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Abstract

A new fully automated method for the quantitative analysis of two odor chemicals, 2-methyliso-
boreneol and geosmin, in drinking water was developed and validated in this study. The method
involved solid-phase microextraction (SPME) and gas chromatography coupled with tandem mass
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spectrometry (GC-MS/MS). The comparative determination was conducted using the dMRM and
SIM modes under the same conditions. The limit of detection (LOD) and limit of quantification
(LOQ) for two target chemicals were determined by analyzing the minimum concentration points
in both modes. Blank-spiking tests were also performed on standard chemicals of 20.0 ng/L and
50.0 ng/L. Our results show that the LOD and LOQ for 2-methylisogonanol were 0.82 ng/L and 2.75
ng/L, respectively. Additionally, the blank-spiking test exhibited recoveries within the range of
91.1%~107.1% when analyzed in the dMRM mode. For geosmin, the LOD and LOQ were found to
be 0.63 ng/L and 2.09 ng/L, respectively, and the blank-spiking test indicated recoveries for this
chemical between 86.5% and 102.0%. The method can proficiently and precisely identify trace
odor compounds in drinking water, and is expected to have extensive utility.
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1. 518

ARG AR, NTIRAETE KT R REEE, KA ARG ZK 1) it i sk 2 38, Hodis i
SRS K BIRRLGE SFR SR o AR ] /K B2 bl o PRI v IR 20 bR, MR Sk S5k 8 FR[L], %
RS B SR S ) — (2], B A 110 S D] 2 B /K R A 2- R E S AN - SR 2R [3] [4] [5] [6]
(7], HURH BRI SR 2 FH KR R AE 2 — R AR S P2 A 10 [8] [9]. 47K 2-FJk
FREEAN T SRR =T 10 ng/L B, KRR H 40 3 AR R I T Rk, R IA/K R, GB 5749-2022
iR CAEREIRRZK TLAARUEY Kb b Rk B F AR B e 4ehrh, MU BRAE Y9 0.00001 mg/L. T3
BRI, Skt B, SEG I TR SR SR AR R R S R B FE FA) ki 0.00001 mg/L
[10] [11], EHUEATIL, AZKAR RS 2- FF B e R A E R AR B2 [12].

A S B6 2 F FE L [ A R BRI R S R ) 2- S Rk KRR, B PR SRR S AR
R AR, SR AR E B . [FIRTLE dMRM T SIM RSN, 3l i SRR I 7K o 2- P S e e I
T R B RHALS, @S A RERFE AR G R BRI R e, SRS MR . 8 R R v it 4R B
KR 6 UCPATHE, TR IR AR PR . S BRRRE 25 5, [R] AR b stof 19 o WSS =X g e 1] i
K, FEHURAA A, RTINS 1) 2- B SR R S 1 SRR T AT SR A I T, A KR
I St A0 5 SRS 28 PR RV if P S R K

2. &W
21, W& RAF

SEEG W AR, W 1.
22 BEY

2 H B EAMEEI S E: GC My i) 40 min; AEHGE L 60°C s AEHUN ] 40 min;  I0FARL i HE
&% 1300 rpm;  SSL #EFE 12 ALIR BN 250°C s fFAfTS ]9 10 min.
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SAHEETHRZH: VIt ERE 60°C, 60°C FHFLELREF 2.5 min; LA 8°C/min HE TR E] 250°C;
PRFF 5 min; FHEREFFIL A Y 31.25 min.

ik 23S HP-5MS (15 m x 250 um x 0.25 um).

JRiEZH: Bl BT ETRERE 706V BTURIEEN 230°C;

AL dMRM F1 SIM; ¥&5ZER 9 min.

Table 1. Experimental equipment and reagents
2l IR RN

B SR AR AT
= HPURAT 5T F 1X (7000D-8890) 2 [H Agilengt
4 H B EMEEI(CTC =& — A3l % [E Agilengt
Tz —HmFRYF HEFs )
HBLLKHL Millipore
L ST A3 (10 uL) 2% [ Agilengt
F I v LSRR HE R 5T Jemtde s itk
P v 2- FR B S5 B VWb HE ) B IR $
2-5 ] HE-3- F S kit gk b AR R A ]
S, st I 24 2 1]
HIE, RIRR (OETAN

2.3. FRfEHIZELE

FHAR TR B R B2 /9 100 ug/mL ) 2- FF e B b A 0 o R L B 3 VPR 1 0 T AR 2 R
10 ug/mL. 1 ug/mL. 10 ug/L FIkRAEF A TAER, F 10 ug/L FARvEE AR B TARRECHI 2- FF 3% 5 SR VA b
HEW) RN T SL R VS AR E Y TR 2.5 ug/L IR 1E AR, 4 5IHL 104 20, 40, 100, 200 uL ff 2.5 ug/L
PIbRAE AR, INE] 0.02 L ER GRS, 287 5 mL 4ii7K, &M 1.25 g SALEH(450° CHET 2
NI VRN ), PR 10 ul B AR NN 5 ul WK JE N 80.0 ug/L 1y 2-57 T HE-3- HI S BLmbvg N B v, i
HI R FE 4 54 5.0 ng/L. 10.0 ng/L. 20.0 ng/L. 50.0 ng/L. 100.0 ng/L fIbxitE £ 51,

