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Abstract:  Owing to fishy/boggy/rotten taste in drinking water caused by thioethers, a rapid
detection method based on headspace—solid phase microextraction (HS-SPME) coupled with gas
chromatography—triple quadrupole tandem mass spectrometry (GC-MS/MS) was developed for
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simultaneous determination of 16 thioether odorous substances in drinking water. The conditions such as

SPME fiber type, salt concentration, extraction temperature, extraction and desorption times were

optimized, and the optimal HS-SPME conditions were determined as follows: the water sample was added
with 20% NaCl, extracted by DVB/PDMS/Carbon WR coated fiber at 45 °C for 30 min, and eventually
desorbed at 250 °C for 180 s. The standard curves of 16 thioethers showed good linearity (R* >0.99), and

the detection limits ranged from 0.2 to 2.9 ng/L.. The recovery rates of thioethers in ultrapure water and

raw water samples were in the ranges of 80.4%-105.4% and 78.3%-108.2%, respectively, and the

relative standard deviations were in the ranges of 0.7%—13.4% and 1.6%~-14.1%, respectively, indicating

that the method could meet the requirements for rapid detection of thioether odorous substances in

drinking and source water. This method was applied to analyze raw water samples from three water plants,
and dimethyl disulfide (4.2-45.3 ng/L), dimethyl trisulfide (1.9-6.1 ng/L) and diethyl disulfide (N.D.-1.5

ng/L) were detected in the samples. This phenomenon deserves our attention.
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W NaCLOIE 22 , i IR TE 450 CEb b vt
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SR e ({655 40 ) 25 W T Fisher Scientific ; #8 4l 7K
(18.2 MQ-cm) 1 Milli-Q ¥ /K R G5 il % .
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min. & 4 SEEE IR Al A S 35 = T PUBRAT B TR
TEFERE T HUBE R 180 s(250 °C) , #E A AT #E4T 43
BIRIE , MR TE i . SEI T X AR AT A 2R R
R BT FEBOELE AR BORM g W i 1) S AT T Ak
1.3 ZEMHFSRBERMUSTEMS

S Al (4 99. 999% ) ; CID .- G < (46

[l =N

£ 99.999% ) ; L FHE it : 70 eV ; KE 3k K : 50 kPa; &5
FURIRFE 230 °C5 PEAE TR : 250 °C5 AN b AE
PR TR A AF 35 CLE4F 5 min, #R )5 LA 10 °C/min Tt
2 110 CIHAREE 2 min, F£LA 20 C/min F 2 250 CIF:
{£4% 1 min, M THR T 48.75 min, E &%
28T OV AR (MRM) , S8 1.

#1 GC-MS/MS B FREMEMNTESH
Tab.1 Parameters of GC-MS/MS analysis in MRM mode
mpss | pmron | M semTien | | semToew | O
min CE‘/eV CE‘/eV CE‘/eV
FH i ik 6.293 62 47 45

VA% i 10.940 90.00,75.10 12 90.00,62.00 9 90.00,47.10 18
TR T R 12.743 94.00,79.00 15 94.00,61.00 9 94.00,64.00 27
TN S R 13.623 103.00,61.00 6 118.00,103.10 9 118.00,43.10 18
S DN N L Pk 15.080 118.00,76.10 9 103.00,61.00 6 118.00,103.10 9
B %l 16.317 76.00,42.10 6 118.00,76.10 6 89.00,61.00 6

