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Abstract

In this paper, an analytical method for the detection of trace amounts of 2-methylisopodol (2-MIB)
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and geosmine (GSM) in water was established by purge and trap-gas chromatography-mass spec-
trometry (T&P-GC-MS) technology. The results showed that the linear determination of 2-methyl-
isoborneol and geosmin in water using a blowdown capture gas chromatography-mass spectrome-
ter was greater than or equal to 0.995. The detection limit of 2-methylisoborneol and geosmin by
blow sweep capture gas chromatography-mass spectrometry is 1.3 ng/L and 3.8 ng/L, respectively.
The method established in this experiment was used to conduct spiked recovery experiments on
drinking water and water sources, and the results showed that the recovery rate of 2-methylisobor-
neol was between 102% and 117%; The recovery rate of geosmin is between 84% and 98%, with
good recovery rates for both, meeting daily testing needs.
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1. 5|8

AR, A 2O TVLIT 7K EE SR FH KR AR I A R AR, IR K %45 NRAETE BEAHER,
DT S 7K A PRI A0 5 R AT D E #A  UMR2 VPAN R 7K K 5 e BRI i AR 22— 7K AR v i R P
MR I AN 22 3 AR K TS G il W NSRS gt i e F [ 1] SRR e &= R RS R
MR BT, Horbr, HEER T OTCRA 5 5800, (HIERY) 5T 25 BRI FH AR B MR, 2- 36 S 2R (2
Methylisoborneol, 2-MIB) 1+ & 2 (Geosmin, GSM)#2& W Fh e & WA BRI R . HRT, CAG 0708 0 5%
TR B DL R R BB R S BUKMR R A 2- UL RN R R EEORIE 2] (3], R AE IR
BRYET, JCHAE R BN T AR, 2- R R A L R R IR 2 B BT R, S B ZKOKIE
ZENG R, BORMERWR, MK T 5 AE ) B SR Rk, 7 S R O K E AR PRR, Rk
JFRAS DN A (0 B RN R I P[4 30 AR T N

HAl, BB CETEIOHK DAEFREE) (GB/T 5750.8-2023) 1 CUk 2- 3 BB Al -+ R R IX MR AR
INE FeARbrrf, ZE bR VENT 2- 2 S B A B R RS AEAS IR BE 43 79 3.8 ng/L A1 2.2 ng/L, TR 7K
R H WS BT 10 ng/L [5], HAZJ72:H B FH ARSI BT ARS8 72 AR L. AL B IR —
BRI WA 5 - A 3 BT I (T&P-GC-MS) BRI 7K HR & 2- FHAE S 0B (2-MIB) A 1 R 3R (GSM)
M7, ZJIERE . R e, KBRS =L T —MOr R, FE TRIECRE, AR
TR AR 5T (R0 5 SR T b B 3 M R SRR N SCRR[6], A 35 (AL 22 0 R A R 4 1 B FH T 5 o

2. SCROERSy
2.1. FENF/S5KHA

WA (T&P): O * I = Analytical-4660;

LS - FEICH X (GCMS): Agilent GC-MS6890-5973 B, “HE1 R (-H E) A IR A F];
% DB-5ms-30 m x 0.25 mm x 0.25 pm 1 DB-624-60 m x 0.25 mm x 1.4 pm;

HWE: HPLC 4, REFEENKM/RBHCARAH;
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Pl b 2-FRE e . L RFEAEY PR : bRAERE i 5y 23110862, 100 mg/L, AHX & AN
SESEN 3% (k=2), InB R UED) I O

FEErR 1,2- ZSUR-da A EPD IR . ARVEERE 2 504 8631000, 1998 mg/L, i 99.50%, CHEM
SERVICE;

T : 40 mL TS (BG4 PTFE Jiiag):

