
CHAPTER IV

RESULTS AND DISCUSSION

T h is  c h a p te r  is d iv id e d  in to  fo u r  m a jo r s e c t io n s . F irst, th e  m o rp h o lo g y  and  

c h a ra c te r iz a t io n  o f  th e  e le c t ro s p u n  p o ly m e r  f ib e rs  w as  e x a m in e d . T h e n , th e  

o p t im iz a t io n  o f  c o a t in g  D NPH  o n to  e le c t ro s p u n  p o ly m e r  f ib e rs  w as s tu d ie d . Next, th e  

e x tra c t io n  o f  a ld e h y d e s  in w a te r  using D N P H -co a te d  e le c t ro s p u n  f ib ro u s  p o ly m e r  

m e m b ra n e s  w as  o p t im iz e d . F in a lly , th e  a p p lic a ito n  o f  D N P H -co a te d  p o ly m e r  

m e m b ra n e  in d e te rm in a t io n  o f  a ld e h y d e s  in d r in k ing  w a te r  w as e v a lu a te d .

4.1 Morphology and characterization of the electrospun polymer fibers

4.1.1 Morphology of electrospun polymer fibers

T h e  e le c t ro s p u n  fib e rs  o f  n y lo n ô , p o ly s ty re n e  (PS) a n d  p o ly a c ry lo n it r i le  

(PAN) p re p a re d  b y  e le c t ro sp in n in g  p ro ce ss  w e re  sh o w n  in F igu re  4.1 a n d  th e  f ib e r  

d ia m e te rs  w e re  su m m a r iz e d  in T a b le  4.1. A l l  p o ly m e r  f ib e rs  w e re  u n ifo rm  a n d  th e  

a ve rage  d ia m e te rs  w e re  91 -142  nm . A m o n g  th re e  s tu d ie d  p o ly m e r  fibe rs, th e  n y lo n ô  

f ib e rs  w e re  sm a lle s t  a n d  PS f ib e rs  w e re  la rgest. A fte r  co a tin g  th e  e le c t ro s p u n  

p o ly m e r  f ib e rs  w ith  DNPH , th e  fibe rs  w e re  s t il l u n ifo rm e d  as sh o w n  in F igu re  4.2 b u t 

th e  d ia m e te r  o f  f ib e rs  w e re  la rge r (T ab le  4.1). T h e  f ib e rs  w e re  la rger b e c a u s e  DNPH  

w as  c o a te d  o n to  th e  fib e rs .
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(a) N y lo n ô  (b) PS (c) PAN

Figure 4.1 S cann ing  e le c t r o n  m ic ro s c o p e  (SEM) im ages  o f  p o ly m e r  fibers:

(a) N y lo n ô , (b) P o ly s ty re n e  (PS) a n d  (c) P o ly a c ry lo n it r ile  (PAN)

(a) N y lo n ô  (b) PS (c) PAN

Figure 4.2 S cann in g  e le c t ro n  m ic ro s c o p e  (SEM) im ages o f  D N P H -co a te d  p o ly m e r  

fibe rs: (a) N y lo n ô , (b) P o ly s ty re n e  (PS) a n d  (c) P o ly a c ry lo n it r ile  (PAN)

Table 4.1 A ve rag e  d ia m e te r  o f  p o ly m e r  f ib e rs  a n d  D N P H -co a te d  p o ly m e r  fibe rs.

Polymer

Average diameter of fibers (nm) 
(ท=30)

Polymer fibers
DNPH-coated polymer 

fibers
N y lo n ô 91 + 11 127±25

PS 142±20 174±30

PAN 129±19 182±22
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4 .1 .2  T h e r m o g r a v im e t r ic  a n a ly s is  (T G A )

T h e  T G A  o f  e le c t r o s p u n  p o ly m e r  f ib e rs  w e re  e x a m in e d  to  d e te rm in e  a n d  

c h a ra c te r iz e  th e  e le c t ro s p u n  p o ly m e r  f ib e rs  a n d  D N P H -co a te d  e le c t ro s p u n  p o ly m e r  

fibe rs.
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(a) N y lo n ô  (b) D N P H -co a te d  n y lo n ô

F ig u re  4 .3  T h e rm o g ra v im e tr ic  a n a ly s is  (TGA) c u rv e s  o f  (a) e le c t ro s p u n  n y lo n ô  f ib e rs  

a n d  (b) D N P H -co a te d  n y lo n ô  fib e rs .

