CHAPTER 111

EXPERIMENTS

3.1 Instrument and apparatus

3.1.1

3.1.2
3.13

3.1.3
3.1.6
3:1%
3.1.8
5158

3.1.10
3.1.11
3.1.12
3.1.13
3.1.14
3.1.15

Gas chromatograph 6890N with ®*Ni microelectron capture detector

(GC-puECD) system (Agilent Technologies, USA)

7683 Auto sampler (Agilent Technologies, USA)

Capillary column DB-3 | 5% diphenyl) dimethyl polysiloxane)

30 m x 0.25 mn i.d., 0.25 ickness (J&W Scientific, USA)

ol DB-1701 Myanopropyl-phenyl) dimethyl
% 052 mm i 27025 pm film thickness (J&W

tip 100-1000 pL (Brand,

, Australia)

' 4 y, Switzerland)
: . mL (Alltech, USA)

Magnetic stirring bar (Spinbar)

RPN 1N (0} m i

ARSI AT eA ..

3.1.18

3.1.19

100 pL pulled point conical glass inserts (Agilent Technologies,
USA)

Accurel Q 3/2 polypropylene hollow fiber membrane, inner diameter
600 pm, wall thickness 200 pm, pores size 0.2 pm (Membrana,
Wuppertal, Germany)
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3.1.20 Vifil 4040 polysulfone hollow fiber membrane, inner diameter
approximately 1100 pm, wall thickness approximately 270 pm (via
microscope) (Ultrapure, Bangkok, Thailand)

3.1.21 Milli Q, Ultrapure Water Systems, with Millipak® 40 FilterUnit 0.22
um, model Millipore ZMQS 5 VOOY, Millipore, USA

General glassware in laboratory

Owing to that THMs and HAAs are ubiquitously found in tap water and may

yf e was thoroughly cleaned wusing
ter and dried in an oven at 150 °C

contaminate the extraction devi

3.2 Chemical reagents

3.2.1 Standard ¢

AT LI
Table 3.1 Purity and c%cenuaﬁbﬁ"éﬁ%i’té&} HMs'in the standard mixture solution.
Analyte S Duiity (%) Cancentration (ug/mL)
fr. oaas
Chloroform (CHCl3) |-I 97.8
Bromodichloromethane (CHCI,Br) 99.9 103.6

it AN SN
ARAASNTOLUBAIN LR o

ether (MTBE) were purchased from Supelco (Lot no. LB19486, Bellefonte, PA,

USA). The components in the standard solution of HAAs and their purities were

presented in Table 3.2.
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Table 3.2 Purity and concentration of each HAAs in the standard mixture solution.

Analyte Purity (%)  Concentration (pg/mL)
Monochloroacetic acid (MCAA) 98.3 611.5
Monobromoacetic acid (MBAA) 99.9 409.5
Dichloroacetic acid (DCAA) 97.5 606.7
Trichloroacetic acid (TCAA) 98.8 207.5
Bromochloroacetic acid (BCAA) 99.9 403.8
Bromodichloroacetic acid (BDCAA) 99.9 418.6

Dibromoacetic acid (DBAA) 209.5
Chlorodibromoacetic acid 1047
Tribromoacetic acid (TBAA)Y = —96:6~ 2102

A standard mixture ] 00-20 p/mL haloacetic methyl ester in

upelco (Lot no. LB22935,
ution of THMs and their

methyl tert-butyl ether (
Bellefonte, PA, USA).

purities were presented i

Table 3.3 Purity and conce etic methyl ester in the standard

mixture solution.

Analyte centration (ng/mL)
Monochloroacetic & 578.6
Monobromoacetic acid methyl ¢ 396.4
Dichloroacetic acid methyl ester s 997 602.6
Tnchloroaceﬂa%:&}hq %E‘I m j wﬂ q ﬂ j 199.2
Bromochloroabetic acid methyl estg.r 99, 7 398 1

Bro est
RN TN
Chlorodibromoacetic acid methyl ester 99.9 1014

Tribromoacetic acid methyl ester 99.9 1988
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3.2.2 Organic solvents

1-Octanol (299.5%), Dihexyl ether (297%) and Dodecane (>90%) were
purchased from Fluka (Steinheim, Germany). Methanol (ACS reagent grade) and
acetone were obtained from J.T. Baker (Phillipsburg, NJ, USA).

