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 E T2 HINELTES E A A A - ST (HS-SPME-GC-MS ) 437 i [F] Bl 52 4=
TR K S 2B . 2,4- 5B . 2,4,6-— B M S, il N RIS R T AR 4 FHUR
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Determination of four chlorophenols in drinking water based on
automatic online headspace solid-phase microextraction coupled with
gas chromatography-mass spectrometry

JIANG Yang' LI Jiulong’ YUAN Yue' CAO Fengmei' LI Honglin'
YONG Li' FENG Zinan'* LI Yongxin®*

(1. Sichuan Provincial Center for Disease Control and Prevention, Chengdu, 610041, China; 2. West China School of Public
Health and West China Fourth Hospital, Sichuan University, Chengdu, 610041, China)

Abstract  An automatic online headspace solid-phase microextraction (HS-SPME)-gas
chromatography-mass spectrometry (GC-MS) method has been developed for simultaneous
determination of 2-chlorophenol, 2,4-dichlorophenol, 2,4,6-trichlorophenol, and pentachlorophenol
in drinking water. The effects of extraction fiber type, extraction temperature, extraction time, salt
concentration, acid concentration and residual chlorine on the extraction efficiencies were
investigated by one-way experimental design. The optimized HS-SPME parameters were as follows:
A 10 mL water sample was taken in a 20-mL headspace bottle with addition of 3.6 g NaCl and
0.1 mL 1 mol-L™" hydrochloric acid solution. The target chlorophenols were extracted for 60 min
with a 65 um DVB/PDMS fiber coating under an extraction temperature of 60 °C and with a shaking
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rate of 450 r-min”', desorbed for 5 min under desorption temperature of 280 °C. Good concentration-
response linear relationship was obtained for four target chlorophenols with the correlation
coefficients (r) greater than 0.9994. The limits of detection (LODs) were from 0.015 ug-L™' to
0.060 pg-L™', and the limits of quantification (LOQs) were from 0.050 pg-L™" to 0.20 pg-L™"'. The
average recoveries of the four chlorophenols ranged from 90.4% to 115%, and the relative standard
deviations were 0.47% to 6.91%. The established method has the advantages of accuracy, rapidity
and high sensitivity, and is suitable for simultaneous determination of multiple chlorophenols in
drinking water.

Keywords headspace solid phase microextraction, gas chromatography-mass spectrometry,

chlorophenols, drinking water.

AW RAE YRS TEH A — DA FRFHBUCIE R By 24k G4, FoAE R 28 1)L BRI
FBR R O 20 FH AL 10 4R A BF5E R BE, S 2340 G W) SOl ahEh B B0 i A= 0 & BB Al =50
RGN B, v T G Bk R R E BT S LA Bk 2B S B0 M. 96 [ FRBE AR I 3 (MSEPA) FL 78 20 142
70 AEAR AL O AL FE 2- 0 L 2,4- 5B | 2,4,6- = S R LA AE NI 11 ORI A0 W B R e R
75 e, Fo UL T 20 A 90 4EACK T & By | 2,4,6- =S B 1 2,4-— S W & K it et il s 4e 4.
T 2R AR 30 A A 0 T S R TS Y W B (2023 AR SR T, TG By LR NS 2 bl 5]y T A
PR R, T2 BOMERE A% . BV ks HAEAA S AR & VS, TR T AR T, S5
R A A WL T5 5 IR & & 1 A TH IR K 2 Bk B 2200 R M Z R4 R, H 2
SRR R, G E A YA R R A TR O K A RRAE ) (GB5749—2022) B LA B AN 2,4,6-
ZEBEN KA EY AR AR, B HoAE AR TR R K R A BRIE 43514 0.009 mg- L i1 0.2 mg- L',

