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E09 BAS F2 17 357 W vy
£ AFskal arsEelE S5 AP
A= QPR whpel] dhsiA oo
Atk weiA glek AlgellA o] 27]
e E 1Y ol ARHa 5o
o] e, 7] SoRE 75, 79,
TE &5, 795, deveids A
LR,
1995). 53] EOF 4 sAE4E &
F8R= O]+ guanosine®] N-7 position
DNA®| &A% = N-7-hydroxyethy-
lguanineS FA30] =AWIE Lo
™, hemoglobin®] histidine®] A5t
N-3-(2- hydroxyethyl)-histidine & 34J3}7]
wzolek. Begk A W AR 5 eth-
ene®l| 2J3l] FYHAY S T F=
o Jaf UAe] Fr=w, HE W 371
ZHE SA] FFEo wWEA FAoR
SR 3L YA Ujell S Eck(Filser} Bolt,
1983). EO°ll &% FEAJo M= wdy
o Eo] okl o AllA Bl
Al Sl Eo°ll =38 Aol =
AAFARE(16.7%) 0] HHE(5.6%) 1 1]
3l SErhar WA, 1995). Hst
EO°l| 3 e ok} wE2wA] o
& Ank e o=l gt 7t
7L AXsh= 29l F el GSTY
AES} A o} WIEE vlwe 4
7} EO kE o] UlF T GST A
= 9 QA o NI} FoleA =9k
thal B Hrh RS 5, 1993).

EO= B 2EAE Tl 53] 54+
T2, AIEA, BO7IAE AN 5
A SOl ek SEAREA =E
d Qo] am, 2 A5V|TE Ao
HA eZETh sHAE Eool o8 Ee
H AFES ARSE ZEARY EAbol|A] ]
&, AA=AE 2 §8AEo] B
I HGlonR Eo7kAe] Ee F A
=73 AP 1 giFe] deAo] i
w3 itk

olefst E02 1A =/l whebA ml=
A AHE7HE € 8l (American  Confer-
ence of Governmental Industrial Hygienists,
ACGIH)= 3187|155 1ppm o2 3laL

b
_— =

ofX

d
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om, 53] AAAR ekl A2
(suspected carcinogen) = g3kl
(ACGIH, 2002). 5=3F v]==15]Ak3iokd
A (National Institute for  Occupa-
tional Safety and Health, NIOSH)ol|*i= ¢
WESARZ 1020 FHIL S ppm, SAIE
734t 0.1 ppm "REO.E A5} Q)
o, MY 913 74 e
NN FdEEAAM A0 TA
EO=S AAJ3laL QITHNIOSH, 1988). ™=t
o] ARQPA A= Occupational ~ Safety
and Health Admini- stration, OSHA) A &
8AIZF TWAS | ppm O.2 a3k, T3t 15
- excursion limitE 5 ppm O % g5k
Ak eyt el A = 8AIZF TWA
£ lppm % Aatal, FAAR WkEA
o1 A2 Tk QUTH AN 2002).

Feuet s tellM s 20029 5H B
49| AJESH S AABHES qfAlst
7] AR, 2002). A1RE T
E0S] 572 Slsh Aluars] 2l Ae] ¢
g Wl 2 OSHA  EAHPY
30(1981)°]L} OHSA A" 50(1985)
4l NIOSH A1 1614 (1994)= =
ARgskaL Itk

OSHA A% 302 coconut shell
charcoal tube(ZARHHE o]8319] A=
718 ZAsh=tl, 9kt Eodl of
gk gAjo] w1, F0 9] =obgst 540
3l gppr} % dofdtt. ofst AR
=& Batal 7 OHSA 418
50°1141+= HBr-coated charcoal tube S A&
SHEE 371% E0E XA 1H
o]a1 ¢HdskAl B3kE AIA 2-bromoe-
thanol 2 HIPAZILE  WESE 7]7]54] A
acid matrix®] &J3l 7P} = A
Heksl] fl3l 23 AlEE HFBIEY
of 23l 2-bromoethylheptafluorobutyrate =
FEAE AL 23] o] fAlE) 1)
Aol Ao 3 GHA| o] A HAE
AW, AEE T W ol AR el
/1A HEE A0 9ap) waye
7Fedol =t st freAlsh #ge] Eo
A Aol AU o] Gk wA=

