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BACKGROUND  OF  THE  INVENTION 

Liquid  scintillation  counters  are  commonly  used  for  measuring  the  count  rate  or  activity  of  samples  con- 
taining  low  energy  beta  particles  or  corresponding  particles  emitting  radionuclides  such  as  tritium  and  carbon- 

5  14. 
The  range  of  the  low  energy  beta  particles  in  the  sample  is  generally  at  most  a  few  tens  of  micrometres. 

Consequently,  the  sample  to  be  measured  has  to  be  placed  in  direct  contact  with  the  scintillation  medium,  which 
comprises  a  solvent  or  solvents  and  a  solute  or  solutes  present  in  a  few  percent  by  weight  of  the  solutions.  In 
this  interaction  process,  most  of  the  kinetic  energy  of  the  interacted  beta  particle  is  absorbed  by  the  solvent 

10  and  then  transferred  to  the  solute  which  is  excited  to  emit  scintillation  photons,  in  an  amount  proportional  to 
the  energy  of  the  interacted  beta  particle.  These  scintillation  photons  are  detected  usually  by  two,  in  coinci- 
dence  operating,  photomultiplier  tubes  producing  electric  pulses.  The  heights  of  the  pulses  are  proportional  to 
the  amount  of  emitted  scintillation  photons  and  thus  proportional  to  the  energy  of  the  interacted  beta  particle. 

When  measuring  sample  activities  with  liquid  scintillation  counters,  the  basic  problem  is  the  reduction  of 
15  the  counting  efficiency  due  to  the  quenching  of  the  sample.  However,  it  is  known  that  the  reduction  of  the  count- 

ing  efficiency  due  to  the  quenching  of  the  sample  can  be  corrected  by  a  means  of  a  quench  curve  which  de- 
scribes  the  relationship  between  the  counting  efficiency  and  the  amount  of  quench  of  the  sample. 

Normally  liquid  scintillation  counters  are  provided  with  one  detector  and  they  are  designed  to  measure 
samples  in  7  ml  or  20  ml  glass  or  plastic  vials. 

20  A  novel  liquid  scintillation  counter,  which  counts  samples  directly  from  multi-well  sample  plates  is  disclosed 
in  International  Patent  Publication  Number  WO  89/12838  (Lehtinen  et  al.).  This  apparatus  counts  liquid  scin- 
tillation  or  corresponding  samples  directly  from  sample  plates  which  comprise  several  separate  sample  wells 
or  vials.  The  apparatus  has  one  or  several  detectors  in  order  to  count  one  or  several  samples  at  a  time.  The 
sample  plate  is  placed  in  the  counting  position  or  beforehand  manually  or  automatically  on  a  rigid  plate  holder 

25  made  of  photon  attenuating  material  and  having  holes  for  the  wells  of  the  sample  plate.  The  walls  of  the  holes 
are  reflecting  or  scattering  in  order  to  guide  the  photons  from  the  liquid  scintillation  sample  to  the  detectors, 
two  photomultiplier  tubes  operating  in  coincidence  and  situated  on  the  opposite  sides  of  the  holes  of  the  plate 
holder.  The  wells  of  the  sample  plate  can  be  closed  by  an  adhesive  transparent  tape.  The  apparatus  can  be 
used  also  for  counting  gamma  radiation  emitting  samples  if  the  holes  of  the  sample  plate  are  surrounded  by 

30  gamma  radiation  sensitive  detectors. 
Another  novel  scintillation  counting  system  for  in-situ  measurement  of  radioactive  samples  in  a  multiple- 

well  plate  is  disclosed  in  European  Patent  Publication  Number  0425767A1  (VanCauter  et  al.).  This  apparatus 
is  provided  with  multiple  photomultiplier  tubes  positioned  adjacent  to  the  sample  wells  containing  the  scintillator 
for  simultaneously  measuring  the  radioactivity  of  multiple  samples  with  only  a  single  photomultiplier  tube  sens- 

35  ing  the  scintillations  from  each  well  and  converting  the  sensed  scintillations  into  corresponding  electrical  puls- 
es.  The  electrical  pulses  from  each  photomultiplier  tuber  are  processed  to  discriminate  between  pulses  attribu- 
table  to  sample  events  within  the  wells  and  pulses  attributable  to  non-sample  events  such  as  photomultiplier 
tube  noise.  The  discrimination  is  effected  by  determining  whet  her  a  selected  number  of  electrical  pulses  occurs 
within  a  prescribed  time  interval,  the  occurrence  of  the  selected  number  of  pulses  within  the  prescribed  time 

40  interval  signifying  a  sample  event.  Only  the  electrical  pulses  attributable  to  sample  events  are  supplied  to  a 
pulse  analyzer. 

