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H is torical back ground of th e  h os pital and pre s e nt
s tatus  of radiology de partm e nt:
Lady Re ading h os pital is  one  of th e  olde s t and large s t
te ach ing ins titute s  of th e  country and w as  e s tablis h e d
in 19 27 by Lady Re ading w ife  of th e  th e n vice roy
Lord Re ading.
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OBJECTIVE: Main purpos e  of th is  progre s s  re port is  to h igh ligh t th e  radiation s afe ty m e as ure s  and s te ps  tak e n
in a public s e ctor h os pital tow ards  th e  im ple m e ntation of radiation prote ction program  in orde r to e ns ure  s afe
radiation culture  both  for s taff, patie nts  and atte ndants  and to com ply w ith  re gulatory re q uire m e nts  lack ing be fore
in a h igh  volum e  radiology de partm e nt of Lady Re ading h os pital, Pe s h aw ar, (KPK), Pak is tan. MATERIALS &
METH OD: Qualitative , e xploratory and de s criptive  analys is  w as  carrie d out in th e  large s t and olde s t public s e ctor
h os pital of K h ybe r Pak h tunk h aw a (KPK) to h igh ligh t th e  radiation s afe ty m e as ure s  tak e n in orde r to im ple m e nt
th e  radiation prote ction program  in de ve loping s afe  culture  tow ard radiation practice  w ith in  radiology de partm e nt
of th e  h os pital. Th e  firs t s te p tak e n s tarte d w ith  th e  induction of m e dical ph ys icis ts  h ire d one  ye ar back  (Se pt,
2016). Se ve ral radiation s afe ty s tandards  lack ing w e re  ide ntifie d by th e  ph ys icis ts , m atte rs  w e re  dis cus s e d w ith
h igh e r auth oritie s , im m e diate  actions  and m e as ure s  w e re  re com m e nde d and tak e n by h os pital adm inis tration
and ach ie ve d cons ide rable  s ucce s s  tow ards  th e  im ple m e ntations  of s afe  radiation culture  in accordance  w ith
re gulatory re q uire m e nts  to e ns ure  s afe  radiation practice  w ith in th e  de partm e nt. RESULTS: Afte r a pe riod of
one  ye ar w ith  inte ns ive  planning, all th e  w e ak  z one s  w e re  ide ntifie d and s afe ty m e as ure s  w e re  tak e n and
addre s s e d accordingly. Radiation s afe ty culture  is  e m e rging in its  true  s e ns e  according to re gulatory s tandards
and radiation prote ction program  h as  be e n im ple m e nte d in th e  radiology de partm e nt of Lady Re ading h os pital.
To e ns ure  th e  e nforce m e nt of radiation prote ction progam m e  in its  true  s pirit, daily s afe ty rounds  are  be ing
conducte d by m e dical ph ys icis ts  obs e rving various  ope rational as pe cts  of radiation prote ction program  w ith in
th e  radiology de partm e nt and te ch nical training of radiation w ork e rs  is  be ing conducte d to de ve lop th e ir s k ills
re garding s afe  culture  of radiation practice . CONCLUSION: Radiation prote ction program  h as  be e n im ple m e nte d
th rough  te am  e ffort of all s tak e h olde rs  as  pe r re gulatory guide line s , s afe ty s tandards  are  be ing follow e d re garding
s afe ty of radiation w ork e rs , doctors , patie nts  and public in ge ne ral.

ABSTRACT

Tahira Nishtar, Amir Ali, Muhammad Yaseen

De partm e nt of Radiology, Lady Re ading H os pital, Pe s h aw ar, (KPK), Pak is tan.

Today th e  radiology de partm e nt is  e q uippe d w ith
s tate  of th e  art e q uipm e nt w h ich  are  as  follow s ;
. X-ray m ach ine s  (06 in m ain radiology de partm e nt)
. De dicate d X-ray m ach ine  for ch e s t m e dicine  and
th oracic s urgical clinics
. CT s can (160 s lice  Tos h iba) for e le ctive  body s cans
including angiograph y.



. CT s can m ultis lice  for e le ctive  h e ad and ne ck
im aging.
. Fluoros copy
. Mam m ograph y.
. 1.5 Te s la Sie m e ns  MRI
. Multis lice  CT s can in A& E De partm e nt
. X-ray m ach ine  in A& E De partm e nt

In addition to th e  above  an inte rve ntional angiograph y
s uite  is  in th e  pipe line .
W ide  range  of 10 ultras ound m ach ine s  are  available
including Dopple r's  and portable  m ach ine s .