T G A  cu rv e s  o f  th e  th e rm a l d e c o m p o s it io n  o f  n y lo n ô  a re  sh o w n  in F igure 4.3. 
T h e  n y lo n ô  fib e rs  a n d  D N P H -co a te d  n y lo n ô  f ib e rs  h ad  th e  s im ila r  T G A  cu rv e s  in 

w h ich  n y lo n ô  w as  d e c o m p o s e d  in range  400-500 °c. H ow eve r, th e  d e c o m p o s it io n  o f  

DNPH  w as n o t  c le a r  o b s e rv e d  fo r D N P H -co a te d  n y lo n ô  fib e rs  (F igure  4.3 (b)). T h is  

m igh t d u e  to  a lo w  c o n te n t  o f  DNPH  c o m p a re d  w ith  th e  a m o u n t  o f  p o ly m e r . S im ila r  

o b s e rv a t io n s  w e re  p e rc e iv e d  fo r e le c t r o s p u n  PS a n d  PAN  f ib e rs  as sh o w n  in F igu re  

4.4 an d  F igure 4.5.
N e v e r th e le s s , th e  p re se n t  o f  D NPH  o n  p o ly m e r  f ib e rs  w e re  n o t ic e d  fro m  th e  

y e l lo w  c o lo r  o f  D NPH  o n  th e  so rb e n t  a fte r D NPH  coa ting . F u rth e r e x a m in a t io n  w as 

d o n e  b y  e lu t in g  th e  D N P H -co a te d  p o ly m e r  f ib ro u s  m e m b ra n e  w ith  a c e to n it r i le  a n d  

a n a ly z e d  b y  H PLC . T h e  DNPH  p e a k  w as o b s e rv e d  in th e  c h ro m a to g ra m  an d  

c o n f irm e d  th e  c o a t in g  o f  DNPH  o n  th e  p o ly m e r  fibe rs.
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Figure 4.4 T h e rm o g ra v im e tr ic  a n a ly s is  (TGA) cu rve s  o f  (a) e le c t r o s p u n  p o ly s ty re n e  

(PS) f ib e rs  a n d  (b) D N P H -co a te d  PS fibe rs .

(a) PAN (b) D N P H -co a te d  PAN

Figure 4.5 T h e rm o g ra v im e tr ic  a n a ly s is  (TGA) c u rv e s  o f  (a) e le c t r o s p u n

p o ly a c r y lo n it r i le  (PAN) f ib e rs  a n d  (b) D N P H -co a te d  PAN  fibe rs.
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4.2 Preparation of DNPH-coated membrane

T h re e  p a ra m e te rs  w e re  o p t im iz e d  du ring  D NPH  co a t in g  o n  th e  p o ly m e r  f ib rou s  

m e m b ra n e : th e  s o lv e n t  o f  D NPH  so lu t io n , D NPH  c o n c e n tra t io n  a n d  co a t in g  rate. 

E le c t ro s p u n  n y lo n 6  f ib e rs  w e re  u se d  fo r a l l  o p t im iz a t io n s .

4.2.1 DNPH solvents

S e ve ra l s o lv e n t  s y s te m s  w e re  re p o r te d  fo r  p re p a ra t io n  o f  D NPH  s o lu t io n s  

[15, 20], T w o  s o lv e n t  s y s te m s  w e re  c o m p a re d  in th e  e x p e r im e n t , a c e to n it r i le  a n d  a 

m ix tu re  o f  w a te r  w ith  a c e to n it r i le  (w ate r-ACN ). T o  e n su re  th e  re su lt , c o n c e n t ra t io n  o f  

DNPH  s o lu t io n s  b e tw e e n  100 a n d  500  m g /L  w e re  c o m p a re d . F ro m  F igu re  4.6, p e a k  

a reas o f  D NPH  e lu te d  fro m  th e  so rb e n t  c o a te d  w ith  DNPH  in w a te r-A C N  w e re  h ighe r 

th a n  th o s e  o f  DNPH  in a c e to n it r ile . T h u s , D NPH  in  w a te r-A C N  w as  c o a te d  on  

e le c t ro s p u n  n y lo n ô  f ib e rs  b e t te r  th an  D NPH  in a c e to n it r ile . T h e  d e g re e  o f  th e  

so rb e n t  “ a f f in ity ” fo r  th e  s o rb a te  d e te rm in e s  its d is t r ib u t io n  b e tw e e n  th e  s o lid  and  

