
CHAPTER IV

RESULTS AND DISCUSSIONS

Degradation Model of 10% w/v PVP-I Buffered Solutions

V a r i o u s  b u f f e r e d  f o r m u l a t i o n s  ( F - l  t o  F - 9 ,  
T a b l e  3)  w e r e  i n c u b a t e d  a t  60 ,  45 ,  40 ,  3 5 ° c .  T y p i c a l
p l o t s  o f  a v a i l a b l e  i o d i n e  c o n c e n t r a t i o n  r e m a i n i n g  a g a i n s t  
t i m e  a n d  n a t u r a l  l o g a r i t h m  o f  a v a i l a b l e  i o d i n e  
c o n c e n t r a t i o n  r e m a i n i n g  a g a i n s t  t i m e  a t  v a r i o u s  
t e m p e r a t u r e  w e r e  s h o w n  i n  F i g u r e  4 - 7  a n d  F i g u r e  8 - 1 1 ,  
r e s p e c t i v e l y .  T a b l e  5  w a 3  a  t y p i c a l  d a t a  o b t a i n e d  f r o m  
F o r m u l e r  F - l  k e p t  a t  6 0 ° c .  T h e  d a t a  w a s  t r e a t e d  a s  z e r o  
o r d e r  r e a c t i o n  a n d  f i r s t  o r d e r  r e a c t i o n .

T h e  p l o t s  i n  F i g u r e  4 - 7  a n d  F i g u r e  8 - 1 1  s h o w e d  
t h a t  t h e  m o d e l s  o f  z e r o  o r d e r  a n d  f i r s t  o r d e r  d e g r a d a t i o n  
w e r e  n o t  a p p r o p r i a t e  t o  t h e  w h o l e  d a t a  o f  t h i s  s t u d y .  
Z e r o  o r d e r  p l o t s  a s  w e l l  a s  f i r s t  o r d e r  p l o t s  s h o w e d  
c u r v a t u r e  a t  t h e  i n i t i a l  p a r t s  o f  t h e  p l o t s .  T h e  
g r a p h i c a l  c h a r a c t e r  s h o w e d  r a p i d  d e c r e a s e  o f  a v a i l a b l e  
i o d i n e  a t  t h e  i n i t i a l  s t a g e  b e y o n d  w h i c h  t h e  g r a p h s  
d i s p l a y e d  t h e  l i n e a r i t y  o f  b o t h  c o n c e n t r a t i o n  a n d  n a t u r a l  
l o g a r i t h m  o f  c o n c e n t r a t i o n  a g a i n s t  t i m e .  T h e  l i n e a r i t y  
a p p e a r e d  a f t e r  a b o u t  1 0 ,  3 0 ,  3 0  a n d  4 0  d a y s  o f  6 0 ,  4 5 ,  4 0  
a n d  35°c i n c u b a t i o n ,  r e s p e c t i v e l y ,  b y  c o n s i d e r i n g  t h e
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g r a p h i c a l  p l o t s  t o g e t h e r  w i t h  t h e  p H  o f  t h e  s o l u t i o n s .  
T h e  s l o p e s  a n d  c o r r e l a t i o n  c o e f f i c i e n t s  o f  t h e s e  l i n e a r  
p o r t i o n  o f  t h e  p l o t s  w e r e  l i s t e d  i n  T a b l e  6 a - 6 c .  T h e  
v a l u e s  o f  c o r r e l a t i o n  c o e f f i c i e n t  f r o m  b o t h  c a l c u l a t i o n  
w e r e  a l m o s t  e q u a l .  I t  m e a n e d  t h a t  a l m o s t  n o  d i f f e r e n c e  
b e t w e e n  t h e  t w o  v a l u e s .

H o w e v e r ,  P V P  a n d  i o d i n e  w e r e  c o m p l e x e d  a n d  i o d i n e  
w a s  s l o w l y  r e l e a s e d  i n t o  s o l u t i o n s  ( 9 ) .  P V P  a c t e d  a s  a
s t a b l e  d e p o t  f o r  i o d i n e ( 1 0 ) . T h e  c o n c e n t r a t i o n o f f r e e
a v a i l a b l e i o d i n e  w a s  c o n s t a n t  t h r o u g h o u t  m o s t o f t h e
r e a c t i o n . T h e  m e c h a n i s m w a s s h o w n  a s  f o l l o w s .

P V P - I 3  r - __ X P V P  +  I 3 "
__ 1 KH CO + »-l 1

I g  *—__ \ H + +  I ~  +  H O I

C o n s e q u e n t l y ,  t h e  l a t e r  l i n e a r  p o r t i o n  o f  p l o t s  
w a s  p o s t u l a t e d  t o  b e  z e r o  o r d e r  d e g r a d a t i o n  b e c a u s e  o f  
t h e  a b o v e d  r e a s o n s  a n d  t h e  a l m o s t  c o n s t a n t  p H  o f  t h e  
s o l u t i o n  a t  t h e  l a t e r  p a r t  o f  e x p e r i m e n t .

R a p i d  d e c r e a s e  o f  a v a i l a b l e  i o d i n e  i n  i n i t i a l  
s t a g e  ( a b o u t  1 0 - 1 5 % )  c o u l d  b e  t o t a l  r e s u l t  o f  t h e  
f o l l o w i n g  e f f e c t s :

1 . I t  m i g h t  b e  b e c a u s e  o f  r e v e r s i b l e  r e a c t i o n  o f  
i o d i n e  h y d r o l y s i s  i n  w a t e r .  A t  t h e  i n i t i a l  s t a t e  t h a t  p H
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o f  t h e  s o l u t i o n  w a s  a d j u s t  t o  5 . 5  t h a t  w a s  f a r  f r o m  t h e  
n a t u r e  o f  1 0 %  w / v  P V P - I  s o l u t i o n ,  t h e  c o n c e n t r a t i o n  o f  
h y d r o g e n  i o n  w a s  s m a l l  s o  t h e  e q u i l i b r i a  s h i f t e d  t o  t h e  
r i g h t  s i d e .

2 .  T h e r e  m i g h t  b e  e x c e s s  i o d i n e  l e f t  f r o m  c o m p l e x  
f o r m a t i o n  s t e p .  T h i s  i o d i n e  w o u l d  d e g r a d e  q u i c k e r  t h a n  
i o d i n e  c o m p l e x e d  w i t h  P V P .

3 .  P V P - I  c o m p l e x  m i g h t  u n d e r g o  s t r u c t u r a l  c h a n g e s  
i n  a q u e o u s  s o l u t i o n  . T h e  s t r u c t u r e  o f  P V P - I  p r e p a r e d  b y  
h e a t i n g  P V P  w i t h  i o d i n e  w a s  p o s t u l a t e d  t o  b e  a n  a d d u c t  o f  
t h e  p o l y m e r  a n d  h y d r o g e n  t r i i o d i d e  i n  w h i c h  a  p r o t o n  w a s  
f i x e d  b e t w e e n  2  c a r b o n y l  g r o u p s  o f  t w o  p y r r o l i d o n e  r i n g s  
a n d  t h e  t r i i o d i d e  a n i o n  w a s  b o u n d  i o n i c a l l y  t o  t h i s  
c o m p l e x  c a t i o n  ( 3 7 ) .  T h e  s t u d i e s  o f  P V P - I  s t r u c t u r e  i n  
a n  a q u e o u s  s o l u t i o n  ( 1 8 )  s u p p o r t e d  t h e  v i e w  o f  a  h e l i c a l  
m o d e l  o f  P V P  c h a i n  w i t h  i o d i n e  i n  h y d r o p h o b i c  c a v i t y .  I t  
w a s  n o t  e l u c i d a t e d  w h e t h e r  t h e  c h r o m o p h o r e  w a s  i o d i n e  
m o l e c u l e  o r  t r i i o d i d e  c h a i n  o r  a  m i x t u r e  o f  i o d i n e  •' a n d  
i o d i d e  i n  v a r y i n g  p r o p o r t i o n s .  T h e  v a r i a t i o n  o f  
s t r u c t u r e  m i g h t  c a u s e  m o r e  r e l e a s e d  i o d i n e  t h a n  d r y  
c o n d i t i o n .  A s  a  r e s u l t ,  m o r e  i o d i n e  d e g r a d e d  i n  t h e  
f i r s t  p e r i o d  u n t i l  e q u i l i b r i a  o c c u r e d .

4 . P V P  w a s  p o l y d i s p e r s e d ;  i . e .  i t  c o n s i s t e d  o f  a  
m i x t u r e s  o f  p o l y m e r  m o l e c u l e  o f  d i f f e r e n t  m o l e c u l a r
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w e i g h t .  T h e  l o w e r  m o l e c u l a r  w e i g h t  P V P ,  b e c a u s e  o f  i t s  
l o w e r  d e g r e e  o f  p o l y m e r i z a t i o n ,  h a d  m o r e  o x i d i s a b l e  
f r a g m e n t s  o r  e n d  g r o u p s .  P V P - I  o f  l o w e r  m o l e c u l a r  w e i g h t  
w a s  l e s s  s t a b l e  ( 5 8 ) .  T h e s e  o x i d i s a b l e  f r a g m e n t s  m i g h t  
c a u s e  r a p i d  d e g r a d a t i o n  i n  t h e  i n i t i a l  s t a t e .

5 . T h e  i m p u r i t i e s  f r o m  t h e  p o l y m e r i z a t i o n  o f  
v i n y l p y r r o l i d o n e  s u c h  a s  a m m o n i a  ( N H 3 ) a n d  
v i n y l p y r r o l i d o n e  i n  P V P - I  c o u l d  r e a c t e d  w i t h  i o d i n e  i n  
t h e  i n i t i a l  s t a g e  o f  i n c u b a t i o n  ( 6 1 ) .

3 I 2  +  6 N H 4 OH— > 5 N H 4 I  +  N H 4 I 0 3  +  3 H 2 0

A c c o r d i n g l y ,  t h e  a p p e a r a n c e  i n i t i a l  r a p i d  
d e g r a d a t i o n  r a t e s  a t  f o u r  d i f f e r e n t  t e m p e r a t u r e  w e r e  
c a l c u l a t e d  i n  m o d e l  o f  c u b i c  p o l y n o m i a l  r e g r e s s i o n  b y  
u s i n g  H P - 4 1 C  S T A T  P A C  c a l c u l a t o r  o f  H e w l e t t  P a c k a r d ,  
O r e g o n  U . S . A .  T h e  d e g r a d a t i o n  r a t e s  a n d  c o r r e l a t i o n  
c o e f f i c i e n t  ( r )  o f  t h e  d a t a  w e r e  s h o w n  i n  T a b l e  7 .  T h e  
a v e r a g e  r  v a l u e  w a s  0 . 9 7 3 4 .

U l t i m a t e l y ,  t h e  i n i t i a l  d e g r a d a t i o n  w a s  s u s p e c t e d  
t o  b e  c u b i c  p o l y n o m i a l  r e g r e s s i o n  a n d  t h e  l a t e r  
d e g r a d a t i o n  w a s  p o s t u l a t e d  t o  b e  z e r o  o r d e r .
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I n  t h i s  s t u d y ,  p h o s p h a t e ,  a c e t a t e  a n d  c i t r a t e  
b u f f e r s  a t  v a r i o u s  c o n c e n t r a t i o n s  w e r e  u s e d  i n  t h e  
p r e p a r a t i o n s  ( F - l  t o  F - 9 ) .  P h o s p h a t e  b u f f e r s  w e r e  
p r e p a r e d  i n  F - l  t o  F - 3  w i t h  t h e  c o n c e n t r a t i o n s  o f  
0 . 0 5  M,  0 . 1 0  M,  0 . 1 5  M.  A c e t a t e  a n d  c i t r a t e  b u f f e r s  w i t h  
t h e  s a m e  c o n c e n t r a t i o n s  a s  p h o s p h a t e  b u f f e r s  w e r e  a l s o  
p r e p a r e d  i n  F - 4  t o  F - 6  a n d  F - 7  t o  F - 9 ,  r e s p e c t i v e l y .  
T h e i r  e f f e c t s  u p o n  t h e  s t a b i l i t y  o f  P V P - I  s o l u t i o n  w e r e  
i n v e s t i g a t e d  b y  d e t e r m i n i n g  a v a i l a b l e  i o d i n e
c o n c e n t r a t i o n  a n d  p H  a f t e r  i n c u b a t i o n .

T h e  c o m p a r i s o n  p l o t s  o f  t h e  e f f e c t  o f  v a r i o u s  
b u f f e r s  a t  t h e  c o n c e n t r a t i o n  o f  0 . 0 5  M, 0 . 1 0  M, a n d  0 . 1 5  
M a t  v a r i o u s  t e m p e r a t u r e s  w e r e  s h o w n  i n  F i g u r e  1 2 - 1 5 ,  
F i g u r e  1 6 - 1 9 ,  a n d  F i g u r e  2 0 - 2 3 ,  r e s p e c t i v e l y .  T h e  
e f f e c t s  o f  v a r y i n g  t h e  c o n c e n t r a t i o n s  o f  b u f f e r s  w e r e  
d i s p l a y e d  i n  f o l l o w i n g  f i g u r e s :  p h o s p h a t e  b u f f e r s  i n
F i g u r e  2 4 - 2 7 ,  a c e t a t e  b u f f e r s  i n  F i g u r e  2 8 - 3 1 ,  c i t r a t e  
b u f f e r s  i n  F i g u r e  3 2 - 3 5 .

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

5^
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d e g r a d a t i o n  r a t e s  ( s h o w n  i n  T a b le  8 a ~ 8 b ,  T a b le  9 a ~ 9 b ,  
a n d  F i g u r e  3 6 - 3 7 )  b y  u s i n g  ANOVA t e s t  ( r a n d o m iz e d  

c o m p le t e  b l o c k  d e s i g n ) .  T h e  95% c o n f i d e n c e  i n t e r v a l  o f  
l a t e r  l i n e a r  d e g r a d a t i o n  r a t e s  w e re  s h o w n  i n  T a b le  10  a n d  
F i g u r e  3 8 - 4 1 .  T h e  a v a i l a b l e  i o d i n e  r e m a in i n g  a f t e r  7 0  d a y  

i n c u b a t i o n  w a s  d i s p l a y e d  i n  T a b le  1 1 . T h e  pH  o f  t h e  
s o l u t i o n  a f t e r  i n c u b a t e d  f o r  7 0  d a y s  w e re  a l s o  l i s t e d  i n  

T a b le  1 2 .

