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Proposals for the description and measurement of 
carry-over effects in clinical chemistry 
(Recommendations 1991) 

A b s t r a c t  - C a r r y - o v e r  phenomena o c c u r  b o t h  i n  manual and mechanised 
p r o c e d u r e s  and a r e  o f t e n  n e g l e c t e d  i n  p r a c t i c e .  
w i t h  t h e  l a t e s t  c l i n i c a l  c h e m i s t r y  a n a l y s e r s .  T h i s  paper  makes 
recommendat ions c o n c e r n i n g  t h e  t e r m i n o l o g y  o f  c a r r y - o v e r  and i t s  
c l a s s i f i c a t i o n .  The c o n c e p t u a l  a s p e c t s  o f  spec imen-dependent  and 
spec imen- independen t  c a r r y - o v e r  a r e  o u t l i n e d ,  and b o t h  t h e  e x p e r i m e n t a l  
d e t e r m i n a t i o n  and c a l c u l a t i o n  o f  c a r r y - o v e r  e f f e c t s  a r e  d e s c r i b e d  i n  d e t a i l .  

They a r e  obse rved  even 

INTRODUCTION 

The phenomenon o f  c a r r y - o v e r  has been d i s c u s s e d  b y  t h e  members o f  t h e  Commission on 
Au tomat ion  and C l i n i c a l  Chemical Techniques ( V I I . l )  and b y  t h e  Commission on A n a l y t i c a  
Nomenc la tu re  ( V . 3 ) .  The f o l l o w i n g  s u g g e s t i o n s  a r e  made. 

DEFINITIONS 

The t e r m  carry-over i s  commonly used t o  d e s c r i b e  a p rocess  b y  wh ich  m a t e r i a l s  a r e  c a r r  ed  
i n t o  a r e a c t i o n  m i x t u r e  t o  wh ich  t h e y  do n o t  be long .  
a specimen,or  r e a g e n t s  i n c l u d i n g  t h e  d i l u e n t  o r  wash s o l u t i o n .  I n  such cases,  c a r r y - o v e r  
means t h e  t r a n s f e r  o f  m a t e r i a l  ( spec imen  o r  r e a g e n t s )  f r o m  one c o n t a i n e r ,  o r  f r o m  one 
r e a c t i o n  m i x t u r e ,  t o  a n o t h e r  one. I t  can  be  e i t h e r  u n i d i r e c t i o n a l  o r  b i d i r e c t i o n a l  i n  a 
s e r i e s  o f  specimens o r  assays.  

The t e r m  hysteresis i s  recommended i n  t h e  I n t e r n a t i o n a l  Vocabu la ry  o f  B a s i c  and Genera l  
Terms i n  M e t r o l o g y  (ISO-IEC-OIML-BIPM) ( r e f .  1 )  f o r  t h e  c a r r y - o v e r  f r o m  specimen t o  
specimen. 
t h r o u g h o u t  t h i s  document. 

I n  a recommendat ion o f  t h e  I n t e r n a t i o n a l  F e d e r a t i o n  o f  C l i n i c a l  Chemis t r y ,  c a r r y - o v e r  has 
been d e f i n e d  as t h e  i n f l u e n c e  o f  one sample upon a f o l l o w i n g  one ( r e f .  2 ) .  T h i s  d e f i n i t i o n  
t h e o r e t i c a l l y  c o u l d  i n c l u d e  i n s t a n c e s  such as i n f l u e n c e s  o r  i n t e r a c t i o n s  between samples 
wh ich  may o c c u r  d u r i n g  t h e  c o u n t i n g  p rocess  i n  r a d i o c h e m i c a l  measurements. I n  f a c t ,  t h e  
t e r m  interaction has a l s o  been p roposed  ( r e f .  3 )  i n s t e a d  o f  c a r r y - o v e r .  
w i d e l y  used f o r  c r o s s  r e a c t i o n s  between d rugs  in vivo t h e  t e r m  i s  n o t  recommended h e r e .  

