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1 FEEHEARE RN R KR F SRS R SR 0 R B RN R SR, R Sr T ST IS AR IS S A 0 =
DU R A BT 3 56 FH 114 P ARk [RT SIS O Al OGSO AT I ide e A0WT T ARBRETAE 2R A | SR | BRI . #EHL
VR IT B [0) 25 S A % A URCR B2 e, AR S A9l 45 088 . ffi ] CAR/PDMS-85 pm #EHUEF 2, SALAREIN &
3g, WHRHEESN 100 ng- L™, # 10 mL /KEET 65 °C 454 FAEHL 30 min, 250 °C 5544 F T 300 so 17k 9 FiRIKY)
FEHIFRAERN 2 B BRI E (R2>0.995) , A FRN 0.2~1.5 ng L™, ZEMBLIK . H RKFUKIEK PRk mhii 2435
9 84.0%~115% (10 ng-L™") . 80.5%~112% (50 ng-L™") . 88.8%~111% (250 ng-L™") , AHIMFRUEMZE/NT 16%, 6 BARES,
ERITEK . SRAEALIE 17 2005 5 7 KRR AR, —H 3 TR EE (12.1~41.6 ng'L™") . 3L = B fik (9.9~
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HRT, FEIPRAMTT U -+ FERA R 2- R SR -+ R 2% N I R R BRI T R B 49 TR
H, WRASHOE-TOSRAREA, JEHEA TR PRI . —Be% & IESHT s Jedrin 2-H 4,
FE-3,5-HIERMEIE | 28U T EREYAE, R ikEEARE, SEOK)T ARSI R . TR A 2
Z | YA, (TR A, PTREAETEZ MR BRI M RIZO,  andful$e 52 26
SR BRI T HERR SRS, RS KA L PR SR RIRHRIN A OCHE , IrAFok & AR (S
- PURRAT HRER T 1 (GC-MS/MS) PR i 5 | AT A BRI 75 4, S o i) R e
AN, FEMRST, 5IASRIRN ZRbRICY) . s E I bR, Kt — 2T T R I
BR)TZ KRR R . JREBRAN, dEHR T IR E K P AEE A2 S RN A A S [l e v AR SR ik
DI R mifik-d bR, RIS ARG B, S SR S — 1 DU R IR B 2y Rt s HK i
T AR 9 sl B ) R e s b i
1 #RERE
1.1 RKFISNEE

1) 3857, LT RREE (C,H,S,) Pt T TMstandard (5[E) , —H R =HBE (C,H,S,) . SRR
LBk (CH,,S)  B-HMTERE (C ) H,O) « 2-BUT HA W (C\ o H,,0) . 2-HAHE-3,5- Lt (C,H,N,0)
FT AR W 5L B ik -dg (C,DgS,) b W F R BT R BB A BRA R (P ;5 2,4,6-— 500 H ik
(C,H,CLO), 2-HIFHKE (C, H,y0) A+ R (C,,H,,0) #rif AT Dr. EhrenstorferGmbH /A ] (f&[F) ,
9 FSLA T AT AP RAE S S HY = 94.6% . DLt Akl (NaCl) T EZ45i0], (AR S 3Edrh 450 «C
HERE 4 h; FACEIRRINATR (Na,S,05, 99.9%) WATFFIRIT (aladdin, HH[E); HLYRILER (CHO,) (4. A
ML FIHEE (CH,0) A& %t (CH,CL) ¥ b aliZEi) T Fisher Scientific (32E) ; #84/K (18.2 MQ-cm)
F Milli-Q /K RSt & -

2) I, AR = PUBAT RS F Y (GC-MS-TQ8040 %!, HAZHAH]) , Bl'E Gerstel-MPS %
=H—AZhIRERS (5[ Gerstel A7) ;3 VF-624 MS (A (60 mx0.32 mmx 1.8 um, SEFEZHER) ; 5 FhAE
B 4 $5 CAR/PDMS-85um, PDMS/DVB-65 um, polyacrylate-85 pm, DVB/CAR/PDMS-50/30 pum #l1
PDMS-100 um (3[E Supleco 4 F]) 5 20 mL FEAHEEERE R, PTFE REZIEHE (36 Supleco 24F]) o
1.2 WAk