16 E F bR (2 18 T K FRERS 36775 ) (GB/T 5750—2023 ) v, AUA T4 1 2,4,6- = S 19 (0 46
J7 ¥, ARG AR A SR (B i ik | TOUZS [T AF f 2 B-S0RR €83 vk L TR A -0 €0 33 - IO i 3 R A 2
k- BRI BT IL . 7R A SCRRE H, S S A W I ik B AR SO AR L VRO
0O AR A - R A T IR (- H R T A Y A AR 2RO VE R, X T KRR R T AL B, AT AR
A Ak B A A A Sy BB 10 YR A T T T FE AR 22 A LI R0 U ey R AR O R R 1 200 T2 [ AH
Bl AR B Cr2 - 142023 =240 g Sy — b R S R S T AR R R, AR AR, B G AR T, AR ARG
FEHORTE Z SR A, AR T2 Bk ) 20 fdl TR A AT s/ A A S PR I B 5 ke iy SR T3,
AT EHFEA ML, XL 5L ISR 1 LU A AT, e A B 7K v~ 1 R ke B 2R T e 1 3 A
H A, ZE7K A S R v, 22 2R FH T0 25 [ A R A B 0AH €8 1 006 P A 12k, AL A LU o s A ) 28
PERE T AR, I 23 52 M 45 S A oA ff

KU, AR 905 42 [ 20 T2 8RR G A ORI ASA (15 - B3 vk B, 76 42 Ak S 2B 3% IR R K i 24
Wy 2,4- W 2,4,6-— G0 FN 1 G Y [R] I N a  Zvk fRT A L Bk . R, Db T BTG Y, RS L
AT B R DAFRME(GB 5749—2022) /9 A BRIEZEK, 36 A T AR 6 IR K ih Z2 Rl Sl A0 2, [R] B
A Ay 3R A 3 TRR AR b ARG B0 % R A T B A — 2 1) SR 5 S

1 #MRL5 7 (Materials and methods)

1.1 AR5 IGH

- BRUE Y, 100 mg, 21 99.8%, 14 B JF K ; 2,4- S By BR A, 100 mg, 46 99.9%, 175 B T
2,4,6- =AW HRAESD, 10 mg, S 99.6%, 1r 88 ik ; B bR A I, VRN 100 pg-mL !, 3z R JFAG; H
fist: JFi 40, € [ Thermo Fisher 23 &5 BACHT R AN : JEMERH, J T RS R Ak 22380500 BR 2 #] 5 Brakan
fi: Rk, B i B fb 2 i A BR S B S Ak PLgal, Rt EE NG di ik TR o8 s $hme, fR 4 al,
IR T SR K Atk AL
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12 U5k

7890A A 71 -5975C R 5% Bk X, € B Agilent 28 75 4 H sh Z 1fE A sh ¥k FE R 48: PAL
RTC 54 (4 HS-SPME #5He ), | M B 15 5256 %8 B4 A7 FR 23 7] ; BS224S U, 1~ KSF: 1 [ Sartorius 23 ) ;
%4 : DB-SMS(30 m x 0.32 mm, 0.25 um), 3E[E Agilent 23 7]; Mili-Q #B4li/K & 4t, 2& [ Millipore 23 7.
1.3 STk
1.3.1 A A i

FrERE 2 W A BE )« FF 2-508 (100 mg) |« 2,4- 583 (100 mg) 5 2,4,6- =5 W (AR E S (10 mg) FHHH
B8 R, H R 2 10 mL 25D, A 2 205, 70 A Bl Sk 2 10.0 mg'mL™', 10.0 mg'mL™" 5
1.00 mg-mL™" (175 it 25 W5 B TS bR 7V MR (100 ug-mL") FH SR B AR 10.0 mg- L' AU AR A &
W, BT 20 °C UK 1RAE.

