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Abstract : Twelve chlorophenols (CPs) were extracted by liquid phase microextraction (LPME) from the
industrial waste-water and analyzed by GC/MS. To establish the optimal conditions, species of extraction solvent,
sample amount, pH of sample, salting out effect, a number of sampling and plunger movement speed were
investigated. As a result, the linearities of calibaration curves ranged from 0.9913 to 0.9999, while LODs and
LOQs were from 0.05 to 10.0 ng/mL except 2,3,4,5-tetrachlorophenol and pentachlorophenol. Using this method,
4-chloro-3-methylphenol confirmed from waste water at the concentration of 784 ng/mL. The method can be
applicable to detect chlorophenols from industrial waste-water.

Key words : chlorophenols, wastewater, GC/MS

oo rsL'

.M E srE o] o] B2 A7sAL glon, &
S T BAL 24 ne 24F A5 o
s ANDEE T Adgel de 2 9 54 Adoe] A4S Hol AT A )

% Corresponding author
Phone : +82-(0)31-249-9647 Fax : +82-(0)31-249-9647

E-mail: swmyung@kyonggi.ac.kr

70 -



Z1-&38}E Liquid Phase Microextraction(LPME)E

Az %Oi T7EeAL 9tk 71 ARRIAE H
o tig ZHAlE F= BOD, COD ¥ pH & UuHas
off gt EL]Ei%‘O] FYHL glov gyl FF&
et Al 71sEste] AAE o] AL, el 2E f7)
=l e FAE AT ZAW ‘[‘Egg—l— A= A4
ojth. o] F dEFe Ay AFA, EThY, FAitst
A, EA, 71, B %ﬂ 2ol A Sl AR
= AR sEE oyt %XH%‘ F e 3t

F=2 =, &, MR IR RE A 2E 5 9
1543 54 el A Faled =
B - FFHATEU)NA
= =9 A5 25 TAAM 05ugL, Z7te] @
ol 0.1 pug/l o= AlFsta sl et
A3 AAE WE AL Qe A Aoz 7

Fo] dF9l FERZH=FE AA F3

Lol H|3|A] 300~500080 2] B3 WA
e 9 SollA FoEo] TR
Z Bk ol ddEHE 2Ry o
FHATNM = olol] 3k FAZ 73}
2RI EFE B g3 S =}t
7 R 2L J7] wiel A eF FH
, 53] Akgel fA gE 4 glenz gt
s vls 2 f1gAde] o A & 4 k2

B AN HAEH FERHEFE 2-FERE
¥ &=(2-chlorophenol, 2-CP), 4-Z = 23| &(4-chloro-

dob U ob Ho i RS

o Rl K2
o &
H
=

mlo iy

OH OH
Cl I
2-CP,MW: 128 4- CP, MLW : 128
Cl
OH OH
CI 1 Cl

24-DCP, MW : 163 26-DCP, M. W : 163

OH C OH

CI Cl Cl

cl cl
234-TCP, MW : 197 2,35-TCP, MW : 197

Fig. 1. Structure of 12 chlorophenols used.
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Fig. 2. Configuration of automated programmable LPME
device; D moter box, @ moving plunger, @
microsyringe, @ sample vial, 5 vial flange.
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Table 1. Precision and accuracy data of 12 chlorophenols analyzed by automated LPME method

Precision” (%, n=3)

Accuracy™ (n=3)

Compounds
100 ng/mL 200 ng/mL 500 ng/mL 100 ng/mL 200 ng/mL 500 ng/mL

2-CP 1.6 1.90 4.65 -2.6 -25.6 -4.3
2,4-DCP 49 3.62 7.20 2.4 -19.9 16.8
2,3-DCP 6.2 2.36 6.74 -4.7 -22.3 16.8
4-CP 14.8 9.33 8.54 51.8 -6.0 -9.6
2,6-DCP 7.7 6.47 6.31 -15.9 -25.7 13.1
4-C-3-MP 42 9.06 5.77 -8.7 -26.4 2.7
2,3,5-TCP 5.1 10.24 5.48 0.5 -12.7 322
2,3,4-TCP 5.8 10.67 6.17 -0.1 -15.3 23.4
3,4-DCP 8.5 12.12 5.71 -18.3 -28.3 2.3
3,5-DCP 10.6 11.89 6.84 -132 -25.7 -42
2,3,4,5-TeCP 12.5 6.11 6.32 129.6 188.6 442
PCP N.D. N.D. 14.84 - - 2.2

“Precision was expressed by relative standard deviation (RSD)
™ Accuracy was expressed by bias
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Table 2. 1L.ODs and LOQs in the LPME method proposed

Compounds LODs (ng/mL)  LOQs (ng/mL)
2-CP 0.05 10
2,4-DCP 0.05 10
2,3-DCP 0.05 10
4-cp 0.50 50
2,6-DCP 0.05 10
4-C-3-MP 0.05 10
2,3,5-TCP 0.05 10
2,3,4-TCP 0.05 10
3,4-DCP 0.05 10
3,5-DCP 0.05 10
2,3,4,5-TeCP 0.50 50
PCP 1.00 500

(LODs: S/N > 3, LOQs: RSD > 20%, S/N > 10)

Table 3. Linearities of calibration curves” of 12 chlorophenols

Compounds Equation R?

2-CP y = 3363.1x - 92704 0.9979
2,4-DCP y = 6006.3x - 183348 0.9966
2,3-DCP y = 8896.0x - 121186 0.9911
4-CP y = 1922.6x - 220127 0.9995
2,6-DCP y = 7905.7x - 27064 0.9913
4-C-3-MP y = 5304.7x - 194036 0.9973
2,3,5-TCP y = 14811x - 238129 0.9986
2,3,4-TCP y = 8592.8x - 190368 0.9981
3,4-DCP y = 11481x - 286927 0.9988
3,5-DCP y = 7480.4x - 237370 0.9981
2,3,4,5-TeCP™ y = 859.75x - 66055 0.9999
pcp*™ y = 1105455x + 1778548 0.9950

"Calibration range: 10~2,000 ng/mL
**Calibration range: 0.05~2,000 ng/mL
“*Calibration range: 500~2,000 ng/mL

A4 o8 F2RHAEF 93] FErt Yol dEE
ZEAES 0.52.0ugmLolA 4-FZ=HE, 2,34,5-
HESZFZZ2H 52 0.05~2.0 ug/mLe] WA 24
sdRon ymx SR EFE 0.01~1.0 pg/mL A
ole] WMSloA HAAAFHE A8kt HAdES v
YE R%2 0.9913~0.99992 4 0.990]4e] £ z+s
A& = AATHTable 3).
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Fig. 8. Total in chromatogram of 12 chlorophenols and
phenanthrene-d;( as an internal standard: (A) blank;
(B) 12 chlorophenols.
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Fig. 9. Total ion chromatogram of 4-C-3-MP detected in
leather wastewater.
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Table 4. Optimized conditions on the extraction of chloro-
phenols by dynamic LPME

Parameters Conditions
Organic solvent Toluene
Solvent volume 2 uL
Sampling volume 8 uL

pH 4

Concentration of NaCl (%, w/w) 15
The number of sampling 50 times
Dwell time 1 second
Plunger movement speed (uL/sec) 0.66
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