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Determination of Headspace-Solid Phase Microextraction-Gas Chromatography-Triple

Quadrupole Mass Spectrometry for Typical Odor and Taste Compounds in Drinking Water
Wang Yongxin“ , Huang Tao, Li Qiongxia, Xie Chengen
( Guangzhou Yuexiu District Center for Disease Control and Prevention < Guangzhou Yuexiu District Health Inspection Institute >,

Guangzhou 510055, China)

Abstract [ Objective] To establish a method for the simultaneous determination of five typical odorants in drinking water using
headspace solid-phase microextraction coupled with gas chromatography-triple quadrupole mass spectrometry ( HS-SPME-GC-MS/MS).
The effects of key parameters, including fiber coating materials, extraction time and temperature, equilibration time, ionic strength,
desorption time and temperature, were systematically optimized by orthogonal experimental design. [ Methods ] The targets were
extracted from 10 mL water samples using a divinylbenzene/ carbon wide range/polydimethylsiloxane (DVB/CAR/PDMS) (80 wm) fiber
at 60 °C for 30 min, followed by thermal desorption at 250 °C for 240 s. Detection was performed in multiple reaction monitoring mode,
with internal standard for quantification. [ Results] ~ All analytes showed excellent linearity (*> 0.998) within their respective ranges,
and limits of detection ranged from 0. 21 ~0. 35 ng/L. Average recoveries at three spiking levels ranged from 89. 4% to 105.6% (n=8),
and relative standard deviations ranged from 1. 5% to 9. 5%. [ Conclusion] This method is rapid, accurate, and highly sensitive, and
making it well-suited for both the high-throughput screening and long-term monitoring of typical odorants in drinking water.

Keywords drinking water; headspace-solid phase microextraction; triple quadrupole mass spectrometry; typical odor and taste

compound ; multiple reaction monitoring
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IR B A SRR NSl ) B (R R, AR 7K
TR 238 X 7K Bl JoT e L4 | e M 1 2 3
e, R BN RBEAR B AR IR SRR TR
JiR AR TR IR TAEARTE) (GB 5749—2022) 381
MELIR ) I 4 A B e 2 A WA Y T H 3 =
fik (DMTS) 2-HI LS5 30 EE (2-MIB) \2-57 T -3
~HHAA B R (IBMP )\ RE(GSM) S 2,4,6- =4
A (TCA ) 55 MRV ILIR 4 57 22 He e 25 A Bk
W) o i BRI V5 Y W A 7 A R G I T B
SELL S IUORS 1 i, HAT LB AIG | S RAPAE ] dnd
S B A B ng/L GO RE IR BSOS
25 T R RN RAKOK ARS8 28 5] 2 XK B4 4 1
E(EL7 IS

H AT, 52 K H A L By A T s S
T R A UM S R RO AR R i Tk
SN ARG AR B | A AR BOA AR B AR
K PRI R RT3 ] A A e X A6 2 > il
PEFEHAL  A AL RE f IR T R PR o A
Ko ARSCRA 4 A 3 T0 s [ AH A B -0R €83 -
= DU AT 1% ( HS-SPME-GC-MS/MS ) B¢ FH v, 1
PAET A SRR BRI D R ERCRE
TR A R BT TR RE T, G TR
AR AR SCEE TN B A AR SR B
I ERR I T, RGHEE T A B B 2 A
(ST )T LT 1 2 i 1 1t o i
KBS 5 FhISLAR ) Jo A IO IR 1) 52 i, 4 T 53
BRI 3 B R0 45 14 , 37 [R] s 2 5 o sl 70 A
W) 5 1) o R0 BT T, RT3 R T K T A S
56 2 MR /K IR £ R ) o A A I g, o AR M
BHLF ST H o WA KoK T SR R Sk R LR
FIREMR AR B X PR e 28 AR il B A i 2N 3 T
1 #elEAE
1.1 #MR5RF