liq u id  phases . เท th e  o th e r  w o rd , th e  a ff in ity  o f  D NPH  o n  th e  p o ly m e r  f ib e rs  in v o lv e d  

th e  d is t r ib u t io n  o f  D NPH  b e tw e e n  th e  p o ly m e r  f ib e rs  an d  DNPH  s o lu t io n . T h e  DNPH  

d is s o lv e d  in A C N  b e tte r  th a n  in w a te r  (DNPH, A C N  an d  w a te r  h a v e  th e  d ip o le  

m o m e n t  o f  7.06 D, 3.92 D a n d  1.85 D re sp e c t iv e ly )  th u s  DNPH  d o n ’ t  lik e  to  s tay  in 

w a te r-A C N  so lu t io n , h e n ce , it c an  b e  a d s o rb e d  o n  p o ly m e r  fibe rs  b e t te r  th a n  DNPH  

in ACN . T h e re fo re , th e  D NPH  s o lu t io n  w as  p re p a re d  in w a te r-A C N  s o lu t io n  fo r th e  rest 

o f  th is  re search .



Pe
ak

 A
re

a

34

3 00000  

250000  

200000 

150000  

100000 

50000  

0

Concentration of DNPH (mg/L)

100 200 300 400 500

□  ACN

■  water:ACN

Figure 4.6 P ea k  a rea  o f  D NPH  e lu t e d  f ro m  th e  s o rb e n t  c o a t in g  w ith  

a c e to n it r i le  (ACN) a n d  DNPH  in th e  m ix tu re  o f  w a te r  w ith  

(w ater-ACN).

D NPH  in 

a c e to n it r i le
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T h e  c o n c e n t ra t io n  o f  th e  D NPH  s o lu t io n  w as o p t im iz e d  to  e n su re  th e  fu l l  

lo a d in g  o f  DNPH  o n to  p o ly m e r  fibe rs . T h e  c o n c e n tra t io n s  o f  D NPH  w e re  v a r ie d  to  

100, 200, 300, 400  a n d  500  m g/L. F ro m  F igu re  4.7, th e  a m o u n t  o f  D NPH  co a t in g  o n  

th e  p o ly m e r  f ib e rs  w a s  in c re a se d  w h e n  in c rea s in g  th e  DNPH  c o n c e n tra t io n . T h e  

h igh e st p e a k  area  w as o b ta in e d  a t 300  m g /L  o f  DNPH , a n d  c o n t in u e d  c o n s ta n t  w h e n  

h ighe r DNPFl c o n c e n tra t io n s  w e re  u sed . A t h ighe r c o n c e n tra t io n , th e re  w as m o re  

a m o u n t  o f  DNPH  in t h e  so lu t io n ;  th e re fo re , th e re  w as  m o re  p o te n c y  th a t  D NPH  w il l  

a d so rb  o n to  th e  so rb e n t. H o w eve r, w ith  a ce r ta in  c o n c e n tra t io n , th e  so rb e n t  b e c a m e  

sa tu ra te  w ith  th e  DNPH . E ven  th o u g h  m o re  D NPH  w as a d d e d , D NPH  c a n n o t  a d so rb  

o n  th e  so rb e n t  a n d  th e re fo re , th e  p e a k  a rea  w as n o t  in c re a sed  a n y  h igher. T h e re fo re , 

300 m g /L  o f  DNPH  s o lu t io n  w as u se d  fo r  c o a t in g  DNPH  o n  th e  p o ly m e r  fibe rs .

4.2 .2 DNPH c o n c e n tra t io n

F ig u re  4 .7  E ffe c t o f  DNPH  c o n c e n t ra t io n  o n  DNPH coa ting .
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T h e  f lo w  ra te  o f  c o a t in g  D NPH  o n to  th e  n y lo n ô  so rb e n t  w as  s tu d ie d . T h e  

so rb e n t  w as c o a te d  w ith  3 ทาL o f  300 m g /L  o f  DNPH  s o lu t io n  a t co a tin g  ra te  o f  60, 

75, 100, 150 a n d  300  ( jlV m in . F ro m  F igu re  4.8, co a tin g  DNPH  at h igh  ra te  (>100 

pLym in ) w as lo w e r  th e  e f f ic ie n c y  o f  c o a t in g  D NPH  on  th e  so rb e n t. A t 100 (jL /m in , th e  

p e a k  area  o f  D NPH  w as  o b s e rv e d  s im ila r  t o  th o s e  a t lo w  f lo w  ra te s  (60 a n d  75 

pLym in). T h e re fo re , 100 p L /m in  w as s e le c te d  as th e  m o s t  s u ita b le  f lo w  ra te  o f  

c o a t in g  s in ce  it o f fe re d  a fa s t c o a t in g  w ith  h igh  co a tin g  e ff ic ie n cy .

