
CHAPTER IV

R E S U L T S  A N D  D IS C U S S IO N

4.1 M e th o d  o p t im iz a tio n

4.1.1 T ypes o f  o rgan ic  e x tra c tin g  s o lv e n t

From flu x  equation  in section 2.1.4, d iffusion coe ffic ien t (ว;) o f th e  ana lyte  in 

SLM is one o f param eters th a t a ffect th e  flu x  o f analyte, w hich is c o n tro lle d  by typ e  

o f so lven t used as th e  SLM [9], The specific properties fo r so lven t to  enab le  

e lectrok ine tic  m igration are required. First, th e  organic so lven t shou ld  be im m iscib le  

in w ater to  p reven t losing from  th e  pores o f th e  h o llo w  fiber m em brane and p reven t 

dissolving in th e  donor so lu tion  during agitation [10]. Second, th e  po la rity  o f so lven t 

shou ld  be sim ilar to  po lyp ro p y le n e  fiber fo r p rope rly  im m ob iliza tio n  in th e  porous 

w a ll [52], Third, th e  so lven t shou ld  have higher boiling po in t to  avoid losses during 

extraction  by Joule heating, which is th e  resu lt o f high current flow ing in th e  system 

leading to  unstab le  EME system  [53], Fourth, th e  so lven t shou ld  have high resistance 

to  support a re la tive ly  lo w  current f lo w  in the  system and to  p revent b u b b le  

fo rm ation  at the  tw o  e lectrodes [21]. เท add ition , it should  have suitab le  viscosity 

th a t a llow s analyte  to  go through SLM easily.

Based on these considerations, fo u r types o f organic solvents including 

n itro p h e n y lo c ty le th e r (NPOE), 1-octanol, 1 -hep tano l and l-octano l/N P O E  were 

stud ied based on the ir po la rity  and viscosity properties. Besides, add ition  o f ionic 

carrier as anionic exchanger; i.e., m e th y ltr io c ty la m m o n iu m  ch lo ride  (A liquat 336) in 

organic solvents w ere also studied.

The enrichm ent factors o f Cr(VI) o b ta ine d  from  th e  e lectrica l fie ld  assisted 

LPME are shown in Figure 4.1. 1 -heptano l y ie lded  slightly b e tte r en richm ent facto r 

com pared to  1-octanol p robab ly  because 1 -hep tan o l is slightly less viscous than 1- 

octano l. Surprisingly, NPOE, w hich had been w orking very w e ll in the  EME systems for 

organic acid or basic com pounds, did n o t w o rk  fo r extraction o f m e ta l ions. The 

reason m ight be th a t NPOE is to o  viscous to  restrict the  ionic transfer. M oreover,
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NPOE has higher log p va lue  than l-h e p ta n o l and 1-octanol. So, NPOE is h ighly 

hydrophob ic  th a t th e  ionic m e ta l w o u ld  hardly go through. Enrichm ent factors 

obta ined from  using l-h e p ta n o l/A liq u a t3 3 6  (90/10% ), l-o c ta n o l/A liq u a t3 3 6  (90/10% ) 

and l-oc tano l/N P O E /A liqa t336  (90 /5 /5% ) w ere considerab ly  higher than those 

obta ined from  using pure organic so lvent. l-h e p ta n o l/A liq u a t3 3 6  gave th e  highest 

enrichm ent factor; hence, it was chosen fo r th e  SLM. The concen tra tion  o f 

A liquat336 in l-h e p ta n o l was stud ied in section 4.1.2.

80

Figure 4.1 E ffe c t o f  typ e s  o f  o rgan ic  e x tra c tin g  s o lv e n t on  e n r ic h m e n t fa c to r  fo r  

e le c tr ic a l f ie ld  assisted LPME o f  Cr(VI) in  a q u e o u s  d o n o r  s o lu tio n  (Cr(VI) 30 pg L 

; n=3; a c c e p to r s o lu tio n : NaOH 0.5 M; e x tra c tio n  t im e : 5 m in ; a p p lie d  vo lta g e : 

30 V; s tirring speed : 1000 rp m )
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T a b le  4.1 P rope rties  o f  o rgan ic  s o lv e n t

Solvent
Boiling 

point CO

Viscosity

(mPa-s)

Dielectric

constant (hyd

Log p

rophobicity)

Dipole

moment

(Debye)