The i n f l u e n c e  o f  v i s c o u s  samples on t h e  r e s u l t  f r o m  a p r e c e d i n g  sample, w h i c h  has been 
te rmed  a carryback effect ( r e f .  4 )  o r  downstream specimen interaction ( r e f .  5 ) ,  s h o u l d  n o t  be  
c o n s i d e r e d  as a c a r r y - o v e r  phenomenon. 

These m a t e r i a l s  can be  e i t h e r  p a r t s  o f  

However, due t o  i t s  e s t a b l i s h e d  usage, t h e  t e r m  carry-over effect i s  used  

S i n c e  i n t e r a c t i o n  i s  

CLASSIFICATION 

C a r r y - o v e r  can  be c l a s s i f i e d  e i t h e r  a c c o r d i n g  t o  t h e  m a t e r i a l  w h i c h  i s  c a r r i e d  o v e r ,  o r  
a c c o r d i n g  t o  t h e  s i t e  where t h e  c a r r y - o v e r  o c c u r s :  

( i )  

( i i )  

I n  p r a c t i c e ,  t h e  f o l l o w i n g  c o m b i n a t i o n s  have been o b s e r v e d  ( r e f .  6 - 8 ) :  

c a r r y - o v e r  o f  specimen, d i l u e n t ,  r e a g e n t ,  r e a c t i o n  m i x t u r e ,  o r  wash s o l u t i o n ;  

c a r r y - o v e r  i n  a specimen cup,  sample p robe ,  r e a g e n t  p robe ,  r e a c t i o n  system, s i g n a l  
d e t e c t i o n  system, o r  wash s t a t i o n .  

C a r r y - o v e r  f r o m  specimen t o  specimen i n  a sample p robe .  
( s p e c i  men- to-specimen c a r r y - o v e r )  
C a r r y - o v e r  f r o p  d i l u e n t  t o  specimen i n  a speci r ren cup.  
( d i  1 uen t - to -spec imen  c a r r y - n \ e v !  
C a r r y - o v e r  f r o m  r e a c t i o n  m i x t u r e  t o  r e a c t i o n  m i x t u r e  i n  a p r o c e s s i n g  sys tem o r  
s i g n a l  d e t e c t i o n  sys tem ( r e a g e n t - t o - r e a c t i o n  m i x t u r e  c a r r y - o v e r )  . 
s p l a s h - o v e r  e f f e c t s !  (ref. 6 )  o r  b y  i n s u f f i c i e n t  wash ing  and d r y i n g  b e l o n g s  t o  t h i s  
g roup .  
C a r r y - o v e r  f r o m  r e a g e n t ( s )  t o  r e a c t i o n  m i x t u r e  b y  a r e a g e n t  p robe .  

C a r r y - o v e r  b y  

302 
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Carry-over from a preceding sample probe in to  a following specimen cup i s  a special case. 
This e f f e c t  has been ca l led  contamination. I t  wi l l  influence not just one r e s u l t ,  b u t  a l l  
assays on t h a t  specimen, or  with t h a t  reagent. Contamination i s  easy t o  imagine, b u t  has 
not been reported so f a r  ( r e f .  9 ) .  Similar ly ,  contamination of the bulk of one reagent by 
another i s  possible .  

CONCEPTUAL ASPECTS OF THE DETERMINATION OF CARRY-OVER 

The concept of carry-over implies the  t r a n s f e r  of par t  of one reaction mixture t o  another 
one. I t  i s  measured in  terms of volume, mass or concentration f rac t ion  and may be 
determined e i t h e r  independently of the analyt ical  procedure using dye solut ions or  
radionuclides, o r  by one of the analyt ical  procedures being applied. 

I n  analyt ical  chemistry, the e r r o r  produced by carry-over within a par t icu lar  procedure i s  
of i n t e r e s t .  I t  i s  dependent on the method including a l l  the reagents involved. Therefore, 
carry-over e f f e c t s ,  ra ther  than carry-over i t s e l f ,  a r e  t o  be determined. For t h i s  purpose, 
a sequence of specimens, usually with high ( a )  and low (b)  concentrations of the analyte t o  
be measured, a r e  processed: 

The carry-over e f f e c t  ( 9 )  can be calculated ( see  f igure  1 )  using e i t h e r  equation I ( r e f .  3 ) :  

e.g. a , ,  a2, b l ,  _b2, b3. 