T h e  e v a l u a t i o n  w a s  s e p a r a t e d  i n t o  2 p a r t s ,  f i r s t ,  

c o n s i d e r i n g  ANOVA t e s t  o f  i n i t i a l  r a p i d  d e g r a d a t i o n  a n d ,  

s e c o n d ,  c o n s i d e r i n g  t h a t  o f  l a t e r  l i n e a r  d e g r a d a t i o n .

a )A N 0 V A  t e s t  o f  i n i t i a l  r a p i d  d e g r a d a t i o n .

T h e  e f f e c t s  o f  v a r i o u s  b u f f e r s  a t  t h e  sam e  
c o n c e n t r a t i o n  ( T a b le  8 a ) :

A t  t h e  b u f f e r  c o n c e n t r a t i o n  o f  0 . 0 5  M, t h e  

a p p e a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e s  w e re  f o u n d  t o  b e  

s i g n i f i c a n t l y  d i f f e r e n t  a t  95% c o n f i d e n c e  l e v e l  am ong  t h e  

t h r e e  b u f f e r s .  T h e  s t a b i l i t y  o f  P V P - I  b u f f e r e d  s o l u t i o n s  

d e c r e a s e d  i n  t h e  f o l l o w i n g  o r d e r :  p h o s p h a te  b u f f e r  (m o s t  

s t a b l e )  > a c e t a t e  b u f f e r  > c i t r a t e  b u f f e r .

A t  t h e  b u f f e r  c o n c e n t r a t i o n  o f  0 . 1 0  M a n d  0 .1 5 M ,  
t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  am ong  t h e  t h r e e  
b u f f e r s .  H o w e v e r ,  b y  e x a m in in g  a v e r a g e  d e g r a d a t i o n  r a t e s
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o f  e a c h  b u f f e r ,  t h e  t e n d e n c y  o f  d e g r a d a t i o n  w a s  t h e  sam e  
o r d e r  a s  0 . 0 5  M c o n c e n t r a t i o n .

T h e  e f f e c t  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  t h e  sam e  
b u f f e r  ( T a b le  8 b ) :

T h e  s t a b i l i t y  o f  P V P - I  i n  p h o s p h a te  b u f f e r  h a d  
s h o w n  b u f f e r  c o n c e n t r a t i o n  d e p e n d e n t  s i g n i f i c a n t l y .  T h e  

a p p e a r a n c e  d e g r a d a t i o n  r a t e s  w e re  i n  t h e  o r d e r :  0 . 0 5  M < 

0 . 1 0  M < 0 . 1 5  M.

T h e  v a r i a t i o n  o f  c o n c e n t r a t i o n s  o f  c i t r a t e  a n d  

a c e t a t e  c o n c e n t r a t i o n s  s h o w e d  n o  s i g n i f i c a n t  d i f f e r e n c e  

o n  t h e  a p p e a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e s .  
N e v e r t h e le s s ,  t h e  a v e r a g e  i n i t i a l  d e g r a d a t i o n  r a t e s  o f  
e a c h  c o n c e n t r a t i o n  o f  a c e t a t e  b u f f e r  w e re  i n  t h e  o r d e r  a s  
p h o s p h a te  b u f f e r .

๖ ) AN0VA t e s t  o f  l a t e r  l i n e a r  d e g r a d a t i o n .

T h e  e f f e c t  o f  v a r i o u s  b u f f e r s  a t  t h e  sam e  

c o n c e n t r a t i o n  ( T a b le  9 a ) :

A t  t h e  b u f f e r  c o n c e n t r a t i o n  o f  0 . 0 5  M

a n d  0 . 1 0  M, t h e  AN0VA s h o w e d  t h a t  t h e r e  w as  s i g n i f i c a n t  

d i f f e r e n c e  am ong  t h e  t h r e e  b u f f e r s .  T h e  s t a b i l i t y  o f  

P V P - I  w a s  i n  t h e  d e c r e a s in g  o r d e r  w h e n  u s e d  t h e  f o l l o w i n g  
b u f f e r s :  p h o s p h a te  b u f f e r  (m o s t  s t a b l e ) ,  a c e t a t e  b u f f e r ,

c i t r a t e  b u f f e r .
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A t  t h e  b u f f e r  c o n c e n t r a t i o n  o f  0 . 1 5  M , t h e r e  w as  
n o  s i g n i f i c a n t  d i f f e r e n c e  c a u s e d  b y  v a r y i n g  t h e s e  t h r e e  

b u f f e r s ,  b u t  t h e  a v e r a g e  d e g r a d a t i o n  r a t e s  o f  e a c h  
b u f f e r e d  s o l u t i o n  w e re  a l s o  i n  t h e  o r d e r  a s  a b o v e .

T h e  e f f e c t  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  t h e  sam e  
b u f f e r  ( T a b le  9 b ) :

V a r y i n g  t h e  c o n c e n t r a t i o n  o f  t h r e e  b u f f e r s ,  

l i n e a r  d e g r a d a t i o n  r a t e s  o f  P V P - I  b u f f e r e d  s o l u t i o n  u s i n g  

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

d e p e n d e n t  s i g n i f i c a n t l y ,  w h e re a s  t h a t  u s i n g  a c e t a t e  

b u f f e r  d i d  n o t .  T h e  d e g r a d a t i o n  r a t e s  o f  P V P - I  i n  f i r s t  

tw o  b u f f e r s  w e re  i n  t h e  o r d e r :  0 . 0 5  M (m o s t  s t a b l e )  < 
0 . 1 0  M < 0 . 1 5  M.

T h e s e  t h r e e  b u f f e r s  a r e  c o m m o n ly  u s e d  i n  

p h a r m a c e u t i c a l  p r e p a r a t i o n s  a t  t h e  pH o f  a b o u t  5 . 5 0  w i t h  
t h e  im p r e s s i o n  t h a t  t h e y  c a n  k e e p  pH  c o n s t a n t  o r  a lm o s t  
c o n s t a n t  a n d  t h a t  t h e y  w i l l  e x h i b i t  l e a s t  e f f e c t  u p o n  t h e  
s t a b i l i t y  o f  P V P - I .  T r u b i t s y m a ,  S .N .  ( 5 6 )  r e p o r t e d  t h e  

e f f e c t  o f  c i t r i c  a c i d  u p o n  P V P - I  s t a b i l i t y .  T h e y  f o u n d  

t h a t  t h e r e  m ig h t  b e  s t r u c t u r a l  d e t e r i o r a t i o n  d u e  t o  
H - b o n d in g  b e tw e e n  PVP a n d  c i t r i c  a c i d .  T h e  sam e e f f e c t  
c o u ld  o c c u r e d  i n  a c e t a t e  b u f f e r s  b e c a u s e  o f  c a r b o x y l i c  
g r o u p  b u t  t h e r e  w e re  l e s s  c a r b o x y l i c  g r o u p s  i n  a c e t a t e  
b u f f e r  t h a n  i n  c i t r a t  b u f f e r  a t  t h e  sam e c o n c e n t r a t i o n .
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So P V P - I  i n  a c e t a t e  b u f f e r  w e re  m o re  s t a b l e  t h a n  i n  

c i t r a t e  b u f f e r .  I n  c a s e  o f  p h o s p h a te  b u f f e r s ,  t h e y  

a lw a y s  f o rm e d  d im e r  b e tw e e n  tw o  p h o s p h a te  m o le c u le s .  
P h o s p h a te  d i d  n o t  a f f e c t  t h e  b i n d i n g  o f  PVP a n d  i o d i n e .

We c o u l d  c o n c lu d e  f r o m  T a b le  8 a - 8 b  a n d  T a b le  9 a -  
9 b  t h a t ,  a t  t h e  sam e b u f f e r  c o n c e n t r a t i o n ,  t h e  s t a b i l i t y  
o f  P V P - I  i n  b u f f e r e d  s o l u t i o n s  t e n d s  t o  b e  i n  t h e  o r d e r :  

p h o s p h a te  b u f f e r  (m o s t  s t a b l e )  > a c e t a t e  b u f f e r  > c i t r a t e  

b u f f e r  ( t h e  pH o f  s o l u t i o n s  w a s  n o t  c o n s t a n t  t h r o u g h o u t  

t h e  e x p e r im m e n t ) .  W i t h  t h e  sam e b u f f e r s ,  t h e  h i g h e r  t h e  

b u f f e r  c o n c e n t r a t i o n ,  t h e  lo w e r  t h e  s t a b i l i t y  o f  P V P - I  
w o u ld  b e .

U s u a l l y ,  t h e  m o re  d e g r a d a t i o n  o f  P V P - I  w o u ld  
r e s u l t  i n  l o w e r i n g  o f  t h e  pH . I n  c a s e  o f  c i t r a t e  b u f f e r ,  
d e s p i t e  i t  c a u s e d  t h e  h i g h e s t  d e g r a d a t i o n ,  i t  c o u l d  k e e p  
t h e  pH  o f  P V P - I  s o l u t i o n s  b e t t e r  t h a n  t h e  o t h e r  tw o  ( a s  
s h o w n  i n  T a b le  1 2 ) .

T h e  lo w  pH  o f  s o l u t i o n  w o u ld  a f f e c t  t h e  s k i n  

i r r i t a t i o n .  So t h e  n e x t  e x p e r im e n t s  w e re  d e s ig n e d  i n  

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

t h e  s o l u t i o n .  P h o s p h a te  b u f f e r s  w e re  m ix e d  w i t h  c i t r a t e  

b u f f e r s  a t  t h e  d i f f e r e n t  c o n c e n t r a t i o n s  a c c o r d i n g  t o  
T a b le  4 ,  F - 1 0  t o  F - 1 8 ) .
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S e le c t io n  , o f  S u i t a b le  B u f f e r  w i t h  A p p r o p r ia te  
C o n c e n t r a t io n

I n  t h e  p r e v i o u s  s e c t i o n s ,  t h e  e f f e c t s  o f  s i n g l e  
b u f f e r  o n  t h e  s t a b i l i t y  o f  10% พ /V P V P - I  s o l u t i o n  w e re  

i n v e s t i g a t e d .  T h e  s e l e c t e d  b u f f e r s  w e re  m ix e d  a n d  t h e  
p r e p a r a t i o n s  w e re  i n c u b a t e d  t o  o b s e r v e  t h e i r  p h y s i c a l  
c h a n g e  (pH  c h a n g e )  a n d  c h e m ic a l  s t a b i l i t y  ( a v a i l a b l e  

i o d i n e  r e m a i n i n g ) .  T h e  r e s u l t  f r o m  t h e  p r e v i o u s  s t u d i e s  

s h o w e d  t h a t  10% w / v  P V P - I  s o l u t i o n  i n  p h o s p h a t e  b u f f e r  

e x h i b i t e d  t h e  b e s t  c h e m ic a l  s t a b i l i t y ,  w h i l e  t h a t  i n  

c i t r a t e  b u f f e r  h a d  t h e  b e s t  b u f f e r  c a p a c i t y .  I n  o r d e r  t o  

y i e l d  a n  a p p r o p r i a t e  f o r m u l a r ,  m an y  m i x t u r e s  o f

p h o s p h a te  a n d  c i t r a t e  b u f f e r s  w i t h  v a r i o u s  p r o p o r t i o n s  
w e re  p r e p a r e d  ( T a b le  4 ) .  T h e  d e g r a d a t i o n  p r o f i l e s  o f  
f o r m u l a r  F - 1 0  t o  F - 1 8  w e re  s h o w n  i n  F i g u r e  4 2 .  F i g u r e  4 3 -  
45  s h o w e d  t h e  c o m p a r is o n  o f  t h e  e f f e c t  o f  m ix e d  b u f f e r s  
a n d  s i n g l e  b u f f e r  a t  t h e  sam e t o t a l  c o n c e n t r a i o n .  T h e  

c o m p a r is o n  p r o f i l e s ,  w h e n  o n e  b u f f e r  c o m p o n e n t  w a s  f i x e d  
a n d  a n o t h e r  w a s  v a r i e d ,  w e re  d i s p l a y e d  i n  F i g u r e  4 6 - 5 1 .  

T h e  d e g r a d a t i o n  r a t e s  a n d  pH  c h a n g e  a f t e r  70  d a y  

i n c u b a t i o n  w e re  r e c o r d e d  i n  T a b le  13 a n d  w e re  g r a p h i c a l l y  

c o m p a re d  i n  F i g u r e  5 2 . T h e  a p p e a r a n c e  d e g r a d a t i o n  r a t e s  
a n d  pH  a f t e r  7 0  d a y  i n c u b a t i o n  o f  m ix e d  b u f f e r s  a n d  

s i n g l e  b u f f e r  a t  t h e  sam e t o t a l  c o n c e n t r a t i o n  w e re  
c o m p a re d  i n  T a b le  1 4 .
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F ig u r e  4 3 - 4 5  a n d  T a b le  14 s h o w e d  t h a t  m o s t  m ix e d  

b u f f e r s  g a v e  m o re  a p p r e c i a b l e  r e s u l t  t h a n  s i n g l e  b u f f e r  
e x c e p t  0 . 1 5  M t o t a l  b u f f e r  c o n c e n t r a t i o n .