RADIATION PROTECTION PROGRAMM IN TH E
DEPARTMENT:
As  ioniz ing radiation h as  e as e d th e  m ode rn e ra of
m e dical s cie nce s  w ith  gre ate r de gre e  of diagnos is
and tre atm e nt w ith  th e  us e  of h igh ly s oph is ticate d
e q uipm e nt but at th e  s am e  it h as  incre as e d th e  ris k s
of ce rtain biological e ffe cts  th at can be  caus e d by
th e  unne ce s s ary &  un-judicious  us e  of ioniz ing radia-
tions . So, to e ns ure  s afe  culture  of radiation practice
and to m inim iz e  th e  de trim e ntal e ffe cts  of ioniz ing
radiations  to s taff, patie nts  and ge ne ral public in th e
de partm e nt, im ple m e ntation of Radiation Prote ction
Program  w ith in th e  de partm e nt w as  cons ide re d both
a re q uire m e nt for th e  s afe ty of w ork e rs  and a bas ic
re gulatory as pe ct k e e ping in vie w  th e  dis m al s ce nario
of de m is e  of s e ve n of its  radiation w ork e rs  due  to
cance r s ince  ince ption of th e  de partm e nt w ith   one
w ork e r curre ntly unde rgoing ch e m oth e rapy.
For s ucce s s ful Im ple m e ntation and e nforce m e nt of
Radiation Prote ction Program , th e  e ntire  proce s s  w as
s e t into th re e  (03) inte gral parts  w h ich  w e re :

1. Ide ntification of w e ak  z one s  re garding radiation
prote ction by Me dical Ph ys icis ts  and from  Pak is tan
Nucle ar Re gulatory Auth ority ins pe ction re ports .
2. Com pliance  of w e ak  z one s  as  pe r national and
inte rnational radiation s afe ty s tandards .
3. Enforce m e nts  of Radiation Prote ction Program  as
pe r Re gulatory re q uire m e nts .

RADIATION SAFETY MEASURES TAKEN FOR TH E
IMPLEMENTATION OF RPP W ITH IN TH E DEPART-
MENT:
To ide ntify th e  m ain radiation s afe ty s tandards  to
e ns ure  s afe  radiation practice  w ith in th e  de partm e nt,
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Pak is tan Nucle ar Re gulatory Auth ority  ins pe ctions
re ports  w e re  s tudie d as  th e  obs e rvations  re garding
ce rtain radiation s afe ty m e as ure s  and ne ce s s ary
dire ctive s  h ave  b e e n give n to addre s s  th os e
s h ortcom ings  re garding radiation s afe ty. Afte r
ide ntification of th e   w e ak  z one s  re q uiring th e
im ple m e ntation of Radiation Prote ction Program  from
ins pe ction re ports  and ph ys ical ve rification by
ph ys icis ts , is s ue s  w e re  addre s s e d as  pe r re gulatory
gu ide line s  and com pliance  w as  m ade  as  pe r
inte rnational s tandards  k e e ping coordination w ith
Radiation Prote ction Com m itte e  and h os pital auth o-
ritie s . Th e  s afe ty m e as ure m e nts  tak e n for th e  im ple -
m e ntation of Radiation Prote ction Program  are  as
follow s .

Follow ing w e re  th e  are as  prioritiz e d and add-
re s s e d in orde r to im ple m e nt Radiation prote ction
program :