TEE B Ao N FH VR AR T - 73 30 T PR B — 8 5 4 B2 43 B TG 28 VR T2 A 3 e T BEAY 10 mL 45 0
U, B B 2B, TS A 1000 pg- L' IR S 4R vER FH .
1.3.2 FES RT3

F 20 mL A, #ERRMA 10 mL ZKFE, 15 A 3.6 ¢ SALHIH 0.1 mL 1 mol- L™ AR AR,
I E, BT A SRR 2L R
133 ik

HERE TR E : 280 °C; #0A0: Z(99.999%) ; ¥t #: 1.2 mL-min'; {41% 4% : Agilent DB-5MS(30 mx
0.32 mm, 0.25 pm); A3 R R 7 il 9045 1 B2 B 40 °C, fR4F 3 ming ZJ5 LA 10 Comin' #F T}
F] 120 °C, 4k£EL) 15 °C-min' SHZETFE 240 °C, {54 10 min; FEREAF: 1 pL, RAFFEEE.
1.3.4  Jig4f

& dr R (ED, FRER 70 eV, DUHFFRLEE 150 °C, & F IR 230 °C, £k 230 <C.
SR FH I8 25 7 WA (SIMD) B HEA TR, 4 Fh B O B BB e s . E i s F S S50 1.

F1 AFEBBUE S
Table 1 MS parameters for the 4chlorophenols

wEY £ B I ] /min JEPEE T m/z R T m/z

Compound Retention time Qualitative ion Qualitative ion
2-5A 1 7.9 64,92 128
2,4-Z 5 11.0 63,126 162
2,4,6- =51 13.4 97,132 196
TAB 16.9 130, 165 266

1.3.5  Tos [ AR GOCE R
>k J1] DVB/PDMS 7 Bt 3k , % iU ] 60 min, %€ BUJR BE 60 °C, #% #2 3 % 450 rmin”', ¥ FE I
50 mm, i B E] 300 s, ALTEE 280 C. AR AL BURE S i, ZEBCEL ¥ S5 AL S min.

2 %5 59718 (Results and discussion)

2.1 TS [ AH GRS BURAF A R 4
211 AEHCLA R

ARk BRI A BUSCR S AR, B RS PIHE 2 B A U JE AR RIARE i 22 ] 04 73 Tie R B0
i) A5 OO 7R B SCHRHE H, RN TR TR (PA) (il FHE 2212 1420, 22 B 1] 4 Fh Gy 43 7AiM 10 22
S, ARWFGERE T BB PR —IRZ M) 85 um RINMEERES (PA) FT 100 pm R — H Ik 42 e (PDMS) F, 38 BEHL
TREEWZMN 65 ym = LG HIR /R — W kL E b (DVB/PDMS) LA 85 pum(50 pm/30 um) DVB/PDMS/
Carbon WR I 4 Fh A% Bt sk P47 26 BUSCR e 5256 43 B EC i 10.0 pg L™ AR A AR A T, 76 1Ay
AT AR AR R AR D0 T SR Lk 4 Fh A ICK 7 5056, 8 Ot A4S B AR i B I R G KN, 1
FE B EFEERLT Y ()27 AL 1 0T LU H, PDMSS A& Gk 06 T 58 26 BURUR #8475 PA ZEHGK T 38
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T 28 A 2 R PR A A W B9 A M, e 2- G I A 2,4- G0 A i R BE 34 05 R Ff DVB/PDMS/
Carbon WR A B3k if, 2-5 W . 2,4- 5 5 2,4,6-= G il 157 4547 B S 42 85, A4S T PDMS, T4
M [ U B 5 1 4 ) DVB/PDMS 8k I, 4 F G B 35 31 A5 Bt I A BORIOR,, B2 5 %5 PR B 65 um
DVB/PDMS.