T he  g r a p h i c a l  c o m p a r is o n  o f  F i g u r e  4 6 - 5 1  s h o w e d  
t h a t  w h e n  o n e  b u f f e r  c o n c e n t r a t i o n  w as  f i x e d  a n d  a n o t h e r  
w as i n c r e a s e d ,  t h e  d e g r a d a t i o n  a l s o  in c r e a s e d .  B y  
e x a m in in g  t h e  g a p  b e tw e e n  g r a p h  w hen  f i x e d  o n e  b u f f e r  

c o m p o n e n t  a t  a  c e r t a i n  c o n c e n t r a t i o n ,  i n c r e a s i n g  c i t r a t e  
c o n c e n t r a t i o n  a n d  f i x i n g  p h o s p h a te  c o n c e n t r a t i o n  m ake  

w id e r  g a p  am ong  t h r e e  g r a p h  l i n e s  t h a n  i n c r e a s i n g  
p h o s p h a te  b u f f e r .  A s  t h e  r e s u l t ,  i n c r e a s i n g  

c o n c e n t r a t i o n  o f  c i t r a t e  b u f f e r  a f f e c t e d  t h e  d e g r a d a t i o n  
m o re  t h a n  i n c r e a s i n g  t h a t  o f  p h o s p h a te  b u f f e r .

T a b le  13 s h o w e d  t h a t  i n c r e a s i n g  p h o s p h a te  
c o n c e n t r a t i o n  w h i l e  c i t r a t e  c o n c e n t r a t i o n  w as  f i x e d  
s c a r c e l y  a f f e c t e d  pH m a in t e n a n c e .  On t h e  c o n t r a r y ,  
i n c r e a s i n g  c i t r a t e  c o n c e n t r a t i o n  w h i l e  p h o s p h a te  

c o n c e n t r a t i o n  w a s  f i x e d  e n h a n c e d  b e t t e r  pH m a in t e n a n c e .  
H o w e v e r ,  t h e  m o re  c i t r a t e  c o n c e n t r a t i o n ,  t h e  m o re  

d e g r a d a t i o n  w o u ld  d i s t i n c t l y  b e .  A s t h e  r e s u l t ,  f o r m u l a r  
F - l l  ( 0 . 0 2 5  M p h o s p h a te  + 0 . 0 5  M c i t r a t e  b u f f e r )  w a s  t h e  

s e l e c t e d  b u f f e r .  I t  c o u ld  k e e p  pH o f  10% w / v  P V P - I  
s o l u t i o n  a t  5 . 1 0  a f t e r  7 0  d a y  i n c u b a t i o n .
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The E f f e c t  o f  V a r io u s  S o lv e n ts  (S o u rc e s  o f  W a te r)  on th e  
S t a b i l i t y  o f  10% พ /V P V P -I B u f fe r e d  S o lu t io n

F o r m u la r  F - l l  f r o m  t h e  p r e v i o u s  s e c t i o n  w as  
s e l e c t e d  a n d  w a s  u s e d  i n  t h i s  s t u d y .  T he  d e g r a d a t i o n  
p r o f i l e s  i n  a n y  s o u r c e  o f  w a t e r  w e re  g r a p h i c a l l y  c o m p a re d  

i n  F i g u r e  5 3 . D a ta  o f  a v a i l a b l e  i o d i n e  r e m a in in g  w as  
s h o w e d  i n  T a b le  15 a n d  w as c a l c u l a t e d  t o  s h o w  a p p e a r a n c e  
i n i t i a l  d e g r a d a t i o n  r a t e s  a n d  l a t e r  l i n e a r  d e g r a d a t i o n /  

r a t e s  i n  T a b le  1 7 . T h e  pH o f  w a t e r  t h a t  u s e d  i n  t h i s  

e x p e r im e n t  w as  4 . 8 0  f o r  s i n g l e  d i s t i l l e d  w a t e r ,  5 . 2 0  f o r  

D I w a t e r  a n d  6 . 6 0  f o r  p o t a b l e  w a t e r .

V a r y i n g  s o u r c e s  o f  w a t e r  ( T a b l e l 6 ) ,  ANOVA t e s t  
s h o w e d  s i g n i f i c a n t  d i f f e r e n c e  a t  95% c o n f i d e n c e  l i m i t  i n  
f i n a l  c o n c e n t r a t i o n  o f  a v a i l a b l e  i o d i n e  r e m a in i n g .  B y  
c o n s i d e r i n g  t h e  a p p e a r a n c e  d e g r a d a t i o n  r a t e s  ( T a b le  1 7 ) ,  
10% w / v  P V P - I  b u f f e r e d  s o l u t i o n  i n  d i s t i l l e d  w a t e r  
a p p e a r e d  t o  p o s s  t h e  g r e a t e s t  s t a b i l i t y .  T h e  u s e  o f  

d e io n i s e d  w a t e r  g a v e  t h e  b e t t e r  r e s u l t  t h a n  t h a t  o f  
p o t a b l e  w a t e r  ( t a p  w a t e r ) .

G e n e r a l l y ,  w a t e r  i s  a v e r y  u n iq u e  s o l v e n t .  
P r i m a r i l y  b e c a u s e  o f  i t s  s o l v e n t  p o w e r  a n d  p h y s i o l o g i c a l  
i n e r t n e s s ,  w a t e r  i s  a n  e x t r e m e l y  im p o r t a n t  p h a r m a c e u t i c a l  

a g e n t .  I n  a s  m uch  a s  w a t e r  i s  u s e d  m o re  c u p i o u s l y  a n d  
w id e l y  t h a n  o t h e r  s u b s t a n c e  i n  p h a r m a c e u t i c a l
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m a n u f a c t u r i n g ,  i t s  q u a l i t y  i s  o f  t h e  u tm o s t  im p o r t a n c e .

A c c o r d in g  t o  USP, t h e  w a t e r  u s e d  i n  t h i s  s e c t i o n  

i s  o f f i c i a l  i n  d i f f e r e n t  s t a t e s  o f  p u r i t y .  S u p p ly i n g  
p o t a b l e  w a t e r  i s  t h e  s t a r t i n g  m a t e r i a l  t o  p r e p a r e  
p u r i f i e d  w a t e r  ( d e i o n i z e d  w a t e r ,  d i s t i l l e d  w a t e r ) .  
S u p p ly i n g  p o t a b l e  w a t e r  i s  o n e  o f  t h e  m o s t  im p o r t a n t  
o p e r a t i o n s  i n  c i v i l i z e d  c o m m u n i t i e s .  P o t a b le  w a t e r  i s  
u s u a l l y  d ra w n  f r e s h l y  f r o m  a p u b l i c  s u p p l y  a n d  m u s t  b e  

s u i t a b l e  d r i n k i n g .  P o t a b le  w a t e r  o f  s a t i s f a c t o r y  

b i o l o g i c a l  q u a l i t y  i s  a v a i l a b l e  i n  m any  a r e a s  a n d  m ay b e  
u s e d  i n  p r e p a r a t i o n s  t h a t  a r e  n o t  i n t e n d e d  t o  b e  s t e r i l e  
p r o v i d e d  t h a t  t h e  m i n e r a l  i m p u r i t i e s  t h a t  i t  c o n t a i n s  d o  

n o t  r e a c t  w i t h  t h e  m e d ic a m e n ts  o r  o t h e r  i n g r e d i e n t s .  T h e  
o v e r a l l  p r o c e s s  o f  l o c a l  p u b l i c  s y s te m  o n l y  i n v o l v e s  ( 1 )  
r e m o v in g  o f  i n s o l u b l e  m a t t e r  t h r o u g h  a p r o p r i a t e  
c o a g l u l a t i o n ,  s e t t l i n g  a n d  f i l t e r i n g  p r o c e s s ;  ( 2 )

d e s t r u c t i o n  o f  p a t h o g e n i c  m ic r o o r g a n is m s  b y  a e r a t i o n  a n d  
c h l o r i n a t i o n  o r  o t h e r  m e th o d s ;  ( 3 )  im p r o v e m e n t  o f

p a l a t a b i l i t y  t h r o u g h  a e r a t i o n  a n d  f i l t r a t i o n  t h r o u g h  

c h a r c o a l .  S u c h  p o t a b l e  w a t e r  c o m m o n ly  c o n t a i n s  i r o n ,  

m a n g a n e s e , c o p p e r ,  z i n c ,  c a l c i u m ,  m a g n e s iu m , s u l f a t e  a n d  
c h l o r i d e  (WHO s t a n d a r d ) .

I t  i s  l i k e l y  t h a t  i o d i n e  i n  t h e  s o l u t i o n s  m ig h t  
r e a c t  w i t h  Fe  a n d  F e ^  + a n d  c h l o r i n e  ( 1 2 )  a s  f o l l o w s :
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Fe + h ---------------- » F e l 2

2 F e C l2 + H + 2HC1 -----------> 2 H I + 2 F e C l3

* 2  + 5C 12 + 6H2 0 -----------> 2 H I0 3 + 10HC1

D e io n i z e d  w a t e r  a n d  d i s t i l l e d  w a t e r  a r e  i n  
P u r i f i e d  W a te r  m o n o g ra p h  o f  USP . D e i o n i z a t i o n  p r o c e s s  
c a n  re m o v e  i o n i s a b l e  s u b s t a n c e ,  a n d  p r o d u c e  a  w a t e r  h i g h  
s p e c i f i c  s u b s t a n c e .  C o l l o i d a l  a n d  n o n - i o n i s a b l e  

i m p u r i t i e s  s u c h  a s  p y r o g e n s  m ay n o t  b e  re m o v e d  b y  t h i s  
p r o c e s s .  B y  d i s t i l l a t i o n ,  t h e  p u r i t y  o f  w a t e r  i n c r e a s e s  

b e c a u s e  i t  i s  s e p a r a t e d  a s  v a p o u r  f r o m  n o n - v o l a t i l e  

i m p u r i t i e s  a n d  i s  s u b s e q u e n t l y  c o n d e n s e d .

A s  t h e  r e s u l t  o f  d i f f e r e n t  s t a t e s  o f  p u r i t y ,  
t h r e e  s o u r c e s  o f  w a t e r  g a v e  t h e  l i t t l e  d i f f e r e n t  r e s u l t  
o f  d e g r a d a t i o n  o f  P V P - I  i n  b u f f e r e d  s o l u t i o n .

The E f f e c t s  o f  P a c k a g in g  M a t e r ia ls  on th e  s t a b i l i t y  o f  
10% w /v  P V P -I B u f fe r e d  S o lu t io n

A c c o r d in g  t o  t h e  p r e v i o u s  r e s u l t ,  f o r m u l a r  - F - l l  
i n  d i s t i l l e d  w a t e r  w a s  p r e p a r e d  a n d  f i l l e d  i n  v a r i o u s  

c o n t a i n e r s ,  i . e . ,  c l e a r  g l a s s ,  a m b e r g l a s s ,  lo w  d e n s i t y  

p o l y e t h y l e n e  ( L D P E ) ,  h i g h  d e n s i t y  p o l y e t h y l e n e  (H D P E ) a n d  
p o l y p r o p y le n e  ( P P ) .  T h e  e f f e c t  o f  t h e  c o n t a i n e r s  f r o m  
v a r i o u s  m a t e r i a l s  o n  t h e  s t a b i l i t y  o f  P V P - I  c o u l d  b e  s e e n  
i n  F i g u r e  5 4 . T h e  e v a l u a t i o n  w a s  s u m m a r iz e d  i n  T a b le  1 8 -

2 0 .



Raw d a ta  was show ed in  T a b le  1 8 . The r e s u l t  o f
ANOVA t a b l e  i n  T a b le  19 s h o w e d  s i g n i f i c a n t  d i f f e r e n c e  a t  

t h e  95% c o n f i d e n c e  i n t e r v a l  o f  f i n a l  a v a i l a b l e  i o d i n e  
c o n c e n t r a t i o n  r e m a in i n g .  T a b le  20  d i s p l a y e d  a p p e a r a n c e  
d e g r a d a t i o n  r a t e s  o f  t h e  s o l u t i o n  i n  e a c h  c o n t a i n e r .  T h e  
d e g r a d a t i o n  o f  P V P - I  i n  v a r i o u s  c o n t a i n e r s  e x h i b i t e d  i n  
t h e  f o l l o w i n g  i n c r e a s i n g  o r d e r s  ะ

LDPE < HDPE < a m b e r g l a s s  < c l e a r  g l a s s  < p p .

T h e  c o n t a i n e r s  f o r  c o m m e r c ia l  P V P - I  p r e p a r a t i o n s  
a r e  a lw a y s  m ade f r o m  g l a s s  a n d  p l a s t i c .  T h e  e f f e c t  o f  

p a c k a g in g  m a t e r i a l  on  t h e  s t a b i l i t y  o f  P V P - I  s o l u t i o n  w a s  
b e y o n d  t h e  s c o p e  o f  t h i s  s t u d y .  I t  w as  o b s e r v e d  t h a t  PE 

w as t h e  m o s t  a p p r o p r i a t e  m a t e r i a l  t o  c o n t a i n  P V P - I  
s o l u t i o n .  T h e  d is a d v a n t a g e  o f  g l a s s  m ay d u e  t o  a n  i o n  
e x c h a n g e  p r o c e s s  a t  t h e  s u r f a c e  o f  g l a s s  a n d  y i e l d i n g  a n  
a p p r e c i a b l e  q u a n t i t y  o f  a l k a l i  t o  w a t e r .  S o d a - l im e  g l a s s  
o r  NP t y p e  g la s s  a r e  e m p lo y e d  i n  p r o d u c t i o n  o f  n o n -  
p a r e n t e r a l  p r e p a r a t i o n .  I t  c o n t a i n s  t h e  m o d i f i e r s  o f  
m o n o v a le n t s  a n d  d i v a l e n t s  s u c h  a s  N a+ , K+ , C a ^ + , Mg^ + , 

B a ^ + t h a t  m ay b e  r e p la c e d  b y  h y d r o x o n iu m  io n s  i n  a c i d i c  

o r  n e u t r a l  a q u e o u s  s o l u t i o n  ( 6 6 ) .  I n  c a s e  o f  p p ,  t h e r e  
m ay b e  t h e  i n t e r a c t i o n  b e tw e e n  i o d i n e  a n d  a n t i o x i d a n t  
t h a t  i s  t h e  n e c e s s a r y  a d d i t i v e  i n  p p  p r o d u c t i o n  ( 6 7 ) .
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W it h  r e g a r d  t o  g l a s s  c o n t a i n e r ,  a m b e r - g la s s  

b o t t l e s  se em ed  t o  b e  m o re  s u i t a b l e  t h a n  c l e a r  g l a s s  

c o n t a i n e r .  T h i s  f i n d i n g  i s  i n  a g r e e m e n t  w i t h  t h e  m a t t e r  
t h a t  l i g h t  a p p e a r  t o  h a v e  l i t t l e  e f f e c t  o n  t h e  s t a b i l i t y  
o f  i o d i n e  s o l u t i o n  o r  t i n c t u r e  ( 1 2 ) .



