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EVALUATION OF CALIBRATION TABLE AND 
CALIBRATION AVERAGING ROUTINES FOR 

QUANTITATIVE DETERMINATION OF 
SUCROSE, GLUCOSE, AND FRUCTOSE USING 

HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY 

Karel Muzika and Jan Kovar 
Laboratory and Scientific Services Directorate 

Revenue Canada, Customs and Excise 
Ottawa, Otario, Canada K I A  OL5 

ABSTRACT 

E v a l u a t i o n  of C a l i b r a t i o n  Tab le  and C a l i b r a t i o n  Averaging 
R o u t i n e s  deve lnped  by Waters  A s s o c i a t e s  f o r  q u a n t i t a t i v e  
d e t e r m i n a t i o n  of s u c r n s e ,  g l u c o s e  and f r u c t n s e  u s i n g  Waters 
A s s o c i a t e s  Sugar  Ana lyze r  is  d i s c u s s e d .  Both r o u t i n e s  a r e  
s u f f i c i e n t l y  a c c u r a t e  and o f f e r  some advan tages  o v e r  
p r e v i o u s l y - d e s c r i b e d  Lane-Eynon Method of d e t e r m l n a t i n n  of  
r e d u c i n g  s u g a r s  by meam of F e h l i n g  S o l u t i o n  w i t h  Methylene Blue 
as i n t e r n a l  i n d i c a t o r .  However, g r e a t  care must be t aken  t o  
p r e v e n t  s u c r o s e  i n v e r s i o n  on Sugar-PAK I column, which cou ld  
o t h e r w i s e  r e n d e r  t h e  q u a n t i t a t i o n  of s u g a r s  u s e l e s s .  

INTRUDUCTION 

The Lane-Eynon (LE) Methodl is one of t h e  ICUMSA2 recommended 

methods t o  d e t e r m i n e  c o n c e n t r a t i o n  of r e d u c i n g  s u g a r s  a f t e r  
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2292 MUZIKA AND KOVAR 

i n v e r s i o n .  

a t t e m p t s  were made i n  t h e  p a s t  t o  a n a l y z e  samples  of s u g a r s  and 

molasses by h i g h  p e r f  ormance l i q u i d  chromatography (HPLC) and 

cornpare the r e s u l t s  w i t h  the LE Method. T e s t  d e t e r m i n a t i o n  nf 

s u g a r s  by b o t h  methods,  conducted d u r i n g  a t w o  months p e r i o d  i n  

our l a b o r a t o r y ,  i n d i c a t e d  t h a t  t h e  r e s u l t s  o b t a i n e d  by HPLC d i d  

n o t  compare w e l l  w i t h  t h e  LE r e s u l t s  when u s i n g  t h e  C a l i b r a t i o n  

T a b l e  R o u t i n e ,  as d e s c r i b e d  i n  Waters A s s o c i a t e s  Manual4. 

o r d e r  t o  f i n d  o u t  i f  any improvement of WLC r e s u l t s  can be 

a t t a i n e d ,  C a l i b r a t i o n  Averaging Rou t ine  ( s u p p l i e d  by Waters 

Associates as a supplement  t o  Data Module M 730 O p e r a t o r ' s  Manual) 

w a s  t r i e d  and compared t o  t h e  r e s u l t s  obt,ained by the C a l i b r a t i o n  

T a b l e  Routine.  

Because of i t ' s  l a b o r i o u s n e s s  and o t h e r  s h o r t c o m i n g s 3  

I n  

MATERIALS AND METHODS 

Chromatograph ic  C o n d i t i o n s  

Mobi l e  Phase:  

Pump, F l n w r a t e :  

Mobi l e  Phase ,  Spa rg ing :  

Pump, P r e s s u r e :  

R I  D e t e c t o r ,  A t t e n u a t i o n :  

Data Module: 

C h a r t  P a p e r  Speed: 

Sample,  S t a n d a r d ,  D i l u t i o n :  

20 mg of ca l c ium p r o p i o n a t e l l l  

d e i o n i z e d  water ( f r e s h  d a i l y )  

0.5 mL of mobi l e  phase/min. 

5 min. /pure hel ium, p r i o r  t o  u s e  

600 p s i  t o  Y O 0  p s i  

8x 

P1 ( l a r g e  pen)  a t  20, P2 ( s m a l l  pen)  

a t  0 

0.5 an/min. 