100 um PDMS

£33 85 um PA
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Fig.1 Effects of different extraction fiber onextraction efficiency

2.1.2 FEBUREE AL

A U B A2 S M AR URCR ) — N E B K 2R, S5 A0 O SCER™, AR 43 el 10 pg L' A5 T
RA PR TR, AE AR BT 2 AH TR 0 2548 T 2K BUELEE S 50, 60, 70, 80 °C A 4% S Iy 1 25 Ak
BE 2 FrR, 48 50—80 C Y P, 2,4,6-— G 10 10 0 1 e 2 BRI B T v T AN DR o, T
2,4- T (R R N AE 80 °C WG AT T B, 2-5 M Y I B UL FE 70 °C S BRI T B RS B 52 A D L T
RETE T 2-5 43 11 RNk a5 SR, 7 WF 9T S IR, £ 4- 35 2 K o0 0 0 W P — N e A, o 3
S T V3 e ARG FE A ALY, TR BE 2o 8 25 T B MU 2 1) 2 BRUBOR BRAIG, R 77 B 5 35 ) 46
WO RE . 2565 18, BERRAEIORE R 60 C.
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Fig.2 Effects of different extraction temperature onextraction efficiency

2.1.3  ZEUR AL

FE BN [R) %) ZE BOSCR A AT 3 B R, AWF5E 23 I BC ] 10 pg- L A SUBR & Fr IR W, 72 oA
Br AR IR A1 B0 5 48 1 20N 1] 2350 ) 10, 20, 30, 40, 50, 60 min [ 4 Fh S5 A A HRICR. anfEl 3
JI7R, 2- G AE I 40 min J W 52 AN-FES8 25 SO, 76 40 min I BEAC IR ISP 17 2,4- 5 L 2,4,6- =
V53 L2 K T S8 13 P9 W) 15 7 A IS TR] 10—40 min 13 Bl AT B 3400, 40 min DUS I B A ZE . 2567
JE S0 R0 R A N TR A% HU i BSG F) 2 BT 4 v K 18 22 B R MR P, AR SIE 6 a6 19 2 U 18] 60 min,
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Fig.3 Effects of different extraction time on extraction efficiency
2.1.4 BT
ABFFEI B 10 pg- L AR A bR EE W, 7R AR A 5 PEAR R RO RS O, Sl i A [)
AISEAEAN (0, 1, 2, 3.6 o) UV IR AY B T 58 BE, PRS0 B 19 B X A YR OS2 . A0 15] 4 B, e
AN (1, 4 ol S0 1 ) R 24 D G 4R 7, PRG3R P ) 10 mL /KRR VRN 3.6 g SUAL Al 2 A A

6000000

5000000

4000000

3000000

Peak area(mAU*min)

2000000

1000000

B4 AN 5 B X A RCR 1 5
Fig.4 Effects of different ion concentration on extraction efficiency

2.1.5 pH 15

AHEFE o BIBCH] 10 pg- L B9 S B A AR ER W, A A 0 0 28 PE AR TR B 50, I ACAS [R) (AR
(0. 0.10, 0.20, 0.50 mL) 1.0 mol-L™" 5 B i it 22 15 W R FZ, 5 %¢ pH X A ORS00 ] 5 f
N, IR Z 5, 2,4,6-= S8 M A T 58 B i 0 17 B S8 418 8, 24 3R MR I AR B L 0.10 mL 2 ), 2-5 195
2,4- M L 2,4,6- =S A e 1 25 B R A TR T R T R 2 0 R A ICET A 1 1] S AR 52 M A RO
e, WOEEFETE 10 mL KFEHIILA 0.10 mL 1.0 mol L™ #h RV
2.1.6 B AN

