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Determination of Twelve Chlorobenzenes in Water by Headspace

Solid-phase Microextraction/Gas Chromatography/Mass Spectrometry
ZHANG Jing-kai, GU Xue-hua, YAN Shu-kai, LI Xia, ZHU Li-ju, GU Ya-ting
(Suzhou Jianyuan Detection Technology Co. Lid., Suzhou 215000, China)

Abstract: A new method for simultaneous determination of twelve chlorobenzenes in the surface
water and drinking water by headspace solid-phase microextraction/gas chromatography/mass
spectrometry was established. The extraction effects of different types of extraction fibers were compared,
and the extraction conditions such as extraction time and temperature were optimized. The optimal test
conditions were obtained as follows: 10 mL water sample containing 1.5 g sodium chloride, usage of 65
wm PDMS/DVB fiber, 25 minutes extraction under 50 °C, and desorption for 5 min at 250 C. The
results indicated that the proposed method allowed the measurement of chlorobenzene over the range of
0.01 -2 pg/L with a correlation coefficient of 0.998 5, the other chlorobenzene compounds could reach
the range of 0. 01 — 10 wg/L, the correlation coefficients were not less than 0. 999 0 and all detection
limits were 0.002 5 pwg/L. The recoveries of pure water with high and low concentrations were 92.2% to
106% , with the relative standard deviation from 2.6% —7.6% ; Recoveries of the actual water samples
with high and low concentrations were 89.6% —110% , with the the relative standard deviation ( RSD)
of 3.2% —8.7% . This method had the advantages such as simple operation, high sensitivity and wide
linear range. It could meet the monitoring requirements of water quality detection.
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1.1 UEBE5EH

Agilent 7890B - 5977C S AH & %/ & % 1¥;
Gerstel MPS2#I £ 3J) & [ ) #F HE 24% (&[5 AH 33 2
BC) ; Supelco 50/30 pm 3 — H R fk S b/ 06 1 i/
T ZJF A (DVB/CAR/PDMS) (100 pum 5 — 1 L fif:
S5 (PDMS) (65 wm 5 = WL ik S b/ — O R
(PDMS/DVB) 85 um RNMGILERIRZLT4E(PA) [#
FHIHZE BUET 4 3k ; Millipore Direct — Q8 Zfi/K %%

IR 12 FhE e (SR, 1,4 - 50K, 1,3 -
TER12-TE R, 1,23 -=8K,1,2,4- =4
*.1,35-=47%,1,2,3,4-Y5E*,1,2,3,5-14
SR, 1,2,4,5 - PUEUR, AR, NER) IR IR E
100 mg/L(Jbntinss Bt RHEA R A E]) s HEE R
52l ([ Tedia 157 AR ) s $hlR AL R 53 B
afi ([FE 2R A= AR .

1.2 (&G

o025 [ AR IR SR A - INARIRLEE S 50 °C 5 2 L
BFE] Ry 25 min s AR AJRIREE A 25 mm ; T
[E] 245 min; fiN A2 4 500 r/min,

% 2% 1F: DB - 624 F 4045 (435 4 (30 m x
0.25mmx 1.4 pm, ES Agilent 7\ ) ) ; B4 A

(99.999% ) , ¥k 1. 0 mL/min; A i : & 4 i B
40 C,f£FF2 min, 10 °C/min FHE Z 220 °C, {14F 10
min; JEAE R 260 °C Rk

Jii 25 BT PR AL T RESE 70 eV 5 B 7 I
JE:230 C; DU AT R L : 150 °C 5 % fay £kl ) - 250
C 5 R AT &3 (SCAN) REME, 5 1 (SIM)
R i RN AESR -5 min,

1.3 Rwe7HA*

6] 20 mL AP AA 1.5 ¢ SA4L4N, SR 5 B
FRKAE 10 mL, 55 PR B, BRI T 2 2hhE
F S ERE AR AR o LB AT PAL B, O AT UM (3
JEE 3T o

2 ZRE5®
2.1 EREMERE
211 FERCLH

4% 50/30 wm () DVB/CAR/PDMS 100 pm ff)
PDMS .65 pm [ PDMS/DVB #1185 wm A4 PA PUfhs
RIFEHCK B 1 we/ L SRS Wb e WA T
RIS, SR AR A, 15 2] 45 B SR A A IO 1 4544,
SRIGTES AIAESRAE T, H A B A AR Gk X R 2
G YA R  BF9E R W] PDMS/DVB 15 )2 i 25 Bk

