
CHAPTER III

EXTERIMENTAL

3.1 Chemicals and materials

A ll  c h e m ic a ls  a n d  m a te r ia ls  u s e d  เท th e s e  e x p e r im e n ts  a re  l is te d  in  T a b le  3.1 

Table 3.1 L is l o f  c h e m ic a ls  a n d  m a te r ia ls  in c lu d in g  th e ir  s u p p lie rs

Chemicals/materials and reagents Suppliers

M e th y l  p a ra b e n  (M P ), a n a ly t ic a l  g ra d e S ig m a -A ld r ic h , U S A

E th y l p a ra b e n  (EP), a n a ly t ic a l g ra d e S ig m a -A ld r ic h , U S A

P ro p y l p a ra b e n  (PP), a n a ly t ic a l  g ra d e S ig m a -A ld r ic h , USA

b u t y l  p a ra b e n  (BP), a n a ly t ic a l  g ra d e S ig m a -A ld r ic h , U S A

P o ly a n il in e  (RANI) S ig m a -A ld r ic h , USA

p o ly v in y lp y r r o l id o n e  (PVP) S ig m a -A ld r ic h , USA

c a m p h o r - 1 0 - s u lfo n ic  a c id  (CSA) S ig m a -A ld r ic h , USA

P o ta s s iu m  fe r r ic y a n id e  (K :F e [C N J,) S ig m a -A ld r ic h , USA

D im e th y l fo r m a m id e  (D M E ) M e rk , G e rm a n y

C h lo r o fo r m  (C H C lj) M e rk , G e rm a n y

d i-S o d iu m  h y d ro g e n  p h o s p h a te  (N a ^H P O j) M e rk . G e rm a n y

M e th a n o l  (C H jO H ), HPLC g ra d e M e rk , G e rm a n y

A c e to n i t r i le  (ACN ), HPLC g ra d e M e rk , G e rm a n y

S o d iu m  h y d r o x id e  (N a O H ) M e rk , G e rm a n y

o r t h o - p h o s p h o r ic  a c id  (8 5 % ) M e rk , G e rm a n y

Is o b u ty l  p a ra b e n  (IBP), a n a ly t ic a l  g ra d e T o k y o  c h e m ic a l in d u s t r y ,  Ja p a n

G ra p h e n e  (G) n a n o p o w d e r S kyS p rin g  N a n o m a te r ia ls , In c .,  USA
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Chemicals/materials and reagents Suppliers

C a rb o n  in k G w e n t g ro u p .  U n ite d  K in g d o m )

S ilv e r /s i lv e r  c h lo r id e  in k G w e n t g ro u p .  U n ite d  K in g d o m )

P o ta s s iu m  d ih y d r o g e n  p h o s p h a te  (K H ;,P O d C a rlo E rb a  R e a g e n ti-S D S , F ra n c e

P o ta s s iu m  c h lo r id e  (K C l) A ja x  F in e c h e m , A u s tra lia

P o ta s s iu m  fe r r o c y a n id e  (K ,;F e (C N )J M a l l in c  k r o d t  c h e m ic a l w o rk s , USA

3.2 Instruments and equipments

AU in s t r u m e n ts  a n d  e q u ip m e n ts  a re  l is te d  เท T a b le  3 .2  

Table 3.2 L is t o f  a l l  in s t r u m e n ts  a n d  e q u ip m e n ts  in c lu d in g  th e ir  s u p p lie rs

Instruments and equipments Suppliers

UPLC L C -2 0 A D  XR p u m p S h im a d z u  (J a p a n )

UPLC S IL -2 0 A  XR a u to s a m p le S h im a d z u  (J a p a n )

UPLC C T O -2 0 A C  c o lu m n  o v e n S h im a d z u  (J a p a n )

UPLC S P D -M 2 0 A  d io d e  a rra y  d e te c to r S h im a d z u  (J a p a n )

