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B  Z R TR 2,4- AR TR F 6 RS My ik, R AR T iR e TR TR A
T AR R TR R AR R AR IR NaCl 3 e 35 58047 THRALAT R, 2 R A0, 2 5%
AT, Fixeh Lg% 2404 0.997 3~0.999 2, # TR 4 0.002 ~ 0.212 pg/L, & 2 F& 4 0.007 ~
0.707 wg/L, #8547 A4 £ (RSD) A 1.7% ~ 7.1%, B K & 5 89.3% ~ 107.0%. % 7 ik db A beik
B TR TR FIE G, T AP 64 ) ARALA 4 B BT AT IR F 9T .
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Static Headspace—Trap Multi-extraction—Gas Chromatography for
Simultaneous Determination of 6 Halogenated Compounds in Water
CHEN Dong
(Water Quality Testing Center, Xuzhou Tongshan Water Limited Company , Xuzhou 221116,
China)

Abstract: The impact of disinfection by-products in drinking water on human health is becoming
increasingly significant. Currently, the detection methods for conventional disinfection by-products, such
as haloalkanes and haloacetic acids, are relatively well-established. However, research on the detection of
emerging disinfection by-products, such as halogenated anisoles, remains limited. An analytical method
for the determination of six halogenated compounds in water, including trichloromethane, carbon
tetrachloride, dichlorobromomethane, chlorodibromomethane, tribromomethane, and 2,4—dichloroanisole,
was developed using static headspace—trap multi-extraction—gas chromatography (GC). The optimization
was conducted on several key conditions of this method, including headspace equilibrium time,
headspace sampling time, headspace equilibrium temperature, cycle extraction times, and NaCl dosage.
Under the optimal conditions, the method exhibited a linear correlation coefficient ranging from 0.997 3 to
0.999 2, a detection limit between 0.002 pg/L and 0.212 pg/L, a quantification limit from 0.007 pg/L to
0.707 wg/L, relative standard deviation (RSD) within 1.7% to 7.1%, and recoveries in the range of 89.3%

to 107.0%. This method is characterized by rapid sampling, accuracy, the absence of solvent
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contamination, high sensitivity, and the ability to simultaneously perform trace analysis of six halogenated

compounds in water.

Key words: static headspace; trap;
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1 #MHEF*®
1.1 XE5RF

2 [# PE S AH 8 3% 1Y (PerkinElmer Clarus580-
GC)EeA Thias H sh 3t 4% (TurboMatrix 40) , £ 4
LB E A BB kTR D,
S &% (ECD) , 20 mL T0 %5 i , 20 mL & 11 T 25

=R BERR TR IR 10 me/L, DU SRR bR TR
1 mg/L, S — TR e bR R 10 mg/L, — 5 1R
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1.2 BRELH

H4 1 000 mg/L 11 2, 4- 58 F Bk A o 15 i L 4l
IR B 100 we/L Y 2, 4—— G4 B B A o v 1)
IS ANTRES I, 280 B 10 mL 4tk , 28 J5 23 51
A G BE UGk S — TR BERR VAR 10
20.30.40.50 wL, — 5 9 H e | =0 H B A o T
W 2.4.6.8.10 pL,2,4- 587K B BEBR HE P B 1
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5675 ¥ B 10 mL /KR T 20 mL 10023 0 H B i AR
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1.3 WEEHG

HP-5 & 4 & & 3% A (30 mx0.25 mm, 0. 25
pwm) , A 1.2 mL/min; ECD A& #8396 & 300 °C;
FE MR 2 30 mL/min; HEFE FHEREE 250 °C; B F THE -
1 85 5 BE 50 °C, 4445 2 min, A 10 “C/min TR 2
120 °C, LA 20 “C/min FHf 22 180 °C, f&4F 1. 5 min;
RS,