[HIIE, #%#% 65 pwm PDMS/DVB Bk AR A i 56
FHZEECk
2.1.2  FEPORE R 20

B X A BUSCR A2, DA 30 °C ke A (1] b
10 CHEf— MR 5 Z 70 °C 45 5L L0 . Bl s 2 T}
o, AR R AR R IR R L, B R =
FARZIRSE TN TR TR SR NI
AR, AR 5 70 8 8 IE L, FLBE & 2R3 - G 3
Z SR

KRR R AAEFE 50 CHE i S E 2R
M
2.1.3  FEHUHTR] 52 0

I H LT 5.15.25.35 .45 min T A HEL
HROGERL L AE 15 min B, SUORC A B K 7 25
min [, A SRS G W) AR T8 BN AL BOF-A

PRI, B 2044 25 min VA i foe A 25 U [H]
2.1.4 B B AL U R TR

R 537 10 mL WP imA 0.5.1.0.1.5,
2.0.2.5.3.0.3.5 g GALEN, BB HX 2 BUSCR 1 52
M, Z55R, BEE SR 3mSR A

- 113 -



%35% %o

b OE 4 K HE K

www. cnwwl985. com

FRPCRBEE TR . SIMA 1.0 g EALnt, =5
AR UG H R S ER A R C kB ek Y
SALERR] 2.5 g B, FORF @R A IR A
.

LA R 1.5 g SARERTE IS S5
2.1.5 pH {EYE

IR E LTI pH H N 2 ~ 8 78 fh 0t 2% Bt
(s, 45 5 3¢ B AR AL & W 45 41 7y 52 7 W pH
{ELA RIS , 530k R — 3
2.2 @wiESBEER

TEMR AL 22 AR50 25 T X R R AL B Wtk 7
VEPRBS T34, R DB - 624 (30 m x 0. 25 mm x
1.4 pm) BAE OIS SCH T HErfL & YR 4
I

g LA 1,

200 000 4 767 80
23 11
150 000
™ 12
# 100 000
1
50 000 J
0 \
5 10 15 20
t/min

LA 2.1 3-250K 3.14- 5% 4.1 2- 5K
5.1,24-—FK 6.123- =K 7.13,5- = 5K
8.1,2,34-MUG# 9.1,2,3,5-PUE 4 10.1,2,4,5- DU 5K
LR 12588

Bl SEALANNAETRENE
Fig. 1
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T AR REOAT R 1,
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Tab. 1

Linear range, linear regression equations, correlation coefficients and detection limits of the detection method

i A SEIES T (m/2) | RPEJR/ (pg - L) [l =77 7% MR BL | IR PR/ (pg - L71)
FR 112 0.01 ~2 y =250 659x +6 000 0.998 5 0.002 5
1,3 - —40F 146 0.01 ~10 y=385027x +30 413 | 0.999 0 0.002 5
1,4 - 508 146 0.01 ~10 y =394 155x +19 239 | 0.999 2 0.002 5
1,2 - —47F 146 0.01 ~10 y =374 236x +33 333 | 0.999 0 0.002 5
1,2,4 - =& 179.9 0.01 ~10 y =449 911x -8 565 0.999 2 0.002 5
1,2,3 - =50K 179.9 0.01 ~10 y =443 990x —16 848 | 0.999 3 0.002 5
1,3,5 - =&% 179.9 0.01 ~10 y =435 285x-14 349 | 0.999 1 0.002 5
1,2,3,4 - WA 215.9 0.01 ~10 y =466 913x -19 777 | 0.999 6 0.002 5
1,2,3,5 - pUGER 215.9 0.01 ~10 y =476 930x —34 858 | 0.999 4 0.002 5
1,2,4,5 - PUGEK 215.9 0.01 ~10 y =468 230x -23 591 | 0.999 7 0.002 5
FER 249.9 0.01 ~10 y =429 898x —26 088 | 0.999 5 0.002 5
INER 283.8 0.01 ~10 y =328 861x -12979 | 0.999 6 0.002 5