GSM ( CAS 16423-19-1) ;2-MIB( CAS 2371-42-
) IRAPREIE W, R W 100 we/mL, #iL5 K
23110862, # X} A #f & FE & 3%; IBMP ( CAS
24683-00-9) 4l i, Bt ¥ B4 100 wg/mL, #iL5 4
24050293 , FHXT AN E B 3% 32,4, 6-TCA ( CAS
87-40-1) 4l i, Jfi & 4 100 mg, 45 &}y 99. 8% , It
SR 24020401, AH XF A i E B A 0.5%; DMTS

(CAS 3658-80-8) 4fi fifr, Jit ft 24 100 mg, 4l fF
98. 4% ,fIt54 23100216 , X ANHHEE N 0. 5% ;
DL B0 A IR 8 B AR Y B s, R
BE WAk -d,( DMDS-d, , CAS 7282-94-2) bR K ,
JE W A 100 pe/mL, fit5 8 S131179, A XF A
B 72 B R 5% , W R FER] R IS RHE A FRA A

s (i 4l 1L 5 o €17352122) Skl (1
TEAl Sk C17744038) , Y904 H 2 sk 4R
BHE A A BR A E]

1.2 UFE5EK

Agilent 8890-7000D GC-MS/MS (it % EI Hi, 1%
T FUE, Agilent, 52 [#) ; PAL RSI85 4= H sh £ Iifig
HEEE R 88 (CTC Analytics, Fi ) 3 H 70 Br K F
(Sartorius , 5[] | 4 FEE R 0. 1 mg) ; Milli-Q H4liKFR
4t (Millipore , 2 [E] ) ; 285 iR HETR & %% ( Corning , FE[H)
[ FHTIAE BT 23k (Agilent , Sigma-Aldrich , 5[ ) |
1.3 REAE
1.3.1  AnifEth & m i)

43 5L B DMTS ,2-MIB , IBMP . GSM Az TCA
B, LA HH R Sy 5 350 i 8 O il 4 B BT it Wk B R
100 pg/L IR G ArHERE &K, B TR ¥R VK48 (=20
C) AT, % . BUE & DMDS-d, AR S, LU B
A, BRI 35 BB i Mk R 100 pe/L I
PR AR, B TR VRUKAE (=20 °C) BRAF& T ]
FREAE 72 A TR s 1A A8 TR, T ) B BT i R R R
5.0.10.0.20.0.50.0.100. 0 ng/L #1200. 0 ng/L F5ifE
AR, B 5MA 10 L NER TAER
1.3.2 TS [ AHAE BUR A

e = & Rk oy /3 R R b
(DVB/CWR/PDMS, 80 wm) # Bk . HHL 10 mL 7K
FENIA 20 mL H5 5 DU G50 2 J 4% () WE e i W% s T 25 0
o B R ORE L FEGRBE R 60 °C IFAT- 1y
BFE] Ry 30 s, #€ BCHT [A] 2 30 min, ff W IR B 4
250 °C , fift W B[] A 240 s,

R L EAMA RN, A SCR I IE AR R it i
ATy, 4 A RO BE A JBURT ] | figp WG B | figp O I
(] AT B ] gk 2 e 2, 43 llic ol A
B.C.D.E.F,&REHI 3 DK, 5k 1w (E
3. 4% 4 [FHE)

1.3.3 SR

BEEHERE TR By 250 °C | fE RS Ao ie

FE, % FH VF-624MS (60 m x 320 pm x 1.8 pm,
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%1 ESEEATR
Tab. 1 Factors and Levels of Orthogonal Test
IR
K- A B C D E F
HEHLU E]/min FEURLE/C JINFRSF- A [/ fnih /g F 0 A T/ IR/ °C