C H I1 2 3 2 A CHI In s t r u m e n t  (U S A )

A n a ly t ic a l  C o lu m n P h e n o m c n e x  (U S A )

E le c t r o c h e m ic a l f lo w  c e lt B io a n a ly t ic a l S y s te m  (U S A )

T e f lo n  c e l l  g a s k e t B io a n a ly t ic a l S y s te m  (USA)

P la t in u m  w ire B io a n a ly t ic a l S y s te m  (U S A )

S ta in le s s -s te e l t u b e B io a n a ly t ic a l S y s te m  (U S A )

S ilv e r /s i lv e r  c h lo r id e  e le c t r o d e  (A g /A g C l) B io a n a ly t ic a l S y s te m  (J a p a n )

PEEK tu b in g  (0 .2 5  ท าทา. i.d .) U p c h u rc h  (U S A )

T e f lo n  tu b in g  (1 /1 0  in c h  i.d .) U p c h u rc h  (U S A )



G A S T (U S A )

Instruments and equipments Suppliers
V a c u u m  p u m p  

A n a U 't ic a l b a la n c e  

p H  m e te r  

M ill Q

A u t o p ip e t te

N y lo n  m e m b r a n e  f i l t e r  p a p e rs  (0 .2 0  p m )  

N y lo n  m e m b r a n e  f i le rs  (0 .2 0  p m )  

S o n ic a te

V o r te x  m ix e r  V T X -3 0 0 0 L

M e t t le r  T o le c J c  (T b a ila n c O  

M e t t le r  T o le d o  (T h a ila n d )

M e rk  (G e rm a n y )

E p p e n d r o f  (G e rm a n y )

V e r t ic a l C h r o m a to g r a p h y  (T h a i la n d )  

V e r t ic a l C h r o m a to g r a p h y  (T h a i la n d )  

E lm a  (G e rm a n y )

M ix e r  U z u s io  LM S  (J a p a n )

3.3 Fabrication of the electrodes

3.3.1 Screen printed-carbon electrode (SPCE)

T h e  s c re e n  p r in te d -c a r b o n  e le c t r o d e s  (SPCEs) u s e d  in  t in s  re s e a rc h , 

w e re  p r o d u c e d  เท o u r  la b o r a to r y  b y  s c re e n -p r in t in g  te c h n iq u e .  F irs t, A g /A g C l in k  w a s  

p r in te d  o n t o  a PVC s u b s tra te  as a n  e le c t r ic a l  c o n n e c to r  a n d  th e n  d r ie d  in an  o v e n  a t 

55  °c fo r  1 h o u r .  A f te r  th a t ,  c a rb o n  ink  w a s  p r in te d  as a n  a c t iv e  a re a  o f  w o rk in g  

e le c t r o d e  a n d  d r ie d  in  an o v e n  u n d e r  th e  s a m e  c o n d it io n .  T h e  SPCE w a s  o b ta in e d  

a n d  s u b s e q u e n t ly  fo r  th e  m o d if ic a t io n  o f  G /P V P /P A N I n a n o c o m p o s ite .  T h e  s te p s  o f  

fa b r ic a t io n  a re  s c h e m a t ic a l ly  i l lu s t r a te d  in F ig u re  3 .1 .



step 2: An active area of working electrode

Figure3.1 The printing of screen-printed carbon electrode

3.3.2 G/PVP/PANI nanocomposite-modified SPCE

3.3.2.1 Preparation of G and PVP dispersion

Twenty milligrams of graphene nanopowder and 20 mg of PVP 

were dispersed in 10 mL of dimethylformamide (DMF) and sonicated for 6 hours at 

room temperature as shown เท Figure 3.2.

