
CHAPTER II!

EXPERIMENTAL

3.1 Materials

3.1.1 Preparation of polymer fibers by electrospinning technique

1) N y lo n 6  (p a rt ic le  s ize  3.00 m m ) (S igm a A ld r ic h , G e rm any )

2) P o ly s ty re n e  (PS; M W  280 ,000 ) (S igm a A ld r ic h , G e rm any )

3) P o ly a c ry lo n it r ile  (PAN; M W  150,000) (S igm a A ld r ic h , G e rm an y )

4) F o rm ic  a c id , 85%  (C A R LO  ERBA, F ran ce )

5) N ,N -d im e th y lfo rm a m id e  (DM F) (R ie d e T d e  H aën , G e rm any )

3.1.2 Preparation of DNPH-coated polymer fibers

1) 2 ,4 -d in it ro p h e n y lh y d ra z in e  (DNPH) (R ankem , India)

2) A c e to n it r i le  (ACN) (M erck , G e rm an y )

3) C o n c e n t ra te d  h y d ro c h lo r ic  a c id , 37%  (M erck , G e rm any )

3.1.3 Extraction and elution of aldehydes in water

1) F o rm a ld e h y d e , 37%  (Lo ba  C h e m ie , India)

2) A c e ta ld e h y d e , >99%  (M erck , G e rm an y )

3) P ro p io n a ld é h y d e  o r p ro p a n a l, 99.8%  (M erck , G e rm any )

4) B u ty ra ld é h y d e  o r b u ta n a l, 99 .8%  (M erck , G e rm any )

5) H exan a l, 98 .3%  (M erck , G e rm an y )

6) M e th a n o l (M erck , G e rm any )

7) H exan e  (M a llin c k ro d t , USA)
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3 .2  M e t h o d o lo g y

3.2.1 P r e p a ra t io n  o f  e le c t r o s p u n  f ib r o u s  p o ly m e r  m e m b r a n e

T h e  se tu p  fo r  e le c tro sp in n in g  p ro c e s s  IS sh o w n  in F igu re  3.1. T h e  

p a ra m e te rs  fo r p re p a ra t io n  o f  e a ch  f ib ro u s  p o ly m e r  m e m b ra n e  w e re  su m m a r iz e d  in 

T a b le  3.1. E le c t ro sp in n in g  p ro ce ss  c o n s is ts  o f  high v o lta g e  p o w e r  s u p p ly  (230 se ries, 

B e rtan  H igh V o lta g e  Research ), syringe p u m p  (N E-1000 , P ro sen se ) a n d  c o lle c to r .  T h e  3 

m L  syringe  w as  f it te d  t o  a 20G  n e e d le , w h ic h  w as  c o n n e c te d  w ith  h igh v o lta g e  p o w e r  

su p p ly . T h e  c o l le c to r  is s im p ly  a c o p p e r  p la te  c o v e re d  w ith  a lu m in iu m  fo il.

F ig u re  3.1 S c h e m a t ic  se t u p  o f  t h e  e le c t ro sp in n in g  p ro c e s s  [62],

3.2 .1 .1  P r e p a ra t io n  o f  f ib r o u s  N y lo n 6  m e m b r a n e

32%  (w /v) n y lo n ô  s o lu t io n  w as p re p a re d  b y  d is s o lv e d  1.60 g o f  

n y lo n 6  in 5 m L  o f  fo rm ic  a c id  a n d  s t irred  fo r  1 h o u r  a t 50 °c. A  v o lta g e  o f  23  k v  w as 

a p p lie d  to  th e  n e e d le  a n d  th e  c o lle c to r .  T h e  d is ta n c e  b e tw e e n  th e  n e e d le  t ip  an d  

c o l le c to r  w as 10 cm  a n d  th e  f lo w  ra te  o f  th e  s o lu t io n  w as 3.3 p lV m in . A p p ro x im a te ly  

0.5 m L  o f  th e  n y lo n ô  s o lu t io n  w as u sed  to  fa b r ic a te  a f ib ro u s  n y lo n ô  m e m b ra n e  o n  

th e  p la te . T h e  e le c t ro s p u n  fib rou s  n y lo n ô  m e m b ra n e  w as c u t  in a c irc u la r  fo rm a t  

w ith  a d ia m e te r  o f  13 m m  (Figure 3.2) a n d  s to re d  in a d e s ic ca to r.
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3.2.1.2 P r e p a ra t io n  o f  f ib r o u s  PS  m e m b r a n e

