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BN T dng/L, AR AEXT FCHEFT R, TCA 1 )24
R R B YL, NS AR P TCA 9 HEF
H/NT 3. Ing/LY L SRTTZEY FIE R AE Tk ok
A TE B K G S R S A TR M v
i T4 I (PCP) B HoAhEh (Na - PCP) 17 15 Tk H]
K HSR [ AT RE R R, 45K HR 0 R T SR, B
IRFEFF AR T, A B CAs, CAs 7V B Wbk 1L
iR R e R T A R A
— B YIEE T s ) A, B G G R ok, Herh
T E(PCA) R I, 3 JLAE PCA E 451
ANFR ARG Rz —"

CAs TE/KH 9 & AR (ng/ LK), (HZ2EH)
B R e E K EE PR EE A2, mioe
F CAs FE/K H 9 BRAE B T B _E IR 45 0 F 2
R4 2 P B 2 R ) A 3 R KA v R B e A
BT 0.002mg/ Lo Xof T AR AL 1 — 02, 1t 57
TAZHZL(WHO) F1Fk [ 1 K B A o BRAE 35
0.3mg/L. H#T, EFRFRMELAL (1S0) tAL A T
IRORZE 2,4,6 - TCA Ry FRE" /K f CAs Y
oI 1K 22 LABRAS ) 5 ARl A 26, 6 Tk
TR CAs RI5 B 7 B 80 , R 45— 3%
(FRIETT 1

S F AR A K HR R Y BT, — R SE A B A
W R AR 2 G FEEAT R L X T b PR AR
A ENIFEE R TR EER R TIRZ N
A0 A A L[R2 B (SPE) | AR B2 R
(SPME) . WRFHHAEH AR E Bellar 25 42 H oyl 5
IR A IR I S T i, EL R PR (K
TR0 FVR B R AR €8 B S AT 5 B AT L 8K
TS AP 5 35 B e A BRABL A 20 ~ 200ng/L, 8 F — 4t
MELIR ) Je P L 3 L, BRIk, % R s (AR 1) 4 S
CAs AKAIE . SPE HiAZF FH—FlRR ik o R 25
B RS WL IR T, 6 e 5 B 30 20K 1
W 7 A LI BV F R R A B T A T
IREN R H Ao S R R BT i 1]
B TRV T R B A USROS — Wbk o 1 A A
5o SPME $i A2 &k Arthur 25" F 1990 4EHF
A [ MR B SE Rk 38 28 1T K 14, AR R U s
RE LT 2 TR AERE o f R IAE ot 0l B B 2 4 1
FEHEATRE T A7 85 E A 7 B A T A ARG
BT o IZBRBRAE LAy B, FE 2 A Hh BRATR EL M
JiE 1o, R IBGE v TG 7 8 A WLV ) TR 54 T
SPE 758 5y 4% JE R A2V I A B o . F PR A
L7 20 ] K A BB S B A T /K ey 8 o 2 3105

Jo THUZS [ A B (HS — SPME ) SEHL 1K R 4E
PERERER R A3 3 AR — 1Ak, v, KRR
K%, Kristiana 281 76K 00k 7K Hh 4 2008
BRI PIEHE A T HS - SPME Jy ik, # H FR7E 0.9
~80ng/L; %M & 45 (i Fi] HS - SPME %4 FH 7k
AN TCA HE1T 5 48 , BUS T B0 (G s

KPR CAs — B0 A Z R & [R) A7 7E , ST
K H CAs FAGIN 7 2 J2 43 BT 7K Hh S5 R 9 o oH U 4
Hefth, XFF CAs BRI 3%, B M 63 — B
H:(GC = MS) 7 S @ - TR G
FAR(GC - AES) PV R W idasik ™ i GC -
MS 1 RE 1 il 0 R, A6 T A A1 st A% A A B £ o i
185 FIFZ 7 i B A B e e 1
CA MBI R Z R LA CAs g HERY, A 4
RIS X 22 Fh CAs 2 o 14 Foe A AR I 4% 1F 0 A SCHE
F ARG LAY I, %88 7 HS - SPME Xf Z 50 CAs
)& AR RBOR , B YR F HS - SPME XK i HARY) iz
HEAFEEHR, T GC — MS S ZEBUY) T E A 7R , 7
THIPE K 12 Ff CAs [ GE (RS 7 s . TR
RTINS CAs KRR A i o 40 Jo 1) Az U 42 ik
FARZMZ%