1) W57 AR AR IR . I8 200 ng L' 1) 9 PP BTV, X ACHREF ISR | Rk B | 2R UR
B ZEBCRFFATI T A 5 TR A . RS PZE IR AT ¥ 3 g NaCl LA 20 mL [EAHGLA IR Sf
JEMA 10 mL /KEE, S PTFE mARICH I T 56 S e iGFE s, RS RES AL 3 A sl ee aiiRy
feh, AE 65 °C FHHL 10 min, #5544 400 rrmin™', TRZSAEHL 30 min, &S SEHE R AGERE LB 300 s
(250 °C) o ZEHETF4EAE A AT FIREZE 250 °C %4k 30 min.

2) =HVURATIRI T 5. 8 miEl (BHRE 99.999%) 5 CID ;i< (L 99.999%)
L FRER: 70 eV, FELJR: 50 kPa, BFIRIRIE . 230 °C, HHREIERE: 250 °C, ANmdike, BFETHRS
40 °C 4455 2 min, SRJFLA 10 C-min!' FFE 260 °C IH-FF 16 min, STHERF 40 min, E &R
BRI (MRM) , 10 MBSE00E 1 iR,

1.3 FARtERETTE

1) FRfERIZe . SRIPAREI T i, DA IE R BR TR B A shmi Xt bt SR A s,
PEE ML REREE . BHl 5. 10, 25, 50, 100 F1 250 ng L' (% 6 MHRERREE ABAI K, 7RI
FERBEETS I — W B ik, AR, KIS INAREREE R 100 ng L' LIARHERSIEI - HAEE Pk
Bty LLEAMES P i B AR N R e 1 B I AR LU bR, ST AN ZR

2) KPR, ZHEE EPA Jrikile ki FRU, Bl 7 AR BE IR I, EEOAR L R A i PR
B 1~5 15, ARPEFATRER AT as R bR IR 2 T AR B . AKX (1) FoR.

MDL = S x t(n—1,0.99) (1)
Arh: MDL rdidatibl s n @i PATIE A 2 AN n-1, BIEEEN 99% I t 5345 (FR) 5
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Table 1 Mass parameters of multiple reaction monitoring of 9 odorants

WA RS {Rﬁﬁﬁjl‘ﬁﬂ/ iéﬁéﬁ/ Chl/i %S%ffa%j:l/ Ch2/7 %3%%?:2/ Ch3/7
min (m-z") (CE-eV™) (m-z") (CE-eV") (m-z") (CE-eVh)
TR TR 13.027  94.00>79.00 15 94.00>61.00 9 94.00>64.00 27
JIR Lk — H R =ik 18.026  126.00>79.00 18 79.00>64.00 18 126.00>61.10 6
SN FEN LB 14788 118.00>76.10 9 103.00>61.00 6 118.00>103.10 9
FARBR B-IFrERE 22477  137.00>109.20 6 152.00>137.20 9 152.00>123.10 6
2,4,6- =G AW ik 23.926  195.00>166.90 18 197.00>169.00 18 210.00>194.90 12
2-H B S 3 e 21985  95.00>67.10 15 95.00>55.10 18 108.00>93.10 12
RS
+RE 25595  112.00>97.10 12 112.00>83.10 12 112.00>69.10 21
2-HIEHE3,5- AR 18735 138.00>120.10 6 138.00>109.10 9 120.00>52.10 21
b2 g 28T B 23309  135.00>107.10 12 107.00=>77.10 18 150.00>135.10 9
_ T T A EE-d 12915  100.00>82.00 12 82.00>64.00 12 100.00=>66.00 9

W MRMZHS| A R NTIFTGE ), Cha i@k, CEFmR HIRGE B AR A .

