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Determination of Chlorophenols in Water Samples using Headspace Solid-Phase

Microextraction Coupled with Gas Chromatography

YAO Yuan, SONG Wei-tao, ZHANG Yang, WANG Qing

(Lianyungang Environmental Monitoring Center Station, Lianyungang, Jiangsu 222001, China)

Abstract: This study established a method for the determination of 2, 4-dichlorophenol, 2, 4, 6-trichlorophenol and
pentachlorophenol by headspace solid-phase microextraction coupled with gas chromatography. The results showed that the best
extraction efficiency was obtained when using polyacrylate (PA,85 um) as the extraction fiber, and the test solution stirred at
250 r/min for 50 min at 80 “C with the addition of 0.3 mL of 0.1 mol/L H,SO, and 1.5 g Na,SO, for adjusting the pH and ionic
strength of the test solution, respectively. The optimal desorption time was 5 min. Under the optimum conditions, the three
compounds showed good linearity in the range of 0.1 ~ 10 000 pg/L and the correlation coefficients( R*) were all over 0.999. The
detection limits were in the range of 0.023 —0.11 g/L. The recoveries of spiked samples were between 82.5% and 101.7% . The
extraction process in this method is free of organic reagents, and is green, simple and highly sensitive, which is applicable for trace
and batch determination of chlorophenol compounds in surface water, groundwater and other environmental water samples.
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2,4,6 - = WA H A ST RE .

1 XIWEH
1.1 BE LKA

F[H Agilent 73 ] 7890B A% HNi 1
T AR AG I %% (ECD) 5 -t CTC 2\ &) T 25 & AH 734
AU [ Agilent 23 w) B AR AL Bk R M
MR MR A< Bk (PA L85 um) (5 — AR Ak 40 e 25 Bk
(PDMS, 100 pm) 2 = H 3 A b/ = & 0 R
(PDMS/DVB,65 pm) % B3k F1 2R = F 3 Ak 4 e/
WA T/ — O WA ATk (PDMS/CAR/DVB, 50/
30 pm) .

2,4 - A (99.2 wg/mL) \2,4,6 - =AW
(99.5 mg/L) FITL AW (99.3 weg/mL) by 7 W
F 2 E Accustandard A&, 4 99% UL b, EaiK
H 35 [ Milli - Q 4k ik & ge il 45 , HoAth 5] 1
R Hralis Ll b
1.2 & A5

ZEE Agilent 2y A A HP -5 (30 m x0.25 mm
x0.25 pm) BAE R, W EH IR E R 100 C,8 °C/min
FI % 160 °C ,20 °C/min J} % 240 C, #4553 min, £
W R 1.5 mL/min, 433 b 200 15 A 1R B2
250 °C s kil #% ¥R EE 300 C 5 3N A Ao
1.3 %%

WH 10. 0 mL 7K A 2 T00 23 0 H, 57 B &) 55 , %
TS A A UL O A IS TR TR, 2 SRR
S TR A IOk A A PN TR A AR, A A, RS
FE S 22 IOk A OR35S R 1 HEAT A L, i W
J B AR BT AL 2 B ECD ARG I 28 A I

2 #ER5itR
2.1 HS -SPME 4 #4k4b

L1 10.0 pe/L 42,4 — 5 2,4,6 - =5
TR EEWGETT HS - SPME (% 25 A Ak ik 55
2.1.1 FEF L

= WS U )2 1 P IS 0 RS B 39 25 % i) T 2 [ AR
TR R 43 0 R M BR B8R (PA L85 pum)
R EERE A B (PDMS, 100 pm) , 3R W BL it 4R
Yt/ . A5H (PDMS/DVB, 65 wm) F15 — H 5L fif
e/t 5 F B/ — & J% R (PDMS/CAR/DVB, 50/
30 wm) PY AN 5] 9% )2 B A Sk X 10,0 pg/L Y
2,4 - T2 ,4,6 — =G A TSR B VAT T
AR B, LB 2R B 850%, G5 R W], PA IR B 4
6 —

