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SPME Arrow combined with GCMSMS for determination of odor
compounds in water

LYU Jianxia * ZHAO Yizhe WU Yidi JIANG Liwei YANG Zhe
(National Anti-Drug Laboratory Beijing Regional Center, Beijing, 100164, China)

Abstract A novel solid-phase microextraction (SPME Arrow) system has been recently employed
for sample pretreatment. It is a solvent-free microextraction technique with high sensitivity and
reliable mechanical properties. In this study, the odor substances in drinking water were enriched by
SPME-Arrow, followed by high-throughput screening and quantitative analysis through gas
chromatography-triple quadrupole mass spectrometry (GCMSMS). Parameters influencing the
extraction process, such as desorption depth of injection port, extraction time and temperature were
carefully optimized. It was found that the insertion depth of SPME-Arrow at the injection port had a
significant impact on the desorption speed and efficiency. A quantitative method for the
determination of 57 odor substances was established based on the optimized parameters. Results
showed that, compared to the conventional SPME method, this method had better sensitivity and
improved the detection limit by one order of magnitude. This method also showed high accuracy and
good linearity for each analyte with the values of linear correlation coefficient higher than 0.99. Ten

replicate analyses of actual drinking water samples with a final internal standard concentration of
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10 ng'L™" provided reproducible results on the basis of average relative standard deviation (RSD)
values. The RSD values for 90% of the analytes were lower than 10%, meanwhile those of the rest
were all lower than 20%. There exhibited no matrix interference in the detection of spiked actual
water samples. In general, the novel method meets the requirements for the enrichment and detection
of odor substances in drinking water.

Keywords SPME Arrow, odor substances, headspace extraction, automatic sample

pretreatment, gas chromatography-mass spectrometry.
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ZEIUHT, AL B T 40 °C R4k 3.0 min, SR 5B RE S RS 2 i SR O B R AR B, K SPME
Arrow ARES IO TS S AT, 76 40 °C T T 55 220X 30.0 min, )5 EJEAE O f# I 5.0 min.
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Table 1 Retention time, name, CAS, quantitative ion pair of 57 compounds
F5  {REEE]/min YLLK TR CAS %E%ﬁﬁxt _
No. RT Name Name Quantitative ion pair

