
CHAPTER III

EXPERIMENTAL

Apparatus

A  H e w l e t t  P a c k a r d  H P  5890  g a s  c h r o m a t r o g r a p h  e q u i p p e d  w i t h  f l a m e  

I o n i z a t i o n  D e t e c t o r  (F ID )  1 E l e c t r o n  C a p t u r e  D e t e c t o r  ( E C D )  a n d  H e w l e t t  

P a c k a r d  H P  33 94 A  i n t e g r a t o r .

A  H e w l e t t  P a c k a r d  H P  า 9395 A  a u t o m a t e d  h e a d s p a c e .

M i c r o s y r i n g e s  า 0.00  a n d  50.00  | i L  ( H a m i l t o n  C o m p a n y  1 S w i t z e r l a n d ) .

G a s  t i g h t  s y r i n g e  1 m L  ( H a m i l t o n  C o m p a n y  , S w i t z e r l a n d ) .

G r a d u a t e d  p i p e t t e s  า . 0 0 , 2.00  a n d  5.00  m L .

V o l u m e t r i c  p i p e t t e s  1 .0 0 , 2 .0 0 , 5 .0 0 , a n d  10.00  m L .

V i a l s  1 20 .00  m L .

V o l u m e t r i c  f l a s k s  5.00  1 25.00  , 50.00  , 100.00  a n d  500.00  m L .

10 m L .  v i a l s  f o r  h e a d s p a c e  ( s e e  a p p e n d i x  A).

G r a y  s e p t a  1 a l u m i n u m  c a p .  ( s e e  a p p e n d i x  A).

M a n u a l  H a n d  O p e r a t e d  C r i m p e r  ( H e w l e t t  P a c k a r d ) ,  ( s e e  A p p e n d i x  A )

A d a p t e r  1 v i a l  ( f o r  10 m L . )

All  g l a s s w a r e s  1 i n c l u d i n g  v i a l s  a n d  v i a l  f o r  h e a d s p a c e  w e r e  c l e a n e d  w i t h  

d e t e r g e n t  1 d i l u t e d  H N 0 3 (1 :1) , w a t e r  a n d  r i n s e d  w i t h  d o u b l e  d i s t i l l a t e d  w a t e r  

r e s p e c t i v e l y  a n d  d r i v e d  in  a n  o v e n  a t  150  c  f o r  3 h o u r s .
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Chemicals

1 . T h e  S t a n d a r d  o f  V o l a t i l e  O r g a n i c  C o m p o u n d s

M e t h y l e n e  c h l o r i d e  1 C h l o r o f o r m  a n d  B e n z e n e  w h i c h  w e r e  a n a l y t i c a l  

r e a g e n t  g r a d e  w e r e  p u r c h a s e d  f r o m  J . T .  B a k e r  C h e m i c a l  C o m p a n y  1 D e v e n t e r  1 
H o l l a n d .

T r i c h l o r o e t h y l e n e  a n d  า , 4 - D i o x a n e  w h i c h  w e r e  a n a l y t i c a l  r e a g e n t  

g r a d e  w e r e  p u r c h a s e d  f r o m  C a r l o  E r b a  1 I t a ly .

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

99.5 a n d  t h e y  w e r e  c h e c k e d  f o r  t h e  p u r i t y  b y  g a s  c h r o m a t o g r a p h  p r i o r  t o  u s e  

in  t h e  s t u d y .

T a b l e  3.1 T h e  d e n s i t y  o f  t h e  s t a n d a r d  o f  v o l a t i l e  o r g a n i c  c o m p o u n d s  u s e d  in  t h e  

h e a d s p a c e  s t u d y .

N a m e  o f  C o m p o u n d D e n s i t y  a t  20  c ( g / m L )

M e t h y l e n e  C h l o r i d e  ( C H 2C I2) 1.316
C h l o r o f o r m  ( C H C I 3) 1.473
B e n z e n e  (C gH g) 0.874
T r i c h l o r o e t h y l e n e  ( T C E ) 1.462
1 ,4 - D i o x a n e  ( C 4H 80 2) 1.034

2 . O r g a n i c  S o l v e n t s

D i m e t h y l  S u l f o x i d e  w h i c h  w e r e  a n a l y t i c a l  r e a g e n t  g r a d e  (A R  G r a d e )  

w a s  p u r c h a s e d  f r o m  F u k a  A . G .  1 S w i t z e r l a n d .  It w a s  c h e c k e d  f o r  t h e  p u r i t y  b y  

g a s  c h r o m a t o g r a p h  p r i o r  t o  u s e  in  t h e  s t u d y .
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3 . S a l t s

A n h y d r o u s  s o d i u m  s u l f a t e  (A R  G r a d e )  w a s  o b t a i n e d  f r o m  J . T .  B a k e r  

C h e m i c a l  C o m p a n y  , D e v e n t e r , H o l l a n d .  T h e y  w e r e  h e a t e d  in  a n  o v e n  a t  า 50  ° c  

f o r  2 h o u r s  a n d  w e r e  k e p t  in  d e s c i c a t o r  b e f o r e  u s e d .

4 . D o u b l e  D i s t i l l e d  W a t e r

T h e  d o u b l e  d i s t i l l e d  w a t e r  w a s  d i s t i l l e d  b y  t h e  Y a m a t o  d i s t i l l a t i o n  

m o d e l  W A - 5 2 R  ( Y a m a t o  S c i e n t i f i c  C o . , L t d .  T o k y o  , J a p a n ) .

Preparation of the Standard Solution

1 . T h e  S t a n d a r d  S o l u t i o n  f o r  t h e  H e a d s p a c e  S t u d y  U s i n g  G C  w i t h  F I D  a s  a  

d e t e c t o r

1.1 T h e  S i n g l e  C o m p o n e n t  S t a n d a r d  S t o c k  S o l u t i o n  o f  M e t h y l e n e  C h l o r i d e  

1 C h l o r o f o r m  . B e n z e n e  . T r i c h l o r o e t h y l e n e  a n d  1 .4 - D i o x a n e  in  D i m e t h y l  S u l f o x i d e  

( D M S O )

A  s i n g l e  c o m p o n e n t  s t a n d a r d  s t o c k  s o l u t i o n  o f  e a c h  v o l a t i l e  

o r g a n i c  c o m p o u n d  i . e .  1 m e t h y l e n e  c h l o r i d e  , c h l o r o f o r m  1 b e n z e n e  1 
t r i c h l o r o e t h y l e n e  a n d  1 ,4 - d i o x a n e  in  D M S O  w e r e  p r e p a r e d  m e a s u r i n g  e a c h  

v o l a t i l e  o r g a n i c  c o m p o u n d s  b y  m i c r o s y r i n g e  a n d  d i l u t i n g  it  w i t h  D M S O  t o  t h e  

m a r k  in  25 .00  ท าL. v o l u m e t r i c  f l a s k s .  T h e  m e a s u r i n g  v o l u m e  o f  e a c h  s t a n d a r d  

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

3.1 a n d  i t s  c o n c e n t r a t i o n  w e r e  s h o w n  in  T a b l e  3.2
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T a b l e  3.2  T h e  m e a s u r i n g  v o l u m e  s t a n d a r d  v o l a t i l e  o r g a n i c  c o m p o u n d s  a n d  t h e  

c o n c e n t r a t i o n  o f  t h e  s i n g l e  c o m p o n e n t  s t a n d a r d  s t o c k  s o l u t i o n  in  D M S O

C o m p o u n d s

T h e  v o l u m e  o f  s t a n d a r d  

(JUL)

T h e  c o n c e n t r a t i o n  o f  t h e  

s i n g l e  s t a n d a r d  s t o c k  s o l u t i o n  

( p p m )

M e t h y l e n e  c h l o r i d e 20.00 1052.80
C h l o r o f o r m 18.00 1060.56
B e n z e n e 30.00 1048.80
T r i c h l o r o e t h y l e n e 18.00 1052.64
1 ,4 - D i o x a n e 80.00 3308 .80

1.2 T h e  S i n g l e  S t a n d a r d  S o l u t i o n  o f  M e t h y l e n e  c h l o r i d e  . C h l o r o f o m  r 

B e n z e n e  a n d  T r i c h l o r o e t h y l e n e  in  D M S O .

