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Ba718Ale x5 & 54 47
-GBS FERZUY 45ENE FHo=-

HEE
SR TYE APERAATY AAH BT
AHPAA FHF FLE 34-4, 403-120

I A -

I-1 95817

718 o=, H9E, F&AA, FHIHAY FH L4 ¢ Foj 4
2RE ode|y AW, oJfFTY FEELZE ol HHA, HEWE
As A8 FHASA AHEHT ok ©] K718 AE AATAT
7t F71e gaz F7)|Fe £, TRVE T3 4A dA F
THel B& ZEAEAA AAFY FdE AT + UGl 7184
o 2]g 5428 5327 (central nervous system)®] &4 A ste|ch F5
AMAA GAAE LA vHHANE FHE3H He Ho FFS G4
A7la, E28 FAHdae FFAA75E A7 FEFA[FAE AF
iste FEZIEA st A 9o @A SHAY EFALHE HA
g 7184 AR SFgEdoln o IR HTEZL A A(lipids)
of ¥ Hatdoe] oo mety FF H{F AW XL AF FEA £
A=A Aot o] AAFAAEZY FA%(lipid membrane)de] FHE

cng, MAxZL ALY FEAH4E HIAY F 3lon, AFAFY
9482 AP 71840 wstel F WA nesior ¢ SHe A

r %:"



et zHo] gi A24old, BE #7138 2L AFH 5L
7hA 3 gl MEehe stube] @ea-2] A A (protein-lipid matrix)e]| B2
olzlg Yoz RE AW FL A BESLE FEFHt dede F71EA7%
o]+ el Lujelr}, mEo @ AWieE AFE dod|d, H3tE AP
Hlo] &4oly FHHsAE £& F3NA & F AG2. o= F7]&
Ae 7 54, A B4, 4454 FF 9227 dq. fE dEdAE
AR Gol e A F7]EAQ o] FEEL(CS)o 93 A o] EAh= o] A}
SEAZ dE=EHUn dAH0| 2L Fo] Sl H2E Yol €] H
o] £A4Hs AR VEEHAD 3] =T H2de EAAHA FEZHIE
el AA7)s ZAHg 571 FAE Fr1eAdY =FF TYEFH 2
AstAcH4) AgaFdels AHEIAE SAGNRT Aol A& Ul
o2 &9, FAYPAH THE 5T ouo] Faoh

AP 2222 £FFGd =2HE 771849 2§ FAE
ool o2 71x wWye] AlgET. 2 FoA FATTYEL FK71LAY A
dr2sFE AN A4 AUEr} Fo} @A 7HF wel AMEHI 9
oo o FHPAYA R AHA T A (National Institute for Occupational
Safety and Health, NIOSH)el A= o] & F33tx QIvHs] &4 S
M EEo FHE AZdH <A FFo=2 FUE Lolso FH” F
£ o] 8% F&AF /7L FASHE dEE o] &F oo oA
AANFG FEE dASA AR + U= 2vkey FxF ey b
dzle] FAF ALSH - Fo FIFRAe] Waosdy rlezxoz F FHE
Aol Easich £ ZAFAZAA S A FAA FE9 FZFA R
He] AFF2Egog Qe FHdd AFE FAY, TEAESC] FEE
719871 % &6, 23T F e AR FE Aot o4 ulE
T8 XAV HES Frrl g8 glo] Alge] THIR HPd AFE



FA ¥ BT ofye, SAHASY FEE FHY dEe WSE Hag
A o6l olH @ F dEed FFH TV 23dFAg e g
T FA4o] WadP o FEI7].

Zh=e] EAEFAE HLE Hzxe SaxIye 19739 Palmset
Gunison(8]ell 2} A71=fch 282 43 713 27|19 FY(orifice) 5
gt #5719 SO:9 §4HE AFEAT 252 ol A7 FHE 3
o Fite] & olFH 7l Feol TRV = ANESN FINF /U
Ao BT FEE Adsed o8 £ JLS AN