The  multi-well  sample  plates  have  typically  eight  rows  of  wells,  whose  diameter  is  7  -  8  mm  arranged  in 
twelve  columns  with  9  millimetres  distance  between  the  center  points  of  the  wells.  The  typical  volumes  of  sam- 
ple  wells  of  such  96-well  sample  plates  are  200  -  400  microlitres  depending  on  the  height  of  the  plate.  When 

45  the  wells  of  the  multi-well  sample  plate  are  separate,  the  plate  can  be  placed  for  counting  on  a  rigid  sample 
plate  holder  made  of  photon  attenuating  material  and  having  holes  for  receiving  the  wells  of  the  sample  plate 
as  shown  in  WO  89/12838.  As  a  consequence,  an  optically  isolated  compartment  is  formed  around  each  sam- 
ple  well  of  the  sample  plate.  Unfortunately  most  of  the  commercially  available  multi-well  sample  plates  are 
transparent  and  the  wells  are  joined  together  with  ribs  in  order  to  stiffen  the  sample  plate.  As  a  consequence 

so  of  this  it  is  impossible  to  isolate  the  wells  optically.  As  a  further  consequence  of  this  some  of  the  scintillation 
photons  produced  by  the  absorption  of  the  beta  particle  in  a  certain  sample  well  may  travel  to  other  sample 
wells  and  thus  produce  an  undesired  increase  in  observed  count  rates  in  those  wells.  This  phenomenon  is 
called  optical  crosstalk.  It  is  known  that  the  use  of  opaque  multi-well  sample  plates  can  reduce  optical  crosstalk, 
as  mentioned  in  TopCount  Topics  PAN0005  6/91,  published  by  Packard  Instrument  Company,  Meriden  USA 

55  1991.  Unfortunately  in  many  applications  transparent  multi-well  sample  plates  are  preferred,  and  most  of  the 
commercially  available  multi-well  sample  plates  are  transparent. 

US  patent  specification  no.  4  348  588  (Yrjonen  et  al.)  shows  a  crosstalk  correction  method  applied  in  gam- 
ma  counting.  This  method  is  not  suitable  for  liquid  scintillation  counting,  because  it  does  not  take  into  account 
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the  variation  of  the  quench  of  the  samples,  and  it  is  limited  to  correct  only  for  the  undesired  effects  of  samples 
which  are  in  pre-determined  locations. 

The  present  invention  provides  a  novel  method  for  correcting  the  errors  of  the  measured  count  rate  values, 
when  measuring  liquid  scintillation  samples  having  constant  or  variable  quench  level  deposited  in  sample  plates 

5  comprising  a  plurality  of  sample  wells,  which  counting  errors  can  be  caused  by  the  effects  from  samples  de- 
posited  in  other  sample  wells  on  the  measurement  of  the  sample  contained  in  the  well  being  measured,  as 
set  out  in  Claim  1. 

The  way  in  which  the  method  works  can  be  seen  more  clearly  from  the  following  discussion,  which  makes 
reference  to  the  accompanying  drawings  in  which: 

10  FIG.  1  shows  a  typical  C-14  spectrum  and  its  crosstalk  spectrum. 
FIG.  2  shows  the  preferred  positions  for  the  standardization  samples  in  a  96-well  sample  plate. 
FIG.  3  is  a  diagram  which  illustrates  a  relationship  between  the  counting  efficiency  and  the  ISEP. 
FIG.  4  is  a  diagram  which  illustrates 

1)  a  relationship  between  the  mean  of  the  amplitude  distribution  of  the  sample  spectrum  Qs  and  the  ISEP 
15  2)  a  relationship  between  the  mean  of  the  amplitude  distribution  of  the  crosstalk  spectrum  Qxt  and  the 

ISEP. 
FIG.  5  is  a  diagram  which  illustrates  how  Qxt'  is  converted  to  Qxt  using  curves  illustrated  in  FIG.  4. 

Referring  to  FIG.  1  the  inventors  have  found  that  the  crosstalk  spectrum  11  and  the  sample  spectrum  10 
differ  substantially  from  each  other.  The  crosstalk  spectrum  11  is  always  in  the  lower  energy  region,  because 

20  crosstalk  light  always  contains  fewer  photons  than  the  sample  light,  because  certain  amount  of  photons  are 
absorbed  during  the  travel  and  only  some  of  the  crosstalk  photons  are  detected  by  the  detector.  As  a  conse- 
quence  of  this  the  inventors  have  concluded  that  the  end  point  of  the  total  spectrum,  ISEP,  depends  only  on 
the  sample  spectrum  and  thus  it  can  be  used  as  a  quench  level  indicator  of  the  sample. 

