious  conce rns

about s toch as tic e ffe cts  of ioniz ing radiations .1 Th e
s e m inal re as on for th is  unpre ce de nte d h ik e  is  th e
ove rw h e lm ing us e  of com pute riz e d tom ograph y (CT)
and nucle ar m e dicine  (NM) proce dure s . Stoch as tic
e ffe cts  of radiation,e s pe cially th e  cance r ris k  and
ge ne tic abnorm alitie s  are  th e  m os t fe are d and le as t
unde rs tood as  probability of th e s e  e ffe cts  h as  a line ar
re lation w ith  dos e  and th e s e  outcom e s  us ually tak e
1-2 de cade s  to m anife s t.2 Th is  conce pt is  cons ide re d

Nosheen Fatima,1 Maseeh uz Zaman,2 Amir Ali,1 Asad Jalil,1 Aitadal Moin,1 Qurratulain,1

Mishkat Ali Jafri3

1 De partm e nt of Nucle ar Me dicine , Dr. Z iauddin H os pital, Karach i, Pak is tan.
2 De partm ant of Radiology, Aga Kh an Unive rs ity H os pital, Karach i, Pak is tan.
3 Pak is tan Nucle ar Ragulatory Auth ority (PNRA), Karach i, Pak is tan.

PJR October - December 2015; 25(4): 154-159

OBJECTIVES: To find out core  k now le dge  of h e alth care  radiation w ork e rs  lik e  ph ys icians  and te ch nical s taff
including te ch nologis ts , ph ys icis ts  and nurs e s  and to m e as ure  k now le dge -gaine d afte r atte nding a one  day
targe te d s ym pos ium . MATERIAL AND METHODS: Fifty-five  participants  (21 ph ys icians , 25 te ch nologis ts ,
5 ph ys icis ts  and 4 nurs e s ) atte nde d a one  day s ym pos ium  on ioniz ing radiation and its  h az ards  for h e alth care
w ork e rs  at a te rtiary care  h os pital. Th e  participants  w e re  re gis te re d from  18 diffe re nt h e alth care  facilitie s  h aving
radiology, nucle ar m e dicine  and radiation oncology s e rvice s . Participants  w e re  s olicite d to fill a q ue s tionnaire
com pris e d of 15 q ue s tions  focus e d upon bas ic of ioniz ing radiation, th e ir inte raction, biological e ffe cts  and
radiation prote ction m e th ods  be fore  and afte r th e  com ple tion of s e s s ion. RESULTS: Me an s core s  of all participants
in pre -s e s s ion as s e s s m e nt w as  45.472%  w h ich  im prove d to 60.472%  afte r atte nding s e s s ion w ith  a m e an
diffe re nce  of 14.527%  (P <0.0001). Ph ys icians  s core d s ignificantly be tte r (pre : 54.238% , pos t: 67.333% ) th an
te ch nical s taff (pre : 39 .471% , pos t: 55.088% ). Im portantly th e  k now le dge -gaine d afte r atte nding s e s s ion w as
gre ate r in s taff (15.617% ) th an ph ys icians  (13.09 5% ) but not s tatis tically s ignificant (P 0.1183). CONCLUSION:

Th e  le ve l of k now le dge  about ioniz ing radiation h az ards  and radiation prote ction w as  not s atis factory in h e alth care
radiation w ork e rs . Ph ys icians  h ad s ignificantly be tte r pre  and pos t s e s s ion s core s  th an te ch nical s taff but
k now le dge -gaine d afte r atte nding s e s s ion w as  not s ignificantly diffe re nt. Lack  of k now le dge  am ong radiation
w ork e rs  is  a global is s ue  and th is  is  th e  tim e  to re vam p th e ir training program s  w ith  a m e aningful s trate gy and
Inte rnational Atom ic Ene rgy Age ncy (IAEA) m us t tak e  th e  le ad.
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and 34 (62% ) w e re  te ch nical s taff (25 te ch nologis ts ,
05 ph ys icis ts  and 04 nurs e s ) (Tab. 1).

