ethylene oxide, EtO

(12
&)
(3 6)
Sister Chromatid Exchange, SCE
el International Agency for
Research on Cancer, IARC 1994 2 2A
Group 2A, probable carcinogenic to human
1 Group 1, carcinogenic to human  ®

Permissible Exposure Levels, PELs 1995
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10ppm 1ppm
10 18
19 21 S)lld
Phase Microextraction, SPME
19 21
1-2
1 Solid Phase Microextraction, SPME
HBr 2- 2-bromoethanol



3M #3551



22

CASNo. 7521-8 UN Number 1040
CH,0 44.05 g/mole -111 10.7
0.8694 g/mL 20 1095mmHg 146 kpa EtO

1,2-Epoxyethane  Oxirane Dimethylene oxide Anprolene #

22

123 24 23 24

DNA guanine  N-7

N-7hydroethyl-guanine



1. ACGIH *
OSHA " 1ppm NIOSH
% 0.1ppm 15 5ppm
2, 5ppm 50ppm *
3 1995 6

10ppm

lppm 15 2ppm



2 11ppm ¥

4000ppm >
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23 32

23 32

Fischer
10 33  100ppm )
2 Fischer
4 Fischer
50  100ppm 5 7

Fischer



17 33

Chromatid Exchange, SCE

17 34

B6C3F1

17 34 35

Sser

35

35



35

35

147 147
17 34 35
2-6
1. OSHA method 49 *°
3M #3551
2-
tetrahydrofuran gas chromatograph

| electron capture detector (GC-ECD)

stainless steel, 10  SP-1000 on 80/100 Supel coport



2. OSHA method 50 **
HBr
100 mL/min
2- dimetylformamide DMF
GC-ECD glass column packed,
10 SP-1000 on 80/100 Supelcoport
3. NIOSH method 1614 *
HBr
50 150 mL/min
2- dimetylformamide DMF
GC-ECD 3mx4mm glass
10 SP-1000 on 80/100 Chromosorb WHP
4. CLA5018 *
HBr
50 150 mL/min
2- dimetylformamide DMF
GC-ECD fused silica

WCOT DB-WAX 30mx0.53mm ID 1.0um

10



1. 3M company determination of ethylene oxidein air ** *°

3M #3551
2-
tetrahydrofuran GC-ECD
J WDB225 (50 cyanopropylmethyl-50

methylphenyl- polysiloxane) 0.25um film thickness 0.25mm

1.D., 15m capillary
2 10
60 mL/min
Carbosieve Il
600mg 100

gas chromatograph / flame ionization detector
(GC-FID) Supelcowax 10 (60mx0.25mmx
0.25um)
3 / H

50 mL/min

11



Spherocarb

GC-FID Supelcowax 10 30mx

0.25mm  film thickness 0.25um

4.
Crystal Diagnosyics AirScan Eto
Chem Chip Photoacoustic infrared detection
18
Solid Phase Microextraction, SPME 18
21
SPME
2-7 Solid Phase Microextraction, SPME

12



2-7-1

1990

2-8-1

holder

19 21

Pawliszyn

19 21

Solid Phase Microextraction

2 SpPME

SUPELCO

2-8-1

13

21

SPME

fiber



direct SPME

headspace SPME 20

fiber

36

2-7-2 SPME

19 20 48

1. SPME

2-7-3

Gas Chromatography, GC

14



Gas Chromatography / Mass Spectrometry, GC/IMS

High —Performance Liquid Chromatography, HPLC

37 39

40 46

36 47 48

2-7-4

4993 Fick's
Firg¢ Law

Molecular Diffuson Transport

20 49 50 52 53

Fick'sFirst Law
dm/dt=(DA/Z)(Car-Csorbent) - 1

drvct (weight/time) [+ z .
d ( . ht) FF.«:‘E ‘\— Sq:-bem

m Weg I x‘"—x\_ Rl

s Y
« (ime) i ot
| | Ciomserr=0

DA/Z (cntime) |
0 (CmZ/SGC) fsol*zw

15



A (CrnZ) 40

Z (Cm) 40
Car (weight/cn)
Csorbent (weight/c?)
Fick's First Law
L Car Cface
2 0 Csorbent 0%
2-7-5