1-heptanol 176.45 A 5.81 A 11.75 A 2.62 A 1.71 B

1-octanol 195.16 A 7.29 A 10.30 A 3.07 A 1.80 A

NPOE 198 c 13.8 D 24.0 c 5.80 E 4.33 F

Aliquat336 225 G 1450 H - 5.33 B -

References A: [54], ธ: [55], C: [56], D: [57], E: [58], E: [59], F: [60], G: [61], H: [62]

4.1.2 C o n c e n tra tio n  o f  A liq u a t3 3 6

A liquat336 was o rien ta te d  in th e  e lectrica l fie ld  w ith  p a rtly  ionized 

am m onium  group direct tow ards th e  aqueous sam ple-m em brane interface and the  

hydropho b ic  chains in to  th e  SLM. Ion-pairing fo rm a tio n  occurs at these positive sites 

w ith  anionic m e ta l th a t fac ilita tes th e  m e ta l entrance in to  th e  SLM; there fo re , it 

p rom otes the ir transports in to  th e  organic phase [9],

Since add ition  o f A liquat336 in organic so lven t o ffe red im p ro ve m e n t in EME 

efficiency, concentra tions o f A liquat336 in organic so lven t at various ratios; i.e., 0, 1, 

5, 10 and 20% (v /v) were op tim ized . Figure 4.2 illus tra ted  th a t the  e n richm ent factors 

o f Cr(VI) increased w ith  increased concentra tions o f A liquat336 in 1 -hep tan o l from  0 

to  1% (v/v) and w ere steady at th e  concentra tions o f A liquat336 in 1 -hep tan o l from  

1 to  5% (v/v). Nevertheless, th e  en richm ent facto r decreased w hen the  

concentra tions o f A liquat336 in 1 -hep tano l w ere m ore  than 5%. It appears th a t 

increasing in A liquat336 increases its viscosity; consequ en tly  th e  ionic transfer m ight 

have been im peded. Furtherm ore, add ition  o f high concentra tion  o f A liquat336 leads 

to  decrease th e  e lectrica l resistance in SLM and increase th e  current f lo w  in the  

system th a t m ay generate Joule  heating resulting in unsatisfactory extraction 

efficiency. M oreover, A liquat336 m ust provide excessive active sites fo r exchanging
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w ith  th e  Cr(VI) ion at th e  working concen tra tion  range. Thus, 5% A liquat336 in 1 - 

h e p ta n o l was chosen as th e  SLM.

200

Figure 4.2 E ffe c t o f  c o n c e n tra tio n  o f  A liq u a t3 3 6  in 1 -h e p ta n o l o n  e n r ic h m e n t 

fa c to r  fo r  e le c tr ic a l f ie ld  assisted LPME o f  Cr(VI) in a q u e o u s  d o n o r  s o lu tio n . 

(Cr(VI) 10 pg L ท =3; a c c e p to r s o lu tio n : NaOH 0.5 M; e x tra c tio n  t im e : 5 m in ;

a p p lie d  vo lta g e : 30 V; s tirring  speed: 1000 rp m )

4.1.3 T yp e  and c o n c e n tra tio n  o f  a c c e p to r s o lu tio n

Since th e  transfer o f Cr(VI) was based on ion-exchange m echanism , th e  driving 

force  o f mass transfer th rough SLM cou ld  be p ro m o te d  by th e  gradient o f  counter 

ion fro m  th e  acceptor to  th e  donor phase [63], Therefore, concentra tions and typ e  o f 

acceptor so lu tion  were studied fo r high extraction  efficiency.

Types o f acceptor so lu tion  stud ied in th is w ork  w ere NaOFI (pH 13) and NaCl 

(pH 7). As seen in Figure 4.3, using NaOH as th e  acceptor so lu tion  gave higher 

en richm ent facto r fo r extraction o f Cr(VI) than  using NaCl. The reason m ight be the  

d isturbance o f chem ical equ ilib rium . The extraction  equ ilib rium s w ere shown below.
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เท case o f NaQ as acceptor (pH 7)

R,CH,N+CE, + HCrO," ^  R,CH,N+HCrO. + CE(ri, Equation 4.1J J (mem) (d) J J 4 (mem) vu'

R,CH,N+HCrO ■ _ + CE- R,CH,N+CE, + HCrO/, 1 Equation 4.2J d 4 (mem) vd; ว J  (mem) 4 (a) '

เท case o f NaOEl as acceptor (pH 13)

R ,C H ,N +OH' _  + HCrOfl', ^  R ,CH,N+HCrO ' + OH',ri, Equation 4.3ว ว (mem) 4 (d) ว ว 4 (mem) vu'  1

R ,C H ,N +HCrOa" _  + R ,CH,N+OH', + HCrOa;  1 Equation 4.4D D 4 (mem) '■d; ว -1 (mem) 4 (a) 1

W here RjCE^hTci represents th e  A liqua t 336 and subscripts (mem)_ (d) 1 (a) indicate 

th e  loca tion  o f th e  species เท m em brane, d o n o r so lu tion  and acceptor so lu tion , 

respectively.