valid for both  patie nts  and for radiation w ork e rs  as
w e ll. Cons ide ring th e  im pact of th is  s tagge ring tre nd,
Inte rnational Atom ic Ene rgy Age ncy (IAEA)3 and
oth e r profe s s ional s ocie tie s 4 h ave  s tre s s e d upon th e
ne e d of optim iz ation-jus tification policy, follow ing
appropriate  us e  crite ria (AUC) and h ave  als o s ug-
ge s te d various  m odifications  in im aging protocols
and h ardw are s  to m inim iz e  radiation e xpos ure  to
patie nts  and te ch nologis ts . Lite rature  s e arch  s h ow
various  s tudie s  from  diffe re nt part of w orld re ve aling
lim ite d k now le dge  of h e alth  care  profe s s ionals  about
radiation ris k s  incurre d topatie nts  and th e m s e lve s
during ioniz ing radiation bas e d proce dure s  and ina-
bility tocorre ctly ans w e r th e  patie nt’s  q ue rie s .5 Data
is  ve ry s canty about th e  aw are ne s s  of Pak is tani h e a-
lth care  radiation w ork e rs  about h az ards  of ioniz ing
radiation.6

Th e  purpos e  of th is  s tudy w as  to find out core  k now -
le dge  of h e alth care  radiation w ork e rs  lik e  ph ys icians
and te ch nical s taff including te ch nologis ts , ph ys icis ts
and nurs e s  and to m e as ure  k now le dge -gaine d afte r
atte nding a one  day targe te d s ym pos ium .

Material and Method

Th is  pros pe ctive  cros s -s e ctional s tudy w as  conducte d
upon th e  participants  of a one  day s ym pos ium  fo-
cus e d upon radiation h az ards  and h e alth  care
w ork e rs . Th is  s ym pos ium  w as  conducte d on 16th

May 2015 at Dr Z iauddin H os pital (North  Cam pus )
Karach i and w as  approve d by de partm e nt of con-
tinuing m e dical e ducation and Radiation Safe ty Com -
m itte e  (RSC) of Z iauddin H os pital and Unive rs ity.
Total 68 participants  from  18 diffe re nt h e alth care
facilitie s  atte nde d th is  acade m ic e ve nt. A s ingle  be s t
ans w e r s h e e t (q ue s tionnaire ) com pris ing of 15 q ue s -
tions  focus e d upon bas ics  of ioniz ing radiations ,
biological inte raction, h az ards , radiation dos e  lim its
and m e th ods  of radiation prote ction w as  de s igne d
(Appe ndix I). Participants  w e re  as k e d to fill th e  q ue s -
tionnaire  at th e  s tart and afte r th e  com ple tion of firs t
02 talk s  focus e d on is s ue s  as k e d in th e  q ue s tionnaire .
Fifty five  participants  fille d and s ubm itte d th e  q ue s -
tionnaire  and out of th e s e  21 (38% ) w e re  ph ys icians ,

Statistical analysis: Data from  com ple te  s ubm itte d
q ue s tionnaire  w as  trans fe rre d m anually to Exce l
(M icros oft, Re dm ond, W A, USA) and th e n to
M e dcalc®  s tatis tical s oftw are  ve rs ion 11.3.10 and
SPSS ve rs ion 17.0 (SPSS, Ch icago, IL, USA) for
s tatis tical analys is . Continuous  variable s  w e re  de s -
cribe d by m e an ± s tandard de viation (SD). Paire d
s am ple  t-te s t w as  applie d in orde r to e s tim ate  th e
s tatis tical diffe re nce  be tw e e n pre  and pos t s e s s ion
s core s . Th e  ove rall value  for s tatis tical s ignificance
w as  P<0.05.

Variables N

Total participants

Doctors

Te ch nical s taff

-Te ch nologis t

-Ph ys icis ts

-Nurs ing s taff

55

21 (38% )

34 (62% )

25

05

04

Table 1: Study De m ograph ics

Figure 1: Dot plot com paris on of pre  and pos t s e s s ion e valuation
in all participants  (n=55).

