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A Study on Desorption Efficiency for Polar Solvents Collected on Charcoal Tube

Kyeong-Ran Kim, Nam-Won Paik

Division of Industrial Health, School of Public Health,
Seoul National University, Seoul, Korea

This study was performed to evaluate factors affecting desorption of organic solvents collected on
charcoal tube and to find out the optimum condition. Desorption efficiency for polar analytes was
improved when several polar desorption solvents such as methanol, dimethylformamide(DMF), 2-(2-
butoxyethoxy)ethanol were added to carbon disulfide(CS3). The best improvement was achieved
when 10% dimethylformamide(DMF) in CS; was used as desorption solvent. During storage of polar
anaiytes, recovery was greatly reduced. Especially, the recovery of cyclohexanone was decreased to
18.1% after a month storage at 34 . After two weeks storage, recovery of polar analytes was sharply
decreased. Water adsorbed on charcoal interfered the recovery of polar analytes but didn't interfere
that one of nonpolar solvent, toluene. When 10% DMF in CS; was used as desorption solvent, the
effect of water on recovery was decreased, comparing with CS,. Desorption efficiency increased
when analyte loading increased, and usage of 10% DMF in CS; decreased the loading effect.
Increasing volume of desorption solvent was not effective to improve desorption efficiency of ana-
lytes when 10% DMF was used. Continuous shaking and sonication is not helpful to increase the des-
orption efficiency of analytes except cyclohexanone using 10% DMF. When silica gel used as adsor-
bent, methanol was better desorbent than dimethylsulfoxide. Analytes adsorbed on silica gel showed
high recovery in low concentration and less affected by humidity. On the basis of this study, the fol-
lowing conclusions have been drawn. To improve the recovery of polar organic materials in air sam-
ples, it is necessary to analyze samples as soon as possible after they were collected. Otherwise, sam-
ples must be stored at low temperature. Using two components of desorption solvents, such as 10%
DMF in CSy, the effects of loading and humidity decreased for polar analytes such as methyl ethyl
ketone and methyl isobutyl ketone. When work place has high humidity with low concentration of
polar organic solvents, silica gel can be used as adsorbent, because it produces quantitative recovery
for polar analytes at this condition. But it should be noted that high humidity makes breakthrough
easy in silica gel samples.
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oSS YA LHEAA T4 (National Institute
for Occupational Safety and Health, NIOSH)
dMe 371t 4¥€ AN EAUE THAEY
€ AN g3, 44 vl e ayy
EAE dR¥ o] NIOSH #3A8H& W 3l
ot £33 FUSE Eol7) Y8 NIOSH 234
HloMe FARY GAEES 2H3s RAYY
A& FAED 3ok SAE&OIT FAA A Fag
BAEA] g3erle] E4AHA &A= RE
BR8] A Ao HE AYAdeA ddiy 8
A& A8 ¥ F£FEo2 FYs Tk YA
MM HAE SRS T ARAB HE3] 9o
HMe GRAEe] PaFFAA dY FAR ¥
HE ENEFS] PFEOU U B EAE,
A Aol & gle 840 J¥& ¥A Yo}
o} gt} (Posner, 1981).

NIOSHe M+ AMHoz EaW A8 &L A
Aletn e, old E}AES golRr] H ¥
E&x=e 0.54, 1@, 2v} FE¥:e TUYEIEL
AH& (Tayler, 1977). 22y o] AYL w2alg]
A B A A (Occupational Safety and Health
Administration, OSHA)S] HE5E8 71Fo8
A 2 FEv 84 $evee) e
I 2R gt B3 AA #7148 AT A
e Y RU18ANE AMREY) Boe £7)84
€ BE¥Hoz Agsla ol oS #U18AE
of Tl &As EHEY HEIIEL s
NIOSH Documentationdl4 Bt} @& ¥% 42
A SAALEE AFEe Aol R} BI =
EAY Ate Fxo wet eagol AA W
3151 (Posner, 1981), &34 B2 @7 &3t
€ oE B3l FA YHME g go] gt
©3 (Fracchia, 1977) €814 1o} A &8 29
SRS AEIW] ANME v AYeA 23