18% (w /v) PS s o lu t io n  w as p re p a re d  b y  d is s o lv e d  0 .90  § o f  PS  in 

5 ทาL o f  D M F  a n d  s t irred  fo r 1 h o u r a t 50  °c. A  v o lta g e  o f  20  k v  w as a p p lie d  t o  th e  

n e e d le  a n d  th e  c o lle c to r .  T h e  d is ta n c e  b e tw e e n  th e  n e e d le  t ip  a n d  c o l le c to r  w a s  10 

cm  a n d  th e  f lo w  ra te  o f  th e  s o lu t io n  w as 10 p L /m in . A b o u t  1.5 m L  o f  th e  PS s o lu t io n  

w as u se d  t o  fa b r ic a te  a f ib ro u s  PS m e m b ra n e  o n  th e  p la te . T h e  e le c t ro s p u n  f ib ro u s  

PS m e m b ra n e  w as c u t  in a c irc u la r  fo rm a t  w ith  a d ia m e te r  o f  13 m m  (F igure  3.2) a n d  

s to re d  in a d e s ic c a to r.

3.2.1.3 P r e p a ra t io n  o f  f ib r o u s  P A N  m e m b r a n e

10% (w /v) PAN  so lu t io n  w as p re p a re d  b y  d is s o lv e d  0 .50 g o f  

PAN  in 5 m L  o f  D M F  a n d  st irred  fo r  1 h o u r a t  50  °c. A  v o lta g e  o f  23  k v  w as a p p lie d  to  

th e  n e e d le  an d  th e  c o lle c to r .  T h e  d is ta n c e  b e tw e e n  th e  n e e d le  t ip  a n d  c o l le c to r  

w as  10 cm  a n d  th e  f lo w  ra te  o f  th e  s o lu t io n  w as 8 p lV m in . A b o u t  2.5 m L  o f  th e  PAN  

s o lu t io n  w as  u se d  t o  fa b r ic a te  th e  f ib ro u s  PAN  m e m b ra n e  o n  th e  p la te . T h e  

e le c t ro s p u n  f ib ro u s  PAN  m e m b ra n e  w as c u t  in a c ir c u la r  fo rm a t  w ith  a d ia m e te r  o f  

13 m m  (F igure  3.2) a n d  s to re d  in a d e s ic ca to r.

Figure 3.2 P o lym e r  m e m b ran e s  w e re  cu t in a c ircu la r fo rm a t w ith  a d iam e te r  o f  13 m m
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Table 3.1 P a ram e te rs  fo r  fa b r ic a t io n  o f  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 .

N y lo n 6 PS P A N

P o ly m e r  s o lu t io n  (% w /v)
32%  in fo rm ic  

a c id
18% in D M F 10% in D M F

V o lu m e  o f  p o ly m e r  s o lu t io n  

u se d  fo r  e le c tro sp in n in g  (m L)
0.5 1.5 2.5

V o lta g e  (kv) 23 20 23

D is tan ce  b e tw e e n  th e  n e e d le  

t ip  a n d  c o l le c to r  (cm )
10 10 10

F lo w  ra te  o f  th e  s o lu t io n  

(p L /m in )
3.3 10.0 8.0

3.2.2 Characterization of electrospun polymer fibers

3.2.2.1 Scanning Electron Microscopy (SEM)

T h e  m o rp h o lo g y  o f  e le c t ro s p u n  p o ly m e r  f ib e rs  w as c h a ra c te r iz e d  

b y  a JEO L  S can n in g  E le c t ro n  M ic ro s c o p y  (m o d e l JSM -6480LV ). T h e  d ia m e te r  o f  f ib e rs  

w as  re p o r te d  as th e  average  v a lu e s  w ith  s tand a rd  d e v ia t io n  (ท=30) b y  Im age T o o l 3.0 

so ftw a re  (Sha rew a re  p ro v id e d  b y  CMEIAS).

3.2.2.2 Thermogravimetric analysis (TGA)

E le c tro s p u n  p o ly m e r  f ib e rs  w e re  e x a m in e d  a n d  c o m p a re d  

b e tw e e n  non -D N PE I-coa ting  an d  D N PH -coa tin g  b y  th e rm o g ra v im e tr ic  a n a ly s is . 