3. BRI
3.1. iaHARERhZR

WATAERAE T IEH TARRA, %M 2.2 PSR SEOHT R E 777, WA BRIy 80.0 ng/L 1) 5 4
Fr#E %1 5.0 ng/L. 10.0 ng/L. 20.0 ng/L. 50.0 ng/L. 100.0 ng/L, ZAAAR R FH Sk 53 A0 P9 AR 40 57 FRTAF o)
VEETRIRR, B AL R R FH SR 5 R B 53 (P AR AR B il A vt i 26, 76 dMRM 1 SIM B FSR AR T,
T4 3] () 9 P S R o s 1 ot 2 (90 A 0 AL, SRR RAF, WAk 2.

3.2. HilgHta)

MR T, SRR R R A I P R SRR 5, 2- R R . - R AR
B A ASE, dMRM SRAERER, 2-HIERIREE . 2-5 T F-3- B AR LAk R R 4 5 25110 H UG I 1] 43 1) =
11.016 min. 10.907 min 1 14.970 min, SIM K&K, 2-FIRREE, 2-5 T 5E-3- AL R - R R
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FRY HH WS R 43 51) 2 10.985 min. 10.870 min £l 14.917 min.

Table 2. Standard curve equations, linear range and correlation coefficients in both acquisition modes

2. MMRERXTHINERESE, M CEREXAY

KR a7 A GREAEE| MR AR FRZE(r2)
2- I R IR 5~100 ng/L y = 0.411802 * x 0.9993
dMRM
+RE 5~100 ng/L y = 1.243499 * x 0.9993
2-F 5k S 5~100 ng/L y =0.532312 * x 0.9991
SIM
+RE 5~100 ng/L y = 0.140629 * x 0.9993

33 HEE. iR, ETEMR. EHRL

TEASESRH, P 6 AN 5.0 ng/L FITRAARHE T, BN 5 ul #KEE N 80.0 ug/L 1) 2- 57T 2-3-
FHAABEME IR N ARV, FH dMRM A SIM PRl AR 2040 T R AR e 6 2, [ B A 0 7 oA TR A 2
PSRV 0, AR 6 CPATSE IR, THERS % E(RSD). 6 HiFR(LOD). 2 & FR(LOQ). &ML (SIN),
4% 3 fivn. dMRM B30T R4E 6 7K 5.0 ng/L TR A ARAE SURSFATEE R, J8 I 224840 SR IR A B 7 R
AR R ER 2-F 5 R IKEE RSD 4 5.2%, A tHBR(LOD)A 0.82 ng/L, 153 RSD K 4.1%, futh
FR(LOD) 0.63 ng/L, ¥JLt SIM #E T 2-F AL 57 300 RSD A 7.6%. #utifR(LOD)J2 1.35 ng/L, LR %
RSD & 10.4%, #&H FR(LOD)Z 1.72 ng/L I, dMRM 2N AR B R 5 R4 5 e 5 2 421K, SIM A
R R 2- UL R IR, M 2908 dMRM #1680 £, BH S5 i AS:) fr) R S8 AN e if 4 . dMRM A5

T REE PR 5T A5 e LU 2 v 1 SIM B REE IS R

Table 3. Precision, detection limit, limit of quantification, noise and signal to noise ratio in both acquisition modes

F 3 MMREEATHREEE. KHIR. EER. RS, EELE

dMRM SIM
KAEFR bR
2-F Ik e R TRE 2-F 3L S PR TRE
5.61 5.37 5.70 5.29
5.24 5.08 6.11 5.27
5.29 5.10 5.13 6.14
KAELE R (ng/L)
4.88 4.83 6.19 6.21
5.58 5.35 5.82 4.75
5.15 5.00 6.39 5.24
F-¥511E (ng/L) 5.29 5.12 5.89 5.48
W52 W (ng/L) 5.0 5.0 5.0 5.0
RSD (%) 5.2 4.1 7.6 10.4
LOD (ng/L) 0.82 0.63 1.35 1.72
LOQ (ng/L) 2.75 2.09 4.50 5.72
I 29.65 29.85 2310.31 69.35
SIN 22.61 79.05 3.22 32.36
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3.4. JNFREIEE

DA BRSO AR [ S S2 86, 23 1B 40 ul. 100 ul £ 2.5 ug/L f 2- 3 S 3 A0 -+ B35 (VR A b v
TARME, MAE] S5 mL 4k, & 1.25 g &ALSN, PN 5 ul #EEN 80.0 ug/L (1) 2-5 T Jk-3- FH A Btk
IR YR, TC R 43530 9 20.0 ng/L A1 50.0 ng/L IR, F RIS R RAEREAII 2, TH 500
FrFEl e, WA 4.