As  well  as  the  magnitude  of  crosstalk  depending  on  the  energy  of  the  isotope,  which  the  sample  contains, 
25  it  also  depends  on  the  quench  level  of  the  affecting  sample:  the  higher  the  quench  the  lower  the  amount  of 

the  scintillation  photons  available.  In  addition,  the  amount  of  crosstalk  depends  also  on  the  distance  between 
the  detector  and  the  affecting  sample  in  a  similar  way:  the  larger  the  distance  the  fewer  scintillation  photons 
reach  the  detector. 

The  inventors  have  derived  the  mathematical  model  of  the  method  in  the  following  way: 
30  The  mean  of  the  amplitude  distribution  Qtot  of  the  total  spectrum  is 

Qtot  =  (CPMs  *  Qs  +  CPMxt  *  Qxt)/(CPMtot),  (Eq.  1) 
where 
Qs  =  the  mean  of  the  amplitude  distribution  of  the  sample  spectrum 
Qxt  =  the  mean  of  the  amplitude  distribution  of  the  crosstalk  spectrum 

35  CPMs  =  the  count  rate  of  the  sample  spectrum; 
CPMxt  =  the  count  rate  of  the  crosstalk  spectrum; 
CPMtot  =  CPMs  +  CPMxt  =  the  count  rate  of  the  total  spectrum. 
CPMs  can  be  solved  from  Eq.  1: 

CPMs  =  CPMtot  *  (Qtot  -  Qxt)/(Qs  -  Qxt).  (Eq.  2) 
40  The  activity  of  the  measured  sample  can  be  solved  using  equation 

DPMs  =  CPMs/Es,  (Eq.  3) 
where 
Es  =  the  counting  efficiency  of  the  sample,  which  depends  on  the  quench  level  (ISEP)  of  the  sample. 

Equation  3  and  equation  2  show  that  the  activity  of  the  sample  (DPMs)  can  be  solved,  if  CPMtot,  Qtot  and 
45  quench  level  (ISEP)  of  the  sample  are  measured  and  Es,  Qxt  and  Qs  are  known  as  a  function  of  the  quench 

level  of  the  sample  in  priori  (FIG.  3  and  4). 

I.  Crosstalk  standardization 

so  The  purpose  of  this  crosstalk  standardization  is  to  define  and  store  for  further  counting  efficiency  of  the 
sample  Es  as  a  function  of  the  quench  level  (FIG.  3)  and  the  mean  of  the  amplitude  distribution  of  the  sample 
spectrum  (Qs)  as  a  function  of  the  quench  level  and  the  mean  of  the  amplitude  distribution  of  the  crosstalk 
spectrum  (Qxt)  as  a  function  of  the  quench  level  (FIG.  4).  Here  it  is  assumed  that  background  count  rates  are 
much  smaller  than  the  increase  in  count  rates  due  to  the  crosstalk;  this  means  in  practice  that  the  activity  of 

55  the  isotope  standards  should  be  high  enough. 
Referring  to  FIG.  2  the  following  standardization  samples  are  prepared  and  placed  in  a  similar  sample  plate 

20  used  for  the  samples  to  be  analyzed: 
Non-isotope  standards  with  an  increasing  amount  of  quench  are  put  into  the  sample  wells  A01,  A03,  A05, 

3 
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A07,  A09,  and  All  marked  by  reference  number  21  in  FIG.  2.  Isotope  standards  containing  the  same  amount 
of  activity  but  an  increasing  amount  of  quench  are  put  in  to  the  sample  wells  B01,  B03,  B05,  B07,  B09,  B11, 
marked  by  reference  number  22  in  FIG.  2.  The  quench  level  of  corresponding  isotope  and  non-isotope  samples 
should  be  the  same  (quench  level  A01  =  quench  level  of  B01  ,  quench  level  of  A02  =  quench  level  of  B02  etc.). 

5  The  reason  why  isotope  standards  are  deposited  in  every  second  well  is  that  the  inventors  have  found  out  that 
in  practice  the  distance  between  the  isotope  standards  is  in  this  case  long  enough  to  prevent  crosstalk  between 
standardization  samples.  In  addition  the  least  quenched  isotope  standard  in  the  well  B01  is  replicated  in  well 
G09,  reference  number  25,  and  the  most  quenched  isotope  standard  in  the  well  B11  is  replicated  in  well  G12, 
reference  number  26,  and  the  least  quenched  isotope  standard  is  replicated  in  the  sample  well  H09,  reference 

10  number  23,  and  the  most  quenched  non-isotope  standard  is  replicated  in  the  sample  well  H12,  reference  num- 
ber  24. 