A  s i n g l e  s t a n d a r d  s o l u t i o n  c o n t a i n i n g  210.56  1 2 1 2 . 11 , 209.76 
a n d  210.53  p p m  o f  m e t h y l e n e  c h l o r i d e  1c h l o r o f o r m  1 b e n z e n e  a n d  t r i c h l o r o e t h y l e n e  , 

r e s p e c t i v e l y  in  D M S O  w e r e  p r e p a r e d  b y  p i p e t t i n g  20 .00  m L  o f  m e t h y l e n e  

c h l o r i d e  1 c h l o r o f o r m  1 b e n z e n e  a n d  t r i c h l o r o e t h y l e n e  o f  e a c h  s i n g l e  s t a n d a r d  s t o c k  

s o l u t i o n  a s  s h o w n  in  T a b l e  3.2  i n t o  a  100.00  m L  v o l u m e t r i c  f l a s k  a n d  

d i l u t i n g  t o  t h e  m a r k  w i t h  D M S O .

1.3 T h e  S t a n d a r d  M i x t u r e  S o l u t i o n  o f  M e t h y l e n e  c h l o r i d e  . C h l o r o f o m  , 

B e n z e n e  . T r i c h l o r o e t h y l e n e  a n d  1 .4 - D i o x a n e  in  W a t e r .

A  s t a n d a r d  m i x t u r e  s o l u t i o n  c o n t a i n i n g  21 .06  1 2 1 .2 1 , 20.98  1
21.05 a n d  496 .32  p p m  o f  m e t h y l e n e  c h l o r i d e  1 c h l o r o f o r m  1 b e n z e n e  

t r i c h l o r o e t h y l e n e  a n d  1 ,4 - D i o x a n e ,  r e s p e c t i v e l y  in  w a t e r  w e r e  p r e p a r e d  b y  

p i p e t t i n g  10.00  m L  o f  m e t h y l e n e  c h l o r i d e  ,c h l o r o f o r m  , b e n z e n e  a n d  t r i c h l o r o e t h y l e n e
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2 . T h e  S t a n d a r d  s o l u t i o n s  f o r  t h e  H e a d s p a c e  S t u d y  U s i n g  G C  w i t h  

E C D  a s  a  d e t e c t o r .

2.1 T h e  S i n g l e  C o m p o n e n t  S t a n d a r d  S t o c k  S o l u t i o n  o f  M e t h y l e n e  

c h l o r i d e  ■ C h l o r o f o r m  . B e n z e n e  . T r i c h l o r o e t h y l e n e  a n d  1 ,4 - D i o x a n e  

in  D M S O  .

of each single standard solution in section 3.3.1.2 and15.00ml_ of 1,4-Dioxane single
stock standard solution in Table 3.2 into a 100.00 ทาL volumetric flask and
diluting to the mark with water.

T h e  S i n g l e  C o m p o n e n t  S t a n d a r d  S t o c k  S o l u t i o n  o f  M e t h y l e n e  

c h l o r i d e  , C h l o r o f o r m  , B e n z e n e  , T r i c h l o r o e t h y l e n e  a n d  1 ,4 - D i o x a n e  in  D M S O  w e r e  

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

m i c r o s y r i n g e  a n d  d i l u t i n g  it  w i t h  D M S O  t o  t h e  m a r k  in  25 .00  m L  v o l u m e t r i c  

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

d e n s i t y  a s  s h o w n  in  T a b l e  3.1 a n d  i t s  c o n c e n t r a t i o n  w e r e  s h o w n  in  T a b l e  3 .3 .

T a b l e  3.3  T h e  m e a s u r i n g  v o l u m e  o f  s t a n d a r d  v o l a t i l e  o r g a n i c  c o m p o u n d s  a n d  

t h e  c o n c e n t r a t i o n  o f  t h e  s i n g l e  c o m p o n e n t  s t a n d a r d  s t o c k  s o l u t i o n  in  D M S O

C o m p o u n d

T h e  V o l u m e  o f  S t a n d a r d  

(jllL)

T h e  C o n c e n t r a t i o n  o f  t h e  

S i n g l e  S t a n d a r d  S o l u t i o n  

( p p m )

M e t h y l e n e  C h l o r i d e 20.00 1052.80
C h l o r o f o r m 18.00 1060.56
B e n z e n e 150.00 5244.00
T r i c h l o r o e t h y l e n e 18.00 1052.64
1,4  D i o x a n e 130.00 5376.80
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2.2  T h e  S i n g l e  S t a n d a r d  S o l u t i o n  o f  M e t h y l e n e  C h l o r i d e .  C h l o r o f o r m  a n d  

t r i c h l o r o e t h y l e n e  in  D M S O .

T h e  s t a n d a r d  s i n g l e  s o l u t i o n s  o f  105.28  p p m  m e t h y l e n e

c h l o r i d e ,  106.05  p p m  c h l o r o f o r m  a n d  105.26  p p m  t r i c h l o r o e t h y l e n e  in  D M S O  

w e r e  p r e p a r e d  b y  p i p e t t i n g  10.00  ทาL m e t h y l e n e  c h l o r i d e  1 c h l o r o f o r m  a n d

t r i c h l o r o e t h y l e n e  o f  e a c h  s i n g l e  s t a n d a r d  s t o c k  s o l u t i o n  a s  s h o w n  in  T a b l e  3.3  i n t o  a

100.00 m L  v o l u m e t r i c  f l a s k  a n d  d i l u t i n g  t o  t h e  m a r k  w i t h  D M S O .

2.3  T h e  S t a n d a r d  M i x t u r e  S o l u t i o n  o f  M e t h y l e n e  C h l o r i d e ,

C h l o r o f o r m  , B e n z e n e  . t r i c h l o r o e t h y l e n e  a n d  1 .4- D i o x a n e  in  W a t e r

T h e  s t a n d a r d  m i x t u r e  s o l u t i o n s  o f  4.21 p p m  m e t h y l e n e  c h l o r i d e  

4 .24  p p m  c h l o r o f o r m  1 2097 .60  p p m  b e n z e n e  1 4.21 p p m  t r i c h l o r o e t h y l e n e  a n d

2150 .72  p p m  1 ,4 - d i o x a n e  in  w a t e r  w e r e  p r e p a r e d  b y  p i p e t t i n g  4.00  m L

m e t h y l e n e  c h l o r i d e  1 c h l o r o f o r m  a n d  t r i c h l o r o e t h y l e n e  o f  e a c h  s i n g l e  s t a n d a r d  s o l u t i o n  

f o r m  3 .3 .2.2  a n d  p i p e t t i n g  40.00  m L  b e n z e n e  a n d  1 ,4 - d i o x a n e  o f  e a c h  s t a n d a r d  

s t o c k  s o l u t i o n  a s  s h o w n  in  T a b l e  3.3  i n t o  a  100.00  m L  v o l u m e t r i c  f l a s k  a n d  d i l u t i n g  t o  

t h e  m a r k  w i t h  w a t e r .

3 . T h e  S t a n d a r d  S o l u t i o n  f o r  t h e  C a l i b r a t i o n  C u r v e  u s i n g  G C  w i t h  F I D  a s  a  

d e t e c t o r .

3.1 T h e  S i n g l e  C o m p o n e n t  S t a n d a r d  S t o c k  S o l u t i o n  o f  M e t h y l e n e  

c h l o r i d e  . C h l o r o f o r m  . B e n z e n e  , T r i c h l o r o e t h y l e n e  a n d  1 .4 - D i o x a n e  in  D M S O .

The single component standard stock solution of 1052.8 ppm
methylene chloride 1 1060.56 ppm chloroform 1 1048.80 ppm benzene, 1052.64 ppm
trichloroethylene and 3308.80 ppm 1,4-dioxane in DMSO were prepared by
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t r a n s f e r i n g  20 .00  1 18.00  1 30.00  1 18.00  a n d  80.00  | i l_ o f  m e t h y l e n e  c h l o r i d e ,  

c h l o r o f o r m  1 b e n z e n e  1 t r i c h l o r o e t h y l e n e  a n d  1 ,4 - d i o x a n e  i n t o  e a c h  25.00  m L  

v o l u m e t r i c  f l a s k  c o n t a i n i n g  D M S O  a b o u t  10.00  m L  1 d i l u t i n g  e a c h  f l a s k  t o  t h e  m a r k  

a n d  m i x i n g  t h r o u g h l y .

3.4  T h e  S t a n d a r d  S o l u t i o n  f o r  t h e  C a l i b r a t i o n  C u r v e  U s i n g  G C  w i t h  E C D  

a s  a  D e t e c t o r  .

