


zero. Concentrations by definition can only be zero or
greater, but we must remember that analytical results
are not concentrations but error-prone estimates of
concentrations.

Imagine a typical situation: we have a linear
calibration and an unbounded analytical response,
which is the usual case. In repeated measurements at
zero concentration about half of the responses will be
above the average and half below the average. Those
below the average, when mapped onto the
concentration axis, will give rise to negative results
(Fig. 2). This effect is caused by random variations.
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Systematic effects can also give rise to negative
results. For example, over-correcting of interference
effects is sometimes encountered in the determination
of elements by atomic spectrometry and is one cause of
the problem. Another common cause is lack of fit at
the low end in a estimated calibration function (Fig.
3).
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I n  t h i s  F i g u r e ,  t h e  s o l i d  l i n e 4 r e p r e s e n t s  t h e  t r u e ca l ib ra t ion  func t ion ,  wh i l e  the  b roken  l ine4 i s  the  l i nea rregression l ine.  At  a  low concentrat ion,  whichp r o v i d e s  a  r e s p o n s e  R ,  the  f i t ted l ine4provides  a

nega t ive4resu l t .What  should we do when such negat ive4resul ts  turnu p ?  A n d  t h e y  d o  t u r n  u p  u n l e s s  w e  c e n s o r  t h e m .  I f  w e

conver t  nega t ive4va lues  to  ze ro ,  two  th ings  happen :  we

b ias  the  mean4resu l t  upwards ,  and  we  reduce  the

va r i ance .  Bo th  o f  t he se  e f f ec t s  cou ld  mi s l ead  u s  i n to

t h i n k i n g  t h a t  a n a l y t e  w a s  p r e s e n t  w h e n  i t  w a s  n o t .

F rom a  sc ien t i f i c  po in t  o f  v iew,  nega t ive4resu l t s  shou ld

b e  l e f t  a l o n e . R e p o r t i n g  r e s u l t s  -  r e c o m m e n d a t i o n s The AMC recommends1  t h a t  a  d i s t i n c t i o n  s h o u l d  b e

m a d e  b e t w e e n  r e c o r d i n g  r e s u l t s  a n d  r e p o r t i n g resul ts .F r o m  a  s t r i c t l y  s c i e n t i f i c  p o i n t  o f  v i e w  w e  s h o u l d record resul ts  just  as  they come,  including resul tsbe low de tec t ion  l imi t  and  negat ive4resul t s .  We shouldalso4produce  an4es t imate  of  the  uncer ta in ty ,  to  put  theresu l t s  in  con tex t .  We can  then  use  such  resu l t s  fo r  anys ta t i s t ica l  ana lyses  tha t  we are4propos ing  to  car ry  out ,wi thout  any fear  of  in t roducing b ias  through our  da tarecording4practices. This is feasible in a context suchas  ana ly t i ca l  qua l i ty  con t ro l ,  where  the  resu l t s  a rein t e rna l  t o  t he  l abo ra to ry  p roduc ing  t hem. I n  c o n t r a s t ,  i t  i s  h a r d l y  e v e r  a p p r o p r i a t e  t o  r e p o r t negat ive4resul t s  to  cus tomers .  The  AMC recommendstha t  the  method  of  repor t ing  should  be  a  cont rac tua lmat te r  be tween the  ana lys t  and  the  cus tomer .H o w e v e r ,  t h e  a n a l y s t  s h o u l d  p r o v i d e  t h e  c u s t o m e r  w i t ha  s ta tement  of  the  method of  ed i t ing  negat ive4valuesand  resu l t s  be low the  de tec t ion  l imi t ,  a long  wi th  theuncertainty of measurement. Further, the uneditedresu l t s  should  a l so4be4re ta ined  in  case  they  a re4neededfor  s ta t i s t ica l  analys is  or  an  appl ica t ion not  previouslyenvisaged.R e f e r e n c e 1 .  A M C ,  Analyst, 2111, 
126,  2 5 6 - 2 5 9 .
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