Alrit} 2 BHEI ZL FE 300 g3
B&E 733 o] go=2 2WZE RA%E Ao
¥53o|t}t, NIOSHIME SR B &°] 75% o]Arel
PR E Algslodol ¥ JE g Ay
AR 234 BMA s HUAo g A8
Ae VAE(CS) 'P8E AHE A% alcohols,
ketones, glycols, ethers®} Z¢ W& IYRVIE
A9 BRARE HFTHYRAN vY Bn, g9
BAEEL $To o AR W (Beck,
1990). AT AWF, WY 9 diA @il
4] WA me}, ARAFA Ak Be
olE BA7t FAo] gBla F4o] & aleohololrt
ketone ¥22 WX =x gich(Harper, 1993). o
A SAR71EA7 AYBAAY YAEAEA A
A & vEg AN A gt e A8 o] o
H3] AEE AYPABYANN S¥hgo) ZE F
848 AN o3 8, B3 FAHR1EAY
@3 FY AT 7F3) A5 o3 ).
Feutele AFAR] FHEE WY SRR &)
#E ATV Adg B ol AR Selus
AR 237BoN e eFngo] F84€ U4
S UA Rl gAREE BAY 2HARE A
3= A= AY gle dFolt

€ d7dMe SA447184F 92714 solvent
B 29e BE, Uy, A3, YdE A=z,
nitrocellulosed]| = § A4l BYHEHA ALg
5o} (ACGIH, 1986), &2 ¥EdMHE vp2jatgs
d27]1 12 7€ 34 Bell 4% A2E go)
¥ ketone® {(Amdur, 1992)9] €& &9 s ¢
ottt FA i EAE o APl g
T BEHo2 go] AlEHE ketones?! methyl
ethyl ketone(MEK, CH3CH2COCH3), methyl
iso-butyl ketone{MIBK, CH3COCHCH-
(CHa)2), cyclohexanone(CeHi00) $& Ag31%
T},

€ 979 £3e I48AU MEK, MIBK,
cyclohexanone <} ketone®ol tis] 2@ »
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EFEdAMe BXade Hristn, gL 9%
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7P B¥Aes gol Al43tn Y& ketonesS!
methyl ethyl ketone(MEK, CHsCH2COCH3) 3
methyl isobutyl ketone(MIBK, CH3COCH:-
CH(CHw)2, 18 ¥ee] BAREE 7D Y&
cyclohexanone(CsHioO) & #AHEI2 NA#H
o oz =l YREILE 4Y¥AD, o)EH =
AEAM TR BRAEL P Wi
A wetst7] #i8 toluened ¥SAEAY FnEd
E AAY. ¥4Ede HEEEE (Table 13
A (ACGIH, 1992).

Table 1. Threshold limit value(TLV) for analytes

MEK  MIBK Cyclohexanone Toluene
TLV, ppm 200 50 25 50
2. AT oy

D eI & TP $4e A& (spiked sam-
ple)d] A= : gAGHES] P& AA%n g3
(100mg) e EFH4 (stock solution) & F5%
FHE3E FA0Y. E@49L MEK (Reagent
grade, Tedia, USA)¢} MIBK(A.C.S. grade,
Tedia, USA), cyclohexanone(A%¥d&, Haya-
shi Pure Chemical Industries, Japan), Tol-
uene(HPLC grade, Fisher Scientific, USA)&
3:2:2: 29 Bou2 EYPsied HEALE VP
#A}7] (Hamilton, Hamilton Company, USA)
& olg3t] FAYVH(SKC, P.N. 226-01GWS,
SKC Inc, USA)¢| EFdd& 33 F<Uslzn, 4
2o R ENQ0ARE o) Buése] gA"
AE7t 388 FALEF YD FUse Az
Fe 22 NEel B8 0.1 lpme 2 1-2X3 EAY
€ W& 7F9%e] FAA, e TLY) £
Zo AgFW 24 ouE FUs TEAT

ojZAL ol§ ¥HEo] EFEYHZ 1 TLV ¢35
o2 EA4E At 0.15 Ipmo2 443 T
o s}t

2 WAEgO YR niRE 22

© wWigo)2 8

g3Ae] Mol el IHYEA] FAR o] W
e A& BAH] A8 CS:(ACS grade, Ted-
ia, USA)el methanol(ACS grade, Hayman,
U.K.), N,N-Dimethylformamide(ACS grade,
Tedia, USA) ¥ 2-(2-Butoxyethoxy)ethan-
ol (KC®&, Katayama Chemical, Japan)® %
< 483 1%, 5% 3 10%& /M3 4vjg
0] CS; ©E-40]Y wis} vlmeige). olfe B4
Z28° A AYL NIOSH FHAIYHEY CS: 8
AHEE B2 @343 1 o eREg
£ U&Y 10% DMFE AHg-8k] A¥sisin,