Figure 3.2 A dispersed graphene dispersion



3.3.2.2 Preparation of PANI
PANI w a s  p re p a re d  b y  w e ig h in g  100 m g  o f  PANI a n d  a d d in g  129 

m g  o f  c a m p h o r - 1 0 - s u lfo n ic  a c id  (CSA) to r  d o p in g  PANI t o  m a k e  it c o n d u c t iv e  a n d  

th e n  s u b s e q u e n t ly  d is s o lv e d  in 15 m l  o f  c h lo r o fo r m .  ไ t ie  s o lu t io n  w a s  s t ir re d  b y  

m a g n e t ic  b a r  fo r  6  h o u rs . F in a lly ,  PANI s o lu t io n  พ ล ร  f i l t e r e d  th r o u g h  0 .4 5  p m  N y lo n  

m e m b r a n e  f i l t e r  as a h o m o g e n e o u s  PANI s o lu t io n  (s h o w n  เท F ig u re  3.3).

Figure 3 .3  A  CSA d o p e d  PANI s o lu t io n

33.2.3 M odification o f SPCE w ith G/PVP/PANI nanocom posite- 

solution

T h e  G /P V P /P A N I n a n o c o m p o s ite  s o lu t io n  w a s  p re p a re d  b y  

m ix in g  o f  th e  d is p e rs e d  g ra p h e n e  s o lu t io n  a n d  th e  CSA d o p e d  PANI s o lu t io n  w i th  a 

ra t io  o f  1:1, v /v .  T h e  e le c t ro s p ra y in g  a p p a ra tu s  c o n s is ts  o f  s y r in g e  p u m p ,  h ig h -v o lta g e  

p o w e r  s u p p ly ,  g ro u n d  c o l le c to r ,  s y r in g e  a n d  s ta in le s s  s te e l n e e d le .  T h e  G /P V P /P A N I 

n a n o c o m p o s ite  s o lu t io n  w a s  f i l le d  in th e  s y r in g e  a n d  h ig h  v o l ta g e  w a s  a p p lie d .  

F in a lly ,  th e  G /P V P /P A N I n a n o c o m p o s ite  s o lu t io n  w a s  s p ra y e d  o n t o  SPCE. T h e  

c o n d it io n s  fo r  e le c t ro s p ra y in g  in c lu d in g  f lo w  ra te , th e  d is ta n c e  b e tw e e n  th e  n e e d le  

a n d  t h e  g ro u n d  c o l le c to r ,  a n d  v o lta g e  w e re  1.0 m l . m in  5 c m , a n d  9 kv , 

re s p e c t iv e ly .  T h e  fa b r ic a t io n  o f  G /P V P /P A N I n a n o c o m p o s i te - m o d if ie d  SPCE b y  

e le c t ro s p ra y in g  te c h n iq u e  is i l lu s t r a te d  in  F ig u re  3.4.
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Figure 3.4 T h e  fa b r ic a t io n  o f  G /P V P /P A N I n a n o c o m p o s i te - m o d if ie d  SPCE b y  

e le c t ro s p ra y in g  te c h n iq u e

3.4 Preparation of chemicat solution

3.4.1 Cyclic voltammetry study

3.4.1.1 Potassium chloride (KCl) solution

T h e  s o lu t io n  O ' 0 .5  M  KC l w a s  p re p a re d  b y  w e ig h in g  3 .7 3  g o f  

KCl, a n d  d is s o lv in g  w i th  M ili-Q  w a te r  to  f in a l v o lu m e  o f  100 rn L  เท v o lu m e t r ic  fla sk .

3.4.1.2 Ferri/ferrocyanide solution

F e r r i/ fe r ro c y a n id e  s o lu t io n  w a s  u s e d  fo r  e le c t r o c h e m ic a l  

c h a r a c te r iz a t io n  o f  G /P V P /P A N I m o d if ie d  SPCE. F e r r i/ fe r ro c y a n id e  (1 ท าM ) w a s  

p re p a re d  b y  w e ig h in g  20 m g  o f  p o ta s s iu m  fe r r ic y a m d e  (K .F e fC N ]6) a n d  4 2 .2 4 1  m g  o f  

p o ta s s iu m  fe r r o c y a n id e  (KcF e [C N ](1). F in a lly ,  f e r r i / fe r r o c y a n id e  w a s  d is s o lv e d  w i th  0 .5  

M  KC l lo  f in a l v o lu m e  o f  100 n iL  เท a v o lu m e t r ic  f la s k .

