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Al 1A AFHE

EoAG = 20124 59 195H 20134 99 3097HA] 7| &A1& FH 538
= A, ARA Y, AF A, 23 AE A s, ek
Az T 2570 Al 224 208H S Ul ® A SA ] Y
o7 AR e FVIAFHZE o] &t AT E AEE AF et
Wi (o] sk ‘A o)t ) BEE o] &ohA| Rl s AlEAFH 7R
o]-gah= W (e]s} ‘5 AEAF 7| olg} eh)& sl ZEAIA 2GSk
Be SAES it

=22 Ethyl benzene, Styrene, Toluene, MEK, Ethyl acetate, Xylene

1) AEAHS

2= Aqe 2 ?3% A5 I S2ANA AFESH 2 AFSH 7T
51 31A]

P\

o [e]

({22 1A A)2013-39)0) we} AA|&gon &
A

H7F ol &3
NARAE &) AJANZEZZI(LFS—113, Gillian, USA)E o]&3te] 0.1
L/min® 3o =2 X e (coconut shell charcoal, SKC 226—01, 100mg/50

6A12F &t (AL A9]) dFoz {F7]8AE A

T —

mg)oll &71& TIA|A
Hok= 3, FAlA 52 AEAFH 7] (3M OVM #3500) & F-2A1AH 771
SAE AF A



oo qto] A& 2 <l Ethyl benzene, Styrene, Toluene, MEK, Ethyl

acetate, Xylene 65 2419 7]7)¢9] Agre} AULEE sHolsta, 23t
o

= )
= AREAN AxSE BEEH FUR WHoT duglE e ¥
o = ~ —
Eaog Az 2A7tel 249 wEeele FEE (13 2o

<X 1> gFEZH EFEIY 5= (&9 : mg)

Ethyl benzene Styrene toluene MEK

STD1 0.000 0.000 0.000 0.000
STD2 0.262 0.301 0.289 0.267
STD3 0.523 0.602 0.578 0.535
STD4 1.047 1.203 1.155 1.069
STD5 2.094 2.407 2.310 2.138
TLV-TWA 13513 3.125 6.122 18.227

Ethyl acetate p—xylene m-xXylene o-Xylene

STD1 0.000 0.000 0.000 0.000
STD2 0.299 0.284 0.286 0.287
STD3 0.598 0.568 0.573 0.574
STD4 1.197 1.137 1.146 1.148
STD5 2.393 2.273 2.292 2.297
TLV-TWA 44.599 14.886 14.886 14.886




) A E5AA

o E4717]

Ao ARE-3E 2477 Bl 28 & 7| (FID)7F ¥-38 7t~a 2t E
189 (Gas Chromatography, CP—3800, Bruker) & #4189l omn, 248 Z
22 AgilentAFe] DB—WAX (30m X 0.25mm X 0.25um)E AF£3}5 a1 o]
EAF 7} 2 (carrier gas) = AA(N2)E AFE-819ith 7tAa2nE 18y o] B4
2712 [ 2] YERT.

<X 2> 7t2azvEad g 2421

Column DB-wax(30mx 0.25mm ID x 0.25um, Agilent)
Column oven Temp. 35C(10min) - 120°C(10°C/min, 3min)
Injector Temp. 250C (Split ratio: 110)

Detector Temp. 250°C

Carrier gas N, 1.0 mL/min

Injection volume 1 ul




A 3% AT+E3

T
Hr

pu!
Nk
24

BK

Al 1

P

5.69x -

0.0692 mg/A &, A=

o)

1

R

A(LOD)

0.2284 mg/A B9t <18 1>& 9

T

o]
pl

.

A(LOQ)+=

0.068(R2 = 0.999)% YEeldton A=
St

}

°
pul

N
o
wK

5.69x - 0.068
R? = 0999

Standard Curve

y
LOQ : 0.2284 mg/sample

1.525
2.152
5.808
11.913

Peak area /
Internal Standard

(mg)
0.262
0.523
1.047
2.094
LOD : 0.0692 mg/sample

Concentration

No. of
Standard




= 0.999) = Yelgon, HE35H

+ 0.0784 mg/AEQH. <9 2>+ X~

5.754x - 0.055(R?

y p—t
(LOD)+= 0.0237 mg/A &, AZFeHA(LOQ)

o] A=ids YebEt.

<¥ 4> AEH EFLA T @ AAZL
No. of  Concentration Peak area / Standard Curve
Standard (mg) Internal Standard
1 0 0
2 0.301 1.659 v = 5750x - 0055
3 0.602 3.357 R? - 0999
4 1.203 6.860 -
5 2.407 13.811

LOD : 0.0237 mg/sample

LOQ : 0.0784 mg/sample




Pealc areafIS

Peak area/IS

¥ = 3.69% - 0.068

- R2 = 0.999

1 15

=
Q2
n

Conc.(mg) of Ethyl benzene

<ad 1> JdddAle sEHAZFIA

¥y = 5.754x - 0055
R? = 0099

L]

0.3 1 15 2
Conc.(mg) of Styrene

<a¥ 2> 2B FFHFT

A

T—

L



K

22|

5.541x - 0.040(R?