WOHCR i, HoAy =Rl iR 2 A BOSCR DL PR e 2
£ 85 pum PA RN AEIULR 2 BEAT BT A AR
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X 40 ~90 °C AN [A] A€ B B T 1Y 26 BOYCR #E 17
PO SR ANIE 1 R AE 40 ~ 80 CHEHIN, T A
I s 4y g e T L a2 71 e T 84 K 5 P B T g
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W, 3k ] BE R DR O A B I L TR JZ X H AR
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2.1.4 pH

WL RS R A — AL 0.1 mol/L Y
H,SO, ¥, B 5E pH (B 728 16 X 520 M 28 2 BORCR 1)
M, R EREMARE N 0.1 ~0.3 mL [
P, Bl H,SO, iAW 38 PA U J2 26 IO 8 1)
Hahm, mA 0.3 mL H,SO, B XJ [z () i i 35 2 i
KAE (ULIE 3) , 3342 KA S ok 55 BR V4 BT, pH {H
R AT A R T A AT S T 1 Pl 2 R 3, DT 48 o ROV 0
T 2R ORI 25 1 W B0 2055, (FL TR M o 5 T R e 25 %o
VR )2 2 A 3 A0 R T 4 e L A, WOk BRI A
0.3 mL JREWE H 0.1 mol/L [y H,S0, 7 i 3
AR pH A,

2,4—:%@5}

2,4, 6- =AM/
B33 T

AN

V(BiR) / mL

B3 pH EXZER R

2.1.5 BFwmE

FES R AL A Y 1 AR B A G R o VA TR
i —E 1 B CHLER 8 (40 NaCl Na,SO, %) A]
TR R 2 5 R DT i S B 2 A A i
B B AR AR W P i R A R T H AR 10 X
FIROY B, 325 0 2 I Ak R R AL 5 32
o 5 % P A R R BB T LR I B A R B o
JEMFE M E ARG B P 22 7. LRk A
Na, SO, F) 75 2 W78 e 1 5 W1 25 F 9 B, OF LU 3R
FOmA B X FE O A R e, 45 R & B, Na, SO,
ARy 1.5 g IF,2,4 — — 500 M A 058 M 15 31 1Y
M) o7 R Fe A, B 2 B0 % B i 5 Na, SO, A
2.0 gl ,2,4,6 — — G M b A fe K, A8 AL R e
(LK 4) o 274675 =R A 0 ZEBURUR e
JMA 1.5 g 1 Na,SO, R TTIHER I E FiRE,
2.1.6  $if P K A 2R Bt

PP RS IR AL 5 W0 0 5 K, B R AR BUROR
WFFE AN [ 45 1 2 80 28 ORI 52 00, 45

ANl

m(Na,S0,)/ g

B4 BFEREENERHROZMN

F U, TCE Pl A BOHCRARME , 45 P 3 %2 24250 1/ min
B, A6 Bk 3 B G 0 B iR, 0 R Ak g K,
250 ~550 r/min Z [A] I A IUSCR JLF- — B, Bl £
ZE IR P R K 250 1/ min,

Fb A A ] e W s o) %ok 48 SR 19 R 0D, i R A O s
6] 1 min B, B ADEE VR 2 1 WRCBH 9 H AR S 4 58
oy ¥ RIS N RS R T
A 2R T R T R JE K% TR 2R AR Bk 1
i, LA I i) g 5 9L 4 0 U 2 o AR 1 S5 IR 2
S 180 I A WA A O o £ T DR o L AR AP AR IOk e
T PR L IS (] 2 5 min
2.2 FikiEH
2.2.1 &MGEEMABER

AT ME 2,4 - &0 .2,4,6 - =
ST AN L B RN, SR BN, FEO0. 1 ~
10 000 we/ LGBl Y, 7 % 2,4 - 4 .2,4,6 -
MM TEA M A RIFMEERXRR, R
>0.999( iL#E 1),