T h e  s i n g l e  c o m p o n e n t  s t a n d a r d  c o m p o n e n t  s t o c k  s o l u t i o n  o f  1052.80 
p p m  m e t h y l e n e  c h l o r i d e  1 1060.56  p p m  c h l o r o f o r m  a n d  1052.64  p p m  

t r i c h l o r o e t h y l e n e  in  D M S O  w e r e  p r e p a r e d  b y  t r a n s f e r i n g  20 .00  p tL  o f  m e t h y l e n e  

c h l o r i d e  1 18.00  f^ L  o f  c h l o r o f o r m  a n d  18.00  o f  t r i c h l o r o e t h y l e n e  i n t o  e a c h  

2 5 .0 0 m L  v o l u m e t r i c  f l a s k  c o n t a i n i n g  D M S O  a b o u t  10.00  m L  , d i l u t i n g  e a c h  f l a s k  t o  

t h e  m a r k  a n d  m i x i n g  t h r o u g h l y .
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Gas Chromatographic Conditions

T a b l e  3.4  T h e  g a s  c h r o m a t o g r a p h i c  c o n d i t i o n  u s e d  F I D  a s  a  d e t e c t o r  f o r  t h e  s t u d y  

o f  m i x t u r e  c o m p o n e n t .

G C  P a r a m e t e r G C  C o n d i t i o n

A n a l y t i c a l  C o l u m n 25  m  X 0.32  m m  X 1.05  Jim f i l m  t h i c k n e s s . ,

P IP -5 ( 5 %  P h e n y l  M e t h y l  S i l i c o n e  ) C a p i l l a r y

T e m p e r a t u r e  P r o g r a m

c o l u m n

A .  35  C (5 m i n )  t o  100  C (0 m i n )  a t  8  c / m i n

B .  100  C (0 m i n )  t o  260  C ( 5m i n )  a t  30  c / m i n

S p l i t  R a t i o 20:1
S p l i t l e s s  T i m e 0.0  m i n

F l o w  R a t e  o f  C a r r i e r  G a s  (F ie ) 1.5 m L / m i n

h 2 40.0  m L / m i n

A i r 380.0  m L / m i n

n 2 30.0  m L / m i n

D e t e c t o r

D e t e c t o r  T e m p e r a t u r e  

I n l e t  T e m p e r a t u r e

F l a m e  I o n i z a t i o n  D e t e c t o r  (F ID )

260 ° c  

180 ° c



T a b l e  3.5  T h e  g a s  c h r o m a t o g r a p h i c  c o n d i t i o n  u s e d  E C D  a s  a  d e t e c t o r  f o r  t h e  s t u d y  

o f  m i x t u r e  c o m p o n e n t .
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G C  P a r a m e t e r G C  C o n d i t i o n

A n a l y t i c a l  C o l u m n 25  m  X 0.32  m m  X 1.05  เแท า f i l m  t h i c k n e s s . ,

H P -5 ( 5 %  P h e n y l  M e t h y l  S i l i c o n e  ) C a p i l l a r y

c o l u m n

T e m p e r a t u r e  P r o g r a m A .  35  C (5 m i n )  t o  100  C (0 m i n )  a t  8 c / m i n

B .  100  C (0 m i n )  t o  260  C ( 5 m i n )  a t  30  c / m i n

S p l i t  R a t i o 20:1
S p l i t l e s s  T i m e 0.0  m i n

F l o w  R a t e  o f  C a r r i e r  G a s  ( H e ) 1.5 m L V m in

n 2 40.0  m l V m i n

D e t e c t o r

D e t e c t o r  T e m p e r a t u r e

E l e c t r o n  C a p t u r e  D e t e c t o r  ( E C D )  

300  ° c

I n l e t  T e m p e r a t u r e 1 8 0  ° c
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The Study of the Various Parameters on the Sensitivity of Headspace 

Technique by using FID as a detector.

T h e  v a r i o u s  p a r a m e t e r s  w h i c h  h a v e  t h e  e f f e c t  o n  t h e  s e n s i t i v i t y  o f  t h e  

h e a d s p a c e  t e c h n i q u e  i . e . ,  t h e  t e m p e r a t u r e  1 e q u i l i b r a t i o n  t i m e  1 p h a s e  r a t i o  a n d  

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

h e a d s p a c e  a n a l y s i s  c o n d i t i o n .  B o t h  o f  t h e  c o n c e n t r a t i o n s  o f  m i x t u r e  s o l u t i o n  w e r e  

s t u d i e d  a n d  all  p r o c e d u r e  f o r  t h e  s t u d i e s  w e r e  t r i p l i c a t e d  a n a l y s e s .  T h e  p r o c e d u r e s  

w e r e  d e s c r i b e d  a s  f o l l o w s :

1 . T e m p e r a t u r e

T h e  p r o c e d u r e  f o r  t h e  s t u d y  o f  e f f e c t  o f  t h e  t e m p e r a t u r e  i . e . ,  6 0  1 7 0  ,80  

a n d  9 0  c  o n  t h e  s e n s i t i v i t y  o f  h e a d s p a c e  t e c h n i q u e  w a s  d e s c r i b e d  a s  t h e  f o l l o w :

1 . P i p e t  4.00  m L  o f  w a t e r  i n t o  a  s e r i e s  o f  10 m L  v i a l  f o r  h e a d s p a c e .

2 . P i p e t  1.00  m L  o f  t h e  s t a n d a r d  m i x t u r e  s o l u t i o n  in  w a t e r  i n t o  t h e  

s e r i e s  o f  10 m L  v i a l  f o r  h e a d s p a c e  .

3 . C l o s e  e a c h  v i a l  w i t h  g r a y  s e p t u m  a n d  a l u m i n u m  c a p  , a n d  t h e n  t i g h t l y  

c r i m p  it  w i t h  M a n u a l  H a n d  O p e r a t e d  C r i m p e r .

4 . S h a k e  t h e  s e a l e d  v i a l  a b o u t  1 m i n  a n d  p l a c e  in  c o n s t a n t  

t e m p e r a t u r e  a u t o m a t e d  h e a d s p a c e  w h i c h  i s  s e t  a t  v a r i o u s  t e m p e r a t u r e  i . e . ,  60 , 70 , 80  

a n d  9 0 .0  c  f o r  4 0  m i n u t e s .

5 . W h e n  it r e a c h e s  t h e  t i m e  a s  s e t  เท s t e p  4  1 i n j e c t  1.00  m L  o f  v a p o r  

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

c h r o m a t o g r a p h  u n d e r  t h e  G C  c o n d i t i o n  a s  d e s c r i b e d  in  T a b l e  3.4  .

6 . D e t e r m i n e  t h e  c o n c e n t r a t i o n  o f  i n t e r e s t e d  v o l a t i l e  c o m p o n e n t  in  v a p o r  

p h a s e  ( C g) b y  m e a n s  o f  e x t e r n a l  s t a n d a r d i z a t i o n  m e t h o d  1 t h e n  c a l c u l a t e  t h e  

d i s t r i b u t i o n  c o e f f i c i e n t  o f  e a c h  i n t e r e s t e d  c o m p o u n d  (K).
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7. C a lc u la t e  th e  s e n s i t iv i t y  (ร) o f  in te r e s te d  v o la t i le  c o m p o u n d  f ro m  

e q u a t io n  (2 .19).

8. P lo t  th e  s e n s i t iv i t y  (ร) and  th e  d is t r ib u t io n  c o e f f ic ie n t  (K) a g a in s t  th e  

T e m p e ra tu r e  ( C).

T h e  o p t im u n  te m p e ra tu r e  o f  e a c h  v o la t i le  o rg a n ic  c o m p o u n d  fo u n d  เท th is  

s e c t io n  w o u ld  b e  u s e d  in  th e  n e x t  s tu d y .

2. E q u il ib r a t io n  T im e

T h e  p ro c e d u re  fo r  th e  s tu d y  o f  e f f e c t 'o f  th e  t e m p e ra tu r e  i.e ., 2 0  , 3 0 , 4 0  

1 5 0  , 6 0  1 7 0  1 8 0  1 1 00  a nd  12 0  m in u te s  on  th e  s e n s i t iv it y  o f  h e a d s p a c e  te c h n iq u e  

w a s  d e s c r ib e d  a s  th e  fo llo w :

ใ . P ip e t  4 .0 0  m L  o f w a te r  in to  a s e r ie s  o f  10  m L  v ia l f o r  h e a d s p a c e .

2. P ip e t  1 .0 0  m L  o f th e  s ta n d a rd  m ix tu re  s o lu t io n  in  w a te r  in to  th e  

s e r ie s  o f  10  m L  v ia l fo r  h e a d s p a c e  .

3 . C lo s e  e a c h  v ia l w it h  g ra y  s e p tu m  and  a lu m in u m  c a p  1 a n d  th e n  t ig h t ly  

c r im p  it w it h  M a n u a l H a n d  O p e ra te d  C r im p e r .