3.4.1.3 Supporting electrolyte

P h o s p h a te  b u f fe r  s o lu t io n  w a s  u s e d  as s u p p o r t in g  e le c t r o ly t e  

t o  in v e s t ig a te  th e  e le c t r o c h e m ic a l  b e h a v io r  o f  f iv e  p a ra b e n s .  P h o s p h a te  b u f fe r  

s o lu t io n  w a s  p re p a re d  b y  d is s o lv in g  0 .6 0  g o f  p o ta s s iu m  d ih y d r o g e n  p h o s p h a te  

(K E E P C r) a n d  0 .0 8  g o f  d i - s o d iu m  h y d ro g e n  p h o s p h a te  {N a ; H P O t) in  M ili-Q  w a te r  t o  

f in a l v o lu m e  o f  100 ท าL in a v o lu m e t r ic  f la s k . T h e  s o lu t io n  w a s  th e n  p re c 's e ly



3.4.1.4 Stock standard solutions

The stock standard solutions of five parabens (1,000 pg ml. '), 

namely methyl paraben (MP), ethyl paraben (EP), propyl paraben (PP), butyl paraben 

(BP) and isobutyl paraben (IBP) were prepared by dissolving 10 mg of each 

compound in 10 mL of Mili-Q water: acetonitrile (50:50. %v/v). The standard working 

solutions were diluted from these stock solutions to the desired concentrations.

3.4.1.5 Standard working solution

The standard working solutions for cyclic voltammetry study 

were prepared by diluting the stock standard solutions to the desired concentrations 

into 3 mL of electrochemical cell with phosphate buffer solution, pH 6.

3.4.2 HPLC-ECD

3.4.2.1 M obile phase

The mobile phase including 0.05 M phosphate buffer solution 

and acetonitrile were used for HPLC-ECD with the ratio of 60:40 (%v/v).

3.4.2.1.1 The pH o f supporting e lectro ly te

The 0.05 M phosphate buffer with different pH was 

prepared by weighing potassium dihydrogen phosphate (KH2POa) and di-sodium 

hydrogen phosphate (NajHPOc) at certain ratios according to Table 3.3. The mixture 

was transferred to 500 mL volumetric flask and dissolved with Mili-Q to final volume. 

Before making up the final volume, sodium hydroxide (NaOH) and phosphoric acid 

were added to adjust the pH. Finally, phosphate buffer solution was filtered through 

0.22 pm Nylon membrane filter papers.

adjusted to the desired pH (pH 6) with ortho-phosphoric acid and sodium hydroxide(NaOH).
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Table3.3 T h e  p re p a ra t io n  o f  p H  in  ล ra n g e  4 TO 8  o f  p h o s p h a te  b u f fe r  s o lu t io n

p H

4*

5

6

7

8

Potassium dihydrogen 

phosphate (KH2P04) (§)

3 .3 7 5 0

3 .0 2 4 6

1.4051

0 .1 2 5 8

di-Sodium hydrogen 

phosphate (Na2HP04) (g)

3 .4 0 5 1

0 .0 2 8 3

0 .3 9 3 9

2 .0 8 3 2

3 .4 1 7 6

* For pH 4, di-Sodium hydrogen phosphate was dissolved with 6.11 mL of phosphoric acid

3.4.2.2 Stock standard solution

T h e  s to c k  s ta n d a rd  s o lu t io n  o f  m ix e d  p a ra b e n s  w a s  p re p a re d  

b y  d is s o lv in g  10 m g  o f  e a c h  c o m p o u n d  in  10 m L  o f  M ili -Q  w a te r :  a c e to n i t r i le  (5 0 :5 0 , 

% v /v ) ,  a n d  th e  s o lu t io n s  w a s  s to re d  a t  4 °c d u r in g  th e  e x p e r im e n ts .