The  standardization  procedure  is  as  follows: 
1)  At  first,  isotope  standards  which  are  in  the  sample  wells  B01,  B03,  B05,  B07,  B09and  B11,  are  measured 
by  the  detector  1  and  isotope  standards  which  are  in  the  wells  G09  and  G1  2  are  measured  by  each  detector. 

15  2)  The  following  standard  curves  of  the  detector  1  are  then  calculated  and  stored 
Es(q)  =  l(q)/DPMs,  (l(q)  =  observed  count  rate),  (Eq.  4) 

Qs(q)  =  the  mean  of  the  amplitude  distribution  of  the  sample  spectrum  as  a  function  of  the  quench 
level  q. 

For  each  detector  the  values  of  Es(G09),  Es(G12),  Qs(G09),  Qs(G12),  ISEP(G09)  and  ISEP(G12)  are 
20  stored. 

3)  The  standardization  procedure  continues  automatically  measuring  the  non-isotope  standards,  which  are 
in  the  wells  A01,  A05,  A07,  A09  and  A11  using  detector  1  and  by  measuring  non-isotope  standards,  which 
are  in  the  wells  H09  and  H12  with  each  detector. 
4)  The  following  standard  curve  for  detector  1  is  then  calculated  and  stored 

25  Qxt(q)  =  the  mean  of  the  amplitude  distribution  of  the  crosstalk  spectrum  as  a  function  of  the  quench 
level  q. 

For  each  detector  the  values  of  Qxt(H09)  and  Qxt(H12)  are  stored. 

II.  Correcting  measured  count  rates  of  the  samples  to  be  analyzed. 
30 

Method  1: 
1)  Total  count  rate  CPMtotj,  the  mean  of  the  amplitude  distribution  Qtotj  and  the  quench  level  (ISEPj)  of 
an  unknown  sample  are  measured  by  detector  j. 
2)  The  ISEPj  is  converted  to  correspond  ISEP1  of  the  detector  1  by  linear  interpolation  using  stored 

35  ISEP(G09)  and  ISEP(G12)  values; 
ISEP1  =  ISEP(G12),1  +  K1,j*  (ISEPj  -  ISEP(G12),j),  (Eq.  5) 

where 
K1,j  =  (ISEP(G09),j  -  ISEP(G12),j)/(ISEP(G09),1  -  ISEP(G12),1) 
3)  Using  the  ISEP1-value,  Es,1-,  Qs,1-  and  Qxt,1-values  are  evaluated  from  the  standard  curves  shown 

40  in  Figures  3  and  4. 
4) 

a)  the  Es,1  is  converted  to  the  corresponding  Esj  of  detector  j  by  linear  interpolation  using  stored 
Es(G09)  and  Es(G12)  values; 

Esj  =  Es(G12),j  +  Lj,1  *  (Es,1  -  ES(G12),1),  (Eq.  6) 
45  where 

Lj,1  =  (Es(G09),j  -  Es(G12),j)/(Es(G09),1  -  Es(G12),1). 
b)  The  Qs,1  is  converted  to  the  corresponding  Qsj  of  detector  j  by  linear  interpolation  using  stored 
Qs(G09)  and  Qs(G12)  values; 

Qsj  =  Qs(G12),j  +  Mj,1  *  (Qs,1  -  Qs(G12),1),  (Eq.  7) 
so  where 

Mj,1  =  (Qs(G09),j  -  Qs(G12),j)/(Qs(G09),1  -  QS(G12),1). 
c)  The  Qxt,1  is  converted  to  the  corresponding  Qxtj  of  detector  j  by  linear  interpolation  using  stored 
Qxt(H09)  and  Qxt(H12)  values: 

Qxtj  =  Qxt(H12),j  +  Nj,1  *(Qxt,1  -  Qxt(H12),1),  (Eq.  8) 
55  where 

Nj,1  =  (QXT(H09),j  -  Qxt(H12),j)/(Qxt(H09),1  -  Qxt(H12),1). 
5)  Activity  of  the  unknown  sample  is  calculated  from  Eq.  3  and  Eq.  2  by  substituting  measured  and 
above  calculated  values. 