Aol et B olFolAA) ehslek

uwhA| 2 194 HBr-coated charcoal
tubeol] ¥ EOE A2 & o, )
2 fEASl e A, AUE(E
o7, @8 a s W g2 59
e vyt FoEM, FHs)
W7t O HAE AR A

WS AlxJskaat sl

-
o

of
3
Hol-

0. 28 Az & 9
1. A8 A=

E0S] gata s 9l g5 59 oM A
&5 9131 OSHA w44 50014 A
Al&FaL Q)= HBr-coated petroleum charcoal
ube(SKC 226-38-03, 100mg'S0mg)S A+
3Tt

FEgNS wE7] §lsked, 2-bromo-
ethanol(Fluka, 95%°)dh)< ARSI, &
2-21l= N,N-dimethylformamide(DMF,
Sigma, 99.9%°)’d, HPLC grade)2} benz-
ene (Sigma, HPLC grade, 99.9%°1"d),
carbon disulfide(CS,, Crown)E ARESISITE
FEAIs} Aok isooctane(Fisher, HPLC
grade, 99.6%)} N-heptafluorobut- yryli-
midazole(HF BI, Sigma)E ARS-5FITE.

2. GC-ECD =4

B0 4] Sistol A8 %)
(Electron Capture Detector, ECD)7} -2
7k~ AZvHE 183 (Gas Chromatograph,
GC, HP 5890 series)= ARESIR T, 114
73-& HP-FFAP Capillary column(50mx0.32
mmx0.5pm)e ARESIGATE Aol wh
T 771202 Table 13} 3tk

1) Benzene :CS,(99:1) EEHBOHE 0|8
St B () 1)
Al = (HBr-coated  petroleum  charcoal
tube) = <, HT 0% Flsfo] 2z} Hiof
2 & g8l benzene:CS, (99:1)) 1ml



Table 1. Gas chromatograph—electron capture detector operating condition

Descrinti Conditions
escriptions condition for 2-bromoethanol in benzene and DMF condition for 2-bromoethylheptafluorobutyrate
Instrument HP 5890 series HP 5890 series
Detector Electron capture detector Electron capture detector
Column HP-FFAP Capillary column HP-FFAP Capillary column
Temperature Injection port 250C Injection port 250C

Detector 290 C
Column oven 150C

Detector 290 C
Column oven 120C

Carrier gas flow rate N2, Iml/min N2, Iml/min

Make-up gas flow rate 25ml/min 25ml/min

Injection volume Lul lul

Split ratio 80:1 80:1
= 718lar 2 ol BEAJ7] 3 o] & detection, LOD):= NIOSH(1995)0114] AA] " n *1 P
N BAAER Sk AR S 9 g ilel wet ARk AlE R b > fi(CVi)2
¢ BEEIS S BHEUE G S area)2he) HHIAA( Y = mX + il )
ol 1.84, 3.69, 7.40, 18.45, 36.90, 73.801:g%]  b)= 2] 7t A5 ug)oll W HEE CV= n @
L O VI & o] fANS HFE 7|YHgky) jZii](stan dard error of .2 fi
How it regression, sy) = 7011 ofj2} 2 210 L =l ]

2 DMFol ofsf MRS Eratolhs ghe(h
42
A|E(HBr-coated  petroleum  charcoal

=2 o)

= 31

S0 wElsto] 74} Hel
T, G280l DMF)E Iml 7}3}]
IR A 10X o S5 5 Aol
1032 o W] gt o] g
% 3] GC-ECDE #4J3kt) E5
Iml DMF&-djo] ©71
740, 18.45, 36.90, 73.8012°]
2 vhe

tube)=
1j_ o

o~z
Rl

3 DMF 2 E

(kA 3)

DMFe oJal] B2kl Al 59}
10ul# 3319y 2% HFBIZ} S-+9 isooc-
tane2- 1ml% DA% 4ml vialol] ZH2} &F
2 TR Hal 5% o} EE0] 5E

|_

o])\ 1—;2]6‘]—]:]—
21710 Wof| S5 ImlY 7lele] &=
3. o] L9 jsooctaneS ()= AMES-
Iml Bl A4 g2 §94 FNEE
3lo] GC-ECDOll %t} EAJgtTY:
4) Alzel AESH

