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The solvent extraction method for the analysis of phenol and pentachlorophenol in the present standard
methods for the examination of water pollution is not easy to perform due to the use of a large amount of sol-
vent and long pretreatment time. Therefore, the solid phase microextraction (SPME) method, which does not
require an extraction solvent, was used a pretreatment approach and its applicability as an alternative to the
conventional solvent extraction method was studied. The SPME conditions of fiber adsorption, concentration
of NaCl, adsorption time, stirring speed, and stirrer temperature were optimized.Moreover, we assessed whether
these conditions satisfied the QA/QCrequirements of the standard methods. In addition, the recovery test was
performed on the effluent, and the test results of the solvent extraction and SPME methods were statistically
compared by the paired t-test for phenol and pentachlorophenol analyses. As a result, there was a difference
in the results of the two methods for pentachlorophenol. Therefore, the SPME method was not adequate, but phe-
nol was judged to be appropriate as it showed 0.948 pg/L of LOD, 3.020 pg/L of LOQ, 1.8% of precision and 97.7%
of accuracy. In addition, the validation test indicated that the recovery of phenol in the effluent was better than
95% by SPME. Moreover, because the paired t-test showed that the SPME method was not different from the
solvent extraction method, the SPME method can replace the solvent extraction method for phenol analysis.
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Table 1. Operating conditions for GC/MS

Conditions
GC/MSD : Clarus680/Clarus 600T
Elite-5MS(30m length*0.25mm 1.D.
He(99.999%)
280°C
Injection mode Split 10:1, TuL injection
Oven temp. programing 40°C(1min)—250°C(1min) at 10°C/min

Parameters

Instrument
Analytical Column
Carrier gas
Injection port temp.

Interface temp. 250°C
Ionization mode Electron lonization
Electron energy 70 eV
Ion source temp. 250°C

Table 2. Operating conditions of autosampler for SPME

Parameters Conditions
Pre Incubation Time 5 min
Agitator Temperature 30~55TC
Pre-Incubation Agitator speed 500 rpm
Extraction Agitator speed 250~750 rpm
Extraction Time 10~50 min
Desorb Time 1 min
Fiber Baker Time 10 min
Fiber Clean Temperature 300C
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1. SPME opt imum condition study

* Mixed with Distilled water (Phe."’, PCP? 50 ug/L), 18 mL, pH 3
* Peak Area comparison

SPME fiber ' NaCl concentration (%) ' Extraction time (min) ' Agitation speed (rpm) ' Agitator temp. ('C)
(PA, PEG, PDMS) (0,5, 10, 20, 25, 35, 40) (10, 20, 30, 40, 50) (250, 500, 750) (30, 35, 40, 45, 50, 55)

s
&

Determination

N ofoptimal
Factor /
/

[

2. QA/QC (LLE/SPME)
(LOD*, LOQ?Y, Precision, Accuracy)

3. Validation of SPME

Statistics
Paired t-test

Recovery Test

Fig. 1. Flow Chart of SPME optimization and validation. 1) Phenol, 2) Pentachlorophenol, 3) Limit of Detection, 4) Limit
of Quantification)
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3.1.1. SPME Fiber

Al she BAERE 443 Fiberr| B8t 47
HIS/ Alge] met e gejste] ARgafolgitt. &
AelM= wlE A0 383t Flo] = Polyacrylate
(PA)2} Polyethylene Glycol(PEG), Polydimethylsiloxane
(PDMS)& ARE-8ld F2AES 3115, 2 AFE Fig 2
o] el $12H, Polyethylene Glycol(PEG)©] GC/MS
A=ZrlE ] Peak Area’}t 7Fg 74 XA FiberZ PEG
£ A48kt

3.12. NaCl F94%5=
NaCl 0%, 5%, 10%, 15%, 20%, 25%, 30%, 35%,

6 - oPA

Peak area(x10%)
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Phenol Pmchlmphonol
Compounds

Fig. 2. Comparison of response of SPME analysis with
different fibers.
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Fig. 4. Comparison of Adsorption by Extraction Time.
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Fig. 5. Extraction effect on Agitation speed(rpm).
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Table 3. LODs and LOQs by SPME(solid phase microextraction) and LLE(Liquid-Liquid extraction) method

Compounds "IN qampie no. ey OB MOQT Predon - Aceuraey
LLE 7 0.99965 0.220 0.700 5.5 97.5
Phenol
SPME 7 0.99538 0.948 3.020 1.8 97.7
Pentachloro LLE 7 0.99988 0.160 0.500 1.3 97.5
phenol SPME 7 0.99893 0.237 0.756 5.4 92.5
D LOD : Limit of detection,
2 LOQ : Limit of quantitation
Table 4. Extraction recoveries of Phenol and Pentachlorophenol
Compounds Pretreatment method Sample No. ( Sy;l(jn)c eg:::;):ry ©%) IOyg/inc)eI}lg::t(l)(\)/réry %)
Phenol SPME 10 96.8 95.1
Pentachloro phenol SPME 10 61.2 60.0