27

A(LOQ) =

§_]__

g%

2, %

0.0207 mg/A|

A(LOD)+=

=3

%

)& YEpRtoH,

0.0684 mg/Al &) <19 3>

"
B
wK

Ho
o

N
22|

—

T

i

M

Peak area /
Internal Standard

Concentration

No. of

Standard Curve

(mg)

Standard

5.541x - 0.040

y

1.551

0.289
0.578

3.110
6.372

R* =1

1.155

2.310
LOD : 0.0207 mg/sample

12.769

LOQ : 0.0684 mg/sample




Ao gdAE SAANEES 2487 Ao 2E8&N5 o]&3ste] A
[e)

= L
FAs sk en, o uf AREg FEE N Frot WAES (% 617 2
& 7]

0 A (LOD)E 0.0438 mg/Al &,
A A (LOQ)E 0.1444 mg/AN BT <18 4>2 wEo|gA|Ee] Haar
e

LHERS T

<E 6> HEEAEY FFEN T L HAZL
No. of  Concentration Peak area / Standard C
Standard (mg) Internal Standard andard Lurve
1 0 0
2 0.267 0.809 v - a1k - 0041
3 0.535 1574 .
4 1.069 3.315 e
5 2138 6.694
LOD : 0.0438 mg/sample LOQ : 0.1444 mg/sample
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Pealc areafIS

Pealk area/IS

y = 5.541x - 0.040

R =

(o=}

-
L

ay

[aa]

=
=
L

1 15
Conc.(mg) of Toluene

<3¥ 3> E3de) FEAS2A

2

0.5 1 15
Conc.(mg) of MEK

<39 4> WY EAEY FEAST
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5) ddoliElol =] BE g BAASY U BEAFIA

37 % olgobiElo|E SHARE A5 8] RS o 45}
AR AdSIGon, o W AgH B ool Frel WAge [ 713
2tk o gobdelo| 9] EF G PRIl UF AP y =

2.074x - 0.026(R* = 0.999) = e}y om, =
A5, AZFeA(LOQ)= 0.1637 mg/A 5T <1¥ 5>+ oHolAH o] E9)

=2
AR e

>4

<E 7> olgolAElo|EY EFEY FE L WA

No. of  Concentration Peak area /

Standard (mg) Internal Standard Standard Curve
1 0 0
- 0.299 0611 v = 2074x - 0026
3 0.598 1.171 R? - 0.9%9
4 1.197 2.437
5 2.393 4,955
LOD : 0.049 mg/sample LOQ : 0.1637 mg/sample

6 ) ZAAS EFENY AR} H EFHUTIA

7] T AN SAHAANEE B 9l adde o] HAA p-AAA,
EFENE o] &ato] HFAS Akl e, of o
AR RN Feot WA [£ 813 #h
AdA] FFE N HAFde] tigk p—AdA AR L y =
5.796x - 0.044(Rz = 1)& Yelgton, HEIA(LOD)E 0.0211 mg/Al
&, AFIALOQE 0.0697 mg/A &S
m—AA] FAYAAL y = 5752x - 0.040(R2 = 1) &2 e on,

- 12 -



T

R8s

A(LOQ)E 0.0639 mg/A| & O

,o—AAHe 3 ANAHAL v = 5710x - 0.020(R2 = 0.999)% }e}SE
H, 7AZ3HA(LOD) = 0.0246 mg/A &, A=A (LOQ)E 0.0810 mg/A &

<29 6>, <1 7> 0 <a¥ 8> A4 AFTAS et

<X 8> AN FFLY F= Z R
No. of  Concentration Peak area /
Standard (mg) Internal Standard Curve
Standard
1 0.000 0.000
2 0.284 1.595 v = 579%x - 0.044
p—Xxylene 3 0.568 3.197 ,
4 1.137 6.547 R* =1
5 2.273 13.144
LOD : 0.0496 mg/sample LOQ : 0.1637 mg/sample
1 0.000 0.000
2 0.286 1.603 v = 5752x - 0.040
m-xylene 3 0.573 3.207 ,
4 1.146 6.551 R* =1
5 2.292 13.155
LOD : 0.049 mg/sample LOQ : 0.1637 mg/sample
1 0.000 0.000
2 0.287 1.596 y = 5710x - 0020
o—-xylene 3 0.574 3.217 ,
4 1.148 6.598 R® = 0.999
5 2.297 13.079
LOD : 0.0496 mg/sample LOQ : 0.1637 mg/sample




Pealc areafIS

Pealc area/IS

(£

[y

y = 2074x - 0.026

Rt = 0.995

0 0.5 1 15 2

Conc.(mg) of Ethyl acetate

<1d¥ 5> JHolAH|ES EFEAF

A

LU

Il

(%)

y = 5.796x - 0.044
RZ =

0 0.5 1 o b

n

Conc.(mg) of p-xylene

<19 6> p-2UAN EEAFF
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Pealc area/IS

Pealc areaflIS

|

]

[#a]

&

[

¥ = 3.732x - 0.040
Rz=1

o

0.5 1 15

Conc.(mg) of m-xylene

<I¥ 7> m-IAIY REHFIA

25

¥y = 5.710x - 0.020
R? = 0.995

o 0.5 1 15

Conc.(mg) of a-x.ylene

<19 8> o—IAHA] EFH
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D
kol
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m
ol
([t
i)