HBAliK: IRFEBKETE BT K), T 90°CK S 2 &S F 15 min, BUHIEH GEEEK BTG
FHME 20T, B & B/ AR 0 7 vER R ) o

2.2. LB

2.2.1. ¥RERhZRROHIZ

FH R 2-F R R RIS . T SR BRI B R B 10.0 pg/L (A bRvEEfS FH -

FHH RS OB 1,2- 500K -da bR HEDD SRV 0B SRR R A 40.0 pg/L 1R A 13 F ¥R

FHABAE KK 2-F 57 R L = L2 A AR UEAL T 10.0 pg/L #FE AR FE RS 0ng/L 10 ng/L 20 ng/L+
40 ng/L. 60 ng/L. 80 ng/L fl 100 ng/L MIbr#ERIZL, BT 40 mL TP EALNE. WisEeER, &
AR AL ARIRE R 20 ng/L.

2.2.2. FEEMIREHIF
FER A K2 BIECH] 10 ng/L 40 ng/L A1 80 ng/L = MK, BEMAREERIENE 7 K. WiniEERE, &
ANFRFE P BRIREE A 20 ng/Lo

2.3. (B TIESH

VESEHESIE L I

WA @AES, ERSECNT 99.999%:

WA ESEE . I 25 mL; HEMAS Tenax®(#7); WITEIREE KA. Z04Mm#k 80°C, 11
min; FHEPFRITIRE K E: 25°C, 11 min; HEPHENTIRE LR 180°C, 3 min; PR
KesfAE]: 200°C, 15 min.

AR TE AR

WA mwAESR, RSN T 99.999%; (AilF:: DB-5ms-30m x 0.25 mm x 0.25 pm;  #ERE TR
fE:200°C; FEFFHE: 40°C, ££4F 3 min, PL 10°C/min IR T2 160°C, 48 )5 LA 20°C/min IR T+ % 280°C,
{R%F 2 min; JRIE: 1 mL/min. Z)i: S:1.

B REAX SR AR

BEFPIREE: 230°C; DUMAFREE: 150°C; fEHiZkiRfEE: 250C;

AR EFEE THER(SIM).

3. ER5118
3.1. EETHEEEFEE

Fic il 100 ng/L A7AfR H 2 H#I(SCANYE S, @i 5k FExf b T e, mesFim e 1, &40
Jo P DL 2

B 1 AT, 1,2- SR -dy 2- AR SR R -1 B 2% AR DR B I 7] 43 31) 72 9.854 min. 12.543 min £ 15.720
min. FHE 2 A7H1, 1,2- Z5U0R-dey 2-FRE R BRI AN b SR A e K B 4 7ol 2 150, 95 AT 112, ik+%
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Figure 1. Total ion flow diagram-100 ng/L
E 1. REFRE-100 ng/L
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Figure 2. 1,2-Dichlorobenzene-d4 (a), 2-MIB (b), GSM (c) Full scan mass spectrum
B 2. 1,2-Z8%-ds (a), 2-FAEFIKRE(b), TRE()LHAMRILE

Table 1. Select the ion scanning parameters and retention time

= 1. EFEBE TSR RBEE

oy PR B4 15T 8] /min EME BT (/z) E BT (m/z)
1,2- 50K -da 9.854 150, 152, 115 150
2- B 7 12.543 95,107, 135 95
T RE 15.720 112,125 112

3.2. BiEHEE
2-HFEFIREEM + R R NWNE 3 FiaR(ERN 2-HRERRE, AALRER), 2-HERRESTHE
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Figure 3. 2-MIB (left) and GSM (right) structural formula
E 3. 2-BERKRE (DM REH HEHR

il 2% 2- FH B S BRI AT L SLE AR FE N 100 ng/L,  HAGAGENIR BN 10%, E 65 DB-5ms-30 m x
0.25 mm x 0.25 pm (EL AR}y 5% K I-95% AL R AT, & T e Ak 4) F1 DB-624-60 m x 0.25
mm x 1.4 um (E3EFEIRN 6% 53 K IE-94% K IR, BTt i) 7 Bl TR 5% .