1 SEERRsy
1.1 U3 S%H

SHETE - FiiE L (6890GC/5975MS, Agilent
INELERED 635 DB - SMS (30m x 0. 25mm X
0.25um, Agilent 23 7], £ EH) . ZEBCL 145 . CAR/
PDMS (85um & & Fe/ 8 — W FLhk: & 5, Supelco 24
71,2 [H) ; 50/30um DVB/CAR/PDMS ( 1em, 57328
- U, Supelco, 3£ [# ); PA (85um, 57305, Agilent
AN, EE) . PC—420D B A g S m i FE e &
(Corning 73 1], £ [E ) ; 1SmL [EFHRAC L HIFE L
(Supelco 24 H], KH) .

L K (FR Vi [ 220g; H B2 0. Olmg,
Sartorius 23 ) , {8 [E ) ; H 5 (A Wk W R AL R
ARAF) o
1.2 brtfhe b Fis e e

12 Ffr CAs #5 #fE A 50 (26 BE = 98%, Dr.
Ehrenstorfer /3 5] , {82 ) ; H iE R 7% (J. T. Baker
AT, ) s FEALEE A o al (1 2 4 A~ 3R]
AR M FHETE T 400°C (1) & 5  rp 4t F 2h,
TR AR R AR A T ALK (28 Milli - Q REE
afifl, B FHZ N 18.2MQ « cm) ,

S3 PRI Tmg (KGR 5] 0. 01mg ) 11 3 — G4 H
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fik(3-CA) 4-CA.2-CA2,6-CA3,5-4%
FIE(3,5-CA) 2,4 - CA 2,3 - S0 EHEE(2,3 -
CA) 2,4,6 —-TCA 2,3,6 -TCA 2,3,4 - =& ZEH
fi#(2,3,4 — TCA) , L 5K H ik ( PCA) [E R br 14
i, DA R 25 % 100mL, £33 ik 11 Fpdg ik
HOFRAE VR (10mg/L) , 2,3,5,6 — VUG 7K ik
(2,3,5,6 - TeCA) M AAPRFE (10mg/L) o

WERA B3R 11 Bl CAs (IR & A5 1 1 RN
2,3,5,6 - TeCA{ AR HE T % 1mL F 100mL 75 &
R A 28 28 100mL, Fie i B 100 g/ L 1 12 b
CAs B G AR, FE51 BT 4°CURAR LI
1.3 FEShRTbRR

B 10mL 75 7 W T 15mL # U ( Supelco )
H A 3. 5g Ak AR 1 B FE T (PTFE 7,
2mm x 10mm) 47 & 5% () PTFE ) % )
PEFERS (% 3k 1150r/min) JE17 T4, 75KV R 3
IRFEE 90°C i) W 2 BOM & K (i & 2/3
IR EE A KA, IE A4 A 85wm CAR/PDMS A2 HL
LR e TSN A BUEHE AP (BEK 729 0. 5mm) | %2
B 40min, 57 BIE6 R 2 GC #ERE T, F 300°C T
B 2min, ph O ER I fR) RRAE B8 a2 1, AMR TR E B
1.4 SH0IE - s A

GC &M A Mmaid R, 4 A/NTF
99.999% AR, W 1. SmL/min; #7200
ANGr I HERE s FHRAR IR 50°C , fR4F Lmin, D)
5°C/min FHEZ 180°C , {£4F 1 min, 1) 20°C/min FHE
2 285°%C 5 f Mg Iy [A] 2min; HEAF R EE 300°C

MS &0 R FHIE PRI B X (SIM) T g
Syt ey AT R, M 5% o U (ED) 5 i g
IR 70eV 5 B F IR I EE Ol 230°C 5 4% B K I B Oy
250°C 5 I FIAEIR 9min; F145 1 ] 47 9. 0 ~ 33. 25min,
1.5 Jrmdshl