3.2.3 Other chemicals
98% Sulfuric acid (GR for analysis) was obtained from Merck (Darmstadt,

Germany). Sodium sulfate (AR grade) was purchased from Fisher scientific

(Leicestershire, UK). Helium ,ﬂg d Nitrogen (99.999%) for gas
chromatographic were obtam sow Thailand).
All blank and sthnS‘fwe using Milli-Q water, which

was boiled for 1 hour. / /

that contained 1.9 mL methanol ‘%vyz} »!;5. mmediately closed with aluminum
AL =

crimp cap and stored l,lﬂthe freezer

3.3.2 The HAAgtoc'k"
The stock solutionof 10-100 pg/mL HAAs in water was prepared by pipetting

100 pL of the sﬁd%d E}(@% %@Wﬂ&}aﬂ@s into a 2-mL clear

vial that containéd 1 mL water. Sub%equent the MTBE layer was blown off with a

gentle SW‘ET ﬁfﬁ f&g ”%fweﬂ? ﬁ E‘)é'je g'l.he same vial.
The vial was immediately closed aluminum crimp cap and stored at 4 °C in the

refrigerator. The final volume of HAAs stock standard solution was 2 mL.

3.3.3 The haloacetic methyl ester stock solution

The stock solution of 200-2000 pg/L haloacetic methyl ester in dodecane was
prepared by pipetting 100 pL of standard mixture solution of 200-2000 pg/mL
haloacetic methyl ester into a 2-mL clear vial that contained 1.9 mLL MTBE. The 40
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nL of this mixture solution was once again diluted into 2-mL clear vial that contained
1.96 mL dodecane. The vial was immediately closed with aluminum crimp cap and

stored at 4 °C in the refrigerator.

3.4 Gas chromatographic conditions

Analysis of THMs and HAAs was performed using GC-pECD. The GC
condition of THMs and HAAs was shown in Table 3.4 and Table 3.5, respectively.

Table 3.4 The gas chromatographiq\,_ analysis of THMs.

GC Parameters

Carrier gas

Injector

Analytical column

Oven

Detector

Make up gas

GC Parameters

Carrier gas

@uilm, L 1)
Injector Spitmode; split ratiogl 0:1, 270 °C

Analytical cohmﬂ u pB ’g%%@ﬁ“ﬂ@lﬂ @mhyl polysiloxane)

30 m x 03219m1d 0.25 pmﬁlmthlckness

oo AR NSRS ARTIN PGB o
increase to 270 °C at 15 °C/min and maintained at 270 °C for
20 min to eliminate any residual

Detector Electron capture detector, 300 °C

Make up gas Nitrogen, 60 mL/min
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3.5 Determination of immobilized organic solvent volume in the pores of the
hollow fiber membrane

Before extraction by LPME, hollow fiber membrane was impregnated in an
organic solvent to immobilize organic solvent in the pores. The volume of the organic
solvent in fiber preparation may have varied and therefore the consistence of organic
solvent volume in the pores was investigated.

First, the empty hollow fiber membrane was weighed (W;). Then, the pores of
the hollow fiber membrane were filled with an organic solvent (1-octanol was used

for this study) by dipping the hollq‘\k\‘\ ‘Wnbrane in the organic solvent for
impregnation. Because the h(ﬂf)‘\w. ﬁbér &s hydrophobic membrane, the

organic solvent was automalmned into mf hollow membrane by the
f‘,--" 1ur.n§lw“\i-@éer was removed by blown

capillary force. The organiC so

(3.1)

Where ¥, is volume of org'z{iﬁéfs'owmlﬂm pores. D is specific density of
organic solvent. m is mass of organic solvent immob lized in the pores. The
experiment was repeated several times. Stand: on-was using to represent the

consistence of the volumé of organic solvent in the pores.J“llhe results were shown in

== UG ANININYINS

3.6 Liquid-phase microextraction récedure for PHMs extractiofi

NS bl bR FdHLEhN Bt
environmenial friendly method using liquid-phase microextraction for the
determination of trihalomethanes in water samples. Simple conditions such as
extraction at room temperature, no stirring and no salt addition were attempted. The
extraction procedure for THMs can be briefly described as follows:

