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I N TERN ATI ON AL ELECTROTECH N I CAL COM M I SSI ON  

____________ 

 
NUCLEAR MEDICINE INSTRUMENTATION  –  

ROUTINE TESTS –  
 

Part 1 :  Gamma radiation  counting  system 
 

FOREWORD 

1 )  Th e  I n tern ati on a l  E l ectrote ch n i cal  Co m m i ssi on  ( I E C )  i s  a  worl d wi d e  o rg an i zati on  fo r s tan d a rd i za ti on  com pri s i n g  
a l l  n ati o n al  e l ectrotech n i cal  com m i ttees  ( I E C  N ati o n al  Com m i ttees) .  Th e  ob j ect  of I E C  i s  to  p rom ote  
i n tern ati on al  co-op erati on  on  a l l  q u esti on s  con cern i n g  stan d a rd i za ti on  i n  th e  e l ectri cal  an d  e l ectron i c  fi e l d s .  To  
th i s  en d  an d  i n  a d d i ti on  to  oth er acti vi ti es ,  I E C  pu bl i sh es  I n tern ati on al  S tan d ard s ,  Tech n i ca l  S peci fi cati on s,  
Tech n i ca l  Reports ,  P u bl i cl y Avai l ab l e  S p eci fi cati on s  (PAS )  an d  G u i d es  (h ereafter referred  to  as  “ I E C 
P u bl i cati on (s )” ).  Th e i r pre parati o n  i s  en tru sted  to  tech n i cal  co m m i ttees ;  an y I E C  N ati on al  Co m m i ttee  i n teres ted  
i n  th e  s u b j ect d ea l t  wi th  m ay parti ci pate  i n  th i s  pre parato ry work.  I n tern ati o n al ,  g ove rn m en ta l  an d  n on -
g overn m en ta l  org an i zati on s  l i a i s i n g  wi th  th e  I E C  a l so  parti ci pate  i n  th i s  pre parati o n .  I E C  col l ab ora tes  cl os el y 
wi th  th e  I n tern ati on al  O rg an i zati o n  fo r S tan d a rd i zati on  ( I S O )  i n  accord an ce  wi th  con d i ti on s  d e term i n ed  by 
ag ree m en t between  th e  two  org an i zati o n s .  

2 )  Th e  form al  d e ci s i on s  or ag reem en ts  of I E C  on  tech n i cal  m atte rs  e xpress,  as  n earl y as  p os s i b l e,  a n  i n tern ati on al  
con s en s u s  of o p i n i on  on  th e  re l evan t  s u bj ects  s i n ce  each  tech n i cal  com m i ttee  h as  repres en tati on  fro m  a l l  
i n teres te d  I E C  N a ti on al  Com m i ttees.   

3 )  I E C  Pu bl i cati on s  h ave  th e  form  of recom m en d ati o n s  fo r i n tern a ti on al  u se  an d  are  acce pted  by I E C  N ati on al  
C om m i ttees  i n  th a t  s en se.  Wh i l e  a l l  reas on ab l e  efforts  a re  m ad e  to  en s u re  th at  th e  tech n i ca l  co n ten t  of I E C  
P u bl i cati on s  i s  accu rate,  I E C  can n o t be  h el d  re spo n si b l e  for th e  wa y i n  wh i ch  th ey a re  u s ed  or for an y 
m i s i n terpreta ti on  b y an y e n d  u s er.  

4)  I n  ord er to  prom ote  i n tern ati on al  u n i fo rm i ty,  I E C  N ati on al  Com m i ttee s  u n d ertake  to  appl y I E C  P u bl i cati on s  
tra n s paren tl y to  th e  m axi m u m  exten t  p os si b l e  i n  th ei r n a ti on a l  an d  reg i on al  pu bl i cati o n s .  An y d i verg en ce  
b etween  an y I E C  P u bl i cati on  an d  th e  corres po n d i n g  n ati on al  or re g i on al  pu b l i cati on  sh al l  be  cl earl y i n d i cated  i n  
th e  l a tte r.  