66

T a b l e  5 s t a b i l i t y  o f  A v a i l a b l e  I o d i n e  i n  10% พ / V P V P - 1  
S o l u t i o n  F o r m u l a r  1 ( F - l )  a t  6 0  c

T i me  

( d a y s )

C o n e ,  o f  a v a i l a b l e  I r e m a i n i n g ' t o t a l  I a 

g / 1 0 0 m l

pH
o f

S o l u t i o ng m / 1 0 0 m l p e r c e n t N a t u r a l  l o g a r i t h m

0 . 0 0 1 . 1 0 0 1 0 0 . 0 0 4 . 6 0 5 1 . 6 5 0 5 . 5 0
0 . 6 6 1 . 0 4 9 9 5 . 3 6 4 . 5 5 8 1 . 6 5 0 5 .  10
1 . 7 0 1 . 0 2 0 9 2 . 7 4 4 . 5 3 0 1 . 6 5 3 4 . 5 8
5 . 8 2 0 . 9 9 3 9 0 . 2 7 4 . 5 0 3 1 . 6 5 0 3 . 7 0
1 1 . 7 7 0 . 9 7 9 8 8 . 9 9 4 . 4 8 8 1 . 6 4 5 3 . 5 0
1 8 . 7 9 0 . 9 7 5 8 8 . 6 1 4 . 4 8 8 1 . 6 6 8 2 . 8 0
2 8 . 7 5 0 . 9 5 0 8 6 . 3 3 4 . 4 5 8 1 . 6 5 3 2 . 8 0
4 2 . 6 9 0 . 9 3 8 8 5 . 2 3 4 . 4 4 5 1 . 6 7 9 2 . 8 0
5 6 . 6 7 0 . 9 2 3 8 3 . 9 1 4 . 4 3 0 1 . 6 7 9 2 . 8 0
7 0 . 6 3 0 . 9 0 4 8 2 .  1 5 4 . 4 0 8 1 . 6 6 1 2 . 8 0
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Table 6b Slope of Regression Line and Correlation C oeff ic ien t

When Treated Later Part of Data as Zero Order Reaction

F
Slope of regress ion 1 ine Correlation c o e f f i c i e n t

6 0  ปีc 4 5  ° c 4 0  ° c 3 5  ° c 6 0  ° c 4 5  ° c 4 0  ° c 3 5  ° c

F - l - 0 . 1 2 1 4 - 0 . 0 5 7 1 - 0 . 0 1 5 9 - 0 . 0 1 1 4 - 0 . 9 9 8 0 - 0 . 9 9 7 3 - 0 . 9 8 5 3 - 0 . 9 9 2 8
F - 2 - 0 . 1 7 0 5 - 0 . 0 7 3 0 - 0 . 0 4 2 4 - 0 . 0 3 4 2 - 0 . 9 9 3 7 - 0 . 9 7 1 2 - 0 . 9 7 5 2 - 0 . 9 8 3 3
F-3 - 0 . 1 4 3 7 - 0 . 0 9 9 0 - 0 . 0 5 5 0 - 0 . 0 5 0 0 - 0 . 9 9 1 6 - 0 . 9 9 0 2 - 0 . 9 9 6 5 - 0 . 9 8 0 0
F - 4 - 0 . 1 2 0 7 - 0 . 0 7 4 9 - 0 . 0 4 2 9 - 0 . 0 6 3 7 - 0 . 9 9 0 1 - 0 . 9 6 2 4 - 0 . 9 5 0 4 - 0 . 9 9 8 8
F - 5 - 0 . 2 0 3 8 - 0 . 0 7 4 7 - 0 . 0 6 0 0 - 0 . 0 5 4 1 - 0 . 9 9 1 9 - 0 . 9 9 2 0 - 0 . 9 9 4 3 - 0 . 9 9 0 2
F - 6 - 0 . 1 7 6 7 - 0 . 0 8 5 6 - 0 . 0 7 3 0 - 0 . 0 5 4 0 - 0 . 9 9 3 4 - 0 . 9 9 4 1 - 0 . 9 9 7 1 - 0 . 9 9 7 7
F - 7 - 0 .  1 7 1 4 - 0 . 0 7 2 2 - 0 . 0 5 5 1 - 0 . 0 3 9 2 - 0 . 9 8 8 0 - 0 . 9 9 9 2 - 0 . 9 6 9 3 - 0 . 9 7 6 3
F - B - 0 . 2 0 2 2 - 0 . 0 0 3 3 - 0 . 0 8 0 1 - 0 . 0 4 4 5 - 0 . 9 9 0 1 - 0 . 9 9 3 0 - 0 . 9 9 9 7 - 0 . 9 1 0 4
F - 9 - 0 . 2 4 1 0 - 0 . 0 9 6 5 - a . 1 0 2 9 - 0 . 0 5 1 5 - 0 . 9 9 8 1 - 0 . 9 7 7 5 - 0 . 9 9 7 0 - 0 . 9 8 5 0

Hôte F = Formuler
The day to  begin ca lcu la t ion  at 60 °c i s  the 10th day.
The day to  begin ca lcu la t ion  at 45 °c i s  the 30th day.
The day to begin ca lcu la t ion  at 40 °c is  the 30th day.
The day to begin ca lcu la t ion  at 35 °c is  the 40th day.



Table 6b Slope of Regression Line When Treated Later Part
of Data as F irst  Order Reaction

Note F = Formuler
The day to  begin ca lcu la t ion  at 60 °c i s  the 10th day.
The day to begin ca lcu la t ion  at 45 °c i s  the 30th day.
The day to  begin ca lcu lat ion  at 40 °c i s  the 30th day.
The day to begin ca lcu la t ion  at 35 °c i s  the 40th day.



Table 6c Correlation Coefficient When Treated Later Part of
Data as F irst  Order Reaction

F
Correlation Coeff ic ient

6 0 c 45 c 40 c 35 c

F-l -0.9919 -0.9975 -0.9B55 -0.992B
F-2 -0.9935 -0.9730 -0.9759 -0.9834
F-3 -0.9921 -0.9979 -0.9969 -0.9810
F-4 -0.9905 "0.9648 -0.9516 -0.9988
F-5 -0.9923 -0.9928 -0.9944 -0.9906
F-6 -0.9925 -0.9944 -0.9972 -0.9978
F-7 -0.9895 -0.9990 -0.9702 -0.9766
F-8 -0.9932 -0.9936 -0.9996 -0.9185
F-9 -0.9983 -0.9789 -0.9971 -0.9852

Note F = Formuler
The day to  begin ca lcu la t ion  at 60 °c i s  the 10th day.
The day to  begin ca lcu la t ion  at 45 “c i s  the 30th day.
The day to  begin ca lcu la t ion  at 40 °c i s  the 30th day.
The day to  begin ca lcu la t ion  at 35 °c i s  the 40th day.
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Table 7 Appearance Initial Degradation Rates Caloulated 
By Using Cubic Polynomial Regression.

F
6 0 °c 45'’c 40*’c 35*’c

r b r b r b r b

F-l 0.9488 -0.7686 0.9781 -0.3372 0.9574 -0.3440 0.9667 -0.4361
F-2 0.9583 -0.7797 0.9344 -0.5594 0.9644 -0.4857 0.9801 -0.5513
F-3 0.9670 -1.0535 0.9641 -0.8323 0.9744 -0.5783 0.9774 -0.5589
F-4 0.9690 -1.2016 0.9645 -0.5654 0.9663 -0.4894 0.9909 -0.4212
F-5 0.9774 -1.1220 0.9890 -0.7346 0.9749 -0.5782 0.9732 -0.3769
F-6 0.9696 - 1.2365 0.9804 -0.8278 0.9709 -0.5839 0.9869 -0.4915
F-7 0.9797 -1.2314 0.9835 -0.7634 0.9857 -0.5940 0.9849 -0.5038
F-8 0.9700 -1.2272 0.9874 -0.7391 0.9714 -0.5841 0.9794 -0.4956
F-9 0.9756 -1.0897 0.9753 -0.9042 0.9805 -0.664 1 0.9799 -0.5173

average r value = 0.9734 ±  0.0038 = 0.9696 - 0.9772

Note F = Formuler
r =
b =

Co r r e 1 at i
I n i t i a l

assuming

on coefficient 
degradation rate <% / 
b value from equation

day )
y = a

calculated by 
+ bx + ex" + dx*

of cubic polynomial r e g r e B B  i on.
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T a b l e  8 a  A n a l y s i s O f V a r  i a n c e  T a b l e F o r E v a  1 u a t  i o n O f  T h e
E f f e c t  ร O f U s e d  B u f f e r s On I n i t i a l R a p  i d
D é g r a d â t  i ๐ ท .

c o n e .

0 . 0 5 M .

>p.  ( ° c >
D e g r a d a t i o n  R a t e s  i n

Y
P h o s p h a t e A c e t a t e C i t r a t e

6 0 0 . 7 6 8 6 “ 1 . 2 0 1 6 1 . 2 3 1 4 1 . 0 6 7 2
4 5 0 . 3 3 7 2 0 . 5 6 5 4 0 . 7 6 3 4 0 . 5 5 5 4
4 0 0 . 3 4 4 0 0 . 4 8 9 4 0 . 5 9 4 0 0 . 4 7 5 8
3 5 0 . 4 3 6 1 0 . 4 2 1 2 0 . 5 0 3 8 0 . 4 5 3 7

ÿ . 0 . 4 7 1 5 0 . 6 6 9 4 0 . 7 7 3 2 0 . 6 3 8 0

s o u r c e  o f  v a r i a t i o n d f รร MS V . R .

- a v e r a g e 1 4 . 8 8 4 8
- b e t w e e n  b l o c k 3 0 . 7 5 3 9 0 . 2 5 1 3 2 0 . 7 7 3 0
- b e t w e e n  t r e a t m e n t 2 0 . 1 8 7 9 0 . 0 9 4 0 7 . 7 6 6 7 " “
- r e s  i d u a 1 6 0 . 0 7 2 6 0 . 0 1 2 1
T o t a l 12 5 . 8 9 9 3

N o t e  c o n e .  = t o t a l  b u f f e r  c o n c e n t r a t i o n
T h e  a p p e a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e  ( % / d a y )

F = 5 . 1 4๐ .  9  B (  a  .  a  >

T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  i n i t i a l  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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Table  8a ( c o n t i n u e d )

c o n e . T e m p . ( ° c )
D e g r a d a t i o n  R a t e s  i n

Y
P h o s p h a t e A c e t a t e c  i t r a t e

0 . 10M. 6 0 0 . 7 7 9 7  * 1 . 1 2 2 0 1 . 2 2 7 2 1 . 0 4 3 0
4 5 0 . 5 5 9 4 0 . 7 3 4 6 0 . 7 3 9 1 0 . 6 7 7 7
4 0 0 . 4 8 5 7 0 . 5 7 8 2 0 . 5 8 4 1 0 . 5 4 9 3
3 5 0 . 5 5 1 3 0 . 3 7 6 9 0 . 4 9 5 6 0 . 4 7 4 6

y*. 0 . 5 9 4 0 0 . 7 0 2 9 0 . 7 6 1 5 0 . 6 8 6 2

s o u r c e  o f  v a r i a t i o n d f รร MS V . R .

- a v e r a g e 1 5 . 6 4 9 8
- b e t w e e n  b l o c k 3 0 . 5 7 2 6 0 .  1 9 0 8 1 2 . 0 9 4 6
- b e t w e e n  t r e a t m e n t 2 0 . 0 5 7 8 0 . 0 2 8 9 1 . 8 3 1 0 “
- r e s  i d u a 1 6 0 . 0 9 4 7 0 . 0 1 5 8
T o t a l 12 6 . 3 7 4 8

N o t e  c o n e .  = t o t a l  b u f f e r  c o n c e n t r a t i o n
T h e  a p p e a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e  ( % / d a y )

F = 5 . 1 4๐.  9 s c 2 . 6 >
T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  i n i t i a l  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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Table  8a ( c o n t i n u e d )

c o n e . T e m p . ( ° c )
D e g r a d a t i o n  R a t e s  i n

Y
P h o s p h a t e A c e t a t e c  i t r a t e

0 . 1 5M. 6 0 1 . 0 5 3 5 " 1 . 2 3 6 5 1 . 0 8 9 7 1 . 1 2 6 6
4 5 0 . 8 3 2 3 0 . 8 2 7 8 0 . 9 0 4 2 0 . 8 5 4 8
4 0 0 . 5 7 8 3 0 . 5 8 3 9 0 . 6 6 4 1 0 . 6 0 8 8
3 5 0 . 5 5 8 9 0 . 4 9 1 5 0 . 5 1 7 3 0 . 5 2 2 6

ÿ . 0 . 7 5 5 8 0 . 7 8 4 9 0 . 7 9 3 8 0 . 7 7 8 2

s o u r c e  o f  v a r i a t i o n

- a v e r a g e  
- b e t w e e n  b l o c k  
- b e t w e e n  t r e a t m e n t  
- r e s  i  d u a 1 
T o t a l

d f

1
3
2
6

12

รร

7 . 2 6 6 4
0 . 6 6 8 3
0 . 0 0 3 2
0 . 0 2 6 2
7 . 9 5 9 6

MS

0 . 2 2 1 3  
1 . 6 X1 0 “ 3 
4 . 4  X 10 ~ 3

V.  R,

5 0 . 6 5 7 0
0 . 3 6 2 9

N o t e  c o n e .  = t o t a l  b u f f e r  c o n c e n t r a t i o n
T h e  a p p e a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e  < % / d a y )

F = 5 . 1 4๐ . 9 8 ( 2 , 6 7
T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  i n i t i a l  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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T a b l e  8 b  A n a l y s i s  O f  V a r i a n c e  
E f f e c t  O f  B u f f e r
R a p i d  D e g r a d a t i o n .