3.4.2.3 Standard working solution

T h e  s ta n d a rd  w o rk in g  s o lu t io n  fo r  H P LC -E C D  w a s  p r e p a r e d  b y  

d i lu t in g  t h e  s to c k  s ta n d a rd  s o lu t io n  t o  th e  d e s ire d  c o n c e n tr a t io n s  w i th  M ili -Q  w a te r :  

a c e to n i t r i le  (5 0 :5 0 . % v /v ) .  F in a lly ,  th e  s ta n d a rd  w o rk in g  s o lu t io n  w a s  f i l t e r e d  th ro u g h  

0 .2 2  p m  N y lo n  m e m b r a n e  f i l t e r  p a p e r .

3.4.3 Sample preparation

S a m p le s  in th is  w o rk  a re  s o ft  d r in k  a n d  c o s m e t ic  p ro d u c ts .  1 mL o f  

e a c h  s a m p le  w a s  e x t r a c te d  b y  2 .5  m l.  o f  m e th a n o l.  T h e  s o lu t io n  w a s  s o n ic a te d  fo r  

15 m in u te s  เท a n  u lt ra s o n ic  b a th .  F in a lly ,  a l l  s a m p le  s o lu t io n s  w e re  f i l le d  th r o u g h  

0 .2 2  p m  N y lo n  m e m b r a n e  f i l te rs .

3.5 Procedure

3.5.1 Cyclic voltammetry study

C y c lic  v o l ta m m e t r y  (CV) w a s  c h o s e n  t o  in v e s t ig a te  th e  

e le c t r o c h e m ic a l  c h a ra c te r is t ic  o f  fe r r i / fe r r o c y a n id e  a n d  e le c t r o c h e m ic a l  b e h a v io r  o f  

p a ra b e n s  u s in g  G /P V P /P A N I m o d if ie d  SPCE. CV w a s  e x a m in e e  b y  a p o t e n t io s ta t  w ish
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th r e e - e le c t r o d e  s y s te m ; G /P V P /P A N I n a n o c o m p o s i te - m o d if ie d  SPCfc as w o rk in g  

e le c t r o d e ,  s i lv e r /s i lv e r  c h lo r id e  lA g /A g C l)  w i th  a sale b r id g e  as r e fe re n c e  e le c t r o d e ,  

a n d  p la t in u m  w ire  as c o u n te r  e le c t r o d e .  T ile  e le c t r o c h e m ic a l  m e a s u r e m e n t  w a s  

o b ta in e d  in ล h o m e - m a d e  c e l l  a n d  a l l  e x p e r im e n ts  w e re  c a r r ie d  o u t  a t ro o m  

te m p e r a tu r e .  T h e  e le c t r o c h e m ic a l  c e . I is s h o w n  เท F ig u re  3.5.

Figure 3.5 E le c tr o c h e m ic a l c e l l  in c lu d in g ;  G /P V P /P A N I n a n o c o m p o s i te - m o d if ie d  

SPCE (a), s i lv e r /s i lv e r  c h lo r id e  (A g /A g C l) w i th  a s a lt  b r id g e  (b ), a n d  

p la t in u m  w ire  (c)

3.5.1.1 Characterization of G/PVP/PANI nanocomposite-modifed 

SPCE

T h e  e le c t r o c h e m ic a l  c h a ra c te r iz a t io n  o f  G /P V P /P A N I n a n o c o m p o s te -  