1 20 40 30 0 120 210
2 30 60 300 1 240 230
3 40 80 600 3 360 250

Agilent CP9105 | 3K} 6% BN L/ ZE L 949 —
FHELAE SUbE ) (U AT, W45 1 R 30. 61 kPa; F2 )7
FHE AT R ERBEE N 40 °C, 4ERF 2 min,
DL R 20 C/min JF & 150 °C, 4% 42 D) ik K
10 °C/min F+Z 260 °C, 4EFF 4 min, A7 2356 78
1.0 mL/min,
1.3.4  JRS&ME

RO TR R RE RN 70 eV BT
TRIRE A 230 °C 5 2 DR E Ry 280 °C 5 22 I iy W il
R,

e kA R EEST . ERSERE AT,
BT AL SR REAT 10 mL 50 pg/L RS R
W AR, R 2 AL, PDMS 30 wm 7 wm ¥
K& RIRPRLT 5 B Ak G 4 04 2 Bk B S50 ] Sl A T
PRl (A4S S RECK AN 38 A BOE = 8B, DVB/
PDMS X} 4 F 4k 5 ¥ 2 BOAK B2 $4 {8 [t DVB/CWR/
PDMS 1976 HUik B2 ¥4 &, {8 | DVB/CWR/PDMS
MEH(80 wm) HEAT IR B0 A5 N BR v BE L R 0. 50 ~
0. 64, BELRUERFIA6 5 1 8 155 5 R 48, SUnT i
TRNPRIE 15 S ha0E , e NS S il s EGT 55

2 #BREITR K& RIE 2R, #k % # DVB/CWR/PDMS
2.1 EINEMHMERE (80 pwm) ZEHCk
2. 1.1 ZEEREF4ES ke $f 2.1.2 BRI AL
AN[RIRA AR5 B B 1) A B S %o H A 4 1 R o e W6 NE 3 K FRIEACIRImE(E 1),
F2 AEZFERALHE LI FERL RIS
Tab. 2  Effect of Extraction Fiber on Extraction Efficiency
DVB/CWR/PDMS DVB/CWR/PDMS PDMS PDMS DVB/PDMS
80 wm 50 wm 7 pm 30 wm 65 wm
W’J R e , 5 e IR ke , IR kv , I kvl ,
HiFk gy, DSPREC 0T BRRNC LT BSEREC T BRRNC T RN
(ng-L™") (ng-L7") (ng-L7") (ng-L7") (ng-L7")
DMTS 51.74 4. 64% 21.02 6. 85% 76. 74 22.05% 56.93 39.22% 59. 37 4. 57%
2-MIB 52.06 3. 04% 23.79 3.06% 117.30 13.91% 263.70 84. 71% 187. 42 5.33%
IBMP 60. 37 3.43% 16. 70 5.36% 148. 03 63. 84% 158.77 55.23% 140. 24 5.97%
GSM 58.31 2.68% 25. 81 5.05% 435.89 53.98% 719. 28 41. 66% 161.33 6. 86%
TCA 49.29 2.39% 15.59 8. 42% 952.52 80. 98% 423.95 27.91% 105. 30 4.55%

FARE W EE R 50 ng/L 1 5 R4k & 99 #1100 ng/L
DMDS-d, WARE A AR ERGEEF TS, LIS 2] 3 bR
Bt g 7 AR A SRS B R 8 AR, 25 G
MEACEYIRIFEIHCR . R IR 22 53 H 45 TR 3R
S IR ST, P 25 A B v 4 R Y
M AT B PR 55, HERRBE LR 2 T4, DA
O R EE e 2250 B il FE Ly, (3°) IEASHA

I=SVA
7
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£3 Ly(3°) EXRRBIHRIZKER (n=3)

