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FE T SRR IR ZEHU ] 4 min, NaCl A& h 60 g »
L Y, pHIE N 4 4. ek E &4 F , IPMP #1 IBMP 7F 20~
500 pg « L' AYE N BA RIFIAMCR A LERE r>
0.995; 77 &% [ Y K Ay 72. 0% ~ 103. 6% ; H X ¥ vfE fif 22
Rsp<<8%.
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Determination of IPMP and IBMP in Water

with  Liquid-liquid Extraction by Gas

Chromatography-mass Spectrometry

AN Na, GAO Naiyun , CHU Wenhai, XIE Huihui
(State Key Laboratory of Pollution Control and Resource Reuse, Tongji
University , Shanghai 200092, China)

Abstract: An analytical method used for the detection of
odorants——2-methoxy-3-3isopropyl pyrazine (IPMP) and 2-
methoxy-3-3isobutyl pyrazine (IBMP) in drinking water with
liquid-liquid extraction (LLE) by gas chromatography-mass
spectrometry(GC/MS) was developed. The LLE was carried
out in a solution of pH 4 with a dosage of 0.2 and 60 g+ L™!
NaCl, respectively. The extraction lasted for 4 min. Good
relativity (7>>0.995 4) was obtained when the linear range
was 20 ~500 pg + L™'. The recoveries of IPMP and IBMP
were 72.0% ~103. 6% . The relative standard deviations were
less than 8%.
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pyrazine; 2-methoxy-3-3isobutyl pyrazine

B HE 195 KPR PR T TR B 2 o B g i BT
IR TR AN BT 5 T 7™ EE R I K R E A Y
S ML) BT AT O B 223 ¥ A 7K B TS T S ) A
A s WELL IR I A T B A% D A 2. 406 - = GO Ik
(TCA) 2 5 WU 5 e i LI - R 2 GSML 2 —
MIB B 25 12 & M) iz K. E AN K1
BERFZ 2 Bl 5 I A AR B 5 AR GE S (EG ML
(OTC) HAR IR A7 5 Bl AT 5| b R 14 58 20 AN
) IPMP 1 IBMP (5 HIARBE = , N i L]
BEXTIZ 2 Bl RN RGE » 2B XX 2 R Y
REPE B GIN T ikt T OEE . e R L

J b
—N N
%{ ) &h

CgH120N;
aIPMP

CyH 140N,
b IBMP
E 1 IPMP #0 IBMP R4

Fig. 1 Chemical structures of IPMP and IBMP
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I SR 3 R 1 (GC/MS) & 43 B s 4% & ik
TR VA HL) A 5T B Lk 0 7 45 R A i
Pk R R W7E SEIE A H AR S [ 50l R
FAMOUARSCR F GC/MS Jy ikt IPMP Al IBMP 2 Ff
Py o AT ARG

F TR 5 2 O % o 45 S Ve A L i
HAERAIK A S & DL ng « LV 9UR S A7 7E, H it
XHZ I I ARG D AT — R PR M S — B B8 R A7
U AR 25 W03 1 i A RE X HE R AT RS 5 A9 B A
. f1 T IPMP 1 IBMP 2 JE M A HLY T HAE K
AR LA H 9 20 Bl 28 5802 S K AT A B A
BT AT LIRS H AR S0 A 26 O 4 o AR SCR
TR AR ICCLLE) i 504k 215 1% IFBIFFE T AU
PERT ) SRS B4 52
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GC/MS: QP2010S “AH €4, 3i% — BT 15 ¢ F AL ( H A
5] s RTX-5 MS B4 H (30 m X 0. 25 mm,
0.25 um) ; AOC-20i [ 3l #E#f £ ; GC/ECD- QP2010
AT L AR A I 2% (H AR S5 i\ s HP -5
BAEAE (30 m X 0.25 mm,0.25 pm) ; HE R4S
CRMBERFR A=A A4S XW-80A).

IPMP F1 IBMP 47k 5 F Sigma-Adrich 23 &,
2l B ARAK T 98% ; IPMP Je IBMP 4 A 2 i %
SrFAi L 1.