4.2.3 DNPH co a tin g  ra te

Figure 4.8 E ffe c t o f  c o a t in g  rate.
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T h e  o p t im iz e d  D NPH  co a t in g  c o n d it io n s  w e re  3 m L  o f  300  m g /L  D NPH  in 

w a te r-A C N  s o lu t io n  an d  co a t in g  th e  m e m b ra n e  w ith  th e  ra te  o f  100 p L /m in . As a 

re su lt  in T a b le  4.2, th e  e f f ic ie n c ie s  o f  D N PH  c o a t in g  o n  a l l  e le c t r o s p u n  p o ly m e r  f ib e rs  

(n y lo n ô , PS a n d  PAN ) w e re  n o t  d iffe re n t. T h e  p e a k  a reas w e re  in s ig n if ic a n t ly  d iffe re n t  

w h e n  s ta t is t ic a lly  te s t in g  b y  t - te s t  (ANOVA). T h e re fo re , th is  o p t im iz e d  DNPH  co a tin g  

c o n d it io n s  w e re  s e le c te d  t o  a p p ly  w ith  a l l  th re e  ty p e s  o f  so rb e n ts . H en ce , th e  

in te ra c t io n  b e tw e e n  DNPH  an d  so rb e n t  w a s  p h y s is o rp t io n  c a u s e d  b y  w e a k  v an  d e r  

w a a ls  fo rce .

4.2.4 E ff ic ie n c y  o f  DNPH co a tin g  o n  e le c tro s p u n  p o ly m e r  f ib e rs

T a b le  4 .2  C o m p a r is o n  o f  d iffe re n t  s o rb e n ts  in  th e  D NPH  coa tin g .

T y p e s  o f  

e le c t r o s p u n  

p o ly m e r  f ib e r s

P e a k  a re a

m e a n SD
T r ia l  1 T r ia l  2 T r ia l  3

n y lo n  6 219129 231543 232425 22 769 9 7435

PS 195738 214256 235463 2 1 515 2 19878

PAN 209638 237542 215487 220889 14715

4 .3  E x t ra c t io n  o f  a ld e h y d e s  b y  D N P H - c o a te d  p o ly m e r  f ib e r s

เท th is  se c t io n , 10 m L  o f  a ld e h y d e s  s o lu t io n  w e re  a n a ly z e d . T h e  a ld e h y d e s  

s o lu t io n  c o n ta in e d  10 pg/L  o f  fo rm a ld e h y d e , a c e ta ld e h y d e , p ro p a n a l, b u ta n a l a n d  

h exana l.

4.3.1 S a m p le  f lo w  ra te

A s m ass  t ra n s fe r is a f lo w  ra te  d e p e n d e n t  p ro ce ss , th e  f lo w  ra te  o f  

s a m p le  s o lu t io n  w as v a r ie d  to  d e te rm in e  if it h ad  a n y  e f fe c t  on  th e  e x tra c t io n  

e ff ic ie n cy . F lo w  ra tes o f  e x tra c t io n  w e re  v a r ie d  b e tw e e n  0 .33  a n d  2 .00  m Lym in . As 

sh o w n  in F igure 4.9, a l l  th re e  D N P H -co a te d  e le c t r o s p u n  p o ly m e r  f ib e rs  h ad  th e  sam e  

t re n d  o f  e ffe c t. T h e  a m o u n ts  o f  a ld e h y d e s  e x t ra c t  w e re  n o t  d if fe re n t  a t th e  s a m p le  

f lo w  ra te  b e tw e e n  0.33 an d  1.00 m L /m in . T h e  a m o u n t  o f  a td e h y d e s -D N P H  s ta r te d  to  

d e c re a s e  a t a s a m p le  f lo w  ra te  o f  2 .00 m L /m in , and  h e n ce , t h e  a ld e h y d e s -D N P H  

w e re  n o t d e r iv a t iz e d  a n d  a d s o rb e d  or, th e  so rb e n t  c o m p le te ly .  T h u s , th e  s a m p le
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f lo w  ra te  o f  1.00 ทาL /m in  w a s  s e le c te d  fo r  th e  e x t ra c t io n  as th e  h igh  e x tra c t io n  

e f f ic ie n c y  a n d  sh o rt e x tra c t io n  t im e  w e re  a ch ie v e d .