2.5 g t o  7.5 g/500 mL (5 t o  15 g / L ) ,  

i n  mob i l e  phase  
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CALIBRATION TABLES AND CALIBRATION AVERAGING ROUTINES 2293 

Corn Syrup 42 DE,  S t a n d a r d ,  

D i l u t i o n :  1 g/50mL (20 g/L) ,  i n  mob i l e  phase  

Sample,  S t a n d a r d ,  F i l t r a t i o n :  lx, Waters Associates C l a r i f i c a t i o n  

K i t  

5 P  I n j e c t i o n  S i z e :  

Run T i m e :  13 min. 

Column Temperature:  9ooc  

A i r  P r e s s u r e ,  Autosampler :  40 p s i  

Sample and S t a n d a r d  S o l u t i o n s  

Weight ( g )  R e l a t i v e  

F G S  F G S  
C o n c e n t r a t i o n *  

Sample 1 /500  mL mobi l e  phase 0.5 0.5 1.5 10 10 30 

Sample 2/500 mL mobi l e  phase  ** 1.0 1.0 3.0 20 20 60 

Sample 3/500 mL mobi l e  phase  1.5 1.5 4.5 30 30 90 

S t a n d a r d / 5 0 0  mL mobi l e  phase  ** 1.0 1.0 3.0 20 20 60 

* r e l a t i v e  t o  S t a n d a r d  s o l u t i o n  (combined c o n c e n t r a t i o n  of 
S,  G ,  F i n  s t a n d a r d  i s  c o n s i d e r e d  100);  t h e  f i g u r e s  r e f l e c t  
a b s o l u t e  amounts of t h e  i n d i v i d u a l  s u g a r s  i n  sample.  

** Sample #2 and "S tanda rd"  are i d e n t i c a l  s o l u t i o n s .  

Equipment 

Waters A s s o c i a t e s  Sugar  Ana lyze r  I L i q u i d  Chromatograph,  

c o n s i s t i n g  o f :  

a)  Model M-45 S o l v e n t  D e l i v e r y  System, 

b)  Model WISP 710 B Automatic  Sample I n j e c t i o n  System, 

c) Model R 401 D i f f e r e n t i a l  R e f r a c t o m e t e r ,  

d )  Model Sugar-YAK I Column, s t a i n l e s s  s tee l ,  30 c m  long, 1 c m  

O.D., 
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2294 

e) Model M 730 Data Module, 

f )  Model 111 Tempera tu re  C o n t r o l  U n i t .  

MUZIKA AND KOVAR 

Chemica l s ,  S u p p l i e s  

D-Fructose,  F i s h e r  S c i e n t i f i c ,  Reagent Grade,  ( F ) ,  

U-Glucose, F i s h e r  S c i e n t i f i c ,  C e r t i f i e d ,  A.C.S., ( G ) ,  

S u c r o s e ,  F i s h e r  S c i e n t i f i c ,  C e r t i f i e d ,  A.C.S., ( S ) ,  

42 DE Corn Syrup,  Waters A s s o c i a t e s ,  

Water, de - ion ized ,  b a c t e r i a  f r e e  ( u s i n g  Model MILLI-R/Q System 

Water P u r i f i e r  by M i l l i p o r e ) ,  c o n t a n i n g  20 mg/L of ca l c ium 

p r o p i n n a t e  , 

Waters Associates Sample C l a r i f i c a t i o n  K i t ,  Aqueous, f i l t e r  

p o r e  s i z e  0.45 E m ,  

Helium g a s ,  p u r e ,  

A i r ,  "Zero Gas". 

Chromatograph ic  P r o c e d u r e  

Sugar-PAK I column was c o n d i t i o n e d  a c c o r d i n g  t o  Waters 

A s s o c i a t e s  Manual 5, u n t i l  t h e  co rn  s y r u p  chromatogram was 

a c c e p t a b l e  and the s u c r o s e  peak was sha rp .  Sugar  Ana lyze r  w a s  

e q u i l i b r a t e d  f o r  approx ima te ly  30 minu tes  by pumping t h e  mob i l e  

phase.  The s t a n d a r d  was r e p e a t e d l y  i n j e c t e d ,  u n t i l  r e p r o d u c i b l e  

amounts  f o r  S ,  G ,  F were obse rved  ( t h e  l a s t  t h r e e  i n j e c t i o n s  

v a r i e d  less than  5 Area %). C a l i b r a t i o n  T a b l e  was c r e a t e d  

a c c o r d i n g  t o  Data Module Manual and t h e  samples  1, 2,  3 (3 r e p e a t s  

e a c h  were chromatographed t w i c e ,  u s i n g  WISP 710 Autosampler  ( v i a l s  