Hzo #7848 88 EF7IE= 19768  AbcorAl®] Walden
Division®] 2]8] ZA715%c}. Gasbadges}t % oo 3712 Wh1 em x
L65 cm x H16 cm ©|3 FAE 43 a@olzict 2dEdL 4328 &
i F71e Fidel o3 HEHNeH BAREAAZ F719 EHo| Yo
HES st E3Ae 288 A2 Foy £ B9 glon A2
Aol Aol F22¥ FA e HZd A £5Y XA/ E NEEY
HE fFoz @ A= TEAAA FHol dof. AREY Fo BT ¥
AAE Ade] frejutolLo] Yertg o|BBEA(CSHE o &35t S A
A 2% Fde o8 HEVI(FDIE AAE 7l2zazniEay=
< ol &stel E43tArh. 1977d ] Bailey$} Hollingdale-Smith= Porton
TEE ZHVE Ao AR diA {744 F719 +58 ¥
7ot} o]zl e Aol 30 mmel 98] HHE o|Fn 9o e 4
2E % Z2 AU EEYzagd PSS J|FAcTez AlgEy
20 EHAE 49 Hlcoth)& °l 8359 cHIL Dupont AH= 1979\ ]
71848 +5% £3I7 § Mesd e Pro-Tekztxn stsich. o ¥3
7Ie solM dBE X719 Bge] 438 g <AL =7 L7
cm X W08 cm x H13 cm 1 37 A ¥e] ez TA & 142 2% o



FHATH10]. olAL FZFoz EZL FiHHoE /An YZFoE 29
FHRAE 7Nz U g AFF F£5YH TPV E d5ygoan ¥
A ed v# o] 58 EIAVIE ¥F Woz F /9 WL SAn
itk =& fAdF T2 71T ¥E AZY 71T FIFAY dale
Pro-Tekt %H®3tn 7o ¢ Ezt2¥ F7& 7142 U #7184
371 X3 & £59 A7 Agste AEERAY AP 53 siEH0
ExFor AEHL flov dutFos 84 1EA EF S4B
FHA7 Acz AU

Cassinelli¥(11]2 %3 ZI7E AFste AL&87] AN 9L
E F e < 1A FFZAA AFHEE &Y gL AES o}
o oo £58 AV dE AdEs ALY, 484 £ AFA
59 71E& AAsg

Kavanagh5[12]2 SA424#FE &% FF3 EI7E &34
halothaned] W% ANEEXH 4¥SE 3t £ ZF F7|F halothanes =2}
xE A7kl wel F3¢ halothaned] F7h7F 4 AEQA A} Aoy 7)
FEE 9 £53 AV v 7179 $xo AAS gEsa gl
& 2astgd. WAESO3]e EFA dH M EE 3MF SKC
FEY ZAVE ol 85t ¥4 2 agvel A0 ZdFe] diE 49
2 HF A9 IS FYF FRRAS BHd FUG =§ weAE
[14]2 3M3} Gillian5 e 5% Z371d diste] n-H4k9] 2712 EFEF
of & &5ga AAGAA, & AT ARER, JF ZdEEd
ga] 293 u gl

7% #7184 23 glol 58 TP ST gL F
HE FHHoRME el ) ALEHA F&a otk o olfE ok
A fElEde £58 THVAE Q77 vEen, =8 oA £FY ¥



712] 7}1Ae] fFAeyo] ulg] mylelr] Wi FHIBFAM dFez
ALESHE A% S3u S0l g wieldh gk o A fEEd o
@ s 2RzAAN FF5FY TP diEd d79 o Yelsh vl A
HEEAME A=A e AAED 77 2 $H& MLste 3o Ya
=2

I-2. 47574

deigee] £58 XA B dFAd g8 7= HEMeA
o] 433 ¥& Zoz HrlsHe Fon YR UM FAPBE FF
FololA] FHH oz ALEE AAstn ATH1S]

AAdFdM BEA #7184 3719 TEFHE A% 88 23V E
AbgEtna & AS AY U9A Y {7184 did TREES TIPS
o 48§ rlAE 2A2AE ole Ao 71F Fogd a Y ofFA
A XPEE dig A7 v Jeolt EIALEE Sr|HHM = &
T F71EA 7t2e €3 e TEe ENVNE xEFANAAM d¥FHeo=
ol Wla AEe] FiAAT(Dpls 2R EFEES 02FH R AL
e wile] floy A¥E uglez AASE o] FHEH D gk

ol g +£5Y ¥A7| Y f77184 EF 3o FASHF(ACF)7T Hoj
G EF5MHez Q8 $£E F 9o HS 22 FHL84 oy 24
g f 9484 e(granular activated carbon, GAC)E.t} Ab&eo] o 4&
222 WA 9oy 1 ofrt BAHEEF(ACFHE e #Hef=2 Aztg
T Aen ggd delje HYFoE AZE + 7] wWEeloHl6).