ทาo d if ie d  SPCEs w a s  in v e s t ig a te d  b y  fe r r i / fe r r o c y a n id e  re d o x  c o u p le .  T h e  p o te n t ia l  

w a s  s c a n n e d  f r o m  -0 .6  V  t o  - 1 . 0  V w i th  a s c a n  ra te  o f  10 0  m V  ร ''.  M o re o v e r ,  t o  

in v e s t ig a te  th e  m a s s  t ra n s fe r  p ro c e s s  o f  th e  m o d if ie d  e le c t r o d e ,  th e  p o t e n t ia l  sca n  

ra te s  o f  CV in  t h e  fe r r i / fe r r o c y a n id e  s o lu t io n  w e re  v a r ie d ,  a n d  th e  c u r re n ts  w e re  

m e a s u re d .  T h e  p o t e n t ia l  scan  ra te s  s tu d ie d  w e re  in th e  ra n g e  o f  20  t o  to o  m V  ร '.



3.5.1.2 An electrochemical behavior of parabens

To study the electrochemical behavior of MP. EP. pp. BP and 
IBP onto G/PVP/PANI nanocomposite-rnodified SPŒ. all 10 lie ml 1 parabens were 
separately examined เท 0.05 M phosphate buffer (pli 6) with d scan rate ioo mV ร '. 
The potential was scanned from + 0.4 V to +1.3 V.

3.5.2 HPLC-ECD

The separation of parabens was carried out by HPLC system 
(Shimadzu LC-20AD XR UFLC Shimadzu, Japan). The chromatographic column was a 
Luna 5 pm C18 column (15 mm X 4.6 mm I.d.) from Phenomenex (CA, USA). The 
electrochemical detection part was a thin-layer flow cell (GL Sciences Inc., USA) 
comprised of three electrodes; a G/PVP/PANI-modified SPCE as working electrode, a 
Ag/AgCl as reference electrode (Bioanalyticat System Inc., USA) and a stainless steel 
tube as counter electrode. A potentiostat (CHI 1232A, CHI Instrument, USA) was used 
to measure and control the signal. I he thin-layer flow cell IS shown เท figure 3.6.

Figure 3.6 Electrochemical flow cell including; G/PVP/PANI nanocomposite- 
rnodified SPCE (a), silver/silver chloride (Ag/AgCl) (b) and a stainless 
steel tube (c)
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3.5.2.1 Ratio o f m obile  phase

MP, EP, pp, BP and IBP were isolated using HPLC with a packed 

column 0 8  in ลท isocratic system for the simultaneous determination of five 

parabens. The various ratios of mobile phase were applied to optimize the 

separation of five parabens. The ratios of mobile phase between 0.05 M phosphate 

buffer solution (pH 6) and acetonitrile were examined by different percentages of 

acetonitrile at a flow rate of 1.5 m l min '. The ratios of mobile phase were optimized 

from 65:35, 60:40, 55:45, 50:50 and 45:55 (%v/v) of 0.05 M phosphate buffer 

pH 6:acetonitrile).

3.5.2.2 The O ptim ization o f pH

The effect of pH of the phosphate buffer solution to the 

electrochemical behavior of five parabens was also investigated. The pH values were 

from 4 to 8. The mixture of five parabens was determined; the mobile phase was 

0.05 M phosphate buffer solution and acetonitrile (60:40, %v/v) at a flow rate of 1.5 

mL min 1 with the amperometric detection at the potential +1.2 V vs Ag/AgCl.

3.5.2.3 The O ptim ization o f detection poten tia l

The electrochemical behavior of five parabens was 

investigated with amperometric detection. The mixture of five parabens was 

examined at the potential in the range of +1.0 to +1.4 V vs Ag/AgCl; the mobile 

phase was 0.05 M phosphate buffer solution (pH 6) and acetonitrile (60:40, %v/v) at 

the flow rate of 1.5 m l min '.