R=DA/Z - 2
R
D
A
Z
SPME
54

A=0.00086cnt >* 7=0.3cm %

16



£ T175
D 0.00143° T

where Dag
T K
Ma Mg

Mag = 2[(UMa)+(LUMg)] ™

P bar
Sy
A
B
3
4 0.0235
0.0273 cm*/min 35 0.02831

17

® O PMRI@ @ ET

cnt/s

g/mol

cm’/min

cm’/min

49 51

18

25



2-7-6

56

(messhold up) _(C/12LA _ 1P
T= (diffusvetransport rate) (DAC, /L) 2D 4
Co weight/cnt)
D cn/sec
A cn?
L cm
3M #3551 L=1cm D=0.1554 cnf/sec
4 3M #3551
3.22 3.22
SPME L=0.3 cm
D=0.1554 cnf/sec 4 SPME
0.3 0.3

SPME 3M #3551

18



311 Solid

Phase Microextraction, SPME

(CAR/PDMS)

18

3M #3551

Carboxen/Polydimethylsiloxane

30

SPME

0.5ppm 1ppm 2Z2ppm  10ppm

3-2

Administration, OSHA

SPME

GC/MS

3M #3551 SPME

Occupationa Safety and Health

3M #3551

19



3-3

3-3-1 3M #3551

3M #3551

331

Teflon

HBr

20

3-3-2



2-bromoethanol

C,H,0 + HBr —% 2-BrC,H,OH

3-3-2 SPME

SPME

18 20

4mL

Teflon

34-1

3-4-1-1

Teflon

2mL

Teflon

3-3-3

3M #3551

PE-AutoSystem XL

PE-TurboMass

21

HBr

Teflon



3-4-1-2

1. column SPB-1701 30mx0.32mmx0.25um
2. 3M #3551
3. SPME fiber SUPELCO 57318

Carboxen/Polydimethylsiloxane Car/PDMS

4. SPME holder SUPELCO 57330-U

5. sampling bag 29.9cmx45.7cm, 10L, SKC 231-08,
USA

6. automatic silent compressor SA. 50/24 AL Werther
international

7. zero ar generator  Whatman 76-818 USA

8. Harvard syringepump model II USA

9. 42cm L 14cm OD. 13cm ID.

3-4-1-3

1. 50000 pg/mL Ethylene oxide in methanol SUPELCO

2. 2- 2-Bromoethanol 95 SIGMA
3. 48 WIW Hydrobromic acid LANCASTER
4. 1-pentanol 99 MERCK



5. methanol 99.9 MERCK

6. methylene chloride 99 WAKO

3-4-2
3-4-2-1 3M #3551
2mL1 9
19 s

1mL 2mL

18

3-4-2-2 SPME

30ppm

18

3-4-3

1. Injector Temp 250
2. Cariergas He

3. Flowrate 0.8mL/min

23

30

SuL

viv

SPME

10



4. Tempprogram 60 (2min) 30 /min_ 180 (5min)

1. Inteface Temp 260
2. lon Source Temp 260
3. Scan Model  Selected lon Recording ,SIR

4. Solvent Ddlay 2min

35
condition Teflon
HBr 2mL 4mL
SPME Teflon
4mL 30
2- 2-bromoethanol
351
3-6
3-6-1
1
1 1

24



SD

Teflon

4
R 0.995
8.37 pg/mL 7
3 standard deviation,
7 3
7
10

/ )x100

25



3-7

CcVv

CcVv

v

Coefficient of variance,

Microsoft Excd 97

SAS8.2

26



4-1

4-1-1 3M #3551

1
2- 4-1-1 4-1-1
8.37 334.8 ug/mL R 0.995
4-1-2 4-1-2
2.
1 8.37 ug/mL 7
3 standard deviation, SD
1.68 ng 4-1-2
2 7 3
0.0894 ng 4-1-2
3.
167.4 pg/mL
4.08 4-1-2
4,