4. S h a k e  th e  s e a le d  v ia l a b o u t  1 m in  a n d  p la c e  in  c o n s ta n t  

t e m p e ra tu r e  a u to m a te d  h e a d s p a c e  w h ic h  is  th e  te m p e ra tu r e  is  s e t  a t 7 0 .0  ° c  fo r  20  

3 0 , 4 0  1 5 0  1 6 0  1 7 0  , 8 0  1 1 0 0  a nd  12 0  m in u te s .

5. W h e n  it r e a c h e s  th e  t im e  a s  s e t  in  s te p  4  1 in je c t  1 .0 0  m L  o f  v a p o r  

p h a s e  f r o m  s a m p le  v ia l w it h  p ro g ra m m in g  f r o m  th e  a u to m a te d  h e a d s p a c e  in to  g a s  

c h ro m a to g ra p h  u n d e r  th e  G C  c o n d it io n  a s  d e s c r ib e d  in  T a b le  3 .4 .

6. P lo t  p e a k  a re a  o f  e a c h  s tu d ie d  c o m p o u n d  (A) a g a in s t  t im e  (m in).

T h e  o p t im u n  te m p e ra tu r e  o f  e a c h  v o la t i le  o rg a n ic  c o m p o u n d  fo u n d  in  th is

s e c t io n  w o u ld  b e  u s e d  in th e  n e x t  s tu d y .
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3. L iq u id  t o  G a s  P h a s e  V o lu m e  R a t io

T h e  liq u id  to  g a s  p h a s e  v o lu m e  ra t io  1 i.e .,2 :8  1 4 :6  , 5 :5  , 6 :4  a nd  8 :2  o f 

e a c h  v o la t i le  o rg a n ic  c o m p o u n d  w e r e  s tu d ie d  in o rd e r  to  b e  a b le  to  d e te rm in e  th e  

o p t im u m  p h a s e  ra t io . T h e  p ro c e d u re  fo r  th is  s tu d y  w a s  d e s c r ib e d  a s  th e  fo llo w :

1. P ip e t  2 .0 0  1 4 .0 0  1 5 .0 0  ,6 .0 0  a nd  8 .0 0  m L  o f  th e  s ta n d a rd  m ix tu re  

s o lu t io n  in  w a t e r  in to  a s e r ie s  o f  10  m L  v ia l fo r  h e a d s p a c e .

2. C lo s e  e a c h  v ia l w ith  g ra y  s e p tu m  and  a lu m in u m  c a p  1 a nd  th e n  t ig h t ly  

c r im p  it w it h  M a n u a l H a n d  O p e ra te d  C r im p e r .

3. S h a k e  th e  s e a le d  v ia l a b o u t  า m in  a nd  p la c e  in  c o n s ta n t  te m p e ra tu re  

a u to m a te d  h e a d s p a c e  w h ic h  is  s e t  a t th e  o p t im u m  te m p e ra tu r e  s e c t io n  3 .5 .1  .

4 . W h e n  it r e a c h e s  th e  t im e  a s  s e t  in s t e p  3  1 in je c t  1 .0 0  m L

o f v a p o r  p h a s e  f r o m  s a m p le  v ia l w ith  p ro g ra m m in g  f r o m  th e  a u to m a te d  h e a d s p a c e  

in to  g a s  c h ro m a to g ra p h  u n d e r  th e  G C  c o n d it io n  a s  d e s c r ib e d  in  T a b le  3 .4 .

5. D e te rm in e  th e  c o n c e n t r a t io n  o f in te r e s te d  v o la t i le  c o m p o u n d  in v a p o r  

p h a s e  (C ) b y  m e a n s  o f  e x te rn a l s ta n d a rd iz a t io n  m e th o d  , th e n  c a lc u la te  th e  

d is t r ib u t io n  c o e f f ic ie n t  o f  e a c h  in te re s te d  c o m p o n e n t  (K).

6. C a lc u la t e  th e  s e n s i t iv i t y  (ร) o f in te r e s te d  v o la t i le  c o m p o u n d  f r o m  

e q u a t io n  (2 .19).

7. P lo t  th e  s e n s i t iv i t y  (ร) a nd  th e  d is t r ib u t io n  c o e f f ic ie n t  (K) a g a in s t  th e  

p h a s e  ra t io  (V ,/  V  ).

T h e  o p t im u n  liq u id  to  g a s  p h a s e  ra t io  o f e a c h  v o la t i le  o rg a n ic  

c o m p o u n d  fo u n d  in  th is  s e c t io n  w o u ld  b e  u s e d  in th e  n e x t  s tu d y .

4. S a lt in g -o u t  E f f e c t

- T h e  t e m p e ra tu r e  1 e q u il ib ra t io n  t im e  and  liq u id  to  g a s  p h a s e  v o lu m e  ra t io  

o f  e a c h  in t e r e s t e d  c o m p o u n d  w e r e  s tu d ie d  and  w e r e  c a lc u la te d  to  th e  o p t im u m
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c o n d it io n  . T h e r e fo r e  1 th e y  w o u ld  b e  u s e d  in  th e  s tu d y  o f  e f f e c t  o f  a d d in g  s a lt  on  

s e n s i t iv i t y  o f  h e a d s p a c e  te c h n iq u e .  T h e  s tu d y  o f  th e  s a lt in g -o u t  e f f e c t  w a s  c a r r ie d  ou t 

w it h  th e  s a tu r a te d  m ix tu re  s ta n d a rd  s o lu t io n  a nd  e a c h  s tu d y  w a s  c o n s is t e d  o f  tw o  

s y s t e m s :

1. N o  a d d it io n  o f s a lt  (no sa lt in g -o u t) .

2. I.O O g o f  a n h y d ro u s  s o d iu m  s u lfa t e  .

T h e  p ro c e d u r e  fo r  t h is  s tu d y  w a s  d e s c r ib e d  a s  fo llo w :

า . W e ig h t  1 .0 0 g  o f  a n h y d ro u s  s o d iu m  s u lfa t e  in  a s e r ie s  o f  10  m L  v ia ls  

fo r  h e a d s p a c e  .

2 . P ip e t  th e  v o lu m e  o f w a te r  w h ic h  is  e q u a l t o  th e  o p t im u m  v o lu m e

fo u n d  in  s e c t io n  3 .5 .3  a n d  P ip e t  1 .0 0  m L  ( fo r  F ID  a s  a d e te c to r )  a n d  2 4 .0 0  เแแ ( fo r

E C D  a s  a d e te c to r  ) o f  th e  s ta n d a rd  m ix tu re  s o lu t io n  in  w a t e r  in to  th e  s e r ie s  o f 10

m L  v ia l fo r  h e a d s p a c e  c o n ta in in g  n o  s a lt  and  1 .0 0  g o f  a n h y d ro u s  s o d iu m

s u lfa te .

3. C lo s e  e a c h  v ia l w it h  g ra y  s e p tu m  and  a lu m in u m  c a p  1 a nd  th e n  t ig h t ly  

c r im p  it w it h  M a n u a l H a n d  O p e ra te d  C r im p e r .

4. S h a k e  th e  s e a le d  v ia l a b o u t  1 m in  a nd  p la c e  in c o n s ta n t  

t e m p e ra tu r e  a u to m a te d  h e a d s p a c e  w h ic h  is  th e  te m p e ra tu r e  is  s e t  a t th e  o p t im u m  

t e m p e ra tu r e  a s  fo u n d  in  s e c t io n  3 .5 .1  .

5. W h e n  it r e a c h e s  th e  t im e  a s  s e t  in  s te p  4  1 in je c t  1 .0 0  m L  o f  v a p o r  

p h a s e  f r o m  s a m p le  v ia l w it h  p ro g ra m m in g  f r o m  th e  a u to m a te d  h e a d s p a c e  in to  g a s  

c h ro m a to g ra p h  u n d e r  th e  G C  c o n d it io n  a s  d e s c r ie b e d  in  T a b le  3 .4  a nd  T a b le  3 .5 .

6. D e te rm in e  th e  d is t r ib u t io n  c o e f f ic ie n t  (K) , s e n s i t iv i t y  (ร ) a nd  p e rc e n t  

r e c o v e r y  (% E) o f  e a c h  v o la t i le  o rg a n ic  c o m p o u n d  and  c o m p a re  th e  r e s u lt s  o f  th e  tw o  

s y s t e m s  s tu d y  1 n o  s a lt  a nd  1 .0 0  g a n h y d ro u s  s o d iu m  s u lfa t e  .