เท th e  case o f NaOH as th e  acceptor so lu tion , where th e  pH was 13, HCrOq 

was c o m p le te ly  tu rned  to  C r0 42 as seen in Equation 4.5 and th e  e qu ilib rium  o f 

Equation 4.4 was driven forw ard  resulting in th e  m ore HCr04 being transferred from  

th e  d o n o r so lu tion  [64],

HCrOq+ OH ^  H20+C rO q Equation 4.5

HCrOq ^  C r04"+ H+ (pKa = 6.49) Equation 4.6

เท th e  case o f NaCl as the  acceptor so lu tion , where the  pH was 7, H C r04 was 

n o t c o m p le te ly  tu rned  to  C r0 42 because th e  pH o f th e  acceptor so lu tio n  was around 

pKa o f HCrOq (Equation 4.6). Thus, th e  equ ilib rium  o f Equation 4.2 in NaCl was 

driven forw ard less than in NaOH as th e  accep to r so lu tion .

Then NaOH was chosen as th e  accep to r so lu tion . NaOH w ith  various 

concentra tions from  0 M to  1.5 M w ere stud ied. According to  Figure 4.4, no extraction 

occurred at 0 M NaOH. The enrichm ent facto r increased as increased NaOH 

concentra tions in the  acceptor phase. However, a t th e  concentra tion  o f NaOH m ore 

than  1.0 M, th e  en richm ent fac to r was sligh tly  d ropped . The saturation o f th e  analyte  

and hydroxide ions in the  acceptor so lu tion  m ay lead to  mass transfer resistance 

causing boundary layer o f ions a t the  in terface o f th e  acceptor so lu tion  and th e  SLM 

resulting in back-extraction based on passive transpo rt [19],
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Figure 4.3 E ffe c t o f  ty p e s  o f  c o u n te r  io n  in a c c e p to r s o lu tio n  o n  e n r ic h m e n t 

fa c to r  fo r  e le c tr ic a l f ie ld  assisted LPME o f  Cr(VI) in  a q u e o u s  d o n o r  s o lu tio n . 

(Cr(VI) 10 pg L ท =3;  organ ic m e m b ra n e : 5%  A liq u a t3 3 6  in 1 -h e p ta n o l; 

e x tra c tio n  t im e : 5 m in ; a p p lie d  vo lta g e : 30 V; s tirring  speed: 1000 rp m )

Figure 4.4 E ffe c t o f  C o n c e n tra tio n  o f  NaOFI on  e n r ic h m e n t fa c to r  fo r  e le c tr ic a l 

f ie ld  assisted LPME o f  Cr(VI) in a q u e o u s  d o n o r  s o lu tio n . (Cr(VI) 10 pg L ท =3; 

o rgan ic  m e m b ra n e : 5 %  A liq u a t3 3 6  in 1 -h e p ta n o l; e x tra c tio n  tim e : 5 m in ; 

a p p lie d  vo lta g e : 30 V; s tirring  speed: 1000 rp m )
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4.1.4 E xtrac tion  t im e  and  a p p lie d  v o lta g e

The e lectrica l fie ld  prom otes th e  EME process in tw o  im p o rta n t ways; first is 

enhancing the  ana lyte  d is tribu tion  over th e  aqueous sam ple-m em brane  interface 

and second is im proving mass transfer o f th e  ana lyte  across the  SLM by 

e lectrok ine tic  m igration, w hich co u ld  be described by Nernst-Planck flu x  equation  

[41] th a t described in section 2.1.4 [65],

เท this work, applied voltages and extraction  tim es w ere studied 

sim ultaneously. Due to  reducing energy consum ptio n  and safety reason, voltages in 

th e  low er range w ere  studied. Thus, th e  vo ltage app lied  across th e  SLM was 

op tim ized  in th e  range o f 0-50 v o lt  and th e  extraction  tim e  was varied fro m  1-30 

min.