1 2.94 1-Propanethiol 1-PN B 107-03-9 76.0 > 42.0
2 3.16 1-Bromopropane 1-R P %E 106-94-5 122.0 ->43.0
3 487 n-Valeric aldehyde B 110-62-3 44.0 > 43.0
4 4.47 2,3-Butandione 2,3-T 431-03-8 86.0 ->43.0
5 6.20 Dimethyl disulfide B St 77} 624-92-0 94.0 ->79.0
6 6.63 B-Pinene B-IRNE 127-91-3 93.0 >93.0
7 6.79 Diethyl carbonate TR — 2k 105-58-8 91.0 > 63.0
8 6.81 n-Amylformate FR R 1 I P 638-49-3 70.0 > 42.0
9 7.20 Isoamyl methyl ketone FH B 5 1A T 110-12-3 43.0->43.0
10 7.91 Cumene B RS 98-82-8 105.0 -> 77.0
11 8.52 Cineole Fient R 470-82-6 139.0 > 43.0
12 8.25 Pyridine Rz 110-86-1 79.0 > 52.0
13 8.63 Pyrazine gk 290-37-9 80.0 > 53.0
14 9.43 p-Cymene PO i < 99-87-6 119.0 > 119.0
15 9.62 Terpinolene [ 586-62-9 136.0 -> 121.0
16 9.59 pyrimidine WEIE 289-95-2 80.0 -> 53.0
17 9.82 Cyclohexanone 2NN L] 108-94-1 98.0 > 55.0
18 9.90 1,3-Diethylbenzene 1,3-22 % 141-93-5 105.0 -> 77.0
19 10.29 2,5-Dimethylpyrazine 2,5- " H LAk 123-32-0 108.0 -> 108.0
20 10.37 4-tert-Butyltoluene 4-BUTHEROR 98-51-1 133.0 ->105.0
21 10.42 1,2,3-Trimethyl benzene 1,2,3- =B 526-73-8 105.0 -> 105.0
22 10.42 tert-Amylbenzene B 2049-95-8 91.0 ->91.0
23 10.51 Anisole R 100-66-3 108.0 -> 108.0
24 10.53 n-Butyl glycidyl ether 1E T S48 7K H ik 2426-08-6 57.0 > 57.0
25 11.48 Pentyl valerate R I 2173-56-0 85.0 ->57.0
26 12.61 Acetonylacetone PP 110-13-4 99.0 ->99.0
27 13.02 2-Isobutyl-3-methoxypyrazine ~ 2-5% ] 2&-3-F LR 24683-00-9 124.0 > 94.0
28 13.04 N,N-Dimethylacrylamide N, N-Z“HIEEGBEE  2680-03-7 98.0 -> 42.0
29 13.23 Linalool Dy 78-70-6 93.0 ->93.0
30 13.83 Isoborneol acetate AT 125-12-2 136.0 -> 121.0
31 13.93 2-Methylisoborneol 2-F B S e 2371-42-8 108.0 ->93.0
32 14.44 L-Menthol L- i fnr i 2216-51-5 81.0 > 81.0
33 14.44 Dicyclohexylamine THCHERE 101-83-7 138.0 -> 55.0
34 14.45 trans-2-Decenal JL-2-58 05 3913-81-3 55.0 > 55.0
35 15.64 4-Ethylbenzaldehyde 4-LHEEHI 4748-78-1 134.0 -> 105.0
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No. RT Name Name Quantitative ion pair
36 15.67 Naphthalene ES 91-20-3 128.0 > 128.0
37 16.31 Perillaldehyde E PN 18031-40-8 122.0 -> 79.0
38 16.44 Ethyl salicylate KGR L BR 118-61-6 120.0 -> 92.0
39 16.65 Anethole ] 7 i 104-46-1 148.0 -> 105.0
40 16.69 Geosmin TRE 16423-19-1 112.0 -> 97.0
41 16.79 2-Chlorophenol 2-5 95-57-8 128.0 -> 64.0
42 16.87 a-lonone 2-4 % 24 il 127-41-3 121.0 >77.0
43 16.91 2-Methylnaphthalene 2-FEEZE 91-57-6 142.0 > 142.0
44 16.93 Guaiacol A 90-05-1 109.0 -> 81.0
45 17.42 2,6-Dimethylphenol 2,6-“HIRW  576-26-1 107.0 ->77.0
46 17.53 p-Ethylaniline POpAE S Ni/'3 589-16-2 106.0 -> 106.0
47 19.19 Methyl cinnamate PRI FH it 103-26-4 131.0 > 103.0
48 19.51 2,6-Dichlorophenol 2,6- 5K B 87-65-0 164.0 -> 63.0
49 20.07 2,4-Dichlorophenol 2,4- G KT 120-83-2 162.0 > 162.0
50 21.12 Dihydrojasmonic acid methyl ester - ZRFIMRHIBR  24851-98-7 153.0 -> 97.0
51 21.81 2,4,6-Trichlorophenol 2,4,6- =AM 88-06-2 196.0 ->97.0
52 2241 4-Chlorophenol 4-E 106-48-9 128.0 > 65.0
53 2297 4-Chloro-m-cresol 4-58-3-H 59-50-7 142.0 > 107.0
54 23.16 Ethyl vanillin VB S 121-32-4 166.0 > 137.0
55 23.53 Vanillin HFER 121-33-5 152.0 > 151.0
56 23.83 p-Bromophenol PR 106-41-2 172.0 > 65.0
57 24.09 Benzyl benzoate ZRH RN TR 120-51-4 212.0 > 105.0

L4 XES RIS 4k

{4 Agilent DB-WAX UI UM 554, 30 mx0.25 mmx0.25 pm. 243 (MMID) #ERE . AR437 ik
FE, 250 °C. 3 Sk : He, TR, Wi 1 mL-min ™. iR THEFEF: 76 40 °C F#4F 3.0 min, 48
J5 L 10.0 °Comin™' (B ZEFFZE 250 °C Ff54F 10.0 min. fEH12R B 280 °C. B3 25 U5 IR BE 250 °C. ¥
DR : MRM B2, 57 Flvil G4 Ok B8 I R] K B 25 1 X DL 1.