W s R MEMES T, AR DB-5ms (il FEiL 2 7F DB-624 (il ks b, PR 7 F1
FrEBAESEIL B, ik L 4, & 5. {HAE DB-5ms {03l b 2- B L S 0 W A0 4 52 2 1) B I 1) B 4 HL
Ut B PE A, 2- R SR R AN+ R ZE DB-5Sms (i kE b (i N 457 T AE DB-624 (i kE LIS . )
JRAE O A R RS O AR A SRR A G R, ok, YIBTIPERR, S AR
Ii] 2 A PR E B AT, G SR AE T AT TR B DR B A, AT RE S AE VAT TR B, A L S5 AR PRI A 1 AT
SRV AT B2 B, IR 2% R o X A R P ik 46 e 24 3% FH DB-5ms (i 4

1286 1251 128 2.5 2 262 2, 2162 ECNE
Counts vs. RN (nin) Counts vs. AT (ain)

Figure 4. 2-MIB compared to the DB-5ms (left) and DB-624 (right) columns
& 4. 2-FAE FIREETE DB-Sms(Z) B IEH A DB-624(4) B iEHEXTEL

x10 3 [<E1 TIC SIM 20250004. D x10 2 |+E1 TIC SIM 20250009. D

1575

1569 15.7 15.71 15.72 15.73 5.75
(min)

1571 576 1571 158 1579 ' 281 2085 2086 2087 2088 2089
Counts vs. AT

Figure 5. GSM compared to the DB-5ms (left) and DB-624 (right) columns
5. ZRERE DB-5ms(£) BIEHER DB-624(FH) BIEHERTLL

3.3. SR E LR

A3 A 28 EALANIRE N 5% 10%. 15%. 20%- 30%- 35%MIKIEH, Hrix 6 MKiEm T 2-H 4 &
FRIEEAN+ R IEI A 20 ng/L, PIFRIREEISN 20 ng/Lo X HOAS [F) ST B VA T 2- FR 6L S e s
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T RERAMEL R . LA H T RF R Gl B AR IR 1015 5 58 2 5 470 115 5 58 %) . ANFEIREZ S
A 2L 53 e B IE (a F5 B ALK 6

WRARA R R AN IR FEAE 5%~10%K0], 2 A5 1 B R 7 R R ETHE S S
JEAE 10%0F, 2 AN 7 HOmi SR 78 B de s 4SBT EEAE 10%~35% 0, 2 AN 73 i B2 R 1
TIEHTT S M TS

M 2- P AL SRR AN SRR KB 59, A G IR, DRI AR BOR SRR AT e K I A
R, TRESRA LT 17 FORBRAC 2- R R R b R AE K T VA AR L, AT E AT AT AT 5 A
IR R . WA GBI BERAE SR T, B 100 g ZKKZJHEME 36.5 g AL, Hml A
AWK LKL 30%, T 10%3 50 A BT L 28 T LA 31 2- F 3 5 A - B3R KA U
WITIEER, DI, G PR AN BE DY 10%E i e K B 2- FF 3 5 B A = SR A S

1 - —e— 2-FREREKE

0.9 A ERR
£ o8 | & — 0 o ¢ P
; 07 } .//
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Figure 6. Trend chart of the effects of different concentrations of sodium chloride on component responses

B 6. AN[E]R B AL SRS 4E 53 e Ry S R 35 [E

3.4. RAEMRERE

WA AR AN B TC 2% B AR A 10 mL A 25 mL PFRELRS, 7EAH R AU 261 R, 2090 10 mL
A 25 mL WA E WA R EERIARFE . B TCA SRR, 2-F S R AN - SR AE 25 mL W45 A R
PRRR A B SR RGO T 10 mL W OREREAR AN, H T 2- TP S R R S R A2 T A
B, BA oK, B EUG IB AR, AMUEERA “h” SR, 3 EURATREIN KK AR
P R KA OB AR DR B AT, AT A% IR BRI 2% o PRI ] 25 mL WRISEDRE K A4 o 1 2-
PP S I A SRR 10 3 R e KA AR IS BRI 5 2+ 7 )