S0 3 B A AR U PR R 791 L 2 4% R B VR VR
W B RK B KEEE , AR T (A 40
S e P A e e . e BB 10 S
A I — AR S AR 2 R R TE g, 1
PR BRI R A ZE USRI 2 B, B2 S0 00 T
SRR RS iR 22 . ARG RS S5 R, &%
Yy gl LR GF 43 85, 12 A AE 1 ~ 50ng/L
TH B R AT, AR T o, DA 3 A5 (5 M Lk
(S/N) Bf e B2 A At B, o CAs FEZK A s
R4 0.045 ~0. 185ng/L, #l 56 &% =0.9978 . {ii i
SEJT bR 1 D0 5 A i b 0 IRLCR RE G LGRSy
95.5% ~115. 1% ,FXHriEMmZE (RSD) <13.02% .
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2.1 FESRIHEAE
2.1.1 SPME ZEE(kL 4%

AN B 53 BT ) A AS TR 9 1k W v 4
i, FEAE IR 0] B 2 1 W AN TR 1 H AR, T
I AR 5 SRETE A BT I Pl B 3 28 g 2
ARSI IG AN ] (4 2 Bk Ak ot B o P B 2R AT b
B, FEEE T ZAE M A HCK : CAR/PDMS \DVB/
CAR/PDMS \PA [J#E USSR . 16 H % 4 80°C .0.35
g/mL B T002S B AH S 3R B 40min Z5 4, X
RA PR HER R IEAT 2O BT, 25 R LI 1, MSE G
Bl =R AR IRk e 7 A AR /N I A AR B Y
Sy LA, CAR/PDMS A2 ISk % — G A — 04 Y ik
1y 13 44 {8 A F 5000, DVB/CAR/PDMS % Bit 3k % 7
M 137 S5 K F- 4000, 19 Fh A% B Sk Xk = | DU B2 LR
P k2 g oy B Sl A1, PA ZE R TG, X
H A% 9 5 bl 4y 7 B 35 4% & M B A 6
CAR/PDMS L FHER MY T s 505 B2k
L&Y # BL; DVB/CAR/PDMS FE T HA #F
WR A4 LML B s PA 2 Gk 3258 A AR AR 1Y)
HERMY T, CAR/PDMS R ZfLBK, &—FP R
BARMRE, X AR A A A 0 1) W ¥ R
1o AELVERFT BB XK P dE CAs 5
PN ) Z2 Bl IRLIR ) JoT i 47 D B 3£ B T CAR/PDMS
YERHEESK , X H Ar 42 5 i W B RE 7588 , 2 BUSCR
15, WU 223 i LR ¥4 CAR/PDMS 225k
2.1.2 FERUEREML

TR R R B A 2R BGE F rp 48 ) 2 s
T2 o AE—E BT AR R 38 B SO, <A
RS RE SRR 4 BB IE e R o Bl AR AR R EE T
1, AR H AR S B v B AR K, A R T A A
BiF o ELRL B8 5 g 2 AR AIG 0 T 2% 28, AT I A1 T i
AR DR ) A HOIR B AT A

BORMERR 10mL T 15mL TRZSHE A 3. 5¢
SALEA, B 2 1150r/min , 2 BT ] 40min %
FF . 5T 2 BORE (20°C ,40°C . 60°C . 80C |
90°C ) Xf 12 B CAs ZERUHCR I 2 ([ 2a) o ik
JEE N 20 ~ 60°C B, JH np 1o {8 A5 Ak A8 K5 224 7L B 2136
80°C. Hif M 7 {1 K WG 15 1, #E 80°C 2 J& AR Ak AN B
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3-CA B8 3,5-DCA mm 2.3,6-TCA
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2-CA = 2,3-DCA @8 2,3.5,6-DeCA
Em 2,6-DCA mm 24,6-TCA Em PCA
6000
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= 4000 -
E
= 3000
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FERCLYR
Pl T SRR SR AR IR R0
Fig. 1 Effect of different fiber typers on the extraction efficiency