Before use, polypropylene hollow fiber membrane was sonicated in acetone
for several minutes to remove any contaminants, whilst polysulfone hollow fiber

membrane was sonicated in methanol. The fiber was removed and allowed to
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completely dry. The configuration of liquid-phase microextraction system was
adopted from Pedersen-Bjergaard and Rasmussen [52] as illustrated in Figure 2.6.
Both ends of the fiber were attached to two conventional medical syringe needles that
pierced through the septum lined screw cap of the headspace vial. The fiber was
initially immersed into the extracting organic solvent for several seconds to ensure
that the pores of the hollow fiber membrane were filled with the extracting solvent.
After the solvent impregnation, the solvent in the lumen of fiber was removed using
an air blow from a 5-mL syringe and the predetermined amount of extracting solvent
was carefully injected into the lumép !), iber using a micro syringe. The
impregnated and filled ﬁber rew cap %reattached to the headspace vial
containing sample solution ﬁrmmcdxatdextraeﬁen—ﬁoth open ends of the medical
—

syringe needles were connected [ rlnge dies to prevent the solvent loss

during extraction. With thi \Nas no microsyringe, clamp or stand

required for the support;

The extraction was ¢

S/

a 100-pl micro insert placed in a“Enl é-wg ubber septum crimp GC wvial. The

;l'i'i"._..

final analysis. The GC cgﬂdxtmn was show in Table 3.4. LL
3.7 Liquid-phasﬁ)wﬂrﬁaﬁﬂoﬁ%d%f%mﬁﬁction
N . ¢ = s
RY o efficie rane
Pﬁjﬂ mxﬂnmg Hmnﬁ:lc@naﬁciency. In

order to study, two different types of hollow fiber membranes were used. One was
Accurel Q 3/2 polypropylene hollow fiber membrane. The length of 8.5 cm with an
extracting phase volume of 25 puL was used for this fiber. The other one was Vifil
4040 polysulfone hollow fiber membrane. The length of 7 cm with an extracting

phase volume of 40 pL was used for this fiber. The characteristics of both membranes
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were shown in Table 3.6. From use these volume, the extracting phase of both

membranes were approximately the same.

Table 3.6 Properties of membrane.

Membrane
Property
Polypropylene Polysulfone
Inner diameter (um) 600 1100*
Outer diameter (um) ' 1000 1640°
Wall thickness (um) > \\\ / // 00 I
Porosity (%) "-‘-."‘._‘%‘3\” - ,4’ 30°
_—— ‘J ;
Contact area (mm?®) —— | m 65"
Organic solvent in pores ( /) R 15°¢
Organic solvent in lumen i 40
Total volume of organic solve A 55
? Calculated from microscope. -5
® Estimated by calculation.
¢ Calculated from height of solve
NG J ,
Both membranes were used for direet €xtraction of spiked water samples

THMs with 10 kg/L 4,35 °C for 30'm
peak area of each ana ’,»"“':k‘w:"'i“a‘"a

i
-

shown in Section 4.3.1. J ~—

3.7.2 St“ﬂ ﬁﬁn‘tﬁs% , ﬂ ‘%Jw EJ ﬁ] qul solvent extraction

Selection of organic solvent for extraction 1s the

First, th:%g ¢ solven ﬂ:l ma e with t r solubility in

water to prevent dissolution into the aqueous phase. Second, the solvent should also

V2
in us

have low volatility to prevent evaporation during extraction. Finally, the solvent
should extract analyte well and be separated from the analyte peaks in the
chromatogram. Based on these criteria, three organic solvents, i.e., dodecane, 1-
octanol and dihexyl ether were used in this study. From the result in Section 3.7.1,
one could either choose polypropylene hollow fiber membrane or polysulfone hollow

fiber membrane. In this section, the experiment was performed on direct extraction of
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spiked water sample with 10 pg/L. THMs at 35 °C (control temperature) at 30 min
extraction time. The peak area of each analyte was determined to compare extraction

efficiency. The results were shown in Section 4.3.2.