Ve - St 7] 3 17.490 122.00,94.00 122.00,66.00 18 94.00,66.00

WL = A ik 18.897 126.00,79.00 18 79.00,64.00 18 126.00,61.10
B 7 e 19.673 150.00, 108.00 6 108.00,66.00 6 66.00,64.00 21
ALk 20.657 90.00,56.10 6 146.00,56.10 18 146.00,90.10 9
TN TR A 21.423 150.00,43.10 18 108.00,43.10 12 150.00,108.10 6
B~ YV B - S i 23.780 182.00, 140.00 182.00,75.10 12 98.00,64.00 12
- Sl 24.147 70.00,55.10 103.00,69.10 9 103.00,41.10 18
TR TR 24.787 178.00,57.20 18 122.00,57.10 6 178.00,122.10 6
TR R 27.747 206.00,43.10 21 136.00,43.10 18 103.00,69.10 12
TRk 29.897 186.00,184.10 27 186.00,77.10 27 185.00,152.10 27
e WA MRM 24005 | A VS BT ISR Ch 32 R I, CE 227 FH N 6 1) B 45k fie o 5 PP B it /3R FHT SIMAE

1.4 FE&NE RHR BEEMERE 2 #R5iT®
TR T R R R TS ) LR VR 2.1 = EMRMEREGRL
FE R 200 ng/L, — 2 Bt Bk b o 5 W) 1R VR BE R 2.1.1  ZEEUET 4R #f

1 000 ng/L, H Al B Fik A 4 %5 VR ) 46 Wk B 35 2R 500
ng/L, ¥J#% 1,2.5.10,20.50. 100 555 B, B fil — &
1)V B A BE () B kbR A o ZE AR AR R A SR A
T HEATINAE , 2 AR R £ ] B e £ R e (S/N=3)
B A PR A 43 ) T T L 8 7K R R T 4
T SR AT B KA it Ay 56 I ) s o fh 2 50 — vk
Tofs FEE RIEES 7 e JRE 6 B (147 1.6 i Bk s v A 1, VA
G3HT T AR RS B FIORS 4%
1.5 KHERRESHH

20204F 12 A REEFM T A B.C = ARKT B
JFK o KRR T 500 mLAF (OB, it i
BT IR I R (T 100 mg) 2k 315 Bk S0 ik D00 2 149
T4, BT A RCRAER (<10 °C) iz 8] 5256 %8 )5 ST
RIEAT 43 Al 5 o

TR b 5 2 R RN R R S A AT 2
(R0 JE AR AT S, B P 18 [ ) W B 22 o i ik 119
R 2 . A58 ¥ % DVB/PDMS/Carbon WR-80
pm, DVB/PDMS-65 pwm. Carbon WR/PDMS-95 pm
FPDMS—-100 pm DU [ AR A AT 4, 76 A< U B2
} 45 °C .20% NaCl it 10 %[5 AH % 45 B 30 min
MIZEAET  HOA 16 Tl B 3514 200 ngy/LL 19 6 ik 45 B
RO 25 3 DL IR 1 (T RS T AR AR B, R IR o
AU, AN [v) 24 TR0 A% CET 2 %o T ik 1) A USSR 22 5
#(p <0.05). DVB/PDMS/Carbon WR )2 X} 16 Fif
T Tk 11 2 BB i -, PDMS 14 J2 0 26 USSR I 25
DVB/PDMS/Carbon WR #% B3k by A S M | i FE A2
WMR)Z . /ANl it A2 DVB IR )Z 5 e B 7
W2 50 L 3K o+ WO B AE 4P 21 DVB
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Fig.1 Effects of extraction fibers on analyte responses of
16 thioethers
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Fig.2 Effects of different salt concentrations on analyte
responses of 16 thioethers

2.1.3 ZEHURE
ASTRIZE B BE (35.45.55.65.75 °C) F MBIk #E
B WK 3, 0] I, 45 CR AR A BURRE

IIII! i gk 15

LIk 1
P - St 3 0.5
SN 0
SRS SR -0
P Bt ik -1
—z g |
UL = A ik

SN i
Tk
T A Bk

SN i
IRIERLE

TR Tk
NHE
TR

35 45 55 65 75
AR E/C
B3 AREZERGEEXT 16 FhEhE 2= B0 5 5520
Fig.3 Effects of different extraction temperature on
analyte responses of 16 thioethers
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Fig.4 Effects of different extraction time on analyte

responses of 16 thioethers
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A DL A SR %R ot ] S 4K S T g s R AR
S LA R[] 247 180 s
2.2 FERGHE KHR BEEMERE