$1, 2, 3 i n  c a r o u s e l ' s  p o s i t i o n s  1, 2 ,  3) i n  Auto Mode. A l l  found 

r e s u l t s  are p r e s e n t e d  i n  T a b l e  1. 
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2295 CALIBRATION TABLES AND CALIBRATION AVERAGING ROUTINES 

Run P 

F i r s t  
Second 
F i r s t  & s e c o n d  
r u n s  combined 

Sample 

* 
1 

2 

3 

** 
1 

2 

3 

Average  Area % * SD 
S G F 

59.63*0.40 20.08f0.22 20.28*0.22 
59.5W0.31 20.21*0.37 20.19*0.25 

59.60*0.35 20.14*0.30 20.24*0.23 

TABLE 1 
CALIBRATION TABLE 

Amount Found: 
Kelat ive*** Concent rat i o n  
(and Area X ,  i n  b r a c k e t s )  

S G F 

30.16(59.47) 10.31(20.33) 10.24(20.18) 
30.18(59.37) 10.22(20.11) 10.42(20.50) 
29.43(58.7b) 10.25(20.45) 10.4 1 (20.78) 

58.86( 59 -96 19.52(19.88) 19.78(20.15) 
59.83( 59.80) 1Y.Y4( 19.93) 20.27(20.25) 
59.45(59.69) 20.02(20.09) 20.13(20.21) 

Y 0.54( 59.64 ) 30.67 (20.20) 30.59( 20.15) 
90.28(59.86) 30.06(15.93) 30.47(20.20) 
90.44(60.13) 29.73 ( 1Y.  76) 30.22(20.09) 

30.38( 59.36) 1U.54(20.59) 10.26(20.04) 
30.16(59.15) 10.56 (20.71 ) 10.26(20.12) 
30.3Y(59.89) lO.lO(14.90) 10.25(20.19) 

60.54(59.96) 19.86(19.67) 20.56(20.36) 
60.20(59.18) 20.14 (20.06 ) 21.10(20.74) 
59.46( 59 -46) 20.68(20.67) 1 Y  .85( 1 Y  .85) 

Y1.33(59.58) 30.98(20.21) 30.96(20.19) 
91.43(59.92) 30.48(19.Y7) 30.67(20.0Y) 
91.59(59.68) 30 .9 2 (20.14) 30.95(20.16) 

* f i r s t  run 
** s e c o n d  run ( d u p l i c a t e )  

( b o t h  runs  a r e  based on t h e  same C a l i b r a t i o n  T a b l e  
and t h e  same s o l u t i o n s  a r e  used t h r o u g h o u t ) .  

*** see n o t e  i n  para .  Sample and Standard S o l u t i o n s  (*I. 
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2296 MUZIKA AND KOVAR 

C a l i b r a t i o n  Averaging Rou t ine  was f o l l o w e d  a c c o r d i n g  t o  Data 

Module Manual. C a r o u s e l  of t h e  a u t o s a m p l e r  was  l oaded  w i t h  8 

v i a l s  c o n t a i n i n g  s t a n d a r d  and samples  i n  che f o l l o w i n g  sequence :  

S t a n d a r d ,  Samples 1 , 2 , 3 ,  S t a n d a r d ,  Samples 3,2,1,. The 

a u t o s a m p l e r  ( i n  AUTO mode) was set f o r  a l l  8 v i a l s  t h e  same: 

number of i n j e c t i o n s  ( 3 ) ,  volume (5 uL), t i m e  (13 min.). T o t a l  

t i m e  f o r  t h e  sequence  w a s  5 hours  12 min. The Data Module was  

programmed i n  t h e  f o l l o w i n g  manner ( C a l i b r a t i o n  T a b l e  c r e a t e d  

p r e v i o u s l y  was used ) :  # of i n j e c t i o n s  nt each  sample = 3 ,  # of 

i n j e c t i o n s  of e a c h  s t a n d a r d  = 3 ,  # of samples  t o  be a n a l y z e d  

b e f o r e  r e c a l i b r a t i o n  t a k e s  p l a c e  = 3 and # of c y c l e s  = 0. The 

a u t o s a m p l e r  t h e n  proceeded to  i n j e c t  the  s t a n d a r d  (3x1 f rom t h e  

v i a l  ill. Response f a c t o r s  g e n e r a t e d  were ave raged  and used i n  

p r e v i o u s l y  c r e a t e d  C a l i b r a t i o n  T a b l e  ( f i r s t  c a l i b r a t i o n ) .  Samples  