2, ATREIN D ik B — RE TR R, CAs KB T fifdr B
%o WA H AT LIE HhEE R T 80°C ),
K5y H AR 4y 5w A8 AT B B T, T 4 - CA
2-CA 2,6 -DCA J%2,4,6 - TCA [{IRI{EA LT
4, AT RSP o o S BT, 18 H A A
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WFFE , AR AR K R By S5 v, e AR
R A T0°C s 4R AK ™ a0 22 AR 7K rpr ik 4 o
AU A 60°C . X T CAs nRERfiE CAs ¥ J5iAH
Kot oI5 i BRI, %o A G ) R B S 4R o
I, T FEAr AU H bR T, PR AL BUE N 80°C
2.1.3 ZFimEMk
FES R ISR IS, SR 7K e Bt s 1 5 4
THYY R BB AKST BT BRI R R,
115 B Ao 748 2 W% k& ZT0ER %S (8], i A A
T CAs TRk BRI, 325 7 07 o R
A FE H e NaCl 340 3k & . 7€ 15mL Ay T
2RI 10mL FRyfEFE I, ZE R B R 80°C , % HL
A5 [A] 2648 40min , g FE# 28 11501r/min, %< NaCl
A (0.0.10,0.20.0. 35.0. 40g/mL) %} 12 Fh
CAs ZIUHCR M2 (K 2b) o 255388, i NaCl
T ARG T, 43 AR 42 1) 06 T AR 20 ek /)N - 448
KIGAAEAS I & FFER W TR AN T A
NaCl %} CAs [P35 4 W it ; #8 Jm i T AR RO2: i 46
MR ; B I W T AR AR AS B 8 2 1 T NaCl ZE7K
TR TR, SRRV DN, e At v ) 2 o
X CAs 43F3a 4 B A R] B, 2 B3R CAs (1 FEAL
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Fig.2 Effect of extraction temperature(a) , ion concentration(b) , extraction time(c) and mixing speed(d) on extraction efficiency
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YRR, TR CAs BFL iR A BURR .
BIFREE R 0.35g/mL ], S B F, 45 H AR iy g
TR R K, 35 AR A7) SR R R IR 1) 75 9 T s 7k
SR A I B P R R — B T DA AR S

IR IR E R 0.35g/mL,
2.1.4 FEHEFELA

A FURRT [) 2 A 7 000 0 A o 0 ] 2 A 22 [l ik
P R 2R, S A B B RN e 4 i A
BRI RENDFE i ol K I fe) b F AR B B
T HY SR (A 40 8 1 AT, B[] R 8, A U 58 42, B[]
1K SR AT IR ), B AR T AERSC%, AR EU [R) 5
KRl RE & A B AR B R . ARBFFE %42 10,
20 .30 .40 50min AS[R)ZEBCAT [E]) %) 12 Bl CAs ZEBUAK
FRIEZI (K 2¢) o 45R3RW] 10 ~40min , Fifi 2< BT
()38 o, DA TET AL 0 5 40 ~ 50miin, e 18] B A T
FHA B A E LA A B 5T At A i B 2
T A R o N [ A 22 8] I8 B[R] — 30 25 R
A, A PHRR AR 2% SPME fi4 28 5 3 52, [
N2 R B0 E AR 5 1 78 43 A8 B, Mk 52 A B[R]
> 40min,
2.1.5 fitPkEeRiii

XIAE il I FE A B T B bR FR 2 () A AL T,
R SR AT B AE U AN E RS A4 Ak, $2 e AR
R, [ B A BT LA NaClf v g , foff SF- 5 sf (7] 45
Ji o AWFIE %5 T BEFEEE 0,200,400 ,600 ,800
1150r/min X} 12 Ff CAs ZEECSCR By 520 (E 2d) .
SESLERA BB R, i 1 A IR 0, 24 35 3]
ASCAHR KA P B, AR BUSOR AR 7, AR IS B0
A N SR BT AT, X — R Eh R
SV RIR T4 8K, [ I R B AR AT 4k B R T
fia) R, PRI P A 1150/ min Ay S50 foe A P
2.1.6 FEEAEBUL