0175 - A ik B 80 °C, EFEEH L 90 °C, L i 2k
T 110 °C, T002S S i #s) 8] 20 min, T0028 HEFF B
6] 0. 1 min, JIUERFE] 0. 5 min, #EHHFE] 0. 3 min, fifi
LEBIFIRLEE 40 ~ 260 “C, BB B[] 1 min, TR H] 5
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S AT 5 224 S A A TR R 1) 38 25 25 min B, 454047 4143
A THT R RN N P P A O B T 3 K T
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30 s B, R M AR BT 2R 4, SR R I R
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23 P AR 80 CHYARME N IR AS U AL 6
ARAL G P iy T B TE R O 2 7 T2 g o s/
Bl AT 20— U, AT B 24 2 IR R i 2 AT — IR
RO B AP P, AR R BUR B AL
A S AR Z 1) 2 JORT P A, PR EAT R — IR
2SI E SRR /IR STESUE-RITEIRY S
A B R A DA TR]— R i I A TS 2 ] 32 4
FRI2 AR 25 TR, BRI IE R ECK RAF A (E BT
A 2 A 57 A 0 R i O D TR AR B LU SR — W T AR
ok A e TR/ 5 2 AR 25 DA it L ) T8 2 i) i 2 42
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Fig.1 Flow chart of static headspace—trap

multi-extraction
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Fig.2 Influence of cycle extraction number on peak area
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T T 285 T 25 4l R BIFIR ] 22 A6 BGHE R 1 R )
FHFRATIONL , RIAEZK P9 oI AT 8 NaCl 22 # 42
P2 73 1) 73 BE 280, B A AR5 W P 2 i B i
fige JEE 4R v e AT R e % R, DA K B 4 g SR A
JE BEARAS R A H A9 . 75 10 mLIES bR
SEAIITA 0.1.2.3 g iy NaCl, 76 5L 50 e A 444 F R
P A TS — 47l £ B ] 22 28 BB RE I X 6 il
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Fig.3 Influence of NaCl dosage on peak area
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2.7 HEMZEMEXR KRHREREESR

PR L 21 7 IR 5 A S AR E R B
PSR AR5, BV T35 - 5] 1] 20 min | T3 3 RE 5] 1]
6 s T9AS -1l B2 80 C B PR A HUK KL 3 X NaCl 4%
hini 2 g 1S N HERE , LA AR YAAR AR , R B2
AR bR BEAT R AL (B3 0 A7, 45 21 6 Ff i AC AL 5 T B9
MG R B A R FIE SR (W3R 1) "IALL6
i AL B W& 2H 2 YRR SC R B

&1 MEKHEYHEEEXRY BWHRFESR
(n=7)
Tab.1 Linear correlation coefficients, detection

limits and quantitation limits for 6 kinds of

halogenated compounds (r=7)

Jrn é;%‘fi?@ilﬂ/ éi%‘f%*ﬁjé 5 Bi!é/ fé%@
(pg-L") | 2EG) | (pg-L™) | (pg-L™
=AW 10~50 | 09986 | 0.005 | 0.015
DU S Ak fk 1~5 0.9983 | 0.002 | 0.007
THR—IRHEE | 10~50 | 09992 | 0.016 | 0.055
—& PR | 20~100 | 09973 | 0.031 | 0.103
=R 20~100 | 09987 | 0.212 | 0.707
2.4- " FAFEHE 0.010~0.1| 09981 | 0.003 | 0.010

PIAGE 1t 1Y 6 Fl i A0 AL B W0 bR HE R W, 15 81 =
AW BE AR TR R — A T
SR BE 2, 4- T GOR B K S RV B 43 51N 0. 6.
0.1.1,10,10.0. 02 pwe/L BB A, 32 1. 455 1k
BT TUCPATREINE o L35I e (S/N) 1153 6 Fif
i AL A 1 - 8 B R 0. 002~0. 212 pg/L, LA
10£% SN A HAFE 2 PR 4 0. 007~0. 707 pg/L.
2.8 SHAMER AL

