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Determination of GSM and 2-MIB in natural water by headspace solid-phase micro-
extraction coupled with gas chromatography/mass spectrometry
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(School of Public Health,Southeast University,Nanjing 210009;’Jiangsu Center for Disease Control and
Prevention , Nanjing 210009;° Jintan Center for Disease Control and Prevention, fintan 213200, China)

[Abstract] Objective:To optimize the conditions for determination of the earthy and musty odors geosmin,2-methylisoborneol (2-
MIB) in natural water by headspace solid-phase micro-extraction (SPME) coupled with gas chromatography/mass spectrometry and to
establish a proposed method for determining the typical odor compounds in water. Methods:By applying the orthogonal experiment
design 1;(4°) to arrange the determination conditions, several parameters of the extraction and desorption were studied and optimized
(such as extraction temperature ,desorption temperature ,extraction time,ionic strength and rotate-speed),and some other parameters
(such as correlation coefficient,limits of detection,RSD and recovery) were applied to evaluate effect of this method. Results:The
optimum temperature of extraction and desorption were 65°C and 260°C ,respectively;time of extraction and desorption were 40 min
and 7 min,respectively;ionic strength,30% (W /V) ;rotate-speed 600 rpm. Under the optimized experimental conditions,limits of
detection (S/N=3) were 0.04 and 0.42 ng/L for geosmin and MIB,respectively. Calculated calibration curves gave high levels of
linearity with correlation coefficient values of 0.9999 for both of geosmin and MIB. Finally,the proposed method was applied to the
analysis of seven standard water samples,which were previously analyzed and confirmed free of target analytes. The RSD were 2.75%
~3.80% and 4.35%~7.6% for geosmin and 2-MIB,respectively,and the recovery values were 91%~107% and 91%~104% for geosmin
and MIB, respectively. Conclusion: The method can be successfully applied to analyze earthy and musty odors in natural water.
[Key words]  headspace solid-phase micro-extraction;musty odors;gas chromatography/mass spectrometry;orthogonal experiment
design
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Table 1 Optimal conditions based on related study

ST FEBURE(C)  FERURE(min) B FEE(/min) ERRIEWIV,%) g (min)  fEURJE (CC)
142 65 30 550 30 3 200
213 50 30 650 30 3 265
3w 65 30 1000 32 3 240
44 65 30 - 25 2 250
50 70 30 1000 - 10 280
61 65 30 - 24 1 250
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70°CHN 260°C.,  ZE HLH [R] A2 0 i [R] 435152 40 min
A7 min, 5 £ T 5553 72 600 r/min, 3 E N 25%
(W/V), %W pH 2h 6, MR 4 HHA]J1, %t T 2-MIB
FI A R R A T X T GSM A S

A ZPORE R Bt E] . 256 ik 2 P ey oy
Brait, BRI A A SR A AR IO A
TR EE 3 512 65°CHT 260°C, A< IS [a) 1A W s 1) 43
SJE 40 min F1 7 min, HiFEFHEHEUE 600 v/min, £;
He S H 309%(W/V) V5 pH M 7.
22 AL
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Table 2 Experimental design based on Taguchi’s L3,(4°) orthogonal array and the response of peak area count by GC-MS

AR A B 2R -y T AR

=] S Hy VE pE b ) y e pE )
FFo ZEBUREZ $Exﬁﬂﬁﬂ %?%JE bz ﬁw!ﬁlﬁﬂ WOGRE  H 2-M|7B GSM7
(C) (min) (r/min) (W, %) (min) (x10") (x10")
1 40 10 300 15 2 200 5 0.462 1.305
2 40 30 500 25 2 240 5 1.782 5.285
3 40 40 600 15 3 220 6 2.214 7.223
4 40 20 400 25 3 260 6 2.155 8.261
5 40 30 500 30 5 220 7 1.843 6.323
6 40 10 300 20 5 260 7 0.734 2.423
7 40 20 400 30 7 200 8 2.013 6.054
8 40 40 600 20 7 240 8 2.234 7.568
9 50 40 500 20 3 200 5 2.971 8.734
10 50 20 300 30 3 240 5 2.225 8.334
11 50 10 400 20 2 220 6 0.835 2.568
12 50 30 600 30 2 260 6 2.644 8.467
13 50 20 300 25 7 220 7 2.325 8.407
14 50 40 500 15 7 260 7 3.173 9.462
15 50 30 600 25 5 200 8 2.828 8.532
16 50 10 400 15 5 240 8 1.122 3.586
17 60 10 600 30 7 220 5 2.587 7.256
18 60 30 400 20 7 260 5 3.105 9.637
19 60 40 300 30 5 200 6 3.235 11.380
20 60 20 500 20 5 240 6 3.013 8.467
21 60 30 400 15 3 200 7 3.089 9.435
22 60 10 600 25 3 240 7 2.793 7.315
23 60 20 500 15 2 220 8 2.958 8.316
24 60 40 300 25 2 260 8 3.273  11.490
25 70 40 400 25 5 220 5 2.843  10.780
26 70 20 600 15 5 260 5 2772 15.850
27 70 10 500 25 7 200 6 2.336 9.886
28 70 30 300 15 7 240 6 3.131  13.410
29 70 20 600 20 2 200 7 2563  13.270
30 70 40 400 30 2 240 7 2.656  12.780
31 70 30 300 20 3 220 8 2.895 12.920
32 70 10 500 30 3 260 8 2.324 8.737
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Table 3 Basic analytical results of orthogonal experiment design L;,(4°)
K14 HEHURLE A I [i] Fel k) gt W s i) iR it 3 Il pH
2-MIB(x10") K1 13.437 13.193 18.280 18.921 17.173 19.497 18.747
K2 18.123 20.024 17.818 18.350 20.666 18.500 19.563
K3 24.053 21.317 20.400 20.335 18.390 18.956 19.176
K4 21.520 22.599 20.635 19.527 20.904 20.180 19.647
GSM(x107) K1 44,442 43.076 69.669 68.587 63.481 68.596 67.181
K2 58.090 76.959 63.101 65.587 70.959 63.793 69.662
K3 73.296 74.009 65.210 69.956 67.341 66.745 69.415
K4 97.633 79.417 75.481 69.331 71.680 74.327 67.203