Figure 4.5 shows th a t th e  en richm ent facto r o f Cr(VI) increased considerably 

w ith  increased voltages and reached highest at 50 vo lt. เท add ition , th e  en richm ent 

facto r o f Cr(VI) at a ll voltages increased w ith  increased extraction  tim es bu t a fter 

reaching equ ilib rium , th e  en richm ent factors decreased gradually. There are tw o  

assum ptions th a t m ay be th e  reason w hy th e  en richm ent facto r declined m o d e ra te ly  

at th e  longer extraction tim e. One is the  saturation o f the  ana lyte  in the  acceptor 

phase th a t cou ld  lead to  mass transfer resistance causing boundary layer o f ions at 

th e  interfaces o f th e  acceptor so lu tion  and SLM resulting in back-extraction based on 

passive transport. A no ther reason is th e  high, current leve l th a t co u ld  generate heat 

due to  Joule heating and cause e lectro lysis occurring at th e  e le c tro d e  resulting in 

losses o f so lven t and acceptor so lu tion  due to  heat and b u b b le  fo rm a tio n  at th e  

surface o f e lectrodes, respective ly [8, 11, 19, 31].

For the  re la tion  betw een vo ltage and tim e , at 0 and 10 v o lt, EF o f Cr(VI) w e n t 

up gradually and reached equ ilib rium  at 15 m in whereas at 20, 30 and 50 v o lt, EF 

rose dram atica lly  and reached equ ilib rium  at 10 m in. The resu lt show ed th a t 

extraction at low er vo ltage to o k  longer tim e  to  reach equ ilib rium . Even though, 10 

m in extraction tim e  y ie lded  th e  highest sensitivity and en rich m e n t facto r b u t the  

repeatab ility  was n o t so good fo r extraction in real samples. Accordingly, extraction
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tim e  o f 5 m in, which provided  lim it o f  d e te c tio n  (LOD) b e lo w  th e  MCL o f Cr(VI) 

recom m ended by WHO was chosen for extraction  tim e  w ith  satisfactory precision.
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Figure 4.5 E ffe c t o f  e x tra c tio n  t im e  and  a p p lie d  vo lta g e  o n  e n r ic h m e n t fa c to r  

fo r  e le c tr ic a l f ie ld  assisted LPME o f  Cr(VI) in a queo us  d o n o r  s o lu tio n . (Cr(VI) 5 

pg L ท =3; organ ic m e m b ra n e : 5%  A liq u a t3 3 6  in 1 -h e p ta n o l; a c c e p to r s o lu tio n : 

NaOH 0.5 M; s tirring  speed: 1000 rp m )

4.1.5 S tirring speed

The mass transfer o f ana lyte  cou ld  be enhanced by stirring in th e  donor 

phase during th e  extraction process to  im prove th e  physical m o ve m e n t o f th e  ionic 

ana lyte  in th e  bu lk  so lu tion  and to  decrease th e  thickness o f th e  boundary  layer at 

th e  interface betw een th e  d ono r phase and th e  SLM. เท this w ork, th e  stirring rates in 

th e  d o n o r phase were stud ied in the  range o f 0-1000 rpm.

As seen in Figure 4.6, the  en richm ent facto r w e n t up d ram atica lly  w ith  

increased stirring rates from  0 rpm  to  100 rpm  th e n  rem ained steady after 100 rpm  

to  500 rpm  and decreased s low ly  at higher stirring rates a fte r 500 rpm . At th e  high
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stirring rate, th e  m agnetic bar m oved vigorously and som etim es h it th e  fiber th a t 

a ffect precision o f th e  extraction because th e  acceptor so lu tion  m ay be lost during 

th e  extraction. The enrichm ent fac to r in th e  stagnant sam ple so lu tion  (0 rpm ) system 

was around 350, which was a resu lt o f o n ly  e lec trok ine tic  m igration. The enrichm ent 

facto r in th e  agitated so lu tion  was around 650, which was a result o f bo th  

e lec trok ine tic  m igration and convection . The results show ed th a t th e  stirring cou ld  

p o te n tia lly  enhance th e  extraction efficiency. Hence, the  stirring rate o f 500 rpm  was 

chosen for th e  experim ents providing satisfactory repeatab ility .