@ xEEE 712t

AFEES A7 wel gRA o] Wnse
FdE AR A 15749 NEE 7 4y,
20T, 34T At ol GAVR Nae
FEG AL FA] @5 AIZE UE AR 2z}
o exe &7 H@Eiict 149, 13, 23, 3%, 4
F Foll 2 ABFLc ABE IAH Bol DA
AYY A7k 4ulF gaA o] 1} BL 10%
DMF& B3-47i2 ALg3l) BM3ixct

@ & 98

57t S48 SRAL YA gL 7
71817 fiste] EAEAo] F&E7) Ao 4EL ¢
el F3AA AAg vFAAS ZHSE vl
FAZIE AHEB gARdY] 0, 24, 104, 20
HE FRAA BY | ZEINEE FAN AT A9
T Of RS89 048 BT FUsAY AR
© 4 A% o8 344 wEm, CS; & 10%
DMF 1m2 @37},

@ BSE3e &

€] 2HE A8 Yol FRAR o
BE viAerE 27) 98 $ME3d 0.1 TLV,
0.5 TLV, 1 TLV, 2 TLVE &A= 271§ 713
3] HERAE 14, 4.64, I, 184B BHGER
o F]Act. 2k Aol Ay N4 FEEBAR
& WEs, CSp9) 10% DMF2 @3A17c),
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® waA8oie] ¢

@algofe] g 0.5m, Iml, 2m R SmE F
ZHN 71N BAEEE BT old CS:
10% DMF& 2382 A3,

® Tsolu} xgumol AH

F4EY 9] SR &) EXE FYF Aol
202 PAHENE doli] A8 CS% 10%
DMF2 @347l Al8# shaker(Dong Yang
Science Co., Model No.: 1740, Korea)°lAl 14)
E<¢ ABsAY, sonicator (nissei, Model
No.: NS-300, japan)°lA output ADJ 82 1A]
IHESE sonicationAl Rl TH,

@ Silica gel

FAEHo] ¥P9FH silica gel(SKC, P.N.:
226-10, SKC Inc., USA)ol ®AHUE o] g3
A& vasly] A% 4¥e, 49 FUE A
BE CS & AMgslel @383 silica geldl Y8
Alage 8X/8vl2 dimethylsulfoxide (ACS
grade, TEDIA, USA)$} methanol2 @&
0. €29 9% T FAA AlololA JFA &g
g 27 93 849834 silica gelol 04, 10
M, 2019 FHFE Y FRANN F FAL A
¥ BE8 9uE FUANA d¥¥9n, =9 ZTHE
Alge] o] EABM &l vXE FYE H7| 9
5 HaAe] Zz 1d, 4.64, 94, 1849 EF &
A2 A At

3 Ay

Table 2. Operating Condition of Gas Chromatography
Variable Condition

Injection volume 44

Column stainless steel, 6 ft x 1/8 inch OD,
10 % OV-101 WHP, 100/120 mesh,
PN.:1900 a-d 12, Hewlett Packard,
USA

Carrier gas N,

Flow rate 30 m/min.
Injector temperature 230 C
Detector temperature 250 'C
Oven temperature 50c

Rate 10 deg/min.
Final temperature 1o

RE 4Ye U3 FEMI‘BLAGTYY 3F
A¥Y ‘Method No. 1300’8 X&) AN
TH(NIOSH, 1984) . ¥4 &34 37171 94

4Ed] 4 (100mg) & 3w 2o go} &
Aol @ Yriste] Aol 1A7HFT WA
72 Z2epEe Y (Gas. HP 5890A, Hewlett
Packard, USA)9] #¥eo|&8 A&7 (FID)E ¥
MEYES EHAL olWs] 42y (Table
2% 2t Standard solutionS2%E 78 A
Ag AHg3e] NARN oY FMEYSY 58
i, 438 dojd 49 %& FUY €3
o oo o] gAAEE FAY WREIER
(internal standard) £ benzene®& AMH#d BN
Aol AR RANNL, W BMA 2 Ao}
ETgAE A5§ BM37] Ad AlRs] g3 A}
43 S2A4ulE Ao @Xiole oHARE
sk #4d% e €dnge] A2 ge
AYzAe] wz XX AFH7) 94, vz
aFo] V1Y e BAN PHOR t-test® AME
3a ¥madeo] o2 AY wWe Tukey®] HSD
test@® AMg-s}RAct.

