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Simultaneous determination of nine taste and odor compounds in source
water of Chinese cities by headspace solid phase micro-extraction
combined with gas chromatography-mass spectrometry
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Abstract; Headspace solid phase micro-extraction with gas chromatography combined with mass
spectrometry ( HSPME-GC-MS ) was used to analyze nine taste and odor compounds ( T&O ),
including six compounds with earthy and musty odors (i.e., 2-Methylisoborneol, trans-1,
10-dimethyl-trans-9-decalol , 2-Isopropyl-3-Methoxypyrazine , 2-Isobutyl-3-Methoxypyrazine ,
2-Methylbenzofuran, and 2,4 ,6-Trichloroanisole) , and three compounds with other taste and odors

(i.e., trans,trans-2,4-heptandienal with fishy odor, B-Cyclocitral with hay odor, and B-lonone with
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flowery odor) in drinking water sources analyze. HSPME fiber was used to adsorb T&O evaporated
from the water sample under water bath condition with stirring. After extraction, HSPME fiber was
injected into GC-MS for desorption and analysis. We tested the relative extraction efficiencies using
different HSPME fibers and under varied operation conditions (i.e., exiraction time, extraction
temperature , and desorption time ). The optimal procedure was obtained as follows: 2 cm 50/30 pm
DVB/CAR/PDMS fiber, 30 min extraction under 65 °C, and desorption for 3 min in GC injection
port. All the nine T&O exhibited good linear relationships within the range of 1—200 ng-L™", and
the detection limits were between 1.36 and 7.70 ng- L' (eight T&O were below 3.3 ng-L™"). The
recoveries of those source water samples were between 57.7% and 94.8%. The tested nine T&O were
all detected in the source water of three cities. The MIB and GSM levels in all source water samples
exceeded the limits of national standards for drinking water quality ( GB5749—2006), except the
MIB concentration in Taihu Lake. Our study supported that HSPME-GC-MS is an ideal method for
simultaneous determination of nine T&O in source water of Chinese cities.

Keywords : headspace solid phase micro-extraction, gas chromatography tandem mass spectrometry,

taste and odor compounds, drinking water source
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AT EAT AR RV R D T R e | BRI A S RS S RN e 4 O L A -
S X WL J3 R0 F2 7 5 A, APV B AT LA 25 i o i

IRV IR S T 2 2 | A R | R AR IO S B R LR R R
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1 SZEG#P4) ( Experimental section)
1.1 A& 5150

2% : Agilent 7890A HISAH (3% (3% Agilent HP-5MS (A 3E4:) | Agilent 5975C T 5 1546 I #% ; T 2%
B AR MO B 33 RE T4 (573300, Supelco) ;60 mL TR 25 ( CNW 24-400, [ 122 3Rl 25 A0 g8 A BR S
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Fl) ;85 um CAR/PDMS (57334-U, Supelco) ;50/30 wm DVB/CAR/PDMS (1 cm, 57328-U, Supelco) ;
50/30 wm DVB/CAR/PDMS(2 cm,57348-U,Supelco) ; 4= HLFH (SX2-8-10, ik —fHAL 238 A PR
) s KVMELIRL T BEHE RS ( SH-1, 4 2T S D2 RIS A R ) 5 BBAK (2 ) Millipore 2477

PRUEY) 5. 2-H Bk 55 3K 85 ( 2-Methylisoborneol, MIB, 100 mg - L™', + % %) . + " & (trans-1,
10-dimethyl-trans-9-decalol ,GSM, 100 mg-L™" | + 85K ) , 2-H KL 2K 10K I ( 2-Methylbenzofuran , MB, 411 /iy |
T B ) FRUEFE AL, P Dr. Ehrenstorfer GmbH A w5 B-F 145 ( B-Cyclocitral, 100 mg- L™, THIBR) |
B-5% 21 (B-Tonone, 100 mg- L™, F5F&IK) . 2,4,6-=F K H i (2,4, 6-Trichloroanisole, 2, 4, 6-TCA ,
100 mg-L™", F R M) FRuEAE S, EE 02si smart solutions 723 ) 3 2-57 P4 3-3- F 4 L ik 1% ( 2-Isopropyl-3-
Methoxypyrazine , IPMP, 100 mg- L™, + 8 M)  2-5 T FE-3-H 4 B it 1% ( 2-Isobutyl-3-Methoxypyrazine,
IBMP, 100 mg - L', 4 B M) #5 #EAE 5, 32 [ Supelco 23 )5 [, [2-2, 4-BF )& BE ( trans, trans-2,
4-heptandienal , heptandienal , Zfi iy , £ JJE IR ) R IERE i, 52 E Sigma-Andrich 23 H].

