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Abstract: The chlorination process s one of the water treatment plant used for the disinfection of
water. The disinfection by products are trihalomethanes such as chloroform, bromodichloromethane,
dibromochloromethane and bromoform. Headspace Solid-Phase Microextraction (HS-SPME) and Direct
Solid-Phase Microextraction (DI-SPME) (100 pm polydimethylsiloxane fiber) were studied for analysis of
trihalomethanes in water samples. The effect of stirring rate, extraction time, extraction temperature and
desorption time on the analysis were mvestigated. The linearity, detection limit and repeatability were evaluated
by using the optimized HS-SPME and DI-SPME techniques. The percentage recoveries by spiking samples with
standard solutions of THMs were also examined and compared with the conventional liquid-liquid extraction.
The percentage recoveries of H3-SPME and DI-SPME techniques showed no significant difference by using
t-test (95% probability). The results can be concluded that HS-SPME technique has a great potential for

determination of trihalomethanes with lower limit of detection.
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INTRODUCTION

Trihalomethanes (THMs) are the major disinfection
by-products, resulted from the reaction of chlorine with
naturally occurring organic matter, principally humic acid
and fulvic acid (Cho et ai., 2003). The THMs formed are
Chloroform (CHCI,), bromodichloromethane (CHBrC1,),
dibromochloro-methane (CHBr,Cl} and bromoform
(CHBr;). They are all considered to be possible
US-EPA  has established maximum
contaminant level for total THMs concentration in
drinking water at 80 pg L™ (Tor and Aydin, 2006). The
analytical methods have been reported for analysis
of THMs in water such as liquid-liquid extraction

carcinogen.

(Golfinopoulos and Nikolaou, 2005), purge and trap
method (Zygmunt, 1996), headspace solid-phase
microextraction (Stack et of., 2001; Cho et al., 2003) and
headspace liquid phase microextraction (Tor and Aydin,
2006).

The solid-phase microextraction 13 a solvent free
process used for simultaneous extraction and
preconcentration of analytes. There are several types of
solid-phase microextraction fibers, the selectivity of

method depend on the polarity and the film thickness of

the coating phase. There are two modes of sohd-phase
microextraction sampling: Direct Immersed Solid Phase
Microextraction (DI-SPME) and Headspace Solid-Phase
Microextraction (H3-SPME).

The objective of this study was to evaluation of
HS-SPME and DI-SPME conditions for determination of
THMSs using gas chromatography with electron capture
detector. The linearity, limit of detection, percentage
recoveries and repeatability were investigated by optimum
extraction conditions and compared with conventional
standard liquid-liquid extraction

MATERIALS AND METHODS

Instrumentation: Gas chromatograph 1s conducted with
a varian model CX-3600 equipped with fused silica
capillary column was CP Sil 5 CB (100% polydimethyl-
siloxane) (15 m = 0.25 mm LD, 0.25 pm film thickness,
varian). The injector temperature was 220°C, electron
capture detector temperature was 280°C and the column
temperature program. The temperature program was
started from 35°C held for 4 min, ramp to 75°C with the rate
of 10°C min~" and held 2 min, then ramp to 150°C with the
rate of 30°C min~" and held 3.5 min.
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Solid-phase microextraction fiber assembly fitted with
100 pum (nonbond) polydimethylsiloxane (Supelco, USA).
The fibers were equilibrated at 250°C for 3 h prier to use
and blank desorption.

Chemicals: The purity grade of Chloroform (CHCL),
bromodichloro-methane  (CHBrCl,),  dibromochloro-
methame (CHBr,C1), bromofrom (CHBr;) were obtained
from Fluka (Switzerland). Methanol (Uropeon Union,
Spain) and n-pentane (Carlo Erba, Ttaly) were HPL.C grade.
The water was ultrapure form MilhQ purification system
and sodium chloride from Lab-Scan (Ireland). The
standard solutions of each trihalomethane were prepared
i methanol. All standard solutions are stable up to
4 weels when stored at 4°C.

Solid Phase Microextraction (SPME)

Head Space Solid Phase Extraction (HS-SPME): The
1.8 mL ultrapure water was spiked with 1.0 pg L™ of each
THMSs standard, then placed in a 4 ml. amber glass vial,
25% (w v") sedium chloride was added. The vial was
sealed with a PTFE faced septum cap. The SPME fiber
was then exposed to the headspace at various conditions:
stirring rate, extraction time and extraction temperature.
The extraction process was allowed to the equilibration of
analytes between the aqueous phase and the headspace
and immediately inserted into the injection port of gas
chromatograph of various desorption time at 220°C.