s o

1. WatRojol ol WatEg

CSz# AH3le] EHEd& SRS « 9§
AL AR d0 EUn %3, MEKS cyclohex-
anone® NIOSHelA A €R}E &9 @5
75%20 @t CSol R 712l FAR& ¥/}
T Suld ALEE F9EA9] AT E B3t
F48de] AS T/ 242 THE §0) 25
4| (Table 3 o] CS; GEEE AHEHE& o
uoh @3age] F7He %S HER, CSel
Dimethylformamide(DMF) & 10% ¥71% 8o}
7t M% #& E&€ 299, 2-(2-Butox-
yethoxy) ethanol (BEE) & ¥ 72| M 32dA
Cyclohexanone# ®| 3-8 Aj3to] Bl&dzn E3o
23} Ha7loMe wgol # 2-(2-Butoxyeth-
oxy)ethanol®] ¥%7} 10 %2 ®°F]9¥ Toluene,
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Table 3. Desorption Efficiency by Type of Solvents

Desorption Efficiency by Organics
Solvents for
Desorption MEK MIBK Cyclohexanone Toluene
(Mean + SD) (Mean+SD) (Mean1SD) (Mean+SD)
CSz only 0.724 £0.003 0.856+0.003 0.664 10.007 0.945+0.004
C8; with
1% DMF 0.806+0.010 0.8791+0.011 0.724 +0.021 0.929+0.011
5% DMF 0.844£0.003 0.909+0.002 0.7691:0.012 0.956+0.003
10% DMF 0.909+0.003 0.943+0.008 0.81210.003 0.948+0.017
CS; with :
1% MeOH* 0.788+0.021 0.877+0.018 0.684+0.006 0.918+0.010
5% MeOH 0.835+0.014 0.893£0.003 0.702+0.030 0.927+0.012
10% MeOH 0.8981+0.018 0.920+0.023 0.71910.024 0.928+0.023
CS; with
1% BEE* 0.7901+0.021 0.900+0.007 i 0.925+0.021
5% BEE 0.849+0.022 0903 +0.022 ¥ 0.921+0.015
arBach cell has 3 samples.
** : missing data
a : methanol
b : 2-(2-Butoxyethoxy)ethanol
Table 4. Desorption Efficiency by Storage Time and Temperature
Desorption Efficiency
Temp. Storage
(v time MEK MIBK Cyclohexanone Toluene
(days) (MeanzSD) (Mean+SD) (Mean+SD) (Mean=+SD)
4T
1 0.929+0.020 0.965+0.021 0.8414-0.022 0.933+0.022
8 0.908 +0.022 0.968-+0.008 0.811+0.016 0.924+0.005
15 0.871+0.008 0.980+0.008 0.79540.009 0.939+0.009
22 0.83910.005 0.965+0.007 0.709+0.014 0.924+0.017
29  0.806+0.006 0.953+0.007 0.664+0.011 0.953 +0.005
20¢
1 0.918+0.007 0.984+0.005 0.811+0.005 0.9551-0.004
8 0.871£0.008 0.963+0.016 0.752+0.011 0.922+0.016
15  0.84010.003 0.971+0.011 0.731+0.030 0.93540.008
22 0.73910.016 0.956+0.011 0.592:+0.021 0.867+0.018
29  0.6661+0.013 0.935+0.012 0.425+0.025 0.93440.023
34c
1 0.8731+0.012 0.981+£0.010 0.75010.025 0.957+0.009
8 0.810+0.019 0.943+£0.010 0.6741+0.018 0.913+0.010
15 0.742+40.015 0.958+0.012 0.598 +0.023 0.913+0.010
22 0.586+0.011 0.926+0.006 0.392+0.004 0.855+0.005
29  0.400+£0.027 0.870+0.010 0.181+0.020 0.91140.003
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MIBKS] #aste FEHog HA ol §4 3
& B3 A,

2 MESES} MFv(to] WMERC ojxle ¥
L

A7 ARz o9& SRAE WHdle
(Table ¢} #}, v]F4H#HA toluened ZE
Szl A7l FdElol dHE BAAE
£+ 1o (p0.05), FHEREL A% u} &
Aa o] itk YL BAHp.05). A7)
7t ME F4EFS] SAEEE AW §3) H
P28 20CE g AMBEWE, MEKS cyclo-
hexanone2 A7) A4H BFA Lo Fad)
€ AYE Bded HF LA eR}EdT ¢
Hado @i gl MEKE 91.8%9A 66.6%2
Vel $e HEE 25.2%9 ARG FAE R
#3, cyclohexanone? 81.1%914 42.5% 2
39.3%9 Bix & ZAv ¢AYY. MIBKE 2 ¢
2F A € BAL] W} gigley, 25 F%H
AR go] Fadhe FHE GUAAT e3AE F
235+ MEK$ cyclohexanone®} ¥ mstd vf$
At 7k A€ €A P 258 7
Fog FA dolAed olAL B 237 Avd
A 717t mE 4o T & AR L YeRT