Formaldehyde

60 0000  

50 0000  

ร  40 0000  

^  300000

ร  200000
100000

0

— f -
30 0000 —

ฐ  25 0000 f
— 0— n ylo n 6 <  200000 f  t --------4 —

fg 150000 4— -- --------
— O— P5 è  100000 4-------------- —

— o — PAN

0.33 0.50 1-00 2.00

F lo w  r a t e  o f  e x t r a c t io n  ( m L / m in )

Acetaldehyde

35 0000

-n y lo n s

-P S

-P A N

0.33 0.50 1 00 2 00

F lo w  r a t e  o f  e x t r a c t io n  ( m L / m in )

Propanal Butanal

250000  

200000 
I  150000  

ฐ 100000 
50000  

0

= £ =

i
©— nyionO  

PS

o — PAN

0 33 0.50 1 00 2 00

F lo w  r a t e  o f  e x t r a c t io n  ( m L / m in )

0 33 0 50 1 00 2.00

F lo w  r a t e  o f  e x t r a c t io n  ( m L / m in )

Hexanal

40000  
35000  

»  30000  
ฐ  25000  
2  20000 
ฐ  15000  

10000 
5000  

0

:
:

:!
:
\.

0 33 0.50 1.00 2 0C

F lo w  r a t e  o f  e x t r a c t io n  ( m L / m in )

Figure 4.9 E ffe c t o f  s a m p le  f lo w  ra te  fo r e x tra c t io n .
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T h e  a n a ly te s  w e re  d e so rb e d  in a s u ita b le  d e s o rp t io n  s o lv e n t  a fte r 

e x tra c t io n . T h e  d e so rp t io n  s o lv e n ts  th a t  w e re  s e le c te d  fo r  th e  e x p e r im e n t  are 

a c e to n it r ile , m e th a n o l a n d  h exane . F a c to rs  su ch  as a n a ly te  s o lu b il it y ,  s o lv e n t  

p o la r ity , re a c t iv ity  o f  so lv e n ts  w ith  th e  d e r iv a t iz in g  a g e n t a ffe c t  th e  e lu t io n  p ro cess . 

S in ce  th e  a ld e h y d e s -D N P H  d e r iv a t iv e s  w e re  p o la r , p o la r  s o lv e n ts  su ch  as a c e to n it r i le  

a n d  m e th a n o l w o u ld  h a ve  h ighe r e lu t io n  s treng th  th a n  n o n -p o la r  s o lv e n t  su ch  as 

h exane . T h e re fo re , s o lv e n t  th a t  has p o la r ity  is s im ila r  t o  th e  a n a ly te s , it can  d e so rb  

a n a ly te s  is th e  b e s t a c co rd in g  to  th e  p r in c ip le  o f  l ik e  d is s o lv e s  like . F igu re  4.10 

c o n f irm e d  th a t  a c e to n it r i le  w a s  th e  b e s t s o lv e n t  in e lu t in g  a ld e h yd e s -D N P F i 

d e r iv a tive s . H igh d e so rp t io n  o f  a l l  a ld e h y d e s -D N P H  d e r iv a t iv e s  f ro m  n y lo n 6 , PS and  

PAN  so rb e n ts  w e re  a ch ie v e d . T h u s , a c e to n it r i le  w a s  c h o s e n  as t h e  e lu t io n  so lv e n t.