Tab.3 Scheme and Results of Orthogonal Test

5k W 37 TR AR/ 10° (x+s)
s

A B C D E F DMTS 2-MIB IBMP GSM TCA
1 1(20) 1(40) 1(30) 1(0) 1(120) 1(210) (1.902+0.206) (0.447+0.019) 1.273£0.121 1.177+0.061 0.422+0.013
2 1 1 2(300) 2(1) 2(240) 2(230) (1.882+0.113) (0.487£0.045) 1.317+0.120 1.306=0.025 0.430+0.032
3 1 1 3(600)  3(3)  3(360) 3(250) 1.736+0.080 0.418+0.041 1.428+0.086 1.406+0.051 0.502+0.053
4 1 2(60) 1 2 3 3 2.003+0.176  0.545+0.036 1.688+0.108 1.910+0.190 0.596=0. 048
5 1 2 2 3 1 1 1.85240.166  0.462+0.050 1.498+0.148 1.482+0.108 0.477+0.017
6 1 2 3 1 2 2 1.884+0.337  0.607+0.027 1.732+0.149 1.774%0.056 0.512+0. 055
7 1 3(80) 1 3 2 2 1.738+0.139  0.575+0.016 1.880+0.026 2.092%0.037 0.603+0. 018
8 1 3 2 1 3 3 1.682£0.040  0.545x0.042 2.006+0.183 1.981x0.013 0.567+0.011
9 1 3 3 2 1 1 1.58920. 113 0.602+0.062 1.870+0.089 1.747+0.035 0.481=0.047
10 2(30) 1 1 3 3 2 2.060+0. 189  0.537+0.067 1.577+0.039 1.673=0. 142 0.53120. 043
11 2 1 2 1 1 3 2.156+0.202  0.476+0.037 1.683+0.110 1.652+0.182 0.560+0.007
12 2 1 3 2 2 1 2.152+0.219  0.524+0.071 1.591£0.084 1.632%0.173 0.470£0.059
13 2 2 1 1 2 3 2.254+0.128  0.683+0.107 2.074+0.120 2.191%0.176 0.749%0.072
14 2 2 2 2 3 1 2.157+0.084  0.580+0.031 1.810+0.229 1.905+0.092 0.568+0. 036
15 2 2 3 3 1 2 1.783+0.183  0.614x0.019 1.831x0.064 1.779+0.092 0.566x0.061
16 2 3 1 2 1 1 1.971+0.060  0.644+0.055 2.035+0.164 1.925+0.202 0.578=0.025
17 2 3 2 3 2 2 1.778+0.069  0.718+0.034 2.100+0.233 2.1850. 112 0.628+0. 056
18 2 3 3 1 3 3 1.702£0. 109  0.664=0.057 2.080+0.184 2.273x0. 149 0. 644+0. 067
19 3(10) 1 1 2 2 3 2.162+0.066  0.548+0.030 1.739+0.229 1.964+0.080 0.615+0.073
20 3 1 2 3 3 1 2.088+0.163  0.435+0.015 1.391+0.108 1.402+0.133 0.481x0.034
21 3 1 3 1 1 2 2.034+0.055 0.443+0.033 1.544+0.097 1.35320.086 0.424+0.021
22 3 2 1 3 1 2 2.08320.058  0.636+0.049 2.084+0.147 2.01420.066 0.6220.078
23 3 2 2 1 2 3 2.334+0.154  0.624x0.029 2.062+0.168 2.047+0.154 0.681x0. 114
24 3 2 3 2 3 1 2.161+0.040 0.552+0.020 1.836+0.171 1.729+0.180 0.532+0.023
25 3 3 1 1 3 1 1.870£0.150  0.627+0.132 2.075x0. 148 2.068+0.486 0.560=0. 029
26 3 3 2 2 1 2 1.831+0. 142 0.610£0.009 2. 132+0.120 2.099+0. 105 0. 548+0. 035
27 3 3 3 3 2 3 1.97240.127  0.657=0.025 2.331£0.377 2.36920.211 0.634+0. 041

