
CHAPTER 3

E X P E R I M E N T A L -

3 . 1  A P P A R A T U S

3 . 1 . 1  I n s t r u m e n t a t i o n  f o r  HPLC

A W a t e r s  m o d e l  5 1 0  p u m p  w a s  u s e d  w i t h  W a t e r s  m o d e l  

6 8 0  g r a d i e n t  c o n t r o l l e r .  ( W a t e r s  C h r o m a t o g r a p h y  D i v i s i o n ,  

M a s s a c h u s e t t s ,  U . S . A . )

S a m p l e  i n j e c t o r ,  m o d e l  R e o d y n e  7 1 2 5  e q u i p p e d  w i t h  a  

2 0  Jih s a m p l e  l o o p . ( R e o d y n e , C a l i f o r n i a ,  U . S . A . )

S e p a r a t i o n  o f  P A H s  w a s  c a r r i e d  o u t  o n  a  L i c h r o s p h e r e  

R P - 1 8  c o l u m n  ( 2 5 0 x 4 . 6  mm,  p a r t i c l e  s i z e  5  yUm, E .  M e r c k ,  

D a r m s t a d t ,  F . R .  G e r m a n y ) ,  p r o t e c t e d  b y  a  C - 1 8  g u a r d  c o l u m n  

( P y e  U n i c a m ,  U . S . A . )

D e t e c t i o n  w a s  a c c o m p l i s h e d  v i a  J A S C O  m o d e l  U v i d e c  

1 0 0 - V T  U V - v i s i b l e  d e t e c t o r . ( J a p a n  S p e c t r o s c o p i c ,  T o k y u ,  

J a p a n )

C h r o m a t o g r a m s  w e r e  r e c o r d e d  o n  a  W a t e r s  7 4 0  d a t a
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m o d u l e . ( W a t e r s  C h r o m a t o g r a p h y  D i v i s i o n ,  M a s s a c h u s e t t s ,

บ . ร . A . )

3 . 1 . 2  u v - v i s i b l e  S p e c t r o p h o t o m e t e r

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

U v i d e c - 6 5 0  s p e c t r o p h o t o m e t e r . ( J a p a n  S p e c t r o s c o p i c ,  T o k v u ,  

J a p a n )

3 . 1 . 3  O t h e r  A p p a r a t u s e s

M i c r o s y r i n g e  1 0 . 0 0 ,  2 5 . 0 0 ,  a n d  5 0 . 0 0  ^uL ( 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 )

U l t r a s o n i c  b a t h  ( B r a n s o n )  w a s  u s e d  f o r  d e g a s s i n g  

m o b i l e  p h a s e .  ( B r a n s o n  c l e a n i n g  e q u i p m e n t  c o m p a n y .  C o n n . ,

บ . ร  . A .  )

M e t t l e r  b a l a n c e  N o .  H 4 3  ( E . M e t t l e r ,  Z u r i c h ,  

S w i t z e r l a n d )

M e c h a n i c a l  s h a k e r ,  m o d e l  HS 5 0 0  ( J a n k l e & K u n k e l ,

s t a u f e n  i .  B r . ,  W e s t  G e r m a n y )

3 . 2  GL AS S WARE S
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P i p e t t e  1 . 0 0 ,  2 . 0 0 ,  5 . 0 0 ,  1 0 . 0 0 ,  a n d  5 0 . 0 0  mL 

V o l u m e t r i c  f l a s k  2 5 . 0 0 ,  2 5 0 . 0 0 ,  a n d  1 0 0 0 . 0 0  mL 

V i a l s  1 , 2 , 6 , a n d  8 d r a m s

A l l  g l a s s w a r e s  u s e d  w e r e  c l e a n e d  w i t h  d e t e r g e n t  , 

s o a k e d  i n  1 : 1  HNO3 f o r  1 d a y ,  r i n s e d  w i t h  d o u b l e  d i s t i l l e d  

w a t e r ,  a n d  d r i e d  i n  a n  o v e n  a t  150°c f o r  3 h o u r s .