BEXTH WL b AT BRI R TR RS D
A CA T R K bR HEAG 50 7 1 5 10384y - T 5
B P48 bR ) (GB/T 5750. 10 —2023) FI{K Bt ¥4 k&
PEA HLY BN 2 W A 46 /0ORE (835 - B S ) (HY
639—2012) )45 11 TR E R . BT
A 002 — 4 4 BRI FH 2R D B Wk 9 S R A 35 L
BB E AV TIRE, T HIR A
PRS0 A5 T 4 — A 21 B I FH) 22 Uk A B A 32 I A
FAGE P DB KSR FHZ O 1 0 1 i AR A
Pkt BR 55 W 4l AR AT P R AT X L, 25 2R
W2, AL, SR S TS 4 45 B E F dERERT , 5
Pl ¥ e 1k AR R 0 K R I T R H GBIT
5750. 10 —2023 . HJ 639—2012 H ity Wk 471 4 S 46 11

BR o EAR 2, 4= SR Ik IS AR I A8 B oA 0
5B BT R SR WA 4l 4 00 S K e IR
Wy Iy SR AEORE D A0 , AEAE I A B IN EESR . PR P
A BRPERE TS AR AS  BR E A 22 S Rl g el LUK B
1 s O A3 5 R gh 25 s e O =X, i A
PEARBREAT H VOCs; A T2 -l S PR T
T2S | 7SR P A R VOCs M 3K B SF- J5 EAE , A
M- E LI VOCs B A . @42 —Fhak
PAPIRAS T B LE A AR, AR AT LA SE A U H
PR AELBE R A W NE H AR 2 A7 — 5 R AR K 5
TS A A BF AR U R A RS R AT 200
YR, FURRPIAS 7 A Jd B I A0 2K o DR 4 4 4
A R 5 e 2 T s P ) 9 A, i R 5 B 2, L
BEFRIRPE AN
F2 SRR M KIEHIH HRXTEL
Tab.2 Comparison of detection limits for 5 kinds

of volatile halogenated hydrocarbons

ATz e | KRR R/ (pg- 1)
4 Y N
i) @*E(aéﬁ?%ltt;[ﬁﬁl (;B/i%;g.lo HJ 639—2012
A H b 0.005 0.120 0.400
Py S Ak 0.002 0.130 0.400
TR 0.016 0.290 0.400
— S IR 0.031 0.251 0.400
IR 0.212 0.251 0.500

2.9 HEmNE

I 2 T R EC IR S A, DL 1.4
IFEHEATINGE o A3 HT IR 3 1) H 2 K A 3 43 b T 7k
o6 A AR AL A W S R O RE R TR TR
T UL 4

700} LG 2 LR 3. I
4 LR S Sk
6.2, 4- G RH ik

5
1
J

4
AN
6 8

t/min

Y

2 4

6
A
10

12

B4 KigpefmRUEWEE
Fig.4 Chromatogram of 6 kinds of halogenated

compounds in water samples
SRR, 6 I AE S 6 B s AR AL A P i BT vk
JEMLIEI N 0~8. 5 /Lo X 143 T AR i AT 53
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FARBE S AT b L 3SR BT BRI

i, B USE AT AT 5 U, 45 R LK 3.

F3 KEFEFOFHRAUESYWMEREE BZE (1=5)
Tab.3 Recoveries and precisions of 6 kinds of halogenated compounds in water samples (r=5)
Hi K Hh K
S| ke | ke ek P | I e e TIWE | gy | HEPRE
(pg-L™") | (pg-L™") [BE/(png-L|  2/% i 2 (pg-L™") | (gL {’&E,/. /% 22
(RSD)/% (pg-L™) (RSD)/%
10 10.2 101.0 4.5 10 18.3 107.0 32
= P 0.1 20 21.2 105.5 4.8 7.1 20 27.7 102.2 2.1
40 41.9 104.5 39 40 48.5 103.0 43
0.5 0.73 104.3 4.7 0.5 0.58 96.7 3.1
ARk | 0.2 2.5 2.87 106.3 5.0 0.1 2.5 2.75 105.8 1.9
35 3.89 105.1 5.2 3.5 3.85 106.9 3.7
— 10 11.0 104.8 2.9 10 13.3 98.5 1.7
QEF%&E ” 0.5 20 21.6 105.4 4.6 35 20 22.7 96.6 33
40 41.2 101.7 4.0 40 43.9 100.9 2.5
e 20 22.1 104.2 5.1 20 26.9 102.3 43
i Jox 1.2 40 42.0 101.9 4.6 6.3 40 452 97.6 4.8
60 62.7 102.5 44 60 65.4 98.6 4.1
20 26.8 94.4 5.7 20 27.1 97.8 3.8
=R 8.4 40 47.9 99.0 3.6 7.7 40 46.5 97.5 4.4
60 72.2 105.6 5.0 60 69.3 102.4 5.7
L 0.03 0.026 8 89.3 7.1 0.03 0.0310 934 6.5
24;54?@? 0 0.05 0.047 3 94.6 6.9 0.003 2 0.05 0.0512 96.2 6.0
0.07 0.065 0 92.9 6.3 0.07 0.069 8 954 5.8