1,2,3 f rom v i a l s  P 2 , 3 , 4  were i n j e c t e d  ( e a c h  3x) and t h e i r  

c o m p o s i t i o n s  were r e p o r t e d  ( F i r s t  Run). The a u t o s a m p l e r  t h e n  

i n j e c t e d  t h e  s t a n d a r d  trom v i a l  #5 (3x). Response f a c t o r s  

g e n e r a t e d  were ave raged  and used f o r  t h e  second c a l i b r a t i o n .  

Samples  3,2,1 from v i a l s  #6,7,8 were i n j e c t e d  ( e a c h  3x1 and t h e i r  

c o m p o s i t i o n s  were r e p o r t e d  (Second Run). A l l  r e s u l t s  are 

p r e s e n t e d  i n  Tab le  2 .  

khSULTS AND DISCUbSLUN 

Three  r e p e a t s  of samples  1 , 2 , 3 ,  were chrnmatographed twice 

( twn r u n s )  u s i n g  bo th  C a l i b r a t i o n  T a b l e  and C a l i b r a t i o n  Averag ing  
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Sample 
-li 

* 
1 

TABLE 2 
CALIBRATION AVERAGING ROUTINE 

Amount Found: 
Relat ive*** Con cen t rat i o n  
( and  Area W ,  i n  b r a c k e t s )  

S G F 

30.60(59.82) 10.30(20.14) 10.24(20.02) 
30.94(60.02) 10.53(20.42) 10.08(19.55) 
30.43(60.03) 10.22(20.16) 10.03(1Y .79) 

60.26(60.33) 19.69(19.71) 1Y.Y4(19.95) 
60.12( 59.54) 20.48(20.28) 20.37(20.16) 
60.40(59.58) 20.66(20.37) 20.32 (20.04 ) 

Yl.ZY(60.23) 30.45(20.09) 29.82(19.67) 
91.O9(5Y .Y2) 31.11( 20.46) 29.81(19.16) 
Y1.44(5Y.85) 31.15(20.39) 3O.17( 19.74) 

89.59(60.19) 29.59(19.88) 2Y.65(19.92) 
8Y.b2(60.22) 29.64( 19.87) 29.6Y(19.90) 
YO .06( 60 .00) 29.81(1Y.86) 30.22(20.13) 

60.36(60.24) 1Y.78( 19.74) 20.05(20.01) 
60.44(60.11) 20.01 (19 .BY) 20.10( 19.98 ) 
59. b2( 5Y .82) 20 25 (20.24)  19.44(19.93) 

29.79(59.67) 9.98(20.00) 10.14(2U.31) 
28.91(59.18) 10.04(20.56) g.ag(20.24) 
29.80(59.57) lO.lt i(20.34) lO.OS(20.08) 

Run 1) 

F i r s t  
Second 
F i r s t  6 second  
r u n s  combined 

Average Area X f SD 
S c: F 

59.92*0.26 20.22*0.23 19.79*0.31 
59.89i0.36 20.04i0.27 20.06*0.15 

59.Ylk0.31 20.13i0.26 1Y.Y2*0.27 

* f i r s t  run ( r u n  a f t e r  f i r s t  c a l i b r a t i o n )  
** second run ( r u n  af ter  second c a l i b r a t i o n )  

(both r u n s  are based on t h e  same C a l i b r a t i o n  T a b l e  
and t h e  same s o l u t i o n s  are used t h r o u g h o u t ) .  

*** see n o t e  in para .  Sample and S t a n d a r d  S o l u t i o n s  (*). 
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2298 MUZIKA AND KOVAR 

R o u t i n e  methods. The r e s u l t s  are p r e s e n t e d  i n  Tab les  1 and 2. 

