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When e v a l u a t i n g  t h e  f e a s i b i l i t y  o f  r e f l e c t a n c e  s p e c t r o s c o p y  e q u i p m e n t  (RSE) 

t h e r e  a r e  many c o n d i t i o n s  and  q u e s t i o n s  t o  b e  c o n s i d e r e d .  W i t h o u t  t a k i n g  i n t o  

a c c o u n t  q u e s t i o n s  c o n c e r n i n g  t h e  q u a l i t y ,  s p e e d  and  a v a i l a b i l i t y  i n  c l i n i c a l  

s i t u a t i o n s ,  t h e  e c o n o m i c a l  c o n s e q u e n c e s  n e e d  t o  be  a n a l y s e d .  The c o s t s  a r e  

d e p e n d e n t  on  t h e  r e a g e n t s  u s e d  b u t  m o s t l y  on  t h e  l a b o u r  r e q u i r e d .  I n  g e n e r a l  

t e r m s ,  i t  is o f t e n  more  e c o n o m i c a l  t o  run a s e r i e s  o f  t e s t s  i n  a n  a u t o m a t e d  

way i n  t h e  l a b o r a t o r y  r a t h e r  t h a n  p e r f o r m  them one b y  one m a n u a l l y .  

C o n s e q u e n t l y ,  i t  mus t  b e  c h e a p e r  t o  p e r f o r m  a few  t e s t s  on  t h e  RSE t h a n  t o  

s t a r t  u p  a l a r g e  m a c h i n e  t o  do t h e  same j o b .  A c e r t a i n i n g  t h e  number o f  t e s t s  

n e c e s a r y  t o  t h e  e c o n o m i c a l  t h r e s h o l d  c a n  be  d e t e r m i n e d  b y  p r a c t i c a l  e x p e r i -  

m e n t s ,  b u t  i t  c a n  a l s o  b e  done  t h e o r e t i c a l l y  u s i n g  o n l y  t h e  o p e r a t i o n  m a n u a l s  

o f  t h e  e q u i p m e n t s .  

The S w e d i s h  P l a n n i n g  and  R a t i o n a l i z a t i o n  I n s t i t u t e  f o r  t h e  H e a l t h  and  S o c i a l  

S e r v i c e s  ( S p r i )  h a s  p u b l i s h e d  a m e t h o d  o f  m e a s u r i n g  t h e  m a n u a l  l a b o u r  i n -  

v o l v e d  i n  t h e  a n a l y s i s  work  b a s e d  on  t h e  i n d u s t r y ’ s  M T M  ( M e t h o d - T i m e  M e a s u r e -  

m e n t ) .  The m e t h o d  i s  a p p l i c a b l e  t o  c l i n i c a l  c h e m i s t r y  l a b o r a t o r i e s  and  a d a t a  

b a s e  o f  s o  c a l l e d  e l e m e n t s ,  o p e r a t i o n a l  s t e p s  and o p e r a t i o n s  t y p i c a l  for t h e  

c h e m i s t r y  l a b o r a t o r y  h a s  b e e n  c o l l e c t e d .  S i m p l y  b y  r e a d i n g  t h e  o p e r a t i o n  

m a n u a l  for t h e  a p p a r a t u s ,  i t  i s  p o s s i b l e  t o  add  up  t h e  t i m e  n e e d e d  f o r  t h e  

s e q u e n c e s  o f  e v e n t s  i n  t h e  a n a l y s i s  p r o c e d u r e ,  b o t h  r e g a r d i n g  t h e  s e r i e s  

r e l a t e d ,  e . g .  w a r m i n g - u p  t i m e ,  c a l i b r a t i o n  t i m e  e t c ,  and  t h e  s p e c i f i c  h a n d -  

l i n g  t i m e  p e r  t e s t .  The t i m e  i s  a l s o  c a t a l o g e d  a s  p e r s o n n e l - b o u n d  and  unbound  

t i m e .  

The e v a l u a t i o n  was p e r f o r m e d  o n  a common a n a l y s i s ,  b l o o d  g l u c o s e ,  and  we 

c h o s e  one  o f  t h e  i n s t r u m e n t s  c u r r e n t l y  a v a i l a b l e  on t h e  m a r k e t ,  R e f l o t r o n R  

m a r k e t e d  b y  B o e h r i n g e r  Mannheim S c a n d i n a v i a  AB. As a c o m p a r i s o n  we u s e d  a 

commonly a c c e p t e d  g l u c o s e  o x i d a s e  m e t h o c ,  u s i n g  s e l f  p r e p a r e d  r e a g e n t s  a n d  r u n  

on  a n  a u t o m a t e d  p h o t o m e t e r ,  C a l c u l a t i n g  A b s o r p t i o m e t e r  2074  , L K B - P r o d u k t e r  AB. 
R 
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RESULTS 

The time for the work elements and the operational steps are added up and ' 

expressed in time measuring units, TMU. One hour represents 100  000 TMU, e.g. 

1 minute is about 1 6 6 7  TMU. The results f o r  one analysis with Reflotron and 

LKB 2 0 7 4 ,  respectively, are shown in Tables I and 11. It should be noted that 

there is mainly only handling time per test involved with RSE (5 8 5 5  TMU = 

3 . 5  minutes) whereas the routine laboratory method consists of a relatively 

long series related time ( 7  0 3 9  TMU = 4 . 8  minutes) but a shorter time per test 

( 1  138  TMU = 4 1  seconds). 