5)  I E C  i ts el f d oes  n ot  provi d e  an y a tte stati on  of con fo rm i ty.  I n d ep en d en t  certi fi ca ti on  b od i es  pro vi d e  con form i ty 
a ss e ss m e n t servi ces  an d ,  i n  s om e  a re as,  access  to  I E C  m arks  of con form i ty.  I E C  i s  n ot  re s pon si b l e  for an y 
s ervi ces  carri ed  ou t  by i n d epen d en t  certi fi cati o n  b od i es .  

6)  Al l  u se rs  s h o u l d  e n s u re  th at  th ey h ave  th e  l ates t e d i ti on  of th i s  pu bl i cati on .  

7)  N o  l i a bi l i ty s h al l  a ttach  to  I E C  or i ts  d i recto rs,  e m pl oyees ,  se rvan ts  or ag en ts  i n cl u d i n g  i n d i vi d u al  e xperts  an d  
m em bers  of i ts  tech n i cal  com m i ttees  a n d  I E C  N ati o n al  Com m i ttees  fo r an y pe rs on a l  i n j u ry,  property d am a g e  or 
oth er d am ag e  of a n y n atu re  wh ats oever,  wh eth e r d i rect  or i n d i rect,  o r fo r costs  ( i n cl u d i n g  l eg al  fees)  an d  
expe n s es  ari s i n g  ou t  of th e  pu b l i ca ti on ,  u s e  o f,  or re l i an ce  u pon ,  th i s  I E C  P u bl i cati on  or an y oth er I E C  
P u b l i ca ti on s .   

8)  Atten ti o n  i s  d rawn  to  th e  N o rm ati ve  refe ren ces  ci ted  i n  th i s  pu bl i cati on .  U s e  of th e  refere n ced  pu bl i cati on s  i s  
i n d i spe n sa bl e  for th e  correct appl i cati o n  of th i s  pu bl i cati on .  

9 )  Atten ti on  i s  d rawn  to  th e  po ss i b i l i ty th at  s om e  of th e  e l em e n ts  of th i s  I E C  P u bl i cati on  m ay be  th e  s u bj ect  of 
paten t ri g h ts .  I E C  sh a l l  n ot  be  h e l d  res p on si b l e  for i d en ti fyi n g  a n y or a l l  s u ch  paten t  ri g h ts .  

Th e  m ai n  task of I EC  tech n i cal  com m i ttees  i s  to  prepare  I n tern ati on al  Stan d ard s.  H owever,  a  
tech n i cal  com m i ttee  may propose  th e  pu bl i cati on  of a  tech n i cal  report wh en  i t  h as  col l ected  
d ata  of a  d i fferen t ki n d  from  th at wh i ch  i s  n orm al l y pu bl i sh ed  as  an  I n tern ati on al  Stan d ard ,  for 
exam pl e  "state  of th e  art" .  

I EC  TR 61 948-1 ,  wh i ch  i s  a  tech n i cal  report,  h as  been  prepared  by su bcom m i ttee  62C:  
Eq u i pm en t for rad i oth erapy,  n u cl ear m ed i ci n e  an d  rad i ati on  d osi m etry,  of I EC  tech n i cal  
com m i ttee  62 :  E l ectri cal  eq u i pmen t i n  m ed i cal  practi ce.  

Th i s  secon d  ed i ti on  can cel s  an d  repl aces  th e  fi rst  ed i ti on  pu bl i sh ed  i n  2 001 .  Th i s  ed i ti on  
con sti tu tes  a  tech n i cal  revi s i on  an d  i n cl u d es  th e  fol l owi n g  s i g n i fi can t tech n i cal  ch an g es  wi th  
respect to  th e  previ ou s  ed i ti on :  

a)  G ei g er-M u el l er cou n ters  are  expl i ci tl y excl u d ed  from  th e  scope;  
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b)  th e  rou ti n e  test for en erg y cal i brati on  h as  been  spl i t  i n to  a  test for en erg y cal i brati on  
(freq u en cy:  d ai l y)  an d  a  test for en erg y cal i brati on  l i n eari ty (freq u en cy:  sem i -an n u al ) ;  

c)  th e  test for wi n d ow presets  h as  been  rem oved .  