1 3R 3 AL, 6 B pa A AL & W - X s [l
7 89. 3% ~ 107. 0% , FHXI R ifE 25 (RSD) A 1. 7% ~
7. 1%, FULATHL, 6 Bl A0 AL G W FE K i i & 18
AR, R v SRR 1 A T A — el R BRI 2 1k
AEBUHERE T AT LAt i ot A TR AT
3 #iE

HEN T — P RS T A — el BRI FH 22 Uk A BT
FE GC o 2t [ B 2 Ak rp = G0 e L O Ak il L — 54
— IR e — A IR e SR RE 2, 4- SR
fik 55 6 A A AL A W A 43 B 1 3 A X T2 S Al
B[] T00 255 3 A0 B[] 00 23 S £l I 3 70 2 A RO
B NaCl 4% 0 i S5 55 - AT DAk, i Sr 1T et 0 i
2 A5 5] T HAR A ARG I 25

S T2 — 938 4 BH DG FH 22 R A U v 2 — b
B/ L R S R A B 2 1 5 AR G AR U
FALG A BB AE AP IR N 23 iR DU 436
0, B T AT LI TR & R BE 5 Y DL R
X SRR N B AR SR () 8 5, R —Fh ek ) 4y
BroTid o 55 W G FE BIF ) T00 25 B 48 kA
AR L TS B 2 U 2 B S 1R A AR I ik

R B , AR T A6t B, X — LU B AT R A
AT B4 75 D O A O 2 I . 5 I A
SRR AIE R HE 207 W AR O A AR, AGE DR i 1Y
ZF AR, W AER TS B/, BRAE fT 50, AR IR
R R, A A T S 4l A BRI 22 R
WOH R AU EAT B ) 92 A, 18 AT B Y
JO7 R o

B3k
(1] BRPT, bE6E, T, 45 RN BT 3K rh 4%
R AR TS PR AE [T, B SRR R4, 2020, 40
(5):2174-2179.
HUANG Yunzhu, SUl Qian, WANG Jiaqi, et al.
Pollution  characteristics  of  volatile  halogenated
hydrocarbons in the surface water of a typical town in
Taihu basin[J]. China Environmental Science, 2020, 40
(5):2174-2179(in Chinese).
RCE KPS AE, E5F R, 55 R M LY
FR R it TRLAL B 55 3 AP ARG 235348 [0 ] o A U R 2 2
e CASREFERTD) ,2022,43(1):91-96.

LI Qiuxuan, LIU Linghua, WANG Xuedong, et al.

(2]

+ 135 -



B4 E B2

OE 4 K HE oK

www. cnww1985. com

[4]

[5]

(8]

Sample pretreatment and analysis detection of volatile
organic compounds in groundwater[ ] |. Journal of Capital
Normal University (Natural Science Edition) , 2022, 43
(1):91-96(in Chinese).

KRS UK TRIM]L bt E ST
2015:249-251.

ZHANG Yuxian. Water Supply [M]. Beijing: China
Architecture & Building Press, 2015: 249-251 (in
Chinese).

TR, B, AN AR, A ARHK I B A A T B
ARBEFZERELT]. Hr EER N, 2020,36(3) : 1-9.
WANG Dong, JIA Ruibao, SUN Shaohua, et al.
Application progress of detection technology for drinking
[Jl.
Monitoring in China,2020,36(3):1-9(in Chinese).
TRATRI, VRLLEE W A5 . VT B M BK 5 Fi
PR s AR K B AT 20 AT [0 ). vh [ AR A G
Z%7,2022,32(13) : 1618-1622.