AR WE A& ANE NN A
BA713tE 252 APAA AFLE7} 4T, 20T, 34
td W SAHEF P SHAEL AWEY,
MEK+ 4T, 20¢C, 34cdd &3z go] 4z
87.1%, 84.0%, 74.2%=2 Vel AFLL7} &
8 729 93L& B (p<0.05, MIBK:
4¢c, 20c, 34¢olA 98%, 97.1%, 95.8%2 &3
EEE Hdo 4T 20CAME Aolrt glAH
(p0.05), 34TColME EFAE] A2F Aoz Y
Eltth(p<0. 05). Cyclohexanone 4%¢, 20T, 34
o Agemxd ue @arfge] 79.5%, 73.1%,
59.8%2 Ayt 7K SAHEEY AR x|
wE SAAFLS 4TS 2009 Aojrr) 20T 34
te A7t o & ¢ F Utk

AfHo g FHEHY AL HPe] A
FR LTI 5E5E U8 A Zarged,
34C¢olA 43 B#E Fo MEK$® cyclohexanone
FUe ¥ 40%S 18.1% o] wAHUL,

MIBKE 87%7} @3tsle] $£4& His) ulz Azd
NEs} 51.7%, 66%, 9.5%9 @AA&] 237} 4
Ao

3 Wyl BHE SR Y

@€ F3AE ¥l EHEIY B39 1|y
€ 998 2] A8 w9 #4880 #3357
Ao & FAAA dYP& W (Table 594 2
£ A7t Ut CS: & vz A1888 of
el F3d +¥-& MEK,MIBK$ cyclohex-
anone®] ¥AA&E FAAIAR (p0.05), toluene
o] ¥XAgodE Y& vAA @3t (p>0. 05).
CH2 €3& 9 Fid 8 YHdEEI) 80
% ¥ MEKE 13%, MIBK 2.5%, cyclohex-
anonet 5.7% A= 3}A&E AAAA3, 10%
DMF# 234rg AMH8lgE doie MEKT)
e o3 @AR o] B2 (p0.05), MIBK
% cyclohexanone toluene® #7 ¥o] @2
HE IS vIAA Y3t (pX0. 05).

4, EMERS| R0 UHER DX FY

(Table 6)& ¥AQEe] R3] g FHEHS
$XEEE HoPrh CS: & ¥4z AMNE
W 4717 $4EH 2571 & A9 P g
e A4S ¥t /1848, & 49 A
@ $HEde o] I/ESFE gAEdo I
}H(p<0.05). ENEAEE AWRA cyclohex-
anone®] 0.1 TLV #&4A 2 TLV &2 13
go] F7M¢ o) @3 gol 41% e Jg &
@R E SU1E 293, oee® MIBK(38%),
MEK(16%), toluene(14%) «22 @XAgol 3
7tEict. 10% DMFE& ©a38v]s Al83& o
¥ H3go] 0.1 TLVAA 2 TIVE 718 o
MEK+¥ 16.2%, MIBK 11.4%,cyclohexanone
12.9%< SR8 & 7M. RAXH(p0.05), CS2
2 93 wE Fo1Ee] At =3 FHE
el %71 0.1 TLVIA 0.5 TLVE F714& o
g3A gl 71 2A F7HACL