1. Re s tructuring of Radiation Prote ction Com -
m itte e :
Radiation Prote ction Com m itte e  w ith in any h os pital
is  th e  only body w h ich  h as  th e  full auth ority to look
into all is s ue s  re late d to ioniz ing radiation, to form ulate
policie s  re garding th e  ope rational as pe cts  of radiation
prote ction program  w ith in a h os pital. It plays  vital role
to e ns ure  s afe  radiation practice  in-accordance  w ith
guide line s  of re gulatory body and e nforce  th os e
guide line s  w ith  th e  coordination of th e  h os pital
auth ority.
In orde r to addre s s  th e  is s ue s  of radiation prote ction
w ith in th e  h os pital and im ple m e ntation of Radiation
Prote ction Program , th e  Radiation Prote ction Com -
m itte e  w as  m ade  ope rational by involving one  m e m be r
from  e ach  de partm e nt as s ociate d w ith  th e  us e  of
ioniz ing radiations  i.e . cardiology, nucle ar m e dicine
and orth ope dics , bio-m e dical e ngine e r, re pre s e ntative
of h os pital adm inis tration and M e dical ph ys icis ts ,
nurs ing dire ctor w ith  th e  com m itte e  ch aire d by ch air-
pe rs on of Radiology de pt. Me e tings  are  h e ld on q uar-
te rly bas is  w h e re  all is s ue s  re late d to radiation pro-
te ction  and progre s s  re garding im ple m e ntation of
RPP in particular are  dis cus s e d along w ith  propos al
of future  plan.

2. Re ne w al of lice ns e  from  PNRA:
As  pe r Pak is tan Nucle ar Re gulatory Auth ority
re gulation" Re gulations  for th e  Lice ns ing of Radiation



Facility(ie s ) oth e r th an Nucle ar Ins tallation(s )-
PAK/9 08", e ve ry radiation facility h as  to be  re gis te re d
and lice ns e d from  Pak is tan Nucle ar Re gulatory
Auth ority. It is  a m andatory re q uire m e nt be fore  s tarting
any facility for patie nt s e rvice .
H e nce , th e  de partm e nt w as  re gis te re d w ith  Pak is tan
Nucle ar Re gulatory Auth ority h ow e ve r, all pe nding
is s ue s   re late d to lice ns e  re ne w al w e re  addre s s e d
on priority to avoid any  obs e rvation on be h alf of
re gulatory body th us  e ns uring a m utual unde rs tanding
and trus t.

3.  Pe rs onne l dos im e te r for radiation w ork e rs :
Pe rs onne l dos e  m onitoring of radiation w ork e rs  is
th e  fore m os t re gulatory re q uire m e nt of Pak is tan
Nucle ar Re gulatory Auth ority as  pe r th e ir re gulation
“PAK/9 04: Re gulation on Radiation prote ction” and
from  th e  dire ctive s  of Pak is tan Nucle ar Re gulatory
Auth ority ins pe ction re port date d( 28-10-2015) for
arrange m e nts  for Pe rs onne l dos im e try of radiation
w ork e rs  to e ns ure  s afe ty and as s e s s m e nt of th e ir
dos e  re cords . H ow e ve r de s pite  a h igh  volum e  and a
large  s e tup of one  of th e  olde s t te rtiary care  public
s e ctor h os pital of th e  country  th e re  w as  no conce pt
and s ys te m  for pe rs onal dos im e te r of w ork e rs .
Pe rs onne l radiation m onitoring film  badge s  w e re
orde re d from  Pak is tan Ins titute  of Nucle ar Scie nce
&  Te ch nology, Is lam abad. A total of s ixty five  (65)
radiation w ork e rs  h ave  be e n is s ue d film  badge s  w h o
are  w ork ing w ith in controlle d are as  and th e ir dos e s
are  as s e s s e d on m onth ly bas is . Th is  initiative  be s ide s
e ns uring s afe ty w as  gre atly w e lcom e d by all s taff as
a m ile s tone  ach ie ve m e nt in fulfillm e nt of a long s tan-
ding de m and of m andatory re q uire m e nt of a radiology
de partm e nt.

4. W ork place  m onitoring:
As  pe r Inte rnational Atom ic Ene rgy Age ncy s afe ty
s tandards  for prote cting pe ople  and th e  e nvironm e nt.
Radiation Prote ction and Safe ty of Radiation Source s
Re q uire m e nt 20: Re q uire m e nts  for m onitoring and
re cording of occupational e xpos ure s  Th e  re gulatory
body s h all e s tablis h  and e nforce  re q uire m e nts  for th e
m onitoring and re cording of occupational e xpos ure s
in planne d e xpos ure  s ituations .
To e ns ure  th e  s afe ty of w ork e rs  w ith in im aging room s ,
a s ys te m  of w ork place  m onitoring w as  introduce d on
priority in orde r to e ns ure  s afe ty of radiation w ork e rs .
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Pak is tan Nucle ar Re gulatory Auth ority w as  re q ue s te d
to conducte d s urve y to as s e s s  e xpos ure  le ve ls  w ith in
th e  im aging room s , as  w e ll as  as s e s s m e nt of radiation
le ak age . In addition, s h ie lding capacity of x-ray room s
w as  als o as s e s s e d and re port s ubm itte d for ne ce s s ary
am e ndm e nts  and civil w ork s  w h e re  s h ie lding w as
com prom is e d.