2yt s BALEN (oAt | 25 R L AR A BR A W) 5 B (i al) B R e A v
1.2 SRk
12,1 Tz [ AR R R

7E 60 mL THZS R A 10 ¢ EALEI(W/V 2 25% ,450 °CFHE 2 h, BRI% ) RN g 1 4 41T
(RSB KA LR 5T 3 H ) SRS AR DUV , B J 47 B el A 5 D 9 M B R 1 e . T 1 L
FIEREE IR EE  FRIR EERRE B A ER 58 2V R, T HSPME 22 BUE SK ORI 1 83 R )5 4 Hh A
BT, T b2 AT TS W B I BEE— 2 RIS ) J5 , 4% HSPME 2 BCEF Sk A SR B35 T 3hkrE 1
I A BT S A A
1.2.2 GC-MS #fE4&M4

B E 4 He  THIE 1 mLemin™ 3 #ERE FHREE 250 °C 5 AR 7 3 A - Talb A B2 7 THIR .40 °C (P45
2 min) , FHEHF 8 Comin™' & 120 °C , FHEHE A 5 C-min~' & 130 °C, FHEHZ 15 C-min~' & 250 C (£
£ 5 min) , 3% 27 min; fEHIZEEE ;280 °C ; B TIRIRE 230 C ;L 73R A7 AERE: 70 eV (i HE HP-5MS,
30 mx250 pmx0.25 wm. G741 7 = T4 KR rh AR FN LR AL &4, BT i1 L 50—450 amu.
IR AR PRI ) 5 ) 5 A D0 5 SR B3 426 18 A5 X (SIML) | R AIE 2 - R 1 WA i) LR 1. S 48 R ) g
TR

T MR B R A ] FRRAE B

Table 1 Response time and characteristic mass ions for taste and odor compounds

H b FHIEE 1 W L3 s [ H b FHIER T WL s ]
C d Character-istic ion Response time/ c d Character-istic ion Response time/
mpoun mpoun:

ompounds (m/z) min ompounds (m/z) min
heptandienal 81 9.193 B-Cyclocitral 137 13.443
IPMP 137 10.916 2,4,6-TCA 195 15.418
MB 131 11.228 GSM 112 16.534
IBMP 124 12.585 B-lonone 177 17.452
MIB 95 12.696

2 5 591718 (Results and discussion)

2.1 SEEAIHEAE
2.1.1 AR

WA HT AR PE 35 R PR G i S S BN AN IR] | 5 B B 15 T[] A 2 B 22 T sk 49y Jo ) 25 B
EREfE, LISRACIRET AE LA B0 R A ICRE ), 040 ) 7 21 A8 3 T U 2 UM B3O DR 3k 2~ , ST LA
e ISR IS TR 7 ) A S AR Al 45 AT Ak U E I W BB R R AN TR, R T RS S R
W) i 1) £F 4 Sk . CAR/PDMS  ( Carboxen/Polydimethy — sicoxane, i 43 F i/ — B 5k BE 4 fg ) M
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DVB/CAR/PDMS ( Polydimethy-sicoxane/Divinylbenzene/Carboxen , —. £, 1 Z5/B% 43 ¥ Uit/ 3 — W B ik 41
$e) R T MAMOREC 1 DVB/CAR/PDMS £F4E4 )2 (1 em 5 2 em) #7525, LIRIE A A 27 4E K
o 82 o 250 S 1) S . E 65 °C . 25% ( W/ V) 14 NaCl, T5 25 [ AH A B 30 min A9 S5 1 F, 18 85 um
CAR/PDMS .1 em 50/30 pm DVB/CAR/PDMS #1 2 em 50/30 wm DVB/CAR/PDMS 45 3 Fift 2T 4 3k %of
50 ng- L™ ZFPIRER Hy TR & An ofE & 09 AR BRSO E 47 He &t B 1 T L, 50/30 wm DVB/CAR/PDMS
(2 cm) ZEHEFYEXTIR A HRIE S T 9 BhIRBR ) T35 B L W IO 8T Ja SC Ry A v 3448 FH LA
TR R 2 0 AE LT 2 A7 100 [T A A I A 2.