K MR X B Bk S ) o A 7 0 fi 2 BT, 16 F
i ik %) s o i 2 7 R RS B R 2 R TR R
R 2R,

t 22 0T LA, 16 P ik 0 A il i 359 H B
LM SE R (R >0.99) , kA6 R M 0.2~2.9
ng/L, I T ik 25 7 A ML (v B . AmfE it 25 —
W PR BT LR 24 /K R i /K A 6 5 19 16 i A7 ik 11
T [l W 298 BBl 3 1] K 87. 29%~103. 8% F11 88. 0%~
108. 2% , KX b 1 i 22 785 Bl 2353 4 0. 7%~6. 2% il
1. 9%~12. 4%, TEARE RN LS /S U BE RS B R LA 4l
IR K A 26 5 A 16 F it Fiek i) oA [] i 6415 il 43
K 80. 4%~105. 4% F178. 3%~94. 4% , FXF bR
ZIEFE R4y 0. 9%~13. 4% F1 1. 6%~14. 1%, 1
T 2 R

AL UL 3207 0] K B 1 0

F2 16ThmEAIEIT A IE S H R AR YR R AR X AR AR E

Tab.2 Linear regression equation, detection limits,recoveries and RSD of 16 thioethers

w2 | s K i 5L (n=3) SEANMREEREEE (n=3)
5 A Ty 25 |6 g R/ R4l JEK EEV JFK
g| 1y | P s | | s | M rspie | M | Rsp
L) | /% (% /% 2%

FH i fik y=84.5x+3 4753 [0.997| 5~500 | 1.4 | 87.8| 3.0 89.6| 2.1 | 90.0| 52 | 864 1.6
TZHEGEE |y=25.10+8 774.673 | 0.999 | 5~500 | 1.1 | 912| 1.5 90.1| 43 | 847| 32 |805]| 8.1
T TR EE  |y=400.1x+1 3182 |0.993| 2~200 | 0.2 |101.4| 33 |107.2| 69 | 935| 47 |891]| 11.6
TRNEETEE |y=823.6x+3 075.4 [0.994| 5~500 | 1.9 | 89.5| 45 |1041| 38 | 83.8| 64 |86.4| 6.7

SENFENBERREE |y=213.40—1345.5 |0.995| 5~500 | 1.5 | 87.3| 5.5 903| 4.9 | 89.5| 75 [944 | 7.1

VA B ik y=123.0x+1 052.6 |0.999| 5~500 | 0.9 | 88.4| 5.6 88.0| 8.7 | 882| 48 |87.0| 141
T TR |y=2414.1x-10394 [ 0.998 | 5~500 | 0.6 |103.6| 2.3 |108.2| 2.8 [104.6| 86 |89.3| 93
TR =HEE =1 012.8x-5 671.2/0.999 | 2~200 | 0.3 | 90.4| 5.0 89.7| 22 | 873 09 |89 56

TSN T RAE |1=394.5x-2961.3 |0.999 | 5~500 | 1.8 | 93.5| 09 | 96.8| 3.7 | 85| 43 [931| 109

T IEm y=248.1x—18 640.8 | 0.996 | 5~500 | 2.0 | 872| 3.0 | 91.4| 3.8 | 91.0| 134 |[813| 9.6

TNFETHEE |y=222.5x-18 378.7 | 0.995 | 5~500 | 1.5 |103.8| 0.7 98.4| 58 [1054| 32 [793| 73
TR SRR |y=220.5x-20343.1 | 0.997 | 5~500 | 2.2 | 88.9| 0.8 953| 7.1 | 859| 7.6 |786 8.4