3 . 3  C H E MI C AL S

3 . 3 . 1  S t a n d a r d  o f  P A H s

S t a n d a r d  o f  P A H s  ( A n t h r a c e n e ,  F l u o r a n t h e n e ,  

F l u o r e n e ,  P y r e n e )  a n d  i n t e r n a l  s t a n d a r d  ( A c e n a p h t y l e n e )  

w e r e  p u r c h a s e d  f r o m  C h e m . S e r v i c e . ,  W e s t c h e s t e r ,  P e n n s y l 

v a n i a ,  บ . S . A .

3 . 3 . 2  S o l v e n t s

A b s o l u t e  m e t h a n o l  ( A . R . g r a d e ,  J . T . B a k e r ,  P h i l l i p -  

s b e r g ,  N e w  J e r s e y ,  U . S . A . )

A c e t o n i t r i l e  ( A . R .  g r a d e ,  J . T . B a k e r ,  P h i l l i p s b e r g ,

N e w  J e r s e y ,  U . S . A . )
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H e x a n e  ( À . R .  g r a d e ,  J . T .  B a k e r ,  P h i l l i p s b e r g , N e w  

J e r s e y , บ .  s . A - )

M e t h y l e n e  C h l o r i d e  ( A . R .  g r a d e ,  J . T . B a k e r ,  P h i l l i p 

s b e r g ,  N e w  J e r s e y ,  U . s . A . )

T o l u e n e  ( A . R .  g r a d e ,  J . T .  B a k e r ,  P h i l l i p s b e r g ,  N e w  

J e r s e y , บ . ร . A . )

H e x a n e ,  m e t h y l e n e  c h l o r i d e  a n d  t o l u e n e  w e r e

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

d i s t i l l a t i o n  a p p a r a t u s  p r i o r  t o  u s e  i n  t h e  s t u d y  .

3 . 3 . 3  R e a g e n t s

N i t r i c  a c i d  ( A . R .  g r a d e ,  M e r c k ,  D a r m s t a d t ,  G e r m a n y )

S o d i u m  c h l o r i d e  ( A . R .  g r a d e ,  J . T .  B a k e r ,  P h i l l i p 

s b e r g ,  N e w  J e r s e y ,  U . S . A . )

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 ,  J . T .  B a k e r ,  

P h i l l i p s b e r g ,  N e w  J e r s e y ,  U . S . A . )

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

s o d i u m  s u l f a t e  w e r e  d r i e d  i n  e l e c t r i c  f u r n a c e  a t  300 °c 

f o r  6 h o u r s  a n d  w e r e  k e p t  i n  d e s s i c a t o r  b e f o r e  u s e d .
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D i s t i l l e d  w a t e r  u s e d  i n  t h i s  s t u d y  w a s  o b t a i n e d  f r o m  

a l l  g l a s s  d i s t i l l a t i o n  a p p a r a t u s .

3 . 4  P R E P A R A T I O N  OF S T ANDARD S O L U T I O N S

3 . 4 . 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 o l u t i o n  o f  P A H s  

i n  M e t h a n o l

T h e  1 0 0 0 . 0 0  p p m  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  PAH, '  i . e . ,  a n t h r a c e n e ,  f l u o r a n t h e n e ,  

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

p r e p a r e d  b y  a c c u r a t e  w e i g h i n g  0 . 0 1 0 0  g  o f  e a c h  s t a n d a r d ,  

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

1 0 . 0 0  mL v o l u m e t r i c  f l a s k  a n d  m i x  t h o r o u g h l y .