5. ®AIEofe|

gargvle] & 0.5m, 1ml, 2ml, 5ml2 F7}A|
FIRA EMEZe AR E YUY AFge



Table 5. Effect of Humidity on Desorption Efficiency for Analytes

Desorption Efficiency
Solvent Relative
Humidity MEK MIBK Cyclohexanone Toluene
(Mean+SD) (Mean=+8D) (Mean+SD) (Mean+SD)
CSzonly 0% 0.761+0.009 0.891+0.007 0.619+0.010 0.940+0.012
20% 0.701 +0.019 0.890+0.003 0.557+0.014 0.935+0.003
60% 0.654+0.004 0.882:+0.008 .563+0.001 0.9401+0.010
80% 0.631+0.006 0.866 +0.002 0.562+0.004 0.932:40.004
10% DMF 0% 0.918+0.005 0.965+0.013 0.787+0.012 0.924 +0.004
20% 0.84510.008 0.93940.004 0.770+0.009 0.9101+0.007
60% 0.768+0.014 0.947£0.013 0.7521:0.017 0.927+0.014
80% 0.772+0.014 0.947+0.012 0.765+0.024 0.931+0.013
Table 6. Effect of Loading of Analytes on Charcoal
Desorption Efficiency
Solvent Loading
(TLV) MEK MIBK Cyclohexanone Toluene
(Mean £+ SD) (Mean+SD) (Mean+SD) (Mean +SD)
CSz 0.1 0.691+£0.025 0.532+0.024 0.291£0.009 0.820+0.006
0.5 0.718+0.009 0.825+0.008 0.519+0.007 0.919+0.002
1 0775£0.014 0.876 1:0.007 0.609+0.007 0.926+0.009
2 0.8531+0.008 0.9134:0.009 0.70010.963 0.96310.011
p value <0.05 <0.05 <0.05 <0.05
10% DMF 0.1 0.758+0.040 0.851 £0.005 0.657+0.010 0.926+0.015
0.5 0.836+0.007 0.9574:0.009 0.725+0.020 0.938+0.008
I 08751+0.011 0.9594+0.012 0.746+0.014 0.93310.011
2 092040007 0.9650.003 0.786+0.004 0.946+0.005
p value <0.05 <0.05 <0.05 >0.05
Table 7. Desorption Efficiency by Volume of Desorption Solvent
Desorption Efficiency
Solvent
volume(ml) MEK MIBK Cyclohexanone Toluene
{Mean+SD) (Mean+SD) (Mean+SD) (Mean 1 8D)
10% DMF
0.5 0.86510.007 0.918+0.005 0.757+0.004 0.899+0.003
1 0.893+£0.010 0.938+0.010 0.774 1+ 0.007 0.919+0.010
2 0.877+0.005 0.92910.003 0.776 +0.005 0.9271.0.003
5 0.8461+0.004 0.895+0.002 0.743+0.002 0.9041-0.003
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(Table 7)o} AMAl=lo] ot 10% DMF# ¥3%
2 AHERE | & 479 FiF dedbe =
€ $HEAAA 480 F9 TPt eRREY
P& A A ge Ao JYERdTHp) 0.05).

6. BEATIE B TEolLt B2 ¥Y

g3A71E 143t < shakerd o] 88 ol
U 2297 SHERE BXEEE FVHT7IEA
W 49 @i (Table 8)% Ao, CS# €34
2 AHBEE WE 47K BMEA 25A A
golut 2837t SR A& @ A%E vAA 43t

tH(p>0.05). 10% DMFE& X4z AMg-3ii&
WE cyclohexanoneo] :&3o] 28] @i g0
3.3% 718k 0.05).

7. BAHE silica geli® AHESE e A}

FAR71 849 F3AM2 PIEd} silica geld
AR Y A3E (Table 9ol AAI#AL). Silica
gelel #3A ¥HE§d& DMSO% methanol®
AN E W8] FAAEE charcoald] ¥HEAE
FAANDE C:E 234171+ NIOSH #33) v
Wil B, RE FMEHNAM silica gel-DMSO

Table 8. Effect of Shaking and Sonication during Desorption

Desorption Efficiency
Desorption
method MEK MIBK Cyclohexanone Toluene
(Mean+SD) (Mean +SD) (Mean+SD) (Mean +SD)
10% DMF
Standing 0.93110.020 0977+0.014 0.821 +0.006 0.9461+0.016
Shaking 0.942+0.013 0.974+0011 0.824+0.008 0.940+0.016
Sonication 0.935+0.015 0.993+0.008 0.854+0.012 0.95710.009
p value >0.05 >0.05 <0.05 >0.05
Table 9. Desorption Efficiency by Three Adsorbent-Solvent Systems
Desorption Efficiency
Systems
MEK MIBK Cyclohexanone Toluene
(Mean+SD) (Mean+SD) {(Mean+SD) (Mean+SD)
Charcoal-CS; 0.761+0.019 0.93010.020 0.837+0.032 0.95110.021
Silica gel-DMSO  0.503+£0.010 0.613+0.008 ** 0.7501-0.058
Silica gel-MeOH 0.873+0.034 0.889+0.013 0.71410.023 0.928 +:0.008
o ** missing data
Table 10. Desorption Efficiency by Loading in Two Adsorbents
Desorption Efficiency
Loading
MEK MIBK Cyclohexanone Toluene
(Mean+SD) (Mean+SD) (Mean £+ SD) (Mean1SD)
Silica gel-Methanol
0.1 TLV 0.9833:0.058 0.96810.048 1.106£0.221 0.9941+0.015
0.5 TLV 0.879+0.058 0.915+0.028 0.746 1+-0.056 0.975+0.036
1 TLV 0.87310.034 0.889+0.013 0.7141+0.023 0.930+0.008
2 TLV 0.872+0.002 0.901+0.005 0.670+0.024 0.964+0.010
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system® charcoal-CSz system®r} #& @R
& Yehiin, 2@ 3N 49] Y=+ MIBK,
MEK, toluene® ©AZ 31.7%, 25.8%, 20.1
%%t £E, DMSOe #Reole8 HarldM ¢
%°] A ©f@A%o] DMSOET} %t 3 cycl-
hexanoned] 3 #:& Yy}, Silica gel-
Methanol system& AMH:-3Hi& A$+E MEKE
charcoal-CSp system Rt} 11.2% 3713 @an
& Jehd 99, MIBKe 4.1%, cyclohexa-
none® 12, 3%, toluened 2.3% @R &l &4
319t Silica gelol #3€ #483& DMSO=
3439 ¢ Wit methanol2 30§ o €34
&°] MEK 37%, MIBK 27.6%, toluene 17.8
%7t EotA, & AFel] AHEE EAHEH dEA
< silica geld] ¥3¥E ¥4 EQe A2 Elsk-
amp%°| A% DMSO 2ok methanole] o
the 9@ 4l