T a b l e  F o r  E v a l u a t i o n  O f  T h e  
C o n c e n t r a t i o n  On I n i t i a l

D e g r a d a t i o n  R a t e s  i n
B u f f  e r T e m p . ( ° c ) Y

0 . 0 5  M c) .  10  M 0 . 1 5  M
1

P h o s p h a t e 6 0 0 . 7 6 8 6 * 0 . 7 7 9 7 1 . 0 5 3 5 0 . 8 6 7 3
4 5 0 . 3 3 7 2 0 . 5 5 9 4 0 . 8 3 2 3 0 . 5 7 6 3
4 0 0 . 3 4 4 0 0 . 4 8 5 7 0 . 5 7 8 3 0 . 4 6 9 4
3 5 0 . 4 3 6 1 0 . 5 5 1 3 0 . 5 5 8 9 0 . 5 1 5 4

ÿ . 0 . 4 7 1 5 0 . 5 9 4 0 0 . 7 5 5 8 0 . 6 0 7 1

s o u r c e  o f  v a r i â t " d f รร MS V . R .

- a v e r a g e 1 4 . 4 2 2 7
- b e t w e e n  b l o c k 3 0 . 2 8 8 0 0 . 0 9 6 0 1 1 . 5 8 3 5
- b e t w e e n  t r e a t m e n t 2 0 . 1 6 2 6 0 . 0 8 1 3 9 . 8 1 1 2 “ “
- r e s  i d u a 1 6 0 . 0 4 9 7 8 . 3 x 1 0  ~ 3
T o t a l 12 4 . 9 2 3  1

N o t e  " T h e  a p p e a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e  ( % / d a y )  
s o u r c e  o f  v a r i â t "  = s o u r c e  o f  v a r i a t i o n  
F = 5 . 1 4๐.  9 s c 2 • e )

T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  i n i t i a l  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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Table  8b ( c o n t i n u e d )

B u f f e r T e m p . ( ๐ c )
D e g r a d a t i o n  R a t e s  i n

Y 1
0 . 0 5  M 0 .  10  M 0 .  1 5 M

A c e t a t e 6 0 1 . 2 0 1 6 * 1 . 1 2 2 0 1 . 2 3 6 5 1 . 1 8 6 7
4 5 0 . 5 6 5 4 0 . 7 3 4 6 0 . 8 2 7 8 0 . 7 0 9 3
4 0 0 . 4 8 9 4 0 . 5 7 8 2 0 . 5 8 3 9 0 . 5 5 0 5
3 5 0 . 4 2 1 2 0 . 3 7 6 9 0 . 4 9 1 5 0 . 4 2 9 9

ÿ . 0 . 6 6 9 4 0 . 7 0 2 9 0 . 7 8 4 9 0 . 7 1 9 1

s o u r c e  o f  v a r i a i , " d f ร ร MS V.  R.

- a v e r a g e 1 6 . 2 0 5 1
- b e t w e e n  b l o c k 3 0 . 9 9 2 5 0 . 3 3 0 8 7 5 . 3 0 1 0
- b e t w e e n  t r e a t m e n t 2 0 . 0 2 8  3 0 . 0 1 4 1 3 . 2 1 5 8 *
- r e s  i d u a 1 6 0 . 0 2 6 4 4 . 4 x  10  3
T o t a l 12 7 . 2 5 2 2

N o t e  “ T h e  a p p e a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e  < % / d a y )  
s o u r c e  o f  v a r i â t "  = s o u r c e  o f  v a r i a t i o n  
F = 5 . 1 4O  .  9  s  c a  .  a  )

T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  i n i t i a l  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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Table  8b ( c o n t i n u e d )

D e g r a d a t i o n  R a t e s  i n
B u f f e r T e m p . ( ° c ) Y

0 . 0 5  M c) .  10  M 0 .  15  M
1

C i t r a t e 6 0 1 . 2 3 1 4 “ 1 . 2 2 7 2 1 . 0 8 9 7 1 . 1 8 2 8
4 5 0 . 7 6 3 4 0 . 7 3 9 1 0 . 9 0 4 2 0 . 8 0 2 2
4 0 0 . 5 9 4 0 0 . 5 8 4 1 0 . 6 6 4 1 0 . 6 1 4 1
3 5 0 . 5 0 3 8 1 0 . 4 9 5 6 0 . 5 1 7 3 0 . 5 0 5 6

ÿ . 0 . 7 7 3 2 0 . 7 6 1 5 0 . 7 9 3 8 0 . 7 7 6 2

s o u r c e  o f  v a r i â t - d f รร MS V . R .

- a v e r a g e 1 7 . 2 2 9 1
- b e t w e e n  b l o c k 3 0 . 7 9 6 5 0 . 2 6 5 5 5 1 . 8 8 9 2
- b e t w e e n  t r e a t m e n t 2 2  . 1 5cl 0  ~ 3 1 . 1 x i o " 3 0 . 2 0 9 0 *
- r e s i d u a l 6 0 . 0 3 0 7 5 . 1 X1 0 " 3
T o t a l 12 8 . 0 5 8 4

N o t e  T h e  a p p e a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e  ( % / d a y )  
s o u r c e  o f  v a r i â t -  = s o u r c e  o f  v a r i a t i o n  
F = 5 . 1 4o  .  9  s  c 2 ■  e  >

T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  i n i t i a l  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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T a b l e  9 a  A n a l y s i s  O f  V a r i a n c e  T a b l e  F o r  E v a l u a t i o n  O f  T h e  
E f f e c t s  O f  U s e d  B u f f e r s  On L a t e r  Z e r o  O r d e r
D é g r a d â t  i o n .

c o n e . T e m p . (  c )
D e g r a d a t i o n  R a t e s  i n

Y
P h o s p h a t e A c e t a t e C i t r a t e

0 . 0 5 M. 6 0 0 . 1 2 1 4 " 0 . 1 2 8 7 0 . 1 7 1 4 0 . 1 4 0 5
4 5 0 . 0 5 7 1 0 . 0 7 4 9 0 . 0 7 2 2 0 . 0 6 8 0
4 0 0 . 0 1 5 9 0 . 0 4 2 9 0 . 0 5 5 1 0 . 0 3 8 0
3 5 0 . 0 1 1 4 0 . 0 6 3 7 0 . 0 3 9 2 0 . 0 3 8 1

ÿ . 0 . 0 5 1 4 0 . 0 7 7 5 0 . 0 8 4 5 0 . 0 7 1 2

s o u r c e  o f  v a r i a t i o n d f รร MS V.  R.

- a v e r a g e 1 0 . 0 6 0 7
- b e t w e e n  b l o c k 3 0 . 0 2 1 0 7 . 0 X 1 0 ~ 3 3 0 . 2 2 0 3
- b e t w e e n  t r e a t m e n t 2 2 . 4 jc1 0 " 3 1 . 2 x l 0 ~  3 5 . 2 3 0 9 " “
- r e s  i d u a 1 6 1 . 4 X 1 0 ~ 3 2 . 3 x 1 0 _A
T o t a l 1 2 0 . 0 8 5 6

N o t e  c o n e .  = t o t a l  b u f f e r  c o n c e n t r a t i o n
T h e  a p p e a r a n c e  l a t e r  z e r o  o r d e r  d e g r a d a t i o n  r a t e ( % / d a y )  

F = 5 . 1 4๐.  9 5 c a , 6 )
T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  l a t e r  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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Table  9a ( c o n t i n u e d )

c o n e . T e m p . ( ° c )
D e g r a d a t i o n  R a t e s  i n

Y
P h o s p h a t e A c e t a t e c  i t r a t e

0 . 10M. 6 0 0 .  1 7 0 5 * 0 . 2 0 3 8 0 . 2 0 2 2 0 . 1 9 2 2
4 5 0 . 0 7 3 8 0 . 0 7 4 7 0 . 0 8 3 3 0 . 0 7 7 3
4 0 0 . 0 4 2 4 4 0 . 0 6 0 0 0 . 0 8 0 1 0 . 0 6 0 8
3 5 0 . 0 3 4 2 0 . 0 5 4 1 0 . 0 4 4 5 0 . 0 4 4 3

ÿ . 0 . 0 8 0 2 0 . 0 9 8 2 0 . 1 0 2 5 0 . 0 9 3 6

s o u r c e  o f  v a r i a t i o n d f รร MS V.  R.

- a v e r a g e 1 0 .  1 0 5 2
- b e t w e e n  b l o c k 3 0 . 0 4 0 5 0 . 0 1 3 5 1 4 8 . 2 9 8
- b e t w e e n  t r e a t m e n t 2 1 . l x  1 0 "  a 5 . 6x 10 6 .  1 4 0 *  “
- r e s i d u a l 6 5 . 5x  1 0  '  * 9 . l x  1 0  s
T o t a l 1 2 0 .  1 4 7 4

N o t e  c o n e .  = t o t a l  b u f f e r  c o n c e n t r a t i o n
T h e  a p p e a r a n c e  l a t e  z e r o  o r d e r  d e g r a d a t i o n  r a t e  ( % / d a y )  

F = 5 . 1 4๐.  9 s c 2 . ร }
T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  l a t e r  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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Table  9a ( c o n t i n u e d )

c o n e . T e m p . ( ° c )
D e g r a d a t i o n  R a t e s  i n

Ÿ
P h o s p h a t e A c e t a t e C i t r a t e

0 . 15M. 6 0 0 .  1 4 3 8 “ 0 .  1 7 6 7 0 . 2 4 1 0 0 . 1 8 7 2
4 5 0 . 0 9 9 0 0 . 0 8 5 6 0 . 0 9 6 5 0 . 0 9 3 7
4 0 0 . 0 5 5 0 0 . 0 7 3 0 0 . 1 0 2 9 0 . 0 7 7 0
3 5 0 . 0 5 8 0 0 . 0 5 4 0 0 . 0 5 1 5 0 . 0 5 4 5

y*. 0 . 0 8 8 9 0 . 0 9 7 3 0 . 1 2 3 0 0 . 1 0 3 1

s o u r c e  o f  v a r i a t i o n d f รร MS V.  R.

- a v e r a g e 1 0 . 1 2 7 5
- b e t w e e n  b l o c k 3 0 . 0 3 0 6 0 . 0 1 0 2 1 6 . 7 0 5 7
- b e t w e e n  t r e a t m e n t 2 2 . 5 x 10  ~ 3 1 . 3x 1 0  " 3 2 . 0 5 7 2 "
- r e s  i d u a 1 6 3 . 7X 1 0 ' 3 6 . l x  1 0
T o t a l 12 0 . 1 6 4 3

N o t e  c o n e .  = t o t a l  b u f f e r  c o n c e n t r a t i o n
T h e  a p p e a r a n c e  l a t e r  z e r o  o r d e r  d e g r a d a t i o n  r a t e  ( % / d a y )  

F = 5 . 1 4๐ .  9  8  c a  • e  >

T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  l a t e r  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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T a b l e  9 b  A n a l y s i s  O f  V a r i a n c e  T a b l e  F o r  E v a l u a t i o n  O f  T h e  
E f f e c t  O f  B u f f e r  C o n c e n t r a t i o n  On L a t e r  Z e r o  
O r d e r  D e g r a d a t i o n .

B u f f e r T e m p . ( ° c )
D e g r a d a t i o n  R a t e s  i n

7
0 . 0 5  M 0 . 1 0  M 0 .  15  M

P h o s p h a t e 6 0 0 . 1 2 1 4 * 0 .  1 7 0 5 0 .  1 4 3 8 0 .  1 4 5 2
4 5 0 . 0 5 7 1 0 . 0 7 3 8 0 . 0 9 9 0 0 . 0 7 6 6
4 0 0 . 0 1 5 9 0 . 0 4 2 4 0 . 0 5 5 0 0 . 0 3 7 8
3 5 0 . 0 1 1 4 0 . 0 3 4 2 0 . 0 5 8 0 0 . 0 3 4 5

0 . 0 5 1 4 0 . 0 8 0 2 0 . 0 8 8 9 0 . 0 7 3 5

s o u r c e  o f  v a r i â t 5. d f รร MS V.  R.

- a v e r a g e 1 0 . 0 6 4 9
- b e t w e e n  b l o c k 3 0 . 0 2 3 8 7 . 9 x 1 0 " 3 5 3 . 0 3 3 0
- b e t w e e n  t r e a t m e n t 2 3 . 8 x 1 0 ~ a 1 . 5 *  10  " 3 1 0 . 2 8 4 7 * *

—1 - A- r e s  i d u a 1 ธ 9 . 0 x 1 0 1 . 5  10
T o t a l 12 0 . 0 9 2 7

N o t e  T h e  a p p e a r a n c e  l a t e r  z e r o  o r d e r  d e g r a d a t i o n  r a t e ( % / d a y )  
s o u r c e  o f  v a r i â t "  = s o u r c e  o f  v a r i a t i o n  
F = 5 . 1 4๐ .  E  s  c a  ,  e  >

T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  l a t e r  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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Table 9b ( c o n t i n u e d )

B u f f e r T e m p . ( ° c )
D e g r a d a t i o n  R a t e s  i n

Y
0 . 0 5  M 0 . 1 0  M 0 . 1 5  M

A c e t a t e 6 0 0 .  1 2 8 7 " 0 . 2 0 3 8 0 . 1 7 6 7 0 . 1 6 9 8
4 5 0 . 0 7 4 9 0 . 0 7 4 7 0 . 0 8 5 6 0 . 0 7 8 4
4 0 0 . 0 4 2 9 0 . 0 6 0 0 0 . 0 7 3 0 0 . 0 5 8 7
3 5 0 . 0 6 3 7 0 . 0 5 4 1 0 . 0 5 4 0 0 . 0 5 7 2

ÿ«. 0 . 0 7 7 5 0 . 0 9 8 2 0 . 0 9 7 3 0 . 0 9 1 0

s o u r c e  o f  v a r i a i " d f รร MS V.  R.