S A n YA TINE BB RIE 25 o

3) VER R RE, BOHlE (250 ng' L) . (50 ng L) | K (10 ng- L") 3 MRS AGEBAIK . [%k
IKFKIEAK PR S, AR BT N A MR R R B 7 I TATRES, PR R BRI % . Aok
IR FIBRAR R FREN AT AL, 45 100 mL /KEEND 0.1 mL BRACHRRRENIATE -
1.4 SERRKAEDHT

2023 4 6 H REER I HAKIFEIKIR 9 A /KEE. SR 2 L REOBECREEAKEE, (KEEAEI
TR, IMAEFIREI T 4 °C AR ISR, 24 h NIE T

2 FER5ITL

2.1 TZEEREERRS L
1) ZEIEFYERERE . MRAREE . EDS . WEZS. ORI . MR AIEDSSE AR A T, AR
#% CAR/PDMS-85um, PDMS/DVB-65 um ., polya-

crylate-85 um. DVB/CAR/PDMS-50/30 pm i1 +R% 1.0
PDMS-100 pm 5 I IAERET4E, 7E2EHUR b
W 65 C. NaClEINTE 3 g. T2 i 4 B IR S |
30 min (O4CPEF, AT BARMIVAEBURR . 4 246-Z5ORHBE | 0.2
ST Al F BRI A BRI 1R IR o0
T RE | B-IFERE . 2-H IR IREE . 2-F A 2 21 5

3,5- " HIEMEE R 5 FhET 41 2 0 2L USSR AR R

T, PRSI . RO R, B -
PIIEPN LB ER FT] CAR/PDMS-85um 14226 B [

R, 2,4,6- K TRE . 2-5UT LA T
CAR/PDMS-85um (1A HULT A AR UBCR IS AL T H:
MRS, T PDMS-100 um REAIIRBIE (S & &F & ¢
BUCRIE , BERAgR g g i o & & ¢
PIREOAIRA RATR . PDMS 4B —FidE

2-FAEBE-3, 5- g

PRPELTLE, ST T R A A A
YE¥IE; PDMS/DVB A HCk S ) T ALy
KRRV, |2 TR P25k B G

BEl1 ZEENA4ERT 9 FRIRIBRAVEEEGR (IEmARYA—1k)
Fig. 1 Effect of extraction fibers on the extraction of

9 odorants
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M, Carboxen (CAR) HARKGSREEE AL, & e LS
BEENTFIYERNYY, HA CAR/PDMS IR TS 83
R EFYEL 5 T PDMS IR 2 CAR U )2 1R ]}
P, ATLART A EAT IR PR TR | K% PSRRI
KA, TR R A [ A H R AU A& p-oRFrhaRE 20
Y, HHAEAERAE R B g R PR S A A 2- I IE S 4R
mmEgk. Ik, AWF5ERAH CAR/PDMS-85um #% S AL
AT AEgST AT i — Rk

2) TR AR TIIA—E RIEL, T T

ST P I PR, R UK T i
JE, PERAERURE. AT ERITERIREEXT 9 Fhnink
W AR R s2 ), 7 AR IO - 251
A1, 2.3, 4,.5, 6ghYNaCl, 7£ 65 C &MHFTF
HH 30 min, Z5HULE 2. AU, FEZE NaCl#n
SR, R RELAR A o ) i 1 0 T R
K, BIMARRT 3 g i, FHUREEXT o Ry
BRI A, Kk, NaCl fAESn
AN 3 g

3) ZEBURIE . 7E 45, 55, 65 F1 75 °C %A%
FEEFERUREEXT 9 RPN A EROR, 4
SR UL 3 it 5 R B R ) S ) i 7 1 5
TE 65 °C BPRUREAE:, RS AR [B] )
SR BB R T T, AT B
YINIKABY B AR, HIREEIRE] 75 °C B, 9 Ff
WELBARA) BT ) A IR TR, 7T RE SRR o IR )
FERIA . DRI 65 °C I AEBUSURAAE.

