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Determination of Two Cyclic Acetals (2-EMD, 2-EDD) , 2-Methylisoborneol and Geosmin in
Water by Headspace SPME Arrow Combined with Gas Chromatography-Triple Quadrupole

Mass Spectrometry
LI Bing”
(Shanghai Water Supply Dispaiching and Monitoring Center, Shanghai 200002, China)

Abstract Headspace solid-phase micro-extraction ( SPME) Arrow technology was used to adsorb 2-methylisoborneol (2-MIB),
geosmin (GSM) , 2-ethyl-4-methyl-1,3-dioxolane (2-EMD) , 2-ethyl-5,5-dimethyl-1,3-dioxane (2-EDD) in water, and entering gas
chromatography-triple quadrupole mass spectrometry system for quantitative analysis afterwards. The article focuses on the optimization
in extraction temperature, salting-out agent concentration, agitator speed, inlet penetration depth and extraction time. The optimized
conditions were as follows: extraction temperature was 40 °C , mass fraction of salting-out agent was 20% , agitator speed was 500 r/min,
inlet penetration depth was 65 mm, extraction time was 35 min, desorbed at 250 “C for 5 min in gas chromatography-triple quadrupole
mass spectrometry system for analysis. The linear correlation coefficients of the 4 compounds detected by this method are all greater
than 0.995. The method has high accuracy and good repeatability. The water samples were spiked with 10, 50, 100 ng/L

respectively, and all the measurements were repeated for 6 times. The maximum relative standard deviation of the four compounds was
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7.06% , and the recoveries were 89.96% ~113.01%. The detection limits of the method were 0. 7~1. 0 ng/L, which was lower than

the odor threshold of each compound. This method can be used to detect odorous compounds in water samples efficiently.

Keywords SPME Arrow
dioxolane  2-ethyl-5,5-dimethyl-1,3-dioxane

MELIRAE A T FH 2 B B B2 8% i 3] 1) o 22 B 4
B, ST KIH 23 FH R F Wik B KK AR 45 1 3 2L
WA, S 25 T K B RT3 sz v S TR R, R
ZHORR F Bk A KIEA T, 2 5 EAEEMAEY N
A RAR K IR TS Y O ilan, A A+
RE(GSM) FI A 5 %W/ + FE R Y 2 — /1 3L 53 3% i
(2-MIB) , 5L 2 7 WL g 7 AE 4 i 78 v AR 7 A= 1 i
WY 5, WL (B 20 94 4 ng/L A1 10 ng/L* | X 2
FRIRR ) B S 47 £ 249 3 T T 32 BT, 75k
K TAERRE) (GB 5749—2022) i W RLE T
2-MIB 1 GSM [BRAE, ¥4 10 ng/L77

Wil 2 At 23 1 R TR AR 1 A2 Ak, [ AR K IR
A2 T i U RN R B VS Qe R B R R 2 A R
e, Hbr2-2 3 -4-F3-1,3- ZF K
(2-EMD) fl1 2- 2 J -5 ,5- —H R -1,3- _SE N
(2-EDD) itk = £ B MSLR 5 B T AR 563, A A
S AR K B I8 i LR R S5 A G, 2-EMD Al
2-EDD AYMLEE 5518 5 ng/L Al 10 ng/L, XFiAT
H AT TR R AR SRR R R AL B R
2532 PR B i b T O 7, ARSI O 1 i 2} 1) 32 B
JECRE, B IS AR oAl AE 4 = A S Bk = B0 AR 4
2500 A AR AR T e e A g, AR YTK &R
FHHTTIIK R AR, 25 7y 38 21 1R i ] 5 30
RGBT AR AR X 3R Y B VLK
JERFSE b, % A0 2 3 2-EMD F1 2-EDD, 3% 2 Fif
YA SO T v B A B 2 AR R TR 11
H—WAE 3 A SRR A A vk, |
AT B R 285 ) 3% PRI, e DY 1k 24 4y i TR B 2L A
AR 5 7K 1, B R AR 7K A B TS AR U B 4 2
AL &9, Nk, R 78 Sk Rt & B, SR BUR it
A RERE K WG YL R B MELRR A S5 o A 2
FERIRIE N YR SN R RS e S
B IR AR 5 s B A ikt s ik kR
Z W B PR ST AT AL B, BRAERT R SR
TESE R K 5T G g A7 v bty B ARG I 25