( i l l  - b 3 )  

(32  - k3)  

(h ,  - b 3 )  

( a 2  - b l )  

q _ =  

or equation 11 ( r e f .  5 ) :  

s _ =  

q may a l s o  be ca l led  the carry-over ra t io  and i s  sometimes expressed as  "percentage value" 
(Q % = l o o ? ) .  
r e s u l t s  i s  inversely proportional t o  the concentration difference of the component t o  be 
determined by the analyt ical  procedure in the two specimens. 

This implies t h a t  the  influence of carry-over e f f e c t s  on the  analyt ical  

Fin,  1: CALCULATIOII OF THE CARP.Y-OVEK EFFECT 

The l a s t  assumption i s  probably valid in many cases ( r e f .  71, however, i t  does n o t  apply f o r  
pH/blood gas analysers nor f o r  some s e l e c t i v e  analysers ,  where complicated carry-over 
phenomena may occur from reagents t o  reaction mixtures. Another disadvantage of calculat ing 
the carry-over e f f e c t  ( 9 )  i s  t h a t  i t  does not indicate  d i r e c t l y  t o  what extent  the r e s u l t s  
may be erroneously influenced. For example, a carry-over r a t i o  of q.O.01 ( Q = l % )  can lead t o  
c l i n i c a l l y  misleading resu l t s  in one case ,  whereas a value of q = O . l - ( Q = l C % )  may be 
i r re levant  in another case (Note a ) .  - - 

Note a :  the apparent ALT value following a specimen with 2000 U.L- '  
will be 4 0  U . L - 1  instead of 20  U . L - l .  
concentration following a specimen with 140 mmo1.L-I wil l  be 86 mmo1.L-1 instead of 80 mmol. 
L - I .  B o t h  examples occur in c l i n i c a l  pract ice .  
e f f e c t  erroneously leads t o  a pathological r e s u l t  with c l i n i c a l  relevance, whereas in  the 
second the carry-over i s  c l i n i c a l l y  unimportant, although i t  i s  ten times higher. 

F i r s t  example, q = O . O l :  
Second example, q=O.1 : the  apparent chlor ide 

In the f i r s t  s i t u a t i o n ,  the carry-over 
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PROPOSALS FOR THE DETERMINATION OF CARRY-OVER EFFECTS 

S i n c e  t h e  c a r r y - o v e r  i n  an a n a l y t i c a l  system depends p a r t l y  on t h e  r e a g e n t s ,  c a r r y - o v e r  
e f f e c t s  i n  a s p e c t r o m e t e r  ( chosen  as an example)  s h o u l d  be d e t e r m i n e d  p r e f e r a b l y  w i t h  t h e  
r e a g e n t s  used i n  t h e  c u v e t t e  o r  f l o w  c e l l  o f  a p a r t i c u l a r  s p e c t r o m e t e r , r a t h e r  t h a n  w i t h  dye 
s o l u t i o n s .  

These e f f e c t s  s h o u l d  be exp ressed  i n  te rms  o f  t h e  u n i t s  i n  w h i c h  t h e  r e s u l t s  a r e  t o  be  
p r e s e n t e d ,  e . g .  mo1.L-I o r  U.L-1 and n o t  as q u a n t i t y  f r a c t i o n s .  
e i t h e r  specimen-dependent  o r  spec imen- independen t .  

C a r r y - o v e r  e f f e c t s  can  be 

1. Specimen-dependent carry-over 

1.1 With constant sample volume 
Where t h e  d e t e r m i n a t i o n  o f  a specimen w i t h  a h i g h  c o n c e n t r a t i o n  o f  t h e  a n a l y t e  
t o  be  measured i n t e r f e r e s  w i t h  t h a t  o f  a specimen w i t h  a l o w  c o n c e n t r a t i o n  
( o r  vice versa)  a sequence o f  a t  l e a s t  two  s u c c e s s i v e  a l i q u o t s  o f  a specimen w i t h  
a h i g h  v a l u e  ( a )  f o l l o w e d  b y  a t  l e a s t  t h r e e  s u c c e s s i v e  a l i q u o t s  o f  one w i t h  a 
l o w  v a l u e  ( b )  s h o u l d  be  used t o  d e t e r m i n e  t h e  c a r r y - o v e r  e f f e c t .  