Direct Solid Phase Microextraction (DI-SPME): The
1.8 mL ultrapure water was spiked with 1.0 pg L™ of each
THMs standard, then placed in a 2 mL amber glass vial.
The vial was sealed with a PTFE-faced septum cap. The
SPME fiber was immersed into the sample at various
conditions: stirring rate, extraction time and extraction
temperature. After sampling time, the SPME fiber was
immediately inserted into the GC injection port of gas
chromatograph of various desorption time at 220°C.

Extraction recoveries: The 1.8 mL water samples were
spiked with 1, 5 and 10 ug 1.7 of each THMs standard.
The percentage recoveries mnvestigated by the optimum
extraction conditions for 7 replicates.

RESULTS AND DISCUSSION

A typical chromatogram of THMs 1s presented in
Fig. 1. The retention time of CHCl,, CHBrCl,, CHBr,Cl1
and CHBr, were 1.305, 1.954, 3.358 and 5.613 min,
respectively.
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Fig. 1: Chromatogram of 20 ug L™ THMs using a CP Sil
5 CB capillary column

Optimization of solid phase microextraction conditions
Effect of the addition of salt using HS-SPME technique:
Addition of salts may result in the change of the partial
pressure, solubility and surface tension of analyte
enhance the partitioning into the fiber (Cho et al., 2003;
Zhao et al., 2005). The high peak areas were aclueved with
salt addition compared to unsalt addition, as shown in
Fig. 2.

Effect of stirring rate: The effects of sturing rate on the
extraction of THMs by both HS-SPME and DI-SPME
methods were performed using the extraction time of 6 min
under 20°C and the desorption time of 2 min at 220°C. The
peak areas obtained were mcreased with mereasing the
stiring rate up to 800 rpm for HS-SPME and up to 400 rpm
for DI-SPME, as shown in Fig. 3. The result showed
agreement with the earlier studies (Cho et al, 2003;
Tor and Aydin, 2006, Zhao et al., 2005). Therefore, the
stiring rate of 800 and 400 rpm were used in further
experiment for HS-SPME and DI-SPME techniques,
respectively.

Effect of extraction time: The effects of extraction time
were performed with stirring rate 800 rpm for HS-SPME
and 400 rpm for DI-SPME, extraction temperature at 20°C
and desorption time 2 min at 220°C. The peak areas
obtammed were increased with increasing of extraction time
up to 6 min for HS-SPME and up to 4 min for DI-SPME, as
shown in Fig. 4. The equilibrium times of HS-SPME are
found longer than DI-SPME, indicating that the diffusion
of the analytes from the liquid phase into the headspace
needed longer equilibrium time than direct immersing. The
peak areas obtained from HS-SPME are found higher than
DI-SPME techmique. The optimum extraction tumes for
HS-SPME technique was 6 min and for DI-SPME
technique was 4 min.

Effect of extraction temperature: In order to evaluate, the
extraction efficiency, the experiment was performed with
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Fig. 2: The effect of salt addition on H3-SPME extraction
of 5 pg L.™" THMS, stirring rate 600 rpm min~,

extraction time 6 min at ambient temperature,
desorption time 2 min at 220°C
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Fig. 3: Effect of stirring rate on extraction of 1 pg L™
THMs: extraction time 6 min at ambient
temperature, desorption time 2 min at 220°C (a)
HS-SPME, 25% (w v~ NaCl (b} DI-SPME

the optimum condition of stirring rate and the extraction
time, the desorption temperature of 2 min at 220°C. In the
headspace mode, increasing the extraction temperature
decreased the distribution constants on exothermic
process and the amount of analytes adsorbed onto the
fiber decreased, the results are agreement with the
previous studies (Stack et al., 2001). On the other hand,
increasing the extraction temperature for DI-SPME
showed the absorption of analyte increased, as shown in
Fig. 5. The optimum extraction temperature for HS-SPME
technique was 20°C and for DI-SPME technique was
40°C.

Effect of desorption time: The appropriate desorption
time are also important parameters to ensure that
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Fig. 4: The effect of extraction time on extraction of
1 ug L' THMs: extraction temperature at ambient
temperature, desorption time 2 min at 220°C (a)
HS-SPME: 25% (w v~ ') NaCl, stirring rate 800 rpm
min~" (b) DI-SPME: stirring rate 400 rpm min™

analytes are completely desorbed from the fiber. The
optimum desorption time of HS-SPME and DI-SPME
techniques were 2.5 and 2 min, respectively, as shown in
Fig. 6.

Linearity, limit of detection, limit of quantitation
and repeatability: The linearities were ranging from
0.1-50 pg 1.~ for both HS-SPME and DI-SPME with the
correlation coefficient of 0.9925-0.9980, except the linear
range of chloroform for extraction by DI-SPME was
0.5-50 pg 1.7". The Limit Of Detection (.LOD) and Limit Of
Quantitation (1.OQ) were calculated base on 3 and 100 of
noise signal. The LOD and LOQ of all THMs by H3-SPME
were found lower than DI-SPME technique. The
repeatabilities were ranging 2.72-10.86%. The results are
compared with the standard Liquid-Tiquid Extraction
(LLE) method using n-pentane as extracting solvent, as
summarized in Table 1.