5. Liais on w ith  PNRA:
PNRA conducts  one  inform e d annual ge ne ral ins pe c-
tion (be s ide  carrying out oth e r s pe cial on re q ue s t
and uninform e d ins pe ctions ) of  Radiology facilitie s
on annual bas is  to rule  out any non-com pliance  and
de ficie ncy tow ards  s afe  radiation practice  and is s ue s
 pos t Ins pe ction Re port (PIR) com pris ing e vide nce
of good practice  as  w e ll as  obs e rvations . Th e  re port
als o contains  ce rtain dire ctive s  to be  addre s s e d by
th e  lice ns e e  for e ns uring s afe  culture  tow ards  radiation
practice  on priority bas is . Th is  im portant as pe ct w as
s tre am line d by th e  induction of de dicate d  pe rs onne l
(Me dical Ph ys icis t/RPO). Dire ctive s  h ave  be e n com -
plie d as  pe r re gulatory guide line s  and full coordination
is  be ing e xte nde d w ith  PNRA te am  for s afe  radiation
practice .

6. Planning and de s igning of ne w  X-ray facilitie s :
As  th e  pe r Pak is tan Nucle ar Re gulatory Auth ority
pos t ins pe ction re ports  date d (27- 04-2015 and 28-
10-2015), cons ide rable  am ount of radiation e xpos ure
w e re  notice d w ith in th e  cons ole s  of tw o room s
indicate d in th e  re port and cle ar dire ctions  h ave  be e n
give n for th e  re place m e nt of th e  m ovable  s h ie lding
boards  by pe rm ane nt w all cons ole s  w ith  e nough
th ick ne s s  to e ns ure  s afe ty of w ork e rs .
Ins tallation of X-ray m ach ine  w ith in a facility ne e ds
s pe cial atte ntion from  traine d pe rs onne l w h o are
aw are  of th e  ris k s  as s ociate d if prope r planning and
de s ign are  not cons ide re d at th e  tim e  of ins tallation.
In orde r to e ns ure  ade q uate  s h ie lding,  th e  de cade s
old m ovable  re dundant barrie rs  w e re  re place d by
concre te  le ad line d barrie rs  for s h ie lding of cons ole
are as  w h ich  w e re  planne d according to pre s cribe d
inte rnational s tandards  tak ing dis tance  as  a bas ic
m e as urable  factor of s h ie lding. Now , th e  e xpos ure
le ve ls  w ith in th e  cons ole  e q uals  natural back ground,
h e nce  addre s s e d of a s e rious  obs e rvation of Pak is tan
Nucle ar Re gulatory Auth ority for th e  im ple m e ntation
of radiation prote ction program .



7. Te ch nical training of radiation w ork e rs  and
radiation aw are ne s s  s e s s ions :
As  pe r th e  guide line s  on radiation prote ction e ducation
and training of m e dical profe s s ionals  in th e  Europe an
Union (2014), publication no. 175, Ge ne ral re com m e n-
dations  in training program s  for radiation prote ction.
An e s s e ntial and inte gral part of any Radiation
Prote ction Program m e  is  th e  te ch nical training of s taff
w ork ing w ith in th e  de partm e nt. Th e re  w as  no conce pt
of continuous  profe s s ional de ve lopm e nt as  a re s ult
of w h ich  th e re  w as  lack  of aw are ne s s  of  radiation
prote ction am ongs t th e  s taff. A s e rie s  of de dicate d
radiation prote ction aw are ne s s  s e s s ions  h ave  be e n
s tarte d for th e  te ch nicians  as  pe r th e irs  ne e ds  both
by th e  facility and re gulatory body as  w e ll.