%1 IPMP #n IBMP §932{L R K 5 T4
Tab.1 Physical and chemical characters and structures of IPMP and IBMP

HC4 R YR WHHE i fRE/(mg - L°Y 5C/(g+ml™D
2 -4 k- 3 - S SEnp iz 2-methoxy-3-3isopropyl pyrazine IPMP 152.19 2 438 0.996
2 —H A k- 3 e T SEnh g 2-methoxy-3-3isobutyl pyrazine IBMP 166.22 1034 0.990

FORE. 1 — S02F e e OF O % o (a3l 4, 1 B
Sigma-Adrich 2w, 4l B AT 95% 5 SE 80 K A
Millipore # 4li 7K L #1 £ » NaCl. KCI } Na,SO, K43
Fradi, 8 FATZS 105 C ,400 CHET,

1.2 SHEeE-REEs

AN A BRI R O o
il s A3k F 24 90 kPa(Hk J 3 iy sl IR A 25 S 0 {5 gk
FUEREARD s BERE LN 1.0 pls BERE 5 ON 070 T A 5
B R A AL FE R B GC/MS solution 414 T/ .
HERE TR BE S 180 °C s JoT 3% A DU % B 1 U U B2
250 C s B FIE A HL 35 7 B IR (ED s Rl B R
PEFEE A I (SIMD . %5 /) 4R 6. 5 min. FHRE &P
R b 40 C, R R 10 min, F DL 40
C » min ' HCE IR E 250 C £ FF 4. 75 min;
IPMP 1 45 1F 3 F &y 124, 137, 152, 4 04 i 1] h
13. 055 min; IBMP f4FAE 254 124,151, H AT [
~513.533 min.
1.3 IREEEENHE

ot FH G0 3 2R F 5 K 1 o I — 2 5t Y IPMP Al
IBMP , 8 -5 i 1 FH e o T ) v 2 ¢ v R W B
V0 T FH B 47K 28 B B B A 10 mg « L' bR
YERE A8 T . T IZb VA A Y T ) JO 6 VAR 2 43 0l oy
20,50,100,200 1 500 ;g « L'y IPMP F1 IBMP {5

FHR FH T hr o TAE 26 0 T
1.4 ZFEEULHE

5 ml B ARSI 5 ml KKE, B T 10 ml H.2E
o o B E R R P KR T RE T S A
T 20y 38 8 R A AR S B0 T A — i 1 R )
JE R GR G M Z s SRS A 1 ml IE O e
ARG I — i E], 4 min 5.2 IEC
FE M - GC/MS RS HT

2 HRSIHR

2.1 BRERRESGHIEE

I 23 BT 7K (R o mEL I 49 5 B 5 1) i Ak
PEJT: F A MR A BU(LLE) | [5 A % B (SPE) | 4]
FEERIR S 12 (CLSA) FFAE IR MR 1 COLSA) 211 AR
IR R FH AR 5 mi b ¥4 R O LLE. % 07 3 2 A
KA H R A I A 7K A A BILAH ) 43 B R B2
SRR PR 48 20 HLIE R %O Xn] 4y
ShyH RLIBVR 2 B 3 52 YR A A T 306 3 2 T A TR
FAR FEL BN A sh R A BaE > s g R
FH 10 ml H 28 bb a8 Bat 8 4R 3 2 R VRO 2R U
B FSE T ARG R R 2 PR AR USRS
PNTTRERE T fe It i 26 B A
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2. 1.1 ZEIRU [E) 0 AL HUSCR B30

P B AR R 0 e B 1) IPMP e IBMP 935 ¥ A
AL 2 o7 B 47K /) pH (B 7. 68 ZX U
] 735 %60 1,2,3,4,5,6,7 F1 8 min, 85 R ANK 2 fr
715 IPMP i1 IBMP F30 59 K it 3 < 5 8] Fr) 384 i
AN L AE 4 min FHR 2 B e R (EL 2 A 1
JEEA T REAIR . RN IPMP #i1 IBMP =45 % 1
Y G ABGE R KT e S ECE &4 MY
JEAE R AR P A TR T [l e PR b e B
ACHURI 8] 2 4 min.
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Fig.2 Influence of extraction time on extraction
efficiency of IPMP and IBMP