3.5. AFRERE

bR (AU K FRUERE 7732:) (GB/T 5750.8-2023) [7]H A& 2- F 35 S IR e A -+ B 2548 i I e
FE 2-5 T HE-3-H AR S R[8], AU AR 1,2- IR -dso 2 TITE 10%34 Y S B 7 FP sl 4
FRFRIR A 40 ng/L AT IAES . BEFURM, FEAHFEES AR TN, 1,2- Z&0R-ds IR B IR B 2-57 T Jik-
3-FHARFENE R s 1,2- A da BOA S AN R U R IR T 2- 57 T 3E-3- A e, L 1,2- AR -du (1Y
VT FRPE LY, XIS B 2, IR 7 (N 2-5 T RE-3-H AR, A0 1,2- 2 E0K-dy). 1,2-
TER-dy R ERANEE TR E Y, BA RIFR R e, BAE BRI R AR
AR, AT LA TE IR A28 1 i sh AR 2, KRR 2- L e R AN 1 L 3R A ME R I s 4241 1 PR B9
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Table 2. Comparison information table of different internal standards

F 2. NEARRIELIE RS

PR W (ng/L) VTR U 1= N LL
2-S T HE-3- A SRk 3985 1746 291
40

1,2- & 7K-ds 48,121 22,320 1063
109 x10 1
2.4 21
2.9 10.70 P
1 ; \.;
1.6 1.6
1.4 j i
1.2 ;
1 0.8
0.8 0.6
0.6 xi
0.4 ;

10. 64 10.65 ,U'b’b 10.67 10.‘65 10.69 10.7 10.71 10.72 10.73 10.‘7\ 10.75 10.76 10.77 9.79 9.8 9.81 9.82 9.8 9.84 9.8 9.8 9.87 9.88 9.89 9.9 9.91 9.92 9.93 9.91 9.95 9.96
Counts vs. RHEME (min) Counts vs. REME (min)

Figure 7. 2-MIP (left) and 1,2-Dichlorobenzene-d4 (right) contrast chromatograms
E 7.2-R T &-3-REEMER(E)M 1,2-Z8EK-di(H) XL B IEE

3.6. M SEMEHR

FRIE 1.2.1 B HIbRiEHZE[10], IRIEREN 0 ng/L. 10 ng/L. 20 ng/L. 40 ng/L. 60 ng/L. 80
ng/L Al 100 ng/L, WFR 1,2- & A-dy N 20 ng/L, FWFRERESLIRE - G brEMZE[11], 7F T&P-
GCMS |- 2] il 28 A0 e £ tH PR o 50 45 AR, 2- FE R S IR Al T S 3 A i 4R 4 1 R 4, R2>0.995,
AL R . AR CRRBEIR I A B 7 vE AR AR E B R S ) (HT 168-2020) [121%IARFE SRR 5
ng/L EEMGE 7R, BHRM ¢ pARATE, MEEKFEN 9%, HEHEN=6, t=3.14, HHHLIRHE
22 T A5 0 U RS HEBR 9 MDL = St, o« WFF04E U0 3 Fior.

Table 3. Summary table of standard curves and detection limits

3. FEMZ R HRIC SR

& WA WA FR EYEpayE MXRFRELE)  HR(ng/L)
-FHILRIREE  MIXTWAR =0.1493 * MXFKEE —0.004517 0.995838 1.3
T&P-GCMS
+TRE AESFMIR. = 0.1042 * FHXHKE —0.009675 0.996603 3.8

3.7. EEEMMNARRE Ysond

H145 25 L IFRRE IR EE A 10 ng/L. 40 ng/L. 80 ng/L HIbREE, EMNREENE 7 ¥k, HEATInAR A o2
. T&P-GCMS HISZIGEHE W& 4. WL BT, 2-FHEFIRER BRI 98%~108%, TR KA E
WEHRAE 92%~111%.