R4 Lyp(L)EXRBFTESH

Table 4 Analysis of variance of the main factors on the respective peak area of headspace volatile odors in simulated water

samples

FERE S AmE FAM 2-MIB Y577 F1{H P B Ryl GSM 577 FE P{H
R 3 7.910 2.637 100.8 <005 3 194.852 64.951 56.1  <0.05
FE T[] 3 6.596 2.199 <005 3 108.424 36.141 312 <0.05
L2 37 3 0.778 0.260 84.1 <0.05 3 11.250 3.750 3.2

Rk 3 0.271 0.090 9.9 <005 3 1.404 0.468 0.4

fiFE M 1T ) 3 1.224 0.408 3.45 <005 3 5.328 1.776 15
ATy 3 0.196 0.065 15.6 <005 3 7.391 2.464 2.1

W pH 3 0.064 0.021 2.50 3 0.692 0.231 0.2

PR2E 10 0.261 0.026 0.81 10 11.562 1.156
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Figure 1  Not using segments for the determination of analytes in SIM mode
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Figure 2 The MS scan function (SIM mode) for the determination of analytes
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Table 5 Comparison of signal to noise ratio (S/N) by two

methods
My EEBET Phng/l) SINL SN2 (SINL)/(SIN2)
IBMP 124 10 6899 731 3.98
2-MIB 95 10 46 6 2.26
GSM 112 10 737 44 6.46

S/NT . SRR ERE B T3 7 AU MR LE 5 S/N2 . MR 6 8 1434t
Ji G

2.3 FEALMTCE Al IR AR S e AL
231 ARofE & B A FR

BE il 5 FhAS R RE Y GSM 5 2-MIB IR & hRife
TR, e P B A o PR S Jo e B8 B, T il o B
47 5.0.10.0,20.0.50.0,100.0 ng/L, B 40 ml FrifEiR &
VI, IR K 0.2 ng/wl BINFR(IBMP)2 l, LAZS
AR 2 i e b, DLk 3 550 L (S/
N=3) XJ of (R B Sy e M A HH BR (LOD) , 10 A5 5 L

(S/N=10)XJ v B9k BE R i 1 R RR (LOQ) , BV B flRAG:
MR EE (K 6),
F 6 GSM 5 2-MIB Htr#E B2 & 77k B4 H IR

Table 6 Calibration curves, limits of detection for 2-MIB

and GSM
B ARy &k 75 1 R LOD(ng/L)LOQ(ng/L)
2-MIB §=0.135 8x+0.033 4 0.999 9  0.13 0.42

GSM §=1.658 3x+0.307 9 0.999 9 0.04 0.14

ik
B e B R 20 ng/L A 100 ng/L BAREE 7 32,
BELEHERE TR R (RSD) 4 R ILER 7,
RT AEHREE
Table 7 The accuracy of detection for 2-MIB and GSM

232

o) 2-MIB GSM
20 ng/L 100 ng/L 20 ng/L 100 ng/L
1 24.21 93.81 19.32 102.05
2 24.34 90.10 20.51 100.71
3 3.24 102.04 20.58 102.12
4 22.60 95.93 21.85 100.57
5 22.06 93.95 20.63 106.71
6 20.22 90.99 20.44 105.68
7 20.21 91.19 19.84 107.16
RSD(%) 7.60 4.35 3.80 2.75
233 EDkE

ARSI ALK . A RAK DL R KR
B, FIROUA T2 AR TR IR & R R R T
2—HIE Sl P T GC/MS BTN E | e 4%
RN s,

&8 MAREYHRIE T E G5 R

Table 8 Recovery of environmental samples

T KRR IRES JARIIAES R (ng/L) TR IR (%)

(ng/L) JIPRHREE (20 ng/L)  JNARWREE(100 ng/L)  JINFRHKEE (20 ng/L)  JInFR¥E (100 ng/L)

2-MIB afizk <0.14 20.82 91.99 104.0 92.0

A koK 1.82 23.93 95.32 110.0 93.5

K 2.95 23.62 94.02 103.0 91.1

GSM afizk <0.42 21.44 103.7 107.0 104.0

A koK 1.97 20.14 101.6 90.8 99.7

JEIK 2.65 22.11 104.8 97.3 102.0
TR BERGEMIA R, SENJR E TR KPR S35

FH BTt SR T, 2 Tl LA 0 o 114 S R AR SR
P ILP—3 (B 2-MIB FefE 2 ORI AR e 1Y
o e D R P R B 3 R B, 2R U 23 A
KK 7R, X B AR A BT 4R 1w, i 5e
i) A6 BT 4 1) ' SR 5500 5 2 Fhg Jsxet 1 e ik

HCRZ B FLASECY™ BT S 2T 4K B 82 R i

TEXT R B AT A8 1, X BT S5 AT T
A, IFBAREA LI RHIE RS e 0T
AL AR R TR B RIS T R
AT R 5 A B, AR — IR B
XN BRI T, SRR HERR T O B s a4
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