3 . 4 . 2  T h e  s t a n d a r d  M i x t u r e  o f  P A H s  i n  M e t h a n o l

A 1 0 0 0 . 0 0  p p m  s t a n d a r d  m i x t u r e  o f  e a c h  P A H ,  i . e . ,  

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

w a s  p r e p a r e d  b y  a c c u r a t e  w e i g h i n g  0 . 0 1 0 0  g  o f  e a c h  

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

m e t h a n o l  i n  1 0 . 0 0  mL v o l u m e t r i c  f l a s k  a n d  m i x  t h o r o u g h l y .
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3 . 4 . 3  T h e  s t a n d a r d  S o l u t i o n  o f  I n t e r n a l  s t a n d a r d

T h e  1 0 0 0 . 0 0  p p m  s t a n d a r d  s t o c k  s o l u t i o n  o f  i n t e r n a l  

s t a n d a r d  i n  e a c h  e x t r a c t i n g  s o l v e n t  i . e . ,  t o l u e n e ,  h e x a n e ,  

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

0 . 0 1 0 0  g  o f  a c e n a p h t y l e n e  a n d  t h e n  d i s s o l v e d  a n d  d i l u t e d  i t  

w i t h  t h e  s o l v e n t  t o  t h e  m a r k  i n  1 0 . 0 0  mL v o l u m e t r i c  f l a s k  

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

T h i s  i n t e r n a l  s t a n d a r d  s o l u t i o n  w a s  a d d e d  t o  

e x t r a c t i n g  s o l v e n t  p r i o r  t o  t h e  e x t r a c t i o n .

3 . 4 . 4 .  T h e  1 . 0 0  p p m  s i n g l e  C o m p o n e n t  A q u e o u s  s t a n d a r d  

S o l u t i o n  o f  P A H s

T h e  1 . 0 0  p p m  s i n g l e  c o m p o n e n t  a q u e o u s  s t a n d a r d  

s o l u t i o n  o f  e a c h  PAH i . e . ,  a n t h r a c e n e ,  f l u o r a n t h e n e ,  

f l u o r e n e  a n d  p y r e n e  w a s  p r e p a r e d  b y  t r a n s f e r i n g  2 5 0 . 0 0  yUL 

a n d  1 . 0 0  mL o f  t h e  1 0 0 0 . 0 0  p p m  s i n g l e  c o m p o n e n t  s t a n d a r d  

s o l u t i o n  o f  e a c h  PAH f r o m  3 . 4 . 1  i n t o  2 5 0 . 0 0  a n d  1 0 0 0 . 0 0  mL 

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

t h e  m a r k s  w i t h  d i s t i l l e d  w a t e r  a n d  m i x e d  t h o r o u g h l y .

\ '] °1 c2 cใ ท) c  c\
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3 . 4 . 5  T h e  5 0 . 0 0  p p b  s i n g l e  C o m p o n e n t  A q u e o u s  s t a n d a r d  

S o l u t i o n  o f  P A H s

T h e  5 0 . 0 0  p p b  s i n g l e  c o m p o n e n t  a q u e o u s  s t a n d a r d  

s o l u t i o n  o f  e a c h  PAH w a s  p r e p a r e d  b y  t r a n s f e r i n g  1 2 . 5 0  a n d

5 0 . 0 0  jdL o f  t h e  1 0 0 0 . 0 0  p p m  s i n g l e  c o m p o n e n t  s t a n d a r d  

s o l u t i o n  o f  e a c h  PAH f r o m 3 . 4 . 1  i n t o  2 5 0 . 0 0  a n d  1 0 0 0 . 0 0  mL 

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

t o  t h e  m a r k s  w i t h  d i s t i l l e d  w a t e r  a n d  m i x e d  t h o r o u g h l y .

3 . 4 . 6  T h e  1 . 0 0  p p m  A q u e o u s  s t a n d a r d  M i x t u r e  o f  P A H s

T h e  1 . 0 0  p p m  a q u e o u s  s t a n d a r d  m i x t u r e  o f  P A H s  i . e . ,  

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

b y  t r a n s f e r i n g  2 5 0 . 0 0  Jih a n d  1 . 0 0  mL o f  t h e  1 0 0 0 . 0 0  p p m  

s t a n d a r d  m i x t u r e  o f  e a c h  PAH f r o m  3 . 4 . 2  i n t o  2 5 0 . 0 0  a n d

1 0 0 0 . 0 0  mL v o l u m e t r i c  f l a s k s  r e s p e c t i v e l y  a n d  w a s  t h e n  

d i l u t e d  t h e m  t o  t h e  m a r k s  w i t h  d i s t i l l e d  w a t e r  a n d  m i x e d  

t h o r o u g h l y .