(0.393 mg), A1 &2(0.785 mg), A &3(1.178 mg), A 54(1.570 mg)<
A DR EES 7M7) 91.4%, 89.1%, 99.0%, 88.9% R oH, 1 HloA 5
)= 5.13, 6.35, 3.00 , 1.10 o|Ae}. oldwlAle] A Hd SHa&2
92.1%, B4 WolAF (%)= 3.89%
&2 A B5AF 7] B 3Mell A A&k Technical Data Bulletins
g3t o o gulAle] Recovery coefficienti 0.96°. % Y EFTE
i

ogduAlel @xas A A dd= [F 919 2

<E 9> Jgwldle] g3as FAFLIZEH

SAM 1 SAM 2 SAM 3 SAM 4
n 0.393 0.785 1.178 1.570
mg (%) mg(%) mg (%) mg (%)
1 0.339 0.723 1.161 1.385
(86.4%) (92.1%) (98.5%) (88.2%)
9 0.362 0.648 1.204 1.390
(92.1%) (82.6%) (102.2%) (88.5%)
3 0.376 0.727 1.135 1.414
(95.7%) (92.6%) (96.3%) (90.0%)
mean 0.359 0.700 1.167 1.396
(91.4%) (89.1%) (99.0%) (88.9%)
SD 0.018 0.044 0.035 0.015
CV (%) 513 6.35 3.00 1.10
Total 3.89
CV (%) (92.1%)

- 16 -



2) ZHA 23as HA 4345

AlE1(0.361 mg), A152(0.723 mg), A153(1.084 mg), Al54(2.168 mg)2]
&S 747t 62.9%, 75.5%, 77.1%, 86.5% R o1, H WA
)i 2.52, 3.32, 3.78 , 3.48 oIt ~ERS] A Hd 2HEES
75.5%, B WolAT (%)= 3.28%%T}
g2# 719 #H7F= 3Mol A A|-F3F= Technical Data Bulletins
Fom ~E]HL Recovery coefficients 0.88° % L}E}RTE
H

ogwidlel Exaa HA d¥ddy= (% 1019 2o

<% 10> 2H|Ae dXa & A 4¥2%

SAM 1 SAM 2 SAM 3 SAM 4
n 0.361
0.723 mg(%) 1.084 mg(%) 2.168 mg(%)
mg (%)
1 0.221 0.566 0.802 1.835
(61.2%) (78.4%) (74.0%) (84.6%)
9 0.228 0.537 0.865 1.949
(63.0%) (74.4%%) (79.8%) (89.9%)
3 0.233 0.533 0.838 1.838
(64.4%) (73.8%) (77.3%) (84.8%)
mean 0.227 0.546 0.835 1.874
(62.9%) (75.5%) (771%) (86.5%)
SD 0.006 0.018 0.032 0.065
CV (%) 2.52 3.32 3.78 3.48
Total 3.28
CV (%) (75.5%)

- 17 -



A1&1(0.337 mg), A&2(0.674 mg), A 53(1.010 mg), A1 54(2.021 mg)*2]
Hat g2 g 8-S 247 89.1%, 95.9%, 95.2%, 100.4% %1 0., H+ Ho| A4
= 1.85, 1.66 , 2.70 , 3.00 °]t}. EFA] HA Hw &

|5(%) & 2.300] At

&2 A =mAFH 7] B 3Mell A A&k Technical Data Bulletins
43t o, EFele Recovery coefficient: 1.002.2 FEFRETE

o]

=7de] 22 as f44 Ay [ 1119 2o

=R
o
=N
g
s
)

<E 11> 54 g3as 44 2927

SAM 1 SAM 2 SAM 3 SAM 4
n
0.337 mg(%) 0.674 mg(%) 1.010 mg(%) 2.021 mg(%)
1 0.302 0.658 0.932 1.976
(89.6%) (97.7%) (92.2%) (97.8%)
5 0.294 0.641 0.979 2.095
(87.3%) (95.2%) (96.9%) (103.7%)
3 0.305 0.638 0.975 2.014
(90.4%) (94.7%) (96.5%) (99.7%)
mean 0.300 0.646 0.962 2.028
(89.1%) (95.9%) (95.2%) (100.4%)
SD 0.006 0.011 0.026 0.061
CV(%) 1.85 1.66 2.70 3.00
Total 2.30
CV(%) (95.1%)

- 18 -
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4 mg), A #2(0.629 mg), A £3(0.943 mg), A £4(1.886 mg)2|
P GHEEL 247 93.1%, 96.7%, 95.6%, 98.5% R v, H oA S
(%)= 3.57 ,0.83, 1.45, 0.74 |t v DA ES] WA H @2a&
& 96.0%, H WolAF (%)= 1.65%1 T
T2 AlmAFH 72l H7F= 3Meol A A|-8-3F+= Technical Data Bulletins
ol g3t o, HeoEAES] Recovery coefficientt 0.910.% LEFLT]
HeegdAEe] @3 g s HAY dddde (% 1219 2o