Table I11 shows the difference between running a single test on the two equip- 

ments and running a typical day's series of 100  tests. 

Figure 1 shows that the traditional automated method will be cheaper per year 

than the RSE alternative as soon ass there are more than 20  tests per day. 

The curves will have to be modified according to local rules concerning annual 

devaluation rates for both apparatuses. The results are based on the 

assumption that the technician is workning 2 000 hours per year for a salary 

of 120  000 SEK and the RSE is bought for approximately 20  000 SEK and the 

Calculating Absorptiometer for 2 0 0  000 SEK at an interest rate of 13  %.  

Table I. ANALYSIS OF B-GLUCOSE WITH REFLOTRON 

Prerequisite sample collection: Blood collected in EOTA anti- 
coagulant in test tubes in racks. Marked tubes and request forms. 

SERIES SAMPLE 
TIME TIME 

Take out container 
Open lid 
Take out carrier 
Place carrier in holder 
Take off cap f r o m  one tube 
Take out pipette 
Take out disposable tips, 

Expirate onto carrier 
Place carrier in apparatus 
Close adapter 
Reaction time (read) 
Preparing to read, 

mount tip, aspirate sample volume 

reading, transference to request 
form 

Open adapter 
Remove adapter 
Inspect and dispose expendables 

6 1  
174  

6 1  
6 1  

174  
5 7  

( 1 0 0 )  1 0 0  
2 2 4  

7 7  
6 1  
6 1  

4 1 9 5  
( 2 0 0 )  2 0 0  

1 0 2  
6 1  
6 1  
2 2  

TOTAL TMU ( 3 0 0 )  5 8 5 5  
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T a b l e  11. ANALYSIS OF 8-GLUCOSE WITH LKB 2074 

P r e r e q u i s i t e  s a m p l e  c o l l e c t i o n :  C a p i l l a r y  b l o o d  d r a w n  i n t o  
c a p p e d  t e s t  t u b e s ,  c o n t a i n i n g  s o d i u m  h y d r o x i d e ,  i n  t e s t  t u b e  
r a c k s .  M a r k e d  t u b e s  a n d  r e q u e s t  f o r m s .  

N = number o f  samDles M = N + N / 1 0  + 9 R = N / 1 0  + 1 

FREQUENCY 

C o l l e c t  t u b e s  f o r  c a l i b r a t i n g  
s o l u t i o n s  a n d  s t a n d a r d s  

C o l l e c t  c a l i b r a t i n g  s o l u t i o n s  
a n d  c o n t r o l  se rum 

Mark  9 t u b e s  a s  c a l i b r a t o r s  
and  c o n t r o l s  

F i l l  9 t u b e s  w i t h  c a l i b r a t i n g  
s o l u t i o n s  and  c o n t r o l s  

Take  o f f  c a p s  f r o m  s a m p l e  t u b e s  
F i l l  z i n c  s u l p h a t e  s o l u t i o n  
M i x  w i t h  v i b r a t o r  ( 2  a t  a t i m e )  
L o a d  c e n t r i f u g e  

( 2  t u b e s  a t  a t i m e )  
C e n t r i f u g e  ( 5  m i n u t e s )  
L o a d  empty  c u v e t t e s  i n  r a c k s  

Empty  c e n t r i f u g e  ( s e e  l o a d i n g )  
P i p e t t e  f rom t u b e s  t o  c u v e t t e s  
I n c u b a t e  ( 2 5  m i n u t e s )  
D a r k  c u r r e n t  a d j u s t m e n t  

( t i m e  m e a s u r e d )  
R u n n i n g  c a l i b r a t o r s  and  s t a n d a r d s  

( t i m e  m e a s u r e d )  
L o a d  r a c k s  i n t o  p h o t o m e t e r  
R u n n i n g  s a m p l e s  ( a u t o m a t i c a l l y )  
T r a n s f e r e n c e  o f  r e s u l t s  
D i s p o s e  c u v e t t e s  

( 1 0  a t  a t i m e )  

N 
M 
M/2 

M/2 

M/10 
M/2 
M 

R 
N 
N 
R 

SERIES 
TIME 

3 0 0  

600  

5 3 2  

1040 

100 

unbound  

100 
u n b o u n d  

1667 

2500 

200  

SAMPLE 
TIME 

174 
77 

156 

6 1  
t i m e  

149 
6 1  

130 
t i m e  

111 
45 

105 
6 1  

TOTAL TMU 7039  1138  

T a b l e  111. COMPARISON OF ANALYSES OF B-GLUCOSE WITH 
REFLOTRON AN0 LKB 2074 

INSTRUMENT TIME I N  TMU ( a n d  HOURS, MINUTES) FOR: 

REFLOTRON 

LKB 2974 

SINGLE SAMPLES SERIES, N = 100 

0 + 5855  300 + 555500  
( 3  m in )  ( 5  h 3 0  m i n )  

7 0 3 9  + 4670  7039  + 78343  
( 7  min  ( +  30  u n b o u n d ) )  ( 4 7  m in  ( + 3 0 ) )  
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Fig. 1 Annual cost for the RSE 
and an automated method as a 
function of the size of a daily 
series of samples. 
Reflotron: ~ 

LKB 2074: - - - - - - -  
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The results per se must not be taken too seriously but merely serve as an 

example of a method to calculate the economy of reflectance spectroscopy 

equipments compared to conventional laboratory methods. It is clear that the 

RSE can be of value when a few results are demanded quickly but will be 

rather slow and expensive when there are long series to be analyzed. 
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