R4 Ly(3) EXRERESTER
Tab.4 Results of Range Analysis for Orthogonal Test

EYH R (SES K, K, K W2 R piyi e

A 1. 810x10° 2.000x10° 2. 060x10° 0.252x10° 32.36%

B 2.020x10° 2. 060x10° 1.790x10° 0.264x10° 38.02%

DATS C 2.000x10° 1. 970x10° 1. 890x10° 0.114x10° 6.49%

D 1.980x10° 1.990x10° 1.900x10° 0.091x10° 4. 64%

E 1.910x10° 2.020x10° 1. 940x10° 0. 106x10° 5.62%

F 1.970x10° 1. 900x10° 2. 000%10° 0.103x10° 5.271%
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(££5Rk4)

&2 kS K, K, K, W2 R TR
A 0.521x10° 0. 604x10° 0. 570x10° 0. 083%x10° 17.87%

B 0. 479x10° 0. 589%x10° 0. 627x10° 0. 147x10° 59.35%

B C 0.582x10° 0.549%x10° 0.564x10° 0.033x10° 2.87%

D 0.568x10° 0. 566x10° 0.561x10° 0.007x10° 0.13%

E 0. 548x10° 0. 602x10° 0. 545x10° 0.057x10° 10. 63%

F 0.541x10° 0.581x10° 0.573x10° 0.039x10° 4. 48%

A 1. 630x10° 1. 860x10° 1.910x10° 0.278x10° 19.27%

B 1.500x10° 1.850x10° 2. 060x10° 0.552x10° 67.35%

AP C 1. 830x10° 1.780x10° 1. 800x10° 0. 047x10° 0. 49%

D 1. 840x10° 1.780x10° 1.790x10° 0. 056x10° 0.78%

E 1.770x10° 1. 870x10° 1.770x10° 0.104x10° 2.94%

F 1.710x10° 1. 800x10° 1.900x10° 0. 190x10° 7. 84%

A 1. 650x10° 1.910x10° 1. 890x10° 0. 260x10° 14.07%

B 1.510x10° 1. 870x10° 2.080%10° 0.575%10° 56. 60%

S C 1. 890x10° 1.780x10° 1.780%10° 0. 106x10° 2.51%

D 1. 840x10° 1. 800x10° 1. 820x10° 0.033x10° 0.19%

E 1.690x10° 1.950x10° 1.820x10° 0.259%10° 11.23%

F 1. 670x10° 1. 810x10° 1.980x10° 0.303%x10° 15. 40%

A 0.510x10° 0.588x10° 0. 566x10° 0.078x10° 16. 12%

B 0.493x10° 0.589x10° 0.583x10° 0. 096x10° 28.87%

A C 0. 586x10° 0. 549x10° 0.529x10° 0.057x10° 8.32%

D 0. 569%10° 0.535x10° 0. 560x10° 0.033x10° 3.04%

E 0. 520x10° 0.591x10° 0.553x10° 0.071x10° 12.74%

F 0. 508x10° 0. 540x10° 0.616x10° 0.109x10° 30. 90%

DI C O BEL (P<0.05) ;D IMA T WA, GBS IRZ IR HE 5 > T4k

FH(P>0.05) , FHHrRVAE AR,

TNARAEHE E B L85 R Uk BOAE BGIR JE h

Bifi 25 7€ B[] 48 K-, DMTS 1 IBMP 1 o7 T R
1 40 min BFRFN 5K, 60 °C X7 i 17 i ALY 3
K 2.5~2.9%  {HH 4 3 Flfb& W 0w 7 i A E
30 min B ) 55 s 0 S AR R B 1. 0% ~ 5. 7% , W]
U E] 1% 52 4 30 min IF, 5 ISR M) 5 7E 2T 4
Sk 55 i 2 O 22 () 3K I R RSP B R AR O
(B 30 min, # B BE R 80 °C B, Fr DMTS Fil
TCA Fb, Iy 3 Rl 4k A % e [0 17 R LY A8 BT B2
60 °C & H 6% ~11% ,{H DMDS-d, P34 Y i i {8
WRRE  REE TR S TR AR, iy
@ = [ 3 A2 2 R G i s W A e 7 ¢ 91174
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60 C, BERefRiE HArfb & W B A 2 0% 28 3R Al
P HGE R B 2R 2T 4 S 0 W B 2 A &5