<% 12> vidoEAEY 23as A 48245

SAM 1 SAM 2 SAM 3 SAM 4
0.314 mg(%)  0.629 mg(%) 0943 mg(%) 1.886 mg(%5)
1 0.304 0.606 0.888 1.856
(96.6%) (96.4%) (94.2%) (98.4%)
9 0.283 0.605 0.900 1.845
(90.0%) (96.2%) (95.5%) (97.8%)
3 0.291 0.614 0.914 1.872
(92.7%) (97.6%) (97.0%) (99.3%)
mean 0.293 0.608 0.901 1.858
(93.1%) (96.7%) (95.6%) (98.5%)
SD 0.010 0.005 0.013 0.014
CV(%) 3.57 0.83 1.45 0.74
Total 1.65
CV(%) (96.0%)
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5) dEotAEc|ESY EXa g A 434

oA H | ES] A4 A AN AF5S Sl SAHE A8 #A44
I AFEE gretua g s 44 APES AT

uAF ] 42 g g e Y8 47 s =55(0.359-2.154 mg) <] Al
55 SME Axste] 7t W 33 #4415 AA F G EES Teidlon,
WA S Fste] 71719 WolE Hrlskditt

A1&1(0.359 mg), A&2(0.718 mg), A &3(1.077 mg), A1 54(2.154 mg)*2]
Het @235 242 91.7%, 96.2%, 96.1%, 98.5% R o™, HLt tﬂo]ﬁ]*}ll
(%)= 2.20 . 1.40 , 1.03 . 0.75 o]2lt}. ol EolAElo] 9] A7 HF D2 &
&2 95.6%, Hu WolAF(%)= 1.35%0

&2 A =mAFH 7] B 3Mell A A&k Technical Data Bulletins
o] g3} o, ddolAH o] EQ] Recovery coefficient= 0.99 2.2 YEFSETE

dotAEo|Ee] Extas A AdAdAd= [£ 13]9 &

<E 13> ddotAEHo|EY BXaE A 4927

SAM 1 SAM 2 SAM 3 SAM 4
0.359 mg(%)  0.718 mg(%) 1.077 mg(%)  2.154 mg(%)
1 0.329 0.692 1.023 2.104
(91.7%) (96.4%) (95.0%) (97.7%)
o 0.322 0.700 1.042 2.133
(89.6%) (97.5%) (96.7%) (99.0%)
3 0.336 0.681 1.040 2.130
(93.7%) (94.8%) (96.6%) (98.9%)
. 0.329 0.691 1,035 2,122
(91.7%) (96.2%) (96.1%) (98.5%)
SD 0.007 0.010 0.011 0.016
CV (%) 2.20 1.40 1.03 0.75
Total 1.35
CV (%) (95.6%)
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6) IAAA 225s I 4IEH

4
22 3AE Axste] 7 FEW 33 BAL U4 F GREES Tehglon,
MRS Eate] ]7]9 Welg Wrisal

A £1(0.340

Ha G282 217} 86.0%, 94.2%, 92.2%, 98.9% Slom, Hol AT (%)=
3.52 , 2.66 , 3.50 , 3.57 °]Ut}. p—AAHe] HAA H4 dFasS
92.8%, ¥+ WHolAT(%)= 3.31% 0}

<% 14> p-A4de E2a s 73 492+

SAM 1 SAM 2 SAM 3 SAM 4
0.340 mg(%)  0.681 mg(%) 1.021 mg(%)  2.042 mg(%)
1 0.282 0.661 0.905 1.969
(83.0%) (97.0%) (88.6%) (96.4%)
9 0.293 0.632 0.969 2.102
(86.0%) (92.9%) (94.9%) (102.9%)
3 0.303 0.630 0.951 1.987
(89.0%) (92.6%) (93.2%) (97.3%)
mean 0.293 0.641 0.942 2.019
(86.0%) (94.2%) (92.2%) (98.9%)
SD 0.010 0.017 0.033 0.072
CV (%) 3.52 2.66 3.50 3.57
Total 3.31
CV(%) (92.8%)
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A G275 27 86.7%, 94.5%, 92.5%, 99.0% %1 0., Ho| A (%)=
28, 3.63 , 3.30 |t m—AAM] HA| H dHEES
93.2%, 3+ WOlAIF (%)= 3.24%

T&2 AB5AFH 7] B7F= 3Mol A A&k Technical Data Bulletins
ol H o] E 9] Recovery coefficient® 0.970.% U EFS:

m—AAde] G2g8& 7AAY AFdAdE= (% 15]9 2

)

o
ol

A
o
ey
2
u

<E 15> m-34ddY eFas A 4923

SAM 1 SAM 2 SAM 3 SAM 4
0.344 mg(%) 0.687 mg(%) 1.031 mg(%) 2.062 mg(%)
1 0.288 0.667 0.915 1.998
(83.7%) (97.0%) (88.7%) (96.9%)
9 0.296 0.639 0.981 2.118
(86.2%) (92.9%) (95.1%) (102.7%)
3 0.310 0.644 0.965 2.006
(90.2%) (93.7%) (93.6%) (97.3%)
mean 0.298 0.650 0.953 2.041
(86.7%) (94.5%) (92.5%) (99.0%)
SD 0.011 0.015 0.035 0.067
CV(%) 3.76 2.28 3.63 3.30
Total 3.24
CV(%) (93.2%)
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0.341 mg), A1 E2(0.682 mg), A1 £3(1.023 mg), A £4(2.046 mg)<]