Silica gelell ¥3€¥ 483 23lFPd e &
A &o] (Table 100 Yeh} sled, EHERS
FHY wE XA P L BAETH
(p<0.05). 13y Garnge HE AL char-
coal-CS; systemolAl} w2 XIg EMEI9]
go] A E&4E F/HTY. BHEH0 ¥e FE F

T2 EAY Wl silica gel-methanol sys-
teme] @AE&°] charcoal-CSz system?] @ix
& B0} §&u, MEKE EJ€ %] 9% 2.2 TLV
FE oltte wxdM, MIBKE <% 1.5 TLV &
oldte] FxoA, 28]3 cyclohexanone® ¢ 1.7
TLV ol8te] FE=4&EA silica gel-methanol
system®] ®&AA&°] charcoal-CSz systems &
An& B ¥k 83 charcoal-CS; systemol4
25%9 & ERFEL HQ 0.1 TLV $39
cyclohexanone® silicagel-methanol system©l
A Ae] 100%°1 717HE B E§ el

& o8 Y& RAFE (Table 1102 sili-
ca gel-methanol systemolA& toluene® »l7}
A2 37k SGE8AAA AdFEs) 0%<lM 80 %
2 F71gel= B738l3 charcoal-CS systemollA]
HAY B3R &e Z48& Holx] g3 A9 ¥AFY
A EE$ 29 silica gel-methanol system©
2 479 sEFEdME £Eo 938 A9 ¥R
W& BAET(p>0.05).

Vo #

NIOSH Documentation® £ 319 @i g

Table 11. Desorption Efficiency by Humidity in Two Adsorbents

Desorption Efficiency

Relative
Humidity MEK MIBK Cyclohexanone Toluene

(Mean 1 SD) (Mean+SD) (Mean=+SD) (Mean +SD)
Silicagel-Methanol
0% 0.8734:0.034 0.889+0.013 0.71410.023 0.930+0.008
60% 0.843+0.075 0.893+0.035 0.736+0.031 0.891+0.077
80% 0.881+0.024 0.894+0.012 0.744 +0.006 0.899+0.005
Table 12. Comparison of Two Study Designs

Desorption Efficiency at 1 TLV Concentration
Analytes NIOSH documentation This study Ratio
)] )] )

MEK 0.846 0.724 1.169
MIBK 0.900 0.856 1.051
Cyclohexanone 0.811 0.664 1.221
Toluene 0.995 0.945 1.053
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£ Z3E vwsld (Table 12)o] MAIBR €, 4
7] FHEFS BAAEE F AN M2 da
A Vel (p<0.05). NIOSH documentation of
validation test®] Y#sle MIBK, cyclohex-
anone, toluene®] ¥AA&E& OSHA HESTE
71Ee2 AYEded o 71EE 471K FHER
s WA f2vE HfexEnc 24 go =%
NIOSH |79 £ 479 ZI¥%E e, &
ATl e e F93e] HPRrI AR o9
5ol gl ¥4-& uBidid EJFIGE APNY
k. & d3dMe e 4830 6-121 37
o Her|Eee2 Eddtian /M ¥HEA
& G EH ] FEE olEe] TS &A
& A% 3718 0.15 lIpme® 4413 XY & 8§
&€ 3 2 (HEEEY 111434 He 5
Tojt}, &5 8ATL Al A&HA NBAH (con-
secutive sampling) & 25k B QYoM Mg
3 FxE B 3ol § 4 Y.
F4H71842 dAEEE F7H7)7] HY @3
Aol Mg RE A7AHEC] ATFA e, Beck
& g4ad TAE oxygenated solventd] @3}
E&E& 37717 S8 APoAM CSeell 2-(2-
butoxyethoxy) ethanol® 5% #H7lsisi& = 7}