HEMR AT AE . HEORER R E M F 1Y 3 /K73 17
R, AR SC 1k MR I B (] S 240 s, i U R N
250 °C, BERELRIUE H bRk & 9 58 4 WL B, SR ik
NN TR SN T A=A S QN I o 1 € N
X AR W K & C(P<0.05) il D(P>0.05),
C, EAEwhREAE RN, D NEELL
B WA AT w5 e B 2 RO R 5 S PR AR
BUSCR S mILN D, 5 438 B A B
DVB/CWR/PDMS Z B3k 80 pm , fil#RF- i 5 7] Ay
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30 s, WU EE R 60 °C, ZE BUHT[E] 24 30 min, fif
F[E] 8 240 s, iR BE R 250 °C
2.2 RiG&MHERE

¥ 5 B B AR L A W 1018 B b o i 5 TR R 3
50 pe/L, FEIA — 28 Tt PN A fifh A% VA o et v B Oy
100 pe/L, 7€ 1. 3. 3 A ERE M T R iR
3] 5 LAY K ARG B IR R, MRS S

A, IO R 5 B A L (m/z) RRAE R |
FE B FE A B AR AN b i EBE S 1, =9
B N A IR Rl 4 B R B R A R
FEE A 2 R RRE AR B B 1 76 5~ 30 eV fill i
A Y AL, RS T B ), AR A 7 4 5 i 1y
{8, PEHOE M B e i T R R S S Hn &
5 7N,

x5 BUAMESBETREENRESH

Tab.5 Mass Spectra Parameters of Multiple Reaction Monitoring of Odorants

&Y FR 4 B BsF 18]/ min EEET(m/z2) Ch/(CE)/eV EHEF (m/z) Ch/(CE)/eV

100. 0>65. 9 12

DMDS-d, * 10. 602 100. 0>82.0 12
100. 0>63. 8 12
125.9>61.0 8

DMTS 14. 164 125.9>78.9 15
78.7>63.9 20
124.0>94.0 14

IBMP 16. 485 124.0>124.0 6
124.0>81.0 14
95.0>67.0 12

2-MIB 17. 481 95.0>95.0 12
107.0>107.0 5
209.8>194.9 14

TCA 19.296 194. 8>166. 9 18
195.0>82.9 22
112.0>83.0 10

GSM 21. 003 112.0>97.0 10
112.0>69.0 18

VE % FR BT ; Ch—3 i 5 CE— A VL 6 19 RIEMERE

2.3 FHEIFM

FARAR S PR SR Sl 1. 3. 1 Wikl &
RAWHER RS, LI Bk &Y ik i A 48
i, 25 HERE AW & 5 7 06 1 AR N AR ) e 12 5
FU T R AR R R AR i ST AR TE A E I £, A
6 iR, 5 P b G YR ESE BN, MO R ()
470.998 1~0.998 9, B F LAt w7 ; R B ZS (bR
HETR I 3% S0 5 $230 25 PR B (AR A b v VA T
10 R, RS AL AW IR ER 22, DL 3 % B9 bR vE D
ZEVFRLAS B | DL 10 A5 A b v A 22 0 55 e i
FEL, Hirb DMTS \GSM . 2-MIB Fi4 46 1 R 241341 T ( A=
TR KPR AERS 56 75125 ) ( GB 5750—2023 ) 21 it
SERRE BRI AR 25 A SR AK A IImAR
[ ABRTR A b i 25 VB0 FN P bR T VRV, T o) At v
(120 ng/L) .H1(60 ng/L) A% (15 ng/L)3 4™ ¥
J& AR R KT 4 8 0 A shilbRE s AT, an sk
7 BN EBALK 3 AR B R TSR Sy 89. 49% ~
104. 5% (n=8) , H X} A5 WMl 22 (RSD) M 1. 5% ~
6. 6% , H KK 3 A N0AR 5T vk BE mSR R 90. 5% ~