4) ZEPUA], 7E 65 °C S50 T AN R ZE U]
(20, 25, 30. 35 min) H} 9 FfmRBEM) R A9 AE B
RILE 4, 1E 20~30 min N, 9 FRIRBRY) YA
R B T GE TG, 76 30 min J5, ZEHER
AR S R IR, MRS AR S ] g fin e A i
RSN, PRI 30 min AU ]

S) W A TE] o S AT RS TE] 435 oA 120, 180,
240, 300. 360 s BFAYAEBACRILE 5. AL, Fifi
FFRATTI RN BETI, O ARG T P g A 0t - 34
i, SAEATERIAY 300 s B, AT I RE TR 2O
iy, DRI, FEATEHEA 300 s BHERSCR AT
2.2 FERIM TR CEMEAEEE

2 2 9 PSR R A bR £ 7 RE ARG
BREES . f2e 2 A, 9 FhIRBRYIR AObRE Lk
PEX R B (R >0.995) , TR RN 0.2~
1.5 ng- Lo FHRM R H BRAE TR B, H
R R 2-H Rkl . R TR,
FE BRI R BRI T CERRIRAK TAARHE )
(GB 5749-2022) ¥ i HLE B BRAE 20 F5 LA Eo 1

2-FAKE-3,5- — I B vk

1 2 3 4 5 6
/g
2 EUREXS 9 MIRIRYIEREEEIR AR
Fig. 2 Effect of salt concentrations on the extraction of
9 odorants
- 23 5
ISk
LR
24T AW
2,4,6- =Kt
B-ERFTIGIRE
2-HIJE 5 2
SN BE P L
U=

. . -i: o
600 000F
400 000
0

45 55 65 75
HBUR P/ C
E3 ZEEURERT 9 MR B AIZEBIRAS20

Fig. 3 Effect of temperature on the extraction of 9 odorants
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Fig. 4 Effect of extraction time on the extraction of 9 odorants
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2,4,6- =S H R 2- 148033, 5- — F SR R e i3
WA , U BER S 0.1 pgL 19, 25 A 03
S TR BRI, K R TR . SEA e 102
Ky GC-MS Jr A He , A BESE 22 37 935 T G- 2EEIERR |11
MS/MS (43K 5 WU ok L BRAEE T 4330 p-oRtr R
BRAFREE 7210, 1 2- PR SR - L 20K HH R 2SR
TR FRAY 2 DL 1723252530 o kg T SR
Pyt BRAR T SCRRHRIE 19 7.2 ng LB, X EW R — S
FCRE 8- = 56 DO TR I AR T DA I
I B4, TS, BTk o
SRR T I K. 23 5 R

Ak, FOROKRKBKI R e 3, 120 10 e 006

FR LK 3 P bR e A 10U R 43 501 Oh 85.2%~
112% (10 ng'L™") . 88.9%~106% (50 ng:'L™") .
97.1%~108% (250 ng-L™") , AHXIFRifElw 22435 K
1.5%~15.6% . 7.4%~102%. 5.5%~11.1%; [ 3K 3 Fhhnbrie 5 i ml i K 85.7%~115% (10 ng-L™") |
80.5%~94.4% (50 ng-L™") . 91.5%~111% (250 ng-L™") , FAXFhRiE 2250510 1.4%~12.7% . 2.2%~8.3% .
4.0%~6.5%, KUK 3 F bR v BE (4 [0 % K 84.0%~115% (10 ng'L™") . 83.2%~112% (50 ng'L™") .
88.8%~98.7% (250 ng-L™") , AHXTFRUEMZE I 7.6%~14.9% . 5.9%~9.0% . 5.5%~8.8%, VA -45FFWHE
T R RIDHRG 2 FEE 4006 A it T oK
2 9 MM ERRE RIS R