T h e rm o g ra v im e tr ic  an a ly s is  d e te c ts  ch ang es  o f  m e c h a n ic a l p ro p e rt ie s  o f  s a m p le s . 

T G A  e x p e r im e n ts  w e re  ca rr ie d  o u t  w ith  a Pyris 1 T G A  (Pe rk in  E lm e r, USA). S a m p le s  

w e re  h e a te d  fro m  50 °c t o  600  °c w ith  a hea ting  ra te  o f  25 ° c /m in . T h e  g lass 

t ra n s it io n  te m p e ra tu re  w as d e te rm in e d  b y  th e  ch an g e  o f  th e  s lo p e  o f  th e  o b ta in e d  

cu rves.

3.2.3 Solution preparation

3.2.3.1 DNPH solutions

DNPH  s o lu t io n  in a ce to n itr ile :  1000 m g /L  o f  s to c k  s o lu t io n  w as 

p re p a re d  b y  w e igh ing  100 m g o f  DNPEI in to  th e  beake r. T h e n , 100 m L  o f  a c e to n it r i le
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w as a d d e d  w ith  fe w  d ro p s  o f  c o n c e n t ra te d  h y d ro c h lo r ic  a c id . T h e  s o lu t io n  w as 

s t irred  u n t i l a l l  t h e  p a rt ic le s  w e re  c o m p le t e ly  d is s o lv e d .

D NPH  s o lu t io n  in w a te r-a ce to n it r ile :  1000 m g /L  o f  s to c k  s o lu t io n  

w as p re p a re d  b y  w e igh ing  0 .5944  § o f  DNPH  an d  d is s o lv e d  in a 50  m L  o f  

c o n c e n t ra te d  h y d ro c h lo r ic  a c id  : m il l i-Q  w a te r  : a c e to n it r i le  s o lu t io n  w ith  th e  ra t io  o f  

2:4:2 in v o lu m e . T h e n , d i lu te  w ith  m il l i-Q  w a te r  to  g ive a c o n c e n t ra t io n  o f  1000 m g/L .

T h e  100 -  500  m g /L  o f  DNPH  s o lu t io n s  w e re  th e n  p re p a re d  b y  

d ilu t in g  th e  1000 m g /L  o f  s to c k  s o lu t io n  fo r th e  o p t im iz a t io n  o f  D N P H -co a te d  

p o ly m e r  m e m b ra n e  a n d  c a lib ra t io n  cu rv e  o f  a ld e h y d e  d e r iv a t iz a t io n . D NPH  so lu t io n s  

in a c e to n it r i le  w e re  d ilu te d  th e  s to c k  s o lu t io n  w ith  a c e to n it r i le  a n d  DNPH  s o lu t io n  in 

w a te r -a c e to n it r ile  w e re  d i lu te d  th e  s to c k  s o lu t io n  w ith  m iili-Q  w a te r.

3.2.3.2 Aldehydes solutions

A ld e h y d e s  s to c k  so lu t io n : 1000 m g /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 io n a ld é h y d e , b u ty ra ld é h y d e  a n d  h e x a n a l s o lu t io n  w as p re p a re d  

b y  d ilu t in g  60  m L  o f  e a ch  c o m p o u n d  w ith  m il l i-Q  w a te r. T h is  s o lu t io n  w as u se d  fo r 

p re p a ra t io n  o f  c a lib ra t io n  cu rv e  a n d  sp ik ed  w a te r  s a m p le .

A ld e h y d e s  s ta n d a rd  s o lu t io n  fo r  c a lib ra t io n  cu rve : T h e  0.10, 0.30, 

0.50, 0 .80  a n d  1.00 m g /L  o f  th e  a ld e h y d e s  s ta n d a rd  s o lu t io n s  w e re  p re p a re d  fo r  th e  

c a lib ra t io n  cu rve . Each  c o n c e n tra t io n  w as p re p a re d  b y  m ix ing  a ce r ta in  a m o u n t  o f  

1000 m g /L  o f  th e  a ld e h y d e s  s to c k  s o lu t io n  w ith  500  p L  o f  DNPH  s o lu t io n , w ith  th e  

c o n c e n t ra t io n  o f  300 m g /L , a n d  th e n  d ilu t in g  to  3 m L  w ith  m il l i-Q  w a te r.