A G258 7247 83.9%, 91.7%, 90.3%, 96.9% 01, Wo| A5 (%)=

3.67 , 1.91 , 3.72 , 3.22 o|Ut}. o—AAU] HA HH dHags&
|

<E 16> o—IAd9 @ a& AR A4F2H

SAM 1 SAM 2 SAM 3 SAM 4
n
0.341 mg(%)  0.682 mg(%) 1.023 mg(%)  2.046 mg(%%)
1 0.276 0.639 0.886 1.944
(81.0%) (93.7%) (86.6%) (95.0%)
5 0.285 0.617 0.953 2.057
(83.6%) (90.4%) (93.2%) (100.5%)
3 0.297 0.621 0.932 1.950
(87.2%) (91.0%) (91.1%) (95.3%)
mean 0.286 0.626 0.924 1.984
(83.9%) (91.7%) (90.3%) (96.9%)
SD 0.010 0.012 0.034 0.064
CV (%) 3.67 191 3.72 3.22
Total 3.13
CV(%) (90.7%)
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o dA=
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EEEIPARSE

AA -2t

SRR

=2

)A
B

Ethyl benzene?] A€t 52 AlSAQFH 7] AA Al

6971 0]

2.453 £ 3.684 ppm, 2.674 + 3.814 ppm ©]

)
Ei

ﬁo

9]

o, 77}

A

R

Ao, Styrene?] AA A

11.486 = 7.667 ppm, 13.586 = 10.819 ppm

[e)
=

3

3

AEARHY 77t

18.044 £ 25.381 ppm, 20.434 + 25.869 ppm

)
=

3

Q]E

Qom, 247
ojglom, MEK®S] A A

Aol

18.200 £ 17.998 ppm, 25.769 £ 25.814

)
=

|

8

ANBAFH 7 ZHzHe
ppm ©| LT},

Ethyl acetate®]

5971 9]

37.058
Jl Al 5

+
*

35.350 £ 54.820 ppm, 26.799

S
-

Zte] Wit

o, 7}

A

P
T

AEEERDE
2 3.572 + 2.867 ppm, 5.641 *+ 3.661

ppm ©]1 o™ Xyleneo| &

H

ppm ©] %t}
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<E 17> @A9#YH
w7184 AAsE SAZ3% (E9:ppm)

Y ARAHTIRE o187

Charcoal Passive Sampler
N
AM SD GM GSD AM SD GM GSD
Ethyl
69 2.453 3.684 0.984 4.310 2.674 3.814 1.173 4.128
benzene
Styrene 26 11486 7.867 8.321 2.590 13586 10.819 7572 4114
Toluene 180 18.044 25381 7.698 4.452 20434 25869  9.352 4.349
MEK 67 18200 17998 7.161 5.386 25769 25814 11297 4.694
Ethyl
59 35350 54.820 10.043 5.878 26.799 37.058 10514 4.743
acetate
Xylene 46 3572 2.867 2.830 1.922 5.641 3.661 3.882 2.826
FRBPY] S ol 4T EHNEES |FoR £ AN )
AE o) £ FEE vwshy] Aske] BAER W AR S 4
st
F7187 6% e B AR S ANG A3 8N FAFH O
FrolshAl UERSE o™ (p<0.01), 7+ B2l gt 7]&7]¢] e+ 00436—1.198
olth, zt 4o Ui A2 ARAT(R) = [3E 18] Zo] YRt
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<% 18> {7848 AAs= wE SASAHA

T34 ABRAFATIEY] dA=

Compounds N Re%sr]es:sig)r; iqgagion R? p—value
Ethyl benzene 69 y = 0.932x + 0.388 0.810 <0.01
Styrene 26 y = 1.198x - 0.172 0.759 <0.01
Toluene 180 y = 0.708x + 7.660 0.482 <0.01
MEK 67 y = 0.965x + 8.200 0.453 <0.01
Ethyl acetate 59 y = 0.436x + 11.402 0.415 <0.01
Xylene 46 y = 0.706x + 3.120 0.306 <0.01

x : Charcoal tube concentration(ppm). y : Passive Sampler concentration(ppm).

7y 249 FA B4 235 AR, Ethyl benzene 34 y =
0.932x + 0.388% Yelon AAAG(R2)E 0.8100]H, 7|77} 1¥t}
ZHA e eI 52 AlgalF el A FE A a<1) <19

9>.

~

s

Styrene& 3|9A4 y = 1.198x - 0.172=2 velgon ZAAASF(R?)
0.75901H, 71717} 1824 A el A H BT 552 A 22413
FRH 7L Qe (a>1) <28 10>,

9
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2715 ol EWA S5 (ppm)
OVl

20.0

18.0

16.0

14.0

120

10,0

8.0

6.0

4.0

2.0

0.0

0.0

¥y =0932x+ 0.388
R? =0.810(p<0.01)

50 100 150 200 250
5713 HIZ2HH 5= (ppm)
Charcoal

<a¥ 9> g d3 SHTGAEIG T35

=715 ZE|¥ & =(ppm)

30.0

a
s
[=]

200

CAFM

B
et
=]

100

5.0

0.0

A BAF 7 SHEH v,

y=1.198x-0.172
R? = 0.759(p<0.01)

v +
+
& *
&
+ L
’f
+
+
+*
o A%
F 4
e

0.0

50 100 15.0 20.0 25.0 300 35.0
715 2E|d 55 (ppm)
Charcoal

<39 10> 2Ed] g BHVBUS FEH
A

ABAFH7IHY SA4EH H]
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Toluene 372 y = 0.708x + 7.660% YEWom, AGAF(R) =
0.482¢1™, 712717} 1Rt} 2A] Yeh ST i 52 AR50l
ARG 7 AT (a<1)<1H 11>,