The c o n c e n t r a t i o n  o f  ( b )  s h o u l d  be  chosen t o  be c l o s e  t o  t h e  most  r e l e v a n t  
d e c i s i o n  l e v e l ,  w h i c h  i n  many cases i s  t h e  upper  l i m i t  o f  t h e  r e f e r e n c e  
i n t e r v a l  (e .g.  20-30 U.L-1 i n  t h e  case  o f  a m i n o t r a n s f e r a s e  c a t a l y t i c  a c t i v i t y ) .  

The c o n c e n t r a t i o n  o f  ( a )  s h o u l d  r e p r e s e n t  t h e  ex t reme v a l u e s  w h i c h  may o c c u r  
(e .g.  1000-2000 U.L-1 f o r  t h e  a m i n o t r a n s f e r a s e  a c t i v i t y  c o n c e n t r a t i o n ,  o r  
5 0  mmol .L-1 f o r  t h e  g l u c o s e  c o n c e n t r a t i o n ) .  
w h i c h  t h e  sample i s  t a k e n  must  be  d e f i n e d  ( u s u a l l y  i t  s h o u l d  be f i l l e d  t o  
t w o - t h i r d s  o f  i t s  maximum c a p a c i t y ) .  

T h i s  e x p e r i m e n t  should-be r e p e a t e d  t e n  t i m e s  ( r e f .  1 0 ) .  
t h e  p a i r e d  v a l u e s  bl ( b 1 )  and _b 
recommended. 
mean c a r r y - o v e r  e f f e c t  ( h )  i s  c a l c u l a t e d  ( f i g .  1 ) :  

The volume i n  t h e  c o n t a i n e r  f r o m  

For t h e  compar i son  o f  
(y,), t h e  W i l c o x o n  s i g n e d  r a n k  t e s t  i s  

I f  a h i g h l y  s i g n i ? i c a n t  ( a < l X )  d i f f e r e n c e  i s  d e t e c t e d ,  t h e n  t h e  

The c a r r y - o v e r  e f f e c t  
i s  l e s s  i n f l u e n c e d  by 

may be exp ressed  as a p e r c e n t a g e  o f  t h e  v a l u e  b3 w h i c h  
c a r r y - o v e r :  

100 

When t h e  c a r r y - o v e r  e f f e c t  i s  n o t  h i g h l y  s i g n i f i c a n t ,  t h e  p r o c e d u r e  can  be  
c l a s s i f i e d  as carry-over safe  i n  an i n t e r v a l  between t h e  q u a n t i t y  measured 
i n  specimen (b) [ l o w e r  l i m i t ]  and t h e  q u a n t i t y  measured i n  specimen'  6) 
[ u p p e r  l i m i t ] .  Once a c a r r y - o v e r  e f f e c t  has been d e t e c t e d ,  i t  i s  common 
p r a c t i c e  t o  r e p e a t  a t e s t  when t h e  d i f f e r e n c e  between i t s  r e s u l t  and t h e  
p r e v i o u s  one sugges ts  t h a t  a s i g n i f i c a n t  e r r o r  has o c c u r r e d  due t o  c a r r y - o v e r  
e f f e c t s .  The d i f f e r e n c e  t h a t  c a n  j u s t  be t o l e r a t e d  ( t h e  carry-over safe 
intervaZ) i s  u s u a l l y  e s t i m a t e d  b y  i n t u i t i o n .  However, i t  can  a l s o  be 
d e t e r m i n e d  e x p e r i m e n t a l l y .  F o r  t h i s  pu rpose ,  t h e  e x p e r i m e n t  r e p o r t e d  
above ( l e a d i n g  t o  e q u a t i o n  111) must  be  r e p e a t e d  w i t h  l o w e r  v a l u e s  o f  ( a )  
w h i c h  a r e  c l o s e  t o  t h e  upper  l i m i t  o f  t h e  l i n e a r  range .  I f  a s i g n i f i c a n t >  
c a r r y - o v e r  e f f e c t  c a n n o t  now be  d e t e c t e d ,  t h e  u p p e r  l i m i t  o f  t h e  c a r r y -  
o v e r  s a f e  i n t e r v a l  i s  assumed t o  be  i d e n t i c a l  w i t h  t h e  u p p e r  l i m i t  o f  t h e  
l i n e a r i t y  i n t e r v a l .  I f ,  on t h e  o t h e r  hand, t h e  c a r r y - o v e r  e f f e c t  i s  s t i l l  
s i g n i f i c a n t ,  t h e n  t h e  c o n c e n t r a t i o n  a t  t h e  upper  l i m i t  o f  t h e  c a r r y - o v e r  
s a f e  i n t e r v a l ,  as ,  c a n  be  e s t i m a t e d  f r o m  e q u a t i o n  V ,  f o r  d e t a i l s  o f  wh ich  
r e f ,  6 s h o u l d  be  c o n s u l t e d .  Assuming t h a t :  - - -  