7. P lo t  th e  s e n s i t iv i t y  (ร) a nd  th e  d is t r ib u t io n  c o e f f ic ie n t  (K) a g a in s t  th e

sa lt .
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T h e  o p t im u m  n o  s a lt  o r  I.OO g a n h y d ro u s  s o d iu m  s u lf a t e  o f  e a c h  c o m p o u n d  

fo u n d  in  t h is  s t u d y  w o u ld  b e  u s e d  in  th e  s tu d y  o f  m in im u m  d e te c ta b le  le v e l and  

s a m p le  a n a ly s is .

Method Detection Limit ( MDL )

M e th o d  d e te c t io n  l im it  o f  e a c h  v o la t i le  o rg a n ic  c o m p o u n d  w a s  d e te rm in e d  b y  

u s in g  th e  o p t im u m  c o n d it io n  o f  te m p e ra tu re ,  t im e  1 l iq u id  to  g a s  p h a s e  ra t io  and  

s a lt in g -o u t  e f fe c t .  T h e  c o n c e n t r a t io n  o f  e a c h  in te re s te d  c o m p o u n d  w h ic h  w a s  s tu d ie d  

b y  h e a d s p a c e  te c h n iq u e  w o u ld  b e  d e c r e a s e d  u n t il th e  G C  c h r o m a to g r a m  s h o w e d  th e  

s ig n a l to  n o is e  ra t io  w a s  e q u a l to  2. T h a t  c o n c e n t r a t io n  w a s  m e th o d  d e te c t io n  lim it  o f 

th e  c o m p o n e n t .

Quantitative Headspace Analysis

A n y  t ra d it io n  q u a n t it a t iv e  g a s  c h ro m a to g ra p h ic  t e c h n iq u e s  c a n  b e  u s e d  to  

d e te rm in e  th e  in it ia l c o n c e n t r a t io n  (C  1) o f a s u b s t a n c e  in  s o lu t io n  f r o m  its  

c o n c e n t r a t io n  in  th e  g a s  p h a s e  . T h e  m e th o d  o f  e x te rn a l s ta n d a rd is a t io n  w a s  c h o s e n  

a s  th e  q u a n t it a t iv e  m e th o d  fo r  th e  d e te rm in a t io n  o f  th e  in it ia l c o n c e n t r a t io n  o f e a c h  

v o la t i le  o rg a n ic  c o m p o u n d  in  u n k n o w n  a q u e o u s  s o lu t io n s .  T h e  p r in c ip le  o f th is  

q u a n t it a t iv e  m e th o d s  is  d e s c r ib e d  in th e  f o l lo w in g  c a u s e s .

1. T h e  E x te rn a l S ta n d a rd is a t io n  M e th o d

T h e  q u a n t it a t iv e  a n a ly s is  in th e  h e a d s p a c e  te c h n iq u e  c a n  b e  c a r r ie d  o u t in

t w o  d if f e r e n t  m e th o d s :
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1.1 W h e n  th e  D is t r ib u t io n  C o e f f ic ie n t  (K) o f  th e  In te re s te d  C o m p o u n d s  is

K n o w n .

T h e  in t ia l c o n c e n t r a t io n  o f  e a c h  in te re s te d  c o m p o u n d  in a q u e o u s  s o lu t io n  

, c 1 , c a n  b e  d e te rm in e d  b y  u s in g  E q u a t io n  (3.1). S in c e  th e  v o lu m e  V, o f th e  liq u id  

p h a s e  1 th e  v o lu m e  o f  th e  g a s  p h a s e  Vg 1 th e  d is t r ib u t io n  c o e f f ic ie n t  K , o f  e a ch  

in te r e s te d  c o m p o u n d  is  k n o w n  a nd  th e  e q u il ib r iu m  c o n c e n t r a t io n  o f  e a c h  in te re s te d  

c o m p o u n d  , c  in  th e  e q u il ib ra te d  u n k n o w n  s a m p le  c a n  b e  d e te rm in e d  b y  m e a n s  o f 

e x te rn a l s ta n d a rd is a t io n  m e th o d  a s  d e s c r ib e d  in s e c t io n  3 .8 , h e n c e  1 b y  s u b s t it u t io n  

th e  v a lu e  o f  C g , K , Vg 1a nd  V, in to  E q u a t io n  (3.1) 1 th e  in it ia l c o n c e n t r a t io n  o f th e  

in t e r e s t e d  c o m p o u n d  1 c  1 , in  th e  a q u e o u s  s o lu t io n  ca n  b e  e a s i ly  c a lc u la te d .

q  = Cg ( K +

1.2  W h e n  th e  D is t r ib u t io n  C o e f f ic ie n t  (K) o f th e  In te re s te d  C o m p o u n d s  is

n o t  K n o w n .

A  v a r io u s  c o n c e n t r a t io n s  o f s ta n d a rd  m ix tu r e  o f  in te r e s te d  

c o m p o u n d s  in  a q u e o u s  s o lu t io n  a re  p re p a re d  fo r  c o n s t r u c t in g  th e  s ta n d a rd  c a lib ra t io n  

c u r v e s  o f  e a c h  in te r e s te d  c o m p o u n d  . T h e s e  s ta n d a rd  m ix tu r e s  in a q u e o u s  s o lu t io n  

a re  a n a ly z e d  b y  th e  h e a d s p a c e  te c h n iq u e  u n d e r  th e  id e n t ic a l c o n d it io n  and  G C  

c o n d it io n  a s  th e  a n a ly s e d  s a m p le .  T h e n  th e  p e a k  a re a  o f  e a c h  s ta n d a rd  c o m p o u n d  

o b ta in e d  f r o m  th e  c h ro m a to g ra m  ( A  1 ) is  p lo t te d  a g a in s t  th e  in it ia l c o n c e n t r a t io n  o f 

th e  s ta n d a rd  ( c  151 ). T h e  c u r v e  s h o u ld  b e  lin e a r  fo r  a p a r t ic u la r  s y s t e m .  T h e  s lo p e  

(m ) a n d  y - in te r c e p t  (b) c a n  b e  c a lc u la te d  b y  th e  lin e a r  le a s t  s q u a re  m e th o d  f r o m  a 

lin e a r  e q u a t io n

A g ,s t  =  ๓  c ° i , s t  +  b (3.2 )
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T h e  e x a c t  v o lu m e  o f  th e  v a p o r  p h a s e  f r o m  th e  e q u il ib ra te d  u n k n o w n  

s a m p le  is  th e n  c h ro m a to g ra p h e d  . F in a lly  1 th e  in it ia l c o n c e n t r a t io n  o f  th e  in te re s te d  

c o m p o u n d  i in  th e  a q u e o u s  s o lu t io n  ( c  11) c a n  b e  d e te rm in e d  b y  s u b s t it u t io n  th e  

p e a k  a re a  A  I o f  th e  in te r e s te d  c o m p o u n d  in to  th e  e q u a t io n  ( 3 .2  )

The Determination of Equilibration Concentration of the Interested 

Compound in Gas Phase Using External Standardization Method.

เท o rd e r  to  d e te rm in e  th e  e q u il ib r iu m  c o n c e n t r a t io n  o f  th e  in te re s te d  

c o m p o u n d  in  v a p o r  p h a s e  (C  1 ) 1 th e  c a lib ra t io n  c u rv e  o f  e a c h  in t e r e s t e d  c o m p o u n d  

m u s t  b e  c o n s t r u c t e d  . T h u s  1 a s e r ie s  o f  s ta n d a rd  s o lu t io n  c o n ta in in g  th e  k n o w n  

w e ig h t  o f  th e  c o m p o n e n t s  in  D M S O  w e r e  p re p a re d  a nd  c h ro m a to g ra p h e d  u n d e r  th e  

id e n t ic a l G C  c o n d it io n  a s  a n a ly s e d  s a m p le  . T h e n  th e  p e a k  a re a  o f  e a c h  s ta n d a rd  

c o m p o n e n t  o b ta in e d  f r o m  th e  c h ro m a to g ra m  ( A  ) w a s  p lo t te d  a g a in s t  th e  w e ig h t  o f 

th e  s ta n d a rd  c o m p o n e n t  ( พ ) .  T h e  c u r v e  s h o u ld  b e  lin e a r  f o r  a p a r t ic u la r  s y s te m . 

T h e  s lo p e  ( m  ) a nd  y - in te r c e p t  ( b ) c a n  b e  c a lc u la te d  b y  th e  l in e a r  le a s t  s q u a re  

m e th o d  f r o m  a lin e a r  e q u a t io n .