Figure 4.6 E ffe c t o f  s tirring  speed  o n  e n r ic h m e n t fa c to r  fo r  e le c tr ic a l f ie ld  

assisted LPME o f  Cr(VI) in a q u e o u s  d o n o r s o lu tio n . (Cr(VI) 3 pg L 1; ท =3; organ ic 

m e m b ra n e : 5%  A liq u a t3 3 6  in 1 -h e p ta n o l; a c c e p to r s o lu tio n : NaOH 1.0 M; 

e x tra c tio n  tim e : 10 m in ; a p p lie d  vo lta g e : 30 V)

The o p tim a l param eters o f e lectrica l f ie ld  assisted LPME for extraction  and 

de te rm in a tion  o f Cr(VI) ion are sum m arized in Tab le  4.1. The to ta l analysis tim e  was 

ab o u t 10 m inutes per 1 sam ple.
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T a b le  4.2 O p tim u m  c o n d itio n s  o f  e le c tr ic a l f ie ld  assisted LPME fo r  

d e te rm in a tio n  o f  c h ro m a te  ion

Parameters

Length o f h o llo w  fiber m em brane 

Extracting so lven t (organic m em brane) 

A cceptor so lu tion 

Extraction tim e 

A pp lied  voltage 

Sam ple vo lum e  

Stirring rate 

T o ta l analysis tim e

O ptim um  

8 cm

5% (v/v) A liquat336 in 1-heptano l

1.0 M NaOH 

5 m in 

30 V 

28 ทาL 

500 rpm  

10 m in

4.2 M e th o d  e v a lu a tio n

4.2.1 E va lua tion  o f  e x tra c tio n  in  p u re  m il l i  Q w a te r

The m ethod  was evaluated w ith  respect to  param eters includ ing linearity, 

precision, accuracy, lim its o f de tec tion  (LOD), recovery and m atrix e ffect.
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Figure 4.7 W orking range o f  Cr(VI) d e te rm in e d  b y  e le c tr ic a l f ie ld  assisted LPME 

in m il l i  Q w a te r
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The ca lib ra tion  curve fo r d e te rm in a tio n  o f  Cr(VI) was prepared based on 

extraction  o f Cr(VI) spiked m illi Q water. The linear working range was established in 

th e  range o f 3 to  1 5  pg L \  From Figure 4 . 7 ,  good linearity  was ob ta ined  w ith  

coe ffic ien t o f de te rm ina tion  (RZ) = 0 . 9 9 6 0 .  The linear regression equation  was y  =

0 . 0 6 7 1 X  -  0 . 0 0 0 7 .

Repeatability o r intra-day precision o f th e  m e th o d  was investigated by 

rep lica te  extraction and de te rm ina tion  o f spiked Cr(VI) at 1 0  pg L 1 in m illi Q w ater in 

th e  same day under th e  o p tim a l cond itions. R eproducib ility  or in ter-day precision o f 

th e  m e th o d  was assessed by rep licate  ex trac tion  and de te rm in a tio n  o f spiked Cr(VI) 

at 1 0  pg L 1 in m illi Q w a te r fo r five consecutive  days under th e  o p tim a l conditions. 

The re la tive standard deviations are show n in Table 4.3. It indicates th a t th e  m e th o d  

provides acceptab le  precision [66],

T a b le  4.3 A n a ly t ic a l m e rits  o f  e le c tr ic a l f ie ld  assisted LPME o f  Cr(VI) sp iked  m illi 

Q w a te r

M ethod  evaluation 

Linear equation 

C orre la tion coeffic ien t (R2) 

Enrichm ent facto r (EF) 

LOD (pg L'1)

Precision

%RSD Intra-day (ท=3) 

%RSD Inter-day (ท=5)

M illi Q w ater 

y = 0.067 lx-0.0007 

0.9960 

216 

1.4

4

12

Furtherm ore, th e  en richm ent fac to r o f  th e  m e th o d  fo r extraction  o f Cr(VI) was 

a pprox im ate ly  216 (Table 4.3), ca lcu la te d  based on th e  ratio  o f th e  fina l 

concen tra tion  o f  Cr(VI) in th e  acceptor phase to  th e  in itia l concen tra tion  o f Cr(VI) in 

th e  d o n o r so lu tion  (Equation 3.4).
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4.2.2 Matrix e ffect

The e ffec t o f  o the r ions th a t m ay in terfere  th e  extraction  effic iency was 

investigated. There w ere  th ree  com m on  species including C l, SO„2 and HP042 tha t 

w ere studied under th e  op tim ized  conditions. Cr(VI) so lu tions o f  3 pg L 1 w ere m ixed 

w ith  each species at various concentra tions from  0 to  30,000 pg L 1 and proceeded 

th e  e lectrica l fie ld  assisted LPME.