2AGLH R Z1FTEe =@ 79 FE(lit-like) ojct o] FHE
THe AAL o ~10 nmE FIHI ¥de] ¢ & TYL& ~46 nmo



ot. IUPAC(International Union of Pure and Applied Chemistry) 8¢
o2 o] 4 7] F(micropore) & 2 nme| &8 AAE 74X  mesopore= 3
o] 2914 50 nmel® macroporet 50 nmE ZFIE Ao} oy @
EReAM 2d #ASHFE 529 microporest #2 FE2] mesopore
TE|H17. EARHFE ASEHE HH o 2L MIFE 1R
297 wWEd o 22 FAEFH o WE FA4E(kinetics)E Hd &
t}16,18,19].

A7l ME EHABHARE ©148 £5Y A7 AN 71849 2A&
Zof #@ate] AFsiHch

ZAGHFol FE] F718AFT7IS APHoR FAY AS sE¥
7t #7184 F719 ERLEC vAE 9¥e ndegc a8z =8
771848 Fx Aold oE TI&xe WHIE dAFIgen, FHEFE
HelelAe nxEe HEEYde XILEEF SAA wUyom FH4sy
fFede ARG T SASHRE o]£F £58 T7)9 2 49
EZA AT e} EIE&xe] WHEE dTEgen, TASE &Y
oAM= Ficke] & =23 oifd e @3 o8¢ 728t s Asct
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II-1. Ficke] A 1 ¥43

$E8 ZA7E F7] F H¥827 247 s=Fule] g s o]
F2A] ERHE AL o|8F otk Y HAAHM ERAHAT] U
oldr}® Ficke &4 A1gaL HLF & AH20.21,22].

o R T
= M

9714 JE B4 E9 §2deExclt A X719 FECEH
o] Dap £ FAAIFoIY dxa/dzE F71F € 7IZXE2E HE9 57
Holtt, <A€Y EILEE LI F3Fol dis Fwstd (DL
obf ek Zrt.

J=Dna%{xm—xn} ——————————————————————— (2)

L = $473230
xa = SHEAY NFEE
xo = FRA EHHe 2PUSE

W AR ZRHE S AT oS $E1Y FHe g 7
AY A9 F4A AN 55 wb ol g5 AQ 18 F% Pl B
el (204 & ofg A% o] W},



A7l ME EH76 FFd Ao tv =FA, xad I
37 LHEEE Fx°|H, ke X3 %5 E(sampling rate)2A4 o} s} Fol
el

ke 483 & c8Fog FE 5 Jov =A% ¢t, 2gdn XF
g 2F M222E F7F #7184 5% xa2 78 5 2tk
714 EAHA$, Dape 2x9 e dfeltt g XY FE M,
BAAFE Dan 3715 L9229 TEE xa08 3 M < Dag X Xao®l
3 2xe] BEHAME Dap < TV xa0 « To|22 M « THen] gty g
228 Dag o< P, xa0 < P A M « P° 7} H3 28B2 M «
T x P7} sl22 9% Me 948 F8eA 9ok o714 2x9
G 7|FLE 25 ColdelME vl 10 T 454 FHAF7 AA 5=
7 #A Je22 1 % A BASH, JELEEd v 10 TAE &
1 %A= A B7rEo{23,24].
el A Fick® 4 A1 A4 22AT 2404 FatelF
2 HEF ot 53 THAVY ANWF HEFEE Fickd 44
1836 wa} Aad £ 22526 AL gAdez F7A Agdd 7}
AE AR 1) £53 7] dg A48 = AANANEEZZHA
ol diste] w2 o] Folrt nElm ABEINFY FFE VI
F25He B4 =7 YASA fAEGE ol oeF HHE AY
Hog olitstaAie did 54 AREIE 3 A F9EEHAG 27
olixtE A4l TE& EX7tAe EHA 9o AANH= AdALZHA=
A7 A (ceiling value)Z2A FojAed o|AL 158F9e] ABXF A
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I-2. Ficke] A 2 ¥3H

FFY ZAV|Y SWDFEHL GAT VHANE ded oy 7
AN 9e + e HAYBH ¥ ¥ Bgde AZE A3
g 5 . dAEToA AdiHeg 2 AW xFZASNA F5I
A7 Axe S48y F dAse ez ¥aHIgldg
[23,24,3031]. 28y F71F $E9 FAF wazAdMEs 7 dAFA
Sed dESe X9 &3HQ WHEFY 7 $olth3334,35].