2.1.2  OR[RIFPZEER A G X AL R I 52

P E AU ] 2y 4 min, #27K 4 pH {E 87. 59,
eI NaCl, KCl & Na,SO, =Fk, &M EhmimA
HAPHIEE 0~100 g « L1 gFAT A USSR, 45 21 40
&l 3 Fir 7. 45 9534 T 401, NaCl Al Na, SO, #in A A]
—SEFLEFEL R IPMP A IBMP i [0 %, v NaCl
XFIX 2 Pl o (v ER A4 P 05 B 2. 4 NaCl i fin A
KF 60 g « LUk, IPMP A1 IBMP i 8] i 54T 35 2l
e o 38 B T8k BRAR Y ZE BORCR. {2 NaCl il
Na, SOy AL HE— 251, 2 Fhiy 52 1) [l g S 40
BTG, X i TR A s 22 )5 i AR BUR S
IR 2R A7 2, A A% BB R0 S 1 A8 15 5 2% . KCIL 1
TIAKT 2 By Jo 1) 2 BURCRE 52 Wil AS 08 8] IRt 3 T
JIA NaCl, H I Jm A 60 g« L',

=, 260 . + IPMP/NaCl

. = IBMP/NaCl
gor ot : 3 4 IPMP/KCI
So20p-% g 2 a2 < IBMP/KC1
i 500 e  IPMP/Na,SO,
ﬁ "o IBMP/Na,SO,
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HIMAKRR /g

B 3 NaCl,KCl % Na, SO, ii\E3Xt ZEEL R
Fig.3 Influences of NaCl,KCl and Na, SO, dosage
on extraction efficiency of IPMP and IBMP

2.1.3  pH {EXF A BURER A5

PEAE LB A] A 4 min, NaCl (90 A& 40.3 g,
P AKRE pH (H 45 H 2,4,7,9 F1 11, 255 & 4 fF
/. HHE 4 AT ZERR M A5 T IPMP it IBMP f [n]
WSO W B e T P SR A Bk S5 HAE pH (B R 4
Bk R A 48 ) e e L
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Fig.4 Influence of pH value on extraction

efficiency of IPMP and IBMP

2.2 FRAfEHER

P i) o 8 e JBE 43 1 O 204 50, 100, 200 1 500
pg + L7 IPMP #1 IBMP i B . LA SZ 56 Br ff <2 Y
FRAR SR HEATREIN . L H AR5 N A e T AR L A
YA FR Cyd s H AR B T B ok B O B AR B e
pg e L7 1 - &2E % (500 pg « L™ N NARY,
FWNFRZ:2: 6 IPMP Fi1 IBMP (bR ih £, W3 2.
AL AE 10~500 png « Lot AU RE G R A e i s
W75 2045 TPMP A1 IBMP 2 Fh ) it i 16 1 £ 5 X6
IO A8 SEBR BEAF AR I MR AR

®2 1-SFRH MR IPMP 0 IBMP go%RA i 2
Tab.2 Calibration curve of IPMP and IBMP with

1-chlorooctaneas internal standard

Hird Ptz h £& ACREL v
IPMP y=9.423 621 v 0.995 4
IBMP y=10.716 93 0.999 7

2.3 1EEEMKHR

K7 A AR ECE I AR 2 A R v R A
A FEAT AT AE | 43 il HAE TPMP i IBMP (165 i
72 (standard deviation) Sp K AHX #r i fff 2= (relative
standard deviation) Rsp . 45 H 4138 3 A7, v] LA
TP T 0 E W AS [R) vk B (IPMP 2R 50 pg « LY %
300 pg« L ',IBMP 4 25 pg « L' % 250 pg « L°1)
i) IPMP J IBMP (AR AR fE R 254 4. 2% ~7. 4%
CH W n="7). %807 k5 IPMP #5214 T
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IBMP.