As illus tra ted  in Figure 4.8, th e  EF o f Cr(VI) w ere n o t d iffe re n t in th e  presence 

o f th e  co m m on  ions at th e  concentra tions ranging from  0 to  300 pg L \  The EF w e n t 

dow n significantly in th e  presence o f th e  co m m o n  ions a t th e  concentra tions m ore  

than  300 pg L 1 and Cr(VI) was n o t d e te c te d  at th e  concentra tions o f th e  co m m o n  

ions greater than  30,000 pg L \  The results show ed th a t to le rances o f  co m m o n  ions 

fo r th e  extraction o f  Cr(VI) w ere in th e  range 0.03 - 300 pg L 1 fo r Cl and in th e  range 

o f 0.03 - 3 pg L 1 fo r SOq2 and HPCT)2 .

เท add ition , th e  presence o f ionic salts in high conce n tra tio n  in th e  d o n o r 

so lu tion  cou ld  lead to  b ubb le  fo rm a tion  at th e  e lectrodes during extraction  affecting 

th e  stab ility  o f th e  system . There m ay be due to  tw o  assum ptions. One is th a t th e  

high concentra tion  o f  ionic salts; i.e., NaCl co u ld  increase th e  conducta nce  o f the  

d o n o r so lu tion  and a llo w  the  e lectro lysis to  occur at th e  e lectrodes. The o th e r is 

high concentra tion  o f ionic salts led to  high ion balance (x) show n in equation  2.14 in 

section 2.1.4), w hich is th e  ratio o f to ta l ionic concentra tion  in th e  d o n o r so lu tion  to  

th a t in th e  acceptor so lu tion  and led  to  lo w  flu x  o f ana ly te  across th e  SLM in to  

acceptor phase [52],
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Figure 4.8 E ffe c t o f  c o n c e n tra tio n  o f  in te rfe r in g  ion  ( C l , s o /  a n d  H P 0 42 ) on 

e n r ic h m e n t fa c to r  fo r  e le c tr ic a l f ie ld  assisted LPME o f  Cr(VI) in  a q u e o u s  d o n o r  

s o lu tio n . (Cr(VI) 3 pg L ท =3; o rgan ic  m e m b ra n e : 5%  A liq u a t3 3 6  in 1 -h e p ta n o l; 

a c c e p to r s o lu tio n : NaOH 1.0 M; e x tra c tio n  t im e : 10 m in ; a p p lie d  v o lta g e  30 V; 

s tirring  ra te : 500 rp m )

4.2.3 E va lua tio n  o f  e x tra c tio n  in  w a te r sam ples

The proposed m e thod  was applied to  c u  pond  w ater and fo u r drinking 

waters; drinking w ater A, B, c  and D.

Calibration curves w ere established in drinking w aters A and B in th e  range o f 

3 to  15 pg L \  The results are sum m arized in Table  4.4. According to  ANOVA, the  

slopes o f  th e  linear equations ob ta ine d  using drinking w ater w ere n o t significantly 

d iffe ren t from  th e  s lope ob ta ined  using m illi Q w ater (see Appendix Figure A.1-A.2, 

Table  A.3-A.5). It indicates th a t m atrix in drinking w ater A and B do  n o t a ffect th e  

extraction  efficiency. Good linearity  was obta ined w ith  coe ffic ien t o f  d e te rm in a tio n  

๙ ) .

The re la tive standard deviations o f bo th  drinking waters w ere in th e

acceptab le  range recom m ended  by AOAC In te rna tiona l [66], The en rich m e n t facto r



49

M oreover, th e  accuracy was investigated by recovery study. The recovery was 

d e te rm in e d  by th e  analysis o f spiked drinking w ater sam ple conta in ing know n 

am ounts  o f Cr(VI) at 10 pg L \  The recoveries ob ta ine d  from  drinking w ater A and B 

show n in Table 4.4 w ere in satisfactory values recom m ended  by AOAC In ternationa l

[66] indicating th a t the  m e th o d  provides good accuracy.