3 . 4 . 7  T h e  5 0 . 0 0  p p b  A q u e o u s  s t a n d a r d  M i x t u r e  o f  P A H s
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y Division, Massachusetts, 

ophotometer

e obtained from a Jasco model 

(Japan Spectroscopic, Tokyu,

2 5 . 0 0 ,  a n d  5 0 . 0 0  JUL ( H a m i l t o n

s o n )  w a s  u s e d  f o r  d e g a s s i n g  

i g  e q u i p m e n t  c o m p a n y ,  C o n n . ,

H 4 3  ( E . M e t t l e r ,  Z u r i c h ,

m o d e l  HS 5 0 0  ( J a n k l e & K u n k e l ,

s t a n d a r d  m i x t u r e  o f  P A H s  w a s  

a n d  5 0 . 0 0  ^uL o f  t h e  1 0 0 0 . 0 0  

AH f r o m 3 . 4 . 2  i n t o  2 5 0 . 0 0  a n d  

r e s p e c t i v e l y  a n d  w a s  t h e n  

ไ! d i s t i l l e d  w a t e r  a n d  m i x e d

S p e c t r a  f o r  e a c h  PAH

p o n e n t  s t a n d a r d  s o l u t i o n  o f  

f l u o r a n t h e n e ,  f l u o r e n e  a n d '

b y t r a n s f e r i n g  5 0 . 0 0  yUL o f

l e n t s t a n d a r d  s o l u t i o n i n

: r o m 3 . 4 . 1  i n t o  1 0 . 0 0 mL

t h e m a r k  w i t h  m e t h a n o l a n d

o f UV a b s o r p t i o n  s p e c t r a o f

T h e o p t i m u m  w a v e l e n g t h o f

e i r  uv a b s o r p t i o n  s p e c t r a
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3 . 5 . 2  T h e  E f f e c t  o f  S h a k i n g  T i m e

T h e  s h a k i n g  t i m e  o f  e a c h  PAH i n  e a c h  e x t r a c t i n g  

s o l v e n t  a t  d i f f e r e n t  s a m p l e  t o  s o l v e n t  r a t i o s  i . e . ,  1 0 : 1 ,

a n d  5 0 : 1  w a s  s t u d i e d  a n d  t h e  p r o c e d u r e  w a s  :

1 .  P i p e t  1 . 0 0  mL o f  t h e  e x t r a c t i n g  s o l v e n t  w h i c h  

w a s  p r e p a r e d  f r o m  3 . 4 . 3  a n d  1 0 . 0 0  , 5 0 . 0 0  mL ( f o r  1 0 : 1 ,  5 0 : 1  

s a m p l e  t o  s o l v e n t  r a t i o s  e x t r a c t i o n ,  r e s p e c t i v e l y )  o f  t h e

1 . 0 0  p p m  s i n g l e  c o m p o n e n t  a q u e o u s  s t a n d a r d  s o l u t i o n  o f  e a c h  

PAH f r o m  3 . 4 . 4  i n t o  a  s e r i e s  o f  v i a l s ,  s e q u e n t i a l l y .

2 .  S e a l  e a c h  v i a l  w i t h  a l u m i n u m  f o i l ,  b l a c k - r u b b e r  

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

3 .  S h a k e  t h e  c o n t e n t s  i n  t h e  v i a l s  w i t h  m e c h a n i c a l  

s h a k e r  f o r  2 ,  5 ,  1 0 , . . . ,  3 0  m i n  w i t h  a  s p e e d  o f  2 0 0  H u b / m i n  

a n d  t h e n  a l l o w  t h e m  t o  s t a n d  u n t i l  t h e  t w o  p h a s e s  w e r e  

c o m p l e t e l y  s e p a r a t e d .