MRE U. S. EPA drifE 75 %, 77 1445 th BR (method
detection limit) My s My, = Sp X tu-1.1-a-0.109 » o
ot 11 a=00 = B HE n — 1005 B R 99% B
) t o3 ATRRE no= 7 I, ¢ = 3. 1435 [E PREE AN H]
1k 28k A 4= (International Union of Pure and Applied
Chemistry, IUPAC) #5& 10 A% 25 [ b i 22 A X 1

VR B R A I e PR AR AN A R BT K F
(rejecton quality level) Rq., 29k Mp i 3.3 5. &
f57KFHR 90% . Bl R = 3. 3Myy. iT5H 1] 15 IPMP /Y
Mp 4 9.256 pg « L', R 4 30.545 pg « LY
IBMP 1) Mo 4.672 g » L' Row %y 15. 417 pug »
Lt o] DLAH R 25 IBMP [k 2 5 i o ey

Tab.3 Determination result of precision

Hr

R/ (pg - L7 Sp/

~ Rgp
N ST St S N ST T N St N . 1
Z WA WA WEE2 WEES WEME4 WEES WEMHe WEm7 Werkmey  eec LD
50 48.4 56.9 50.8 51.8 55.3 54.8 54.0 53.14 2.94 5.54
IPMP
300 270.9 247.4 260.7 268.4 259.0 241.5 251.6 257.07 10.82 4.21
25 21.9 17.2 19.8 20.0 21.1 20.8 20.3 20.16 1.49 7.37
IBMP
250 180.3 192.9 181.7 207.1 219.2 201.5 185.6 195.47 14.48 7.41

2.4 FRAEMNEEHEE

il PR AL A B K 0 S A7 T el i . ]
FEAUKBCHIAE N 125 pg « L7 AR IRRFE, A Ok
IKECTHIHBEZ 80 pg « L AUAS IR ZKARE I ATE H R
BB S S BC ] BOINBR 205 0 10,100 11000
pg + LM AZKAEE I FL IR S5 RN 4 B,

* 4 skrh IPMP 70 IBMP & hnkx E i 2
Tab.4 Recoveries of IPMP and IBMP in water

SR/ (g« L7 e
LA " o /%
ENi(E Jinbr it W A /
125.7 10 138.22  101.8
IPMP 125.7 100 209.91  93.0
125.7 1 000 947.98  84.2
B alizK
128.2 10 142.72  103.3
IBMP 128.2 100 212.02  92.9
128.2 1 000 961.74  85.2
83.7 10 76.89 82.1
IPMP 83.7 100 161.87  88.1
83.7 1 000 1122.72  103.6
A kK
80.2 10 64.90 72.0
IBMP 80.2 100 137.24  76.2
80.2 1 000 1114.95 103.2

2RI, AN SR Al K F 8 Sk g [l iR
H 72.0%~13.6% #5478 U. S. EPAS52. 3 ZK 1 30%
Z N AT WASSEIG 72 A MERR FEE bR vETA AT HL 7K

HAFAERSR A HLIXT 2 Fh i [l A A 4.
BlE ot b B ISR AE R bt i o i BT B
FEBEIEIL/ N TR AR o AR bs AR Al IPMP Y
IS i i ST A AR 8 /N T TBMIP 7 g s Ao i v
2 A A T W3 PG i R A

3 #Hit

(D #ixE 7 H GC/MS #iiil] IPMP J IBMP (%) 5
FEVROR ZE B (LLMED 45 {4 4 - 22 Bt (8] & 4 min,
NaCl finA#&4 0.3 g.pH{E R 4 45

(2) FEW & W Ec 2R BU% 44 T, IPMP il IBMP
£ 20~500 pg « L™ A0 I NG R RAF AHOC R
B4y 0.995 4 F10.999 7.

(3) TR E MAEBURITT 2 2 P B 7E S AN [F]
WEETT A RE X Fm A 25 35 I FE 4. 21% ~7.41% , If
H. IPMP (A X5 1 O 22 7 e AFRAS [ v J32 31 il v 3
/NF IBMP, 36 B3R 5 26 T IPMP f £ 25 55 3P
1F IBMP, {H X} T IBMP 4 #6 0 & £ i 245 F
IPMP.

(4 ARIFIEXS T 2 T B AE J 4K Fn 3 KoK
FINAR EI R 72.0% ~103. 6% » B kKK AA L
Yrxt 2 Py S50 s A B T 5 ISR AE =
et ol i 2 R AR /DN 5 2 iy SO A v s e B 2
B ABLEAR AT ) IPMP i [B]i % 25 T IBMP.
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