3.8. SEBREEm TR NARE MR
FIH] T&P-GCMS 57 (¥ 75 12508 A6 5 1l 3 AR i AR 7RI 7K B 2 /K R AT I [ WA S 56, oAk B2 533l
/& 10 ng/L A1 40 ng/L, EMIIAREWGRTE 7> 5 A 3 I, HESER DU w22 W4 5. thdk 5 4

TOECHE TT %0, PRI [E] 2K 5 2- B S 3k B A [ SR AE 102%~117%2 18] PAPAS [F] 2K 5 vp = R 3 [ml i
RIE 84%~98% 2 I8l 93 /& H H A 7R o
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Table 4. Precision and blank spike experimental data sheet (unit: ng/L)

F 4. BEERTEMRLEEERENM: ng/L)

. DRI EE 10 ng/L IR 40 ng/L IR 80 ng/L
r% DRIERHE  bRE  2WERHE  LRE  2HEREE LR
1 11.06 13.45 38.68 36.39 82.95 79.44
2 10.40 11.44 37.46 36.20 79.38 76.05
3 11.56 10.97 39.00 36.80 77.41 74.73
4 10.52 10.69 42.50 38.01 82.70 78.77
5 10.44 9.85 40.26 38.27 81.79 77.65
6 10.99 9.99 38.83 36.98 82.06 77.59
7 10.91 11.34 40.15 37.27 85.61 81.49
¥E 10.84 11.10 39.55 37.13 81.70 77.96
PR O 22 % 0.42 1.20 1.61 0.78 2.64 222
AT BV it 2 %0 3.86 10.83 4.07 2.10 3.23 2.85
% 108.40 111.04 98.89 92.83 102.13 97.45
Table 5. Actual sample spike recovery experimental data sheet (unit: ng/L)
5. EPRFEGRINAREINL L0 BHEFR(BEAL: ng/L)
Byl iy A JERAE P11V 7ess e FAREFRAE DR 2% E %%
FATERAK  2-FI R IR <1.3 10 11.63 3.8 116
11.32 113
10.78 108
<13 40 4232 1.7 106
40.95 102
41.44 104
+RE <3.8 10 8.98 5.4 90
8.54 85
9.51 95
<3.8 40 38.29 1.8 96
37.92 95
39.28 98
FoKUEH R K 2-F A R R <1.3 10 11.32 3.4 113
11.65 117
10.88 109
<13 40 41.32 1.4 103
4235 106
41.44 104
+ R <38 10 8.95 438 90
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WK
5%
9.28 93
8.43 84
<3.8 40 38.11 1.9 95
37.92 95
39.28 98
4, i

AR SC AN — R R A A B - AR T S B BB (T&P-GC-MS) B ARG MK F R B 2- F 3 S R (2-
MIB)HI B Z(GSM) I 3T 5%, ARG T ZERE it FRds i A AR 3R 238 DA BOG RS JA . il e
i HE. BEFRLE SRR R - AU R Il B OO T 2- AR e BRI R 1 IR 2 1.3 ng/L, LR FK
HFRJE 3.8 ng/Lo ARV K FAZK IR K AN (TS S 56 3 B 2- R R S e [RUSC 38 AE 102%~117%; LR E
W 2 AE 84%~98%, IR REF, e H W IR ER TR K.

WA - AOM S RS I P T e R, SEEMELF, REUES, GHUAFNERER N, HiEs:
KR E R 13], 3& A T /KA PR & 2-H 3 S5 R R+ LR A 5E , (RIS W il A2 AR AR (VAR
HERENITRE S S BRI RS IR 2, AN 7108 2 4k B8 FR SR AR H SR B S m . AHRE AT
R 5 7K AR R R LR A o R e SR T B S, AL T Ak, R . S EE vk, R
T RUFHR A5

HE&mHE
TR E K 3 SRR A3 4 T H (U2443203) S K o

&E ik
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