Z- o] wE HESHAl(limit  of

2 PEwiE T

Yiy' / (N-2) ]”2

& AEWAG 71 ke
ﬂ A]E%}: XZ—U:‘[(YZ—U:‘[o] 2‘/1‘:
AP & ME vlwst] 7P =& whe
HAESAR T8k

5 ARl HUM

OSHA®IA AAleh= ga/de] 471
9 RO Al pooled  coefficient of
variation, pooled CV)E AFE3l] ¢t
7RG ULE 7102 09 |
1 ppm8] ti=k 0.5ul, 1wl 2ule] 4
Q1 18.45ugmi(level 1), 36.90ug/ml(level 2),
73.801g/ml(level 3)= ZAISH A|RE ZPL
63| oA} HHEERIE ] k7o) s o
o] 913 CVE AXISH o] o] $3le]
pooled CVE AN:F8ISAH: pooled CV 4] 7]
221 TRk Z2THOSHA, 1990).

CV = pooled coefficient of variation
CVi = igke] tig HolAl

= W] okt SR
f = s (@45 -1)

i

6 M=ol Exg2(DE) ¥ BEE AR
oFY M (stability)

OSHA MM Areh= 2 37|24
4LE 7|52 E09 wE7]% 1 ppm 2
oiek 0.5ul, 19, 269 o] ERA R
= A 95%01%2] 2-bro- moeth-
acetonitrile 2. 108 3)A3F gHS-
Agdolgtal &t ARNS ThA] ace-
tonitrile = 84 3|45k §-ol-S- B-golz}
SISt} HBr-coated petroleum charcoal tube
o] o GRS T T uplE vk |
me ol B 4982500, 5, 10u0Z
ato] 18.4548 36.90ug, 73.80ug EE0] &
ANEE A5

ol

anol<

bas l:l:tﬂi 671 o] ABE WS
EHe AR 5, 27k el el
*1 gk dl F sk AlA SA] 24

ok %Ur k382 (area)7H0] A1 3]
X + b= S o] g3jo] Eka|m
°ﬂ e AR T v,
T2 BAeto] ARk AR



o wleM BHEES 9. o] Ass
= THA] AR Eob 24A13E 54k A
& 7 o] wAste] o] RAReRA B
A5 QPS8 IRITHOSHA 1990).

DE(%) analyzed

amount((g) x100 -+-(3)

spiked amount((:g)

amount analyzed
to next day after
desorption{((/:g)
amount analyzed
to same-day “after
desorption(2g)

stability(%) = x100-(4)

IS e Rt

L. A2 Wl w2 B0 A=

Ax el T s 2 Bk 147

A5} HEEH A (area) 7o) A3 38]H
Y = mX + b)s Aee] 7 AEF
(ug)oll W WS- 7|Hgky)} Bk
(standard error of regression, sy)& -0t
21yl w2t AZSHAE ot A, W
Lol 28t AEeA= 2483 pugml 011,
HEH) O] AZEHA= 1.919ugml 019101,
W3 9] HESHAE 1.301ugml o)A,
o] Aol MY 3714 2] HAAL
|7l 1845pgmlollorz, gl
1.845ugml ARFIGITHE 2).

3. AA ] Wi w2 E0] 444

c

s ASE 831 st A
191 93t pooled CVi= level 1014+
ukSHA o] 3740.8+244.701310H, CVE
0.007250]90t}: level 204 HHEH A o]

65134.7 £224.00]91.01, CVE (.003440]

Table 2. Limit of detection of each analytical method by pre—treatment

Atk level 39 FEOIME 1232038+
417.42] WEAA T} 0003399 CVAI7}
Uebst o] W pooled CVE
0.00503°] Ik