2 25 545718 (Results and discussion)
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Fig.1 Effect of extraction temperature on extraction efficiency.
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Fig.2 Effect of extraction time on extraction efficiency

2.1.3  ERATALN A pH AYFZ I

P AR SR L — R, #RR R R T ST A4 2 10, MTTRZ I 1 fop 20 A 0 A i AN T 2 SR 2
(] F) 73 B 28 0. FRATT 2 ) SRR ity R A S A A R, A5 0 P A iR B o, AT T
DY) E LT P AT, 4R 1 RN A TS SO P A 5, AT 5 1 A% IO . AR S v 1 415 U R
HIA 20% BOSEAEH, 34550 B 75 B2, AT i g 28 HOHoR 0



1012 B78 5% 1t

3

42 %

pH AR5 W 2 368 3 90 5 TRl P88 T S M A R ) S i R DA T RSO 1 U 7 R e e

TE ASSEHG Hh, 58 1A B pH (X ZE IR A S0 : 8] RE S VA WP 0.1 mL 2R, fdiRE it 7E RR 1

2 TR A T LU B, 06 W 2645 HAT BRI Al W 0 A O I A 02 JEA T, X TR 2800 5 1 (9 AR B
AR AR T (& 3)5 100 T4 Al PRI 0.1 @ WRIR A, fdi B Al 7R B A5 1 T A8 B, X b2 Ak 5 1 A ik
FALE WA O W A ZE AR (P 4) . AT AR n] RLULES 2, IR PE A5 T ZE O b e 2e b 59 19 1

SO AR R L, TR A E R AR BOW By 2k A W G o S R . R, e
HIL AP AET, 52—

20% AL

Pentyl valerate
85.0>57.0 i BlAI

2-Chlorophenol

SIbP e N 3

WA UHEAE 58 BT A AL & W 20 B, 364 A9 2 v 1R 9 A% RO A CRE il LS I

2,6-Dichlorophenol

(B2 FARYUCH P

PEZ A BRI

~ 128.0>64.0 [fiBlArea=303604 —~ 164.0>63.0 [fi Bl Area=268100
'S 85.0>41.0 LA 128.0>92.0 i flArea=93151 'S 95k 164.0>1280 i BlArea=27546
=20 103.0>75.0 fiflArca=211574 = 2.0 130.0>64.0 [fi Bl Area=100276 T 50k 1260980 HiBlAra=31327
&Hl5 SHIE 21
" 7 S
= 1.0 \ =10 10
305 \ 305 305
O 1 1 1 1 1 U 0 1 1 1 1 O 0 1 1 1 1
112 114 116 118 12 164  16.6 16.8 17 19 192 194 196 198
t/min t/min t/min
Pentyl valerate 2-Chlorophenol 2,6-Dichlorophenol
— 85.0>57.0 fiflArea=459664  ~ 128.0>64.0 [fi Bl Arca=438642 ~— 164.0>63.0 fii Bl Area=529511
S 85.0>41.0 i BlArca=173298 = 128.0>92.0 i flArea=139397 S 2.5 164.0>1280 ffi Bl Area=54403
- 20 103.0>75.0 Ji Bl Area=270405 =20 130.0>64.0 Jfii Bl Area=150609 = 2‘0 126.0>98.0 Jfii fl Area=62426
IS5 S X4
Z Z Z 13
10 =10 £ 10
505 305 305
O ) " " " = O L | L L O Ol L L L L
112 114 116 118 12 164 16.6 16.8 17 19 192 194 196 198
t/min t/min t/min
Pentyl valerate 2-Chlorophenol 2,6-Dichlorophenol
= 85.0>57.0 mi:ﬂAma:z(,smz . 128.0>64.0 1fii 1 Arca=422 s 164.0>63.0 i i Arca=1262
s 85.0>41.0 Jfi Bl Arca=99050 L 128.0>92.0 Jfii ft Area=109 s 164.0>128.0 [fij BlArea=122
S 2.0 103.0>75.0 [fij BlArea=154707 =120 130.0>64.0 :f::'ﬂ!Alr;e::m 2 %8 1{3(,.::>9le‘:f.l,‘"pj,\mtz‘lr)s
15 SS1'S &5
é 1.0 £1.0 £10
205 N 205 893
O 1 1 I i 1 (.) 0 I 1 1 1 1 U 0 1 1 I 1 1
112 114 116 118 12 164  16.6 16.8 17 19 192 194 196 198
t/min t/min t/min
T e 2 M B Ny
B3 RN AERECR R m RS Y
N EZETARKA 5 TRIESRA . Bl 1)
Fig.3 Some compounds with high extraction efficiency under acidic conditions
(neutral conditions, acidic conditions and alkaline conditions from top to bottom)
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Fig.4 Some compounds with high extraction efficiency under alkaline conditions