A  = m W  + b ( 3 .3  )

T h e  e x a c t  v o lu m e  o f  th e  v a p o r  p h a s e  f r o m  th e  e q u il ib r a te d  h e a d s p a c e  

s a m p le  ( V  ) w a s  th e n  c h ro m a to g ra p h e d  . T h e  c o m p u ta t io n  o f  th e  in te re s te d  

c o m p o n e n t  i in  g a s  p h a s e  ( พ 91 ) c a n  b e  c o m p a re d  g ra p h ic a l ly  to  th e  c o n s t r u c t e d  b y  

s u b s t it u t io n  th e  p e a k  a re a  o f  th e  in te re s te d  c o m p o n e n t  i ( A  i ) in to  e q u a t io n  (3.2) and  

th e  e q u il ib r a t io n  o f  th e  in te r e s te d  c o m p o n e n t  i in  v a p o r  p h a s e  c a n  b e  c a lc u la te d  b y  

d iv id in g  th e  w e ig h t  o f  in te r e s te d  c o m p o u n d  ( w  j) b y  th e  in je c t io n  v o lu m e  o f v a p o r  

p h a s e  ( V  ) , t h e r e fo r e
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cg ,1 = พ 9,, (3.4)

W h e r e  C g 1 = E q u il ib r iu m  c o n c e n t r a t io n  o f  th e  in t e r e s t e d  c o m p o n e n t  i 

in  g a s  p h a s e

V g = In je c t io n  v o lu m e  o f  g a s  p h a s e

T h e  c a lib r a t io n  c u r v e  o f  e a c h  s ta n d a rd  c o m p o u n d  in c lu d in g  m e th y le n e  c h lo r id e  , 

c h lo r o fo rm  1 b e n z e n e  1 t r ic h lo r o e th y le n e  a nd  1 ,4 -d io x n n e  in  D M S O  u s e d  in  th e  

d e te rm in a t io n  o f  th e  w e ig h t  o f  th e  in te r e s te d  c o m p o n e n t  w e r e  in  F ig u re  3.1 1 3 .2  , 3 .3  

,3 .4  a nd  3 ,5  , r e s p e c t iv e ly ,  fo r  G C  C o n d it io n  in T a b le  3 .4  a nd  F ig u re  3 .6  , 3 .7  and  3 .8  

o f  m e th y le n e  c h lo r id e  1 c h lo r o fo rm  a nd  t r ic h lo r o e th y le n e  1 r e s p e c t iv e ly  fo r  G C  

C o n d it io n  in  T a b le  3 .5 .



Peak ค rea (Thousands)

F ig u re  3.1 T h e  c a lib ra t io n  c u r v e  o f  m e th y le n e  c h lo r id e  in  d im e th y l s u lf o x id e  (D M S O )  

u s in g  F ID  a s  a d e te c to r .

L J e i g h t  O4 9 )

F i g u r e  3 . 2  T h e  c a l i b r a t i o n  c u r v e  o f  c h l o r o f o r m  in d i m e t h y l  s u l f o x i d e  ( D M S O )  u s i n g

FID a s  a  d e t e c t o r .



Peak ค rea (Thousands)

F ig u re  3 .3  T h e  c a lib ra t io n  c u r v e  o f  b e n z e n e  in d im e th y l s u lfo x id e  (D M S O )  u s in g  FID  

a s  a d e te c to r .

Peak คrea (Thousands)

W eight (qg )
F i g u r e  3 . 4  T h e  c a l i b r a t i o n  c u r v e  of  t r i c h l o r o e t h y l e n e  in d i m e t h y l  s u l f o x i d e  ( D M S O )

u s i n g  FID a s  a  d e t e c t o r .



150
Peak Rrea (Thousands)

100

50
Slope = 104.4357

Y in te rcep t = -720.0959 
R square = .9999

0.5 1.5
Weight

F ig u re  3 .5  T h e  c a lib ra t io n  c u r v e  o f  1 ,4 -d io x a n e  เก d im e th y l s u lf o x id e  (D M S O )  u s in g  

F ID  a s  a d e te c to r .
Peak Rrea (Thousands)

F ig u re  3 .6  T h e  c a lib r a t io n  c u r v e  o f  m e th y le n e  c h lo r id e  in  d im e th y l s u lf o x id e  (D M S O )  

u s in g  E C D  a s  a d e te c to r .
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Weight Cng)
F ig u re  3 .7  T h e  c a lib ra t io n  c u r v e  o f  c h lo ro fo rm  in d im e th y l s u lf o x id e  (D M S O )  u s in g  

E C D  a s  a d e te c to r .

Peak Rrea CThousands)

Weight Cng)
F ig u re  3 .8  T h e  c a lib ra t io n  c u r v e  o f t r ic h lo r o e th y le n e  in d im e th y l s u lf o x id e  (D M S O )  

u s in g  E C D  a s  a d e te c to r .
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T h e  s tu d y  o f  p r e c is io n  h a s  b e e n  u s e d  th e  o p t im u m  c o n d it io n s  f r o m  th e  

p re v io u s  s tu d ie s  in T a b le  4 .31  a nd  th e  G C  c o n d it io n  in T a b le  3 .4  a nd  3 .5  h a v e  b e e n  

e m p lo y e d  fo r  t h is  s tu d y  . T h e  p ro c e d u re  fo r  th e  s tu d y  o f p r e c is io n  c a n  b e  d e s c r ib e d  

a s  f o l lo w s :

T h e  S t u d y  o f  P r e c i s i o n  o f  A u t o m a t e d  H e a d s p a c e  T e c h n i q u e  f o r

D e t e r m i n a t i o n  V o l a t i l e  O r g a n i c  C o m p o u n d s  i n  A q u e o u s  S o l u t i o n

1. T h e  P r o c e d u re  fo r  th e  S tu d y  o f P r e c is io n  o f  E a c h  V o la t i le  O rg a n ic  

C o m p o u n d  U s in g  U s in g  G C  w ith  F ID  a s  a D e t e c t o r .

1. T e n  5 .0 0  m L  o f th e  s ta n d a rd  m ix tu re  s o lu t io n  o f  4 .21  p p m

m e th y le n e  c h lo r id e  1 4 .2 4  p p m  c h lo ro fo rm  1 4 .1 9  p p m  b e n z e n e  , 4 .21  p p m

t r ic h lo r o e th y le n e  a nd  9 9 .2 6  p p m  1 ,4 -d io x a n e  in  w a te r  in to  a s e r ie s  o f  10  m L  v ia l fo r  

h e a d s p a c e  c o n ta in in g  1 .0 0  g a n h y d ro u s  s o d iu m  s u lfa te .

2. C lo s e  e a c h  v ia l w ith  g ra y  s e p tu m  a nd  a lu m in u m  c a p  1 a nd  th e n  

t ig h t ly  c r im p  it w it h  M a n u a l H a n d  O p e ra te d  C r im p e r .

3. S h a k e  th e  s e a le d  v ia l a b o u t  1 m in  a nd  p la c e  in  c o n s ta n t  

t e m p e ra tu r e  a u to m a te d  h e a d s p a c e  w h ic h  th e  te m p e ra tu re  is  s e t  a t 7 0  c  fo r  4 0  

m in u te s  .

4 . In je c t 1 .0 0  m L  o f v a p o r  p h a s e  f r o m  s a m p le  v ia l w it h  p ro g ra m m ig  

f r o m  th e  a u to m a te d  h e a d s p a c e  in to  g a s  c h ro m a to g ra p h  u n d e r  th e  G C  c o n d it io n  in 

T a b le  3 .4 .

5. D e te rm in e  p e r c e n t  re la t iv e  s ta n d a rd  d e v ia t io n  (% R S D ) .
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2. T h e  P r o c e d u re  fo r  th e  S tu d y  o f  P r e c is io n  o f  E a c h  V o la t i le  O rg a n ic  

C o m p o u n d  U s in g  G C  w ith  E C D  a s  a D e t e c t o r .

1. T e n  5 .0 0  m L  o f  th e  s ta n d a rd  m ix tu re  s o lu t io n  o f 20 .21  p p b  

m e th y le n e  c h lo r id e  1 2 0 .3 6  p p b  c h lo ro fo rm  and  2 0 .3 6  p p b  t r ic h lo r o e th y le n e  in w a te r  

in to  a s e r ie s  o f  10  m L  v ia l fo r  h e a d s p a c e  c o n ta in in g  1 .0 0  g a n h y d ro u s  s o d iu m  

s u lfa te .

2. C lo s e  e a c h  v ia l w ith  g ra y  s e p tu m  a nd  a lu m in u m  c a p  1 a nd  th e n  

t ig h t ly  c r im p  it w it h  M a n u a l H a n d  O p e ra te d  C r im p e r .

3. S h a k e  th e  s e a le d  v ia l a b o u t  1 m in  a nd  p la c e  in  c o n s ta n t  

t e m p e ra tu r e  a u to m a te d  h e a d s p a c e  w h ic h  th e  t e m p e ra tu re  is  s e t  a t 70 °c fo r  40 
m in u te s  .