R e l a t i v e  c o n c e n t r a t i o n s  of S,  G ,  and F v a r i e d  s l i g h t l y  f rom 

e x p e c t e d  v a l u e s ,  which are mentioned ea r l i e r .  Area X ' s  ( t a b u l a t e d  

v a l u e s  i n  round b r a c k e t s )  of S ,  G and F ,  t o t a l i n g  of n e c e s s i t y  f o r  

e a c h  sample t o  100X were ave raged  and s t a n d a r d  d e v i a t i o n s  ( 5 L )  

were c a l c u l a t e d .  C a l c u l a t e d  a v e r a g e  Area % v a l u e s  f o r  each  run 

and combined runs  are a l s o  p r e s e n t e d  i n  Tables 1 and 2. The 

comparison of a v e r a g e  Area X v a l u e s  f o r  bo th  C a l i b r a t i o n  Tab le  ( T )  

and C a l i b r a t i o n  Averaging Rou t ine  (Ail) has shown t h a t  t h e y  

d i f f e r e d  from expec ted  v a l u e s  as much as 0.42%(T) and 0.22%(AR) 

f o r  i n d i v i d u a l  run and 0.40X(T) and 0.132(AH) f o r  both runs  

combined. S t a n d a r d  D e v i a t i o n  v a l u e s  were as h i g h  as 0.40(T) and 

0.36(AR) f o r  i n d i v i d u a l  run and 0.35(T) and 0.31(AK) f o r  bo th  r u n s  

combined. The re  is  v e r y  l i t t l e  d i f f e r e n c e  i n  t h e  S t a n d a r d  

D e v i a t i o n  t o r  bo th  r o u t i n e s  (0.29 and 0.285 on an a v e r a g e ,  

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

t h a t  t h e  SD r e f l e c t  p r i m a r i l y  t h e  p r e c i s i o n ,  t h a t  i s  de te rmined  by 

t h e  r e p r o d u c i b i l i t y  of t h e  i n j e c t i o n  volume and of t h e  area 

i n t e g r a t i o n  and shou ld  be i ndependen t  f rom t h e  c a l i b r a t i o n  

p r o c e d u r e .  However, c o n s i s t e n t  improvement i n  t h e  accu racy  of t h e  

d e t e r m i n a t i o n ,  e x p r e s s e d  as t h e  c l o s e n e s s  of t h e  ave raged  found 

r e s u l t s  t o  t h e  expec ted  v a l u e s ,  is observed.  Because bo th  

r o u t i n e s  exceed s i g n i f i c a n t l y  t h e  i n s t r u m e n t  s p e c i f i c a t i o n s  f o r  

r e p r o d u c i b i l i t y  (* 5 X ) ,  t h e  improvement,  i n  a b s o l u t e  term (0.01 to 

0.31% on t h e  g rand  means f o r  i n d i v i d u a l  components) is seeming ly  

minor ,  but  p o s i t i v e  i n  a l l  cases, f a v o u r i n g  t h e  AR r o u t i n e .  The 

a c c u r a c y  of bo th  r o u t i n e s  is  w e l l  below 1% (mean, 0 .3%).  
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CALIBRATION TABLES AND CALIBRATION AVERAGING ROUTINES 2299 

While t h e  mean d i t f e r e n c e s  between expec ted  and round v a l u e s  

o t  Area X f o r  a l l  three s u g a r s  i n  one sample must ,  by t h e  way of 

c a l c u l a t i o n ,  a lways be z e r o ,  t h e  a b s o l u t e  v a l u e s  or t h o s e  

d i f f e r e n c e s  were c a l c u l a t e d  and ave raged  ( ' l ab le  3 ) .  The 

c o n f i d e n c e  r anges  (45X)  of t h e  means nr a v e r a g e s  a r e  U . l l  t n  U.4L;b 

and U.Ob t o  0 . L 7 X  t o r  t h e  C a l i b r a t i o n  Tab le  and C a l i b r a t i o n  

Averag ing  k o u t i n e s ,  r e s p e c t i v e l y .  I h e  ave rage  ot t h e  r a n g e s ,  as 

wel l  as t h e  found v a l u e  of b t u d e n t ' s  s t a t i s t i c s  T=2.05, i n d i c a t e s  

t h a t  t h e r e  is  no e v i d e n c e  t o  d e m o n s t r a t e  s i y n i i i c a n t  d i f f - e r e n c e  i n  

t h e  two r o u t i n e s .  

