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T OE ARSCHES TR A S G- B O ik R e K R 2-F R OK R L R RE 2,4, 6- = R
fik B-IAFFREIE 2- 57 N 3-3-F R AR ML 2-53 T 6-3-H SRR 8- 48 % L I Fn — HY 6 — Ak & 8 b TR i e
YIRS T MR K 0T 28 & AR IT TR AH DG T 5% B 2 SRty %o 8 i B 280 MELRA 2y o A i W1 251,
AR RS WHIRRE W B ) ST T 1) B R 358007 A5 A T D A A S 00 0 s WL 490 J5i B4 B A 45 1 < B
HIA NaCl B SREIREEN 12% (m/V) FEMRIIREE 40 °C AR 20 min  fEHTHFE] 2 min A4 AT 6 5
250 °C 5538 1 B FOIAR SE Y0 58I I W e B S A 2% 8, 8 RIS T 7E 1—50 pg - L WREEVE I N 2R M R
I FHEZRE > 0.999, TR R (LOD) (S/N=3)7E 0.4—1.7 ng- L™ .76 & ARINFRMREKFET, 8 Fh i ng
Wy I 0] W3R T 2 85.2%—118% , MRS AREIR 25 M 1.03% —4.53% . 775 1 BAT B0 I B YE AR P s e A5
FAPE AT FH T AR BE AK A b 4 5 4 43 HT

K4 PARYII, WHEMAE, KGR, B, KA.

Determination of typical taste and odor compounds in water by purge
and trap-gas chromatography-mass spectrometry

ZHU Shuai™” JIA Jing RAO Zhu LU Guohut SHEN Yating
(National Research Center for Geoanalysis, Beijing, 100037, China)

Abstract; A fast, sensitive and solvent-free method for the determination of eight trace taste and
odor compounds, including dimethyltrisulfide, B-cyclocitral, 2, 4, 6-trichloroanisole, geosmin
2-isopropyl-3-methoxypyrazine, 2-isobutyl-3-methoxypyrazine, 2-methylisoborneol and B-ionone in
water samples was developed utilizing automatic purge and trap ( P&T ) coupled with gas
chromatography-mass spectrometry ( GC-MS). Parameters such as the type of traps, purge time,
purge temperature, desorption time and ionic strength were optimized. Taste and odor compounds
(T&O) were purged from 40 mlL water sample containing sodium chloride (m/V=12%) at 40 C
for 20 min and desorbed 2 min at 250 °C. The calibration curve of these eight T&O showed good
linearity in the range of 1—50 pg+ L™ with a correlation coefficient above 0.999. The limits of
detection (LOD) (S/N=3) were all below 1.7 ng-L™". The technique was applied to spiked water
samples, and acceptable recoveries were achieved. The recoveries of the analytes from water samples
were between 85.2% and 118% , and the relative standard deviations ( RSD) were between 1.03%
and 4.53% (n="7). This method could be employed for monitoring the eight odors in natural waters
with good accuracy, stability and practicability.
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WL ) JoT 2 K PR 52 BN G I T 7 AR 1) — 26 LA P R S R (R  JISBR | fB IR BR D5 A IR RN
FLIRAE ) AP BT, X MR 10 S AR T E S 1 AT KB 8 S8 ns RPN T LS SE MR W) i 2% B H 4
T T AR TR AR K T AR AR ) B ARRE LR B T 7K A T K i [ B AL
AR K+ R R AN 2- F B S R B R AR HE B (B2 R 10 ng - L7 33X X LR A9 JoT 119 5 46 RS I 2 AR AT 1
B I EER L 3 E COR RN K b ARG 36 7 ) v R 1 T AL B 1 Ol AT SRR A B R ( Close Loop
Stripping Analysis, CLSA) , X Rl A H FirtH 145 B A DA A 6 i M) B i i A 8 0 ) 0F BAT
W53 ) MR 1 5 3 0 FH - WL SR 7 Ak 4 AFLJR: CLSA BTAL 3 5 vk A7 A 9 i 2% 0y i L
(] WS ASAARR (A MR NI BT ) A5 a0 . ] PR XS R AR T e 20 A T L ) A 7 A5 % b ik
FEEE 7K SR T I A A T

