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(3 5-DMP) .2 3- (2 3-DMP) .3 4- (3 4DMP) 2-  (2CP) 4-  (4-CP) 2 4-
(2 4DCP) 24 6- (2 4 6-ICP)
4 C o . ( Tedia ) o
2.2 GC/MS
He(99.999%) 1.0 mL/min; 270 °C 2 min
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260 °C 3 min, 250 C EI 230 150 C;
70 eV, o
2.3
NaCl  Na,HPO, . 10 mL
N o 10 min SPME
o GC/MS o
3
3.1
° ( GB/T 897
2-88) ! 10 mL 0. 1 mol/L KHCO, 1 mg/L
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group) (m/z43) o
( 1. 1
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#/min
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0% ~96% 270 °Ce Fig 1 Chromatogram of acetylated phenols and chloro-
3.2 phenols
SPME CP: Chlorophenol; DMP: Dimethylphenol; DCP: Dichlorophe—
.2 4 nol; TCP: Trichlorophenol.
60 C 100 pL .0.10 g Na,HPO,.3.0 g NaCl. 600 1/min
PDMS/DVB (30 min) PDMS (60 min) PA  CAR/PDMS (90 min)
CAR/PDMS  DVB/CAR/PDMS 3
( 3). PDMS/DVB
DVB/CAR/PDMS
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3.3
SPME NaCl
. PDMS/DVB 100 L .0.1 g Na,HPO, 60 °C
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Fig.2  Extraction time profiles for phenols using different SPME fibers
A: Polydimethylsiloxane/divinylbenzene (  PDMS/DVB) ; B: Polyacrylate ( PA) ;
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Fig.3 Comparison of extraction efficiency using different

SPME fibers
H. PA; @ PDMS; B: CAR/PDMS; ®: DVB/CAR/PDMS;
®: PDMS/DVB.
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Table 1  Extraction performance of in situ derivatization headspace( HS) -SPME
Li ) Concentration LOD RSD
Compounds ear 1ange Linear equation( pg/L) coefficient (wg/L) (% n=6)
( ng/I‘) (R2)
Phenol 0.051 ~6.38 y=7.91 x10°x +2.37 x10° 0.992 0.018 13.7
m-Cresol 0.054 ~6.78  y=8.07 x10% +3.39 x10° 0.990 0.014 8.54
2- 2P 0.050 ~25.0  y=3.43 x10%x +6.32 x 10* 0.994 0.029 11.7
4- 4-CP 0.050 ~25.0 y=3.75x10° +9.41 x10° 0.993 0.036 10.2
2 6- 2 6-DMP 0.050 ~25.0 y=1.72 x10° +1.20 x 10° 0.995 0.044 8.22
2 4- 2 4-DMP 0.050 ~25.0 y=4.99 x10°x +2.78 x 10° 0.998 0.040 10.3
35- 3 5-DMP 0.050 ~25.0 y=5.49 x10%x —=5.27 x 10° 0.998 0.025 9.82
2 3- 2 3-DMP 0.050 ~25.0 y=1.24 x10%x +6.08 x 10° 0.998 0.030 8.91
3 4- 3 4-DMP 0.050 ~25.0 y=4.42 x10%x +1.08 x 10° 0.999 0.039 9.57
2 4- 2 4-DCP 0.020 ~10.0 y=2.09x10"x -1.95 x 10° 0.991 0.015 7.26
2 4 6- 2 4 6-TCP 0.021 ~10.7 y=2.18 x10"x +2.79 x 10° 0.999 0.016 7.12
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2
Table 2 LODs of phenols determined by different methods
SPME( PDMS/DVB) * SPME( PA) © LLE ™ .
Compounds (pe/L) ( pg/L) (ne/L) This method
(ug/L)
Phenol 8 9.1 0.81 0.018
m~Cresol 17 / / 0.014
2- 2-CP /? 4.1 / 0.029
4- 4-CP / 0.27 / 0.036
2 6- 2 6-DMP / / 0.99 0.044
2 4- 2 4-DMP / / 0.74 0.040
35- 3 5-DMP / / 0.69 0.025
2 3- 2 3-DMP / / / 0.030
3 4- 3 4-DMP / / 0.96 0.039
2 4- 2 4-DCP / 0.053 / 0.015
2 4 6- 2 4 6-TCP / 0.06 / 0.016
( Note) : a. Not available.
3.7 2-5
IS
: PDMS/
DVB 40 C 50 L 0. 10 ¢ il
Phenol ilt A Effluent
Na,HPO, 4.0g NaCl 10 mL o
(1)
13.6  11.3 pg/L 0.677
3 1 Influent
0.583 pg/L GC/MS 7. y |
7 8 9 10 11 12 13 14 15 16
f/min
(m/z 128 )
( 7
5.0 pg/l) 9. 249 Fig. 7 Chromatogram of real wastewater by
SPME
86.7% o
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Trace Analysis of Phenols and Chlorophenols in Water by in Situ
Derivatization Headspace SolidPhase Microextraction
Coupled with Gas Chromatography/Mass Spectrometry

YU Yidun ' LIU HongLing > DAI Xuan-Li ' CAI Huan-Xing' LI Chun-Yu' YU HongXia ’
"( Changzhou Environmental Monitoring Center Changzhou 213001)
*( State Key Laboratory of Pollution Control and Resources Reuse School of the Environment

Nanjing University Nanjing 210093)

Abstract An in situ derivatization headspace solid phase microextraction method has been developed for the
determination of phenols and related chlorophenols in water. Acetylated derivatives were selectively determined
using gas chromatography/mass spectrometry ( GC/MS) . Parameters affecting both derivatization and SPME
procedures such as fiber coating extraction time temperature volume of derivatizating reagent and ionic
strength were studied. Then the polydimethylsiloxane/divinylbenzene fiber ( PDMS/DVB 65 pm) was
selected. The performance of the method was evaluated in terms of accuracy linearity precision and limits of
detection. Under the selected conditions i.e. 4.0 g NaCl 0.10 g Na,HPO, in every 10 mL sample solution
headspace extraction at 60 °C and 600 r/min for 30 min quantitative recoveries and satisfactory precision
(RSD < 13.7% ) were obtained. Limits of detection for all target compounds ranged from 0.014 to
0.044 pg/L. Linearity was found in a wide range of concentrations. Finally the applicability of the proposed
method is demonstrated by determining phenols in real wastewater samples.
Keywords Solid phase microextraction; Headspace; Gas chromatography/mass spectrometry; Acetylate;
Phenol
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