Results

Total 55 h e alth care  w ork e rs  (21 ph ys icians  and 34
te ch nical s taff) participate d and ove rall %  m e an (±
s tandard de viation; s d) corre ct ans w e rs  in pre -s e s s ion
as s e s s m e nt w as  45.472%  ± 19 .037. Th e  ove rall %
m e an (±s d) corre ct ans w e rs  in pos t-s e s s ion as s e s s -
m e nt w as  60.472%  ± 19 .809  w ith  a m e an diffe re nce
be tw e e n pos t-pre  s e s s ion of 14.527%  at 9 5%  CI
(P <0.0001) (Fig. 1 and Tab. 2). Coh ort of ph ys icians



Subject
Pre-Session
Evaluation

(%mean ± SD)

Post-Session
Evaluation

(%mean ± SD

Mean
difference
Post – Pre
Evaluation

(95%CI)

Paired
sample t-
test value

Two
tailed

P value

Total
participants

n=55

45.472 ±
19 .037

60.000 ±
19 .809

14.527
(10.413 -
18.641)

7.080 <0.0001*

Doctors
n=21

54.238 ±
14.247

67.333 ±
16.9 39

13.09 5
(7.678 -
18.512)

5.043 <0.0001*

Te ch nical
s taff
n=34

39 .471 ±
19 .047

55.088 ±
20.100

15.617
(9 .717 -
21.517)

5.385 <0.0001*

*P <0.05
SD=Standard De viation
CI=Confide nce  inte rval

Table 2: Com parative  analys is  of pre  and pos t s e s s ion e valuation

Variables
Doctors
(n=21)

Technical
staff

(n=34)

t-test
value P value

Pre -Se s s ion
Evaluation

(% m e an ± SD)

54.238 ±
14.247

39 .471 ±
19 .047

-2.514 0.0150*

Pos t-Se s s ion
Evaluation

(% m e an ± SD)

67.333 ±
16.9 39

55.088 ±
20.100

-2.326 0.0239 *

Me an diffe re nce
Pos t – Pre
Evaluation
(9 5% CI)

13.09 5
(7.678 -
18.512)

15.617
(9 .717 -
21.517)

1.588 0.1183

*P <0.05
SD=Standard De viation
CI=Confide nce  inte rval

Table 3: Com parative  analys is  of pre  and pos t s e s s ion e valuation
in doctor ve rs us  te ch nical s taff.

Figure 2: Dot plot com paris on of pre  and pos t s e s s ion e valuation
in doctors  as  participants  (n=21).

Figure 3: Dot plot com paris on of pre  and pos t s e s s ion e valuation
in te ch nical s taff as  participants  (n=34).
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h ad s ignificantly be tte r s core s  th an s taff (54.235%
vs . 39 .471% ; P 0.0150).  In pos t-s e s s ion as s e s s m e nt
again ph ys icians  s core d s ignificantly be tte r th an
te ch nical s taff (67.333%  vs . 55.088% ; P 0.0239 ).
Im portantly th e  diffe re nce  be tw e e n tw o as s e s s m e nts
w as  gre ate r in s taff (15.617% ) th an ph ys icians
(13.09 5% ) but it w as  not s tatis tically s ignificant
(P 0.1183) (Tab. 3).

Discussion

Our s tudy s h ow s  an ove rall poor s core  of all partici-
pants  and th is  re fle cts  th e  s uboptim al core  k now le dge
of radiation h e alth care  w ork e rs  about th e  ioniz ing
radiation, its  inte raction and h az ards  and principle s
of radiation prote ction. Th is  re s ult is  in concordance
w ith  a local s tudy publis h e d in 2008 s tate d an ove rall
< 60%  s ucce s s  rate  am ong inte rve ntional cardio-
logis ts  w h o participate d in a s urve yabout radiation
h az ards  and s afe  practice  in cath e te riz ation labo-
ratorie s .6 In anoth e r re ce ntly publis h e d s tudy from
Unite d State s , th e  ove rall s ucce s s  rate  of 9 2 parti-
cipants  (re s ide nts , fe llow s , s taff radiologis ts  and
te ch nologis ts ) w as  50% .7 In pre s e nt s tudy as  e xpe c-
te d th e  s ucce s s  rate  in pre -s e s s ion as s e s s m e nt w as
s ignificantly h igh e r for ph ys icians  th an te ch nical s taff.
Bas ic re as ons for th is  e xpe cte d outcom e  are  m ore
e xte ns ive  curriculum  and be tte r training of ph ys icians
at unde rgraduate  and pos t-graduate  le ve ls com pare d
to te ch nical s taff in Pak is tan. As  a m atte r of fact,
m os t of th e  diagnos tic im aging ce nte rs  in Pak is tan
do not h ave  a s tructure d training program  for te ch -

s core d 54.238 ± 14.247 in pre -s e s s ion as s e s s m e nt
w h ile  in pos t-s e s s ion as s e s s m e nt th e ir s core  w as
67.333 ± 16.9 39  w ith  a m e an diffe re nce  in pos t-pre
s e s s ion of 13.09 5%  at 9 5%  CI (P 0.0001) (Fig. 2).