Table 2 Standard curves and detection limits of 9 odorants

5 fEARESIEIRT 9 MRRIRYIERHIZEBIR AR

Fig. 5 Effect of desorption time on the extraction of 9 odorants

MR YA PR PE IR R MG (ng L") AWK IR/ (ng L") SCHRHGERE R/ (ng L)
THRE T R y=8.98x107x-1.59x107 0.999 5~250 13 0.6, 2,019
JIE B R = y=3.80x107x-1.19x10"2 0.997 5~250 0.9 0.6~2.5117121
SN AN S y=6.35x10"x-1.93x107> 0.999 5~250 0.3 1.5

R BRI y=1.27x10"x+1.84x107 0.996 5~250 1.1 0.3~4.411721.23-261
2,4.6-=FAHEE y=3.73x10"x+1.26x10" 0.998 5~250 15 1.4~3.819:21.2428]
2-F R S i y=5.08x10x+2.32x1072 0.996 5~250 0.2 0.3~2,71172425.28:30]

RN )
TRE y=1.37x10"x+8.85x107 0.997 5~250 0.2 0.9~2 217:23:25.30]
2-WAEHE-3,5- LN IEE y=1.12%107x+4.99x107 0.997 5~250 1.2 —
A ik 2B T R y=7.22x10x+3.36x10°> 0.997 5~250 1.4 LO™1, 7280
3 9 MIRAUIARE SR FIFERFRERE
Table 3 Recoveries and relative standard deviation of 9 odorants
N Atk ERIN KK
MLy o PR/ (ng L™
[/ % RSD/% [ /% RSD/% [ /% RSD/%

10 86.7 6.2 85.7 5.3 93.3 13.5
Bt 7713 50 88.9 10.1 89.3 6.9 98.8 9.0
250 97.1 5.5 106 52 97.4 7.0
10 102 29 107 2.5 103 7.6
L= 50 98.5 75 80.5 7.8 100 6.4
250 107 7.6 99.6 4.0 96.8 6.5




11 TR RS TOIZS EAH TR B SAH 3 — B DUAR AT R 35 DT 3 (] Fh i 2 2 P 7K rh O e R 4y I3t 3735
HR3
K EB T/ KK
MELAR ) 5T TbRHE/ (ng- L")
IR /% RSD/% IR /% RSD/% [ /% RSD/%
10 97.3 23 101 1.4 97.3 13.3
SR TR 50 99.6 9.6 94.4 8.3 91.4 7.9
250 102 7.8 111 4.6 88.8 6.7
10 112 32 115 1.9 98.2 14.1
B-Fipr it 50 100 7.4 87.9 2.8 102 5.9
250 104 72 93.6 6.5 89.7 6.5
10 100 2.8 103 2.7 103 9.5
2,4,6- = A PRk 50 102 10.2 93.6 6.5 83.2 6.5
250 104 8.1 108 4.5 98.7 55
10 106 32 101 22 115 9.9
2-F B S 50 96.7 8.0 93.2 22 112 6.8
250 108 7.4 98.9 6.0 96.1 6.5
10 102 1.5 100 1.4 101 9.5
+ 5% 50 98.9 9.2 85.7 3.6 111 6.0
250 104 5.7 91.5 5.4 93.3 6.8
10 85.2 5.6 90.8 12.7 85.7 14.1
2480 T HOR 50 100 9.2 84.6 3.5 111 6.6
250 105 11.0 97.4 6.3 96.7 8.8
10 105 15.6 105 3.6 84.0 14.9
2-MAE 4E-3,5- — I SLni v 50 106 8.3 87.6 5.5 106 7.7
250 107 11.1 99.4 6.2 93.5 72