WTU R 5, AT — s HAMHEA
T — 3 92 [ B X DAY 2-MIB , GSM. il fk 2 i 1R
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gas chromatography-triple quadrupole mass spectrometry

odorous compound  2-ethyl-4-methyl-1, 3-

Tk 2-EMD 2-EDD 3% 4 i {645 kA7 b s il 4 7
o SRR TO 4 [fAH SRR B Ak B4 R S B
158, T 5 BRAE AT R AR i, T LR ok
i, Rl iE = 3 DU AT AR T T Tk &
P30 a MENTE 1 W 12
1 MBS5FE®
1.1 LEEFRF
L1 RIS

Agilent 7890A/7000 = & PUMFF R IBE AL , L
o T/ ARGy iR | Extractor EI & U5 (36 B
Agilent 23 H]) s SAHEZHEH: . DB-5MS(30 m x 0. 25
mm X 1.0 pm) ;] ME RS TP R S,
1. 1.2 MRRNEH]

SPME Arrow, 1.1 mm OD, £F 4 21 {4 — 2 4 J&
R/ IREL/ R W H A bE (DVB/CAR/PDMS ) £ B
3k (1K) 520 mL [EABTCEE BOURE O (Agilent ) ;4 Ff
WELIR ) S o ot 0 2 A AR (i ) B 48 PR 2%
1 ffi7R) , Herh 2-EMD 2-EDD M ZE 8k K /RBHE A
AL HAR B e S g B R A R
P BT A AR B REOGORAETE 4 CRITKA . &
BB R BT el (VLA T Re AL 2= ey B BR A D)
{5 IR AE Do 48 7 b T 450 °C FHE 4 by B ({03
gl ek (R B H ) AR (i E =
99.999%) .
1.2 REEH
12,1 oS A A S HL

FREL 2.0 g S AL 802 100 23 FF 5O b, B A
10. 0 mL KA i€ B4 PTFE fEAZ IS B =5, 15 &
TN T B AT RS T T A R A 5 F BRI
FE P AT 52 . SPME Arrow Ak I8 BE 35 BN
40 °C 3 H 500 +/min, KFESEBEAL 5.0 min 5
Arrow 7ETZSHH N R 32 mm 2L FEHL 35 min, %5 7E
PERE L% 5. 0 min, PERERIE 4 65 mm,
1.2.2 SO/ TS

ﬁ%%é@ﬁ,'@/}ﬁ*ﬁﬁ, MR 1 mL/min, /N
I HERE L T AEHR . 70 eV FEF TR K E .35 C
(2 min)—8 C/min—75 °C (2 min) —15 C/min—
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250 °C (5 min) ; #EAE TR BE . 250 °C 3 A& Fi 4R TR .
280 °C; B T W . 230 °C; R FH £ i W i
x1

Tab. 1

(MRM) BEXHEATHRLIN , 4 FROLBRY) 5K 2 B AR
JBRE 14 DR B 1) 8% S B AN 1 TR

6 FiL G4 PR (CAS PR B INFI] 7 8 X R i g

Name, CAS, Retention Time, Quantitative lon Pair, Collision Energy of Six Compounds

£ R CAS &

4 ER 15} 6]/ min

EBETN (m/z) BANEHLIK(CE) /eV

2-EMD 4359-46-0

AH-dy 3114-55-4
2-EDD

25 T -3 -H A L% (IBMP)
2-MIB

768-58-1
24683-00-9
2371-42-8

GSM 19700-21-1

9.383(Mixl) /9. 667 ()