379 ga9delq 24829 FxTFulo] diF 4L oist Fo
[32].

ox a'x
ﬂt& =DAB?‘A _____________________________ {5:'

o714 xaE LY9ERY FE tE AT 283 ze FAAENHS A
gle]ltt. o] 4 & Ficke] &4 A2y ez ¥iA sk
2719} AAZAL o2} 2,

(1LC.) t=0, xa=0 (for all X)
(B.C. 1) z=0, xa=0 (for all t>0)
(B.C. 2} z=L, xa=xXap (constant)(for all t>0)

4714 x=EEEE YAsy TPHE FVETuelA W=t L
Aoz gy 4 ssls et e TAAESE HEs,
= xa %0



r = Dast/L?

&= z/L
metA, Ho|EA3 AAZAL o Fe] €t
i OV Y SERSENS RED Y BES
- _Tfr (6)
=0 X =0 forall &
£=0, X=0 forall
£=1_X=1 foral >

2 (6)F FA[32]€ Ty W I ofg Ao

X 9=+2 3 U sin(nrgle "0 m oo D

TFE ZY7E 9FAE Z3719 73F =2A0S Lolekdd. X
4719 EFA LPHE L9229 4 M2 FFHLE FHEAY. 37
F FEx F92(flux), J'E AEZXIAA ZAH FHESH deojAd.
Ficke] 4 183 <& H&33

—p,9%a _ DapXm oX _______

A4 L Aol met HESH AL 298 4& 7T UDH33)

- Dt (3 o
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@142 =g (MY v g8 78 &+ U 942 FHEsn
A E5Hd,

M = XMiDﬂBt( 1+2 3 T%}f{l -fnﬂ’f)) ------------ (10)

4714 2RAGY) @=(ﬁ]~% F93® 4 10€ (D= ¥

FdEo

o) -1+ 2

1
XADADABt T n=0 (l,"l,?f}

7(1—e ”‘“’*E’)) ———————— (11)
n=100°] 4ol 7 2109 A$ FETFHle A FHe| . weA ¢ =

Lo w v Ad Gl Mg FrTls AgdElstey sEFE9 vl

A7 Ao A€ £EH2L 714 §2de o=(Thr e 471

$A F70 x2HE $49 Agdel g vgLLEHY gAAL
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1. 23d3x 9@ Wy
IM-1. 434 =

m-1-1. %% ¥371 A% R d4E4

F5E TP7E 7182z f{71EA9 F3AE AE A FE 7
FE Aoy # Z1RAe, 2gn FRALG F|FANGS ABAAF
' BAZ =HoUud36]. F7F 771EAY & BRI 757
TA7E TN BAY 7FAAYLE {71 A BHEaA wolof )
o, 2249 3¢ EHE FA Tojordt.

B dFo AgE #HTSEF= 48 Toyoborle] A F(KF-1500)2

2 A2z e=jjo|n uEWAHo| 1400-1450 m*/gd HHFEFA=Z 78
44 E4& ¥ 18 @oh

FHASHFE ¢E FEE  AF0 32 mmd LB(FF oF 862150
mg)e 2 wE g AIEE7] A AT B 130T, 12ATAEE €A
et 2 dAFeMe EXZH el AHEHI 3l 3'mm FHHE
(Millipore) & st EAZE ALRstgen 28 13 22 2 AFs
dt. B $59 7Y HaZel(L)2 07 cmel® ©@HFH(A)= 754
em®]ln TREEE ZARE 249 A/LL 1077 cmolth, Eite] @
F71 A2 zh 2lol FHJFY 7lFol oI IS AAs7] HAs5S
ok 05 um HZ9 71FE 72 Millipored E(FH)S HEE A2 =& A
#3592 A7 F4ddA £5Y 2AVE EASEE FHE7]
93 AL£E fr1E8AE SEF BE5F4Q0 E5FA(Aldrich, HPLC grade),
AW EE 34542 n-F4HSigma-Aldrich, HPLC Grade), #HEHS
methy]l isobutyl ketone(Junsei, Extra Pure, ¢|3} MIBK), methyl ethyl
ketone( TEDIA, Reagent Grade, ©18 MEK), =33 #gE9
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Table 1. Characteristics of activated carbon fiber

property value
fiber diameter(m) 17-18
tensile strength(lkg/md) 7
specific surface area(n’/g) 1440-1450
weight (g/nf) 180-220
apparent density(g/cal) 0.045
pore volume(mé/g) 0.3-07
pH 79
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D 0&EOD -