- a v e r a g e 1 0 . 0 9 9 4
- b e t w e e n  b l o c k 3 0 . 0 2 5 6 8 . 5 x 10  ~ 3 2 1 . 3 1 5 2
- b e t w e e n  t r e a t m e n t 2 1 . l x  10  3 5 . 5x 1 0 " A 1 . 3 6 1 8 *

- 3 - A- r e s  i d u a 1 6 2 . 4 X 1 0 4 . 4x 10
T o t a l 12 0 . 1 2 8 5

N o t e  * T h e  a p p e a r a n c e  l a t e r  z e r o  o r d e r  d e g r a d a t i o n  r a t e ( % / d a y )  
s o u r c e  o f  v a r i â t "  = s o u r c e  o f  v a r i a t i o n  
F = 5 . 1 4๐ .  9  s  c a  .  e  )

T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  l a t e r  r a t e .  
T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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Table  9b ( c o n t i n u e d )

B u f f e r T e m p . ( ๐ c )
D e g r a d a t i o n  R a t e s  i n

Ÿ
0 . 0 5  M 0 . 1 0  M 0 . 1 5  M

C i t r a t e 6 0 0 .  1 7 1 4 * 0 . 2 0 2 2 0 . 2 4 1 0 0 . 2 0 4 9
4 5 0 . 0 7 2 2 0 . 0 8 3 3 0 . 0 9 6 5 0 . 0 8 4 0
4 0 0 . 0 5 5 1 0 . 0 8 0 1 0 . 1 0 2 9 0 . 0 7 9 4
3 5 0 . 0 3 9 2 0 . 0 4 4 5 0 . 0 5 1 5 0 . 0 4 5 1

ÿ . 0 . 0 8 4 5 0 . 1 0 2 5 0 . 1 2 3 0 0 . 1 0 3 3

s o u r c e  o f  v a r i a i " d f รร MS V.  R.

- a v e r a g e 1 0 . 1 2 8 1
- b e t w e e n  b l o c k 3 0 . 0 4 4 0 0 . 0 1 4 7 8 9 . 4 2 8 7
- b e t w e e n  t r e a t m e n t 2 3 . 0 k 1 0 - a 1 . 5 x 1 0 9 . 0 5 4 9 " “
- r e s  i d u a 1 6 9 . 8 x 1 0 “ * 1 . 6 x 1 0 " A
T o t a l 1 2 0 . 1 7 6 0

N o t e  T h e  a p p e a r a n c e  l a t e r  z e r o  o r d e r  d e g r a d a t i o n  r a t e ( % / d a y )  

s o u r c e  o f  v a r i a i "  = s o u r c e  o f  v a r i a t i o n  

F = 5 . 1 4๐ .  9  6  c 2 • ร }

T h e  b u f f e r s  s h o w  s i g n i f i c a n t  e f f e c t  o n  t h e  l a t e r  r a t e .  

T h e r e  i s  n o  s i g n i f i c a n t  d i f f e r e n c e .
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T a b l e  10  E f f e c t  O f  B u f f e r  On D e g r a d a t i o n  O f  P V P - I  
( a v a i l a b l e  i o d i n e )

p
T h e  95% c o n f i d e n c e  i n t e r v a l  f o r  s l o p e  o f  l a t e r  p a r t

60 ° c 4 5 ° c 4 0 ° c 3 5 ° c

F - l 0 . 1 0 2 3 - 0 . 1 4 0 4 0 . 0 4 9 3 - 0 . 0 6 4 8 0 . 0 1 0 8 - 0 . 0 2 0 9 0 . 0 0 8 9 - 0 . 0 1 3 9
F - 2 0 . 1 4 8 4 - 0 .  1 9 2 5 0 . 0 4 8 7 - 0 . 0 9 9 0 0 . 0 2 9 1 - 0 . 0 5 5 8 0 . 0 2 2 6 - 0 . 0 4 5 8
F - 3 0 . 1 2 2 2 - 0 . 1 6 5 4 0 . 0 8 7 9 - 0 . 1 1 0 0 0 . 0 4 8 6 - 0 . 0 6 1 5 0 . 0 3 6 3 - 0 . 0 7 9 7
F - 4 0 . 1 0 3 3 - 0 . 1 5 4 0 0 . 0 4 5 5 - 0 . 1 0 4 2 0 . 0 2 3 4 - 0 . 0 6 2 4 0 . 0 5 8 0 - 0 . 0 6 9 4
F - 5 0 .  1 6 7 6 - 0 . 2 4 0 1 0 . 0 5 7 3 - 0 . 0 9 2 2 0 . 0 5 1  1 - 0 . 0 6 9 0 0 . 0 4 0 1 - 0 . 0 6 8 0
F - 6 0 .  1 4 8 4 - 0 . 2 0 5 1 0 . 0 6 8 5 - 0 . 1 0 2 7 0 . 0 6 5 3 - 0 . 0 8 0 8 0 . 0 4 7 3 - 0 . 0 6 0 7
F - 7 0 . 1 3 4 2 - 0 . 2 0 8 6 0 . 0 6 6 9 - 0 . 0 7 7 5 0 . 0 3 5 7 - 0 . 0 7 4 5 0 . 0 2 3 2 - 0 . 0 5 5 1
F - 8 0 . 1 6 2 5 - 0 . 2 4 2 0 0 . 0 6 5 0 - 0 . 1 0 1 5 0 . 0 7 7 3 - 0 . 0 8 2 9 0 . 0 0 9 3 - 0 . 0 7 9 8
F - 9 0 . 2 2 0 5 - 0 . 2 6 1 4 0 . 0 5 8 2 - 0 . 1 3 4 8 0 . 0 9 3 5 - 0 . 1 1 2 3 0 . 0 3 4 9 - 0 . 0 6 8 1

N o t e  F = F o r m u l a r
T h e  s l o p e  w a s  c a l c u l a t e d  f r o m  l a t e r  l i n e a r  r e g r e s s i o n  p a r t ,  

a n d  s h o w n  i n  p o s i t i v e  v a l u e  t o  e x p r e s s  t h e  
a p p e a r a n c e  . l a t e r  z e r o  o r d e r  d e g r a d a t i o n  r a t e s  ( % / d a y ) .
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Table  11 % Of A v a i l a b l e  Iodi ne  Remaining' A f t e r  70 Day In cuba t i on .

F o r m u l a r
T e m p e r a t u r e ( ° c )

6 0 4 5 4 0 3 5

F - l 8 2 . 1 4 7 9 0 . 3 6 9 9 1 . 2 4 3 9 0 . 9 1 7
F - 2 7 7 . 8 1 5 8 2 . 2 4 5 8 7 . 5 5 3 8 7 . 0 9 6
F - 3 7 8 . 3 2 8 8 1 . 9 1 5 8 6 . 5 1 6 8 4 . 8 5 5
F - 4 7 7 . 5 2 6 8 2 . 6 3 4 8 7 . 0 7 0 8 8 . 8 9 9
F - 5 7 1 . 2 1 2 8 4 . 9 7 2 8 5 . 9 0 3 8 7 . 2 7 8
F - 6 7 3 . 7 1 1 8 2 . 4 0 8 8 5 . 5 8 1 8 6 . 6 3 8
F - 7 7 4 . 6 9 7 8 3 . 4 8 9 8 6 . 7 7 7 8 7 . 1 9 1
F - 8 6 9 . 7 9 9 8 3 . 4 3 9 8 5 . 1 8 1 8 5 . 7 2 6
F - 9 7 1 . 1 4 5 8 0 . 8 2 1 8 4 . 1 7 8 8 6 . 2 6 5
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T a b l e  1 2  pH O f  1 0 %w / v  P V P - I  S o l u t i o n  A f t e r  7 0  D a y  I n c u b a t i o n .

F o r m u 1 a r
T e m p e r a t u r e !  C)

6 0 4 5 4 0 3 5

F - l 2 . 8 0 3 . 2 5 3 . 1 0 4 . 1 0
F - 2 2 . 8 0 3 . 5 0 3 . 7 0 4 . 8 0
F - 3 3 . 2 9 3 . 8 0 4 . 2 0 5 . 0 0
F - 4 4 . 0 0 4 . 1 0 4 .  10 4 . 5 0
F - 5 4 . 5 0 4 . 2 2 4 . 4 0 5 . 2 0
F - 6 4 . 3 0 4 . 3 0 4 . 5 0 5 . 3 0
F - 7 4 . 8 2 4 . 3 2 4 . 6 0 5 . 0 5
F - 8 5 . 1 0 4 . 5 0 4 . 9 0 5 . 2 0
F - 9 5 . 1 8 4 . 6 0 5 . 2 0 5 . 4 0



Table 13 The Degradation Rates of Available Iodine in F — 10 ta F-18 and pH after 70 Day

Incubation.

phosphate 0.025 M 0.050 H 0.075 K

c i t r a t e  N. F i n i t i a l later pH F in i t  ia 1 la ter pH F i n i t i a l later pH

0.025 M F -10 0.4233 0.0375 5.00 F-13 0.4410 0.0375 4.90 F — 16 0.4326 0.0376 5.00

0.050 M F — 11 0.4659 0.0392 5.10 F - 14 0.4691 0.0383 5. 10 F-17 0.4884 0.0393 5.20

0.075 M F-12 0.4843 0.0397 5.20 F-15 0.4875 0.0396 5.20 F-18 0.5869 0.0597 5.40

Note F = Formuler.
in i t  = The appearance i n i t i a l  degradation rates  <x/day) calculated  

by assuming b value from equation y = a + bx + ex*
+ dx of cubic polynomial regress ion ,  

la ter  = The ca lculat ion  of appearance la ter  l inear degradation rates  
(X/day) was begun at the 40th day. 

pH = pH after  70 day incubation.
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T a b l e  14 Th e  A p p e a r a n c e  D e g r a d a t i o n  R a t e s  o f  A v a i l a b l e  I o d i n e  
i n  10% w / v  P VP - I  B u f f e r e d  S o l u t i o n s  a n d  pH a f t e r  
7 0  Day I n c u b a t i o n  When T o t a l  B u f f e r
C o n c e n t r a t i o n  w e r e  0 . 0 5 ,  0 . 1 0 ,  0 . 1 5  M ( o n l y
p h o s p h a t e  a n d  c i t r a t e  b u f f e r ) .

T o t a l  C o n e . Co mp o s  i t  i o n I n i t i a l L a t e r pH

0 . 0 5  M 0 . 0 5  M p h o s p h a t e  ( F - l ) 0 . 4 3 6 1 0 . 0 1 1 4 4 . 1 0
0 . 0 5  M c i t r a t e  < F - 7 ) 0 . 5 0 3 8 0 . 0 3 9 2 5 . 0 5
0 . 0 2 5  M p h o s p h a t e  + 0 . 0 2 5  M 0 . 4 2 3 3 0 . 0 3 7 5 5 . 0 0

c i t r a t e  ( F - 1 0 )

0 . 1 0  M 0 . 1 0  M p h o s p h a t e  ( F - 2 ) 0 . 5 5 1 3 0 . 0 3 4 2 4 . 8 0
0 . 1 0  M c i t r a t e  ( F - 8 ) 0 . 4 9 5 6 0 . 0 4 4 5 5 . 2 0
0 . 0 2 5  M p h o s p h a t e  + 0 . 0 7 5  M 0 . 4 8 4 3 0 . 0 3 9 7 5 . 2 0

c i t r a t e  ( F - 1 2 )
0 . 0 5 0  M p h o s p h a t e  + 0 . 0 5 0  M 0 . 4 6 9 1 0 . 0 3 8 3 5 .  10

c i t r a t e  ( F - 1 4 )
0 . 0 7 5  M p h o s p h a t e  + 0 . 0 2 5  M 0 . 4 3 2 6 0 . 0 3 7 6 5 . 0 0

c i t r a t e  ( F - 1 6 )

0 .  1 5 M 0 . 1 5  M p h o s p h a t e  ( F - 3 ) 0 . 5 5 8 9 0 . 0 5 8 0 5 . 0 0
0 . 1 5  M c i t r a t e  ( F - 9 ) 0 . 5 1 7 3 0 . 0 5 1 5 5 . 4 0
0 . 0 7 5  M p h o s p h a t e  + 0 . 0 7 5  M 0 . 5 8 6 9 0 . 0 5 9 7 5 . 4 0

c i t r a t e  ( F - 1 8 )



Table  14 ( c o n t i n u e d )

N o t e  T o t a l  C o n e .  
I n i t .  = The  
L a t e r  = The

= T o t a l  b u f f e r  c o n c e n t r a t i o n  o f  p r e p a r a t i o n  
a p p e a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e s  o f  p r e p a r a t i o n  
a p p e a r a n c e  l a t e r  l i n e a r  r a t e s  o f  p r e p a r a t i o n

pH = pH a f t e r  7 0  d a y s  i n c u b a t i o n
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Ta b l e  15 Raw D a t a  o f  A v a i l a b l e  I o d i n e  R e m a i n i n g  i n  10% w / v  PVP- I  
B u f f e r e d  S o l u t i o n  ( F - l l )  P r e p a r e d  w i t h  V a r i o u s  S o u r c e s  
o f  W a t e r .

mT i me % a v a i l a b l e  i o d i n e  r e m a i n i n g
( d a y  )

i n  d i s t i l l e d  w a t e r i n  DI w a t e r i n  p o t a b l e  w a t e r

0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
0 . 8 6 9 9 . 4 0 9 9 . 3  8 9 9 . 0 3
2 . 9 2 9 8 . 6 8 9 8 . 3 1 9 8 . 0 0
ธ. 1 1 9 7 . 4 3 9 7 . 2 1 9 7 . 0 8

1 3 . 1 1 9 5 . 6 1 9 5 . 4 7 9 5 . 2 9
2 7 . 1 3 9 3 . 3 7 9 3 . 3 1 9 3 . 2 9
4 1 . 1 1 9 2 . 3 8 9 2 .  3 2 9 2 . 0 4
5 5 . 1 1 9 1 . 7 4 9 1 . 5 4 9 1 . 4 4
6 9 . 1 1 9 1 . 1 1 9 0 . 9 5 9 0 . 8 4
8 3 . 1 1 9 0 . 7 3 9 0 . 5 5 9 0 . 2 4

Note I n c ub a t i o n  t i me
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Tab l e  16 T h e  R e s u l t  o f  ANOVA T a b l e  f o r  F i n a l  C o n c e n t r a t i o n  o f  
A v a i l a b l e  I o d i n e  R e m a i n i n g '  i n  10% พ / V P V P - I  B u f f e r e d  
S o l u t i o n  F — 11 w i t h  T h r e e  D i f f e r e n t  S o u r c e s  o f  W a t e r .