FE] D SCHR xS b R R 2-F S R R RGE 0 2 |, HA RN 28 (4 R B 7 b, EL v AR e S A
TR, TR E K AR ZOR Y B 2H B, 2-H B2 5 UK B (2-Methylisoborneol ,2-MIB) | 45 % ( Geosmin, GSM) |
2,4,6-=FRHME(2,4,6-Trichloroanisole, TCA ) . B- 715 [ ( B-Cyclocitral ) | 2-57 PN J&-3-H 4 FE L 2
(2-Isopropyl-3-Methoxypyrazine , IPMP) | 2-5% T %&-3-H 4 FE ML B ( 2-Isobutyl-3-Methoxypyrazine , IBMP ) 8- 4%
B 22 i (B-Tonone ) Fll—H JE = A7 i ( Dimethyl trisulfide , DMTS ) &8 2 AL &4 , HBMEARAL H 5 52 i 1)
T K ZEFVER FHZK A 7K 5 30 7 35 JL Rl gt 78 3% WL 9y 5 Ay 4 % kA B, TE TS e R K R v o LA
ng- L™ SRR EEAATE , T L 53 AR AL 317 R 04T W S AR I, Bk MR LR ) JBOoRs 5 e A ) G BEE.
AW E R R0 (LLE ) X 2-MIB  GSM B-cyclocitral F1 B-lonone & 22 Wk 4 , - UAH (8135 F1 T4l
A EF (GC-ECD) A, 5 12 4G i BR AT 38 ng - L™ AU BESE IR (H R AERORAE B B oA LR Y
i P S L kT g A B R P AT R S AR R IR AR A L (SPE ) & — v LAY B R ik,
FEZK H e A ML B A R R PR T B A Kim 251120 SR A 4K B0k 5 e e M 1) AR € 3 - S
(GC-MS) BRI E /K A G 2-MIB i GSM, P LA [ (A6 H R 23530049 0.87 ng- L7 #110.62 ng- L. 5
LLE AL, SPE fe & /bl ny i Jf Hag b 3 #2 oS 277 A AL LG AR W sk R FEAL 21
T A RS YR FIRE Al I, R B8 DRRE 5 35 0 25 HE R 20 B2l R IRDUE , O FLG 22 20404, R o i A 21
R .

WA AR 1202 H T ] 2 IR R R MR DL W RO, e — M e A B ), S @ IR R R
FB, HABRAER 0768 R A Andrews! ™ SR 4 (P&T) 5 GC-MS T I & 1 v
RAPEERIEA VISR AP 2 Bk 0 15 P AT 15 2 19 IR 89%—105% , A5 i BRI IR T
0.4 pmol - L™ ZR A 1 ARl vy T WA 45 SR (i i 00 P D0 s /K R e DR IGO0 A
I, 5 RO BRAE 0.06—1.0 pg- L7 Z [H], #3K MIATE 86.8%—112.1% Z 1], =35 15 /K [l
HIE 91.9%—99.7% 2], K 61 R TE 82.2%—104.3% 2 [0 X /INET AR I 45 4 = FE DU
PTG AN 5 K PR BB | — PP B R S b 2R 2- P S gkl | 1 IR R AE 5 R IRBR A, O ik Y
i H FRAE 0.005—11.6 ng- L™, [FICRAE 87.2%—119.7% Z [H].

AIFFELL 8 Fifb G (2-H IRV R EK 2,4,6- SR it B-FRFT R 2- 5 P9 3k-3-F AU Skl
W 2-5 T HE-3-F A BEME IR B-55 % 2 RN — FH L =t ) S F S0 X 42, SR I AT AR BOARAE iy
AEERF A, I A i e B A A - ST 1% ( GC-MS ) 156 FH 2 ST — o ] B0 2 7K A b 22 R £ MELR 49 ot
B9 3BT T30 , B i EL A0 00 P R G ) MR P T SR AR