4 .  R e m o v e  0 . 3  mL o f  t h e  e x t r a c t  f r o m  t h e  v i a l  b y  

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

5 .  B l o w  t h e  e x t r a c t  g e n t l y  w i t h  n i t r o g e n  g a s  u n t i l  

i t  w a s  n e a r l y  d r i e d .

6 . T h e  r e m a i n i n g  e x t r a c t  w a s  f i n a l l y  d i s s o l v e d  i n
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0 . 2  mL o f  a c e t o n i t r i l e  a n d  t h e n  3 0 . 0 0  JIL o f  t h e  s o l u t i o n  

w a s  i n j e c t e d  i n t o  H P L C .

7 .  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  c o m p o 

n e n t  b y  m e a n s  o f  t h e  i n t e r n a l  s t a n d a r d  m e t h o d  a t  t h e  w a v e 

l e n g t h  o f  2 5 4 . 0  n m .

8 . C a l c u l a t e  t h e  p e r c e n t a g e  o f  r e c o v e r y  (% E)  o f  

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

v s .  s h a k i n g  t i m e .  T h e  e q u i l i b r a t i o n  t i m e  o f  e a c h  s a m p l e  t o  

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

t i m e  w o u l d  b e  u s e d  a s  t h e  e q u i l i b r a t i o n  t i m e  i n  t h e  n e x t

s t u d y .

3 . 5 . 3  M i c r o e x t r a c t i o n

T h e  i n v e s t i g a t i o n  o f  s a m p l e  t o

i . e . ,  1 0 : 1  a n d  5 0 : 1  a n d  t h e  e f f e c t  o f  a d d i

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

o f  e a c h  PAH w e r e  s t u d i e d .  T h e r e f o r e ,  

c o n s i s t e d  o f  t h r e e  s y s t e m s ,  t h e  c o n d i t i o n  o  

w e r e  d e s c r i b e d  b e l o w .

s o l v e n t  

n g  s a l t s  

t e  o n  % r  

e a c h  e x t  

f  t h r e e

r a t i o s

i . e . ,

e c o v e r y

r a c t i o n

s y s t e m s

1 .  N o n  s a l t i n g  o u t  ( n o  s a l t )
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2 .  2 . 0 0  and 5 . 0 0  g o f  s o d i u m  c h l o r i d e  w e r e  u s e d  f o r  

1 0 : 1  and 5 0 : 1  s a m p l e  t o  s o l v e n t  r a t i o  m i c r o e x t r a c t i o n ,  

r e s p e c t i v e l y

3 .  2 . 0 0  and 5 . 0 0  g o f  a n h y d r o u s  s o d i u m  s u l f a t e  w ere  

u s e d  f o r  1 0 : 1  and 5 0 : 1  s a m p l e  t o  s o l v e n t  r a t i o s  

m i c r o e x t r a c t i o n ,  r e s p e c t i v e l y .

I n  e a c h  s y s t e m ,  two c o n c e n t r a t i o n s  o f  s t a n d a r d  

s o l u t i o n s  o f  PAH, i . e . ,  1 . 0 0  ppm and 5 0 . 0 0  ppb o f  t h e  

s i n g l e  c o m p o n e n t  a q u e o u s  s t a n d a r d  s o l u t i o n  and a q u e o u s  

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

s t u d y  o f  m i c r o e x t r a c t i o n  was  :

1 .  Add t h e  s o l i d  s a l t ,  p i p e t  1 . 0 0  mL o f  t h e  

e x t r a c t i n g  s o l v e n t  w h i c h  was  p r e p a r e d  f rom 3 . 4 . 3  and p i p e t

1 0 . 0 0  and 5 0 . 0 0  mL o f  t h e  a q u e o u s  s t a n d a r d  s o l u t i o n  o f  e a c h  

PAH 1 f o r  1 0 : 1  and 5 0 : 1  s a m p l e  t o  s o l v e n t  r a t i o s  e x t r a c t i o n  

r e s p e c t i v e l y  , f ro m 3 . 4 . 4 ,  3 . 4 . 5 ,  3 . 4 . 6  and 3 . 4 . 7  i n t o  a 

s e r i e s  o f  v i a l s ,  s e q u e n t i a l l y .