 Th e  text of th i s  tech n i cal  report i s  based  on  th e  fol l owi n g  d ocu m en ts:  

E n q u i ry d ra ft  Report  on  vo ti n g  

62 C/6 2 1 /D TR 6 2 C/6 4 2 /RVC 

 
Fu l l  i n formati on  on  th e  voti n g  for th e  approval  of th i s  tech n i cal  report can  be  fou n d  i n  th e  
report on  voti n g  i n d i cated  i n  th e  above  tabl e.  

Th i s  pu bl i cati on  h as  been  d rafted  i n  accord an ce  wi th  th e  I SO/I EC Di recti ves,  Part 2 .  

I n  th i s  tech n i cal  report th e  fol l owi n g  pri n t types  are  u sed :  

– req u i remen ts,  com pl i an ce  wi th  wh i ch  can  be  tested ,  an d  d efi n i ti on s:  i n  rom an  type;  

– n o tes ,  expl an ati on s ,  ad vi ce,  i n trod u cti on s,  g e n era l  s tatem en ts ,  excepti o n s  an d  referen ces :  i n  s m al l e r ro m an  

type;  

– test specifications: in  italic type;  

– TE RM S  D E F I N E D  I N  CLAU S E  3  OF  TH I S  TE CH N I CAL  RE PORT OR LI S TE D  I N  AN N E X A:  S M ALL  C AP I TALS .  

Th e  req u i rem en ts  are  fol l owed  by speci fi cati on s  for th e  rel evan t tests.  

A l i st  of a l l  parts  i n  th e  I EC  61 948,  pu bl i sh ed  u n d er th e  g en eral  ti tl e  Nuclear medicine 
instrumentation – Routine tests,  can  be  fou n d  on  th e  I EC  websi te.  

Th e  com mi ttee  h as  d eci d ed  th at th e  con ten ts  of th i s  pu bl i cati on  wi l l  remai n  u n ch an g ed  u n ti l  
th e  stabi l i ty d ate  i n d i cated  on  th e  I EC  web  s i te  u n d er "h ttp: //webstore. i ec. ch "  i n  th e  d ata  
rel ated  to  th e  speci fi c  pu bl i cati on .  At th i s  d ate,  th e  pu bl i cati on  wi l l  be   

•  recon fi rmed ,  

•  wi th d rawn ,  

•  repl aced  by a  revi sed  ed i ti on ,  or 

•  am en d ed .  

A b i l i n g u al  versi on  of th i s  pu bl i cati on  m ay be  i ssu ed  at a  l ater d ate.  
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NUCLEAR MEDICINE INSTRUMENTATION  –  
ROUTINE TESTS –  

 
Part 1 :  Gamma radiation  counting  system 

 
 
 

1  Scope 

Th i s  part of I EC 61 948,  wh i ch  i s  a  tech n i cal  report,  d escri bes  test m eth od s  of i n stru men ts  th at 
cou n t an d  m easu re  th e  en erg y of ph oton s  em i tted  by RAD I O N U CLI D E S  in  vivo  an d  in  vitro  
wi th ou t th e  opti on  of i mag i n g .  Th i s  i n cl u d es,  for exampl e,  wel l  cou n ters  an d  org an  probes.  
G ei g er-M u el l er cou n ters  an d  d ose  cal i brators  are  n ot wi th i n  th e  scope  of th i s  d ocu men t.  

As  part of QU ALI TY CO N TRO L  th i s  report i s  d efi n i n g  RO U TI N E  TE S TS  to  be  perform ed  by th e  u ser 
of g am m a rad i ati on  cou n ti n g  systems  to  m ai n tai n  proper operati on  con d i ti on s.  Th e  resu l ts  of 
th ese  RO U TI N E  TE S TS  are  com pared  to  th e  RE FE RE N CE  D ATA  d eterm i n ed  d u ri n g  or after th e  
ACCE P TAN CE  TE S T .  