160.0

140.0 + *
v=0.708x+ 7.660

T
120.0 R* =0.482(p<0.01)

100.0 +*

2715 S & =(ppm)
ov
&
o

0.0 50.0 100.0 150.0 200.0 250.0
5715 25U 5= (ppm)

Charcoal

<39 11> BS540 Ba SABHET $54 A=A/
e EERE
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T3 MEKE 31914 y = 0.965x + 8.200% Uehstow, AAAF(R) =
0.453017, 7]&717k 180 2] Yeh SARAE R 584 ASAH ol
HAaAF7LE QT (a<1)<2E 12>,

1200
& v =0.965x+ 8.200
R? =0.453({p=<0.01)
100.0
E &
.E 80.0
!
e g 60.0
(1)
=
BR0
Y 40.0
H0
20.0

0.0 10.0 200 30.0 400 500 60.0 70.0

27|38 MEK 5 = (ppm)
Charcoal

<19 12> WA LAEY B TAVHEY FE4
NEAH e SAAH WL,
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Ethyl acetate:= 3] ¥4 y = 0.436x + 11.402=2 Elom, AAA
(R®)E 0.4150]7, 7]&7]7}F 18t 2HA veld g et F52 A
sAFH] HAHTEA T (a<1)<2H 13>,

250.0
200.0 >
v =0436x+ 11.402
R: =0.415(p<0.01)
150.0

100.0

=715 Bethyl Acetate = = (ppm)
OV

50.0

0.0
0.0 50.0 100.0 150.0 200.0 25000

& 7|3 Eethyl Acetate & = {ppm)
Charcoal

<¥ 13> o EolAH o] Eo| W3 FAEAAI} FE4
NEAH7IYS SAA3 v

- 30 -



Xylene 34 y = 0.706x + 3.1202.2 YEltorn, AGAF(R2)+=
0.306°1H, 77|17} 15t A e SR 524 A RAF o]
a7 AT (a<1)<1H 14>,

7r 24 SAIAYNE AHE A}, Styrenes SAEIHHBET 52 AR
AFHHo] Ao 7= NS (a>1), Ethyl benzene, Toluene, MEK, Ethyl
acetate, Xylene #4237} Hth(a<1).

14.0 - v=0.706x+ 3.120
RE =0.306(p<0.01)
12.0 + ® .
E 100
A
;“u 5.0
-
w B
il 6.0
L
I"_,"u 4.0
2.0 &
&
W o
0.0 *

0.0 20 40 6.0 80 100 120 140
5715 229 5= (ppm)
Charcoal

<I¥ 14> ddAld] A B EH T4 AEAFH71H
5343 H]

=
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ﬁo

o)

B
olo
N
o=

TO
NI
]

o

!

T

O

o
olo
N
B

ol

il

A sk,

~

Ethyl benzene®] &€ty 52 A 2AFH7|He A a4 72t

o< 0.656 £ 0.488 ppm, 0.966 + 0.675 ppm ©]A 2

3

gﬁ

1
™ Styrene2] A

< 1.808 £ 0.888 ppm, 0.829 = 0.996 ppm ©|RLT}.

)

Toluene®| &

0.880 £ 0.620 ppm, 2.453 £ 2.651 ppm ©°]NoH,

0|
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1.242 + 0.758 ppm, 2.632 £ 2.009 ppm ©]Ut}.
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1.131 £ 0.592 ppm, 3.069 + 6.103 ppm ©]AN S

Fin

3

by

1.487 £ 0.397 ppm, 2.993 £ 2.725 ppm ©] I},

Ein—
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L

<¥ 19> EFSA1H EFEA2 F5 AoldN AR 554

NEAHA RS B A3 (@$):ppm)
Charcoal Passive Sampler
N AM SD GM  GSD AM SD GM  GSD

Ethyl benzene 46 0.656 0483 0.447 2.839 0966 0.675 0.680 3.002

Styrene 4 1808 0888 1.556 2.045 0829 0996 0537 2.669
Toluene 33 0830 0620 0670 2.174 2453 2651 1.351 3.260
MEK 26 1242 0.758 1.023 1.927 2632 2009 2002 2.130

Ethyl acetate 16 1131 0592 1.022 1.552 3.069 6.103 1470 2739

Xylene 14 1487 0397 1440 1.297 2993 2725 1.89% 2.750

G el AE o 8% EAFES T oz FEA AnAFge vl
AE ol g8 £ HEE vasty] gt BAUE 9IRS AN

At

7184 65 et T3] 7wAS A% 23t Ethyl benzene, MEK,
Ethyl acetate®] 37142 SAtHoz FostA YER oM (p<0.01),
Styrene(p=0.593), Toluene(p=0.143), Xylene(p=0.250)< EAst4 o & 2]
A gt 2 E- gk 7]& 7)o Mel= 0.457-7.638¢°]th. 7} & A
gk 31723 ARAT(R) = [F 2019 Zo] YE
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<¥E 20> §7)8AE FEFLA T TFZLN2 5 Alo|dA] BAHEAY
I 54 AEAFHZIEY A=