3.5.2.4 The O ptim ization o f in jection vo lum e

The injection loop of the instrument was selectable in the 

range of 0.1 to 50 pL. Therefore, the injection volumes, 10, 20, 30. 40 and 50 pL, 

were optimized to obtain a suitable volume for separation. The mobile phase was 

0.05 M phosphate buffer solution (pH 6) and acetonitrile (60:40, %v/v) at the flow 

rate of 1.5 mL min : with the amperometric detection at the potential +1.2 V vs 

Ag/AgCl.
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3.5.2.5 The optimal conditions for HPLC-ECD

The separation was carried out by HPLC system (Shimadzu LC- 
20AD XR UFLC Shimadzu. Japan), lire chromatographic column was a Luna 5 pm 
CIS column (15 mm X 4.6 ทาทา I.d.) from Phenomenex (CA, USA) with the mobile 
phase of 0.05 M phosphate buffer (pH 6): acetronitrile (40:60, %v/v). A flow rate of
1.5 mb min 1 and an injection volume of 50 pL were employed. An applied potential 
was +1.2 V vs Ag/AgCt. All the experiments were performed at room temperature 
(~25 °C). The optimal conditions were shown in Table 3.4

Table 3.4 The optimal conditions for HPLC-ECD
Parameter O ptim al cond ition

Column Luna 5 pm CIS column (15 mm X 4.6 mm i.d.)
Mobile phase 0.05 M phosphate buffer pH 6:ACN (60:40, %v/v)
Flow rate 1.5 mL min 1
Injection volume 50 pL
Temperature room temperature (~25 °C)
Ampermetric detection 1 1.2 V vs. Ag/AgCl
Working electrode G/PVP/PANI nanocomposite modified SPCE

3.5.3 A nalytica l perform ance

3.5.3.1 Calibration curve and linear range

The mixtures of five parabens were investigated in various 
concentrations at G/PVP/PANI nanocomposite-modified SPCE. Under the optimal 
conditions, the calibration curves and linear ranges were established from the 
average of peak area current.
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3.5.3.2 Limit of Detection (LOD) and Limit of Quantitation (LOQ)

The slopes, intercepts and correlation coefficients were 
determined from calibration curves. The limit of detection (LOD) and the limit of 
quantitation (LOQ) were calculated from 3Sb/S and 10Sb/S, respectively, where ร1, IS 
standard deviation of blank measurement (ท = 10) and ร is slope of calibration curve.

3.5.3.3 Reproducibility and precision study

The stability cf the G/PVP/PANI composite-modified SPCE เท 
multiple analyses 30 replicates without the replacement of the electrode, under the 
optimal conditions was evaluated. The reproducibility of G/PVP/PANI nanocomposite- 
modified SPCE was investigated from 10 different electrodes. To determine the 
precision of electrode, intra-day and inter-day repeated measurements were 
investigated using the same electrode. The precision was estimated from %RSD

standard deviation (SD)%RSD = ------------— -------------xioo (3.1)mean

3.5.4 Application in real samples

3.5.4.1 The simultaneous determination of parabens in real 

samples

Two real samples, i.e. a soft drink and a cosmetic product 
(makeup remover) were purchased from the local supermarket. The standard 
addition method was used to evaluate the quantitation of MP, EP, pp, BP and IBP in 
real samples.

3.5.4.2 Accuracy

Accuracy was estimated from the %Recovery and also 
estimated by comparison with u v  detection, the traditional detection using a 
student’s t-test with the equation as shown below.
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%Recovery= (A-B)
c

x i o o (3.2)

Where A is concentration of analyte found in spiked sample, B 
is concentration of analyte found in unspiked sample and c is concentiation of 
spiked standard เท final solution.

Where

x,-x.

I  ( 'v O + i +(nr ' \  2
K

1 ท 1+ ก 2 -2

(3.3)

(3.4)

Where X- mean, ท = number of participants, 1 = group one, 2 
= group two, ท1+ท2-2 is the number of degrees of freedom for either group.
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