2] 28t pooled CV= level 101] T
B} RS A2 42021.1493.1910 1, CVE
0.002220131t} level 204+ WS HA o)
80723.7+308.20131..H, CV 0.003820]
At} level 3045 153833.44552.52) uk
-S43} 0.003599] CVAIZ} YERTE
w2 9J8k pooled CV= 0.00329 ©]
At
W30 9510 level 19 i3l HRS-
WAL 308488+196.80]910M, CVE
0.005990]31T}. level 204+ WS HA o)
61426.8 £365.7°]91.91, CVi= 0.00595°]
At} level 3045 1178573432842 wh
-S43} 0.002799] CVAIZ} YERTE
HPH3 0] ©J3F pooled CV=0.005130]1Th

Area(y)

Standard conc (ug/m) Method | Method 2 Method 3
1.845 34123 4892.1 5791.2
3.690 6922.7 9525.5 7908.2
7.380 13830.2 18431.8 12780.6
18.445 32995.6 41884.4 26817.8
36.895 64650.5 80423.4 49583.2
73.795 123852.0 154561.0 98411.0

Y mX+b mX+b mX+b
m 1673.231 2073.128 1285.094
b 1328.644 2536.536 3122.909
r 0.9997 0.9998 0.9999
sy 1163.950 1325.771 557322
LOD 2483 1919 1.845

method 1:method desorbing to benzene:CS(99:1); method 2:method desorbing to DMF; method 3: method derivating after desorbing to DMF; Y=mX+b:simple
equation; m:slope; b:y intercept; ricoefficient of correlation; sy:standard error of regression; LOD:limit of detection

Table 3. Pocled coefficient of variation of each analytical method by pre-treatment

Pooled CV
Method 1 Method 2 Method 3
Level 1 0.00725 0.00221 0.00599
Level 2 0.00344 0.00382 0.00595
Level 3 0.00339 0.00359 0.00279
pooled CV 0.00503 0.00329 0.00513

method 1:method desorbing to benzene:CS»(99:1); method 2:method desorbing to DMF; method 3: method derivating after desorbing to DMF; level 1: 18.45ug

level 2: 36.90ug; level 3:73.8018



gk

level 18] B2A| 5= 4947 18.199
+0.299180] AEE0] 98.65£1.62%2] B2t
afo] YERITE level 29 22X EE
34.094£0.9301g0] AEHL, EFaEaS
& 9240£2.52%°130. level 32 ©EA|
TollA FAA3} 62.989+1.9204801 9111,
Bhg 8- 8536+2.60%°)20Ck
W] oJst SAE 82 92.13£5.99%

BT e R R I R

96.81+1.27% %tk

o]
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level 18] B2A 5= 423} 20787
+0.8371g0] HEH O] 112.67:4.54%2] &
ZAg-go] YeRGT level 29 B 8=
35.152¢1.164ug0] AEHL, SHaS
£ 100.69+3.15%C 13T} level 30llM= &
AA3 70.019+0.988ug01900, ERE S
& 94.88 +1.34%°]3itk

ol

8.22%°1%1 11,

)

7 8% 99 a3y

& 97.13£3.38% 31tk

3 230l o3 EtxtzEn

MM
(=)=}

level 18] E:2HA]
+0.335180] AEF]0] 96.84+1.82% 2] B2}
afo] eI level 29 B EE
37.00+ 0.519pg0] AEH T, BREEL
100.28+1.41%014TE level 3ol £4

A} 68.11240.29512011 1,

92.300.40%°]31tk

3ol 3 AR B EES

EFX
==

I~

ol

of

—

S 447 17.865

9REEe

96.47

+3.59%01%1aL, &2 5 o} 59 A
< 95.69£0.65% SATH AL 4, 3E 5).

2 95 st 249
24 WA b AL

V. 11

s
o] A5 AbtA
+ BO=(Hori

5, 2002) QIHOE F9), ¢ e 9

I E=NN
HO =

Sl Aol S Agsh

7lrEaElo] 1,2-ethanol©] HAY gluta-
inone ¥} ZAgtE o] Ao wpdETH
T4, 1995). E02] 7P ARS)A AR

cinogen)©|2k= Zolt} EO7} 331 alk-
ylene oxide®l] =Z¥ LEAFA QA
oS st A2l Thiess 9} Schwegler,
1981), EOE =8} GAIA] o dte] Alole]
A SERESE] BAIE Barstal ol A
A3 QK Garry 2k Hozier, 1979). ©]&
A o) el FoAL F deA A
LA FAA] ot A7) AT &
Ao} ok e 73S glvkar g
7 9)3l(Hogstedt 2} Rohlen, 1979) %71l
AA-gAatat Bo7Rel| thet wFo] #d
o] QIth= H1% QIt(Hemminki 2} Mut-
anen, 1982).