FEZE TR BEAAS IGO0, R 3 01 Ml & B4t
FEAAE R i SN 5 VR B AR LA,
R A SRR s i AT s IR R R R 22— W
ANFE SR ARER, AT DAME R T2 (AR, i CAs 75 9 A 1]
(4 3 TC Y- O ) 10025 SOAH , {1 B8 2 19 CAs $5 & 2T
25 SR T ZS (AR R R, 233 i CAs YR BE 7R B
EAEBICRIEAR o Bl I , 764 HUR A2 Y
THOUT , A T2 (R AR AR /N ZERICR — Il S8 &
AW EE T TE 15mL FE I A 4.6.8 .10mL
FRUEFNT 12 i CAs ZEHUSCR I (& 3) o 45
T FE SR RUES ~ 6mLIn BfRE R A3, 16

— 728 —

AT RRRUHR I A5 FEAE i (R B 6 ~ 10mLL i, 0 7 AR
WA, (EE AN IR RE BN . R B R T 10mL
], AT RE 2 T B AT 44 K A, R AR AT 4
WO AL D 10mL,

-=-3-CA —— 4
—~+%-2,6-DCA  —< 3
—-23-DCA -2
—+-2,34-TCA —2
6000
5500
5000
4500
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@ 3500
2 3000
£ 2500
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Fe AR (mL)
U3 FERMABUM AR IR

Fig.3 Effect of sample volume on extraction efficiency

2.2 JiikBiRigks
2.2.1 falikR

AR S B0 SR F 10125 [ AR AR R A, L v i 1)
et A B 2% 8 O 26 B ] 40min, B 1 ik BE
0.35g/mL, % iU IE B 80°C , K & Bl & 10mL (15mL
) FEHTES A] 2min, ¥ 100pg/L (IR A bR BRI
FiRE R 1.5.10.20 50ng/L (1) 5 Bk B 12 Rl ot iy
TRAPRUEARFE  ZEMAL G IR 50 T, 25 i (a3
VR DL R B 12 M AR 1 ~ 50ng/L i [l P
Ve RUE M RETE 0.9978 LU b, Y EEKTH
99% I}, LA 3 %15 Wk o (S/N) INF i vk B S 4t R
(% 1), BRI KA FE AL A B0k X KRE
TCA AR DU S H B R 0. 24ng/ L, AR S G SR F T
25 [EAHFUAE L TCA {946 H BR ¥/ 0. 185ng/L,
2.2.2 EFMREERIRG R

PHEf B 2 4 W 25 R S 2 IR O 1 R
BE 8 ORI 5 25 RO vERR B, AR XA v i 22
PP 5 EE A 2 ARHRAE SR [ i R SR
FH 10 .50ng/L 1 Fft 21 4315 G b o 18 TR 20 A7 A 52
5o e IR AR A IO A S SR AR T IR
TR, HANKTPEE 6 W EERIE 2, Kt 12
it B AR 43 B 40 5 AT [0 i 236 B AH % o i 22 (RSD)
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Table 1  Linear relationship and detection limits of CAs
AR 447 1%?@@‘@ T LML HHRFRE Ji A R
(min) (ng/L) (R*) (ng/L)
3-CA 10.370 142.0 98.9 111.9 1~50 0.9990 0.120
4-CA 10. 691 142.0 98.9 111.9 1~50 0.9978 0.125
2-CA 11.051 142.0 127.0 126.9 1~50 0.9991 0.129
2,6 -DCA 13.240 176.0 134.8 177.9 1~50 0.9990 0.074
3,5 -DCA 14.629 176.0 134.8 177.9 1 ~50 0.9992 0.068
2,4 -DCA 15.682 176.0 134.8 177.9 1~50 0.9991 0.064
2,3 -DCA 16.532 176.0 134.8 177.9 1~50 0.9987 0.057
2,4,6 -TCA 16.775 210.0 168.8 211.8 1~50 0.9989 0.185
2,3,6 -TCA 17.907 211.8 211.8 211.8 1 ~50 0.9997 0.132
2,3,4 -TCA 21.212 211.8 211.8 211.8 1~50 0.9982 0.106
2,3,5,6 -TeCA 21.618 202.8 230.8 245.9 1~50 0.9999 0.086
PCA 26.009 264.6 277.6 281.8 1~50 0.9980 0.045