6 g it TRFUSMREFIAREATI 9 FHIRIRYI B IMICREEL. BADK  AARKHKIERIMRERF

P RICR AR 5 108+16% . 110422% F1 95.7+13%, FXThR R 22

AR 2.2%~16.0% . 1.9%~15.7% Fl

2.09%~12.8%, T N A5 2 81U SR 408 43 50 101£6% . 96.7+9% F1 98.0+8%, AH % A7 1 M 22 43 51l
1.5%~15.6% . 1.4%~12.7% F1 5.5%~14.9%, HBAGK AR FHbRERERRE R, HEEHE-

2.3 SERREERNE

RIENLHY IS, MEITROKEE 9 A RAE BRI TIE ST, G2RILIE 7. 20K A Y

7
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=
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Fig. 6 Recoveries of 9 odorants using internal and external

standard methods
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Fig. 7 Occurrence of 9 odorants in reservoir source water
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JE BRI LS — P AR (12.1~41.6 ng L") . "I =HEE (9.9~11.6 ng L") | HORBRYIG B-3Frt5:
i (5.8~13.1 ng'L™") . HFEBRYIT 2- I F KB (11.1~25.3 ng- L") FI+ R K (5.6~8.7 ng- L") . MABRIGE(E
(OAV, WEBRYI T SIREI(EZ ) EPEMKERIRBR SIS EL, 24 OAV =1 B, FBIRBRY) B
PRIEIAT LTk, I A R A RS (A T 0, 2 RN 2- F S SRR X K R 32
ESULY/
3 &g

ST T IO [ ARG RO €3 — F PUARAT AR DR T i (R B K e 9 AR RBRA IR () AT 7o iefdy
Mrgtdh: s 3 gNaCl, 10 mL 7kE, —HIFE—Hikd, PARATR 100ng L', {1 CAR/PDMS-85 um
FEEAYELE 65 C 41F#EHL 30 min, 250 °C f#HT 300 s J5#EA GC-MS/MS 4307, %7 debrit 2k 2k ik B
U, KON | R RO B B A A TR, 3BT A SRR K H R SR I 2

2 % X
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Simultaneous quantification of 9 odorants in drinking water by headspace
solid-phase microextraction coupled with gas chromatography-triple
quadrupole tandem mass spectrometry
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Abstract In response to the implementation of the new national drinking water quality standard in China, an
internal standard method based on headspace solid-phase microextraction (HS-SPME) coupled with gas
chromatography-triple quadrupole tandem mass spectrometry (GC-MS/MS) was developed for the simultaneous
determination of nine typical odorants in water, including 2-methylisoborneol, and dimethyl disulfide. The
effects of extraction fiber type, salt concentration, extraction temperature, extraction and resolution time on the
extraction efficiencies were analyzed. The optimized HS-SPME procedures were as follows: CAR/PDMS-85 um
fiber was used to extract odorants. After adding 3 g NaCl, the extraction of 10 mL water sample with 100 ng-L™"
internal standard was carried out at 65 °C for 30 min, and the resolution was carried out at 250 °C for 300 s. The
standard curves of nine odorants had good linearity (R* >0.995) under the optimized conditions, and the
detection limits ranged from 0.2 to 1.5 ng-L™". The spiked recoveries in ultrapure water, tap water, and source
water were 84.0%~115% (10 ng-L™"), 80.5%~112% (50 ng-L™"), and 88.8%~111% (250 ng-L™"), respectively,
with relative standard deviations (RSD) less than 16%, which meeted the requirements of quantitative analysis
of water samples. The optimized method was used to determine odorant concentration in water samples
collected from a reservoir in southern China. Dimethyl disulfide (12.1~41.6 ng-L™"), dimethyl trisulfide
(9.9~11.6 ng-L™"), B-cyclocitral (5.8~13.1 ng-L™"), 2-methylisocamphol (11.1~25.3 ng-L™") and geosmin
(5.6~8.7 ng-L™") were detected.

Keywords drinking water; taste and odor; headspace solid phase micro-extraction; gas chromatography-
triple quadrupole tandem mass spectrometry
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