AT WA U VAT I 0 B v e 22
(S) 4L /A MDL =1, _,, xS T ik
B, KE PR 0.023 ~0.13 pg/L(WE 1) ;@& T
FELLAAS H BRI 4 53T, & F R 0.092 ~0.51
pe/L(WFE 1),

2.2.2 KEEMEKE

WFE 1.0,10.0 F1100. 0 pwg/L 3 Fvf BE (14 5
Wy B A 3 ) S5 A O A R A R RO R
W4 FONORS % TR H E)RS 5 5, H PRS2 i 1
d PISEATIN A 6 YR 2 S 14 HR G A o i 22 2 , H [
KRG BEHT 1 d e 1R GEZEIE 6 K45 5 i AH Xt
PR 25 7R o SRR 2 TR 3 R I 1 [0 0
KA T6.8% ~93.5% , H ARG % FE N H )RS % i
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HN3.2% ~ 1.1% K Z5 R IFF 5 o0 2ok,

£1 SEBERNLYR
CamAT G (e L) Bty B BN ERE(C)  RmM(pe L) &h FB(pe L)
2,4 - Sy 0.1 ~10 000 y=32639.9 x+17.9 0.999 3 0.13 0.51
2.,4,6 - =5y 0.1 ~10 000 y=135603.3 x +5.46 0.999 5 0.023 0.092
A 0.1 ~10 000 y =94 487.2 x - 100. 6 0.999 7 0.11 0.45
£ ERENBTE
1.0 pe/L 10.0 /L 100.0 pg/L
faHR T Hpa RS AARA AR HpIRE R
R A s 72 T NG A vt A S N I S
2.4 - & 76.8 4.2 7.1 85.2 3.6 6.4 90.3 5.8 6.8
2,4,6 - =4 89.2 3.5 5.6 90.4 3.2 4.3 88.6 5.5 6.5
A 87.1 4.1 7.5 91.2 2.9 4.1 93.5 4.9 5.7
2.2.3 FEkMA 0.102 F1 0. 114 pg/L) &b, H Al AKHE 2K 4 i H

PN 3 ANASTE] B KK T H 7K KRR (1#,
2# 3#) i Tk Ak TR X 2 A5 Kb Btk 1
IKAE (44 5#) AT /0T 45 R L3 3, S5 R R, B
T 4# SH#PIA KFE R A 2 ,4,6 - =& (4518

PRALE Y, ARV BE 0. 10 we/ LI, ] 55k 82.
5% ~101.7% o kW] I 25 78 AN [\ K A 55 52 53 # vh
G FH 8 35 1 i A o 0, EL A a1 B
% 1l AN R KR e S b S W 3 Al oK

®3 EEREmMOKENE
bRt/ Kr 45 R/ (pg - L71) I i 3/ %
fea s (pg L) 1# 24 34 44 54 1# 24 3# 4# 5#
2,4 - & 0.10 — — — 89.5% 91.4% 89.4% 91.3% 91.7%
2,4,6 - =4 0.10 — 0.102 0.114 92.4% 92.4% 82.5% 101.7% 100.5%
LA B 0.10 — — — — 83.7% 94.5% 86.9% 92.0% 91.8%
3 45iE TEAH R E R RSP R ()], 3%, 2012, 30
SN T R R K 2,4 - R (0) 1396 =601
— — 2e P 3] WRkLL, R/ PR, AE TR A IR — R AR AH £ 3 ER I T
2,46 - =G0 AU 0 T A e - ) Zimﬁj‘;@g;ﬁz o %“2*5:“‘6 jﬂz';ﬁ;i
T2 (R BT 0 i % 7K 2,4 - 5B 2,4,6 - 5K
/:4 \j._lz“ Al 0 ';‘? /g = S '?‘_’ \T k > P —
S, DR TR BRI 5530 2% P s
r t Ak & - AT - =
TAbfee AEMMATAFT 2,4 - ZRE2,4,6 == (4] azz pum s, 5 8 AR - O R
S 1T SR P S Y BR 23 591 0 0. 13,0..023 A 0. KRR L] o IR EE I ,2009,25 (4) 146 - 48.
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