167.4 pg/mL

27



CVv 3.70 4-1-2
S.
167.4 ug/mL 3M #3551
103.0£3.8 3
4-1-2
4-1-2 SPME
1
2- 4-1-1 4-1-1
8.37 334.8 pg/mL R 0.995 4-1-3
4-1-2
2.
1 8.37 ug/mL 7
3 standard deviation, SD
1.68 ng 4-1-3
2 7 3
0.0401 ng 4-1-3

28



167.4 pg/mL

CcVv 6.75 4-1-3
4.
SPME
1ppm 3 4 SPME
Car/PDMS GC 250 5
4-1-3
SPME
2-
4-2
4-2-1
18 SPME
HBr 30 2.93x10”
30 SPME
25 1ppm
45

4-2-2

29



SPME
30
4 7
10
93
4-2-3
SPME
30
10
4 7
97 4-2-1
4-2-4
10
4-2-5

Car/PDMS

4-2-1

Car/PDMS

8ppm
SPME

4-2-2

8ppm

8ppm



trap

3M #3551
SPME
4-2-1
0.5ppm 1ppm 2Zppm  10ppm
3M #3551 SPME
4-2-2
4-2-3 3M #3551 6
R =0.9996 SPME
6 R =0.9958
4-2-6 SPME

8ppm 4 25 35

SPME

31



4 10 120
2.27+0.14 x 10°mL/min 25 10 120

3.11+0.08 x 10° mL/min 35

120 2.94+0.12 x 10° mL/min
4 25
P 0.0074
25 35
P 04476 4
35 P
0.0081 SPME
4-2-3
4-2-4
4 97 25
114 35
105
8ppm 1ppm
SPME 25

60 480 2.37+0.08 x 102mL/min

32



35 60 480 3.00:0.34 x 10?

mL/min 25
35 P
0.1510 4-2-4 4-2-5
25
87 35
107
4-2-7 SPME
35
1ppm  8ppm SPME
1ppm 60 480
3.00+0.34 x10°mL/min  8ppm 10 120

294+0.12 x 102 mL/min
1ppm 8ppm
P 0.8510

4-2-5 4-2-6



4-2-8
18
10 80
SPME

P 0.8008

4-2-9
8ppm

25 SPME

10 90
2.93+0.11 x 10° mL/min
107 10 120
3.11+0.08 x 10°mL/min
P 0.2214 SPME
20 50fpm

4-2-6 4-2-7



1ppm 25

360
2.82+40.20 x 10° mL/min
60 480 237+0.08 x 107
mL/min P
01111 SPME
20 50fpm 4-2-7 4-2-8
25
103
6
1 2
4-2-10
Carboxen/Polydimethylsiloxane (CAR/PDMS)
0
3M
#3551 SPME 6



0.5ppm 1ppm 2ppm  10ppm

GC/MS SPME

3M #3551

R =0.9861 4-2-9
4-3 SPME

258+0.14 x 102mL/min 4-3-1
4-4
3
4-4-1 31 4-4-1

4-5



4-5-1 4-5-2
1ppm 1.8mg/m’
1ppm
4-5-1 4-5-2 3
SPME 3M #3551
SPME
3M #3551
4-5-1 3M #3551 SPME
3

R=0.9704

37



o1

1 4 7

2 4 7

3. SPME

4,

R =0.9996
10ppm 6
5.
25
35

93%
97
10 8ppm
3M #3551 SPME
3M #3551
0.5 10ppm 6
SPME 0.5
R =0.9958
1ppm SPME
2.37+0.08 x 107 mL/min
3.00£0.34 x 107 mL/min
P 0.1510
8ppm SPME 4

227+0.14 x 102mL/min 25



3.11+0.08 x 102 mL/min 35 2.94+0.12

x 10%mL/min 4
25 P 0.0074 25— 35
0.4476 4 —» 35 P
0.0081 SPME
6. 05 8ppm SPME
1. 25 Ippm

2.82+0.20 x 102 mL/min
2.37+0.08 x 102 mL/min
P 0.1111

SPME

8 258+0.14 x 10° mL/min

9.SPME  3M #3551
R=0.9861
10.

