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Fig. 1 Schematic diagram f o r  a  cont inuous  flow a n a l y s i s  ( a )  and 

a flow i n j e c t i o n  a n a l y s i s  (b) 

F i g ,  2 Theore t i ca l  curves  of E q ,  ( 4 ) -  [ O x 1  1 +[Redl 1 = 0 .  2 M,  in = n = 1, 
Molar r a t i o  of [Ox,]/[Redl]:  ( a )  0. 05,  (b) 0, 2. ( c )  0. 5 .  (d )  1. 
( e )  2. ( f )  4 ,  (g )  9. React ion ( 2 )  was assumed t o  be completed. 
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Fig. 4 Schematic diagram for determination of hydrogen peroxide and n o w  
injection peaks 
Coil length and diameter: S-M 40 cm, 0. 5 mm i. d.  : M - D  235 cm, 
0. 5 rnm 1. d .  ; Sample volume; 1 f i  L 



ORP electrode 

Fig, 5 Schematic diagram for  determination of o x a l i c  acid and hydrazine 
and flow i n j e c t i o n  peaks 

C o i l  length a n d  diameter: S-M 4 0  cm, 0 .  5 m m  i . d .  ; M - D  80 cm, 
0 .  5 m m  i .  d . ,  Sample volume: 1 0 0  g L 
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Fig. 6 P o t e n t i a l  change of t h e  ORP e l e c t r o d e  by an a d d i t i o n  of t h e  
bromate s o l u t i o n  t o  t h e  Fe(HI) -Fe(I l  ) buffer  s o l u t i o n  (without  
bromide i on )  i n  t he  batch system ( l e f t )  
To 2 0  m L  of 0. 0 1  hi ( 1 : l )  Fe(III)-Fe(D ) buffer  s o l u t i o n  was 
i n s t a n t l y  added 2 0  mL of t h e  bromate s o l u t i o n  which con t a in s  
0. 6 M H2SO.q. 

Concentrat ion of the  bromate s o l u t i o n  added (mM) : ( a )  0, ( b )  0. 1 
( c )  0.  2 ,  ( d )  0 .  3 ,  ( e )  0.  4 

Fig. 7 Re l a t i onsh ip  between p o t e n t i a l  change A E  and bromate ion 
concen t r a t i on .  ( r i g h t )  

Open c i r c l e s :  observed p o t e n t i a l  change a f t e r  r e a c t i o n  time 8 min 
So l id  l i n e :  p o t e n t i a l  change c a l c u l a t e d  from Eq. ( I ) .  
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F i g .  8 P o t e n t i a l  . c h a n g e  o f  ORP e l e c t r o d e  by a d d i t i o n  o f  b r o m a t e  s o l u t i o n  
t o  F e ( n i ) - F e ( 1 3  ) b u f f e r  s o l u t i o n  c o n t a i n i n g  b r o m i d e  i o n .  
B u f f e r  s o l u t i o n :  0 ,  0 1  M (1 :  1 )  Fe(III ) - F e (  II ) c o n t a i n i n g  0. 4 M 

NaBr and  0 ,  6 M H 2 S 0 4 .  
B r o m a t e  i o n  a d d e d  ( E M ) :  ( a )  0 ,  ( b )  1. 0 ,  ( c )  2. 5,  ( d l  5.,0, ( e )  7. 5. 



Fig. 9 ( a )  Schematic diagram f o r  flow i n j e c t i o n  a n a l y s i s  of bromate ion. 
C. S. : c a r r i e r  (wa te r ) ;  R, S. : reagent  s o l u t i o n  (0. 01 hi ( 1 : l )  
F e ( m ) - F e ( L I ) ,  0 . 4  M NaBr, 1 . 2  M H2SOd); P : p e r i s t a l t i c  p u m p ;  
A :  air-damper c o i l ;  S: sample i n j e c t o r  (volume; 140y.L); 
R.C. : r e a c t i o n  c o i l  (160 cm, 0. 5 mm i , d ,  ) ;  C :  conf luence  po in t .  
Temperature of R. S. and C. D. was con t ro l l ed  a t  3 0 k 0 .  5C. 