4 
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In  the  above  description  of  the  first  embodiment  it  was  assumed  that  the  quench  level  of  the  samples, 
which  affect  crosstalk,  are  in  the  same  quench  level  as  the  sample  to  be  analyzed.  In  the  second  embodiment 
a  method  is  described,  where  the  evaluated  Qxt-value  of  a  sample  to  be  analyzed  can  be  corrected  by  taking 
into  account  the  possible  difference  in  the  quench  levels  of  affecting  samples. 

Method  2: 

Steps  1)  and  2)  are  the  same  as  in  Method  1. 
3) 

10  a)  Using  the  ISEP1-value,  Es,1-,  and  Qs,1-values  are  evaluated  from  the  standard  curves  shown  in  FIG. 
3  and  FIG.  4  as  in  Method  1. 
b)  Qxt',  which  is  the  weighted  mean  of  the  amplitude  distribution  of  the  spectrums  of  the  samples,  which 
are  affecting  crosstalk,  is  calculated  from  the  equation 

Qxt'  =  SUM(ai  *  CPMi  *  Qi)/SUM(ai  *  CPMi),  (Eq.  9) 
15  where  i  =  adjacent  wells  of  the  sample  to  be  analyzed, 

which  is  in  well  j: 

j - 1 3  j - 1 2  

j  
J + 1 2  

j - 1 1  

j + 1  

J + 1 3 f  

25  ai  =  1,  if  i  -j-12,  j-1,  j+1,  orj+12. 
ai  =  0.1,  if  i  =  j-1  3,  j-11,  j+11  orj+13. 
c)  In  FIG.  5  is  a  diagram  which  illustrates  how  Qxt'  is  converted  to  Qxt  using  curves  illustrated  in  FIG.  4. 
Steps  4)  and  5)  are  the  same  as  in  Method  1. 

30 
Claims 

1.  Method  for  correcting  measuring  values  in  liquid  scintillation  counters  when  measuring  samples  deposited 
on  a  5sample  plate,  where  a  detector  in  addition  to  scintillation  photons  from  the  sample  to  be  analyzed 

35  is  affected  by  the  scintillation  photons  from  other  samples  on  the  sample  plate,  characterized  by 
-  determining  the  quench  level  of  the  sample, 
-  establishing  a  first  relationship  between  the  counting  efficiency  (Es)  and  the  quench  level  of  the  sam- 

ple, 
-  determining  a  first  quantity  related  to  the  location  of  the  sample  spectrum, 

40  -  determining  a  second  quantity  related  to  location  of  the  crosstalk  spectrum, 
-  establishing  a  second  relationship  between  a  first  quantity  and  the  quench  level  of  the  sample, 
-  establishing  a  third  relationship  between  the  second  quantity  and  the  quench  level  of  the  sample, 
-  correcting  the  measuring  value  (CPMtot)  of  the  sample  by  applying  the  relationships  determined. 

45  2.  Method  according  to  claim  1,  characterized  by,  after  determining  the  quench  level  of  the  sample  and  es- 
tablishing  the  first  relationship  between  the  counting  efficiency  (Es)  and  the  quench  level  of  the  sample, 

-  determining  as  the  first  quantity  the  mean  of  the  amplitude  distribution  of  the  sample  spectrum  (Qs), 
-  determining  as  the  second  quantity  the  mean  of  the  amplitude  distribution  of  the  crosstalk  spectrum 

(Qxt), 
so  -  establishing  as  the  second  relationship  between  the  mean  of  the  amplitude  distribution  of  the  sample 

spectrum  (Qs)  and  the  quench  level  of  the  sample, 
-  establishing  as  the  third  relationship  between  the  mean  of  the  amplitude  distribution  of  the  cross  talk 

spectrum  (Qxt)  and  the  quench  level  of  the  sample,  and 
-  correcting  the  measured  value  (CPMtot)  of  the  sample  by  applying  the  relationships  determined. 

55 
3.  Method  according  to  claim  1,  characterized  in  that  the  measured  value  (CPM  tot)  of  the  sample  is  cor- 

rected  by  using  the  formula 
DPMs  =  CPMtot  *  (Qtot  -  Qxt)/Es  *  (Qs  -  Qxt), 

5 
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where 
Qtot  =  the  mean  of  the  amplitude  distribution  of  the  sample  spectrum. 

Method  according  to  claim  1  ,  characterized  in  that  the  end  point  of  the  amplitude  distribution  of  the  sample 
spectrum  is  used  as  a  measure  of  the  quench  level  of  the  sample. 

Method  according  to  claim  1,  characterized  in  that  the  mean  of  the  amplitude  distribution  of  the  crosstalk 
spectrum  (Qxt)  is  corrected  by  taking  into  account  the  possible  difference  in  the  count  levels  of  the  other 
samples. 
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