l h e  hrea 2 c a l c u l a t i o n  rnethnd t h a t  e l i m i n a t e s  e r r o r s  due t o  

e x t r a n e o u s  ( n o n - c a l i b r a t e d )  peaks is ve ry  c o n v e n i e n t  f o r  t h e  

e v a l u a t i o n  of r o u t i n e ' s  performance because i t  a l l o w s  t o r  e a s y  

g r a n d  a v e r a g i n g .  It  i s  a p p l i c a b l e  f o r  s o l u t i o n s  of pu re  compounds 

on ly .  For r o u t i n e  sample a n a l y s i s ,  i n  p a r t i c u l a r  t h e  s y r u p s  and 

molasses a n a l y s i s ,  t h e  " r e l a t i v e  c o n c e n t r a t i o n s "  ( i . e . ,  t h e  a c t u a l  

p e r c e n t a g e  nr i n d i v i d u a l  s u g a r s  i n  t h e  s t a n d a r d  s i z e d  sample )  must 

be used.  T h e r e f o r e ,  t h e  comparison was performed u s i n g  t h e  

" r e l a t i v e  c o n c e n t r a t i o n "  v a l u e s  as w e l l  (Tab le  4 ) .  The mean 

S t a n d a r d  D e v i a t i o n s  (0.19, and 0.15, r e s p e c t i v e l y ) ,  r e p r e s e n t i n g  

t h e  p r e c i s i o n ,  are v e r y  s imi la r  t o  d e v i a t i o n s  t o u n d  t o r  Area 2 

t r e a t m e n t ,  as w a s  t o  be expec tea .  The c o n f i d e n c e  r anges  (95%) of  

the means n t  a v e r a g e s  of d i f f e r e n c e s  aetween expec ted  and obse rved  

v a l u e s ,  v i z  0.12-0.71% and 0.09-0.53%, r e s p e c t i v e l y ,  a r e  s l i g h t l y  

w i d e r  t han  i n  t h e  Area X t r e a t m e n t ,  above. I n  bo th  t r e a t m e n t s ,  

t h e  C a l i b r a t i o n  Averag ing  R o u t i n e  a p p e a r s  t o  be s l i g h t l y  be t t e r ,  

on an a v e r a g e ,  t han  t h e  C a l i b r a t i o n  l a b l e  Kou t ine ,  but t h e  o v e r l a p  
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2300 MUZIKA AND KOVAR 