1ppm 1.8 mg/m’

39



52

11. SPME

SPME

3M #3551

R=0.9704

SPME

Ippm



a4

23 32
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2-8-1

T'ypes of SPME FKibers

Bare fused silica Adsorbent polar
7um polydimethylsiloxane (PDMS) Absorbent  nonpolar
30 um PDMS Absorbent  nonpolar
100 um PDMS Absorbent  nonpolar
85 um PA Absorbent polar
75 um PDMS-DVB Adsorbent  bipolar
75 um CW-DVB Adsorbent polar
50 umv30 um DVB/Carboxen-PDMS Adsorbent  bipolar
* 73 um Carboxen-PDMS Adsorbent  bipolar

51



4-1-12-

(ng) Area  2- Area 2- Area
8.37 4859 1215 1108
16.74 4532 2413 2360
41.85 4058 5457 5962
83.7 4791 13201 12216
167.4 4108 26090 28159
334.8 4255 55199 57518

52



4-1-2 3M #3551 QA/QC

QA/QC QA/QC
R 0995 R 0.995
1.68ng
33D
7
0.0894ng
3SD
10 4.08
Ccv 7 3.70
85 103.0+3.8
4-1-3 SPME QA/QC
QA/QC QA/QC
R 0995 R 0.995
1.68ng
33D
7
0.0401ng
3SD
Ccv 7 6.75
85 100




4-2-1

2- mg
d 3.71x10° n=8 100
2 ®©  354x10° n=5 95
2 ' 394x10° n=5 107
7 9 345x10° n=4 93
7 h 350x10° n=3 97
Ca/PDMS 48 HBr 30
2- CcVv 10
14.38 mg/nt 30
GC/MS
2 14.38
mg/nT 30 GC/IMS
14.38 mg/n? 30
2 GC/MS
4 7
14.38 mg/n? 30 GC/IMS
14.38 mg/nt® 30
4 7 GC/IMS



4-2-2

Car/PDMS fiber
2- Ccv
ppm min area
1141
1286
8 10 1262 9.09
1065

1064




4-2-3  8ppm

t test
4 —» 25 0.0074
8ppm 25 —» 35 0.4476
4 —» 35 0.0081
4-2-4  1ppm
t test
1ppm 2S5 —» 35 0.1510




4-2-5 SPME

t test
35 1ppm —» 8ppm P 0.8510
4-2-6 8ppm
t test
25 8ppm —» 8ppm P 0.2214
4-2-7  1ppm
t test
25 1ppm —» 1ppm P 01111

57



4-4-1




4-5-1 (3M#3551
gyt ppm
P01 5091.02 2.83
P02 i -
P03 5230.11 291
P04 5020.97 2.79
AOL 1514.04 0.84
AO2 1366.71 0.76
AO3 688.34 0.38
AO4 385.36 0.21
A0S 321,61 0.18
A0B 208.35 0.12
el ppm
P01 37358.23 20.76
P02 27783.33 15.44
P03 27491.91 15.28
AOL 6791.07 3.77
AO2 6092.99 3.39
AO3 5090.65 2.83
AO4 9019.62 5.01
A0S 2334.59 1.30
A6 1418.39 0.79
AO7 18021.46 10.01
*PO1 P04 AOL AO7



4-5-2 (SPME
gyt ppm
PO1 7189.57 4.00
P02 7112.18 3.95
P03 10461.21 5.81
P04 11828.89 6.57
AOL 2625.18 1.46
AO2 3580.01 1.99
AO3 1619.18 0.90
AO4 1277.58 0.71
AO5 1060.17 0.59
A06 363.31 0.20
el ppm
POL 93005.06 51.68
P02 162056.44 90.05
P03 208493.39 115.86
AOL 10335.23 5.74
AO2 10849.69 6.03
AO3 7518.06 4.18
AO4 11551.98 6.42
AO5 2648.72 1.47
A06 2857.94 1.59
AO7 42655.23 23.70
*POL P04 AOL AO7
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