2 AR AR B R bR %

Table 2 Recoveries and relative standard deviations of CAs

MR Kk THECR  RSD

e
I ) Gl (%) (%)
10 10.77 107.7 10.73

3-CA 50 50.51 101.0 0.46
10 11.51 115. 1 7.56

4-ca 50 47.82 95.6 4.13

] 10 9.55 95.5 8.96
2-CA 50 48.91 97.8 3.26
10 10. 09 100.9 13.02

2,6 -DCA 50 49.93 99.9 0.51
] 10 10.38 103.8 7.90
3,5-DCA 50 50.77 101.5 1.92
10 10.30 103.0 9.51

2,4-DCA 50 49.12 98.2 3.04
) 10 10.24 102.4 9.26

2,3 -DeCA 50 49.91 99.8 0.46
10 10.35 103.5 8.27

2,4,6-TCA 50 50. 08 100. 1 0.29
10 10.55 105.5 7.11

2,3,6-TCA 50 49.99 100.0 0.46
10 10.37 103.7 1.57

2,3,4-TCA 50 56.90 113.8 0.67
10 9.93 99.3 11.25

2,3,5,6 ~TeCA 50 49.36 98.7 0.25
10 10. 14 101.4 2.57

PeA 50 56.17 112.3 1.87

ST, BARI R [ R LE 95. 5% ~115. 1% 2 Ji]
HAT B e B s RSD METE 5% LI F , Ui 525
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Determination of 12 Chloroanisoles in Lake Reservoir

Waters by Headspace Solid Phase Microextraction — Gas Chromatography

— Mass Spectrometry

XIONG Mao - fu', REN Min', DU Yi', ZHAO Gao - feng’, WANG Xiao — yan'"
(1. College of Resources, Environment and Tourism, Capital Normal University, Beijing 100048 , China;

2. Information Center of the Ministry of Water Resources, Beijing 100053, China)

HIGHLIGHTS

(1) 12 kinds of CAs in lake waters were extracted and detected simultaneously.

(2) The CAs in the waters were preconcentrated by headspace solid phase microextraction, and the optimal

extraction conditions for each factor were given.

(3) GC - MS had lower detection limits for CAs and more accurate analytical results.
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ABSTRACT

BACKGROUND: Chloroanisoles ( CAs) are odorous substances and can easily be found in surface waters. The
CAs have been found in water environments worldwide. In the food chain, CAs are easily enriched and amplified.
The toxicity increases with the number of chlorine atoms substituted. CAs in waters are trace substances which need
to be preconcentrated before determination. Previous studies focused on the detection of individual substances.
OBJECTIVES: To establish a method which combines headspace solid phase microextraction and gas
chromatography — mass spectrometry together, to simultaneously measure 12 CAs in waters.

METHODS ; The conditions of extraction fiber, temperature, ionic strength, extraction time and stirring rate were
compared and optimized in headspace solid phase microextraction. The optimal extraction conditions were confirmed
by the results. Extraction temperature was 80°C , ionic strength was 0.35g/ml., extraction time was 40 minutes,
stirring rate was 1150r/min, and sample volume was 10mL (15mL extraction bottle).

RESULTS: Quantitative analysis was performed by gas chromatography — mass spectrometry with selective ion
scanning. The linear ranges of the method were 1 —50ng/L, and the recoveries were 95.5% —115. 1% . The
detection limits were 0. 045 - 0. 185ng/L and the relative standard deviation was less than 13.02%.
CONCLUSIONS ;: Compared with the solid phase extraction and the purge with trap method, this method has a
lower detection limit and higher sensitivity of the sample concentration. Also, the precision of the experimental

instrument is relatively better than other methods.

KEY WORDS: chloroanisoles; headspace solid phase microextraction; gas chromatography — mass spectrometry ;

extraction conditions
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