DVB/CAR/PDMS & &t M | BE3c BRI )2 LA Z S DVB/PDMS, N2k CAR/PDMS, B —3E
Mo F i RE Sy /oy TR el 462 DVB 1R 2, 5 WM 7E N2 CAR I, T8 K 43 7 WIAR B8 76 40 2

TE T LT 415 2 W AR BURE J11 ) ARSI BTG (4 O Rk i) R (B B - B0 7T— 12, 1 T 2T 4152 1)
AU 8 N .CAR/PDMS ZF4EUR 2 T35 /N F AR BT S AR Sk 436 14038 o MELAR 40 Joi A 265 e ) O B
AR NG 9 Fofr IR B 1) 25 W M AR DVB/CAR/PDMS S A& T 5 4 T° CAR/PDMS, T 2 em (¥
DVB/CAR/PDMSH T HA T Z W m AL, B E#E 1 em DVB/CAR/PDMS EAA 5 A% 4 I BRI
2.1.2  ZEHT]

A LS [ Xof 2 BUET A (8 W B A8 R EL A B i), R o 2 BT 48 P R o . E 65 °C . 25% (W/V) 1Y
NaCl 155 S B PE I 21 F 4 2 em 50/30 um DVB/CAR/PDMS X 75 & H 1) MR B 49y 3 1447 8%
FEEL, F 587 ZEBUNHE] R 20 30,40 .60 min I X} 50 ng- L™ 2RI Y IR A bR o i B9 AE BORCR. 1 2
FTHT MELBAR A 55 ) i I A AR T 75 i 2 4 B B F8 4 o i 38 o, SR 17 24 AE B [B] A 30 min 4K 2540 min
B, MELIR B0 I ) i) 1 {1 250 52 30T o8 ko AN B S 9 4 B, R0 i A e 22 i 0 A DG BIF 5 L A
i

15000 — CAR-PDMS 15000 —=heptandienal —»— B-Cyclocitral
721 em-DVB-CAR-PDMS ~e~IPMP —-2,4,6-TCA
£2382 cm-DVB-CAR-PDMS I  -a-MB —+-GSM

—v— IBMP —e— -Ionone
5 10000 —MIB
S 10000
.
E
Ay

5000

Peak area

5000 | M

I R SR gy
»c&‘é\a@ o @\?’@%&ﬁéo C’%&"‘\o ° 20 30 40 50 60
W \5’0\} v Extraction time/min
B 1 AS[R] R AT A A OCR B 52 ) B2 N[ 2 B T %o A B B4 52 )
Fig.1 Effects of different HSPME fibers on the relative Fig.2 Effects of extraction time on the relative
extraction efficiencies of taste and odor compounds extraction efficiencies of taste and odor compounds

P b, Bl AR IO (] (9 4 K | AR IO 4 1 ] e 0 %) 40 5 A 184 K, (R 0T R oh T LRR A0 42 o
Z AV 4 W BT S0 A5 BT B) P A 75 5L A T 4 R B i %) ) Jo BB A R A 2T A 2 4 O o 7% %
PERERZE A0 DT S 350 e o B4 v 7 (S T AR X R [ % SR B GC-MS BE RS AT A HIst ] 4
30 min, (AR 5 A4 A SR [ B AT, 4 R SE BRI TR, DA AR ISR RN S S0 505 W T % R, R
30 min Ay Fe A A€ B (]
2.1.3  FBUEE