-bl - !?3 4 -b3 + 2s 

and t h a t  t h e  c a r r y - o v e r  e f f e c t  i n c r e a s e s  l i n e a r i l y  w i t h  t h e  d i f f e r e n c e  o f  
q u a n t i t i e s  measured i n  specimens (a!  c;r)d hl: 

where 5 
d e t e r m i n e d  i n  t h e  p r e v i o u s  c a r r y - o v e r  e x p e r i m e n t .  

i s  t h e  s t a n d a r d  d e v i a t i o n  c a l c u l a t e d  f r o m  t h e  t e n  _b - v a l u e s  
The v a l u e  8f q i s  
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calculated by equation I from the resu l t s  of the previous carry-6ver 
experiment ( t h e  a-value i s  c lose t o  the upper l i m i t  of the l i n e a r  range): 

After the carry-over sa fe  interval  has been determined, a l l  r e s u l t s  c lose t o  
the reference range of the par t icu lar  analyt ical  procedure should be regarded 
as erroneously increased i f  they follow a r e s u l t  above the carry-over sa fe  
in te rva l .  This range i s  not val id  f o r  r e s u l t s  which a r e  f a r  below the value 
of ( b )  chosen f o r  the calculat ion of the carry-over e f f e c t .  
the carry-over sa fe  interval  may be r e l a t i v e l y  small and  t o o  many analyses 
have t o  be repeated. 
f a c t o r  ( 9 )  calculated according t o  e i t h e r  equation I or 11, such a s i tua t ion  
should be avoided. 

Carry-over e f f e c t s  can be observed a n d  determined e i t h e r  from high t o  low, or 
from low t o  high values. Usually both e f f e c t s  have the same value ( r e f .  8 ) ,  
b u t  d i f f e r e n t  values have a l so  been reported. If carry-over from low t o  high 
values i s  suspected and  may be medically re levant ,  i t  has t o  be determined 
with the followin? specimen sequence ( t h e  hiCh value should be a t  the upper 
end of the l i n e a r i t y  range): b ! ,  b G ,  g l ,  cg, g2. This experiment should be 
repeated ten times a n d  the resu t s  rea ed nal gously t o  the carry-over e f f e c t s  
from high t o  low values: 

I n  some cases ,  

A l t h o u g h  each r e s u l t  can then be corrected by using a 

1.2 With varying sample volume 

I n  some mul t i - tes t  analysers the sample volume may vary  from one method t o  
another, so i t  i s  necessary t o  repeat the experiments f o r  specimen-dependent 
carry-over with the specimen sequence a l , c 2 , b l , b 2 , b 3 .  With some instruments 
i t  i s  not possible t o  use various volumes f o r  one procedure. 
a procedure with the lowest sample volume i s  chosen, and  ( a )  should be 
pipetted with the highest possible sample volume t h a t  i s  used in the 
par t icu lar  instrument. 
chosen as  indicated above ( I - I ) ,  although specimen ( a )  may be processed by 
a method d i f f e r e n t  from t h a t  used f o r  specimen ( b ) .  The carry-over e f f e c t  
i s  calculated using equations I11 and IV. 