3.2.4 Preparation of DNPH-coated electrospun polymer fibers

3.2.4.1 Procedure for coating DNPH on electrospun polymer fibers

F ib ro u s  p o ly m e r  m e m b ra n e  w as c u t  in a c irc u la r  fo rm a t w ith  

d ia m e te r  o f  13 m m  an d  p la c e d  in a f i lte r  h o ld e r  (F igure  3.3 (a)). T h e  f i lte r  p a c k e d  

w ith  th e  m e m b ra n e  w as p re c o n d it io n e d  w ith  200  pL  o f  m e th a n o l a n d  2 0 0  pL  o f  

m il li-Q  w a te r  re sp e c t iv e ly . W h e n  th e  m e m b ra n e  w as p re c o n d it io n e d , 3 m L  o f  D NPH  

s o lu t io n  w as  lo a d e d  to  coa t. A fte r  DNPH w as c o m p le t e ly  c o a te d  o n to  th e  so rb e n t, 

th e  s o rb e n t  w as  pu rg ed  w ith  n itrogen  gas fo r  3 m in  o r u n t il dry. T h e  f i lt e r  p a c k e d  w as 

s e a le d  w ith  p a ra f ilm  an d  s to re d  at 4 °c.
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Figure 3.3 S tep s  o f  DNPH co a t in g  o n  p o ly m e r  m e m b ra n e ; (a) p la c e d  a f ib ro u s

p o ly m e r  m e m b ra n e  in a f i lte r  h o ld e r ,  (b) lo a d in g  DNPH , (c) pu rg ed  a 

m e m b ra n e  w ith  แ 2 gas, (d) s to re d  th e  m e m b ra n e  at 4°c.

T o  d e te rm in e  w h ich  c o n d it io n s  gave th e  b e s t  e f f ic ie n t  coa ting , 

D NPH  o n  th e  m e m b ra n e  w as e lu te d  o u t  w ith  1 m L  o f  a c e to n it r i le  w ith  th e  ra te  o f  

100 p iy m in .  T h e  e lu t e d  s o lu t io n  w as a n a ly z e d  b y  H PLC . T h e  p e a k  a rea  o f  D NPH  p e a k  

w as  c o m p a re d .

3.2A2 Types of DNPH solvents

100, 200, 300, 400  a n d  500  m g /L  o f  DNPH s o lu t io n  in tw o  

d if fe re n t  so lv e n ts :  a c e to n it r i le  a n d  th e  m ix tu re  o f  w a te r -a c e to n it r ile , as m e n t io n e d  in

3.2.3.1 w e re  u se d  t o  c o a t  th e  n y lo n  m e m b ra n e . T h e  e le c t ro s p u n  f ib ro u s  n y lo n ô  

m e m b ra n e  w as c o a te d  fo l lo w e d  th e  p ro c e d u re  in 3.2.4.1 a n d  D NPH  s o lu t io n  w as 

lo a d e d  at a f lo w  ra te  o f  100 p lV m in . P e a k  a rea  o f  DNPH  pe a k  is u se d  t o  d e te rm in e  

th e  o p t im iz e d  s o lv e n t  fo r  p repa ring  th e  D NPH  so lu t io n .

3.2.4.3 DNPH concentration

A fte r  th e  b e tte r  s o lv e n t  has b e e n  d e te rm in e d  a n d  o b ta in e d , 

d if fe re n t  c o n c e n t ra t io n s  o f  DNPH  w e re  e x p e r im e n te d . V a r io u s  c o n c e n tra t io n s  o f  

DNPH: 100, 200, 300, 400  a n d  500 m g /L  w e re  u sed  to  study. เท e a ch  c o n ce n tra t io n , 

c o a t in g  DNPH  o n to  th e  e le c t ro s p u n  f ib ro u s  n y lo n ô  m e m b ra n e  w as fo l lo w e d  th e  

p ro c e d u re  in 3.2.4.1 a n d  DNPH  s o lu t io n  w as lo a d e d  at a f lo w  ra te  o f  100 p L /m in . 