Extraction recoveries: The recoveries were obtamed
by spiking the standard each THMSs
(1,5 and 10 pg L") The percentage recoveries for
HS-SPME and DI-SPME were ranging 86-110and
82-107 pg L7, respectively, as shown in Table 2. The
standard

solution of

results are compared with liquid-liqud
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Fig. 5:Effect of extraction temperature on extraction
of 1 ug L™ THMSs: desorption time 2 min at 220°C
{a) HS-SPME: 25% (w v~") NaCl, stirring rate
800 rpm min', extraction time 6 min (b) DI-
SPME: stirring rate 400 rpm min~', extraction time
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140,000 9 - Chloroform {a) - Bromodichloromethane
120,000 4 -4 Dichlorobromomethane —e- Bromoform
100,000 1
80’000- ’—_—_—§=A-—=——'___.
3 60,0001
4000 o L 0 e L
00001 .
0 s T 1 T 15 2 " 25 ' 3
350,000 )
300,000
@ 250,000 ._./‘\/\‘——t\.
3 200,000 .M—'—-
1500000 L, e,
100,000
50,0001 L —
o e
05 1 15 2 25 3 4 5
Desorption time {min)

Fig. &: Effect of desorption time on extraction of 1 pg L™
THMs (a) HS-SPME: stirring rate 800 rpm min ',
extraction time 6 min at 20°C, 25% (w v ") NaCl (b)
DI-SPME: stirring rate 400 rpm min ', extraction
time 4 min at 40°C

extraction. The percentage recoveries of HS-SPME and
DI-SPME technique showed no significantly different
by using t-test (95% probability).
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Table 1: Linearity, comelation coefficient, limit of detection, limit of
quantitation for anaty sis of THMs by gas chromatograph

Cormpounds
Techniques/parameter CHCl4 CHBrCl, CHBr,Cl CHBr;
HS-SPME
Linear range 0.1-50 0.1-5 0.1-5 0.1-5
R? 0.9947 0.9925 0.9948 0.9949
LOD (ugL™YH 0.01 0.01 0.01 0.01
LOQ (ugL™hH 0.03 0.03 0.03 0.03
RSD (%) (1 ppb) 7.45 6.22 5.69 5.57
RSD (%) (5 ppb) 10.86 8.15 6.32 5.30
RSD (%) (10 ppb) 3.77 2.72 3.03 4.41
DI-SPME
Linear range 0.5-50 0.1-50 0.1-50 0.1-50
R? 0.9979 0.9950 0.9965 0.9980
LOD (ugL™h 0.50 0.02 0.02 0.02
LOQ (ugL™) 1.66 0.07 0.07 0.07
RSD (%) (1 ppb) 10.18 9.85 10.20 9.95
RSD (%) (5 ppb) 5.30 4.98 4.38 517
RSD (%) (10 ppb) 317 2.71 2.79 2.96
LLE
Linear range 0.5-50 0.1-50 0.1-50 0.1-50
R? 0.9940 0.9946 0.9958 0.9919
LOD (ug L™ 0.50 0.10 0.10 0.10
LOQ (ugL™h 1.66 0.33 0.33 0.33
RSD (%) (1 ppb) 9.58 8.24 7.71 9.22
RSD (%) (5 ppb) 9.97 6.80 9.62 8.76
RSD (%) (10 ppb) 5.20 5.18 543 6.35

R? = Correlation coefficient; RSD% = Repeatability

Table 2: Percentage recoveries by SPME compared with the standard liquid-

liquid extraction
Recovery+RSD (%)
Techniques/comp ounds 10 pgl™) 5 pgl™ 100 pgl™
HS-SPME (n="7)
CHClL: 98+8 /7T 89+13
CHBrCl, 90+8 86+7 8710
CHBr,Cl 96+4 102+8 1099
CHBr; 10444 1079 110+8
DL-SPME (n = 7)
CHClL: 106+4 1068 82+5
CHBrCl, 914 85+7 93+5
CHBr,Cl 101+7 103+8 1054
CHRBr; 99+11 1079 1074
LLE (n = 5)
CHCl; 62+17 109+10 963
CHBrCl, 8245 65+11 80+£3
CHBr,Cl 98+13 90+14 0445
CHBr; 8612 88+16 0445
CONCLUSION

Headspace-Solid Phase Microextraction (HS-SPME)
technique has a great potential for
THMs m water samples with low limit of detection.

The optimum conditions of HS-SPME were stirring
1

determination of

rate 800 rpm min |, extraction time 6 min, extraction
temperature 20°C, desorption time 2.5 min and
desorption temperature 220°C. Application of this
technique will be done in real water samples for further

study.
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