Retaining  37-mm diameter Support Dosimeter body
Ring membrane

Fig. 1. Basic design of passive sampler using activated carbon felt.
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perchloroethylene(ALDRICH,HPLC grade, ©13} PCE)& ¢ e°]4 #A
kA gka AMgEs o

II-1-2. 7] A X (Known concentration)Al 3=

2 dTNME B 49 #71EA 718 AS5HeE FEH & F
ol FFH %Y (dynamic system)S AHEHlch A¥FXE a9 2449 2
o] 712 He 2 {784 LA7](Permeator)} E4 S ¢ FT7NEZ X &
FHAEZ FAEHY 3129 Yao5(1993)e] wHE W} fAbeAl A =He)
937, EE7} A A7) (Permeator PD-1B, Gastec, Japan)& o] &3
dAE F=9 {7184 7t2E TAANI & EFFNE F3 ==Y
2 23 aj7]3E 539 YitA HER st =3 E 2HAH S
AH(W30cm x H30cm x L40cm)2 A Zstgien siHe fejazdzs da
T W 428 5 UEE At Y dEE JIFE WHAE F AES
5ol A 23ttt E4AETE )& AREIF &, FE, JIF
E 33T 7 JEE AGSH 279 +HEL U 2k, €5, 7T
£ Climomaster Model 6521(Kanomax Co., Japan)& °|&3te &4
ot € 489dMe AGEE dE dFE Je FHEUYLE FF ¥
Eg 7IE#LE gt 72T EE €71 fde AMEE @493 SKC
AL AF(USALE S5FELE 100 mgeZ AHA U3 32 50 mg
o2 A¥A gles of7le] HE(Gilian, Dual mode, Model LFS 113DC,
US.A)E 9Z38te AHEstd

tEEE APDAE ol st WHFH FEFE {7 EAFH TrIFL
2 Adste e el Hddd J12gs AFeAY 78 £330
TEE 2dEde FEE A7) AHA o L AE o] &3

-15=



FGYT = . ket (38)

W = Corrected weight, ng
r = Desorption efficiency
Ko = Sampling rate, cm’/min

t = Sampling time, min

298 K¢} 760 mmHg =74 ppmFEE AL & A ofgf A& ol &
Lig=2

e de ANEFFUY 2571 298 °K(25 T F& 77 Y A%l
ZA4gc Y ABEEHLE7E 298 °K B 433 2 AS 2Ae of
g o] L8} 2284 $EE Cr 2 Fd

12

Crm Hgs (BEEy (40)
o 1f2

Cr = pomx (2K, 0o 1)

o7l T, = ABXEZANY &%(°K) o]t

..IE_



Madng chamber qpe
ap Visnt
db
qp
=L I?z :"“(}uc:om fube ¢
: Samplng pump
! .\Q}—#Vﬂrﬂ
Tamp. /RH
Ll jo GC/AD

Fig. 2. Schematic diagram of the experimental apparatus.
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M-1-3. N2 &4

THE {71849 %E& £4387] A8t NIOSH(1994)e] TAHAEH
[38]e] wiet RS EHslgc. E4e0e] 43100 mg)BAdeT 3
S0 mg)BAES 44 Hx2 ulo|dd] o} o|FFA(CS) 1 miH
ol oF 0¥ FolE te 2489t ACF 58 X379 A% &3
2 #F718AE 234717 Ao &S HF FXAE 10 m fEel
Fob o] 834 (CS;, HPLC Grade, Sigma-Aldrich, US.A) 5 m& Y3
o 1A B¢ Fo} FUA AE EEY FAG % 14T F A4S A=
FU71E vpolge] o 1 MAE &7 8 AF AR FY7)7 F2d 7}
2320t E I Z(HP-5800A, US.A)Z 243890 old FYFIAE 1
o[t} 3M(Model 3500) 5% EH7|e AEEH £ oA A(CS) 15
nE ¥ol Fi48 83 A 9§ 7MEF ESo FEA o 08 A
E A F AzxAe £4 394 =2 EH&ad EHeE A4
3t7] f1%te] WAS JREETEAZR A43e A sl2z20iED
e Edzde 8§ 37 #Zord.
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Table 2. Analytical conditions of gas chromatography