R e s u l t  o f  ANOVA t e s t  
( S P S  P r o g r a m )

F = z o . 5 8 8 8  
DF = 2 , 4
F ธ .  9 4t 0 . 9 B ) C 3 , 4 >  =

F i s h e r ' ร  LSD F i s h e r ’ s  LSD = 0 . 2 1 4 3
( S P S  P r o g r a m )

VAR P o t a b l e D I D i s t i l l e d

P o t a b l e 0 * 0 . 3 1 * 0 . 4 9
D I 0 0 0 . 1 8

D i s t i l l e d 0 0 0

N o t e  VAR = v a r i a b l e
*  = S i g n i f i c a n t  d i f f e r e n t  a t  t h e  95% c o n f i d e n c e  i n t e r v a l
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T a b l e  17 Th e  A p p e a r a n c e  D e g r a d a t i o n  R a t e s  o f  A v a i l a b l e  I o d i n e  
i n  10% w / v  P VP - I  B u f f e r e d  S o l u t i o n  F — 11 P r e p a r e d  w i t h  
V a r i o u s  S o u r c e s  o f  W a t e r .

w a t e r i n i t i a l  d e g r a d a t i o n  r a t e s l a t e r  l i n e a r  r a t e s
( % / d a y ) ( % / d a y )

i n  d i s t i l l e d  w a t e r 0 . 3 7 7 8 0 . 0 4 0 0
i n  DI w a t e r 0 . 3 7 7 9 0 . 0 4 2 1
i n  p o t a b l e  w a t e r 0 . 3 7 7 9 0 . 0 4 2 7
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T a b l e  18 Raw D a t e  o f  A v a i l a b l e  I o d i n e  R e m a i n i n g '  i n  10% w / v  PVP - I  
B u f f e r e d  S o l u t i o n  F — 11 s t o r e d  i n  V a r i o u s  T y p e s  o f  
P a c k a g i n g  M a t e r i a l s .

T i me * 
< d a y  )

% a v a i l a b l e  i o d i n e  r e m a i n i n g

Ambe r  g l a s s C l e a r  g l a s s LDPE HDPE pp

0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
2 . 9 2 9 8 . 0 3 9 8 . 0 1 9 8 . 1 3 9 8 . 2 5 9 7 . 5 6
8 . 0 9 9 6 . 6 0 9 6 . 1 1 9 7 . 0 0 9 6 . 4 5 9 5 . 8 1

1 3 . 1 1 9 5 . 6 2 9 5 . 2 2 9 5 . 6 9 9 5 . 6 9 9 4 . 9 4
2 7 . 1 3 9 3 . 7 0 9 3 . 5 8 9 4 . 6 2 9 4 . 1 6 9 3 . 5 3
4 1 . 1 1 9 2 . 8 5 9 2 .  80 9 3 . 9 7 9 3 . 4  1 9 2 . 6 1
5 5 . 1 1 9 2 . 4 3 9 2 . 2 1 9 3 . 6 0 9 2 . 8 5 9 2 . 0 0
6 9 . 1 1 9 1 . 7 5 9 1 . 6 2 9 3 . 0 5 9 2 . 3 0 9 1 . 3 8
8 3 . 1 1 9 1 . 5 0 9 1 . 1 5 9 2 . 5 9 9 2 . 0 2 9 0 . 8 9

Note I n c ub a t i o n  t i me
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T a b l e  19 T h e  R e s u l t  o f  ANOVA T a b l e  f o r  F i n a l  C o n c e n t r a t i o n  o f  
A v a i l a b l e  I o d i n e  R e m a i n i n g '  i n  10% w / v  P V P - I  B u f f e r e d  
S o l u t i o n  F — 11 S t o r e d  i n  F i v e  D i f f e r e n t  P a c k a g i n g  M a t e r i a l

R e s u l t  o f  ANOVA t e s t  
( S P S  P r o g r a m )

F = 2 7 4 5 . 1 4 2 8  
DF = 4 , 8
F 7 84C0 . 3 B > C A , B J  = •  V-T

F i s h e r ' ร  LSD F i s h e r ’ s LSD = 0 . 2 1 4 3
( S P S  P r o g r a m )

VAR PP C l e a r  G 1. Ambe r  G 1. HDPE LDPE

pp 0 * 0 . 2 6 3 * 0 . 6 1 7 * 1 . 1 3 3 * 1 . 7 0 3
c 1 e a r  G 1 . 0 0 * 0 . 3 5 3 * 0 . 8 7 * 1 . 4 4
Amber  G 1. 0 0 0 * 0 . 5 1 7 * 1 . 0 8 7
HDPE 0 0 0 0 * 0 . 5 7
LDPE 0 0 0 0 0

N o t e  VAR = V a r i a b l e
*  = S i g n i f i c a n t  d i f f e r e n t  a t  t h e  95% c o n f i d e n c e  i n t e r v a l
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T a b l e  2 0  Th e  A p p e a r a n c e  D e g r a d a t i o n  R a t e s  o f  A v a i l a b l e  I o d i n e  
i n  10% w / v  P V P - I  B u f f e r e d  S o l u t i o n  F - l l  s t o r e d  i n  
V a r i o u s  T y p e  o f  P a c k a g i n g  M a t e r i a l .

p a c k a g i n g  m a t e r i a l i n i t i a l  d e g r a d a t i o n  r a t e s  
( % / d a y )

l a t e r  l i n e a r  r a t e s  
( % / d a y )

a mb e r  g l a s s  b o t t l e 0 . 3 5 8 5 0 . 0 3 3 9
c l e a r  g l a s s  b o t t l e 0 1 3 8 3 7 0 . 0 3 9 6
LDPE b o t t l e 0 . 3 2 8 6 0 . 0 3 3 4
HDPE b o t t l e 0 . 3 4 4 8 0 . 0 3 3 6
PP b o t t l e 0 . 3 8 4  1 0 . 0 4 1 4
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T lm e(d a y s)
I

F i g u r e  4 C o n c e n t r a t i o n  r e m a i n i n g  v e r s u s  t i m e  p l o t  o f  a v a i l a b l e  ^

0  F - 8 ,  V  F - 9 .

i o d i n e  in 10%w/v PVP-I b u f f e r e d  s o l u t i o n  F - l  to F-9  at
6 0 ° c .  O F - l ,  Kl F - 2 ,  A F - 3 ,  + F - 4 ,  « F - 5 ,  X F-6 ,  O F - 7 ,
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T im e(d a y s)

F i g u r e  5 C o n c e n t r a t i o n  r e m a i n i n g  v e r s u s  t i m e  p l o t  o f  a v a i l a b l e  
i o d i n e  i n  1 0 % w / v  PVP- - I  b u f f e r e d  s o l u t i o n  F - l  t o  F - 9  a t  

45°c. □  F - l ,  +  F - 2 , O F - 3 ,  A  F - 4 ,  X F - 5 ,  y  F - 6 ,  H F - 7 ,  
•  F - 8 ,  ^  F - 9 .

C7\
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F i g u r e  6 C o n c e n t r a t i o n  r e m a i n i n g  v e r s u s  t i m e  p l o t  o f  a v a i l a b l e

i o d i n e  i n  1 0 % w / v  P V P - I  b u f f e r e d  s o l u t i o n  F - l  t o  F - 9  a t  ^

40°c.  □  F - l ,  4-  F - 2 , 0  F - 3 , S J F - 4 ,  •  F - 5 ,  3 > F - 6 ,  a  F - 7 ,  
X  F - 8 , V  F - 9 .
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F i g u r e  7 C o n c e n t r a t i o n  r e m a i n i n g  v e r s u s  t i m e  p l o t  o f  a v a i l a b l e
i o d i n e  i n  1 0% w / v  P V P - I  b u f f e r e d  s o l u t i o n  F - l  t o  F - 9  a t  vp• oo
35°c. o  F - l ,  +  F - 2 ,  <> F - 3 , A  F - 4 ,  X F - 5 ,  V  F - 6 ,  B  F - 7 ,

•  F - 8 , ^  F - 9 .
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T lm e(d a y s)

F i g u r e  8 N a t u r a l  l o g a r i t h m  o f  c o n c e n t r a t i o n  r e m a i n i n g  v e r s u s  t i m e  
p l o t  o f  a v a i l a b l e  i o d i n e  i n  1 0 % w / v  P V P - I  b u f f e r e d  

s o l u t i o n  F - l  t o  F - 9  a t  60°c. □  F - l ,  A F - 2 ,  B F - 3 ,

T F - 4 ,  X  F - 5 ,  •  F - 6 , O  F - 7 , V  F - 8 ,  F - 9 .
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4.65

TimeÇdays)

F^-ënrs 9 Natural logarithm of  c o n c e n t r â t ion remaining versus  tiina
p l o t o f a v a i l a b l e i o d i n e i n 1 0 % w / v P V P - I  b u f f e r e d
s o l u t i o n F - l  t o  F - 9 a t  4 5 ° c . □ F - l ,  -4- F - 2 , 0  F - 3 ,
A F - 4 , y  F - 5 ,  V aco~z F - 7 , CDz o •n CO

 ๆ00
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4.63

F i g u r e l O  N a t u r a l  l o g a r i t h m  o f  c o n c e n t r a t i o n  r e m a i n i n g  v e r s u s  t i m e  
p l o t  o f  a v a i l a b l e  i o d i n e  i n  1 0 % w / v  P V P - I  b u f f e r e d  

s o l u t i o n  F - l  t o  F - 9  a t  40 ° c .  □  F - l ,  +  F - 2 ,  O  F - 3 ,

A  F - 4 ,  X  F - 5 ,  V  F - 6 , c  F - 7 ,  • F - 8 ,  ^  F - 9 .
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4.65

F i g u r e  11 N a t u r a l  l o g a r i t h m  o f  c o n c e n t r a t i o n  r e m a i n i n g  v e r s u s  t i m e  

p l o t  o f  a v a i l a b l e  i o d i n e  i n  1 0 % w / v  P V P - I  b u f f e r e d  

s o l u t i o n  F - l  t o  F - 9  a t  3 5 ° c .  D  F - l ,  +  F - 2 ,  O  F - 3 ,

A  F - 4 , X  F - 5 , V  F - 6 , B  F - 7 , I  F - 8 ,  ^  F - 9 .

102
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F i g ur e  12 Comparison of  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/v PVP-I s o l u t i o n s  w i t h  0 . 0 5  M. b u f f e r  a t  6 0 ° c .
□  Phosphatée  F - 1 ) , +  A c e t a t e ( F - 4  ) , o  C i t r a t e ( F - 7 )

103
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Fi gur e  13 Comparison o f  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/v PVP-I s o l u t i o n s  wi th  0 . 0 5  H. b u f f e r  a t -  4 5 ° c .

□  P h o s p h a t e ( F - l ) ,  -t- A c e t a t e (  F-4 ) , o  C i t r a t e ( F - 7 )

๐-F-
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F i g ur e  1** Comparison o f  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/v PVP-I s o l u t i o n s  w i t h  0 . 0 5  M. b u f f e r  at  40 c .

□  P h o s p h a t e ( F - l ) ,  - f  A e e t a t e ( F - 4 ) ,  o  C i t r a t e ( F - 7 )
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Fi gur e  1 5  Comparison of  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/v PVP-I s o l u t i o n s  wi th  0 . 0 5  M. b u f f e r  a t  3 5 ° c .

□  P h o s p h a t e ( F - l ) ,  -4- A c e t a t e ( F-4 ) , o  C i t r a t e ( F - 7 )
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Fi gur e  16 Comparison of  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  m
10%w/v PVP-I s o l u t i o n s  w i t h  0 . 1 0  H. b u f f e r  a t  60 c.

□ Pho spha téeF - 2 ), 4- A c e t a t e C F - 5 ), O’ C i t r a t e ( F - 8 )
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Fi gure  17 Comparison o f  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/v PVP-I s o l u t i o n s  wi th  0 . 1 0  M. b u f f e r  a t  4 5 ° c .  ^
□  P h o s p h a t e ( F - 2 ) ,  AcetateC F-5 ) , 0  C i t r a t e ( F - 8 )
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Fi gure  18 Comparison o f  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/v PVP-I s o l u t i o n s  w i t h  0 . 1 0  M. b u f f e r  a t  4 0 ° c .  o
□  P h o s p h a t e ( F - 2 ) , +  A c e t a t e ( F - 5 ) ,  0  C i t r a t e ( F - 8 )
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Fi gure  19 Comparison o f  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/v PYP-I s o l u t i o n s  wi th  0 . 1 0  M. b u f f e r  a t  35 c.