11.277
12. 854
16. 411
16. 858

19. 290

87.0 —59.0 5
117.0 — 82.0 16
115.0 — 69.0 5
124.0 — 94.0 10
95.0 — 67.0 13

112.0 — 97.0 10

2 ZER5VHE
2.1 SEEAEENRE

BG4 FiAbS Y, B 2-EMD A
SR e IR B R IR St 7D 7 =S N e
B DB-5MS(30 m X 0.25 mm x 0.25 um) .DB-
624(30 mx0.25 mmx 1.4 pm) . DB-5MS (30 m x
0.25 mm X 1.0 pm)3 FRELAK A9 (A 354 % 2-EMD 119
Sy EREOLIEAT A, SR & B, #E DB-5MS(30 m x
0.25 mm x 0.25 um) @A L 2-EMD B9 A4 544
PR S TE T 58 42 43 T, AN RE 40 % T S5 ) AR IR
BEATE R, WNE 1(a) 7R ; DB-624 (30 mx0. 25 mmXx
1.4 wm) EFEFE SR AT LCKE R B P A> 2-EMD
6 4y B T, ELFE P 06 rP (R AE 7 — S Arrow
ISR A B T R 9 T B, b TP 7E BT i 2
TR T A 5 2-EMD & 2 5 X A [
(R B8, I LI o O R P TR AR AR T
I TP g il 2 (8] 82 JF ; DB-5MS (30 m x 0.25
mm X 1.0 pm) @352 0T LR P4 2-EMD 2
T TE 4y B BT A 10 DU ) 0 o 5 X 1 i
R IC I T8, K 1(b) Fias, AR50 1k
DB-5MS(30 m x 0.25 mm X 1.0 wm) @iEH:%F 4 F
HEr L&A 8
2.2 HEMTFHEBERSH

32 LT H AR S A 7T B s AR ST
PO B, 2-EMD R AT 5z 19 o 445 44 L g 107 458
% R W B A 4 RIRBRY) BT b LU S ) 2 B 2% o
T, AT o 0 B B T A (SIM) i
MRM WA B3k 41 45 7 35 %5 50 ng/L B9AE & 54700
W, FEE M AT X 2-EMD K i TP O
XF 2-EMD 114 3€ [ [E Z bR i 5 H AR IE BE (NIST) i

M

Wi S (E

3000 -

2500

2000

1500

1 000

500

-500 I 1 )
45 5.0 55 6.0

it [} /min
(a) DB-5MS(30 m x 0.25 mm x 0.25 pum)

3000

2500 -

2000

1500

1 000

500

-500 L '
9.0 9.5 10.0

Hs} ] /min
(b) DB-5MS( 30 m x 0.25 mm * 1.00 um)
2-EMD 7E (AL 73 B 0
Separation of 2-EMD on the Columns

& 1
Fig. 1

JE ST S B AT 0 B, 38 A FIAE SIM e 8 T
B A 87.72.59 41, REFMAIEE WA 2(a)

— 193 —



K

7 B TH0 A (W] AR A B = = DA AT BRI PR I 2 7K v 2 e fopR e e

(2-EMD 2-EDD) 2-H B ikl + R &

Vol. 42, No. 11,2023

fi, SIM 7 41 (m/z) T %, % T 87 .59
(m/z) KVt , 7 2-EMD 55— AN 22 i A7 — A~ /N AR
W, 2-EMD 55 2 AW A7 AT — A K440, 23 52 ) 52
PrAt il b 2-EMD B4, T4 MRM 73, 36 &
JHAE MRM JE 7 € #7185 FXF £ 24 8759 87—
41 8739 (m/z) , REFMEATEEIWME 2(b) Fis,
2~ 2-EMD T 5 B0 220, BT LA S R
PRI, AR i SR FAUAHE 68385 — — 8 DO AR AT T 3% X 4
PR BT A RN, B2 8 T e B 4 T BT
T