Then f o r  ( b )  

The concentrations of specimens ( a )  and ( b )  should be 

2. Specimen-independent carry-over 

Specimen-independent carry-over represents another type of carry-over which can 
be caused by d i luent  (diZuent  carry-over) or by reagents (reagent  carry-over) .  
Reaaent probe carry-over may, f o r  example, be encountered in analysers where the 
same reagent probe i s  used t o  dispense reagents on a random basis  from two or 
more reagent containers .  

The reagent probe carry-over can be determined from the following sequence 
using the same specimen and d i f f e r e n t  methods ( i d e n t i f i e d  by l e t t e r s ) :  

The reagent probe carry-over from reagents used in method b i s  calculated 
according t o  equation V I I I :  

( V I I I )  

- 
_a i s  the mean calculated from e l  t o  a5  and q c  t o  q4  ( n = 1 0 )  

The e r r o r  in a6 ( ~ 7 ,  $ 8 ,  2 9 )  a r i s i n g  from carry-over due t o  reagent x in method 
b (or c ,  d ,  el-can be neglected, i f  the value of 36 t o  ag i s  l e s s  t h a n  the 
mean value of a * 25,. 

The sequence must be analysed f o r  each method ( a  - e in the example chosen) 
performed on the par t icu lar  mul t i - tes t  analyser,and should be repeated a t  
l e a s t  once, unless the instrument design makes some reagent in te rac t ions  
impossible. Marked e f f e c t s  have been reported f o r  carry-over, f o r  example 
between reagents f o r  the l ipase  and t r ig lycer ide  assays ( r e f .  8 ) .  The 
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specimen used  s h o u l d  have a m id - range  c o n c e n t r a t i o n  o f  a l l  t h e  a n a l y t e s  t o  
b e  measured so  t h a t  b o t h  i n h i b i t i o n  and enhancement e f f e c t s  can  be  d e t e c t e d  
( r e f .  1 1 ) .  

The r e a g e n t  p robe  c a r r y - o v e r  can  a l s o  b e  exp ressed  a s  a p e r c e n t a g e  ( r e f .  4 ) :  

C a r r y - o v e r  caused b y  i n s u f f i c i e n t  wash ing  o f  a s t i r r e r ,  w h i c h  i s  used f o r  
s e v e r a l  methods,  can  be  checked w i t h  t h e  same specimen sequence as f o r  r e a g e n t  
p r o b e  c a r r y - o v e r .  T h i s  t y p e  o f  c a r r y - o v e r  can  a l s o  l e a d  t o  specimen-dependent  
c a r r y - o v e r  e f f e c t s  w h i c h  a r e  d e t e c t e d  as d e s c r i b e d  i n  s u b - s e c t i o n  1 .I 

C a r r y - o v e r  f r o m  r e a c t i o n  m i x t u r e ,  o r  c l e a n i n g  s o l u t i o n s  t o  r e a c t i o n  m i x t u r e ,  
can  o c c u r  i n  c u v e t t e s  w h i c h  a r e  r e p e a t e d l y  used  and i n s u f f i c i e n t l y  r i n s e d .  
The e x a m i n a t i o n  o f  such e f f e c t s  r e q u i r e s  s p e c i f i c  e x p e r i m e n t a l  p r o t o c o l s .  

C a r r y - o v e r  e f f e c t s  caused b y  i n s u f f i c i e n t  c l e a n i n g  o f  c u v e t t e s  can  b e  checked 
b y  t h r e e  sequences w i t h  a l i q u o t s  o f  t h e  same specimen. 
o f  a t  l e a s t  t e n  d e t e r m i n a t i o n s  and i s  p e r f o r m e d  i n  t h e  same s e t  o f  c u v e t t e s .  
A f t e r  each assay,  t h e  c u v e t t e s  a r e  s u b m i t t e d  t o  t h e  r e g u l a r  c l e a n i n g  
p rocedure .  
(e .g .  l i p a s e  assay )  w h i c h  may be p r o n e  t o  r e a g e n t  c a r r y - o v e r  f r o m  a n o t h e r  
method w h i c h  i s  used i n  t h e  second sequence (e.g.  t r i g l y c e r i d e  assay  u s i n 9  
l i p a s e ) .  The mean v a l u e s  o f  t h e  f i r s t  and t h i r d  sequences a r e  compared by 
means o f  t h e  N i l c o x o n  s i g n e d  r a n k  t e s t .  