8. Pe rs onal prote ctive  e q uipm e nts  and th e ir
s cre e ning:
As  provis ion of Pe rs onal prote ctive  e q uipm e nts  and
th e ir s cre e ning is  th e  bas ic re q uire m e nt of Pak is tan
Nucle ar Re gulatory Auth ority  re gulation “PAK/9 04:
Re gulation on Radiation prote ction”.
Provis ion of pe rs onal prote ctive  e q uipm e nts  (PPE’s )
to radiation w ork e rs  is  th e  bas ic com pone nt of radiation
prote ction and a bas ic radiation prote ction tool. Th e re
w e re  no PPE’s  (Le ad aprons , th yroid s h ie lds , Gonadal
s h ie lds ) pre s e nt in th e  de partm e nt and all proce dure s
w e re  be ing carrie d w ith out us ing PPE’s  w h e re  ne e de d
and th e  s cre e ning and inve ntory of PPE’s  w as  not
be ing carrie d out. PPE's  w as  provide d to pe rs onne l
w ith  both  ve rbal and w ritte n ins tructions  re garding
th e ir us e  and s afe  h andling and th e ir s cre e ning is
be ing m ade  and re cord m aintaine d.

9 .  Radiation aw are ne s s  lite rature s , w ork ing
ins truction and w arning s igns :
Public aw are ne s s  about th e  h arm ful e ffe cts  of ioniz ing
radiations , radiation aw are ne s s  lite rature  and w arning
s igns  w e re  dis playe d on th e  m ain e ntrance  door of
individual im aging facilitie s . Standard ope rating
proce dure s  for re garding radiation prote ction for s taff,
patie nt and public w e re  als o dis playe d in th e
cons ole /control are as . Th is  e ns ure s  re s tricte d
unauth oriz e d acce s s  to im aging room s .

10. Radiation w arning ligh t indicators :
As  th e  pe r Pak is tan Nucle ar Re gulatory Auth ority
pos t ins pe ction re ports  date d (28-10-2015), radiation
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w arning indicator (re d ligh t) w e re  not ins talle d outs ide
im aging room s  to re s trict acce s s  ins ide  w h e n pro-
ce dure  is  be ing pe rform e d.
To k e e p th e  public, patie nts  and oth e r unauth oriz e d
pe rs onne l at bay from  th e  x-ray im aging room  w h e n
oth e r patie nts  are  unde rgoing  im aging proce dure ,
radiation w arning ligh t “Re d ligh t indicator” s ynch ro-
niz e d w ith  th e  e xpos ure  pane l w e re  ins talle d vis ibly
at th e  e ntrance  of individual im aging room s . Th e
w arning ligh ts  flas h  e xpos ure  is  for th e  duration of
e xpos ure  tim e .

11. Me dical s urve illance  of radiation w ork e rs :
H e alth  s urve illance  (colle ction of s am ple s ) of radiation
w ork e rs  is  th e  fore m os t re gulatory re q uire m e nts  of
PNRA as  pe r re gulation “PAK/9 04: Re gulation on
Radiation prote ction” to e ns ure  th e ir m e dical fitne s s
for w ork ing in radiation facility. Th e  h e alth  s urve illance
of radiation w ork e rs  w as  im ple m e nte d according to
fulfill re gulatory re q uire m e nt and to e ns ure  m e dical
fitne s s  of th e  radiation w ork e r.

12. Me ch anis m  for autom atic clos ure  of e ntrance
of im aging room s :
As  th e  pe r Pak is tan Nucle ar Re gulatory Auth ority
pos t ins pe ction re ports  date d (28-10-2015), im aging
doors  re m aine d ope ne d during e xpos ure , a s e rious
violation of radiation prote ction principle  and patie nt
dignity and privacy.
Th e  m ain e ntrance  door of x-ray room s  s h ould alw ays
be  clos e d e s pe cially w h e n patie nt is  be ing im age d
in orde r  to m aintain patie nt privacy and to e ns ure
s afe ty of patie nts  and atte ndants  from  s catte re d
radiation. It w as  notice d th at th e  doors  re m aine d
ope ne d due  to w h ich  patie nts  w e re  w aiting in turn
ins ide  th e  x-ray room s  th us  e xpos ing th e m s e lve s  to
e xce s s ive  radiation and cre ating panic dis turbing th e
e ntire  w ork  patte rn w h ich  w e re  agains t radiation
prote ction principle s  and patie nt privacy. H e nce
autom atic door clos e rs  w e re  ins talle d im m e diate ly in
orde r to e ns ure  com pliance  of rule s  and doors  re m ains
clos e  during patie nts  e xam ination.