KA TR E T, K I K AR 4 M S M KR T R ) R R A AT A 1 R OO
25% (W/V) %) NaCl Jin#4 30 min B fE 3 BERERE T 2 cm 50/30 um DVB/CAR/PDMS X 53 H (14 i
) ST AT W R AR B, 588 T AEBUGRE A 35 °C .45 °C .55 °C .65 °C K 75 CHIXF 50 ng- L™ Z R BRY) 5
TRAPRE T A BUSCR . d 13RI ZEGREAE 35 CC—75 °C B 1% i S0 {38 5 48 o i 4 <

TNFAA Bl T MR o KRR s S 28 T2 o | 36 24 i g R 84 8 A BT 4 1) A O
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(E TR A AE 5 EAS T8 IS (2 15 9 Jo DA R B 2 4 b fige i ok IR T 2 75 C i, m]
W 5 R K 28 S A, HLAEIRER 4 - AY/K T X GC-MS F=AEfitfi ' i 5 % IE Ll LN i
FEZEBUREE R 65 C.

2.1.4  fEWEHT ]

i R s 0] 487 2 M A T 2 2 B o A i O R P RG340 ot A4 i 17 (. 7 65 °C |\ T %5 [
AR AE B 30 min, 25% ( W/V) [ NaCl % W K 18 2 o BB 2 7, 2 em 50730 pm
DVB/CAR/PDMSXH & H 1 IR 49y J52 34 17 W2 B 2 B WA SR 85 2 B AR 4 A S8 2R 11, 4 0] i T
1.2.3 min FEAERB TS T , FRUCHE A8 BT SR T35 — AR I 55 — A I 5 B B3 R DL I 4, #K L
£ 4 1 WK T 11 5% B I A A IR [ ) SR T RRAIS, 76 3 min BFRREE 5% LR, PIGEE BRI 3 min
yopnaea AR

8000 - —=—heptandienal - B-Cyclocitral 21 - 246-TCA  —= heptandienal
| —e-1PMP - 246TCA % [ —- GSM e~ IPMP
—-MB -+ GSM 18 1= —e— B-lonone -~ MB
L —v-IBMP —e— f-lonone 7 IBMP
6000 = MIB p S1s ~ MIB
< = —»— B-Cyclocitral
o 12 F
< =}
= 4000 2 A
O s 9
= D
o~
6 -
2000 L
3 F ————
3
0 ; ] | ] 0 X ) . |
30 45 60 75 " 5 3
Extraction temperature/'C Desorption time/min
B3 [ AR O X A R 5 4 A [ e A P )Xo A RSO B 2 )
Fig.3 Effects of extraction temperature on the relative Fig.4 Effects of desorption time on the relative
extraction efficiencies of taste and odor compounds extraction efficiencies of taste and odor compounds

2.2 JPIERERE K H BRAUINAR iR

TE 5 0 T0 2 [ AR T BBk B AL B 25 4 2R AR 4 .2 em 50/30 wm DVB/CAR/PDMS;; %2 X
1] - 30 min; AR BURE .65 °C ;30 B T E . 25% (W/V) NaCl VK ; f W i8] . 3 min, FHIRE R 1.5.10,
20,40 .60 .100,200 ng- L™ 9 Fl 73 TR A b VA TR ST AR IE 2.9 R4 L AE 1—200 ng - L' Y [l N
Ltk RAF, FIH R R >0.9, PRI 2.

|2 JURNRBRY TR AR I 2 B AR G

Table 2 Linear relationships and relativities of standard curves of nine taste and odor compounds

- I 5 ARE (R — Il Y17 e HEREL (R
H I ﬁ'h lE]Bﬁ”*ﬁZ_( ) Hii4 J 7?& [EUH?@I.( )
. Regression Regression Regression Regression
Compounds . ) Compounds . o
equation coefficient equation coefficient
heptandienal y=12.499x-43.315 0.9364 B-Cyclocitral y=30.413x+40.578 0.9976
IPMP ¥=120.54x+129.43 0.9987 2,4,6-TCA y=20.484x+42.393 0.9980
MB y=27.715x+135.75 0.9983 GSM y=89.261x+97.921 0.9959
IBMP ¥=120.02x+80.188 0.9984 B-lonone y=19.864x+6.9422 0.9857
MIB ¥y=97.447x+128.93 0.9982