4.3 .2 D e so rp tio n  s o lv e n t
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Figure 4.10 C o m p a r is o n  o f  d if fe re n t  d e s o rp t io n  so lv e n ts .
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T h e  v o lu m e  o f  a c e to n it r i le  as d e s o rp t io n  s o lv e n t  w as  s tu d ie d  to  

m a x im ize  e x tra c t io n  e ff ic ie n c y . V o lu m e  o f  d e s o rp t io n  s o lv e n t  w a s  v a r ie d  in th e  range 

o f  100-300 pL. F ro m  F igu re  4.11, v o lu m e  o f  a c e to n it r i le  m o re  th a n  100 p L  c a u se d  a 

d e c re a se  in th e  p e a k  a rea  fo r a l l  a ld e h y d e s  a n d  p o ly m e r  f ibe rs. T h is  ca n  re fe r th a t  a 

100 p L  o f  a c e to n it r i le  is su ff ic ie n t to  e lu t e  th e  a ld e h y d e s -D N P H  d e r iv a t iv e s  f ro m  th e  

so rb e n t  an d  m o re  u se  o f  a c e to n it r i le  w il l  re su lt  in  a d ilu t io n  o f  th e  a n a ly te s  in th e  

e x tra c t. เท a d d it io n , th e  v o lu m e  o f  th e  e x tra c t  e lu t in g  w ith  a c e to n it r i le  le s s  th a n  w as 

d if f ic u lt  t o  c o l le c t  an d  le d  to  p o o r  p re c is io n  o f  th e  ana lys is . T h e re fo re , 100 pL  o f  

a c e to n it r i le  w as  a p p lie d  fo r th e  e lu t io n  o f  a ld e h y d e s -D N P H  fro m  th e  p o ly m e r  

so rb e n t. A lth o u g h , th e  s ta n d a rd  d e v ia t io n  (SD) o f  p e a k  a rea  v a lu e s  a t 100 p L  w e re  

m o re  th a n  th e  o th e r  v o lu m e  b u t it w as th e  h ighe st e x tra c t io n  e ff ic ie n cy .

4.3.3 D e so rp tio n  v o lu m e
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F ig u re  4.11 E ffe c t o f  d e s o rp t io n  v o lu m e .
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Table 4.3  M ass  o f  a n a ly te s  in d if fe re n t  d e s o rp t io n  v o lu m e

Sorbents Analytes
Mass of analytes at different desorption 

volume (n§)
100 pL 200 pL 300 pL

N y lo n 6

fo rm a ld e h y d e 86.1 80.8 82.0

a c e ta ld e h y d e 96 .3 118.5 93.0

p ro p a n a l 82 .2 76.4 55.8

b u ta n a l 43 .9 38.0 26.1

h e x a n a l 50 .0 45.2 45.3

PS

fo rm a ld e h y d e 72.9 71.8 68.1

a c e ta ld e h y d e 76 .4 71.8 67.3

p ro p a n a l 47 .8 56.4 44.7

b u ta n a l 30.5 25.8 22.7

h e x a n a l 40.5 38.0 42.9

PAN

fo rm a ld e h y d e 54 .8 42.2 45.6

a c e ta ld e h y d e 63 .8 56.0 54.2

p ro p a n a l 46 .0 42.0 39.8

b u ta n a l 16.2 16.8 10.8

h e x a n a l 20 .3 24.2 32.0

เท 10 m L  o f  w a te r  s a m p le , it h ad  100 ท§ o f  a ld e h y d e s .

W h e n  th e  m ass  o f  a n a ly te s  in e a ch  d e s o rp t io n  v o lu m e  w as c a lc u la te d  as sh o w n  

in T a b le  4.3, s im ila r  a m o u n t  o f  a n a ly te s  w as  o b ta in e d . T h is  im p lie d  th a t  th e  e x tra c t 

a n a ly te s  o n  th e  e le c t ro s p u n  p o ly m e r  f ib e rs  w e re  c o m p le te  d e so rb e d . T h u s , th e  le a s t  

v o lu m e  o f  d e s o rp t io n  s o lv e n t  s h o u ld  b e  s e le c te d  as th e  m o s t  c o n c e n t ra t io n  o f  

a n a ly te s  w o u ld  o b ta in  a n d  §ave th e  h igh p e a k  area  fo r  q u a n tita t io n .
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4.4  E f fe c t  o f  m e m b r a n e  m a te r ia l

T h e  s e le c t io n  o f  a s o rb e n t  is im p o r ta n t  as it d e te rm in e s  th e  s e le c t iv ity  o f  th e  

a n a ly te s . เท th is  s tu d y , th e  a m o u n t  o f  SPE d isk  w as u se d  in th e  range  o f  4 .0-6 .0 m g o f  

d if fe re n t  s o rb e n ts  su ch  as n y lo n 6 , PS a n d  PAN  m e m b ra n e . E x tra c tio n  o f  sp ik ed  w a te r  

w ith  th e  c o n c e n t ra t io n  o f  10 Pg /L  a ld e h y d e s  w as p e rfo rm e d . T h e  D NPH  c o a te d  o n  

n y lo n ô  s h o w e d  b e tte r  p e r fo rm a n c e  th an  th e  o th e r  so rb e n ts  as sh o w n  in F igu re  4.12. 