Compounds N Re%ileszsig)r; iqgagion R? p-value
Ethyl benzene 46 y = 0.578x + 0.587 0.175 <0.01
Styrene 4 y = 0.457x - 0.002 0.166 0.593
Toluene 33 y = 1.115x + 1472 0.068 0.143
MEK 26 y = 1.567x + 0.685 0.349 <0.01
Ethyl acetate 16 y = 7.638x - 5.568 0.549 <0.01
Xylene 14 y = 2.258x - 0.365 0.109 0.250
x © Charcoal tube concentration(ppm). y : Passive Sampler concentration(ppm).
40
35 L 2
E 3.0 &
o & y=0578x+ 0.587
_riug e R? = 0.175(p<0.01)
[
| 2.0
2 8
& 35
Kio
Eh 1.0
05
.’
+
0.0 * & +‘
0.0 0.5 10 15 2.0 25
=715 | B¥AE =2 (ppm)

Charcoal

<Z¥ 15> dEdAl] g FHEAYY 754
ANBAFH7IHe SAZ S v
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7} B4Y B4 B4 ZA3E= Ay H) Ethyl benzene2 392 y =
0.578x + 0.587% Yettom, AAAF(R?)= 0.1750]1H, 7]&7]7F 1H o}
A Yebt vt e 52 AlEAF ] #AaRTFE T (a<l) <21 H
15>, AAsE dg AT A= FAaG7FE AL, agkS 0.932¢04]
0.578% FAstlom oj= & F fle =2 el o8 vxrt 44

TREel A Aol 7F vrERE T

Styrene< 3]F]2]o] y = 0.457x - 0.0022 YElon, AAAS:(R2)E
0.166°19, 715717} 18t 2] vehd e Be 452 =
A7t a<1)<2® 16>, AAllw kol thgh 3] 43+ Fojsg 7t
Hom, aghke 1.198914 0.457% ZAslg o o= o = Qe F
Aol o3l st A E FRrol A Zpelrt yERRk T

25
+
20
E
o
8
_|'-g 1%
= E y = 0.457x - 0.002
=3 R® = 0.166(p=0.593)
{1 10
]
™
]
05
4 + *
0.0
0.0 05 10 15 20 25 3.0

5715 B4 5E(ppm)

Charcoal

<3 16> A g3t FHeAHI FE2
NeAH7 1N =A A3} v a
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Toluene 3|7 2lo] y = 1.115x + 1.472=% YElorn, AQAF(RY) &
0.068°1™, 712717} 18t AA veht AR &5
oG 7L JrHa>1) <2y 17>, AAFEo e 3] A4 A
Hom, agke 0.708904 1.115%2 F718lg om o= & = gl
Al 93 =7t B kel A ZFolE YERRLT

12.0
.’,
10.0
4
E
& 50 y=1115x+ 1.472
] R? = 0.068(p=0.143)
o
ETJE 6.0 i *
-
1 b 4
@ 4.0 : &
[
H0 . > *
*-
2.0 * *
. o & * 4
oo |_eedum * *
0.0 0.5 1.0 15 20 25

<3¥ 17> EF<A g SAgAYA 54 A=AFHA7H
SA443 B,
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MEKE 3] #2o] v = 1.567x + 0.685= UElon, AAAF(R2)E=
0.3490]H, 712717} 180k A7 veht e R BT F524 Al 530l
She

Hom, azkS 0.965004 1.567= Z718tg o ol o = gl
Qi ol FxrF BAE koA xpo]E e

8.0 yv=1567x+ 0685
RZ =0.349(p<0.01)

70
6.0 & & &
5.0
4.0

3.0

=7|E MEK = = (ppm)
Vil

2.0

10

0.0

0.0 05 1.0 15 20 25 3.0

=715 MEK 5= (ppm)
Charcoal

<19 18> AL LAEY N BABBRH £54
NEAAA G SR4AH L,
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Ethyl acetatex= 3]#A2A¢o] v = 7.638x - 5.568=% YElygom AA
(R®):= 0.549°19, 7]&717} 189 A4 Yeiy SAdai iy +&
sAF ol g 7tE A (a>1)<L¥ 19>, AAls =l thek 37184
B 7F HAom, agkS 0.4369A4 7.6830.%2 F71elsl o o
Sl el el od FE7F EAE kel A zbolE YrERRLTH

z$

F\F _I>‘
o
_&;_1‘
Ir

30.0

250 .
= ¥ =7.638%-5.568
E. R* = 0.549|p<0.01)
L 20.0
LY
n
£ 150
E =
F 100
=
&
@ 5.0 »
o * +

* +4 *
0.0 e
olo 05 1.0 15 20 25 3.0

(5.0)
= 7= Eethyl Acetate .= (ppm)

Charcoal

L
i)
4
offl
1

<3¥ 19> dEolAH ol Ed tg L4 TH
NEAF 7S SAAT vl
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Xylene<- 3]7]4jo] y = 2.258x + 0.365°% YeElxton, AGAF(R)=
0.109¢19, 71717} 15tF A Yeht Sty B 452
A F 7 A (a>1)<2H 20>, AA 5= gk 37420 #4587t
HRom, aghke 0.706°04 2.258% F7teton ol & Qe F
il o5 sX7F B el A ZfolE YERRT.