Drinking w ater c, drinking w ater D and c u  pond  w ere extracted by the  

e le c trica l fie ld  assisted LPME m ethod. A ll o f  these sam ples encoun te red  extraction 

p rob lem s. The co m m o n  p ro b le m  was a b u b b le  fo rm ation  during extraction . It was 

expected  th a t the re  w ere lo ts  o f ionic ions acted as an e le c tro ly te  in such sam ples 

th a t c o u ld  cause high curren t across th e  liqu id  m em brane resulting in e lectro lys is  to  

occur a t th e  e lectrodes as described in section 4.2.2.

From th e  d iffe re n t results, they  w ere devided in to  tw o  groups; first is 

prom ising extraction w hich th e  sam ples are drinking w ater A and B. The o the r group 

is unw orked  extraction th a t the  sam ples are drinking w ater c, อ  and c u  pond  water. 

The d iffe rence o f these tw o  group sam ples is conductance  o f each sam ple. The first 

group has lo w  conductiv ity . The o the r has high conductiv ity . Table 4.5 show ed the  

co n d u c tiv ity  de te rm ined  in such samples. It m ay suggest th a t sam ples w ith  high 

co n d u c tiv ity  m ay cause a p ro b le m  w ith  the  e lectrica l fie ld  assisted LPME m ethod . 

Further investigation m ay be needed.

o b ta in e d  from  extraction  o f drinking w ater A and B w ere sim ilar to  th a t o f  m illi Q

water.
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T a b le  4.4 A n a ly t ic a l m e rits  o f  e le c tr ic a l f ie ld  assisted LPME o f  Cr(VI) sp iked

sam ples

M ethod

eva luation
Drinking w ater A Drinking w ater B

Drinking 

w ater c

Drinking 

w a te r D

CU

pond

w ater

Linear

equation
y = 0.0708X+0.0149 y = 0.0579X+0.0269 N/D N/D N/D

C orre la tion

coeffic ien t

๙ )

0.9809 0.9946 N/D N/D N/D

Enrichm ent 

factor(E F)
185 220 N/D N/D N/D

RSD (%), 

(ท =3)
< 14.4 <13.9 N/D N/D N/D

LOD (pg L ') 3.5 1.0 N/D N/D N/D

% Recovery 

(spiked 10 

L"1)

104.3% 86.7% N/D N/D N/D

T a b le  4.5 C o n d u c tiv ity  (ps cm  *) o f  sa m p le  s o lu tio n

S am ple  s o lu tio n

M illi Q

Drinking w ater 1 

Drinking w ater 2 

Drinking w ater 3 

Drinking w ater 4 

c u  pond

C o n d u c tiv ity  (ps cm  J)

2.70-3.00

19.3-19.4

20.8-21.1

640-643

302-304

476-477
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4.2.4 C om parison  b e tw e e n  th e  p ro p o s e d  m e th o d  a n d  th e  s ta n d a rd  m e th o d  

(ICP-OES) fo r  e x tra c tio n  and  d e te rm in a tio n  o f  Cr(VI)

The m e th o d  fo r de te rm ina tion  o f Cr(VI) in drinking w ater sam ples w ere 

com pared be tw een our proposed m e th o d  and th e  standard m e th o d  (บ.ร. EPA 

m e th o d  200.7) using inductive ly  coup led  plasm a op tica l emission spectrom etry  (ICP- 

OES). The drinking w ater sam ples w ere purchased from  loca l m arkets in Bangkok. 

Cr(VI) was spiked to  th e  sam ples at 50 pg L \  The results are show n in Table  4.6. 

According to  th e  t-tes t, there  were no significant differences observed be tw een  th e  

results ob ta ined  from  b o th  m ethods (p>0.05) (see Append ix Tab le  A.1-A.2).

T a b le  4.6 C om p a riso n  o f  th e  a m o u n t o f  Cr(VI) in  d rin k in g  w a te r sa m p le s  

d e te rm in e d  by  th e  p ro p o se d  m e th o d  a n d  th e  s ta n d a rd  m e th o d  (บ .ร . EPA 

m e th o d  200.7)

Spiked Cr(VI) 50 pg L 1

Sam ple
Proposed m e th o d

ICP-OES

(U.S.EPA m e th o d  200.7)

Found Cr(VI) pg L 1 ± SD Found Cr(VI) pg L 1 ± SD

(n=3) ๒ = 3 )

Drinking w ater A 54.0 ± 6.0 58.5 ± 0.1

Drinking w ater B 56.5 ± 2.9 59.6 ± 1.4
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