3.7.3 Study of extraction mode

In the case of extraction of THMs that are volatile, two sampling modes, i.e.,
direct extraction and headspace extraction, can be performed. In direct extraction
mode, the membrane is inserted directly into the sample. In headspace mode, the
| 1} ion. The technique set up for direct

“)re 3.1.

Figure 3.1 Liquid-phas&icroex 0 up (a direc&xtraction; (b) headspace

extraction. ﬂﬂﬂiﬂﬂﬂ‘{wﬂqﬂj

From the résult in Section 3.7.%and Section i7.2, the hollow fiber membrane

W A MLOA U137 11N 1

were studied because of ences on amount of analytes in extracting solvent
and speed of extraction. Water sample of 10 mL was pipeted into 10-mL and 20-mL
vial for direct extraction and headspace extraction, respectively. The extraction of
spiked water sample with 10 pg/I. THMs was performed in direct and headspace
modes at 35 °C for 30 min extraction time. The peak area of each analyte was

determined to compare extraction efficiency. The results were shown in Section 4.3.3.
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3.7.4 Study of extraction time

In the theory of LPME, the amount of extracted analyte is expected to increase
with extraction time. The optimal extraction efficiency is obtained when equilibrium
is established. From the results in Section 3.7.1, 3.7.2 and 3.7.3, the hollow fiber
membrane, organic solvent and extraction mode for the method were obtained. In this
section, the extraction time was studied to determine the optimal exposure time of the
membrane. The extraction was performed with spiked water sample with 10 pg/L
THMs at 35 °C. The extraction time profiles were examined by monitoring the mass

extracted with extraction time in the tah%J ff/@nmute The results were shown in

Section 4.3.4.

h__ 4
3.7.5 Study of sam‘pﬁp—( | )

Since the enrichme

nnchhmgﬁﬂr
F) off the analyte is related to the sample
volume (Vy) and the cnenc)m E) which is also related to the

tions 2.15. As the volume of the

distribution constant (K, , edf"l e‘:_
. b=
organic solvent is the sam ent factor t be influenced by the volume
of the sample. In this study, Té;\fol | and 20 mL were examined
+ ,.-1 .

the influence of sample vol qrhéﬂn'c ment. The experiment was performed on
- 2
direct extraction of spiked water ¢ e w@;jﬁ ug/L THMs at 35 °C for 30 min

ik :|,
extraction time using lﬁctanol in pol’ypro;fyre; as extracting-device. The enrichment

-

factor, which is deﬁneh as the ratio of the anal) oncentra in the organic solvent
to that in the initial wateLfample was calculaf resE'fnd proportions of THMs

in GC after extraction and éhat before extractlon with LPME. The respond of THMs

o o) w;&lm AT L
e FDBSDIANM TN

From the result in Section 3.7, the optimum extraction conditions were

obtained. In this section, LPME for the determination of THMs was evaluated.

3.8.1 Calibration curves
The calibration curves were constructed and used for quantitative
determination of analytes in the samples. The calibration curves were prepared by

adding the mixture of THMs into the 10 mL blank solutions. The added volumes and
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concentrations of THMs were showed in Table 3.7. The spiked solutions were
extracted with developed method and injected into the GC under condition in Table
3.4. The calibration curves were plotted by peak area versus concentration of each
THMs. For calibration linearity, correlation coefficient should be greater than 0.99.
The summary of linear range and correlation coefficient (R?) were shown in Section

4.4 and calibration curve was shown in the APPENDIX A.

Table 3.7 The pipetted volume and concentration of each THMs for calibration curve.

CHBr;
0.4 0.2 0.2
2 1
10 3 5
20 10 10
40 20 20
100 50 50
160 80 80
200 100 100
* This concentration is not used for cahbpaﬁlot

,H.n‘,.* A

"".—'

(MQL)
The method detectlgn limit (MDL) anglhe method quantification limit (MQL)

were defined b)ﬂeﬁnglmﬁ % ﬂm Wtﬂtﬁ% ﬂﬁe the signal to noise

(S/N) of 3 and 10y respectively. The MDL and MQL were determmed by injection of

YNGR AP g e

were sho

3.8.3 Study of accuracy and precision

Accuracy is the difference between the average value determined for the
analyte of interest and the accepted true value or known level actually present.
Precision is the repeatability of measurement. The term commonly used to measure of

precision is the relative standard deviation (RSD). The accuracy and precision was
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performed by analyzing THMs spiked water samples several times. The accuracy was
accomplished by calculating the average of recovery. The precision was accomplished
by calculating the RSD. The experiment was performed on direct extraction of spiked
water sample with 1, 5, 10 and 50 pg/L. THMs at 35 °C for 30 min extraction time.