2 5 10pg/L7t 22F 96.8%, 95.1%% UEFtoH,
A ZF 22l =S 77 61.2%, 60.0%E FAH
75~125%2 Holus Ao golgo)

=)
Aol ek F BRI Bt el o]} qleh
= 7H 3 s Adsks B4

Table 5. Paired sample statistic of Phenol(5, 10 1g/L)

Table 5& #H=9] X E TAES Sugl, 10 ugy
L kol tiste] X = Jepd 2o Hrts
T 5Spgl EEOIM Ha(Avg > 5.05 ug/L, 4.84 pg/L
Z HA7Fs= 10 pg/LollA 922 ug/l, 9.41 pg/LZE e}
$Th SPMEQ] 3EFHX}(Standard Deviation)= 0.299
~0.545 ng/L, ¥ LA (Standard error of mean)= 0.095
~0.172 pg/LZ LLERTH= 34 Yepdtt. ol& Fig. 7
H=o] Al et vl 2 box ploto]] SPME
Wgo] LLEHETE tlolE] gro] WA #x=o] s

Spkied sample concentration Sample Standard error of mean
Method Avg.(ug/L SD(ug/L
(ug/L) No. g.(ug/L) (ug/L) (ug/L)
LLE 5 10 5.05 0.127 0.040
SPME 5 10 4.834 0.299 0.095
LLE 10 10 9.22 0.181 0.057
SPME 10 10 9.41 0.545 0.172
== -

Sugll

T T
phenol LLE phenal SPME

Method

Fig. 7. Box plots of test methods for phenol 5 and 10 xg/L

10 uglL

T T
phenol LLE phenol SPME

Method

of wastewater effluent.
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Table 6. Paired t-test result of Phenol LLE Method and Phenol SPME method(5, 10 ug/L)

Paired difference
95% confidence

Avg. SD Standard error interval of difference Degree of P-Value
of mean freedom
(ug/l) (ug/l) Lower .
(ug/l) . .. Mmaximum
limit
Response 1 LLE 5ug/lL - SPME 5ug/l. 021 0.338 0.107 -0.032 0.452 1.964 9 0.081
Response 2 LLE 10ug/LL - SPME 10ug/LL —0.19 0.545 0.172 -0.580 0.200 -1.103 9 0.299

< & 4 Ak 28 Table 6 S3EE THG AT 10 uyl FEAIFS] AW Ul SRESAZS B
e A= §9880] 5ugL, 10pgLolX zZtz A SPMEREC F J_Oﬂ’ﬂ xaxdy %‘&% 3.06 ug/L,
0.081, 0.299% VFER} f-o)45=0] 0.05H T} 22 F 582 ug/LE LLEMPH 4.97 ug/l, 9.82 pug/LETH A
Aol Az gre] zlole Qe AeE yehdth &, Aoyt uw, E%*%i} Tgh LLERTH= A UERst
#é‘& FAE7IES] W EFE) 55 A3 th ol Fig 8 AW e vl 222 box plotol]

7} Uik 202 HrkE i Ao} 7ro] SPMEWHe] Hlol8] #3x7F LLEWHRTH

39, Table 7 Ne}EFEEH B F7Fse Sugl, BX 2 vXA 3 55298 & 5 vk 3 Table

60 120

. —

T T o T T
PCP LLE PCP SPME PCPLLE PCP SPME
Method Method

Fig. 8. Box plots of test methods for pentachlorophenol(PCP) 5 and 10 pg/L of wastewater effluent.

Table 7. Paired sample statistic of Pentachlorophenol(5, 10 1g/L)

Method CO:(;::;:i tis;;lzzlgem) Sei]nol?le Ave.(uglL) SD(ug/L) Standard(zr;/(:)of mean
LLE 5 10 4.97 0.082 0.026

SPME 5 10 3.06 0.178 0.056
LLE 10 10 9.82 0.319 0.101

SPME 10 10 5.82 0.697 0.221

Table 8. Paired t-test result of Pentachlorophenol test (5, 10 /L)

Paired difference

Standard 95% confidence ¢ Degree of

. . P-Val
error of mean interval of difference freedom Value

Avg. SD

/L /L
(ugl) (ugll) (#g/L)  Lower limit maximum
Response 1 LLE 5ug/l - SPME 5ug/L 1.91 0.152 0.048 1.801 2.019 39.635 9 0.000
Response 2 LLE 10ug/L - SPME 10pg/L  4.00  0.672 0.212 3.520 4.480 18.833 9 0.000
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