13. Te m pe rature  control of im aging room s :
To e ns ure  s m ooth  functioning of e q uipm e nt's , te m pe -
rature  control is  an inte gral e nvironm e ntal com pone nt,
th is  w as  e ns ure d by ins talling ne w  air conditioning
s ys te m  in th e  im aging room s  in orde r to provide  con-



ducive  e nvironm e nt for both  te ch nical s taff and patie nts
alik e  w h ile  e ns uring an am bie nt te m pe rature  for th e
m ach ine  for s m ooth  functioning.

14. Me ch anis m  for planning and de s igning of ne w
Radiology im aging facilitie s :
A prope r m e ch anis m  is  be ing follow e d w h ile  ins talling
any ne w  im aging facility w ith in th e  de partm e nt or
m ak ing de s ign as s e s s m e nt in th e  e xis ting s e tup. Th e
ph ys icis ts  are  re s pons ible  for all th e  de s ign as s e s s -
m e nt and as s ociate d s h ie lding calculations  and for
corre s ponde nce  w ith  re gulatory body.

15. Pre paration of Standard ope rating proce dure s
for s afe  Radiation practice :
Standard ope rating proce dure s  (SOP’s ) h ave  be e n
pre pare d re garding s afe  w ork ing in radiation are a,
fe m ale  patie nts , pre gnant patie nt/s taff, radiation
prote ction and q uality as s urance  w ith in th e  de partm e nt
and are  be ing follow e d accordingly.

16. Daily s afe ty rounds :
To k e e p a clos e  e ye  on th e  im ple m e ntation of  Radia-
tion Prote ction Program m e , daily s afe ty rounds  are
be ing conducte d by th e  Ph ys icis ts  w h o ove rs e e
various  ope rational as pe cts  and param e te rs  of
Radiation Prote ction Program m e  w h ich  is  docum e nte d
for q uality as s urance  re cord. Th e  re port is  pre s e nte d
to Ch airpe rs on Radiation Prote ction Com m itte e   for
ne ce s s ary action on priority bas is .
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Conclus ion

Radiation s afe ty is  th e  s h are d re s pons ib ility of all
s taff w ith in th e  Radiology de partm e nt. M ile s tone
ach ie ve m e nts  h ave  be e n attaine d in th e  pas t one
ye ar in Radiology de partm e nt of a h igh  volum e  public
s e ctor h os pital w h ich  is  an e xam ple  and tre nds e tte r
of its  k ind for all h os pitals  to follow  s pe cially in th e
gove rnm e nt s e ctor.  In th e  ne xt ph as e  w e  are  h ope ful
to im ple m e nt and e nforce  RPP w ith in th e  e ntire
h os pital and m ak e  a h uge  diffe re nce  tow ard s afe
radiation practice .

Re fe re nce s

1.

2.

3.

4.

5.

6.

Pak is tan Nucle ar Re gulatory Auth ority Re gulations
on Radiation Prote ction (PAK/9 04): Re gulation of
Pak is tan Nucle ar Re gulatory Auth ority. Re gulation
(PAK/9 04), Octobe r, 2004.

Pak is tan Nucle ar Re gulatory Auth ority re gulation
PAK/9 08" Re gulations  for th e  Lice ns ing of Radia-
tion Facility(ie s ) oth e r th an Nucle ar Ins tallation(s )-
 PAK/9 08, Octobe r, 2004.

Inte rnational Atom ic Ene rgy Age ncy s afe ty
s tandards  for prote cting pe ople  and th e  e nviron-
m e nt. Radiation Prote ction and Safe ty of Radiation
Source s : Inte rnational Bas ic Safe ty Standards .
Ge ne ral Safe ty Re q uire m e nts  Part 3, No. GSR
Part 3; IAEA, July 2014

Guide line s  on radiation prote ction e ducation and
training of m e dical profe s s ionals  in th e  Europe an
Union (2014), publication no. 175, Europe an
Com m is s ion. Available  at: h ttp://e c.e uropa.e u/
e ne rgy/s ite s /e ne r/file s /docum e nts /175.pdf

Pak is tan Nucle ar Re gulatory Auth ority pos t
ins pe ction re ports : April, 27th  and Oct, 28th  2015

Th e  2007 re com m e ndations  of th e  Inte rnational
Com m is s ion on Radiological Prote ction. ICRP.
2007: 37.