Coh ort of 34 te ch nical s taff s core d 39 .471 ± 19 .047
in pre -s e s s ion as s e s s m e nt w h ile  in pos t-s e s s ion
as s e s s m e nt th e ir s core  w as  55.088 ± 20.100 w ith  a
m e an diffe re nce  in pos t-pre  s e s s ion of 15.617%  at
9 5%  CI (P <0.0001) (Fig. 3). Inte r-group analys is  re -
ve ale d th at in pre -s e s s ion as s e s s m e nt ph ys icians
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radiation prote ction and k now le dge  about th e  local

and inte rnational s tatutory bodie s .

W e  s trongly fe e l th at it is  tim e  to re vam p th e  curri-

culum  of radiation biology and prote ction and s e rious

and m e aningful s trate gy s h ould be  de s igne d to e xe -

cute  it. Since  w e  fe e l th is  is  a global is s ue , Inte rna-

tional Atom ic Ene rgy Age ncy (IAEA) m us t tak e  th e

le ad in th is  re gard to de s ign an appropriate  curriculum

and im ple m e nting in its  m e m be r s tate s  to e ns ure

be tte r unde rs tanding am ong radiation w ork e rs  about

be ne fits  and h az ards  of ioniz ing radiation. Im pact of

didactic e ducational s e s s ions  on e nh ancing th e  core

k now le dge  of radiation w ork e rs  as  s e e n in our and

oth e r publis h e d s tudie s  als o prove s  its  utility as  a

robus t e ducational ins trum e nt. W e  e m ph as iz e  th at

e ve ry ins titute  m us t organiz e  e ducation s ym pos ia

on re gular bas is  and participants  m us t be  aw arde d

ce rtification for a s pe cifie d pe riod and atte nding th e

ne xt s e s s ion for re ce rtification. In th is  re gards  radiation

s afe ty or prote ction com m itte e  of th e  ins titute  m us t

tak e  re s pons ibility of th e  noble  caus e  of inculcating

culture  of s afe , e ffe ctive  and jus tifie d us e  of radiation

in diagnos tic im aging.

Conclusion

W e  conclude  th at th e  le ve l of k now le dge  about ioni-

z ing radiation h az ards  and radiation prote ction w as

not s atis factory in h e alth care  radiation w ork e rs .

Ph ys icians  h ad s ignificantly be tte r pre  and pos t

s e s s ion s core s  th an te ch nical s taff but k now le dge -

gaine d afte r atte nding s e s s ion w as  not s ignificantly

diffe re nt. Lack  of k now le dge  am ong radiation w ork e rs

is  a global is s ue  and th is  is  th e  tim e  to re vam p th e ir

training program s  in a m e aningful s trate gy and Inte r-

national Atom ic Ene rgy Age ncy (IAEA) m us t tak e

th e  le ad.
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nologis ts . Furth e rm ore , m ajority of te ch nologis ts

are  inducte d on th e  bas is  of th e ir pas t e xpe rie nce  of

w ork ing at a diagnos tic im aging facilitie s  w ith  le as t

conce rn w h e th e r th e y h ave  h ad s tudie d s cie nce

s ubje cts  in th e ir h igh  s ch ool or colle ge s .

Th e  s e cond as pe ct of our s tudy w as  to as s e s s  th e

im pact of one  day s ym pos ium  upon th e  core  k now -

le dge  of participants . In pos t- s e s s ion e valuation

ph ys ician’s  s core  w as  s ignificantly h igh e r th an th e

s taff and th is  w as  due  to h igh e r pre -s e s s ion s core

in form e r coh ort. H ow e ve r, k now le dge  gaine d as

as s e s s e d by pos t m inus  pre -s e s s ion as s e s s m e nt

s core s  w as  not s tatis tically diffe re nt in both  coh orts .