1 SZEG#P4) ( Experimental section)
1.1 A& 5150

Agilent 7890B-5975N 4 UHH (1% - Bl FHAX (SE [ Agilent A H] ), Tekmar 3100 BIWH -l 5 e 4 i
([ Teledyne Tekmar A F]).
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8 TR BR ) B ARIE N 2,4 ,6- =50 K T E(2,4,6-TCA, 0.1 ¢) Fl+ R ZE (GSM, 100 mg-L™") FRifE
W H Dr. Ehrenstorfer GmbH 2 & (78 [ ) ; — B 3 = i fif ( DMTS, 1 g)  2-H 3 F K H (2-MIB,
100 mg-L™") B-FFFFAEEE (100 mg- L") (B-2 % 2l (100 mg - L™") 2-5% T &-3-F JL itk (1BMP,
100 mg-L™") Al 2- 5 Y FE-3-H JL AL B (IPMP, 100 mg- L") brifE i F Accredited Chemical Testing Lab 2y
Al (D) AR SR KT 95%. W (a5 4t W [ K ERHE RS\ 5 50 FH 7K o Milli-Q #E 4k
7K s NaCl A7l , i AT 28 105 °C LT 5 Br e i 25 W 0 ) & 85 [ A2l 2,4 ,6-TCA A1 DMTS ¥ fift T
FH Pt P R B 100 mg - L™ BOARAEVA R .

1.2 SRk
1.2.1 WRHE-HE R

HEE#10; RS A E AR S (A1 >99.999% ) ; AR E] 4 20 min, 5~ 40 C, K H#E K
40 mL-min”"; PRI IR E Ry 250 °C, f# W #4300 mL - min~" WA ] R 2 min; f7 WS 9 4E B 7E
250 CK5# 6 min.

1.2.2 SRS

DM-5MS EAIHEHE (30 mx0.25 mmx0.25 wm, FE Agilent 23 7 ) ; 1 0 #2 5 THE, A2 G R E N
50 °C,#44% 2 min, A 10 Comin™' FFHE E 130 °C, LA 5 Comin”' FHE E 140 °C, LA 10 C-min™' THEE
200 °C, PR4F 2 min; #ERE FHRBEN 270 °C 40t 43 bR 1001 80 s 2203, T 1 mLemin™.
1.2.3 ik sfk

HL i SO L PR (EL) L 70 eV BUiSFHE F R 30—300 amu; (514 IELEE R 280 °C , & TR
FE2 230 C, PUBRATIRE A 150 °C.

2 R 5178 (Results and discussion)

2.1 SEMEMT 5 R T AR

(o R AR AR A o X — R Y 8 P IRULR A ORI (100 mg- L") R AR A T B e IC ]
J8 20 g L7 HORR MRS 2 98 2 1R 1.27 35 It b (A3 TAR SO T . A AL 3 Wi O BR IR IR] 5
B MOEVEE T SEAEILER 1

R WLRYYB OR B N ] AL T

Table 1 Retention time and selected ions of T&O

b2 LaY 155 i ) AIE BT
No. Compounds Retention time/min Selected ion (m/z)
1 DMTS 6.876 126*,79,111
2 IPMP 8.851 137%,152,124
3 IBMP 10.189 124" 94,151
4 2-MIB 10.299 95¢,107,79
5 B- i 10.888 137*,152,123
6 2,4,6-TCA 12.681 195",210,167
7 GSM 13.938 112*,149,125
8 BT 4 15.094 177*,91,159

L E BT, Target ions for quantitation.

2.2 IHEE RS

AR 1 XS B WO 3 4 - 35 - BT 335 20 B A 0 ol 2 2 DG J S, 52 W 3 1A Y A
HE MRS NIEFTAEIE IR 2, W 0 fERS  Tenax Ak 73— 0 45 AR5 BT il B 454 19 P B
R T A I KRB & EROR, AW 5T £ B 9 # ( Tenax/silica gel ) | 10# ( Tenax/silica gel/Hk 43 T i ) Fl
Vocarb3000 (#7301 ) 5 3 FPli A4 15 BIF S0 X8 G2 A FH i S A A s B BB — 2 1t 1Y) 8 A LB 49 Jot
PRIFEZR (100 mg-17") KR HOM B 2 FUKAE P 25, BC I A DMTS ¥ 5 pg- L7, 2-MIB  B-FRF7 45 |
TCA Fl B-4% >~ il 4 20 pg-L™' , IPMP . IBMP FI GSM ¥ 4 10 pg- L™ BOPRAERE A0 AE“ 1.2 35 Fp
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(LA 35 4%