8000

—87(m/z)
7 000 ----72(m/z)
e 59(m/z)
6000 L T 41(m/z)
5000
o
b 4000

3000
2 000

1 000

B[R] /min
() SIMJ5i%&
800
— 87—59(m/z)
700 2-EMD - - --87—41(m/z)

""" 87—39(m/z)
600 +

W O (L

] /min

(b) MRMJ5 ¥

B2 SIM MRM J5 &Kl 2-EMD Ay (5
Fig.2  Chromatogram of 2-EMD Detected by SIM and MRM
2.3 FHHMNL
T2 [ R AR G R v 52 e AR IBUSCR 9 P R

— 194 —

FEAFEBCRIRE KA FRPORE Fe 73R i
R RS AE B[R] 51 AR S 3 J X AR BOTR
B EhATNIA B R U [R) AT 48 AEARR
S I, M R AR K R AR 1 R R BE X
VTR A s ZEL A A AL B R R IR WA T
K ASERE DR . 2B R Z R Ak £
=, B A I Y 4 BRI B BN AR i
FHRR AR AR PR A 25 5 0 2 B J2 SR Wil S AN [m] A Jo
AP AETELR , Bir ARG i A 2 Bk 8 =
HE A4 )Z DVB/CAR/PDMS 28k, 78 (AR TR K
FHKbRAER I ek 56 8 B4 . AT WL 648 ) (GB/T
5750. 8—2023) 1, XF T 2-MIB . GSM #3236 FH &Y
JE AT ST 1 [ A SR AT 46 Sk (SPME Fiber) | A%
WF5Y 3 FH A J2 67 8 100 25 [ A 8 %2 B Sk ( SPME
Arrow) , %75 SPME Fiber AH EG , M i (B 56 &,
MEFFRN 2-MIB kA R A 1.0 ng/L, GSM A
0.7 ng/L, i GB/T 5750. 8—2023 1 2-MIB [ 4 i
FRA 2.2 ng/L, GSM Mk i R R 3.8 ng/L, 7] UL
SPME Arrow # SPME Fiber REEH 5, =MHEH
% |2 DVB/CAR/PDMS [y SPME Fiber 1 SPME
Arrow I 4 FRIR R Y 5T BT = W 3R 50 ng/L 1)
i B DA I 7 (AN 1] 3 7S, 4 ISR P T Arrow 119
M W {ELIZE /25 T Fiber (4900 07 i, 6 00 X AP o B A ot
i, e (L e 2 (S 8 SR i, i AR RS b i
ZERCLIERATRKE N2 em HAN 1.1 mm 1Y Arrow
=HMEAIR)E DVB/CAR/PDMS #Hk

40000 L JFiber
Arrow
XX
XX
35000+ fodeodel
KRR
KX
Dgoses
K
30 000 o2e0e%
KX
gosose
25000+ RRXXA
)
:
= 20 000} Poootete
& pes0s%e
15 000/~ roo0%o
(XA
90500
1595059
10 000} fosssete
ogesed
Sos0se
s
5000+ RORKY
0 kXXX
2-EMD 2-EDD 2-MIB GSM

MELER) 5T

B 3 SPME Fiber Fll SPME Arrow X% 4 FIR bR it
HERGIRHIR He

Fig.3 Comparison of SPME Fiber and SPME Arrow

for Extraction Efficiency of Four Odorous Compounds
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2.3.1  ARHUR B AR