Each sequence c o n s i s t s  

I n  t h e  f i r s t  and  t h i r d  sequence, a method s h o u l d  b e  a p p l i e d  

CONCLUDING REMARKS 

The c o n c e p t  o f  p r e s e n t i n g  c a r r y - o v e r  e f f e c t s  as a d i f f e r e n c e  o f  two  r e s u l t s  o r  i t s  
c o r r e s p o n d i n g  p e r c e n t a g e  v a l u e  has two  advan tages :  

( i )  

(ii) 

New a n a l y t i c a l  systems s h o u l d  be  d e s i g n e d  t o  a v o i d  any  t y p e  o f  c a r r y - o v e r  as f a r  a s  p o s s i b l e .  

i t  i s  a p p l i c a b l e  t o  a l l  c o n d i t i o n s  w h i c h  a t  p r e s e n t  a r e  e n c o u n t e r e d  i n  p r a c t i c e ;  

i t  s t a t e s  d i r e c t l y  by how much a p a r t i c u l a r  r e s u l t  d e v i a t e s  f r o m  t h e  c o r r e c t  v a l u e ,  
o b t a i n e d  i n  t h e  absence o f  c a r r y - o v e r  e f f e c t s .  

1. 

2. 

3 .  

4. 

5. 

6 .  

7. 

8 .  

9 .  

10. 

11. 

12. 

REFERENCES 

I n t e r n a t i o n a l  O r g a n i s a t i o n  f o r  S t a n d a r d i s a t i o n  ( I S O )  , Gen&e, I n t e r n a t i o n a l  v o c a b u l a r y  
o f  b a s i c  and g e n e r a l  t e rms  i n  m e t r o l o g y ,  p.26, (1984) .  ISBN 9267 01C32 8 .  

J. B U t t n e r ,  R. B o r t h ,  J.H. B o u t w e l l ,  P.M.G. B r o u g h t o n  and R.C. Bowyer, i n  
IFCC Recommendations and R e l a t e d  Documents 1978-1983 (ed .  N.E. S a r i s )  V o l .  I, p.53, 
de G r u y t e r ,  B e r l i n  ( 1 9 8 4 ) .  

R.E.  T h i e r s ,  R.R. C o l e  and W.J. K i r s c h ,  C l i n .  Chem. 13, 451 ( 1 9 6 7 ) .  - 

S.D. W i n t e r ,  Ch. K e r r ,  M. McAvoy, M.D. Ga l l omore ,  C.  S m i t h  and R.B. L e p o f f ,  
C l i n .  Chem. - 31, 1896-1899 ( 1 9 8 5 ) .  

B .  Passey, K.E. B l i c k  and C.L. B e n n e t t ,  C l i n .  Chem. - 32, 701 ( 1 9 8 6 ) .  

P. Henry,  J. Autom. Chem. - 1 ,  195-198 (1979) .  

R .  Haeckel  and  J.A. P o r t h ,  J. C l i n .  Chem. C l i n .  Biochem. 10, 91-94 ( 1 9 7 2 ) .  

R. Haecke l ,  J,Clin. Chem. C l i n .  Biochem. - 23, 255-256 ( 1 9 8 5 ) .  

P.M.G. B rough ton ,  A.H. Gownlock, J.J. McCormack and D.W. N e i l l ,  Ann. C l i n .  Biochem. 11, 

M. H j e l m ,  Z. A n a l y t .  Chem. - 243, 781-790 ( 1 9 6 8 ) .  

P.M.G. B rough ton ,  J. Autom. Chem. - 6, 94-95 ( 1 9 8 4 ) .  

C.  Naudin,  A. V a s s a u l t  and A.  Truchaud,  I n f o r m a t i o n  S c i e n t i f i q u e  du B i o l o g i s t e  10, 

- 

207-208 ( 1 9 7 4 ) .  

- 
373-375 (1984) .  