Table 4. Adding standard recovery in two acquisition modes
= 4. PARREEA T ARE YR

B dMRM SIM
FESRIT
2- WL R T RE 2- L Ry T RE
TobRR B (ng/L) 20.0 50.0 20.0 50.0 20.0 50.0 20.0 50.0
19.40 48.97 17.89 47.49 24.04 56.69 24.43 56.81
20.19 47.57 18.84 45.09 23.06 57.91 26.62 62.10
B 19.54 48.62 18.37 46.30 24,54 60.91 22.56 63.23
RAESE R (ng/L)
18.81 49.13 17.31 47.08 21.62 58.55 23.05 62.74
19.39 53.55 17.75 50.98 26.22 57.95 24.63 58.53
19.89 45,57 18.54 45.34 23.80 58.53 2457 56.68
F-¥1E (ng/L) 19.54 48.90 18.12 47.05 23.88 58.42 24.31 60.02
TOFRT- 3 B2 (%) 97.7 97.8 90.6 94.1 119.4 116.8 1216 120.0
RSD (%) 2.4 5.4 3.1 46 6.4 2.4 5.9 5.0

3.5. RiFHM

K FH A bR AR R R P2 R S AT R S0 ANC38 J v, ARSI rp SR FH BTN A DAIE (1) 2- P 2 S AN 1
L35 (CQC-067(220727) A A F 2024 4 7 H 31 H)Jm 4, FUEME S AR E HIE-10'CH|-20°C %4 F &
A7, R AT 2 500, B ImL J5e4% i FH 4K R R E 25 28 1000 mL,  PCHil oA B st AR dEAE IR, DRI
25 i 2- FR R S BRI (RO R Y AL AN FE A f 20 BBl P, AR S0 P R UK o 428 i W B 10 5% i B LI 4% b
W 2-HIE R IRIEM O &, KA dMRM F SIM R [FR AR B ACRAERE i, BRI AR, s
FEERPIJT R AL RITE AT B JE N, dMRM B3R, RS % 5 0 R SR 45 R B bn (e, AR,
dMRM KRR H m s, AHoCE R L% 5.

Table 5. Quality control results of two odor chemicals in two acquisition modes

5. MPRERX TRMHFRYREFUTER

o dMRM SIM
KR
2- 3 S 3R +RE 2-H J SR 3 +RE
JF 45 BRI (ng/L) 252 +2.35 7.50 £ 0.07 252 + 2.35 7.50 + 0.07
R ] B2 52 FRAE Y FEl (ng/L) 151~353 4.50~10.5 151~353 4.50~10.5
KA R (ng/L) 253.64 8.05 303.32 10.1
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258.07 7.86 293.94 9.43
261.46 7.37 298.48 9.34
KA LR (ng/L) 260.77 7.02 299.10 9.50
274.25 8.00 279.71 9.30
259.17 7.67 288.63 10.1
S 1548 (ng/L) 261.23 7.66 293.86 9.63

3.6. SERRAEmRALI

BENLREEA AR AR, i, 4 2.2 (RS HERAT B ER S, 1 AMRM A1 SIM i RS R AT A
AR B 2- FR L S R A SR A AR, TSR SR R AR K B, AR ORAE R LA 6.

Table 6. Sample results in the two acquisition modes

6. MMRERXTHBLER

dMRM SIM
KAEESEbR

2-H L S 3 T RE 2-F kSR 3 TRE
FEd 1 (ng/L) <far HH R <far HH R <far R <far th R
FEf# 2 (ng/L) <kt PR <K Hi B <F PR <Hith R
B 3 (ng/L) <k B <K Hi B <F PR <Hith R
FEfb 4 (ng/L) <for i B <Ko Hi R <Fa i PR <Hith R
P& 5 (ng/L) <K H PR <Hor Hi R <Fa PR <H H PR
P& 6 (ng/L) <o i PR <K H PR <fth R < i BR

4, &5ig

ASEES % KA dMRM A1 SIM PR, A5 4 B Sl [ ARG - = 5 DY 053 16 A S 5 732
AR VR 7K A 2- R S R A RS Mo, RS 20 1) 5~100 ng/L < 2R 51 (R AH 50 SR BN 42
MR R, H & K H R (LOD) /N T GBIT 5750.8-2023 (A= iG A/ /K TLAEARHEY w1 SR AR AG U oA 5
(-FIHFHEE: 2.2 ng/L; LRE: 3.8 ng/L), HULELHIRA dMRM Fl SIM F AR 15 T 1A 2 R 27K
2-H 3L PR A+ R (R,

ASEg B R A dMRM AT SIM P FRAS [FE R R BEARAERE Sy AN [F ARV FEAT: it A B 428 5 il b AT
EbAs, i bt P A A RS 30 R RS %5 5 L At PR 2 PR (SR LU A 45 1, S5 T, dMRM
B L SIM A5 B A B v A BE RS 25 R, Rl R BR BEAIS,  Jeri A= 5 Rk 2- F B S R AN - L3
PR AR AL A 2 5 43
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