F i g .  9 ( b )  Flow i n j e c t i o n  peaks f o r  bromate ion. 
( A ) :  c a l i b r a t i o n  peak 
( B ) :  e f f e c t  of d i v e r s e  an ions  on peak of 3 .  0  y M B r O 3 -  

concent ra t ion  of c o e x i s t i n g  an ion ;  ( a )  3 - 0  m M  Cl', 
( b )  3. 0 m M  No3-, ( c )  3. 0 m M  SO,-, ( d )  3 ,  0 m M  P o d 3 - ,  
( e l  0. 3 mM NO2-, ( e ) '  3-0 y M N O 2 - .  
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Fig.  10 E f f e c t  o f  r e a c t i o n  t ime  on r e s p o n s e  p o t e n t i a l s  in  t h e  r e a c t i o n  of 
h y p o c h l o r i t e  w i t h  t h e  Fe(DI ) - F e (  II ) b u f f e r .  

( A )  Buffe r  s o l u t i o n :  0. 01 M ( 1 :  1)  F e ( m ) - F e ( n  ) c o n t a i n i n g  0. 3 M KC1 and 
0 ,  5 M H g S O i ,  

C o n c e n t r a t i o n  of h y p o c h l o r a t e :  ( a )  0. 5 ,u M,  ( b )  1. Oy M ,  ( c )  2 .  0 ,u hi 

( 6 )  Buf fe r  s o l u t i o n :  0 . 0 1  M ( 1 : l )  F ~ ( I I I ) - F ~ ( J I )  c o n t a i n i n g  0. 5 M H2S04 
C o n c e n t r a t i o n  of h y p o c h l o r a t e :  ( a )  lOu M, ( b )  30uM, ( c )  0. 1  mM 

( d l  0. 5 mM, ( e l  1  mM, ( f )  1. 5 mM 



Fig. 11 ( a )  Schematic diagram f o r  flow i n j e c t i o n  a n a l y s i s  f o r  r e s i d u a l  
ch lo r ine ,  ( l e f t )  
C. S. : c a r r i e r  (H20) ; R .  S. ; reagent  so lu t i on  ( 0 .  0 1  M (1 :1) 
Fe(lII)-Fe(II  1 con ta in ing  0 ,  3 h! K C 1  and 0 .  5 M H s S 0 4 ) ;  P: 
p e r i s t a l t i c  pump; A :  air-damper c o i l ;  R . C .  : r e a c t i o n  c o i l  
( 9 0  cm x 0 ,  5 m m  1 . d .  ) ;  S :  sample i n j e c t o r  (volume: 140yL); 
D: ORP e l e c t r o d e  d e t e c t o r ;  C :  confluence p o i n t ,  

Fig. 11 ( b )  Flow i n j e c t i o n  peaks f o r  hypochlor i te ,  ( r i g h t )  
Reaction t ime:  ( A )  5 s,  ( B )  7. 5 s, (C) 1 0  s .  



Fig.  12 ( a )  Schemat i c  d iagram f o r  ch romatograph ic  d e t e r m i n a t i o n  of r e d u c i n g  
s u g a r  
C.  S. : e l u e n t  (0 .  5 h4 b o r a t e  b u f f e r )  ; P i  : p e r i s t a l t i c  pump; 
R.S, : r e a g e n t  s o l u t i o n  (1  x M ( 1  : 1 )  [Fe(CN)613-  - 
[ F e ( C N ) s I 4 - ,  0 .  6 M NaOH) ; P 2  : p l u n g e r  p u m p ;  S :  sample i n j e c t o r  
(volume:  2 0 k  L )  ; C: column (TSK Gel ,  Sugar AX1) 