ZHANG Fugang, XU Hongrui, PU Yang, et al. Detection

water  disinfection  byproducts Environmental

and analysis of five volatile halogenated hydrocarbons in
the Suzhou section of the Yangtze River basin [J].
Chinese Journal of Health Laboratory Technology, 2022,
32(13):1618-1622(in Chinese).

Fh/NGS BRSP4 . KR IR TR TR 5 A
700 53 B B0 RN 7 R PH K A e pa AR LT .
S BTk, 2018,46(9) : 1493-1500.

DU Xiaodi, CAI Hongwei, GUO Liping, et al.
Determination of volatile halogenated hydrocarbon in
drinking ~ water  using  dispersive  liquid-liquid
microextraction with biphenyl-biphenyl ether mixture as
extractants[J ]. Chinese Journal of Analytical Chemistry,
2018,46(9):1493-1500(in Chinese).

REVSE AT, AL, 45 . TS [ AR IR MR R 33 -
JoT i B T [ B a0 380 2 7 v 12 A U R Tk ) 45 12
TRAELT]. 55 ML, 2019,38(6) : 724-733

XIONG Maofu, REN Min, DU Yi, et al. Simultaneous
determination of 12 chloroanisoles in lake reservoir
waters by headspace solid phase microextraction—gas
[J]. Rock
Mineral Analysis,2019,38(6) :724-733(in Chinese).
sk, B ST, AR AR IR R ) Y
A LB S R (], RG24 (A SRRk
f2),2015,43(1):108-112.

chromatography—mass spectrometry and

(9]

[10]

[11]

[12]

ZHANG Kejia, MAO Minmin, ZHANG Tugqiao, et al.
Formation mechanism and influence factors of taste and
odour compounds—chloroanisoles [J]. Journal of Tongji
University (Natural Science) ,2015,43(1) : 108-112(in
Chinese).

PO, BV BEERE INRE RS PR
P pd ARG R BLOESE T ], ML, 2023,49(4)
60-67.

CAO Fangfang, WANG Wenlei, LI Yuhua, et al.
Pollution characteristics of ambient halocarbons in
Shandong Province [J]. China Measurement & Test,
2023,49(4) :60-67(in Chinese).

JaAe EJUNIN, A, A5 TS AOR 3 i o kO
kb 7 Ao AR (). b AR AG 5 2R A 2009, 19
(2): 300-302.

ZHOU Hua, WANG Yougang, WU Xianglun, et al.
Determination of seven halohyolrocarbons in drinking
water with headspace gas chromatography [J]. Chinese
Journal of Health Laboratory Technology, 2009, 19(2) :
300-302(in Chinese).

JREERE AR OB, AT L TS [ A R AR B AU £
T — BTG IDE 0 22 PRV T 8 R AR R AN 17 A R A
TRIELT]. 430k ,2023,51(6) : 1033-1041.

ZHAN Xuewang, LI Penghui, XU Lin, et al.
Determination of 8 kinds of benzenes and 17 kinds of
volatile halogenated hydrocarbons in urine by headspace—
solid phase microextraction/gas chromatography—mass
spectrometry [ J ]. Chinese Journal of Analytical Chemistry,
2023,51(6):1033-1041(in Chinese).

SRARAR . K B ) i GSM L MIB Al DMTS )
SPME-GC/MS 5 5 A 5E [ D 1. 65T v [ 1 B
P e, 2010.

ZHANG Zhenwei. Study on the Determination Method of
Odor-causing Substances GSM, MIB, and DMTS in
Drinking Water by SPME-GC/MS[D]. Beijing: Chinese
Center for Disease Control and Prevention, 2010 (in

Chinese).

+ 136 -

YEER AN AR (1985 ), 3 VLHRIRM Bt Mk
TRRIW, F BT ) AR AT
E-mail : cdaxf@126.com
Y 7s B #5:2024-08-04
&8 5 #:2024-09-17
(Y% TLuE1R)