P e a k  area  o f  D NPH  w as  u se d  to  d e te rm in e  th e  o p t im iz e d  DNPH  c o n c e n t ra t io n  fo r  

c o a t in g  th e  m e m b ra n e .
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3.2.4.4 Coating rate

A fte r  th e  o p t im u m  c o n c e n t ra t io n  w as o b ta in e d , a 3 m L  o f  

o p t im iz e d  c o n c e n t ra t io n  o f  DNPH  s o lu t io n  w e re  u sed  t o  c o a t  o n  th e  n y lo n ô  

m e m b ra n e  a t v a r io u s  rates: 300, 150, 100, 75, a n d  60 p L /m in . P e a k  area  o f  DNPH  

p e a k  w as u se d  to  d e te rm in e  th e  o p t im iz e d  ra te  o f  c o a t in g  D NPH  o n  th e  m e m b ra n e .

3.2.4.5 Efficiency of DNPH coating on etectrospun potymer fibers

A fte r  th e  o p t im u m  co a t in g  c o n d it io n  o n  e te c tro s p u n  n y to n ô  

f ib e rs  w as  o b ta in e d , th e  e te c tro sp u n  PS f ib e rs  a n d  th e  e te c tro s p u n  PAN  f ib e rs  w e re  

c o a te d  w ith  DNPH  a t th is  c o n d it io n . P e a k  a rea  o f  DNPH  p e a k  w as  u se d  t o  c o m p a re  

th e  co a t in g  e f f ic ie n c y  o n  th e  m e m b ra n e .

3.2.5 Analysis of atdehydes-DNPH derivative by HPLC

T h e  a td e h yd e s -D N P H  d e r iv a t iv e s  w e re  a n a ly z e d  by  H PLC -U V -V is . H PLC  

sy s te m  (W aters, W a te rs  C o rp o ra t io n )  c o n s is t  o f

- P u m p  a n d  C o n t ro l le r  (W aters 600)

- A u to s a m p te r  (W aters 717 p lu s )

- P h o to d io d e  a rray  d e te c to r  (W aters 996)

T h e  c o n d it io n s  o f  H P LC  a n a ly s is  a re  sh o w n  in T a b le  3.2.

Table 3 .2  H PLC  c o n d it io n s  [14, 63]

Parameters Conditions

C o lu m n
c 18 re v e rs e d  p h a s e -c o lu m n  (100  X 4.6 m m ), 

P h e n o m e n e x /K in e te x , p a r t ic le  size: 2.6 pm

M o b ile  Pha se

G rad ien t: T im e  (m in) A c e to n it r i le  M ill i-Q  w a te r  

4 55%  45%

7 90%  10%

9 100%  0%

20  100% 0%

21 55%  45%

F lo w  ra te 0.6 ทาL /m in

Run t im e 30 m in

In je c t io n  v o lu m e 10 pL

D e te c t io n U V-V is at th e  w a v e le n g th  o f  360  nm
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3.2.6 Extraction of aldehydes by DNPH-coated electrospun polymer fibers

3.2.6.1 Extraction procedure

T o  o p t im iz e  th e  c o n d it io n  fo r  e x tra c t io n  a n d  d e r iv a t iz a t io n  o f  

a ld e h y d e s  in w a te r, 10 pg /L  o f  a ld e h y d e s  s o lu t io n  w as u se d  fo r  a l l  s tud ie s . First, th e  

th e  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  in a f i lte r  h o ld e r  w a s  p re tre a te d  w ith  

200  p L  o f  m il l i-Q  w a te r  b e fo re  e x tra c t io n . T h e n , 10 m L  o f  10 Pg /L  o f  a ld e h y d e s  

s o lu t io n  w a s  lo a d e d  a t ce rta in  rate. La te r, d e so rp t io n  s o lv e n t  w a s  lo a d e d  a t ce rta in  

v o lu m e , w h e re  th e  d e s o rp t io n  t im e  w as f ix e d  a t 10 m in u te s  a n d  th e  ra te  w o u ld  

d e p e n d  o n  th e  v o lu m e . T h e  e lu te d  s o lu t io n  w as c o l le c t e d  fo r fu r th e r  a n a ly s is  b y  

H PLC . A fte r  th e  H PLC  ana lys is , o b ta in e d  p e a k  area  w as  u se d  to  d e te rm in e  a n d  

c o m p a re  fo r  th e  o p t im u m  c o n d it io n s . S te p s  fo r a ld e h y d e s  e x t ra c t io n  w as sh o w n  in 

