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o] o, edetd IE HZslo] AB
AF & Benzened} CSH:E 99:18 =315t
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H

ozt BEAEE Hetshr] fls 10%
HBr(Hydrobromic acid)7} 3g @
Charcoal tubes& 0]&35}0] AlF] & DMF
£ ©% stal HFBIE 083510 =R
Al & BAJsteE 29l OSHA ID-50,
NIOSH 1614 ¥ KOSHA Code A-1-121
7F WS ATt 2L 200614 10% HBro]
FTYE Charcoal tubes?} T 0]4} ABAIY]
Al g0l et OSHAOAE o] thAg
mAE 57] flsl 71ES] Edett FASH
Carbon beadsoll 10% HBrE IFEAIA 0
T2 g g3lolo] BMSHE A2 HHe

Al eFACH
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1. Aot
* 2-Bromoethanol(95%, d=1.763)
* Methyl alcohol
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* Dimethylformamide (DMF)

* [sooctane

e n-Heptafluorobutyrylimidazole
(HFBI)

2. AEYPY P BA 27

{o

1) 10% HBr7} &=l Carbon beadsZ
HIEL20| 2ls Ef&EtsH= gHH(OSHA 1010)

L

(1) BFE89 2 &2tg A4 AR AR
9n% ) 2-br B
£ HERSo] 346}
lution)E =H|5t
47.2, 59.0, 88.5 ug/ul
o2 HxstA

A9l omoethanol T Y
o] EFEEY (stock so-
OlF Z+Z} 11.8, 23.6,

5 )l 55 5

EHalE A8AEE 2I6iA OSHAOIA A
Aot U2 &7] 28E 12 LE 7]80=2

AStoE O =E7]F 1 ppmQ] ThEf
0.5(11.8 ug/sample), 1(23.6 ug/sample),
2(47.23ug/sample), 4(83.5 ug/sample)t
TLV ¢&E2=2 10% HBr coated Carbon

(E 1) 7tAT20tETm|o| XA

beads tube®] &0

Yot A aotATt.

(2) A

A= (HBr-coated Carbon beads,
SKC 226-178) & 5 592 Eelsto] &4
Zts 2 mL Hpolgo] Ei1, = gujel |
ErES 1 mLY 7}°P

ré
ELIEME Oloo}04 <4L 1>1} e BMxR
Hoz BAMEHATT

2) 10% HBr7t ZE= Carbon beads
2t 10% HBr7t Z&E Charcoal beadsE
DMFZ =ztst & REHE ot 2H

(OSHA 1010+50)

(1) BERY 2 Y9N8 APE AR AE
95% O]Are] 2-bromoethanol EEHY
£ DMFE gA5t0] #E&% (stock so-
lution) & FHIokA, O 442 11.8, 23.6,
47.2, 59.0, 88.5 ug/ul =2 & 5719 s &

O T e

Column

DB-wax(30 mx 0.25 mm ID X 0.25 um, Varian)

Column oven Temp.

70 C( 2.5 min hold) —

125 “c(13 “C/min, 1 min hold)

Injector Temp.

200 T (Split ratio: 100)

Detector Temp. 260 C
Carrier gas N2, 1 mL/min
Injection volume 10

L=
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o= NAoAC.

SEE AYAHEES QIsiA Acetonitrile
o] 8]4%t 2-bromoethanolE 0|25}
OSHAOIA HAlete HE &7] 22 24
LE 7I&ECE 4tstoele E7]1F 1
ppm® THEF 0.25(11.8 ug/sample),
0.5(23.6 ug/sample), 1(47.23ug/sample),
2(88.5 ug/sample)tl TLV E92 10%
HBr coated Carbon beads tubed] T
5to] A ZotRiTt,

() By

B

A& (HBr-coated Carbon beads,
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2, 204 58 o] &t 'hX|SITE,
1% HFBIZ} 32&% IsooctaneE 1 mL
FI5l test tubeo] Ea1 71 Qo DMF=
AN=E 10 uLE <t 18 &
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(O™ 1) 10% HBr7t FEE Carbon beadsE 012%H AtstofE2iie] I 20tE T3
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670 BEEHS 5EE TIR(X)FLS