Variance Condition

Calumn HP-1(crosslinked methylsilicone, Z2om X
0.32mm %X 0.52m)

Detector FID
Oven temperature 507 {isothermal)
Injector temperature 200C
Detector temperature 2257
Hydrogen gas flow rate 33mé/min
Nitrogen carrier gas flow rate 28m/min
Air flow rate 500mé/min
Split ratio 501

_19_



n-2. 243 41-&
n-2-1.5+& 43

gH4ed € 58 EJ7 A &L HEFEE V|FLE F9
HA$ =5 FF(standard, ©]3F STD)S 05, 1.0, 208]¢] EFER S 1
T FAZIE FYF & vz geid. 42494 SFAE wAAz o
F AT R(CSHE FHE 72 =nEIHZ(HP 5800A)IR 45
Ao 7184 FFHY FEFFEE A4 £ OIS #4se gFe
T3ttt

E FE(recovery)2 T HZ2REYH FFd HIFmeg e EH7 F4
#F Fmgle2 Yg TR ANEY 4 F HiEd HEstq 2AG
o}

Average weight recovered(mg)

3 5§(%) = X100, ======-==- (16)

Weight added(mg)

nI-2-2. 7159 9%

F5Y XY g3 Zojol we 7]fFel &3 d¥ AT debA
7] B oj=AHE o] 7lFAM AHEEZ FHok d=A AAFHE Fot
EF Z|FAoigo] 7|F A 4FHSE T3 AAN=sIE 4R 4
Aslejel @t 2 FFFe] HAgHn 7 FFAME 71F7 A9
EER &= ASE 1A B £ sl ol ALE sHAEA JAn &9
7158 A9 527 @7 stz A¥ddey, vdz HdFe 71F7
& o E LAY ddFn&e JIRE o4 4¥€EHAY.

AgAn e 7|Fe Fvde £2ZWE ol &dtd =HdHd 7R

_2{]_



001 m/seceld}, 0.02 m/sec, 0.1 m/sec, 0.2 m/sec, 0.5 m/secT o2 W&
o] &35t WA FL 717+ Climomaster Model 6521(Kanomax Co.,
Japan)& o] &3te] A¥HFvie FYPeiE €1 VIFSAAY FAEE 2
oj¥e § o 5#AE 7|dd F ¢AsE FAE JS}HHG 2= A
2 T, AdisgEs 5015 %] =do)on 4L o7k FEH A

AlEE FHEEF 5% 2379 3M 58 2HVE 4 7IH=d
- F 18 AEEY HE g Ui 578 0 E RETd £3
E Z2 giditgo s @A siad. 488uddA £5E EHVE 4
ZAAE 77184 F7]e =2AFAT o9 T4 AR YE o] &3}
o FFEHoZ Py %9 FEE EUHAC

OI-2-3. A3 AA

NEE TS F E4E d7A 4L 52 J32E 2494 B3E
247t gk Alzbe] Aol wel frlEAe] FHEA e wig B FEI
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ng of compound 24.45

Sampling rate(ml/min} = K ——— (17)
Y(ppm) x exposure time{min} MW

ng of compound : GC2 43 EF3&%(ng)

Y(ppm) : &4 €@ E 7I1E22 396 E A39 5=
MW @ &2, g/mole
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A e FHAYE A2 glod, SAEZY £33 HFL HdYFAZ
TEdn. AdF FUFTY HdEE €3 29E€F0] FI € FEER
EAE de 22712 & FIFARE ALE 5 QY. a2y dEsde F
Igo] Zopz HusEHry] 7] wWEd fFY ZH] Fosok o
[41].