F igure 3.4.

o •— Eluted with
ร ัเ แ Precondition Loading a ldehyde

= > desorption 1-------ร Analysis by

ะ= a m em brane sam ple HPLC
solvent

Figure 3.4 S te p s  o f  a ld e h y d e s  e x tra c t io n

3.2.Ô.2 Types of desorption solvent

T h e  ty p e  o f  d e s o rp t io n  s o lv e n t  w as s tu d ie d  b y  fo l lo w e d  th e  

p ro c e d u re  in 3.2.6.1 a n d  v a r ie d  th e  d e s o rp t io n  so lv e n t. A c e to n it r i le ,  m e th a n o l and  

h e x a n e  w e re  s e le c te d  to  s tudy . P e a k  a rea  o f  a ld e h y d e s -D N P H  p e a k  w as u sed  to  

d e te rm in e  th e  o p t im iz e d  s o lv e n t  fo r  d e so rp t io n .

3.2.6.3 Volume of the desorption solvent

A fte r  th e  b e t te r  d e so rp t io n  s o lv e n t  has b e e n  d e te rm in e d  a n d  

o b ta in e d , th e  v o lu m e  o f  d e so rp t io n  s o lv e n t  w as va r ie d  a t 100, 200  a n d  300  pL. T h e  

w a te r  s a m p le  w as  pass th ro u g h  th e  so rb e n t  fo r 10 m in u te s  w ith  th e  ra te  o f  10, 20 

an d  30 p L /m in  fo r  th e  e lu t io n  s o lv e n t  w ith  th e  v o lu m e  o f  100, 200  a n d  300  p L  

re sp e c t iv e ly .
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ร.2.6.4 Flow rate of sample

T h e  f lo w  ra te  o f  e x tra c t io n  w as s tu d ie d  b y  va ry ing  th e  f lo w  ra te  

o f  w a te r  s a m p le . เท e a ch  tria l, 10 m L  o f  10 Pg /L  a ld e h y d e s  w as u sed . T h e  ra te s  w e re

2.00, 1.00, 0 .50 a n d  0.33 m Lym in  (5, 10, 20  a n d  30 m in u te s  re sp e c t iv e ly ) . T h e  

e x tra c t io n  p ro c e d u re  w as m e n t io n e d  in 3.2.6.1. 100 p L  o f  a c e to n it r i le  w as u se d  to  

d e so rb  a ld e h y d e s  fro m  th e  so rb e n t. P e a k  a rea  o f  a ld e h y d e s -D N P H  p e a k  w as  u se d  to  

d e te rm in e  th e  b e s t  e x tra c t io n  t im e .

3.2.Ô.5 Recovery of aldehydes extraction

A fte r  o p t im u m  c o n d it io n s  w e re  o b ta in e d , w a te r  s a m p le  sp ik e d  

w ith  10 pg /L  a ld e h y d e s  w e re  e x p e r im e n te d  fo r  re c o v e ry  p e rcen tag e . S in ce , W H O  

re p o r te d  th a t  th e  fo rm a ld e h y d e  c o n c e n t ra t io n  in raw  w a te r  w a s  fo u n d  in th e  range 

o f  1-25 pg/L. T hu s , th e  a ld e h y d e s  w as sp ik e d  in to  a w a te r  s a m p le  at a c o n c e n t ra t io n  

o f  10 Ug/L in th is  s tud y . T h e  c o n c e n t ra t io n  o f  a n a ly te s  w as o b ta in e d  fro m  read in g  th e  

c a lib ra t io n  cu rve . T h e  e lu t e d  s a m p le  v o lu m e  w as 100 pL , th e  a n a ly te s  w e re  e lu te d  

o u t  w ith  a c e to n it r i le  as th e  d e s o rp t io n  so lv e n t.

3.2.6.6 Extraction of aldehydes in drinking water

Drink ing w a te r  w as e x tra c te d  us ing  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  SPE so rb e n t. A ld e h y d e s  w e re  d e te c te d  in th e  sa m p le s . T o  e v a lu a te  

th e  s u it a b i l i t y  o f  t h e  p r o p o s e d  m e th o d ,  d r in k in g  w a te r  w a s  s p ik e d  a n d  r e c o v e r ie s  

w e re  c a lc u la te d
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