Fig.  12 ( b )  Chromatograms f o r  mono- (A) and d i s a c c h a r i d e s  ( B )  
( A )  ; 1, 2-Deoxy D - r i b o s e ;  2 ,  L-Rhamnose; 3 ,  D-Ribose;  

4 .  D-Mannose; 5 ,  D-Glucose, 
( B )  : 6, C e l l o b i o s e ;  7 ,  M a l t o s e ;  8, Lac tose .  
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T a b l e  2 Lower  limits o f  d e t e r m i n a t i o n  o f  r e d u c i n g  s u g a r  

D e t e c t i o n  m e t h o d  Lower  l i m i t  
( p m o l )  

T h i s  m e t h o d  8 - 3 0  
R e f r a c t ~ m e t r y ' . ~ '  l o 3  - l o 4  
S p e c t r o p h o t o m e t r y C ~ * '  1 0  - l o 2  
F l u o ~ o m e t r y ~ ~ ~ '  5 - 10  
A m p e r o m e t r y " '  1  
P o t e n t i o m e t r y h '  l o 3  

a )  J. S c h m i d t ,  hi. J o h n ,  C .  Wandrey ,  J. C h r o m a t o g r .  , 213, 1 5 1  ( 1 9 8 1 ) .  
b )  V. K a h l e ,  K .  T e s a r i h ,  i b i d ,  N, 1 2 1  ( 1 9 8 0 ) .  
c )  K. Mopper ,  A n a l .  B i o c h m e . ,  83, 1 6 2  (1978) .  
d )  S. Honda ,  hi. T a k a h a s h i ,  Y. N i s h i m u r a ,  K. K a k e h i ,  A n a l ,  B i o c h e m . ,  m, 162 

( 1 9 8 1 ) .  
e )  S, Honda,  I.  M a t s u d a ,  M. T a k a h a s h i ,  K .  K a k e h i ,  A n a l .  Chem. ,  52, 1 0 7 9  

( 1 9 8 0 ) ,  f )  A n a l .  B i o c h e m . ,  I&, 1 3 0  ( 1 9 8 1 ) .  
g )  N .  W a t a n a b e ,  M. I n o u e ,  A n a l .  Chem. ,  5 5 ,  1 0 1 6  ( 1 9 8 3 ) .  
h )  P. W. A l e x a n d e r ,  P. R .  H a d d a d ,  M. T r o j a n o w i e z ,  A n a l .  L e t t . ,  18, 1 9 5 4  

( 1  9 8  5 )  
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fc 7/l/3 - X O E & B m I s l l ^ M f f i M T o  F i g .  1 3 ( a ) 7 K T @ % i t : K Z &  7 A fcBM 

F i g .  1 3  ( a )  S c h e m a t i c  d i a g r a m  f o r  s i m u l t a n e o u s  d e t e r m i n a t i o n  o r  s u c r o s e  a n d  
g l u c o s e  
C, S. : c a r r i e r  (H20); R ,  S . ,  : r e a g e n t  s o l u t i o n  ( 0 .  1 M a c e t a t e  
b u f f e r ,  pH:4, 6 )  ; R. S. 2 :  r e a g e n t  ( 5  x l o - '  M (1: 1 ) [ F e ( C N ) 6 ] 3 - -  
[ F e ( C N ) 6 ] 4 - ,  1 M NaOH) ; S :  s a m p l e  i n j e c t o r  ( v o l u m e :  140 /L L ;  C: 
i m m o b i l i z e d  e n z y m e  c o l u m n  ( 1  cm, 2  m m  i. d.  ) ;  R .  C. : r e a c t i o n  c o i l  
( 2  m, 0 . 5  m m  1 . d . ) ;  C . C . ;  c o o l i n g  c o i l  ( 1  m, 0 . 5  m m  i . d , ) ;  D.C.: 
d e l a y  c o i l  ( 2  m, 0. 5 m m  i .  d ,  ) 

( a )  