7t B4 EAARE A E A3} Toluene, MEK, Ethyl acetate, Xylene
JEHHET S5 AlRAfFHe] AR 7FE e (a>1), Ethyl
benzene, Styrene< #}A%H7} FHAtH(a<1).

=]
=
/\

Kol
T

8.0
-’
7.0
4
- &0 - y = 2.258x- 0.365
g R® =0.109(p=0.250)
[~
W 50 4
10
oy g 4.0
<L
m +
w30
F
H 20
1.0 $ o :ﬂr .
00
0.0 0.5 10 15 20 25
5715 224 5=(ppm)
Charcoal

<29 20> AW @ FAVVAD 54 A=AA/R
=343 i
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Al 4 A 2ASEEY =54 ANEAHTIHY LA

3} o] 71 Aol 2

Ko
=

= o

x 100%

Result of charcoal method

Result of charcoal method - Result of passvie sampler

Error(%)

=8 #20lM #5704 A

FA(E

I3

X

pi
110

B

IR

9]

%

AEE ERBIES

=
%4

3239}

=
=

ol #1o| A #5714

3] Ao y = 5.690x — 0.068(Rz = 0.999)°]0 o1,

eN
-

t= A=)

S

22

A%

[

+ 0.540 mg, 0.489 £ 0.614 mg°]

AL y = 5.724x — 0.119(R2

Fool #oo| A #5742 AEEA)

g o

A7 = T

A=
0.518 + 0.610 mgo| AT}

0.416 £ 0.537 mg,

2 83l9S H$ —840.6 ~ 79.5% % UEFE

%

o
~X

d

AL = —601.4 ~ 72.2% 2 VEMST o] A=

o O
M=

3

s g

al

A

%

ol

22|
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oAES (#2113 <Y 21>3 )

<¥ 21> dlgwAe] AFA APB) B2 HBBEY F54 A
SAREY eAtE

STD 1~5 STD 2~5
Charcoal OVM Charcoal OVM
y = 5690x - 0.068 y = 5724x - 0.119
Standrd Curve
(R? = 0.999) (R* = 0.999)
N 53 53

AM+SD(mg) 0.410 = 0.540 0489 + 0.614 0416 £ 0537 0518 + 0.610
Error Range(%) -8406 ~ 795 -6014 ~ 722

2000
mWSTD1~5 mSTD2~5

LIS l..h-.n.‘

() -y _Ik_‘
|I|l.l!l |!l1€17|19 Dlz 23' 525||930I2333A353637 5940 4|!45A64 !lsnsis 53

-2000 -

Error(%)

-400.0

-600.0

-1000.0
Sample Number

<73 21> JgulAle ASFA Ao W FAeAHT S5
ABAFH7IEY A&
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AEE ERICERCE!

54

2) =Hd FdGAH

3l 3] AAL y = 5.754x —

olo

B

1.527 £ 1.133 mg¥} 1.887 £ 1.566 mgo| AT}

5.78x — 0.097(R2

1.903 £ 1.559 mgo]th.

1.128 mg,

N
22!

)

=
&

137.3 ~ 78.8%°]%loH, *

7d9-olE= —137.8 ~ 69.7% % e}

A5l -

s
-(:51_

A
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ABSTRACT

Comparison of Field application results of Passive Sampler and
Charcoal Tube methods for Organic Vapor Measurements with in the

Workplaces

Kim, Chang Hyun

Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

This study was conducted to evaluate accuracy of workplace
measurements for organic vapors using the standard charcoal tube and a
passive sampler (3M OVM 3500) in the real field situations. To avoid
artificial factors, the measurements for this study were conducted while a
periodic annual workplace monitoring was conducted by a workplace

measurement laboratory. Results of the study were as follows:

1. Passive samplers’ results for ethyl benzene showed 67+148% of
the charcoal tube’s results(n=69). Regression analysis showed y = 0.932x +
0.388 (R2=0.810, p<0.01), thus passive samplers’ results were lower than the

charcoal tubes’ results.

2. Passive samplers’ results for styrene showed 6.5£53.5% of the

charcoal tube’s results(n=26). Regression analysis showed y = 1.198x —
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0.172 (R2=0.759, p<0.01).

3. Passive samplers’ results for toluene showed 91£317% of the
charcoal tube’s results(n=180). Regression analysis showed y = 0.708x +

7.660 (R2=0.482, p<0.01).

4. Passive samplers’ results for methyl ethyl ketone showed 67+57%

of the charcoal tube’s results(n=67). Regression analysis showed y =
0.965x + 8.200 (R2=0.453, p<0.01).

5. Passive samplers’ results for ethyl acetate showed 13.8+52.0% of
the charcoal tube’s results(n=59). Regression analysis showed y = 0.436x

+ 11.402 (R2=0.415, p<0.01).

6. Passive samplers’ results for ethyl acetate showed 59.9%£77.8% of
the charcoal tube’s results(n=46). Regression analysis showed y = 0.706x

+ 3.120 (R*=0.306, p<0.01).

7. In general, the differences between the charcoal tubes’ results and passive

samplers’ results increase as the airborne concentrations decrease.

[Keyword] Passive sampler, Charcoal tube, 3M OVM, diffusive sampler,

active sample.
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