T h e  p e a k  a rea  o f  a l l  a ld e h y d e s  e x t ra c te d  b y  n y lo n ô  s o rb e n t  w as  h ighe r th a n  th o se  

e x tra c te d  b y  PS a n d  PAN  so rb e n ts . T h is  c o u ld  b e  d u e  to  th e  m o d e ra te  p o la r ity  o f  

th e  n y lo n ô  w h ic h  c o u ld  in te ra c t  w ith  th e  p o la r  DNPH  a n d  a ld e h y d e s . T h e  ave rage  

re co v e r ie s  o f  f iv e  a ld e h y d e s  fro m  e x tra c t io n  w ith  D N P H -co a te d  p o ly m e r  m e m b ra n e  

w e re  43 .9 -96 .3%  fo r  n y lo n ô , 30 .5-76.5%  fo r  PS  a n d  16.2-63.8%  fo r  PAN  as sh o w n  in 

T a b le  4.4. T h e  re c o v e ry  o f  a ld e h y d e s  in w a te r  using e le c t r o s p u n  n y lo n ô  f ib e rs  w as 

sa t is f ie d  e x c e p t  b u ta n a l a n d  h e x a n a l ( a c c e p te d  re c o v e ry  is 60 -115%  a t 10 p p b  le v e l 

b a se d  o n  A O A C  P ee r-V e r if ie d  M e th o d s  Program ). H o w eve r, th e  re co v e r ie s  o f  th is  

re se a rch  us ing  e le c t ro s p u n  n y lo n ô  f ib e rs  fo r  fo rm a ld e h y d e , a c e ta ld e h y d e  a n d  

p ro p a n a l w e re  c o m p a ra b le  to  o th e r  re se a rch e s  as sh o w n  in T a b le  4.5.

600000

<y c'y'ร'
A ld e h y d e s - D N P H  d e r i v a t i v e s

Figure 4.12 E ffe c t o f  d if fe re n t  so rb e n ts  in  th e  e x tra c t io n  e f f ic ie n c y  o f  SPE d isk. T h e

a n a ly te s  w e re  e x tra c te d  fro m  sp ik e d  w a te r  s a m p le s  (10 pg /L) w ith  D NPH - 

c o a te d  e le c t ro s p u n  f ib ro u s  p o ly m e r  m e m b ra n e  a n d  e lu t e d  in 100 p L  o f  

a c e to n it r i le
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T a b le  4 .4  Recovery percentage of derivatization and extraction of aldehydes 
(1 0  pg/L) in water by different sorbents.

C o m p o u n d
R e c o v e r y  (% )

N y lo n 6 PS P A N

Formaldehyde 86.1+5.1 72.9±3.6 54.8+6.3
bentAcetaldehyde 96.3±9.9 76.5+13.1 63.8±5.2

Propanal 82.2+7.9 47.8±8.3 46.0±6.9
Butanal 43.9±8.6 30.5±9.8 16.2+1.8
Hexanal 50.0±9.1 35.1±6.8 18.0±3.1

T a b le  4.5 Comparison of aldehydes recovery from other research.

S o r b e n t s M a t r ix

R e c o v e r y  (% )

F o r m a l

d e h y d e

A c e t a l 

d e h y d e
P r o p a n a l B u ta n a l H e x a n a l

Si-C2H5
[20]

rainwater 96.5 85.3 106.7 - -

Silica gel 
[64]

air 92.0 94.3 - - -

MAA-EGDMA
[21]

human
saliva

81.4 84.8 - 83.1 -

MAA-EGDMA
[65]

plasma - - - - 59.1
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D rink ing w a te r  w as e x tra c te d  using th e  o p t im iz e d  e x tra c t io n  c o n d it io n s  o f  th e  

f ib ro u s  n y lo n ô  SPE. A ld e h y d e s  w e re  d e te c te d  in th e  s a m p le s  (F igure  4 .13 -F igu re  4.18). 