RS TAERM T, USRS AL i 25 R UL 1AL 1 vl DG 3 =i 48 8 % T
SEF 8 R Y TG A R AR B B 4E | 2-MIB 78 O8R4 AV AE SR 2%, HIHLE 7 Rk ¥ i 7
O AR L A EACEWAR T Vocarb3000 1 10#H 5245 . B-FFF 5 E FII GSM 7E Vocarb3000 Ffi HE 45 14
EERCRRY LT 1084 (H B-22% 2 HA7E Vocarb3000 #4410 SESURIE 2 AR RCRAHRIU N
1oAY 1/3. 25575 18, 8 FhIRBRYI BTAE 1043 5248 b AHl AR S8R JE HU AT 1Y, RHAS S0 4 10#

AL .
2.3 WREREREE

2.2 5 BT BC B BR TR AT 53 5 AE 20,30 .40 .50 60 °C AR E TR WS W TR E X H AR
WAARCR AR AN 2 BT BEE TR T, B AR A5 5 06 T AL O 1 138 . 3 1 BH T 15 ok 1 9L BEE

e MR ) o MK F i AR s, 2%

Y 40 °C N HAERFRE.

500000 @ DMTS
450000 = IPMP
400000 | @ IBMP
350000 B3 2o
g 5 B - FRFriE R
2 300000 £ B2,4,6-TCA
§ 250000 {3 BGSM
0
200000 H} : B p- 5%
K2 N
150000 - . [ N
% NE | NS
100000 | K3 N = N 5
N | N
50000 [ N | N =
NE | NE
o LI NEEY NG
10* vocarb3000*
EjiE 31

1 A X RIS IS

Fig.1 Effect of traps on the extraction efficiency

2.4 WA ] A R

SPEUKZAR THEA SRR A, 5200 F AR 1 0 B RS A AR 52

500000 - @ DMTS
450000 | ® [PMP
IBMP
400000 a
@ 2-MIB
350000
. B - SR
£ 300000 B2,46-TCA
§ 250000 B8GSM
-9

200000 B- 5% 240

KRR TITI TR EE T TIIIIIX]

150000 2 \ 2
< i N
100000 [E g 2 ;:§ P
W\ 27 P
50000 HEENE R
N : 87 . NP2
0 2\N:o27 =\ 2 27 ] D Y

20 30 40 50 60

RE/C

B2 R A W R X RIS A R
Fig.2 Effect of sample purge temperature

on the extraction efficiency

AHFFEEE 6 FPIAITE] (5,10 .15 .20 .25 .30 min) Xt H Y H2 BORCR | bRk 25w« 2.27 35 . i
3 a7, BEE R R)IE 0, B AR A AW &, (3] 20 min B, 8 F B BR4) A% I 1 ALAS RS N 31X
Vi BRI 8] ZE K | 23R R K B bR A0 3 & A4k 28 vk 185 18] (25 min 130 min) , B AR 1) 06 16

BN BT B S e — o HARYI B ik

2.5 ST ) A e

UM T AR 20 min Ay fe P 9 0T B 1]

FEFRATT IR E B 2 R AR 58 A AR AT AR5 R AT A ] A BT, T AR BIAR B0 XTRR | 43 B9 o8 A 1 6
TG, AT 5 O O A W S BT IS 8] 3301 1646 051,23 R 4 min. AAIET 4 HRaT DU HS A AT e
[N 0.5 min G ANE] 2 min 5432 R A gk 087 A ] 7838 e 7 . S AT B FE) KT 2 mim Jis | R ARATT B3
WA (E (3 IE FT RE 2 5, DRIHA 145 21 RUAFRYIEIE KB INFTRTEE 2 min.

500000 @ DMTS
450000 mIPMP
400000 @ [BMP
350000 @ 2B

. 0 - FRHHERE

£ 300000 @2,4.6-TCA

4
S 250000 [
-9
200000 fK
150000
100000 1

NN

iasnnnnsnnnnant
[

S O

t/min

8GSM
B B- 5% 2

ARRARRRIWWY

B3t W R T o i HOR 3 14 52 i)
Fig.3 Effect of sample purge time on the

extraction efficiency

150000
100000
50000
0

500000 @ DMTS
450000 |- X ® [PMP
3 IBMP
400000 X a
@ 2-MIB
, 330000 8 - SRAFIRRE
£ 300000 X B 2,4,6-TCA
%
g 250000 X
& 3
200000
%
%
%
%
%
%
%
%
%
»