4 . In je c t 1 .0 0  m L  o f  v a p o r  p h a s e  f r o m  s a m p le  v ia l w ith  p ro g ra m m ig  

f r o m  th e  a u to m a te d  h e a d s p a c e  in to  g a s  c h ro m a to g ra p h  u n d e r  th e  G C  c o n d it io n  in 

T a b le  3 .4  .

5. D e te rm in e  p e rc e n t  re la t iv e  s ta n d a rd  d e v ia t io n  (% R S D ) .

The Study of Linearity of Automated Headspace Technique for 

Determination Volatile Organic Compounds in Aqueous Solution

T h e  l in e a r it y  o f  e a c h  v o la t i le  o rg a n ic  c o m p o u n d  w a s  d e te rm in e d  u s in g  th e  

o p t im u m  c o n d it io n  o f  te m p e ra tu re ,  t im e , liq u id  to  g a s  p h a s e  ra t io  a nd  s a lt in g -o u t  

e f fe c t .  T h e  c o n c e n t r a t io n  o f e a c h  in te re s te d  c o m p o u n d  w h ic h  w a s  s tu d ie d  b y  

h e a d s p a c e  te c h n iq u e  u s e d  f r o m  m in im u m  d e te c ta b le  le v e l c o n c e n t r a t io n  to  a b o u t  2 0 0  

p p m  b y  u s in g  F ID  a s  a d e te c to r  a nd  a b o u t  2  p p m  b y  u s in g  E C D  a s  a d e te c to r  and  

s tu d ie d  th e  l in e a r it y  ra n g e  o f  e a c h  v o la t i le  o rg a n ic  c o m p o u n d .
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1. T h e  P r o c e d u r e  fo r  th e  S tu d y  o f  L in e a r ity  o f  E a c h  V o la t i le  O rg a n ic  C o m p o u n d  

U s in g  G C  w ith  F ID  a s  a D e te c to r .

1. P ip e t  5 .0 0  m L  o f  e a c h  c o n c e n t r a t io n  o f  th e  s ta n d a rd  m ix tu re  s o lu t io n  

in w a t e r  in to  a s e r ie s  o f  10  m L  v ia l fo r  h e a d s p a c e  c o n ta in in g  c o n s ta in in g  1 .0 0  g 

a n h y d ro u s  s o d iu m  s u lfa te .

2. C lo s e  e a c h  v ia l w ith  g ra y  s e p tu m  and  a lu m in u m  c a p  1 a nd  th e n  t ig h t ly  

c r im p  I t  w ith  M a n u a l H a n d  O p e ra te d  C r im p e r .

3. S h a k e  th e  s e a le d  v ia l a b o u t  1 m in  and  p la c e  in c o n s ta n t  t e m p e ra tu re  

a u to m a te d  h e a d s p a c e  w h ic h  th e  t e m p e ra tu re  is  s e t  a t 7 0  ° c  fo r  4 0  m in u te s  .

4 . In je c t 1 .0 0  m L  o f  v a p o r  p h a s e  f r o m  s a m p le  v ia l w it h  p ro g ra m m ig  f r o m  

th e  a u to m a te d  h e a d s p a c e  in to  g a s  c h ro m a to g ra p h  u n d e r  th e  G C  c o n d it io n  in T a b le

3 .4  .

5. P lo t  th e  c o n c e n t r a t io n  a g a in s t  p e a k  a rea .

2. T h e  P r o c e d u r e  fo r  th e  S tu d y  o f  L in e a r ity  o f  E a c h  V o la t i le  O rg a n ic  C o m p o u n d  

U s in g  G C  w ith  E C D  a s  a D e te c to r .

1. P ip e t  5 .0 0  m L  o f e a c h  c o n c e n t r a t io n  o f  th e  s ta n d a rd  m ix tu r e  s o lu t io n  

in w a t e r  in to  a s e r ie s  o f 10  m L  v ia l fo r  h e a d s p a c e  c o n ta in in g  1 .0 0  g a n h y d ro u s  

s o d iu m  s u lfa t e .

2. C lo s e  e a c h  v ia l w ith  g ra y  s e p tu m  and  a lu m in u m  c a p  1 a n d  th e n  t ig h t ly  

c r im p  it w it h  M a n u a l H a n d  O p e ra te d  C r im p e r .

3. S h a k e  th e  s e a le d  v ia l a b o u t  1 m in  a nd  p la c e  in  c o n s ta n t  t e m p e ra tu re  

a u to m a te d  h e a d s p a c e  w h ic h  th e  te m p e ra tu r e  is  s e t  a t 7 0  c  fo r  4 0  m in u te s  .

4 . In je c t 1 .0 0  m L  o f v a p o r  p h a s e  f r o m  s a m p le  v ia l w it h  p ro g ra m m ig  f r o m  

th e  a u to m a te d  h e a d s p a c e  in to  g a s  c h ro m a to g ra p h  u n d e r  th e  G C  c o n d it io n  in  T a b le

3 .5 .

5. P lo t  th e  c o n c e n t r a t io n  a g a in s t  p e a k  a rea
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T o  e v a lu a te  th e  a c c u ra c y  o f t h is  te c h n iq u e  1 th e  s y n th e t ic  u n k n o w n  m ix tu re  

s o lu t io n  in  w a t e r  w e r e  p re p a re d  . T h e  c o n c e n t r a t io n  o f  e a c h  v o la t i le  o rg a n ic

c o m p o u n d  i.e . , m e th y le n e  c h lo r id e  , c h lo ro fo rm  1 b e n z e n e  1 t r ic h lo r o e th y le n e  and

1,4-dioxane f o r  GC w ith  F ID  a s  a d e te c to r  w a s  d e te rm in e d  b y  m e a n s  o f  th e  e x te rn a l 

s ta n d a rd iz a t io n  m e th o d  a s  d e s c r ib e d  เท s e c t io n  3 .7 .1  u n d e r  th e  o p t im u m  h e a d s p a c e  

a n a ly s is  c o n d it io n  fo u n d  in th e  p re v io u s  s tu d ie d  in T a b le  4.35 a n d  GC c o n d it io n  in 

T a b le  3 .4 . T h e  p ro c e d u re  fo r  th e  s tu d y  o f  a c c u ra c y  c a n  b e  d e s c r ib e d  a s  fo l lo w s :

1. T h e  P r o c e d u r e  fo r  th e  S tu d y  o f A c c u r a c y  o f  E a c h  V o la t i le  O rg a n ic

C o m p o u n d  U s in g  G C  w ith  F ID  a s  a d e te c to r .

1. P ip e t  5 .0 0  m L  o f th e  s y n th e t ic  u n k n o w n  s o lu t io n  in to  a 10  ทาL  v ia l fo r  

h e a d s p a c e  c o n ta in in g  1 .0 0  g a n h y d ro u s  s o d iu m  s u lfa te  .

2 . C lo s e  th e  v ia l w ith  g ra y  s e p tu m  and  a lu m in u m  c a p  1 a nd  th e n  t ig h t ly  

c r im p  it w it h  M a n u a l H a n d  O p e ra te d  C r im p e r .

3. S h a k e  th e  s e a le d  v ia l a b o u t  1 m in  a nd  p la c e  in  c o n s ta n t  

t e m p e ra tu r e  a u to m a te d  h e a d s p a c e  w h ic h  th e  te m p e ra tu re  is  s e t  a t 70 c fo r  4 0  

m in u te s  .

4 . In je c t 1 .0 0  m L  o f  v a p o r  p h a s e  f r o m  s a m p le  v ia l w it h  p ro g ra m m in g  

f r o m  th e  a u to m a te d  h e a d s p a c e  in to  g a s  c h ro m a to g ra p h  u n d e r  th e  G C  c o n d it io n  in 

T a b le  3 .4 .

5. D e te rm in e  th e  in it ia l c o n c e n t r a t io n  o f e a c h  in te r e s te d  v o la t i le  

c o m p o n e n t  in  a q u e o u s  s o lu t io n !  c 1 ) f r o m  th e  a b s o lu te  c a lib ra t io n  c u r v e  a s  s h o w n  in 

F ig u re s  3 .9  - 3 .1 3  o r  u s in g  e q u a t io n  3 .2  .