(neutral conditions, acidic conditions and alkaline conditions from top to bottom)
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Fig.5 Effect of injection port depth on compound desorption
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Table 2 Linear range, correlation coefficient, repeatability, MDL of 57 compounds

5 OREEHA/min AR LRI LRMEAH S R AL A B v (i 2 Jr kR BR/ (ng L)

No. RT Name (ng'L™") R? RSD MDL
1 2.94 1- PR i P 10—500 0.9936 7.21 1.20
2 3.16 1R HE 10—500 0.9956 7.26 1.24
3 4.87 TE SR 10—500 0.9991 3.15 2.90
4 4.47 2,3- T 10—500 0.9973 8.72 2.96
5 6.20 THEET R 1—500 0.9888 1.18 0.49
6 6.63 SRS 1—500 0.9993 2.72 0.35
7 6.79 RIR — 1 10—500 0.9958 8.12 1.02
8 6.81 FH 2 1 0 10—500 0.9973 6.99 1.43
9 7.20 FH B 5 10—500 0.9975 5.56 0.81
10 7.91 ISP 10—500 0.9997 6.02 0.46
11 8.52 et 2R 10—500 0.9999 7.00 1.47
12 8.25 lidd 10—500 0.9933 7.25 5.75




1014 E7 N R (- 2%
gk 2
Fets OREANSTR)/min SRR LRI RMAIRREL AR 2 FER R/ (ng L)
No. RT Name (ng-L™") R RSD MDL
13 8.63 g 10—500 0.9920 6.79 2.90
14 9.43 XFApAEsE 10—500 0.9903 2.13 0.73
15 9.62 (155 10—500 0.9006 3.10 1.02
16 9.59 W IE 50—500 0.9986 17.35 18.03
17 9.82 P NN 10—500 0.9902 9.50 3.34
18 9.90 1,3-22K 10—500 0.9993 8.19 1.07
19 10.29 2,5- F Bk v 10—500 0.9993 7.15 1.10
20 10.37 A-RUT FEHE 10—500 0.9994 6.05 1.96
21 10.42 1,2,3-= 3L 10—500 0.9989 6.63 1.30
22 10.42 E RS 10—500 0.9990 3.61 1.48
23 10.51 R H 10—500 0.9978 6.75 0.77
24 10.53 1E T FE4 7K H-ih ik 10—500 0.9960 8.28 1.29
25 11.48 TR I 10—500 0.9967 2.15 0.82
26 12.61 P R P4 10—500 0.9930 1.21 1.69
27 13.02 2-5 T -3 H AR R gk 10—500 0.9975 4.42 1.18
28 13.04 N,N- R IRk I 200—1000 0.9998 — 204.80
29 13.23 J AR 1—500 1.0000 478 0.92
30 13.83 LIRS KA 1—500 0.9983 7.65 0.65
31 13.93 2-H R R R 1—500 1.0000 2.92 0.89
32 14.44 L -y i 10—500 0.9980 8.71 3.22
33 14.44 IR 10—500 0.9986 9.37 3.26
34 14.45 J-2-58 Il 10—500 0.9989 8.66 1.57
35 15.64 4- FEHERE 10—500 0.9989 5.74 2.02