1. 10% HBr7} 29 % Carbon beadsS 2, 1Iudg AZ(V)ECZ sto] A
He-Zol o) 22sh= 9 (OSHA 2 Feta(aR2), y=bX+aQl 37dE
1010) Alg Tl er o] sl EAlS BEERL
ot 71€718 ol&sto] d&E8HA (LOD,

1) Aol Eie] E& ZHZFEM HESH  Limit of Detection) @t AZSHA (LOQ,

)

ES | Limit of Quantitation)E T3t TH
(O¥ 1) 10% HBr7F I8€E Carbon  (NIOSH 1995).

beadsE WEhEo] Ealsto] A4S 320} HAESH = 1.421 ug/sample0] 2l HEFst

EO¥ES B Aot 64580 AEE  Ale AETA 39 3.3u19 4.689

dde AtstolEdle 237E o) IEE ug/sampleE AXMEQICH (I8 2= A5}

HBri} Atstod#o] ¢7HA drSste]  olgdle] A=A E LERA Zolt)

/% 2-Bromoethanol®] 1]30|C}.

1000000
900000 y=10190x+6338

R2=O.9V
800000

700000

600000

500000

Area

400000

300000

200000 /./

100000 /
e
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Ethylene Oxide(ug)

(2 2) 10% HBr7} 2EE Carbon beadsS HIEHSO| OJsh Tatsts WIS 0|23t MslolziElo] Zaray
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(& 2) 10% HBr7t ZLE Carbon beadsE HIEIZ0] 2Ja EAlsHs WS 0183 3148 A8 2t

Sample 1 Sample 2 Sample 3 Sample 4
n. 11.806 ug 29.516 ug 47.225 ug 88.548 ug
1 101.3% 94.7% 94.9% 96.1%
2 105.7% 93.4% 95.7% 92.5%
8 104.2% 98.9% 94.4% 96.7%
Mean 103.7%+0.022 95.7%+0.029 95.0%+0.007 95.1%+0.023
Total Mean 97.4%
2) MEe 2 M¥Uc Hit ple 5% FFA Hes]4E0] 95.1% (H
dete E71E flol AASt gEge A 91 92.5-9.7%) 019 oM, [A| B sl
Fe dguel mE 247 Bk $EEE 82 97.4%E =2 882 UET
VI 2 oiRE SHEY AR ALoA]
XS 2 BAg AAGIY o, dege UL VMM dee gUte &L
Ch23t 2t O 2 MZ TE 19 s=0lA 33] &t
BRAg Sof w24 4] Yehts 84
11.806 ug/sample®] % ¢FoA B 79l Xol€ Hrtete] AU =S HrlstAtt

SES 103.7% (HSI: 101.3-104.2%),
29.516 ug/sample s £ BHES] 4 qd5 2}
2 95.7%(HS © 93.4-98.9%), 47.225 OJAIG+ 3.1, 3.0, 0.7, 2.4%= LIEPA O,
ug/sample 5% FEOA B2 V) s & 5

95.0% (HS] : 94.4-95.7), 88.548 ug/sam-  HI7IHQTH

ga)
i_l“
1o
=
S
X
>

Ir
DO
o8
<
i

(& 3) 10% HBr7t TYE Carbon beadsE HIEF20| 25 EAlSH= WHS 0|26 HUE HI| ZAn}

Concentration (ug/ud)

11.806 29.516 47.225 88.548

13| 11.961 27.959 44,828 85.111
23| 12.476 21513 45,205 81.923
33| 12.298 29.194 44,560 85.628
o 12.245 28.242 44 864 84.220
HEMR} 0.262 0.847 0.324 2.007

EHO|Al~(%) 3.1 3.0 0.7 2.4
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150 | d:\star\datatetoltestx1010\oshas0\std-5-1.run
d\star\data\eto\testx1010\osha50\std~3-1.run
di\star\data\eto\testX1010\oshab0\st-2-1.run

125

2—bromoethyl heptafluorobutyrate

100 \

|

75
p2]
©
E 50+ 8
©
HFBI o
1L
25 \ T
0 ‘\—"’\"‘/\’_A
-12 T |

0(3.126)

~
[6)]
(o))

2 3) 10% HBr7k & Carbon beadsE DMFE & 5 [Tilst stz HHE 0l&et MetofHule] I20tETH

2. 10% HBr7} 8= Carbon beadsZ
DMFE g2 3 T A5} = 1y
(OSHA 1010+50)