A A AT AT AT AT AT AT AT AT A AT AT AT AT AT AT A AT AT A AT A AT AT ATATATATs

[AXAANNNNNRNNNNR NN

SN

t/min

B4 R AT IR T X i AT R0 A 52 i
Fig.4 Effect of sample desorption time on the

desorption efficiency
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2.6 ERALV I

TE 40 mL BYAE ORI “2.27 5 FCHl 4F B bR A it A W, 7550 A 0.5 .10 15 g 1Y NaCl, A58 ER 4L
R E AR sZ . LS ] UE i NaCl BTk 0—S5 g B, BV FE (R 34, A 49 1) 06 T AR D 1
K, JeHIE IPMP 5 IBMP F06 AU K454 ;24 NaCl i M\ 5 ¢ 4Rt K 2 15 o B H AR B9 AU
P X UL A NaCl A3 R T4 S ia B B 1 5m 3 KA B AR P AE 7 00 b R Vs A B 2 1E MELIAR 0 I 1Y)
FER ABAER A i B A B rh & B K, S 2 AU A I I R A E R ok, R AR S AT A A
A SEES SR 5 ¢ NaCl, Bl NaCl f MR 12% (m/V).

500000 @ DMTS
450000 { mIPMP
400000 [ 8 IBMP

® 2-MIB
B - SRFriRRE
@ 2.4,6-TCA

350000 [Fd
300000
250000 [
200000 (Fd
150000 [Ed
100000
50000

0

Peak area

B 5 NaCl 5 X2 BUSCR 15200

Fig.5 Effect of NaCl concentration of the sample on the extraction efficiency

27 VM

W 8 ol LI ) Jo s oA i, FH Al ZK 2, e i TR 5 o TR, OV B2 430l 1,5,15.30,
50 g L7 BOl AbRvE TAER TS S BV AN A A7 AR BB 1.27 45 BT iR A28 S50, 43 )0 % 8 Fefrmgd
BRI, DA TET AR () Xt o i TR B (o ) AT P T, 5 200 e T A — e FE AR o T 48 AR i 0.05 g - LIRS
PR E TR B | 8 L 32 G B AR A5 W L (S/N) N 3 B A9 TR B bk o I8 YR A 52 B0 T 72 A G o BR
(LOD). 3R 2 ] WL A J5 i s th BIR 5 42 T LA 2 (A= TR AR 7K BAERRUE) (GB 5749—2006) H1 ¢ T+
B2 (10 ng-L™") M 2-MIB( 10 ng-L™") & A EoK.

F2 AR HERZR FEOC R ARG s PR

Table 2 The calibration curve, correlation coefficients and limit of detection (LOD) of the method

&Y bt FH R KL iodsal s
Compounds Standard curve Correlation coefficients (r*) LOD/(ng-L™")
DMTS y=20239.082726x+362900.993883 0.9992 1.7
IPMP y=10410.617023x+168591.449537 0.9995 0.5
IBMP y=18125.258665x +21822.052605 0.9998 0.4
2-MIB y=2555.466032x+78166.147276 0.9997 1.2
B-IFP T y=7342.775545x+17510.280871 0.9990 0.8
2,4,6-TCA y=4907.5628980x+47061.188335 0.9991 0.9

GSM y=6438.377394x+60848.529836 0.9995 0.5
B-2% 4T y=8297.206985x+8527.172409 0.9990 0.9

FEZS KBS BN — 2 B (R TR A AR I T R 5 18 50, ARASAR I 88 A0 12 R 88 1) 2k S s ZK R 1 ik
JEA BN S wg - L7130 pg - L7 AN SEBINBR AR FEFATINE 7 W, 155 T3 B AR A o i 22 , 25 51 L
¢ 3.8 FhIRBRY) T (1 [T % 85.2%—118% ,RSD g 1.03%—4.53% , IFFE Ky B3k .