F i g ,  1 3  ( b )  S i m u l t a n e o u s  d e t e r m i n a t i o n  o f  m i x e d  g l u c o s e  a n d  s u c r o s e  
S a m p l e  i n  t h e  m i x e d  s o l u t i o n ;  2  x l o m 5  M s u c r o s e  a n d  5 x M 
g l u c o s e .  
T h e  p e a k s  o f  (A)  a n d  (B) c o r r e s p o n d  t o  t o t a l  a m o u n t  o f  s u c r o s e  
a n d  g l u c o s e ,  a n d  g l u c o s e ,  r e s p e c t i v e l y .  
T h e  n u m e r i c a l  v a l u e s  on  p e a k s  i n d i c a t e  t h e  t i m e  f r o m  a  s a m p l e  
i n j e c t i o n ,  I t o  a  p e a k  maximum. 
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Table 3 De t e rmina t i ono f  sugar  i n  s o f t  d r i n k s  

sugar  con t en t ,  g/100 g (sample) 

Drinks'  C e r t i f i e d  va lue  Observed value" 

Georgia c o f f e e  9 8 .  9 
Aquarius 6 6 .  7 
Sunk i s t  orange 1 2 .  7 13.  8 

* The samples were prepared by lo4 t imes  d i l u t i o n s  of t h e  o r i g i n a l  
d r i n k s  with t h e  deionized 

Ã ˆ  The concent ra t ion  of sugar  was determined based on 1 s t  and 2 n d  peak 
he igh t s .  



R.S.-I 0.3 
40% , L--.J 

L - - -  J 
R.C.2 

- - - -  R.C.1 
C.S. 0.33 G.D. w 
u ^ B.P.C. 
mllmin 

F i g .  14 ( a )  F l o w - i n j e c t i o n  m a n i f o l d  e q u i p p e d  w i t h  g a s - d i f f u s i o n  s e p a r a t i o n  
u n i t  f o r  d e t e r m i n a t i o n  o f  e t h a n o l  
C . S . :  c a r r i e r  ( H 2 O ) ;  R . S . , :  r e a g e n t  s o l u t i o n  ( 0 . 0 1 5  M K a C r a O ? ,  
2 M H s S O n ) ;  R .  S. 2 :  r e a g e n t  s o l u t i o n  ( 0 .  1 3 5  M FeS0 , , (NH4)aS0 . , ) ;  
P :  p e r i s t a l t i c  pump;  S :  s a m p l e  i n j e c t o r  ( v o l u m e ,  1 4 0  u . L ) ;  
G. D. : g a s - d i f f u s i o n  u n i t ;  R ,  C. 1 : r e a c t i o n  c o i l  ( 1  m, 0 .  5 m m  
i. d.  ) :  R .  C. : r e a c t i o n  c o i l  (2 m, 0.  5  m m  i. d. ) ; B. P .  C. : b a c k -  
p r e s s u r e  c o i l  ( 1 0  m, 0. 5 mm i. d.  ) ;  D :  ORP e l e c t r o d e .  

F i g .  1 4  (b) F l o w  i n j e c t i o n  p e a k s  f o r  e t h a n o l  



Table 4  Determination of e thanol  conten t  i n  a  a l c o h o l i c  beverages 

Ethanol conten t ,  % (v/v) 

beverages C e r t i f i e d  
value 

Beer" 4 ,  5  
Wine < 1 4  
Sake 1 6 - 1 7  
W h i s k y  4  3 
Shochu 2  5 

S p e c i f i c  
g r a v i t y  GC" 
method method 

4 .  5 4 ,  3  
11, 5 

1 6 .  8  1 6 .  0  
4 2 .  5 
2 4 ,  5 

F I  A 
method 

(without G.  D. ) 

6 .  6  
1 6 .  5 
1 9 .  5 
42 .  6  
2 4 .  6 

Proposed 
method 
( G .  . . D. ) 

* The sample was debubbled fo r .  2 0  m i n  before ana ly s i s .  * *  G C  i n d i c a t e  t h e  gas chromatography 
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