_2?'_



Table 3. Recovery of charcoal tube and passive sampler

Components Charcoal tube ACF M
Mean*5D(n=9) Mean*SD(n=9) Mean+SD(n=9)
Cumene 10115 98120 =
CB %t13 96+0.7 =
DIBK 94x32 92+24 -
n-Hexane 10229 93+1.8 104x+3.1
MEK 7844 83+1.0 78x15
MIBK 93%25 9119 =
MCF 101£1.7 9613 =
PCE 99t14 9709 =
TCE 100x16 97x1.1 =
Toluene 10112 10126 97+24
Xvlene 98+1.3 g7+2.1 -

MEK :Methyl Ethyl Ketone, MIBK: Methyl I[sobutyl Ketone

DIBK: Diisobutyl Ketone,

roethvlene PCE :Perchloroethylene,
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MCF :

Methyl Chloform, TCE: Trichlo-
CB: Chlorobenzene
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Fig. 3. Effects of face velocity on ACF passive sampler.
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Fig. 4. Effects of face velocity on 3M passive sampler.
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o B3 E 7HEAe] Fel stFEsy HEFE e A dojur] o]
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Table 4. Stability of sampled materials in the ACF passive sampler

Materials Items, unit Day 1 Week 3 Week 5
(A) at Room Temp. at Refrg.
Toluene Mean, mg 112 1.07 1.14
R5D 0.05 0.04 0.02
Bias™ % = 4 2
Accuracy”™™,% - 11.94 5.29
n-Hexane Mean, mg 2.19 2.06 2.23
RSD 0.04 0.02 0.03
Bias, % - 5] 2
Accuracy, % = 9.82 7.21
MEK Mean, mg 2.37 131 2.21
RSD 0.04 0.02 005
Bias, % - 45 7
Accuracy, % - 47.78 158
MIBK Mean, mg 0.49 0.47 0.47
RSD 006 0.06 0.06
Bias, % - 4 2
Accuracy, % - 16.85 12.59
PCE Mean, mg 2.16 222 211
RSD 0.06 0.07 005
Bias, % - 3 2
Accuracy, % - 16.29 11.79

* Data on day 1 were used as reference values(A)

"Accuracy(%) = {Bias + 2(RSD)} x 100
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Table 5. Stability of sampled materials in the 3M passive sampler

Materials Items, unit Day 1 Week 3 Week 5
(A) a Room Temp. at Refrg.
Toluene Mean, mg 0.81 0.81 0.80
RSD 0.06 0.01 0.01
Bias™, % - 0 1
Accuracy™, % - 247 3.73
n-Hexane IMean, mg 1.66 1.75 179
RSD 0.06 0.06 0.02
Bias, % = 5 #
Accuracy, % = 17.99 11.18
MEK IMean, mg 1.84 1.51 1.84
RSD 0.07 0.03 0.02
Bias, % - 18 0
Accuracy, % - 23.23 3.26

" Data on day 1 were used as reference values(A)

" Bias(%) = [{ Value mmuredﬁun each time) — Al 100

“"Accuracy(%) = {Bias + 2(RSD)} x 100
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Fig. 5. Adsorption amounts of ACF passive sampler with time
at 8+3 % RH.
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Fig. 6. Adsorption amounts of ACF passive sampler with time
at 90+5 % RH.
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Fig. 7. Adsorption amounts of 3M passive sampler with time
at low humidity at 8+3 %RH.
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Fig. 8. Adsorption amounts of 3M passive sampler with time
at 90+5% RH.
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Table 6. Effects of the concentration on the sampling rate of the ACF passive

sampler
Components n Concentration measured Expmmenlital Sampling
by charcoal tube rz:';ﬂsf‘pngj time
ppm ml min™ min
8 151.24 41.11 8
n-Hexane
4 76.88 4327 90
MEK 8 227.74 4671 85
4 30.82 53.26 90
MIBK 4 78.76 43.04 85
4 24.52 3875 90
PCE 6 21477 4045 114
12 43.37 41.03 8l
Toluene 12 9957 42.70 121
6 4263 4577 115

n: Number of experimental
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Table 7. Comparison of reverse diffusion by the ACF passive sampler
at 83 %RH (unit: mg)

Material tested MEK n-hexane toluene MIBK FPCE

n 3 3 3 3 3
A Mean 1.56 121 1.29 1.12 1.44
SD 0.09 0.07 0.05 0.05 0.05
CVv 0.06 0.06 0.04 0.04 0.04

n 3 3 3 3 3
B™ Mean 1.48 L11 1.33 1.17 1.50
SD 0.07 0.05 0.05 0.04 0.05
CVv 0.05 0.05 0.03 0.03 0.03