I FE A ik y=327.9x—14 9453 [0.995| 5~500 | 2.1 | 90.2| 1.5 89.0| 57 | 852| 54 |89 69
TTHETHEE |y=125.5x-1211.6 |0.998| 5~500 | 1.6 | 963| 62 | 90.8| 124 | 804| 121 |783| 45
TURKE T REE  |y=46.1x-772.8 0.997| 5~500 | 1.8 | 94.7| 44 | 965| 6.1 | 81.3| 9.9 |[829]| 13.0

R gk y=108.7x—-4 356.6 | 0.999 | 10~1 000

2.9

925 5.0 89.2 1.9 94.1| 11.1 | 93.6 5.5

3 FERRERRE

TR A VB LC = AN AR 1 JF KRR & AT
T oMo SRR G PR (OAV, BRLIR 4 ot e JiE /N
B (8 ) I M 5 Rl R TR G K AR MR Y TR

OAV=>1 78 1% WL ) J5 X B i A IR R LA 4%
A BTHIK , OAV R ISR BH S A5 it B A ISR £ BT ik e
Ko ABLC =T KB ke J3E 0 % 45 5 B LR T
PEAEAS R I 3,

+ 136 -



www. cnww1985. com 3R754% 5 HS-SPME-GC-MS/MS | & 16 F # it £ w vk 2 S %38% %6

H R 3 aBdE rT LUE L, A BL.C =K iR
K U 3 TR (4. 2~45. 3 ng/L) KR Tk
(N. D. ~1. 5 ng/L) #1 — H 3 = i ¥ (1. 9~6. 1 ng/L)
AR A KT B IR IS PR A 4 0 D 2. 1.0. 4 F0

0.6, Horr, ZHT 3 i ik i b XK P 2
I L R /) W R SR R (OAV (K 0. 1~1.5) o HASE
B A KT () RGBSR TR (KT 1, K MR
LR/ WSOk ] R 23 1 FH P 480k

%3 FEIKIEHE 16 FETE HIER

Tab.3 Concentrations of 16 thioethers in different source water samples

5iH ke B /(ng - L) MRBRYE HE(E OAV M5 {5 OTC/
AT B~ c” AJ” B/ cl (ng-L™)
FH i ik N.D. N.D. N.D. 0 0 0 65
VA2 i N.D. N.D. N.D. 0 0 0 n.a.
G B e 453 49 42 1.5 0.2 0.1 30.0
e N E 2 N.D. N.D. N.D. 0 0 0 n.a.
PN A T Tk N.D. N.D. N.D. 0 0 0 1.9
VAP S 15 N.D. N.D. 1.5 0 0 0.1 20.0
M = A ek 6.1 1.9 3.6 0.6 0.2 0.4 10.0
TRk N.D. N.D. N.D. 0 0 0 1.9
YA B - Sy 7} 3 N.D. N.D. N.D. 0 0 0 n.a.
I3 L Pk N.D. N.D. N.D. 0 0 0 1.1
B I e 77 N.D. N.D. N.D. 0 0 0 n.a.
NI Tk N.D. N.D. N.D. 0 0 0 n.a
ORI T N.D. N.D. N.D. 0 0 0 n.a
T RN b N.D. N.D. N.D. 0 0 0 n.a.
B PN B 7 S i i N.D. N.D. N.D. 0 0 0 n.a
S DY TN S ik N.D. N.D. N.D. 0 0 0 n.a.
SRR TP (E 2.1 0.4 0.6
F: ND.FIREKH sna FoREEE, KT
4 2‘:‘;{;@ river in Guangzhou, south China [J]. Environmental
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BT BRI J0 15 [ B30 7 7K v 16 A Bk 1 9 AT vk o
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ZAFFEHL 30 min, 250 CE 4 T W 180 s Ji ik A
GC-MS/MS 738t o 1% 5 ik bn i M & 2tk R 4, 46 )
RGP HER R SORS %% BE Y0 e B T K, |
ALSEE A SR HERE , 7853 AT At Fe A it ) BT 3R
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