1) Aol BEE TN, HE5
2 H

(I8 3»& 10% HBr7} FEE Carbon
beadsE& DMFO|| €=lslof HFBIZ |-
Agt & BASH I2nfE 18 S LER A
oL},

3180 A& 1lae fEAS E Ats

o€l &l (2-bromoethyl heptafluorobu-

tyrate)olal, 5380 FEAS fFE =

28 | NgEd

e HFEBRIQ| 1|3 0]t}

6719 BEENY sEE MMR(XF
=, 33EEE MZ(Y)ECE 5to] d=
g ZstaKad2y, y=bX+a2l 3]HLE
Alg Fet o o] 3|7 A o] BEHEA}

| 7182718 o] &aoto] AETHAI} AESHA
E TSI CHINIOSH 1995).

LOD #2917 ug/sampleo] 1l Agksh
Ae AESHA 9 3.3u1Q1 9.626 ug/
sampleZ AXERICH (O™ 4> Abstol
gdlo] Az g Ve A ojtt,

o
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700000

y=6950.x+1510. @
600000
R’=0.999

500000

400000 |— /
300000 /

200000 /
100000
. V

0 20 40 60 80 100

Area

Ethylene Oxide(ug)

(A 4) 10% HBr7k ZHE Carbon beadsE DMF2 23t & SEx3t she WS 0183 Asjo|giael 2T

A2 dediol uet 44 sk eEE=E HUE oM e g8 GUiet 22
VIR ZRE HAE shRd A deox HHoE AR OE 419 sEolA 339 &t
XS £ BAS AAGIEoH, sleee  BRAS St iE B4 A Uthte 24
T3k 2t 2] xtolg Frioto] =S FII6IITH

AU Hrida &4 s E0 Tiet
11.806 ug/sample®] 55 SFojA B o)ASE 3.1, 0.6, 3.3, 1.5%F UERGOH,

A48 78.8% M 77.1-81.6%), M B $F [AAQ HOASLE 2.2%=

29.516 ug/sample %= $Fo|A sl F7HE AL

S 80.6% (89 : 80.1-81.1%), 47.225 g

/sample 8% SEOA Bddege AN

80.4% (M © 77.5-82.7), 88.548 ug/sam-

ple 8% FEAA H3|4g0] 77.4%(H AU 204 e dado] & 8l
Q] 1 76.4-78.7%)01%oH, AA| B sl ZIAQ] Alstogdle dHMAOE EO gas
£ 78.9%2 LFEISAT gt Bfle VA BER & S5V 2

20124 49 | 29



(& 4) 10% HBr7t ZEE Carbon beadsE DMFE 2t 5 QT |st st= WS 0|25t 3148 AF ZH}
Sample 1 Sample 2 Sample 3 Sample 4
n. 11.806 mg 29.516 mg 47.225 mg 88.548 mg
1 77.6% 80.1% 82.7% 78.7%
2 81.6% 80.7% 77.5% 76.4%
3 771% 81.1% 81.1% 771%
Mean 78.8%+0.025 80.6%+0.005 80.4%+0.027 77.4%+0.012
Total Mean 78.9%
YRE A=oll IsZoldE 55444 559 &AQEs Hrhslr)e ofgr. os
7bORIE Wetdolglal B oER Atk eduwe FEs ddsi olgst 2
HQl OSHA ID30EH0] 7RHUE| QI OL), A
olZfgt isloEE FFeke A slogwo] LT} vrSH, e obEA,
A =E2E7IE ol7] Qs B EAdEE ue gxo= o5 AEst BUiE sy
S ATHC PIDZF REE HUI8 GC dAYE AL
E 018510 0.1 ppm9] F9| Arstojeldl 3MOA = HBro] FEE &4 s
= B4 ¢ e AHe dE7)o) 4 A o] &% SAIHLUEE JfEEto] (OSHA
914 o] Bilet ) Alslolgro] YRS ID-49), ol= AslolEelo] el &2
Ol23IAF st 717} o]F0iK]7] o] O] T™ ZA] 2-bromoethanol 2 AL =
Ch= B0 Ql Hold §8EE o8  HElE o888 Aoz, "HEE 2-bro-
oF FUIE AE7IS ER0I2SEE7IZ 0] moethanol& GC/FID % GC/ECDZ A
Sole BAUHES STV wol Y sl <’ 5y