S P L  . i/ 
AVG 
STD 
D I F  

2 AVG 
STD 
D I F  

3 AVG 
STD 
D I F  

1 AVG 
STD 
D I F  

2 AVG 
STD 
D I F  

3 AVG 
STD 
D I F  

S P L  . # 
1 AVG 

STD 
D I F  

2 AVG 
STD 
D I F  

3 AVG 
STD 
DIP 

3 AV G 
STD 
D I  F 

2 AV G 
STD 
D I F  

1 AVG 
STD 
D I F  

TABLE 3 
STAT1 STICAL EVALUATION 

AREA % 
CALIBRATION TABLE MEAN DIFFERENCES 

59.21 
0.32 
0.7Y 

59.82 
0.11 
0.18 

59.88 
0.20 
0.12 

59.47 
0.31 
0.53 

59.54 
0.32 
0.46 

59.73 
0.14 
0.27 

20.30 20.49 
0.15 0.24 

-0.30 -0.49 
19.Y7 20.21 
0.09 0.05 
0.03 -0.21 

19.97 20.15 
0.18 0.04 
0.03 -0.15 

20.40 20.12 
0.36 0.06 

-0.40 -0.12 
20.14 20.32 

0.42 0.37 
-0.14 -0.32 
20.11 20.16 
0.10 0.04 

-0.11 -0.16 
MEAN OF ABS MEANS 
STD OF AES MEANS 
STD ERROR OF MEAN 

0.24 
0.00 

0.08 
0.00 

0.14 
0.00 

0.24 
0.00 

0.37 
0.00 

0.09 
0.00 

ABS 

0.530 

0.139 

0.100 

0.353 

0.307 

0.179 
0.268 
0.147 
0.060 

CONFIDENCE RANGE (95%) 0.11 TO 0.42 

CALIBIZkTION AVEtWGING MEAN DIFFERENCES 

59.97 20. 24 19.79 
0.09 0.13 0.19 
0.03 -0.24 0.21 

59.82 20.12 20.06 
0.36 0.29 0.09 
0.18 -0.12 -0.06 

60.01 20.32 19.68 
0.16 0.16 0.06 

-0.01 -0.32 0.32 
60.14 19.87 19.99 

0.10 0.01 0.10 
-0.14 0.13 0.01 
60.06 19 -96 19.98 

0.18 0.21 0.03 
-0.06 0.04 0.02 
59.48 20.30 20.22 

0.21 0.23 0.10 
0.52 -0.30 -0.22 

MEANS OF ABS MEANS 
STD OF ABS MEANS 
STD ERROR OF MEAN 

CONFIDENCE RANGE (95%) 
T =  

AB S 

0.14 
0.00 0.163 

0.25 
0.00 0.123 

0.13 
0.00 0.214 

0.07 
0.00 0.094 

0.14 
0.00 0.038 

0.18 
0.00 0.346 

0.163 
0.098 
0.040 

21055 
0.06 TO 0 27 
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SPL. ii 
AVG 
STD 
D I F  

2 AVG 
STD 
D I F  

3 AVG 
STD 
DIF 

1 AVG 
STD 
D I F  

2 AVG 
STD 
D I F  

3 AVG 
S TD 
D I E '  

TAbLE. 4 
STATI5TICAL bVALUATION 

AMOUNTS 
CALIBRATlON TABLE 

29.923 10.260 10.357 
0.34Y 0.037 0.083 
0.077 -0.260 -0.357 
59.380 15.827 20.060 
0.399 0.219 0. 206 
0.b20 0.173 -0.060 
90.420 30.153 30.427 
0.107 0.389 0.154 
-0.420 -0.153 -0.427 
30.310 10.400 10.257 
0.106 0.212 0.005 
-0.310 -0.400 -0.257 
60.067 20.317 20.503 
0.451 0.341 0.512 
-0.067 -0.317 -0.503 
Y1.450 30.793 30.860 
0.107 0.233 0.134 
-1.45U -U.793 -0.660 

MEAN OF ABS MEANS 
STD UE U S  PIEANS 
STD ERROR OF ME&? 

SPL. ii 
1 AVG 

S TU 
UIF 

2 AVG 
STD 
D I F  

3 AV C; 

STU 
D i F  

3 AVG 
STD 
D I F  

2 AVG 
S TD 
D I F  

1 AVG 
STD 
D I F  

CONFIDENCE W G E  (Y5X) 

CALIBRATION AVOkAGING 

30.657 10,350 10.117 
0.212 0.131 0.090 
-0.657 -0.350 -0 
60.260 20.277 20 
0.114 0.421 0 
-0.260 -0.277 -0 
91.273 30.903 25 
0.143 0.321 0 
-1.273 -0.903 0 

117 
210 
152 
210 
933 
167 
067 

89.823 29.680 29 .853 
0.192 0.094 0.260 
0.177 0.320 0.147 
60.207 20.U13 20.030 
0.275 0.192 0.067 
-0.207 -0.U13 -0.030 
29.500 10.067 10.027 
0.417 0.0114 0.103 
0.500 -0.067 -0.027 

MEANS OF ABS WEANS 
STD OF ABS MEANS 
STD ERROR OF MEAN 

CONFIDENCE KANGE (95%) 
T =  

NEAh DIFFERENCES 

0.156 
-0.180 

0.275 
0.244 

0.217 
-0.333 

0.108 
-0.322 

0.435 
-0.296 

0.155 
-1.034 

M S  

0.231 

0.284 

0.333 

0.322 

0.296 

1.U34 
0.417 
0.278 
0.114 

0 

PIEAIV 

0 
-0 

0 
-0 

0 
-0 

12 'IU 0.71 

UIFFEKENCES 

144 
374 

243 
245 

21 1 
703 

0.182 
0.214 

0.178 
-0.083 

0.201 
0,136 

AB S 

0.374 

0.249 

0.748 

0.214 

0.083 

0.198 
0.311 
0.213 
0.087 

0.09 TO 0.53 
1.045 
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2302 MUZIKA AND KOVAR 

does  n o t  p r o v i d e  t h e  e v i d e n c e  f o r  a s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e  n e i t h e r  between t h e  two r o u t i n e s ,  no r  between t h e  two 

t r e a t m e n t s .  