T h e  S t u d y  o f  A c c u r a c y  o f  A u t o m a t e d  H e a d s p a c e  T e c h n i q u e  f o r

D e t e r m i n a t i o n  V o l a t i l e  O r g a n i c  C o m p o u n d s  i n  A q u e o u s  S o l u t i o n
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D ru g  s a m p le s  b o u g h t f r o m  s e rv e ra l d ru g s  a n d  s e v e ra l c o m p a n ie s  a re  

d e s c r ib e d  a s  f o l lo w s :

T h e  D e t e r m i n a t i o n  o f  V o l a t i l e  O r g a n i c  C o m p o u n d  i n  R e a l  S a m p l e s

า.
2.
3.

4.

5.

6.
7.

8.
9.

10. 
11. 
12.
13.

14.

15.

A m o x y c i l l in  f r o m  th e  B e e c h e m  C o .,L td .

A s p ir in  f o rm  th e  U n ic h e m  C o ., L td .

A s p e n t  f r o m  th e  U n ic h e m  C o .,L td .

B 1 ,6 ,1 2  f r o m  th e  M e r c k  C o .,L td .

B 1 ,6 ,1 2  f r o m  th e  O lic  C o .,L td .

B 1 ,6 ,1 2  f r o m  th e  P .P .L a b  C o .,L td .

B 1 ,6 ,1 2  f r o m  th e  T a k e d a  C o .,L td .

B r o fe n  f r o m  th e  P a k e -D a v is  C o .,L td .

Ib u p ro fe n  f r o m  th e  P a k e -D a v is  C o .,L td .

C la m o s in  f r o m  th e  B io la b  C o .,L td .

E r y th r o m y c in  f r o m  th e  P h a rm a c e u t ic a l O rg a n iz a t io n  

E r y th r o m y c in  f r o m  th e  A b b o t t  C o .,L td .

E r y th r o m y c in  f r o m  th e  S e r v ip h a rm  C o .,L td .

F u b e n  5 0 0  f r o m  th e  T O  C o .,L td .

S t r e s s t a b  6 0 0 + Z in c  f r o m  th e  F .E . Z u e llig  C o .,L td .

D ru g  s a m p le s  c o l le c t e d  f r o m  s e v e ra l d ru g s  a nd  s e r v e ra l c o m p a n ie s  w e r e  

a n a ly z e d  b y  h e a d s p a c e  a n a ly s is  t e c h n iq u e  u n d e r  th e  o p t im u m  h e a d s p a c e  c o n d it io n  

a re  u n d e r  th e  G C  c o n d it io n  a s  m e n t io n e d  in T a b le  3 .4  and  3 .5  . T h e  c o n c e n t r a t io n  o f 

th e  in t e r e s t e d  c o m p o u n d  in  d ru g  s a m p le s  w e r e  d e te rm in e d  b y  m e a n s  o f th e  e x te rn a l 

s ta n d a rd iz a t io n  m e th o d s .  T h e  p ro c e d u re  w a s  d e s c r ib e d  a s  th e  f o l lo w s :

1 . W e ig h  0 .5 0  g o f d ru g s  p o w d e r  in to  a 10  ทาL  v ia l fo r  h e a d s p a c e  c o n ta in in g

1 .0 0 g  a n h y d ro u s  s o d iu m  s u lfa te .
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2. P ip e t  5 .0 0  m L  o f  w a te r  in to  a s e r ie s  o f  1 0 .0 0  m L  v ia l fo r  h e a d s p a c e  

c o n ta in in g  d ru g s  p o w d e r  a n d  a n h y d ro u s  s o d iu m  s u lfa t e  f r o m  s te p  1.

3. C lo s e  th e  v ia l w it h  g ra y  s e p tu m  and  a lu m in u m  c a p  1 a n d  th e n  t ig h t ly  

c r im p  it w it h  M a n u a l H a n d  O p e ra te d  C r im p e r .

4. S h a k e  th e  s e a le d  v ia l a b o u t  1 m in  and  p la c e  in  c o n s ta n t  te m p e ra tu re  

a u to m a te d  h e a d s p a c e  w h ic h  th e  te m p e ra tu r e  is  s e t  a t 70 c f o r  40 m in tu e s  .

5. in je c t  1 .0 0  m L  o f v a p o r  p h a s e  f r o m  s a m p le  v ia l w it h  p ro g ra m m ig  f r o m  

th e  a u to m a te d  h e a d s p a c e  in to  g a s  c h ro m a to g ra p h  u n d e r  th e  G C  c o n d it io n  s h o w n  in 

T a b le  3 .4  a nd  3 .5 .

6. D e te rm in e  th e  in it ia l c o n c e n t r a t io n  o f  e a c h  in te r e s te d  v o la t i le  c o m p o n e n t  in 

a q u e o u s  s o lu t io n !  c 1 ) f r o m  th e  e x te rn a l s ta n d a rd  c a lib ra t io n  c u r v e  a s  s h o w n  in 

F ig u re s  3 .9 - 3 .1 3  u s in g  F ID  a s  a d e te c to r  and  F ig u re s  3 .1 4 -3 .1 6  fo r  u s in g  E C D  a s  a 

d e te c to r .



6 5

Concen t ra t i on c ppm)
F ig u re  3 .9  T h e  e x te rn a l s ta n d a rd  c a lib ra t io n  c u r v e  o f m e th y le n e  c h lo r id e  u s in g  F ID  

a s  a d e te c to r .

Peak คrea cThousands)

F i g u r e  3 . 1 0  T h e  e x t e r n a l  s t a n d a r d  c a l i b r a t i o n  c u r v e  of  c h l o r o f o r m  u s i n g  FID a s  a

d e t e c t o r .



Peak ค rea cThousands)

F ig u re  3 .11  T h e  e x te rn a l s ta n d a rd  c a lib ra t io n  c u r v e  o f  b e n z e n e  u s in g  F ID  a s  a 

d e te c to r .

Peak คrea (Thousands)

Concen โ ra  t i ๐ก c ppm)

F i g u r e  3 . 1 2  T h e  e x t e r n a l  s t a n d a r d  c a l i b r a t i o n  c u r v e  of  t r i c h l o r o e t h y l e n e  u s i n g  FID

a d e t e c t o r .



Peak ค rea cThousands)

F ig u re  3 .1 3  T h e  e x te rn a l s ta n d a rd  c a lib ra t io n  c u r v e  o f 1 ,4 -d io x a n e  u s in g  F ID  a s  a

d e te c to r .

Peak คrea cThousands)

F i g u r e  3 . 1 4  T h e  e x t e r n a l  s t a n d a r d  c a l i b r a t i o n  c u r v e  of  m e t h y l e n e  c h l o r i d e  u s i n g  E C D

a s  a  d e t e c t o r .
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Peak ค rea (Thousands)

Concen โra t i อก cppb)
F ig u re  3 .1 5  T h e  e x te rn a l s ta n d a rd  c a lib ra t io n  c u rv e  o f  c h lo ro fo rm  u s in g  E C D  a s  a

d e te c to r .

Peak Rrea (.Thousands)

Concent ra t ion Cppb)
F i g u r e  3 . 1 6  T h e  e x t e r n a l  s t a n d a r d  c a l i b r a t i o n  c u r v e  o f  t r i c h l o r o e t h l y e n e  u s i n g  E C D

a s  a  d e t e c t o r .
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T h e  h e a d s p a c e  d ru g  s a m p le s  w e r e  in je c te d  in to  G C / M S D  u n d e r  G C / M S D  

c o n d it io n s  in T a b le  3 .6  .

T a b le  3 .6  T h e  G C / M S D  c o n d it io n  fo r  th e  c o n f irm a t io n  on  s t r u c tu r e  o f  v o la t i le  o rg a n ic  

im p u r it ie s  in  d ru g .

G C  P a r a m e te r G C / M S D  C o n d it io n

A n a ly t ic a l c o lu m n 3 0  m  X 0 .2  m m . X 1 .0 5  J im  f i lm  th ic k n e s s . ,

T e m p e ra tu r e  P ro g ra m

H P - 5 M S  (L o w -b e e d  5%  P h e n y l M e th y l S il ic o n e )

A . 3 5  c  (5 m in ) to  1 0 0  c  (0 m in ) a t 8  c / m in

B . 1 0 0  c  (0 m in ) to  2 6 0  c  (5 m in ) a t 3 0  c / m in

S p l it  R a t io 20:1

S p l i t le s s  T im e 0 .0  m in

F lo w  R a te  o f  C a r r ie r  G a s  (He) 1 .5  m LV m in

D e c to r

In le t T e m p e ra tu r e

M a s s  S e le c t iv e  D e te c to r  (M S D )

1 8 0  0 c

T r a n s fe r  L in e  T e m p e ra tu r e 2 8 0  ° c

Ion S o u r c e E l (E le c t ro n - Im p a c t)  ; 7 0 e V

Ion A n a ly z e r Q u a d ru p o le
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