FURIT, AR TR KR 2l AT 2, 1K P I 27 S AR T 2 0 e b 2 R 25 590 By AR U A 7,
TSR 2,4,6- = S AR Wy T DG RE RSSO M T A R T ST B S Y, EUR [N AMIT ST R TR A
PRVTIH B 5 U 28 GO S A I 245 R ) 2 i), AR S 06 TR A 25 5% 1 L RE W) 30 B SR BEE 2000 O 00,
0.05 mg-L™", 0.10 mg-L™", 0.50 mg-L™", 1.0 mg-L™", 2.0 mg-L™" (A 2l 7K o, AR A A HE S 0 8 ol
HAAREE R 10 pg- L', TE A7 HT A0 AH [R) B4 195 0 25 52 A [l e 18 S JE o A IBUSSCR B 52 ) 45 2R 4
Pl 6 Jrm, U B SR e A 0.10 mg- L™ 2 )i, 2- S M T 2,4- — Sy A L 17 P I, 2,4,6- — SR AT R
153 ) W) IS AT T 1405 30 B SR B i 0.50 mge L 2, 2,4,6- S A i Lt B R R, X A 4



136

7 A 4

3

44 %

() J R R BEAE TS 48 5 2- I . 2,4- 40 . 2,4,6- =S kA T AR N A R T A . A SR
FIR 0 AL s A S AR T, SR A SN — A S R, B e R A BV IR IR A
JRF MR AR B 2-5 B . I A S, B AR AL L KRR R R B, e 28 AR R 1 R e
(THMSs) Fl X .18 (HAAs) . 753 B (A2 36 AR K BAARE ) (GB5749—2022) H, FILRE 48 N A A 7K Hp i
BEMN S RE 0.05—2 mg L™ (TG L. KL, 76 R AR KFERT, A3 00 in A TE &8 JE 550 3 R I 8 44, M

ARAG R BRI 25 3L

Fig.6 Effects of different free chlorine concentration on extraction efficiency

7000000 7230 mL
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6000000~ E0.2 mL
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Fig.5 Effects of different pH on extraction efficiency

720 mg-L™!

6000000 - 0.05 mg-L!
B220.1 mg-L!
5000000 - EE0.5 m,g-?L’l
= a1 mg-L!
2 W2 mg-L!
% 4000000 |-
<
)
$ 3000000 -
&
§ 2000000 -
1000000 [~
0
o™
of SO
L &

Bl 6 i SO A BOUICR A 2

2.2 bRAERMZAIARNERE | J5 A ) BRAE R R

i 1 7 BE 43 514 0.05., 0.20. 0.50. 1.0, 2.0, 5.0, 10, 20 ug-L' ARG AR R AW, Tl 132715
[ KRR T AR [ AT AL B, FEF R 1.3.3 19 5 1.3.4 W AER AR T 00T, & hilbnvie i 28, SRAS 13 07
FEFNAHOC R B, I LA 3 A5 FE L MR 75 1 10 A5 FE LM 75 BT X 07 (%) 45 I 24 43 & Fi 31930 4 G s 1 7 2 th
PR PR, 25 R L3R 2. & 2 I, 25 A IR 0.015—0.060 png L', 7k RS 0.050—

0.20 pg L™, bRl (3G & ULIA] 7.

R2 AFPEB AL B DR ROC R AL K R E B

Table 2 Linear range, linear equation, correlation coefficient(r), LOD and LOQ of the 4 chlorophenols

&Y P/ (ug L) LML) R MR AR (ug L) E R/ (ng L)
Compound Linear range Linear equation r LODs LOQs
2- 0.20—20 y=358778x—26857 0.9994 0.060 0.20
2.4-— W 0.050—20 y=1000000x+10445 0.9999 0.015 0.050
2.4,6- =58 0.050—20 y=650278x+3070.2 0.9998 0.015 0.050
FAA 0.20—20 y=462060x—28366 0.9998 0.060 0.20
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F . 1.05X107F .
3888888 o @ 2,4,6-trichlorophenol 1) 500>(<)(} (())(; - ® 2.4.6-trichlorophenol
8500000+ r
.
2 75000001 £ 8000000 -
= 7000000 * 7500000
% 6500000 D 7000000 -
< 6000000 g 6500000
£ 5500000 = 6000000
§ 5000000 o 5500000 -
§ oot ;i
< 40000001 r .
& 3500000F  2,4-dichlorophenol & §(5)88888 C 2 4-dichlorophenol
3000000 3000000 F
25000007 Pentachlorophenol 2500000 -
%(5)88888 r %288888 L Pentachlorophenol
1000000} 2-chlorophend]l 1(5)88888 I-2-chlorophenol
500000 1 | 1 1 1 1 ] L J‘\ 1 L L 1 1 L 1 |
8.00 10.00 12.00 14.00 16.00 18.00 20.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00
t/min t/min