Th is  im plie s  th at conte nt of cours e  w as  pe rtine nt to

k now le dge  gap be tw e e n tw o coh orts  de s pite  of

diffe re nt le ve ls  of core  k now le dge . Th is  as pe ct als o

draw s  our atte ntion to s e rious  flaw s  in curriculum

and training program s  of radiation h e alth care  w ork e rs

in Pak is tan.

Th is  lack  of k now le dge  of h e alth care  radiation w ork e rs

about th e  ioniz ing radiation, th e ir inte raction, biological

e ffe ct and radiation s afe ty as pe cts  de picte d in our

s tudy is  in concordance  w ith  m any publis h e d s tudie s

from  diffe re nt parts  of th e  w orld.8,9 ,10 Th is  fact e lu-

cidate  th at th e  radiation h e alth care  profe s s ionals  are

unable  to e ffe ctive ly prote ct e ith e r th e m s e lve s  or

th e ir patie nts  from  de le te rious  pote ntial h az ardous

e ffe cts  of ioniz ing radiations . Furth e rm ore  large  body

of data from  diffe re nt parts  of w orld s ignifie s  th at

proble m  is  not re gional rath e r global.

Major lim itation of our s tudy is  s m all s am ple  s iz e .

But it include d participants  from  18 ins titute s  of

Pak is tan w h ich  inde e d m itigate s  th e  num e rical

lim itation. Th e  oth e r lim itation is  non-uniform  acade m ic

and te ch nical proficie ncy of participants . W e  w e re

cogniz ant of th is  lim itation and paid due  atte ntion

w h ile  s e tting th e  q ue s tionnaire . Stre ngth  of our s tudy

is  th at data w e re  colle cte d in re al tim e  w ith out any

anonym ity to avoid any am biguity about profe s s ional

back ground of th e  participants . Oth e r s tre ngth  of th e

our s tudy is  th at q ue s tionnaire  w as  de s igne d to

as s e s s  core  k now le dge  about fundam e ntal of ioniz ing

radiations , th e ir biological inte raction and e ffe cts ,



Q.11 re s pons e  of living ce lls  to radiations , all are
true  EXCEPT

A.

B.

C.
D.

Tis s ue s  w ith  h igh  m itotic activity are  m ore  s e ns itive
to radiation.
Tis s ue s  w ith  h igh  m e tabolic rate  are  m ore
radios e ns itive .
Im m ature  ce lls  (tis s ue s ) are  m ore  radios e ns itive .
Infants  are  le as t s e ns itive  th an adults  to radiation.

Appendix I

Que s tionnaire  (Corre ct ans w e rs  are  h igh ligh te d in
italics ).

Q.1 Ele ctrom e tric radiations  are

A.

B.

C.

D.

Ch arge -le s s , m as s -le s s  and trave l in a tortuous
w ay.
Ch arge -le s s  w ith  Carbon-12 atom ic w e igh t and
trave l at a s pe e d of ligh t.
Mas s -le s s , ch arge -le s s  and trave l at s pe e d of
ligh t in vacuum .
X-rays , gam m a rays  and be ta particle s  are  good
e xam ple s .
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B.
C.

D.

LAMA is  th e  prim ary m e th od to re duce  e xpos ure .
Tim e , dis tance  and s h ie lding are  th e  bas ic m e -
th ods  of prote ction.
Optim iz ation and jus tification to avoid unjus tifie d
m e dical proce dure s .

Q.2. About particulate  radiations  all are  true  EXCEPT,

A.

B.
C.
D.

Gre ate r production of ions  and fre e  radicals  in a
dire ct inte raction.
Are  ch arge d particle s  and le s s  carcinoge nic.
Com m only us e d for th e rapy in nucle ar m e dicine .
Le s s  pe ne trating th an e le ctrom agne tic radiations .

Q3.  Re garding conve ntional radiology, all are  fals e
EXCEPT

A.
B.
C.

D.

X-rays  are  us e d for diagnos tic purpos e  only.
Provide s  functional inform ation only.
Is  a m orph ological im aging w ith  diagnos tic and
th e rape utic us e s
Long live  is otope s  are  us e d as  s ource  of X-rays .

Q4. Re garding radiation e xpos ure , all are  true
EXCEPT

A.

B.