36 15.67 e 10—500 0.9998 9.85 2.98
37 16.31 PN 1—500 0.9998 4.60 0.65
38 16.44 KR LW 1—500 0.9955 1.45 0.93
39 16.65 T 7 i 1—500 0.9991 291 0.91
40 16.69 TRE 1—500 1.0000 1.09 0.22
41 16.79 2-5A.19 1—500 0.9984 5.14 0.77
42 16.87 2-58% 21 1—500 0.9958 1.97 0.81
43 16.91 2-FEZR 10—500 0.9990 9.18 2.46
44 16.93 A 10—500 0.9996 5.99 1.41
45 17.42 2,6- — HHOR By 10—500 0.9998 7.38 1.88
46 17.53 X & B 10—500 0.9951 3.13 9.54
47 19.19 PRI HH I 10—500 0.9971 3.16 1.41
48 19.51 2,6- KM 10—500 0.9864 13.83 3.44
49 20.07 2,4- "R B 10—500 0.9991 424 1.43
50 21.12 SRR W i 10—500 0.9952 7.96 3.53
51 21.81 2,4,6- =5 10—500 0.9864 12.40 2.87
52 22.41 4-58 15 10—500 0.9990 6.77 2.40
53 22.97 4-58-3-H 10—500 0.9992 3.15 1.09
54 23.16 LEF2ER 100—500 0.9983 — 76.41
55 23.53 HFER 50—500 0.9972 7.67 15.70
56 23.83 MR AR 10—500 0.9992 5.86 1.85

57 24.09 R R e 1—500 0.9988 1.77 0.48
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2-F L S IR I A A HH BR300 Sk 3.8 ng- L™ A1 2.2 ng L', i AR 5 v v 4 5 25 A1 2- Y 5 S5 2 ) G 1 FR 43+
HIEKE] 0.22 ng L™ 1 0.89 ng L', #H HLAESE M J5 ik, SR BE 2 4 = 17 F5 80 2.5 4%, IRk, AHF 98 g 57
5 s EAT AR e e 2 B

3 %512 (Conclusion)

SR P97 T8 £14) 1577 78 [T R A OB AR T 25 8 7K b ) S R A i, SR ) e B8 28 ARORR 8 3 A 11 R A 7 A i
BT, = DA AT B I T 3 2R A S A A0 T 1) R 3 R 0 A, YR U A A R v SR BT A IR (] . AR IO N
B pH HIEAT T 004k, FIRHFEOLfhad f v & 80, % T 2Bt 10 ke i, ZEBCK g dir sk 2 A R4 11 Y
TR X i AT 1) T35 A8 A S 3 I RS L A 9k SR T 7 Y R A A A Sk AE IBOK R ) SR
JoT, AT e i RO B Dy VA T AL B AR T A LI R, D B TS e, QRPN L A
Rk /NG, T AT, B T S8 IR AL AS I s Ak SR FH 4 B A T, BE SR T ML g, B T i A,
5 TR 2R S s BBl /N X B E A A . 2022 4F 3 H 15 B, B T AR 2 B3 4 A (PR T AR K T AR bR
#E) (GB 5749—2022), XK FH7K 4 5L Z A 2-H B S o e iy BR A o T BRI A AE 8 10 ng L, A7
258 A BENS I TR T T ERFH K R IR K B T A A6 I 25K
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