2  Normative references  

Th e  fol l owi n g  d ocu men ts,  i n  wh ol e  or i n  part,  are  n orm ati vel y referen ced  i n  th i s  d ocu m en t an d  
are  i n d i spen sabl e  for i ts  appl i cati on .  For d ated  referen ces,  on l y th e  ed i ti on  ci ted  appl i es.  For 
u n d ated  referen ces,  th e  l atest ed i ti on  of th e  referen ced  d ocu men t ( i n cl u d i n g  an y 
am en d m en ts)  appl i es.  

I EC  TR 60788: 2004,  Medical electrical equipment – Glossary of defined terms 

3  Terms and  defin i tions  

For th e  pu rposes  of th i s  d ocu m en t,  th e  term s  an d  d efi n i ti on s  g i ven  i n  I EC  TR 60788,  as  wel l  
as  th e  fol l owi n g  d efi n i ti on s  appl y (see  An n ex A).   

N O TE  D e fi n ed  term s  a re  pri n ted  i n  s m al l  capi ta l  l ette rs .  

3.1   
acceptance test 
test carri ed  ou t after n ew E QU I PM E N T  h as  been  i n stal l ed ,  or m aj or m od i fi cati on s  h ave  been  
m ad e  to  exi sti n g  E QU I PM E N T ,  i n  ord er to  veri fy com pl i an ce  wi th  con tractu al  speci fi cati on s  

N ote  1  to  en try:  D u ri n g  or i m m ed i atel y a fter AC C E PTAN C E  TE S T ,  RE F E RE N C E  D ATA  a re  col l ecte d  to  be  u s ed  as  a  
s tan d ard  for com pa ri s on  wi th  fu tu re  RO U TI N E  TE S TS .  

[SOU RCE:  I EC  TR 60788: 2004,  rm -70-01 ,  mod i fi ed  – ad d i ti on  a  n ew N ote  to  en try. ]  

3.2   
activi ty 
A  

q u an ti tati ve  i n d i cati on  of th e  rad i oacti vi ty of an  am ou n t of RAD I O N U C LI D E  i n  a  parti cu l ar en erg y 
state  at a  g i ven  ti m e.  ACTI VI TY  i s  d eterm i n ed  as  th e  q u oti en t of dN by d t,  wh ere  dN i s  th e  
expectati on  val u e  of th e  n u m ber of spon tan eou s  n u cl ear tran si ti on s  from  th at en erg y state  i n  
th e  ti me  i n terval  d t:  

t

N
A

d

d
=  
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Th e  u n i t  of ACTI VI TY  i s  th e  reci procal  secon d  (s–1 ) .  Th e  speci al  n am e  of th e  u n i t  of AC TI VI TY  i s  
th e  Becq u erel  (Bq ),  1  Bq  bei n g  eq u al  to  on e  tran si ti on  per secon d .  Th e  earl i er u n i t  of ACTI VI TY  

was  th e  cu ri e  (Ci ) ,  1  Ci  bei n g  eq u al  to  3 , 7  ×  1 0 1 0  tran si ti on s  per secon d .  

[S OU RCE:  I EC  TR 60788: 2004,  rm -1 3-1 8]  

3.3   
energy cal ibration  
process  of establ i sh i n g  a  rel ati on  between  th e  wi n d ow setti n g  of th e  pu l se  h ei g h t an al yser an d  
th e  en erg y of th e  ph oton s  

3.4  
energy resolution  
term  u sed  to  ch aracteri ze  th e  abi l i ty of a  rad i ati on  d etector to  d i sti n g u i sh  between  ph oton s  of 
d i fferen t en erg i es  

N ote  1  to  en try:  Th e  E N E RG Y RE S O L U TI O N  can  b e  express ed  as  th e  rati o  of th e  p h oto peak fu l l  wi d th  at  h a l f 
m axi m u m  (F WH M )  to  p h otopeak en erg y express ed  as  a  percen tag e.  