The results were shown in Section 4.4.

3.9 Liquid-phase microextraction procedure for HAAs extraction
Analysis of HAAs with GC consisted of two steps; i.e., extraction with
organic solvent and derivatization to m*tk”' ers [18]. In this study, HAAs were

directly derivatized in water without eva 0 their volatile methyl ester and
W.L__‘_ p

directly extracted by heads;a-e;:l;PMEﬂ The—-genesal extraction procedure was

Section 3.7.1 and the r

described below.

_~

Polypropylene llbw fiber E?mbranes were studied in

into the two end of hollow ﬁber Né;it 20 2 same organic solvent was injected
into the lumen of the ﬂollow fbér’ Wlthfa rrﬁ‘é‘"'i’d"‘yrm_g‘e‘L
placed and sealed w1th screw caps ina 20-mL | neadspace | at contained 10 mL of
by ; 2 ding 1 mL 98% sulfuric

acid. After the solution was cooled down to room temperature methanol was pipetted

in the sample. Tﬁv 1 d in thermostatized
water bath. After extraction, Sge organlcmzmjﬂvjﬂushed into a 100-
pL inse - inge on the
inlet nerﬁ aﬁ)ﬁ a ﬁhm m m‘:ﬂ :E &ﬂ:tem for the

final analy51s The GC condition was shown in Table 3.5.

'he fiber membrane was

water sample. The sample was adjusted to pE
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3.10 Liquid-phase microextraction optimization for HAAs extraction

3.10.1 Study of organic solvent

In this study three types of solvents, i.e., l-octanol, dihexyl ether and
dodecane, were studied. The experiment was performed in spiked water sample with
30-90 pg/L HAAs. The methanol volume, extraction temperature and extraction time
were fixed at 1 mL, 50 °C and 60 min, respectively. The peak areas of each analyte

were used to compare extraction efﬁciency The results were discussed in Section

45.1. ,r'////

3.10.2 Study of extraction tempephture ——

Temperature has a ﬁ@"’/ ;

effect on both kinetics and thermodynamics of

S 'd the derivatization condition study by

[18]. In order to study f the -temperature on the extraction efficiency,

difference extraction tem % bet-We , ."'40'65 °C ‘were mvestlgated The best

extraction time were fixed at 1 mL and60 nng_.:m§pect1vely The peak areas obtained

for each analytes w1thl differént” extractlon" ‘te‘mperature were used to compare

I,-
1011 ohes

3.10.3 Study of methanol volume on in-situ derivatization

In acidic/thethamol technique; the aeactiony can, be, driven towards ester
formation by the adding of a la‘rge molar excess of methanol. In this section, the effect
of methanol volume Mas studied. between 0.5-1.25"mL. The best extractmg solvent
and temperature in' Sectlon 3.101 ‘and Seetion 3.10.2 werelused in ‘this'section. The
experiment was performed in spiked water sample with 30-90 pg/L HAAs. The
extraction time was fixed at 60 min. The peak areas of each analyte were used to

compare extraction efficiency. The results were shown in Section 4.5.3.

3.10.4 Study of extraction time
In the principle of LPME, the amount of extracted analyte is expected to

increase with enhancing the exposure time. Maximum sensitivity is attained when
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equilibrium is established. From the results in Section 3.10.1, 3.10.2 and 3.10.3, the
organic solvent, extraction temperature and methanol volume for the method were
obtained. In this section, the extraction time profiles were examined by monitoring the
mass extracted with extraction time between 10-180 minutes. The experiment was
performed in spiked water sample with 30-90 pg/L. HAAs. The results were shown in
Section 4.5 .4.