7 ISR EPRUEAEIL (a, 10 pg- L) F A K INFRAE M (b, 10 pg L) BB F iR E
Fig.7 Total ion flow chromatogram of standard solution at 10.0 pg-L™" for the 4 chlorophenols
2.3 JyIRIERGE SR
FEARE R0 P, A AR TR AR K TR A 1.0, 5.0, 10 pg L' f4 3 N B A TR A b v TR
BEABIMKE AT E 6 U, BEAT J5 12 1 fl 2 FIORS 2 B SC 38 25 R AN 3 FTow, J7 ik B -F 3 [T i oy
90.4%—115%, HIXFbrifEfw2E RSD K 0.47%—6.91%. HIARE: i (ol E WL 7.
R 3 JIEMHER RO (n=6)
Table 3 Method precision and accuracy test(n=6)
ey AJE(E/(ng' L) bR EE/(ug L) ARG IME(E/ (ng L) S IR % AHRT BRI 22/%

Compound Background Spiked Detected Mean recoveries RSD
1.0 0.955 95.5 6.91

2-5A ND 5.0 5.36 107 1.42
10 9.48 94.8 0.47

1.0 0.968 96.8 5.64

2,4- ND 5.0 4.88 97.6 1.86
10 9.14 91.4 1.44

1.0 0.992 99.2 6.47

2,4,6- = ND 5.0 4.82 96.4 227
10 9.04 90.4 221

1 1.15 115 5.02

T ND 5 5.28 106 3.40
10 10.2 102 3.25

7E: ND KA . ND means not detected.

2.4 SEERAE L ARSI

SR AR 5 2 A I B S T R R X 4 Oy AR IS RO K, 4 R S AR T O ik e = PR (0.05—
0.20 ug L") #E C A7 SCHRFRIE > vy, Gy A H 3R RIS Hh v B #RAS (g, sk AU 00 SR FH T 25 [T A ol A
AR TA X 50 A0 A= TE DO K H iy 4 R BRSEAT TR, BR 1 3 K AEAT A Hh HL AR s B SRR,
HAHE SRR .

3 %58 (Conclusion)

RSB FEST T 4 F SR TS AR (R M-SR (35 - SR 0 ) I 00 A 5 AR K oh 4 Fh G, A+
FOMRAC I, T ARAC IR, AT AR AL A A, 207 e AL PR T . A Sl AL AR v, sk A T A LI

R B0 P ] TR AR A R TR R L, TR R S O - 1B , 3R As v RO S
G365 JBE B [T, 5 S P TSR, P 448 R S T mT g . 4 R Sl 2 - o7 P OC 2R LA, AH K R
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r YR T 0.9994, J7 ks HBR A 0.015—0.060 pg' L, Jrik g B4 0.050—0.20 pg L™, J7 2 Rk
FN 90.4%—115%, AHXFFRAE 224 0.47%—6.91%. WAL, ASBFFE % TR 2S [ A AR BSR4 #- 1T T &R S
Ak, B T ARG R | RERURT[A] | ZEEBGRE | pH., B 10 3 S5 AL G0 SR e 25, 4 01 2 5 A 1 KRR K
HH S B R O RG4S A R R HEA T T RS KRR T RS U S SN A AE S R R RR E (5% ) 4 Fh
SR I, JIT LATE R AR K BERT, A8 WA I A TE B30 S 551 31 [53% 00 125 G, AT 20745 o %) G 0 45
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