AT T 4 B A6 W 7E 26 O B2 35 ~
80 °C T HYAEBURR , i 4 Fis . Xt 2 FhERIRSE
[ 2-EMD #i1 2-EDD , £ BUR FE 7E 35 ~40 C HEf ik 5]
LR ARIUOR Bl TR T, 2 B R 4 T Y
WA T 32 T R K, AR USSR R B, o g AR X
T 2-MIB, 1 35~55 °C, % O B Il B2 T ey T A2
KL AE S5 CJa , ZEBUSCRBER B e B B i 281k
GSM AR = T 35 CJq, b5 25 BUR 1 7+
B, ZEBUSCRE — R R R, S| 2-EMD 1)
M o LA LAt 3 ol Ak 454 i 1 ARG, L v T 2 =2 3
LU AR K IR B3N, R ARSI 25 5 | T LA 56
1A BRI B2 6 40 °C

B4 RFEAIBREE XS 4 FlIRLR ) A IOACR 150
Fig. 4 Effect of Different Extraction Temperature on

Extraction Efficiency of Four Odorous Compounds

2.3.2  EhMrRIEREE R

A B R K Hin A TCHILER 28 i (s FEAE A
F1A) T ik AR AT, DT ¥ 118 B 002 SR v, % 42 i A it
RGN Y 2 AR A AR R B AR50 £ Ak
PR R ER AT, 7 4 ISR ) 5 o A R B 34 R 50
ng/L FE & A BUIA T & 5 50h 5%, 10% |
15% .20% ,25% 30% ) AN, 75 40 CHABURE T
ZH 30 min J&7 , MK T S AL AR B 0 AR BUROR 15
Wi, Gl 5 B, B SR AT RV B R 3G 4 Rk G
Yy AR R o SRR S, AR
ISR ARG, RS AR IS i 25 s WA FR AR b
FFEAK v i il X oy 78 B2, A< 3 56 v o o 43 0k
20% FRATRIC a2 8 B2 R, £ T ok ik
5 H BT 4 B0R 20% R ER AT

so000 IO EZZIs [ 10% B 15%
) [ 120% [ T130%
25000 -
20000 -
&
= 15000 |
& q
10000 F ¥
=
5000 K
K
}.1
)‘4
)‘4
0 il o
2-EDD 2-MiB GSM
R 5

5 RN[RIERAT VR B X 4 Bl IS oL 2K BOBCR ) 5% i)
Fig.5 Effect of Different Salting-Out Agent Concentration

on Extraction Efficiency of Four Odorous Compounds
2.3.3 FAHUORMERE

AU B AP R AR USRI A — R 15
M, AKEE7E A BURE A 40 °C |, AT 050y
20% 0T, X 50 ng/L Y IR G bR o VA W 2K L
30 min, Z333% T 100,200,300, 400,500,600,
700,800,900, 1 000 r/min %% 3 T X} 2% PR 1) 5%
Wi, WA 6 FTm , 245553 4 100 1/ min B, ZEBUSHR g
INTHAFE BUSCR i i AE 200 ~ 1000 r/min, 5 L
YR AZ I HRE ) AN R, PR G, 5 B v () % 1l 500
r/min 2KEE 5 SEWFSE

6 [T EAR X 4 TSR BAE USCR A5
Fig. 6  Effect of Different Agitator Speed on Extraction

Efficiency of Four Odorous Compounds
2.3.4  HEFEIRBERY ISR
Arrow IR AEFERE H AW A B BE XML& WY
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W TR i by Y1 S, ARG FE AL BURLEE A 40 C |
BT BT 43 BUR 20% 3 FER 500 r/min 1Y
R IR T 50 ng/L B9 IR A AR TR AR 11
N o U 2 AR o7 ) B2 ), 003k ) AR sk A
T4y 1K 40 45 50 .55 .60 .65 mm, &l 7 4 2-EMD
FESERE D AR WU BE T A W T8 e i, 7T LAE
L BEE Arrow EBCLFEDERE CTHE A B0 B INTR , 16
T RRAS | W 07 3 R, 3R PR Ol R R 11T T A A A
HR AT A R B, 2 Arrow AEHK
HEAAFRRVR T B 114 200 SO e ATk S S P W
AL, A o