□  P h o s p h a t e ( F - 2 ) , 4- A c e t a t e ( F - 5  ) ,  0  C i t r a t e ( F - 8 )
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F i g u r e  20 Comparison o f  d e gr a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/v PVP-I s o l u t i o n s  wi th  0 . 1 5  M. b u f f e r  a t  6 0 ° c .
□  P h o s p h a t e ( F - 3 ) ,  -{- A c e t a t e  ( F-6 ) , 0  C i t r a t e ( F - 9 )
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F i g u re  21 Comparison o f  d e gr a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in 1
10%w/v PVP-I s o l u t i o n s  w i t h  0 . 1 5  M. b u f f e r  a t  4 5 cC.
□  P h o s p h a t e ( F - 3 ) ,  4- A c e t a t e ( F - 6  ) ,  0  C i t r a t e ( F - 9 )

112
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Fi gur e  22 Comparison o f  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/'v PVP-I s o l u t i o n s  wi th  0 . 1 5  H. b u f f e r  a t  4 0 ° c .
□  P h o s p h a t e ( F - 3 ) ,  4  A c e t a t e ( F - 6 ) ,  0  C i t r a t e ( F - 9 )
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Fi g ur e  23 Comparison of  d e g r a d a t i o n  p r o f i l e  o f  a v a i l a b l e  i o d i n e  in
10%w/v PVP-I s o l u t i o n s  wi th  0 . 1 5  M. b u f f e r  a t  3 5 ° c .
□  P h o s p h a t e ( F - 3 ) ,  4-  A c e t a t e ( F - 6  ) , (} C i t r a t e ( F - 9 )
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F i g u r e  24 C o m p a r i s o n  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
i n  10%w/ v  P V P - I  s o l u t i o n s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  

o f  p h o s p h a t e  b u f f e r  a t  6 0 ° c . □  0 . 0 5  M . ( F - l ) ,

. +  0 . 1 0  M . ( F - 2  ) , 0  0 - 1 5  M . ( F - 3  )
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F i g u r e  2 5  C o m p a r i s o n  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
i n  1 0 %w/ v  PVP- I  s o l u t i o n s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  
o f  p h o s p h a t e  b u f f e r  a t  4 5 ° c .  □  0 .0 5  M . ( F - l ) ,
4- 0 . 1 0  M . ( F -2  ) , 0  0 .1 5  H . ( F -3  )

116



Co
nc

en
tra

tio
n 

re
ma

ini
ng

100

s o  -

75  -  

70  -

6 5 ------------— T 1 I i I I I I I
0 2 0  40  60  SO 100

Tim e(davs)

F i g u r e  26 C o m p a r i s o n  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
i n  1 0 % w / v  P V P - I  s o l u t i o n s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  

o f  p h o s p h a t e  b u f f e r  a t  4 0 ° c  . • D  0 . 0 5  M . ( F - l ) ,

4 -  0 . 1 0  M . ( F - 2 ) ,  0  0 . 1 5  M . ( F - 3 )
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F i g u r e  27 C o m p a r i s o n  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
i n  1 0%w / v  P V P - I  s o l u t i o n s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  

o f  p h o s p h a t e  b u f f e r  a t  35°c .  □  0 . 0 5  M . ( F - l ) ,

4 -  0 . 1 0  M . ( F - 2 ) ,  0  0 . 1 5  H . C F - 3 )

118



Co
nc

en
tra

tio
n 

re
ma

ini
ng

F i g u r e  28 Comparison  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
in  10%w/ v  PVP-I s o l u t i o n s  w i th  v a r i o u s  c o n c e n t r a t i o n s  
of  A c e t a t e  b u f f e r  a t  60° c .

+  0 .1 0  H. ( F- 5 ) ,  0  0 .1 5  M .(F-B )
□  0 .0 5  M. ( F -4  ) ,
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T im e(d a y s)

F i g u r e  29 Comparison o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
in  10Xw/v PVP-I s o l u t i o n s  w i th  v a r i o u s  c o n c e n t r a t i o n s  
o f  A c e ta t e  b u f f e r  a t  4 5 ° c .  □  0 . 0 5  M . ( F - 4 ) ,

+  0. 10  M.CF-5) ,  0 0 . 1 5  H. ( F - 6 >
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F i g u r e  30 C om par ison  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
in  10%w/v PVP-I s o l u t i o n s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  
o f  A c e t a t e  b u f f e r  a t  40°c .  □  0 . 0 5  M . ( F - 4 ) ,

- f -  0 . 1 0  H . ( F - 5 )  , 0  0 .1 5  M . ( F- 6 )
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F ig u re '  31 Com par ison  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
in  10%w/v PVP-I s o l u t i o n s  w i th  v a r i o u s  c o n c e n t r a t i o n s  
of  A c e t a t e  b u f f e r  a t  35° c .  A  0 . 0 5  M . ( F - 4 ) ,

X 0 . 1 0  H. ( F - 5 ) ,  V 0 . 1 5  M. ( F - 6 )
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P i g Q ] ^ 0  32 C o m p a r i s o n  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
i n  1 0 X w / v  PVP-I s o l u t i o n s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  
o f  C i t r a t e  b u f f e r  a t  60°c. □  0.05 h.(F-7),

- f  0 .1 0  M . ( F -8  ) , 0  0 .1 5  M . ( F - 9  )

r\j



F i g u r e  33 Comparison  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
in  10%w/v PVP-I s o l u t i o n s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  
o f  C i t r a t e  b u f f e r  a t  4 5 ° c .

+  0 .1 0  M.CF-8 ) ,  0  0 .1 5  H. (F -9  )
□  0 .0 5  M .CF-7) , rv
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F i g u r e  34 C om par ison  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
in  10%w/v PVP-I s o l ù t i o n s  w i th  v a r i o u s  c o n c e n t r a t i o n s  
o f  C i t r a t e  b u f f e r  a t  4 0 ° c .  A  0 . 0 5  M . ( F - 7 ) ,

X 0 .1 0  M . ( F - 8 ) ,  V 0 .1 5  M. ( F - 9 )
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F i g u r e  35 Comparison  o f  d e g r a d a t i o n  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  
in  10%w/v PVP-I s o l u t i o n s  w i t h  v a r i o u s  c o n c e n t r a t i o n s  
o f  C i t r - a t e  b u f f e r  a t  35°c.

4- 0 .1 0  M . ( F -8  ) , 0  0 .1 5  M . ( F -9  )
□  0 .0 5  M. ( F - 7 ) , I\J<y\
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F i g u r e  36 The a p p a r a n c e  i n i t i a l  d e g r a d a t i o n  r a t e s  o f  a v a i l a b l e  
i o d i n e  i n  10% พ /V PVP-I b u f f e r e d  s o l u t i o n  a t  v a r i o u s  
t e m p e r a t u r e .  □  a t  6 0 ° c ,  +  a t  4 5 ° c ,  o a t  4 0 ° c ,

A  at 35°c
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F i g u r e  37 The a p p e a r a n c e  l i n e a r  d e g r a d a t i o n  r a t e s  o f  l a t e r  p e r i o d
o f  a v a i l a b l e  i o d i n e  i n  10% w /v  PVP-I b u f f e r e d  s o l u t i o n  

ĈO

a t  v a r i o u s  t e m p e r a t u r e ,  o  a t  6 0 ° c ,  4- a t  4 5 ° C , O a t  40^c ,
A at 3 5 ° c



Later linear degradation rates 
_ 0.3 T

0.25

0.2
0.15

0.1

0.05

0

F i g u r e  38 The l a t e r  l i n e a r  d e g r a d a t i o n  r a t e s  o f  a v a i l a b l e  i o d i n e

F-1 F-2 F-3 F-4 F-5 F-6 F*7
Formulation number

F-8 F-9

in  lOXw/v PVP-I  b u f f e r e d  s o l u t i o n  a t  60°c ; The b a r s  
r e p r e s s e n t  t h e  95% c o n f i d e n c e  l i m i t .



Figure 39 The later linear degradation rates of available iodine
in 10%w/v PVP-I buffered solution at 45 °c  ; The bars
repressent the 95% confidence limit.



Figure 40 The later linear degradation rates of available iodine
in 10Xw/v PVP-I buffered solution at 40 °c  ; The bars
repressent the 95% confidence limit.



Later linear degradation rates

F- I F-2 F-3
Formulation number

Figure 41 The later linear degradation rates of available iodine
in 10Xw/v PVP-I buffered solution at 35 °c  ; The bars
repressent the 95% confidence limit.
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F i g u r e  42 Com par ison  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  in  10% w/v
PVP-I s o l u t i o n s  F-10  to  F -1 8 .  D F - 1 0 ,  +  F - 1 1 ,  0  F - 1 2 ,

A F - 1 3 ,  X F - 1 4 , V F -1 5 ,  H F - 1 6 ,  # F - 1 7 ,  ^ F - 1 8 .
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F i g u r e  43 C om par ison  p r o f i l e  o f  a v a i l a b l e  i o d i n e  i n  10% w /v  PVP-I 
b u f f e r e d  s o l u t i o n s  w i t h  0 . 0 5  M t o t a l  b u f f e r  
C o n c e n t r a t i o n ,  ( o n l y  p h o s p h a t e  and  c i t r a t e  b u f f e r )  
u  0 . 0 5  M p h o s p h a t e  ( F - l ) ,  0  0 . 0 5  M c i t r a t e  ( F - 7 ) ,  
A 0 .0 2 5  M p h o s p h a t e  and 0 .0 2 5  M c i t r a t e  ( F - 1 0 )
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F i g u r e  44 C om par ison  p r o f i l e  o f  a v a i l a b l e  i o d i n e  i n  10% พ /V PVP-I b u f f e r e d  s o l u t i o n s  w i t h  0 . 1 0  M t o t a l  b u f f e r  
C o n c e n t r a t i o n ,  ( o n l y  p h o s p h a t e  and  c i t r a t e  b u f f e r )□  0 . 1 0  M p h o s p h a t e  ( F - 2 ) ,  4- 0 . 1 0  M c i t r a t e  ( F - 8 ) ,  va
0  0 . 0 2 5  M p h o s p h a t e  and 0 .0 7 5  M c i t r a t e  (F -1 2 )
A 0 . 0 5 0  M p h o s p h a t e  and  0 . 0 5 0  M c i t r a t e  (F - 1 4 Î>< 0 .0 7 5  M p h o s p h a t e  and  0 . 0 2 5  M c i t r a t e  (F - 1 6 )
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F i g u r e  45 C om par ison  p r o f i l e  o f  a v a i l a b l e  i o d i n e  i n  102» w /v  PVP-I 

b u f f e r e d  s o l u t i o n s  w i t h  0 . 1 5  M t o t a l  b u f f e r  
C o n c e n t r a t i o n ,  ( o n l y  p h o s p h a t e  an d  c i t r a t e  b u f f e r )
□  0 . 1 5  M p h o s p h a t e  ( F - 3 ) , +  0 . 1 5  M c i t r a t e  ( F - 9 ) ,
V 0 .0 7 5  M p h o s p h a t e  and 0 .0 7 5  M c i t r a t e  ( F - 1 8 )

1 0 0

Vj4O'*
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F i g u r e  46 Com par ison  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  i n  10% พ /V
PVP-I b u f f e r e d  s o l u t i o n s  t h a t  p h o s p h a t e  was f i x e d  a t  -ง
0 . 0 2 5  M and c i t r a t e  was v a r i e d ,  m o . 025 M c i t r a t e ( F - l O )
-+■  0 .0 5 0  M c i t r a t e ( F - l l ) , o  ท ก ? ร  M n i t r ü H
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F i g u r e  47 C om par ison  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  in  10% w/v
PVP-I buffered solutions that phosphate was fixed at
0.050 M and citrate was varied. AO.025 M citrate(F-13)
X 0.050 M citrate(F-14), \70.075 M citrate CF-15).

1 0 0



Co
nc

en
tra

tio
n 

re
ma

ini
ng

 ,

«

Tîm eÇdays)

F i g u r e ^  C om par ison  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  in  10% พ /V
PVP-I buffered solutions that phosphate was fixed at
0.075 M and citrate was varied. Q0.025 M citrate(F-16)
+  0.050 M citrate(F-17), 0 0.075 H citrate (F-18).

VjJ
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F i g u r e 4 9  C om par ison  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  in  10% w/v 
PVP-I b u f f e r e d  s o l u t i o n s  t h a t  c i t r a t e  was f i x e d  a t

ร ิ
0 .0 2 5  M and p h o s p h a t e  was v a r i e d . m o .025 M p h o s p h a t e ( F - l O )

+  0 .0 5 0  M p h o s p h a t e ( F - 1 3 ) ,  0  0 .0 7 5  M p h o s p h a t e C F - 1 6 ) .
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F i g u r e  50 Com par ison  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  in  10X พ /V
PVP-I b u f f e r e d  s o l u t i o n s  t h a t  c i t r a t e  was f i x e d  a t  £
0 .0 5 0  M and p h o s p h a t e  was v a r i e d .  D o . 025 M p h o s p h a t e ( F - l l )

- f C .0 5 0  p h o s p h a t e ( F - 1 4 ) ,  0  0 . 0 7 5  H p h o s p h a t e ( F - 1 7 ) .
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F i g u r e  51, Compar ison  p r o f i l e s  of  a v a i l a b l e  i o d i n e  in  10% w/v 
PVP-I b u f f e r e d  s o l u t i o n s  t h a t  c i t r a t e  was f i x e d  a t  
0 .0 7 5  M and p h o s p h a t e  was v a r i e d . n o .025 M p h o s p h a t e ( F - 1 2 ) 

+  0 .0 5 0  M p h o s p h a t e  ( F - 15 ) ,  0  0 .0 7 5  M p h o s p h a t e ( F - 1 8 )  .
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F i g u r e  52 The d e g r a d a t i o n  r a t e s  o f  a v a i l a b l e  i o d i n e  in  10% พ /V 
PVP-I b u f f e r e d  s o l u t i o n s  F -10  to  F - 1 8 .  □  i n i t i a l
d e g r a d a t i o n  r a t e s ,  - t - l a t e r  l i n e a r  d e g r a d a t i o n  r a t e s .
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F i g u r e  53 C om par ison  p r o f i l e s  o f  a v a i l a b l e  i o d i n e  in  10% พ /V PVP-I 
b u f f e r e d  s o l u t i o n  ( F - l l )  i n  v a r i o u s  s o u r c e s  o f  
□  d i s t i l l e d  w a t e r ,  + DI w a t e r ,  0  p o t a b l e  w a t e r .

w a t e r . -F-4^
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Figure 54 Comparison profiles of available iodine in 10% w/v PVP-I
buffered solution (F-ll) stored in various packaging
material. Damber-glass, +  clear - glass, 0  LDPE, AHDPE, vn

X  p p .
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