C.
D.

Me dical e xpos ure  is  th e  m ajor s ource  of e xpos ure
to ge ne ral public.
Scatte r radiation in radiology is  th e  m ajor contri-
butor to radiograph e rs ’ e xpos ure .
Expos ure  incre as e s  at h igh  altitude .
Expos ure  is  h igh e r in fluoros copic proce dure  and
nucle ar m e dicine  th e rapy.

Q5. Th e  03 clas s e s  of radiation e xpos ure s  are

A.
B.
C.
D.

Th e rape utic, diagnos tic and inte rve ntion.
Th e rape utic, indus trial and nucle ar fall outs .
Natural, occupation and m e dical.
Occupational, indus trial and m e dical.

Q7. Re garding s h ie lding all are  true  EXCEPT

A.

B.

C.

D.

10th  value  laye r (TVL) abs orbs  9 0%  of incide nt
be am .
Le ad aprons , le ad goggle , th yroid s h ie ld are
com m only us e d.
Sh ie lding of radiology proce dure  room  is  not
re com m e nde d.
Concre te  is  be s t m ate rial for im aging facility
s h ie lding.

Q.8 Pos s ible  outcom e  of radiation inte raction w ith
h um an ce lls ; all true  EXCEPT

A.
B.
C.
D.

Com ple te  h e aling
Mutation
Ce ll de ath
Mitos is

Q.9  Re garding annual radiation dos e  lim its ; all are
true  EXCEPT

A.
B.
C.

D.

Annual dos e  lim it for a radiation w ork e r is  20 m Sv.
Annual Radiation dos e  to ge ne ral public is  5 m Sv.
Radiation dos e  lim it to a w ork e r during pre gnancy
is  1 m Sv.
Th e re  is  no radiation dos e  lim it for patie nt.

Q.10 Radiation inte raction w ith  living ce ll, all are  true
EXCEPT

A.

B.
C.

D.

Stoch as tic e ffe cts  are  ch rom os om al abnorm alitie s
and m utation.
De te rm inis tic e ffe cts ’ s e ve rity incre as e s  w ith  dos e .
Probability of s toch as tic e ffe cts  h as  an inve rs e
corre lation w ith  dos e .
Radiation w ork e rs  in im aging fie lds  are  prone  to
h ave  s toch as tic rath e r th an de te rm inis tic e ffe cts .

Q6. Re garding th e  radiation prote ction, all are  true
EXCEPT

A. ALARA is  th e  practicing rule .
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Q.12 Acute  radiation s yndrom e  (ARS); all are  true
EXCEPT
A.

B.
C.
D.

Cons is ts  of prodorm al, late nt and m anife s tation
s tage s .
Cons is ts  of h e m atological, GI and CNS s yndrom e .
W ork e rs  in im aging are as  are  prone  to ARS.
Survivors  of ARS w ould h ave  h igh  probability of
s toch as tic e ffe cts .

Q.13 Re garding radiation are as ; all are  true  EXCEPT

A.

B.

C.

D.

In are a w ith  probability of radiation dos e  m ore
th an 6 m Sv is  de fine d as  controlle d are a.
In are  w ith  probability of radiation dos e  be tw e e n
1 to 6 m Sv is  de fine d as  s upe rvis e d are a.
Im aging are a are  ne ith e r controlle d nor s upe rvis e d
are as .
H ot w aiting are a in Nucle ar Me dicine  is  a controlle d
are a.

Q.14 Re gulatory body s upe rvis ing th e  s afe  radiation
practice  in Pak is tan is
A.
B.
C.
D.

Pak is tan Atom ic Ene rgy Com m is s ion (PAEC).
Inte rnational Atom ic Ene rgy Age ncy (IAEA).
Pak is tan Nucle ar Re gulatory Auth ority (PNRA).
Pak is tan Ins titute  of Scie nce  and Te ch nology
(PINSTECH ).

Q.15 Re garding radiation inte raction w ith  ce ll; all are
true  EXCEPT
A.
B.
C.
D.

Dire ct inte raction is  th e  m os t com m on path w ay.
Indire ct action is  m e diate d by fre e  radicals .
Dire ct inte raction w ith  DNA is  th e  m os t le th al.
Inte raction w ith  DNA m ay re s ult in m utation or
ce ll de ath .