800
—=-40mm---45mm----- 50 mm ----55mm
—— 60 mm------ 65mm
700 |

600 -

Fisf 8] /min

B 7 AR X A SR A5
Fig.7 Effect of Different Inlet Penetration Depth

on Extraction Efficiency

2.3.5  ARHUETIE] LR

FEIBU TR ST 2 500 Arrow A€ ISk W FF 27 0 47
i, RS R oA RAE R Ieb TR AR BURE
R 40 °C ERATRI T R A3 R 20% TR 500
r/min JEREREE R 65 mm BYSET I T A5 BUAT
[BJ7E 10~45 min T AYZEIBCHCR . Bl 5 A6 BRUAS (1] 1) 928
K, ZEBCRBE T, QnE 8 s, 78 A% B ] 3]
ik 35 min J&, Bl AE B[R] ZE 4| 2EBURCR T R
FEAZ/N, 35~45 min, ZEHUSCR A2 R K, 5 il
IS0 I Arrow ZEHK K AT RS2 PR, de ¢ R
$£ 35 min R ARG Y AL U]
2.4 FREHLRKEHR

W 4 FAE DN LR ) J5T A 9 VS W E AL 100 mg/L
ATR A PR A W, v 00 o TR, KRR 1,
5.10.25.50 .75 .100 ng/L AYFRIEZR S, ) H
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8 N I[FIAEIRUT (I 4 Ff LR ) S A ORI S 4 S
Fig. 8 Effect of Different Extraction Time on
Extraction Efficiency of 4 Odorous Compounds

T 2 BN BRPI T, 2 Fl AR P SO A K H S
W 20 ng/L, @A -d, ¥EH 2-EMD F1 2-EDD
f N FR , IBMP /4 2-MIB 1 GSM N AR, FH bR
22 H e R — 0 T RRURS IE T £, 25 SRk 2 TR,
JIARHY 100 ng/L AR HERS WS BT i B WAL 9 i,
TEARR B AU 50T, 4 FhEFIAL G 90 2 Ff
BRI I BR 4 0. 7~ 1.0 ng/L, 6 R A& 4 22 0] Y
Oy BRG] DAER e S
T2 A PRILBRY) BRI E LA 50
LA ZBL A R
Tab.2 Linear Range, Regression Equation, Correlation Coe-

fficient, Method Detection Limit of Four Odorous Compounds

oy BMEER oty B/
1 1 2
BB (ngel ) EVEpx R (ngeL)
2-EMD 1.0~100 y = 0.179x-0. 009 0.997 2 0.9

2-EDD  1.0~100 y = 0.314x-0.023  0.996 9 0.9

2-MIB 1.0~100  y = 0.508x-0.035  0.998 2 1.0

GSM 1.0~100  y = 1.136x-0.028

2.5 [MEERELERKKE

FAAS IR e 200 72 1P A 25 X e 4 K A 52 o
IKABEEA T IS, TR H IR ARG T 32k 1 v B R
KR, B H 10.50.100 ng/L 3 A kR Y
FRA K RRIAE i, SEPR IR K FEBE PR AR A BT 1 50K
PEfK I KRE(FE3) 1) 1Sk K FKRE 4351
Jnd% 10.50,100 ng/L #E47 5 AR 3 AN BT L
PRI, AN FEAE AU R B EE W E 6 ¥k,
SRLARAGHIN 772 P AR RORS 25 B, an e 3 i,