Percent (| A-B|

; 1 . :
Loss  /AY s 100 513 8.26 3.10 4.46 4.17

"A: organic vapors were collected for two hours and immediately
analyzed.
*"B: organic vapors were collected for two hours and the samplers were

exposed to clean air for three hours to evaluate reverse diffusion.
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Table 8 Comparison of reverse diffusion by 3M passive sampler at

8+3 %RH (unit: mg)
Material tested MEK . n-hexane toluene
n 3 3 3
AT Mean 1.14 0.93 0.43
SD 0.01 0.02 0.01
cv 0.01 0.03 0.02
n 3 3 3
B™ Mean 1.06 0.90 0.42
SD 0.05 0.03 0.00
CV 0.05 0.03 0.01
-B| /A
Percent Loss | &=B} /&) 7.02 3.23 233
x 100

*A: organic vapors were collected for two hours and immediately
analvzed.
“B: organic vapors were collected for two hours and the samplers were

exposed to clean air for three hours to evaluate reverse diffusion.
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Table 9. Comparison of reverse diffusion by the ACF passive sampler

at 905 %BRH (unit: mg)
Material tested MEK n-Hexane Toluene
n 3 3 3
AT Mean 057 0.27 052
sSD 0.01 0.01 0.00
cv 0.02 0.04 0.01
iyl 3 3 3
B™ Mean 0.27 0.02 051
sD 0.05 0.01 0.02
CV 017 0.55 0.05
Bercelt Tass | A BLYA) 52.63 92.59 192
x 100

"A: organic vapors were collected for two hours and immediately
analyzed.
“B: organic vapors were collected for two hours and the samplers

were e:nt:poséd to clean air for three hours to evaluate reverse diffusion.
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Table 10. Comparison of reverse diffusion by the 3M passive sampler

at 905 %RH (unit: mg)
Material tested MEK . n-Hexane Toluene
n 3 3 3
A" Mean 0.31 0.46 0.47
sD 0.01 0.02 0.02
CV 0.03 0.04 0.03
n 3 3 3
B™ Mean 0.30 0.48 0.45
sD 0.01 0.01 002 -
CV 0.04 0.03 0.04
Pittet Toss 1 1/ 3.23 435 4%
x 100

‘A: organic vapors were collected for two hours and immediately
analyzed.
"“B: organic vapors were collected for two hours and the samplers

were exposed to clean air for three hours to evaluate reverse diffusion.
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Sampling rates of the activated carbon fiber samplers

for organic solvent vapors

Byeon, 5. H, Oh, 5. M.

Industrial Hygiene Research Institute
Koarea Industrial Safety Corporation
34-4, Kusan-Dong, Buk-Ku, Inchon-5i, 403-120, Korea

-Abstract-

The adsorbent of passive sampler was used with activated carbon
fiber(ACF). And this study was investigated how the humidity(8X3
2%6RH and 90x5 %RH), solvent vapor concentration(20 ~ 230 ppm) and
sampling time(0 ~ 8 hours) could be effect to the change of sampling
rates of solvent wvapor(toluene, n-hexane, MEK, PCE) at room
temperature(24+2 T). Sampling rates of solvent vapors were based
with Fick's diffusion law and investigated with Hirschfelder diffusion
coefficient and convection effect within passive sampler was
investigated.

At low humidity level(B£3 9%RH), sampling rate of MEK was
effected and at high humidity level(90x5 2%RH), sampling rates of MEK
and n-hexnae was significantly effected. Sampling rates of toluene,
MIBK, PCE which boiling point is above 100 T was significantly less
effected by humidity than those of n-hexane and MEK which is below
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100 C. The sampling rate of n-hexane was effected at high humidity,
and MEK was effected at low and high humidity

Solvent wvapor concentration had not statistically changed the
sampling rates of ACF passive sampler at 20 ~ 230 ppm.

Convection effect in passive sampler could be ignored at experimental
concentration range. According to Fick's second law at unsteady state,
sampling rates at initial sampling time were high. Those were agreed

with the experimental results of ACF passive sampler.
Key Words : passive sampler, activated carbon fiber, humidity effect,

concentration effect, time effect, convection effect,

diffusion coefficient,
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