2 .  S e a l  e a c h  v i a l  w i t h  a l umi num f o i l ,  b l a c k -  

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

3 .  Sha ke  t h e  c o n t e n t s  i n  t h e  v i a l s  w i t h  m e c h a n i c a l

s h a k e r  w i t h  a s p e e d  o f  200  Hu b/ mi n  f o r  t h e  e q u i l i b r a t i o n



41

t i m e  a s  f o u n d  i n  3 . 5 . 2  and t h e n  a l l o w  i t  t o  s t a n d  u n t i l  t h e  

two p h a s e s  w e r e  c o m p l e t e l y  s e p a r a t e d .

4 .  Remove 0 . 3  mL o f  t h e  e x t r a c t  f r o m t h e  v i a l  

by p a s t e u r  p i p e t t e  and t r a n s f e r  i t  t o  a n o t h e r  v i a l .

5 .  B l ow t h e  e x t r a c t  g e n t l y  w i t h  n i t r o g e n  g a s  u n t i l  

i t  was n e a r l y  d r i e d .

6 .  The r e m a i n i n g  e x t r a c t  was f i n a l l y  d i s s o l v e d  i n  

0 . 2  mL o f  a c e t o n i t r i l e  and t h e n  3 0 . 0 0  _>1L o f  t h e  s o l u t i o n  

was  i n j e c t e d  i n t o  HPLC.

7 .  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  compo

n e n t  by  means  o f  t h e  i n t e r n a l  s t a n d a r d  m e t h o d  a t  t h e  w a v e 

l e n g t h  o f  2 5 4 . 0  nm. For  s i n g l e  c o m p o n e n t  a q u e o u s  s t a n d a r d  

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

opt i mum w a v e l e n g t h  o f  e a c h  PAH a s  f o u n d  i n  3 . 5 . 1 .

8 .  C a l c u l a t e  t h e  p e r c e n t a g e  o f  r e c o v e r y  (% E) o f  

e a c h  PAH.

3 . 6  HPLC OPERATING CONDITION

3 . 5 . 1  The S t u d y  o f  s i n g l e  Component  S o l u t i o n

ANALYTICAL COLUMN L i c h r o s p h e r e  RP-18 co l umn
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( 2 5 0 x 4 . 6  mm. ,  p a r t i c l e  s i z e  5 ท.) p r o t e c t e d  by  a g u a r d

c o l u m n .

MOBILE PHASE ะ 75 % a c t o n i t r i l e  i n  w a t e r

( i s o c r a t i c )

FLOW RATE ะ 1 . 0 0  mL/min  

PRESSURE ะ 1 2 0 0  p s i  

TEMPERATURE ะ room t e m p e r a t u r e  

INJECTOR ะ 20 >iL s a m p l e  l o o p

DETECTOR ะ uv d e t e c t o r  , a t  2 5 4 . 0  nm and a t  opt imum  

w a v e l e n g t h  o f  e a c h  PAH ( 2 6 0 . 4 ,  2 5 4 . oj 2 8 6 . 4  and 2 7 2 . 4  nm 

f o r  f l u o r e n e ,  a n t h r a c e n e ,  f l u o r a n t h e n e  and p y r e n e ,

r e s p e c t i v e l y )

3 . 6 . 2  The S t u d y  o f  M i x t u r e

ANALYTICAL COLUMN ะ L i c h r o s p h e r e  RP-1S c o l umn

( 2 5 0 x 4 . 6  mm.,  p a r t i c l e  s i z e  5>um. )  p r o t e c t e d  by a g u a r d  

c o l u m n .
MOBILE PHASE ะ 75 % a c t o n i t r i l e  i n  w a t e r

( i s o c r a t i c )
FLOW RATE ะ 1 . 0 0  mL/min

PRESSURE ะ 1 2 0 0  p s i
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TEMPERATURE ะ room t e m p e r a t u r e  