I L AR M B (AL RE P A A B S M LE (S/N) 2.5—5 AR R 1R I e 18 | kb 3% K 3 ng-L7") IR
AR R, 24 B A5 KN 99% 1}, J5 A R ( MDL) = 3.14SD; J5 i A 5 F BR ( BEAE i1 2 110
B A4 3 P e PR B2 ) A AR T i i PRV B2 R AR R K, [ L A 50 ng - L™ TR B PRI W, 7%
WERT SCRT IR BB A 5 18, 00 58 3% 05 92 B ks R MAC R 3% 05 12 B AG: HH BR300 52 R BR B s R SR B L 36 3.
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F3 JURMMRERY) BT AR L B 2 T BR BOAR el g
Table 3 The method detection limits (MDL) , reliable quantitation limits (RQL) and

recoveries (n=6) of nine taste and odor compounds

Tridhs R M TR

(ifpﬁnds Metho detection Reliable quantiaion é’gj{igi’fi
limits/ (ng-L™") limits/ (ng-L™")
heptandienal 7.70 30.79 70.2
IPMP 2.30 9.18 78.3
MB 2.66 10.63 67.7
IBMP 1.58 6.31 57.7
MIB 2.70 10.80 84.3
B-Cyclocitral 2.65 10.61 94.8
2,4,6-TCA 1.36 5.43 58.2
GSM 1.76 7.06 78.2
B-lonone 3.49 13.95 93.8

2.3 ARFHAK K JE IR K rF eI g R ARG

KA AR & GC-MS 2%t 2015 4F 5 A vha) i wvb /K %8 (AR K K IR 2
K (CEMETTAR AR IR ) A (TR N T AR K K IR ) B Ar F R K (32 24T AR R K KR Hh i
9 FfELBAR A T A TIN5 . K A H 25 T LR ) 5 1) TR A 45 2R Lk 4.

R4 OTKBEUK 9 RhRLIR YU 7

Table 4 Concentrations of nine taste and odor compounds in drinking water sources

Hr HHEIPKPE L A F TR ,
. KM

Compounds/ Qingcaosha Huangpu Shijiuyang .

o . . Lake Taihu
(ng-L7") Reservoir River Wetland
heptandienal 73.63+1.05 46.18+8.40 38.95+0.26 47.56+1.60
IPMP 12.49+0.05 12.40+0.02 12.52+0.02 13.05+0.32
MB 34.50+0.86 18.27+0.82 18.57+5.61 67.32+3.17
IBMP 18.27+0.03 18.08+0.01 18.17+0.01 19.29+0.51
MIB 14.27+1.11 12.93+1.02 13.51+2.56 3.94+0.36
B-Cyclocitral 45.90+24.76 17.73+£0.27 17.37+0.18 20.35+0.79
2,4,6-TCA 21.51+0.39 19.34+0.05 20.67+0.23 39.72+4.84
GSM 13.56+0.27 12.79+0.17 14.79+0.24 13.99+1.16
B-Tonone 212.51+48.98 47.43+0.33 52.53+3.80 51.19+1.11

FE 4 FpoK UK O F R o oy T AG: M | LV B 22 5 AN K FE TR 1 O iy Joi v L4 ok R K
H B BR heptandienal [ 35 7R B-Tonone (143 B2 34 W]t i T HAB AP Y LR P 7. R 1K Hh MIB (1)
i A AR IR RO K AERRUE) (GB5749—2006) HRL 2 A BRAE (10 ng- L") 4b, HAK i MIB
FFAG KR ) GSM 2485 T HCBR .

3 4512 ( Conclusion)

AHTFELRW, Th02 [E R R 3 -CBB X T K Hp R ) R ) o HAT R R 8RO ik
A RSB EE I R 36 h 57.7%—94.8% , 26 K Z2 500 B 7 A6 i FRAK T 3 ng - L7305 6T i
TALI K YA SRR B ZH ng - L™ BRI 5T, I H 5 57 58 36 IR ) o AR 5% ) 7 5 b v i 14
CRILEpR SRS
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