105.6%(n=8) ,RSD 2 3.5% ~9. 5% , 4 R & W]
0 32 TN 8 B2 T AR YO R O, B SRS 1 R4, 7
& HE ARG E BT EOR
F6 FHEMEMLE EXRE QHRMESR
Tab. 6 Linear Range, Correlation Coefficient, Detection

Limit, and Quantification Limit of the Method

&Y LMEEH,  AHEREL Kb, R
Eq (ng-L7") r (ng-L™")  (ng-L7")
DMTS 5~200 0.998 4 0.35 1.18
IBMP 5~200 0.998 3 0.28 0.93
2-MIB 5~200 0.998 9 0.24 0. 81
TCA 5~200 0.998 1 0.21 0.71
GSM 5~200 0.998 1 0.34 1.21

2.4 LERERNE

Fie R AR IS I 5 A5 R X ) T R 7 X
2025 4F 104 SRR shaE AT A I, b B R
BRI BB K IR A S 5 b & Y giR 65
AR LL SR KRR 4G ) 2-MIB 1 GSM, H: 1 2-MIB
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®7T FEMAREYE
Tab.7 Method of Standard Recovery

S AR (n=8)

“3;;@ (””:JLE/) K ok
A& RSD [l RSD
15 104.5%  5.0% 90.7%  7.3%
DMTS 60 103.8%  5.1% 91.3%  9.5%
120 98.3%  3.5% 9%.4%  6.7%
15 101.0%  4.4%  101.2%  3.8%
IBMP 60 9.9%  2.5% 97.6%  3.5%
120 100.4%  2.6% 9.7%  4.6%
15 99.9%  4.9%  105.6%  7.4%
2-MIB 60 102.6%  6.6% 99.8%  3.9%
120 99. 0% 1.5% 9.9%  3.7%
15 89.4%  3.6% 90.5%  7.4%
TCA 60 91.8%  5.8% 92.6%  6.7%
120 102.1%  4.3% 97.9%  71.1%
15 99.8%  4.7%  103.6%  5.0%
GSM 60 98.6%  5.0%  102.3%  4.5%
120 101.4%  2.5% 97.3%  6.2%

K 1.6 ~9.4 ng/L, GSM & i hy 1.2 ~
1.9 ng/L, Kl 25 R 455 & CE TR AR K T A FR e
(GB 5749—2022) FREER . RN Kk FHK
DA R R ) B8 7K B L TG O 8 MR 40 B 7 e XS
3 it

A7 T HS-SPME-GC-MS/MS [&] B 3 5 2 1 7K
5 FRARBR Y BT A3 B Ok o 38 IE A 2 P R
FZEL 6 A CHEARA X B ARG Wi 5 e, 15 3 s A
GIRT AR A H R A 10 mL 7K A% DMDS-d,
FAR, INESE 7 30 s, R F DVB/CWR/PDMS 80
pm ZPELFE 60 °C FAHL 30 min, 250 Cf#IK 240 s
Ja LM, % Rk S R R R R R
1 BORG 85 B2 106 2 BEAr BT R, A sl Atk R A
BT 43 Mr st sk, F T H B R R KRR Y
RO, A3 B BBk 2 IR o S (1R, O T A4 7 Bk
TR PP LR 2= AR A | DR B J B IRK fgt B AR 0
Fit,

B ik

(1] ks, WATE, TEN, % Dz FAHMER -G =
T DA T ER BT 33 [ e A2 A K rf o FhIRBR P IR (1], 2F
B TRE2E4R, 2023, 17(11) ; 3730-3737.
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