INJECTOR ะ 20 juL s a m p l e  l o o p  

DETECTOR ะ uv d e t e c t o r ,  a t  2 5 4 . 0  nm

3 . 7  I n t e r n a l  s t a n d a r d i z a t i o n  Method

The i n t e r n a l  s t a n d a r d i z a t i o n  m e th o d  i s  a r e l a t i v e  

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

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

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

known w e i g h t  o f  i n t e r e s t e d  c o m p o n e n t  and an i n t e r n a l  

s t a n d a r d  i s  p e r f o r m e d  and c h r o m a t o g r a p h e d .  A p l o t  o f  

w e i g h t  r a t i o  a s  a b s c i s s a  and p e a k  a r e a  ( o r  p e a k  h e i g h t )  

r a t i o  a s  o r d i n a t e  i s  o b t a i n e d  t o  be  l i n e a r  f o r  a 

p a r t i c u l a r  s y s t e m .  The s l o p e  o f  t h i s  p l o t  means  t h e  

r e s p o n s e  f a c t o r ,  F,  f rom t h e  f o l l o w i n g  e q u a t i o n  ะ

p e a k  a r e a  r a t i o
S l o p e  = ____________________  = F

w e i g h t  r a t i o

Ac / A i

W i / W c

Acw h e r e i s  t h e  p e a k  a r e a  o f  t h e  i n t e r e s t e d
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c o m p o n e n t .

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

c o m p o n e n t .

Aj_ i s  t h e  p e a k  a r e a  o f  i n t e r n a l

s t a n d a r d .

พ-j_ i s  t h e  w e i g h t  o f  i n t e r n a l  s t a n d a r d .

Af

a s  c an  be  

i n t e r n a l  ร 

i n  o r d e r  

c o m p on e n t

t e r  p r e p a r i n g  t h e  c a l i b r a t i o n  c u r v e  o f  e a c h  PAH 

s e e n  f rom F i g u r e s  3 . 1 - 3 . 4 ,  a known w e i g h t  o f  t h e  

t a n d a r d  i s  a d d ed  i n t o  t h e  known w e i g h t  o f  s a m p l e  

t o  d e t e r m i n e  t h e  amount  o f  t h e  i n t e r e s t e d  

i n  t h e  s a m p l e .  T h i s  m i x t u r e  i s  t h e n

c h r o m a t o g r a p h e d  and t h e  p ea k  a r e a  r a t i o  o f  c o m p o n e n t  c t o  i  

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

unknown c a n  be  c a l c u l a t e d  by u s i n g  t h e  f o l l o w i n g  e q u a t i o n  ะ

Ac xWj_xF
wc

Ai

i s  ,

and t h e  p e r c e n t  o f  i n t e r e s t e d  c o m p on e n t  i n  unknown

พc x l 0 0
% c

s a m p l e  w e i g h t
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2 5 4 .0  nm

CONCENTRATION OF anthracene; (ppm)

(B) OPTIMUM WAVELENGTH, 2 5 4 .0  nm

๐
4—4E-*
«
E-*ริ:O
4-4พ
tel*£«ะพO,

CONCENTRATION CF ANTHRACENE (ppm)

Figure 3.2 The calibration curve of anthracene in methanol
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(A) 2 5 4 .0  nm

E-CP
E- ร ุ่ O M ช ะP&<c*qOh

CONCENTRATOR CF* RJJCRANTHEhE (ppm)

(B) OPTIMUM WAVELENGTH, 286 .4  nm

E-

E-hรุ:OMพâd
พOh

CCNŒNTRATCN CF FIJJCFtANTHENE (ppm)

Figure 3.3 The calibration curve of fluoranthene in methanol

■
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( A) 2 5 4 . 0  ท๓

๐ I—I 
S-Hcd
E-Mo!—Iพ ะ!3
พ ุ
พCL,

CCNŒNTRATX^N CF PYRENE (ppm)