T o  e v a lu a te  th e  su ita b ility  o f  th e  p ro p o s e d  m e th o d , d rink ing  w a te r  w as sp ik e d  and  

re c o v e r ie s  w e re  c a lc u la te d . T h e  p e rc e n ta g e  re c o v e r ie s  o f  a ld e h y d e s  a t 10 pg/L  

sp ik e d  in d r in k in g  w a te r  ranged  fro m  42-84%  w h ic h  in d ic a te s  n o  m a tr ix  in te r fe re n c e s  

(T a b le  4 .6 -T a b le  4.8).

4.5 E x tra c tio n  o f  a ld e h y d e s  in  d r in k in g  w a te r
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Minutes

F ig u re  4 .1 3  C h ro m a to g ra m  o f  e lu t e d  d e r iv a t iz e d  a ld e h y d e s  fro m  e x tra c t io n  o f  

d r in k ing  w a te r  s a m p le l .
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F ig u re  4 .1 4  C h ro m a to g ra m  o f  e lu te d  d e r iv a t iz e d  a ld e h y d e s  fro m  e x t ra c t io n  o f  

d rink ing  w a te r  s a m p le l  w a s  sp ik e d  a ld e h y d e s  a t 10 Pg/L.
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F igure  4 .15 C h rom atog ram  o f  e lu te d  de riva tized  a ldehydes from  e x tra c tio n  o f
drinking w a te r sam ple2 .
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F ig u re  4 .16  C h ro m a to g ra m  o f  e lu te d  d e r iv a t iz e d  a ld e h y d e s  fro m  e x t ra c t io n  o f  

d rin k ing  w a te r  s a m p le 2  w as  sp ik e d  a ld e h y d e s  a t 10 pg/L.
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F igure  4.17 C h rom a tog ram  o f e lu te d  de riva tized  a ldehydes from  e x tra c tio n  o f
drink ing w a te r sample3.
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F ig u re  4 .18  Chromatogram of eluted derivatized aldehydes from extraction of 
drinking water sample3 was spiked aldehydes at 10 pg/L.

T a b le  4 .6  P e rc e n ta g e  re c o v e r ie s  o f  a ld e h y d e s  a t 10 Pg /L  sp ik e d  in  to  d rin k ing  w a te r  

s a m p le l .

c o m p o u n d

C o n c e n t r a t io n  

d e t e c t e d  in  

d r in k in g  w a te r  

(pg /L )

C o n c e n t r a t io n  

d e t e c t e d  a t  10 

p g /L  s p ik e d  in  

d r in k in g  w a te r  

(pg /L )

R e c o v e ry  (% )

Formaldehyde 0.45 8.70 82.5
Acetaldehyde 0.81 9.11 83.0

Propanal 0.96 8.48 75.2
Butanal ND 4.23 42.3
Fiexanal ND 4.46 44.6

ND: not detected.
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T a b le  4 .7  P e rc e n ta g e  re c o v e r ie s  o f  a ld e h y d e s  a t 10 pg /L  sp ik e d  in to  d r in k ing  w a te r

sa m p le 2 .

c o m p o u n d

C o n c e n t r a t io n  

d e t e c t e d  in  

d r in k in g  w a te r  

(pg /L )

C o n c e n t r a t io n  

d e t e c t e d  a t  10 

p g /L  s p ik e d  in  

d r in k in g  w a te r  

(pg /L )

R e c o v e ry  (% )

F o rm a ld e h y d e 0.72 9.00 82 .8

A c e ta ld e h y d e 1.34 9.72 83 .8

P ro p a n a l 1.54 9.71 81.7

B u ta n a l ND 4.38 43 .8

H e xa n a l ND 4.81 48.1

ND: n o t  d e te c te d .

T a b le  4 .8  P e rc e n ta g e  re co ve r ie s  o f  a ld e h y d e s  a t 10 Pg /L  sp ik e d  in to  d r in k in g  w a te r  

sa m p le 3 .

c o m p o u n d

C o n c e n t r a t io n  

d e t e c t e d  in  

d r in k in g  w a te r  

(p g /L )

C o n c e n t r a t io n  

d e t e c t e d  a t  10 

p g /L  s p ik e d  in  

d r in k in g  w a te r  

(pg /L )

R e c o v e r y  (% )

F o rm a ld e h y d e 1.36 9.36 80.0

A c e ta ld e h y d e 2.82 10.1 72.8

P ro p a n a l 2.20 ' 10.2 80 .0

B u ta n a l ND 4.52 45.2

F lexana l ND 4.87 48.7

ND: N o t d e te c te d .
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