# 1 iR Z5 1 100 mg/L @A RAL G VIR
GARUE I, HTSK AR B 1000 £, Bt AL 100 pe/L
FrofEfd B W, SR )5 P9 B AR 0. 01.,0. 02.,0. 05.,0. 1,
0.2.0.5.1.2.5.10 png/L RIS, M EAE 22
il T2

MR EE R T 2 we/L I, 04 T FRUB i i 2%,
LRAMEAR OC R B W FEAIG, IR, DL 2 /L AR R R
TAE M 2 i A, IR EVE O 0. 01 ~ 2
pg/ LA RE(r) H 0. 998 5; HAEAKAEY
AAMETEFEI AL 0.01 ~ 10 pg/L AR B (r) ¥R
/NF0.999 0,

PIMEME L S/N =3 3H58 e B, 4681k
£]0.002 5 pwg/L.

2.4 ELERKBESHRBHENBZEERR

W27 15 T T HE I R K B KR K Hr R
FEA P , KR A R KRS B kKT HK
IKFERAE G I A G AN FR I, IF 217 AR il as . ¢
TIAACTNRE A SR AT H K rp B AR AG I 12 Fp Ak
Yo FESlK ARHZK K b4 S AR K2 A
WEEACT- (43020 1 805.0.05 pe/L) IPEAREE
Y, AT T YRR 0 B RS 2 R K, o &
RULER 2, WO, gk o indr n R R 92. 2% ~
106% ,FHXTFRAE 227 2. 6% ~7.6% ; ik K H
PRl W #8891, 5% ~ 106% , AH Xt b5 HE (s 2 R
3.2% ~6.2% ; #b R IK thinbR [ oy 89. 6% ~
110% FEXThRifER 250 3.8% ~8.7% .
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Tab.2 Results of accuracy and precision experiments
5iA JnkrAE/ alizK/ % WK/ % i ZRIK/ Y
I B
(pg - L) | FyEE | RSD(n=7) | FHEHE | RSD(n=7) | FImYFE | RSD(n=7)
- 0.05 92.2 7.6 91.5 6.2 89.6 8.7
2
1 102 4.7 95.4 4.3 96.7 6.5
o 0.05 96.5 5.2 106 4.8 103 5.6
1,3 - 50K
5 98.2 3.6 99.3 3.2 104 4.5
0.05 101 4.7 96.7 5.3 97.5 5.8
1,4 - 250K
5 97.4 4.1 98.5 4.1 102 4.2
o 0.05 96.7 4.3 103 3.2 110 6.1
172 _:%?T‘LZI:
5 98.2 3.9 97.6 3.6 104 5.7
| 24 0.05 95.3 4.6 94.6 5.6 97.2 5.9
R 5 103 3.2 101 4.3 96.7 6.7
. 0.05 104 5.1 97.3 4.2 96.1 5.1
1,2,3 - =&
5 102 3.6 103 3.9 104 4.6
. 0.05 103 4.4 96.7 4.5 103 4.9
1,3,5 - =5K
5 98.6 3.8 95.7 3.9 105 3.8
12,3 4 - U4 0.05 95.2 4.1 102 4.9 98.7 5.6
T * 5 98.9 2.9 101 3.5 99.2 4.3
12,35 - A 0.05 102 3.9 97.9 4.6 103 4.7
T * 5 103 3.1 94.3 5.1 94.6 5.6
12 4.5 - A 0.05 96.4 3.3 105 4.9 103 4.3
Y A 5 97.8 2.8 98.6 4.3 95.6 3.9
. 0.05 97.6 3.7 106 4.2 103 4.3
Fik
5 102 3.2 95.6 3.6 102 3.8
. 0.05 106 2.9 98.4 3.5 103 4.2
INAA 5 97.4 2.6 102 4.2 104 5.3
3 £ Dai Zhixi, Tian Lixun, Wang Guodong, et al. Optimized
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