(B) OPTIMUM WAVELENGTH, 2 72 .4  nm

E-

E-ËçOMพ
พ ุ
พ ุPh

CCNŒN1RA7CN CF PYRENE (ppm)

Figure 3.4 The calibration curve of pyrene in methanol
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ABSORBANCE 

1 . 0 0  ------------

0 . 5 0

0 .00  _j___
200

Figure 3.5

C ondit ions
Sample c e l l ,  5 . 00  ppm 

of  f l u o r e n e  in  methanol  

R eferen ce  c e l l ,  methanol  

Temperature,  room temperature

2 6 0 . 4  nm

3 0 0  4 00

- WAVELENGTH (nm)

uv absorption spectra of fluorene in methanol
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ABSORBANCE
C o n d i t io n s  ะ

WAVELENGTH (nm)

Figure 3.6 uv absorption spectra of anthracene in methanol
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ABSORBANCE

WAVELENGTH ( n r a )

F i g u r e  3 . 7  uv a b s o r p t i o n  s p e c t r a  o f  f l u o r a n t h e n e  i n  m e t h a n o l
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ABSORBANCE

WAVELENGTH ( n m )

F i g u r e  3.8 uv a b s o r p t i o n  s p e c t r a  o f  p y r e n e  i n  m e t h a n o l
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(A) (B)

Figure 3.9 Liquid chromatograms of microextractions of

fluorene with uv absorbance detection at

254.0 nm (A) and at its optimum wavelength,

250.4 nm (B)
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(A) (B)

Figure 3.10 Liquid chromatograms of microextractions of

anthracene with uv absorbance detection at

254.0 nm (A) and at its optimum wavelength,

254.0 nm (B )
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(AJ (BJ

C o n d i t io n s  :

Column, L ich rosp h ere  RP-18 (250x

3 .2  mm i . d . ,  5 /im p a r t i c l e  s i z e )  

Mobile phase ,  75% a c e t o n i t r i l e -  

water ( i s o c r a t i c ,  1 . 0  mL/min) 

I n j e c t i o n  volume, 20 JIL  (sample  

- l o o p )

E x t r a c t i n g  s o l v e n t ,  t o lu e n e

Figure 3.11 Liquid chromatograms of microextractions of

fluoranthene with uv absorbance detection at
254.0 nm (A) and at its optimum wavelength,

285.4 nm (B )
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(A) (B)

J_jL

C o n d i t io n s  :

Column, L ich rosp h ere  RP-18 (250x

3 .2  mm i . d . ,  5 yUm p a r t i c l e  s i z e )  

Mobile  phase ,  75% a c e t o n i t r i l e -  

water ( i s o c r a t i c ,  1 . 0  mL/min) 

I n j e c t i o n  volume,  20 JIL  (sample  

- l o o p )

E x t r a c t i n g  s o l v e n t ,  to lu e n e

A

F i g u r e  3 . 1 2  L i q u i d  c h r o m a t o g r a m s  o f  m i c r o e x t r a c t i o n s  o f  

p y r e n e  w i t h  uv a b s o r b a n c e  d e t e c t i o n  a t

2 5 4 . 0  nm (À) and a t  i t s  opt i mum w a v e l e n g t h ,

272.4 nm (B )

PYR
EHE

 1
5.78

4
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C on d i t ion s  ะ

Column, L ichrosphere  RP-18 (250x

3 .2  mm i . d . ,  5 .nm p a r t i c l e  s i z e )  

Mobile phase ,  75% a c e t o n i t r i l e -  

water ( i s o c r a t i c ,  1 . 0  mL/min) 

I n j e c t i o n  volume,  20 Jih  (sample  

- l o o p )

E x t r a c t i n g  s o l v e n t ,  t o lu e n e

F i g u r e  3 . 1 3  L i q u i d  c h r o m a t o g r a m  o f  m i c r o e x t r a c t i o n s  o f  

a s t a n d a r d  m i x t u r e  o f  PAHs w i t h  uv a b s o r b a n c e

d e t e c t i o n  a t  2 5 4 . 0  nm
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