S i m i l a r  expe r imen t  w a s  conducted ear l ie r  u s i n g  t h e  column 

p a r t l y  i n v e r t i n g  s u c r o s e  ( F i g u r e  1). I n  t h i s  expe r imen t ,  f o r  bo th  

r u n s  combined, a v e r a g e  Area X v a l u e s  d i f f e r e d  from e x p e c t e d  v a l u e s  

f rom 1.2% t o  2.9% (T) and from 0.1% t o  1.6% (AR) and S t a n d a r d  

D e v i a t i o n  v a l u e s  v a r i e d  from 0.Y t o  1.7(T) and from U.6 t o  

1.5(AR). Again,  t h e r e  is l i t t l e  d i f f e r e n c e  i n  p r e c i s i o n ,  measured 

as M ,  of t h e  t w o  r o u t i n e s  (1.4 and 1.1 r e s p e c t i v e l y ) ;  t h e  h i g h e r  

v a l u e s  of t h e  S t a n d a r d  D e v i a t i o n s  when compared t o  v a l u e  o b t a i n e d  

w i t h  newly c o n d i t i o n e d  column r e f l e c t s  t h e  d i m i n i s h e d  p r e c i s i o n  

f o r  t h e  area i n t e g r a t i o n  due t o  t h e  bad s h a p e  of peaks unde r  t h e s e  

c o n d i t i o n s .  Even unde r  t h e s e  c o n d i t i o n s ,  t h e  a c c u r a c y  is 

m a r g i n a l l y  b e t t e r  when u s i n g  t h e  "AR" r o u t i n e  as compared t o  the 

"T" r o u t i n e  ( g r a n d  mean d i f f e r e n c e  2.1 f o r  T and 1.4 f o r  AR). A l l  

r e s u l t s ,  which were g e n e r a t e d  by t h e  u s e  of t h e  column n o t  

c o m p l e t e l y  i n  ca l c ium form were much worse than  any r e s u l t s  

o b t a i n e d  u s i n g  t h e  column which d i d  no t  i n v e r t  s u c r o s e .  

C o n c l u s i o n s  

The C a l i b r a t i o n  Averaging Rou t ine  improved t h e  a c c u r a c y  of 

t h e  r e s u l t s  o b t a i n e d  u s i n g  C a l i b r a t i o n  Table.  However, t h e  

improvement was v e r y  small when compared t o  t h e  n e g a t i v e  e f f e c t  of 

t h e  s u c r o s e  i n v e r s i o n  on the a c c u r a c y  of a n a l y s i s  due t o  a g r a d u a l  

loss of ca l c ium from t h e  column. P rov ided  t h a t  t h e  performance of 

t h e  column is moni to red  and p r o p e r l y  m a i n t a i n e d ,  bo th  C a l i b r a t i o n  
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I n j .  

I L 
& 4 1 1 1 

0 2 4 6 8 1 0 1 2  0 2  4 6 8 1 0 1 2  
Minutes Minutes 

Chromatogram of sucrose 
(column before conditioning) 

chmmtogram of sucrose 
(column after conditioning) 

FIGURE 1 
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2304 MUZIKA AND KOVAR 

T a b l e  and C a l i b r a t i o n  Averaging R o u t i n e  c o u l d  be c o n s i d e r e d  as an 

a l t e r n a t i v e  t o  t h e  l a b o r i o u s  LE Method. 

The C a l i b r a t i o n .  Averaging Knu t ine  g i v e s  modes t ly  b e t t e r  

r e s u l t s  (mean a c c u r a c y  found was 0 . 1 % )  t h a n  C a l i b r a t i o n  T a b l e  

(mean a c c u r a c y  found was 0 . 3 % ) ,  but  is more t i m e  cnnsuming. The 

programming of t h e  Data Module i n i t i a l l y  a lways r e q u i r e s  t h e  

c r e a t i o n  of c a l i b r a t i o n  Table.  The p r e f e r r e d  u s e  of e i t h e r  

r o u t i n e  s h o u l d  be l e f t  t o  the d i s c r e t i o n  of t h e  o p e r a t n r / c h e m i s t .  
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