1981¢] NIOSHE EO7F~7} st
A4 EEdol . FEIH:
OSHA 2] 8417+ TWAS! 50ppm2] EO 7}~
of =% ZEAREA Wdo] Frkst
ATkl SFARE off] Ail= thE
oA ERlE]A] oIS T Hogstedtt Malm-
quist, 1979).
474 9) AN LAY E071AS] A
=/gel #et Bzt Qi) 54 v
S 2 Tx AASE o] vy
TKGross 5, 1979). 3k BE AletolA]
ARSI nlAolglon, 2

.

73
3
3

= [e}Ne]
el oJg EREES 10275+ AAAY] B E(suspected  car-  eES $AS] AASE el A7
Table 4. Desorption efficiency of each analytical method by pre-treatment

Method 1 Method 2 Method 3

Level 1 98.65+1.62 112.67+4.54 96.84+1.82

Level 2 92.40+2.52 100.69+3.15 100.28+1.41

Level 3 85.36+2.60 94.88+1.34 92.30+0.40
Desorption efficiency(%) 92.134£5.99 102.75+8.22 96.47£3.59

mean+S.D; method 1:method desorbing to benzene:CS2(99:1); method 2:method desorbing to DMF; method 3: method derivating after desorbing to DMF; 1

evel 1: 18.45ug level 2: 36.90ug level 3:73.80ug

Table 5. Stability after desorption of each analytical method by pre—treatment

Method 1 Method 2 Method 3

Level 1 96.53+1.14 94.7342.53 96.154+0.78
Level 2 97.09+0.71 99.17+2.76 95.4540.58
Level 3 96.80+1.86 97.4843.56 95.47+0.32
Stability(%) 96.81£1.27 97.1343.38 95.69£0.65

mean+S.D; method 1:method desorbing to benzene:CSy(99:1); method 2:method desorbing to DMF; method 3: method derivating after desorbing to DMF; Level

1. 18.45ug Level 2: 36.90ug, Level 3:73.80ug
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540® Qlale] st & dojdrh=
ol o]gdt TANE sjdshy] Sst
W o2 OSHA 49 50004+
HBr-coated charcoal tubeS ARE3Ro] EF
3= 7S AN th HBr-coated
charcoal tubeS ©]4-3}%] EOE X4 uj,
tube QroA Lojul= W71 thart
=]

(EO)
7o

H,C-CH, + HBr — Br-CH,-CH,-OH

(2-bromoethanol)

OSHA method 50914 2-bromoethanol©]
E0S] f-5E421 2-bromoethylheptafluoro-
butyrate ® Wg}sh= REE714E vt
At

(2-bromoethanol) (HFBI)
Br-CH,-CH,-OH + C;H;F:N,O

—  BrC,Hs-GHF,0,
1
H,0(2-bromoethylheptafluobutyrate)

7% E0OE EAshar £1Holx
odsH] BE31E AJZ1 2-bromoethanol
2 EAJektoA g AoloiA 16ppm ™Y

Ax el T s 24 Bk 149

59 3715 0.15ml/min®] 4502 39L
9 3715 TS W, 5% H=2 st
Aol Bole}y W yskal Qut Ttk 4
ol 2575 A E09 o] A
WaPh e gh=cha Ak 9
t}. 739 2-bromoethanol = W3HA|7]7]
el A acid matrix”} GC-ECD 2]
iS5 olEo] YR Fpfg 7= 24
e B SleiM 239 NES
2-bromoethylheptafluorobutyrate & -F-=4
3t A7l e AR

JEARE S 5 fEAS ATE 3
ol Aoz 3 WA o)Fe] He 74
RS A, olF Sl AlEE F
oPd Az el &71A HEE, o]=A
B3 BA Aol et AyE vt
s/gd0] =} g fEAS A7 lE w4
o] fFIEAIEE A71A] ek el vl
sl AUnrt o gt A9 ot
7F H7Fe A Gk

b A8 =4 HBr-coated
charcoal tubeS AHE-S1] EOE 5748 o
FEAS A7) A3 39 AEE B
3 A3E B8 AP w4 g
Lol AW S FIATIEA offE B
Zigtozy, BHedt fEAg s
Aekslo] FAEAE (HaskePaAM A
o9 AU} 2 HATHE AAE
17 golgict