W 4 Frs ARSI HTR A P&T 5 GC-MS B R 7k, T e ik 4 5 i Ah 28 8 22 46 BR 5 1
VAR TR TR 2 IBCRN AT SRR A 24, 8 T AC 645 Y0 A JBORT 61 AH AR BURE LA, A, #E R 4 1) 2o 7
FORN T B A HLIAT , A s, KR A T A Rt ).
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F3 LI n=7) FAEX AR 22
Table 3 The recovery and relative standard deviation (RSDs) of the method ( n=7)
e Jnkg s gL _ Jds 30 pg-L7! -
Compounds - 24y [ i AR 1 i 22 Byl AR BRI D 2
Average recovery/ % RSD/ % Average recovery/ % RSD/ %
DMTS 118 4.01 95.3 1.08
IPMP 91.2 2.46 103 1.66
IBMP 103 2.23 104 1.56
2-MIB 102 3.76 97.2 1.55
B-IRATAE 87.4 2.25 100 1.03
TCA 103 3.39 104 1.50
GSM 85.2 2.40 102 1.21
-5 4T 86.0 4.53 112 1.06
R4 HIURPHE TR LR
Table 4 Performance comparison with other methods in the references
WELILR 49y [t IIWTIT EEES e B Sk
T&O compounds Analytical method Recovery/%  LOD/(ng-L7") References
5 1. GSM _MIB . IPMP IBMP .TCA FHFRIHE GC-MS 99—120 0.8 [18]
;ﬁ;%gﬁ;@gp PMPTCA JRHTRE, A GC-MS 31.6—105 1.0 [19]
2 . MIB Al GSM EFIAEEL GC-MS 80—92 MIB: 5,GSM: 2 [20]
B it 2-MIB GSM L TCA SIREFIRREIPMP e cooms 85.2—118 0.4—1.7 AJi ik

IBMP B-4% £ [l fll DMTS

2.8 Jrikmyni

T 2015 4% 11 7 AR ORAEH 5 R AR AL TI7 HE iz K LT 15K R KK RE | N 55 88 5, 70 0K A
(29 4°C) THARTRARAE T AR IR B BB 30T H IR 1.2 Ik A L3 S A I 5 | KA e 25 LR 49 5 11
FRARGS R T3 5.3 BIOR I A7 IR P R R A) Jo ) e 1R, Az T 7K Hh m A HH A LR B T AN A 3 A, ELIR
TR BAFRME) (GB 5749-2006) H & T LR 5K (10 ng-L™") Al 2-MIB( 10 ng-L™") FRIEAYEDR.
T 5K P ISR B SRR B DMTS (9% 5 7] 35 93 ng- L™, W1 & T H A AR 2 Ay mLak ) 5T, 3X 557K
PRI IAA AT BLHOC R BIK b 8 BhISLRY) BT A A, HoA 5050 22 R Y B-52 % 22l ) ok J3E W 8 v
AP A LR BT, 33k R RE -5 WK T B TR AL, 1K v DR B RO AR G, DR D i e A i v ) -1 2
NREEA T B-5 % 22 AT R TE T 22K A Fr s RSB A0 €

R5  FEOKFED 8 FhIRY) Y £

Table 5 Concentrations of eight taste and odor compounds in environmental samples

RE S DMTS/ IPMP/ IBMP/ 2-MIB/  B-¥FrEERE/ 2,4,6-TCA/ GSM/ BB L/
Samples (ng-L™")  (ng-L™")  (ng-L7")  (ng-L7')  (ng-L7')  (ng'L7TY)  (ng-L7h) (ng-L7")
K 2.8 — — — — 4.2 0.8 1.3
15K 93 — 2.3 5.3 3.4 1.9 1.2 16
WK 8.6 10.3 20.7 14.2 37 1.3 12.4 97

3 %518 ( Conclusion)

ART7 R WA A5 S0 (0 1% - i 12 Bk FH I g /K vh 8 o R ) Joit | B A v ) 0 2 o 3
P, T A BRTE 0.4—1.7 ng- L' Z 0], 75 AR B KT, 8 i 7 R ) 5 (R Yig 547 85.29%—
118% 2Z []. 5 [ AHAE ORI AR A DU LU, 1207 15 32 KRR SRR T /N, AT Z A R AL R, A il i —
U5 Y, Jie— PR PRI AU 1) AT AL BE B AR AR T7 363 T 20 o B3 /KA v (i L 2 o ML R ) 5 ) 5
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P GER T, T H A BB LR K 5 5 A S R R AH DG AT 52 38 7 2.
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