0.998 3 0.7
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40 000 - 2-EDD GSM
30000 -
i 2-MIB
j§ 20000 -
AT,
10 000 |- IBMP
2-EMD
9 10 11 12 13 14 15 16 17 18 19 20
B[] /min
9 BT
Fig.9 Total Ion Chromatogram
R34 FRERY) BTAY IR ORISR (n=6)
Tab.3 Test Result of Standard Recovery of Four Odorous Compounds(n==6)
Ak PR
HIPAFE ks 5 (t/ S XS HR fnkrt/ W5 (H/ —_— HxHER
(ng-L7") (ng-L™") Wl 2= (ng-L7") (ng-L™") e 2=
2-EMD 10 10. 64 106. 42% 3.57% 10 11.42 96. 66% 4.05%
50 51.39 102. 78% 4.20% 50 51. 80 100. 11% 5.69%
100 93.22 93.22% 2.39% 100 100. 68 98.93% 6. 17%
2-EDD 10 11.30 113.01% 4.21% 10 11. 14 95. 88% 4.27%
50 48.40 96. 80% 3.69% 50 48.15 93.19% 4.93%
100 93.37 93.37% 2.27% 100 99. 11 97.56% 5.69%
2-MIB 10 10.92 109. 15% 5.19% 10 10. 88 92.50% 1.30%
50 46.74 93. 48% 3.07% 50 46. 61 89.96% 1.57%
100 90. 77 90. 77% 1.97% 100 91.74 90. 11% 2. 42%
GSM 10 10.70 106. 97% 7. 06% 10 10. 41 97.79% 0. 84%
50 46. 89 93.78% 4.38% 50 49.24 97.22% 2.79%
100 96. 81 96. 81% 1. 44% 100 99. 21 98. 58% 1. 64%
2.6 FiENA R4 ORFEIKIEK 4 FhORTRY) BT

VEPRAE 2R ST /K JE L IBOK 11 A 7K 1 EURE 4
ARG AL (0 T4 [ A S B SR A AR A TR it i Ak
B, = PUARAT ST R G AT, Nk 4
JiiR, 459 R AR 4 KoK I BUK O Fig K O,
2-EMD 2-EDD 2-MIB ¥ ki ih, Hk 25 A K,
2-EMD ¥ I 5 T 2-EDD BV, 2 FhERIR 4
YR INF IR, PORKZE ) 2-MIB {4/
F 10 ng/L, fF & (AW KA K D AR ) (GB
5749—2022) H A HLE BR1H

Tab.4 Concentration of Four Odorous Compounds in

Different Raw Waters

2-EMD/ 2-EDD/ 2-MIB/ GSM/

(ng-L™")  (ng-L")  (ng-L') (ng-L7")
K1 BUK D 2.57 1.65 1.46 0.91
KPR 1 ik 1T 1.75 1.55 1.63 A
IKJEE 2 Uk d 2.63 1.59 1.45 A
IKIEE 2 Fik O 2.54 1.56 1.57 Ak th
IR 3 UK b 2.97 1.55 1.50 A
IR 3 K 10 3.17 1. 60 1.76 A
KR 4 Bk 2.78 1.63 1.39 EN it
IKJE 4 ik 1.89 1. 54 1.56 oA
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(1) #E7 T J 5 Y 1 AH o A8 B - = 5 DU AR AT
TR TR B 5 7K A Y 2-MIB . GSM ,2-EMD |
2-EDD X 4 F IR Y 5T 43 B 73k, %07 i A B
{5, SR T MRM 488 2 2 3 B ] LA ol 2 6 4 v 1)
S D100 B VI L 7 RS

(2) i 750 1 AR ok A BT A B A AR AR AR I o L
A 1.1 mm Arrow —AHE A URZ DVB/CAR/PDMS
Wk TEZE BUIR S 40 °C L Eh AT R R
20% T ZE N 500 r/min  HEREIRE N 65 mm 11
%‘iﬁ:?,]ﬁéﬁégﬂ 35 min,

(3) 1% J7 i D 5 45 S 0 A 6 B ofE 5 Rk
7. 06% , HAR [FHSCRAE 89. 96% ~ 113.01%, J5 46
HRE 0. 7~1.0 ng/L R T4 W BT A R EIAH , 7k
HLAT e A R AU, T ARG K R K B Ak R K R
ng/ L 2 LR 5T, S H i Dk 4 7 7K T e =5 1
Hh R SRR AR AR

S 3k
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