(& 5) 10% HBr7} ZE!= Carbon beadsE DMFZ

um

AE ReAE ol HHE 0188

Concentration (ug/u0)

11.806 29.516 47.225 88.548
13| 9.16 23.63 39.06 69.71
23| 9.64 23.83 36.58 67.69
33 9.10 23.93 38.31 68.23
g+ 9.30 23.80 37.99 68.56
HEHER} 0.292 0.148 1.271 1.036
0| A|5~(%) 3.1 0.6 3.3 15

30| dgE

r=d
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0
H / \ H OH Br
N 2 | I
P + HBr — H—C——C—H
H NH I |
H H
(2@ 5) Arstollzizat HBre| B2 by

< 2006\ AlSANF miAQ] HBrrF A

OSHA ID30¥H9] SHAIE FE5H] 0]&
? %l petroleum charcoalo] THE Hoj o}

<
ol OSHA ID-4980Ho] Zetsto] &488 g
of HBro] IYAA tlstoddle ZFst g} o]E UiAlg] Q5] ektEUEE o&
23 ujAof thet ergdo] SThE AT ot BEMEHE EURE charcoaldl FAlSH
T2 B2 230 55004 ECDE 0] A 84% Carbon beadsZ 020} &
&oto] &4 Al st HBro] wj2o] £440]  Anasorb® 747 th&El7} Fgtsitt wtksial
ol Lt o] mixloll HBrE FYAIA AZE thHE
Ol diZct”] ¢ HFBIE o]8&5to] AT
" 63t Z2 318t vh8g E3l 2-bro~ olo] B OSHAOIAE 1 B2 gt
moethylheptafluorobutyrate2 SLEAS 510 EA8H= OSHA 1010 &S Aoy
A7l & BAlshs 99l OSHA ID-500] U} J2jL} SHEAM RAZ o] oIts
kicboi= A T3 AR L 2Awy o
O\\ /C3F7
O\\C/C3F7 (lj
OH  Br | 0 Br H
H—C’—(')—H -+ b —>> H—CIJ——C')—H ~+ N
o o W
2—bromoethanol HFBI 2—bromoethyl— imidazole
heptafluorobutyrate

(O 6) 2-bromoethanolat HFBI2| SEH3} HS Py
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82.7%0100H, JL& FrlojMe 4 55 2pEo| taskE wet 24 Az 4 Hg

Ol tier HOlALTE 0.6-3.3 %2 H9l & WAGL BHAIE £Y 4 qlon, &

2 V) sk o5 O HolASE 22%2 2 BEed §ULE UER)o] s

F7IE A 4o AN 7+ HEsh Aog weke
=

OSHA 10104 80] TAz] W & 24

A-1-121, 20086.

2. =R MYEEE & Hre|lnd, 1858 TA| H2011-255, 2011,

3. A MLESHE, AMIETAL ME, 1995,

4, RMUATBAIT. SISIEE FE ALS AEHERAF Ao TA(ASH0 ), 2009.

5. SRAMAUTRAZE, QUK A|ZAF L BAMdH Ay 2010,

6. OlMY, LRI, 2HE, M8, LiiE. MX2|LHol mE AM3lo|eH 2AHo| Tt FH2A )
MBS X| 2003;13(2):144-151.

7. Ethylene Oxide. Documentation of the Threshold Limit Values and Biological
Exposure Indices, 7th ed.; American Conference of Governmental Industrial
Hygienists, [nc.: Cincinnati, OH, 2001; Vol. 2.

8. Kevin Joseph Cummins. The development and evaluation of a HBr—coated sampling
tube for measuring occupational exposures to EO, The University of Utah, 1986.

9. Occupational Safety and Health Administration(OSHA): sampling and analytical
method 50, Ethylene Oxide, 1985,

10. Occupational Safety and Health Administration(OSHA): sampling and analytical
method 1010, Ethylene Oxide, 2007.

11. National institute for Occupational safety & Health(NIOSH). NIOSH Manual of analytical
methods, Method 1614, 1994.
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