3.5  
qual i ty control  
<n u cl ear med i ci n e>  part  of th e  q u al i ty assu ran ce  i n cl u d i n g  tests  of i n stru men ts  wi th  
appropri ate  test m eth od s  

N ote  1  to  en try:  I n cl u d es  both  AC C E P TAN C E  tes t  an d  RO U TI N E  TE S T .  

3.6   
rad ionucl ide  
rad i oacti ve  n u cl i d e  

[SOU RCE:  I EC  TR 60788: 2004,  rm -1 1 -22 ]  

3.7   
reference  data 
set of d ata  m easu red  i m med i atel y after ACC E PTAN CE  TE S T,  u s i n g  test m eth od s  d esi g n ed  for 
RO U TI N E  TE S T  

3.8   
routine  test 
test of a  p i ece  of eq u i pm en t or i ts  com pon en ts  wh i ch  i s  repeated  at  speci fi ed  i n terval s,  to  
establ i sh  an d  d ocu men t ch an g es  from  th e  i n i ti a l  statu s  d escri bed  by RE FE RE N CE  D ATA  

N ote  1  to  en try:  A RO U TI N E  TE S T  cou l d  be  carri ed  ou t  by th e  u se r wi th  s i m pl e  m eth od s  a n d  eq u i pm en t.  

4 Test methods  

4.1  General  

RO U TI N E  TE S TS  i n cl u d e  tests  wi th  an d  wi th ou t rad i oacti ve  sou rces.  I f rad i oacti ve  test sou rces  
are  u sed ,  th e  cou n t l osses  i d eal l y d o  n ot exceed  5  % .  

4.2  Background  check 

Th e  backg rou n d  cou n t rate  i s  d eterm i n ed  for each  en erg y an d  wi n d ow setti n g  com m on l y 
u sed .  

Th i s  report i n cl u d es  th e  backg rou n d  cou n t rate  for each  en erg y an d  wi n d ow setti n g  u sed .  
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4.3  ENERGY CALIBRATION  

Th e  E N E RG Y CALI B RATI O N  test  ch ecks  th e  rel ati on sh i p  between  th e  wi n d ow setti n g  of th e  pu l se  
h ei g h t an al yser an d  th e  en erg y of th e  ph oton s.  A RAD I O N U CLI D E  wi th  g am m a en erg y 
appropri ate  for th e  en erg y ran g e  u sed  i s  se l ected  an d  u sed  as  a  referen ce  poi n t.  Th e  posi ti on  
of th e  cen tre  of th e  ph otopeak m atch es  th e  correspon d i n g  g am m a en erg y of th e  
RAD I O N U C LI D E .  

Th i s  report i n cl u d es  th e  g am m a en erg y of th e  RAD I O N U CLI D E  u sed  an d  th e  posi ti on  of th e  
ph otopeak.  

4.4 ENERGY CALIBRATION  l i neari ty 

To test th e  l i n eari ty of th e  E N E RG Y CALI B RATI ON  over th e  en ti re  en erg y ran g e  u sed  for cl i n i cal  
stu d i es,  th e  cen tre  l i n es  of th e  ph otopeaks  of RAD I O N U CLI D E S  wi th  d i fferen t ph oton  en erg i es  
are  d eterm i n ed  u si n g  th e  cal i brati on  setti n g  for th e  referen ce  poi n t (see  4 . 3).  

At  l east RAD I ON U C LI D E S  wi th  th ree  d i fferen t ph oton  en erg i es  coveri n g  th e  en erg y ran g e  are  
u sed .  

Th i s  report i n cl u d es  th e  g am ma en erg y for every RAD I ON U C LI D E  u sed  an d  th e  correspon d i n g  
posi ti on  for each  ph otopeak tested .  