3.10.5 Study of salting out effect
Depending on the nature of W lytes, addition of salt to the sample
may have several effects on e ionic strength in the aqueous
may enhance, not influenc 1m1t.;:xtr In order to investigate the

Val'lOUS concentration of

effect of ionic strength,
sodium sulfate in the r. 4) were studied. Na,SO4
high bromide impurity,
brominated DBPs [67]. The

best extraction condition fr 31040 .10.4 were used in this section.

was used in this study

which reacts with resid

The experiment was perfo

peak areas obtained for each rent concentration of Na,SO4 were

F T P

used to compare salting out effect. “!'flié-:e lescussed in Section 4.5.5.

- A7) #‘1
-’

..-a__,r'__

"
3.10.6 Study
Stirring of the sam ay accelera ! e{jof analyte in the aqueous

phase into the headspace. The effect of stlmng and non stiring on the extraction was
studied. The ex with 30-90 pg/L
HAAs with sti ﬁﬂﬂ?ﬂﬂﬁﬂﬂiﬁtmns from Section
3.10:1 - of nalyte were
used to cﬁ ‘ﬁ’; ﬁlﬁ ﬂ% ﬂ aﬁﬁﬁﬁﬁﬁlﬁg values was

studied statlstlcally using the Student’s r-test at the 95% confidence level. The results

were discussed in Section 4.5.6.
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3.11 Method evaluation of haloacetic acids

From the result in Section 3.10, the optimum extraction conditions were
obtained. In this section, in-situ derivatization using LPME for the determination of

HAAs was evaluated.

3.11.1 Calibration curves

The calibration curves were prepared by adding the mixture of HAAs into the

10 mL blank solutions. The added volumes and concentrations of HAAs were shown
in Table 3.8. The spiked solutions w y with developed method and injected
into the GC under the conditio h\% % ibration curves were plotted by
peak area versus concentr ach.J-IAmummary of value of slope,

ectlon 4.6 and calibration

R

intercept and correlation

curve was shown in the A

Table 3.8 The pipetted voltimgand ¢ enta tion o e}\h HAAs for calibration curve.
The volume of HAAs 7 87 dc%ﬁ( }:\(ug/ L)
stock standard e
) MC ; A T BCAA BDCAA DBAA
solution (uL) PP
1 2° 1
6 3
10 5
10 20 10
20 40 20

p ﬂiim?lﬂﬂ"iwﬁﬂfﬁﬁ 0
Zﬁamaﬁﬂ'ﬁ“ﬂ ’ﬁ%ﬂﬁwﬂﬁaaﬁ .

100 200° 3007 100° 200* 200" 100*

* This concentration is not used for calibration plot.

3.11.2 Method detection limit (MDL) and method quantification limit
(MQL)
The method detection limit (MDL) and the method quantification limit (MQL)

were defined by the concentration of HAAs in water that provide the signal to noise
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ratio (S/N) of 3 and 10, respectively. The MDL and MQL were determined by
injection of extracting solvent of spiked water sample with 1-3 pg/LL HAAs into GC.

The results were shown in Section 4.6.

3.11.3 Study of accuracy and precision

The accuracy and precision was obtained from measure HAAs spiked water
sample several times. The accuracy was accomplished by calculating the average of
recovery. The precision was accomplished by calculating the RSD. The experiment

was performed in spiked watel& Vi 5 ng/L HAAs. The methanol volume,

extraction temperature and e ed at 1 mL, 50 °C and 60 min,

respectively. The results V& in i&ctlaﬂ

3.12 The determinaﬁo/

The develo et HMs and HAAs in water
samples. All bottled w. collected in Chulalongkorn
University, Thailand. S s were collected in March
2005. Samples for determ ¥ e collected in November 2005. Tap
water samples were collected in :ésl S w1' screw cap no headspace. Tap
water was sampling after ﬂ\ifﬁ@_ 2 minutes. Ammonium chloride
dechlorinating agent:)to pre§erVe‘-tf1ef F converting free chlorine to
monochloramine, was-not-added-beeause-the-analysis-was performed immediately

V.
after sampling. The resﬁs-- —

ﬂ‘iJEJ’Jmm‘ﬁWEﬂﬂ‘ﬁ
ammnm UANAINYAY
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