HEME S1% A3, a3
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T 1 H

oA, B E S U 9% MY Y
& FIst AR AxA fEuke) o
$42002)2F ACGIH(2002) %! OSHAS] -
=71 (Ippm)= 2= AL 08-
HA A AAJeh= B2 eE715=2] 0.54),
1, 202 R AlZsiolth

OSHA w413 300014 YWF char-
coal tubeE ©]&3f] EOE XS
benzene:CS,(99:1) 272 E2MA|7]31 HBr
125 718te] BaskE AIAA s
+ 7192 HBr-coated charcoal tube= 3
A3t A5 benzene:CSy(99:1)2vo] EF
2gg 9 ATl AT AA A
okt wEbA o] s=zellA HBr-coated
charcoal tube= X7 A]59] benzene:
CSy(99:1) 7] E2has 2 Ades} 4

IgeZ Folstuat o] benzene:CS,
(99:1) I ARE-S o] froltt
A7AT, AFs)Tale| sf AFESt Eo
o] A& Lol 2aiA] 2.483ug/me
o121, WA= 1.919ug/mlo] % 0,
el oJa) 24 g A= 1301ug/mll.
2 YERdT o] A3 OSHA AW
500114 A|ATSE 0.29pg/injection©| 1} NIO-
SH A7 161414 AAISF lug/sample
BT} =29 A7) A Z Kol LODE
Tl7] $le HEEHe] FESTES o
A A=t 2 A3 LoD 24 T
Stolx|g]e} AZHET) OSHA O &3t
Ae] 2= AR E]= pgfinjection2} NIO-
SHolA A|AJSR= ug/ sampleo]] tha}o] ©]
AT sample= 1mlE AZ3F31 3, injec-
tion volumes 1p0]R 0 2 W= 3
Ak g glo] IdE nwgkeE 4 9
o} AN OSHACIA A8l Q= 7
3 A=Y NIOSHOIAM AAlskar
Sl o] thEn, o] ¢dFellA|= NIO-
SHelA Ask= Wil HAESHAIE
Al 0P g OSHA A AN EhR= 7
ZAIE 483l7] ok

E0°] w447, FHolAlG= Wl
o <Jallx] 0.0050301%1%, HH2eA =
0.003290]%1 0.1, W3 o) oJa) A3t 4
F= 0005140190tk o] FHES BT
OSHA 4" 5004 ANk =
SahHo]AlG gkl 0.028 K} wlet

B0 M4, @aase Wl
Sl 92.13%01903,  HHReAE
102.75%01%10H, #i3el 3l gt
A= 96.47%01%TE ©] #k=2 OSHA
A S00lA AIABEL Sl 974~
101.3%©] 1} NIOSH £-A1H9 16140714 9)
88~100%9} Bl S ), W19 eaE
£ OSHARTH= Sal NIOSHll= 223
ok W2k W3 9] Avl= OSHAL
NIOSH®] 71ell 23| Siet. spA|st
A1, W2, W3 B OSHAS 22k
£ #2759 75%H = E=THOSHA,
1985).

E09] &2 & g WHiolA] sf
F A FHe] BAEvRs 9 A9
96.81%0191, e B3 A=




150 o]A1g - A - 2% -

to

SRR

97.13%°11.0.H, W3] upE EAE A
Th= 95.69%°131c). ©] Fh=5 OSHAC]
A ANBIL Qi 5%k ATl
55 291319 THOSHA, 1985).

A43E T8 = wl, HBr-coated
charcoal tubeE ©]g-5F0 A3 EOAI=
£ AAYA g8 DMFE AR
Sk= Zlo] Benzene: CS(99:1)2] €vi&
AMgshE AR e2ass =9 T 3
th E3 DMFE 22 - A3 A
AX EARE W fEAS 21714
o g2 F A sk WY F
pooled CV o} AZESH|, &g 4 &
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