N O TE  I f on l y on e  RAD I O N U C L I D E  i s  u s e d ,  th e  s e tti n g  of th e  refe ren ce  poi n t  i s  va l i d  for th i s  n u cl i d e.  

4.5 Constancy of sensitivi ty 

Sen si ti vi ty i s  tested  wi th  a  referen ce  sou rce  con tai n i n g  a  l on g - l i ved  RAD I O N U C LI D E  of 
appropri ate  ph oton  en erg y.  Th e  RAD I O N U C LI D E ,  m easu rem en t g eometry,  an d  fu n cti on al  
setti n g s  of th e  i n stru m en t are  fi xed .  B ackg rou n d  correcti on  i s  appl i ed .  

Th i s  report i n cl u d es  th e  i d en ti ty an d  ACTI VI TY  of th e  test sou rce,  th e  cou n t rate  per u n i t  of 
ACTI VI TY,  th e  m easu rem en t g eometry,  an d  i n stru m en t setti n g s.  

4.6  Constancy of ENERGY RESOLUTION  

Th e  RAD I ON U CLI D E ,  m easu rem en t g eom etry,  an d  fu n cti on al  setti n g s  of th e  i n stru m en t are  fi xed .  
Th e  pu l se  h ei g h t spectru m  i s  obtai n ed  wi th  a  ch an n el  wi d th  l ess  th an  or eq u al  to  20  %  of th e  
expected  ph otopeak FWH M .  Th e  recomm en d ed  n u m ber of cou n ts  i n  th e  peak ch an n el  i s  
g reater th an  1 0  000.  Th e  ph otopeak fu l l  wi d th  at h a l f m axi m u m  (FWH M )  i s  ca l cu l ated .  

Th i s  report i n cl u d es  th e  FWH M ,  th e  RAD I O N U CLI D E ,  th e  g am m a en erg y,  th e  m easu rem en t 
g eom etry,  an d  i n stru m en t setti n g s.  

4.7  Counting  precision  

For testi n g  th e  cou n ti n g  preci si on  th e  ch i -sq u are  test i s  u sed .  Ten  or m ore  cou n ti n g  
m easu rem en ts  are  perform ed .  For each  measu rem en t Ni  an d  a  preset ti m e  i n terval ,  abou t 
1 0  000  cou n ts  are  col l ected .  For a  set of n  observed  cou n t val u es  (Ni )  i n  a  preset ti me  

i n terval ,  a  m ean  val u e  ( N )  can  be  cal cu l ated .  

Th e  val u e  of ch i -sq u are  can  be  cal cu l ated  by 

 

( )

N

NN

n

i

∑
=

−

≡
)1(

2

i

2χ  ( 1 )  
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For exam pl e,  for 1 0  measu rem en ts,  th e  val u e  for ch i -sq u are  i s  expected  to  be  

 9,1 63,3 2 ≤≤ χ  (2)  

Th i s  report i n cl u d es  th e  val u e  of th e  ch i -sq u are.  

5 Frequency of ROUTINE  TESTS  

Th e  typi cal  freq u en ci es  of  RO U TI N E  TE S TS  are  g i ven  i n  Tabl e  1 .  

Table  1  – Frequency of ROUTINE  TESTS  

Test Frequency 

B ackg rou n d  ch eck D ai l y*  

E N E RG Y C AL I B RAT I O N  D a i l y*  

Co n s tan cy o f sen si ti vi ty D a i l y*  

E N E RG Y C AL I B RATI O N  l i n eari ty  Twi ce  per year 

C on s tan cy of  E N E RG Y RE S O L U TI O N  Twi ce  pe r ye ar 

Cou n ti n g  preci s i o n  Twi ce  p er ye ar 

*  E a ch  d ay th e  i n stru m en t  i s  u s ed .  
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Annex A 
( i nform ati ve)  

 
Index of defined  terms 

 

N O TE  I E C  TR 6 0 7 8 8: 2 0 0 4 -02 : rm -. . - . .  
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AC TI VI TY  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rm-1 3-1 8  
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