3 E&ol E&& 9% (Beck,1990), Inger
Johansen §& ¥3A2A @& 7 CS:(F7
o]l wom FAHEY U QXA W A)
4l dimethylformamide (DMF) & A-8-3la @3
AlFHE W F9EAN A ERE&o] 100%1 7}
7Hcka Rada Yot (Johansen,1981). & A%
oA o]& F #9} methanol& CSpel Y &
2 A7zt AgsEE B M $& wARdE
el & DMF 10%8 CSol 7M€ Ae
;. 10% DMF$}t CS; A& wlasie] 4 §as
AEEE 2] Nd Fig. Dol 49 A 3
1 TLV &4 $4@§3e] @a4ade] #38 et
wigict,

YRk g2EQ CS: B B4viz AMg8E
el ¥4 #7183 toluened 93.3%9 &
AEEE Hole ¥ F4HR7IE€89 MEKS
MIBK, cyclohexanone® #Z 75.4%, 87.36
%, 62.9%% |AEEE BARY. 10% DMFE €
g2 ALY E wole ¥IF4H RIEAQY
toluene 93.4%% ¥AA&E BHo CS9l Ao)r}
ARAT FAHH/71E3Y MEKSF MIBK, cyclo-
hexanone® 2z} 90.5%, 95.64%, 78.8%% ¥
RAEEE B CS & AL4¥€ W 29 MEK

8

&
—1
=

8

8

Desorption Efficiency %

o §

f

CHIOF
MEK

CSatrF cROe
MIBK cyclohexanone toluene
Analytes

—

Fig. 1. Desorption Efficiency by Organic Material and Solvents Using CS; and 10% DME.
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15.08%, MIBK 8.28%, cyclohexanone 15.88
%9 BHARC] VA

e vy R¥q 94 E9 (graphite-
like surface)® W4 e ER ArsHE (surface
oxide) #¥#22 FAHe] e, HAFAN
(electron donor) ¢ AAb48M (electron accep-
tor) 7} RlE AE dfleie A4 HAd ¥y
S3, ketoneolt aleoholM# HAmYP ¥ o] 3l
E e 49 FEQ £A4 A 39 A
€ ¥R FAe}(Beck, 1990).

e F EHoERH BAES dWoule A
Aol CSp= HA A2MgT} whg-31a] 97| wj&ol o]
F¥ol &3€E ketoneW e FPBAL =
F&4A o dollA dr}, watA toluened ZE
v #7184 vj8) MEK, MIBK, cyclohex-
anone®2 FHRA7IHAE CHE XA Be ¢
AR&E 3 "He Aolt. DMFE CSxoll H713t
o THE @agde DMF7E @42 surface oxi-
dest Whg-de] o] R AP Y FHEBAE
Hold 4 317] Wi @ngo] vl s,
F7HHE A=E CSl Aviske IAHERY o
F71e5% AAe Zeld., a2 DMFES] 34
A7HEA L OS¢ @8l 7t Aole vl #¥
ol &8 H&7IoNAH Wgo] A EHNEIUEY WRE
AZbE a8ste] Priske AL FFHe A
3= & Yool @t

Aol ARA ABYE HiE rigezm
NIOSHA M« W3 A2 Agsh A ge) g3
E&9 XHE AMEER, 2 A7) 10% oluiel RE
‘stable’®, 10% °)4%l A& ‘unstable’Z 3
¥H(NIOSH, 1984) . 2E Fauhz-e wgukgo)
I a4 ge 2xeMe FAAANIL AL 8
HE EAZY NETE dYges 2Hd o
gt g2ndo] @2 4 Utk A28 g8 F
Y F 49} 34eolA SFEL @ Aast @
4] FAHEE 9E 9 cyclohexanone® ¥
Sx7t] 12%(CS:2 B3}sge o) 9 9% (10%
DMFZ €358 & o) o] gangs 2§ 2ot
2xo] wel FAHY =7} detAle Fe Ao o
2t thE-& (Table OolA & F U}, 7] &0] L
AEYolh =7 B& ARAPAA AQJEH A
< ¢ wele 471847 @49 FAHe F=ot

ot AP EAske AR 2o i)
¥ 7 3ol R7IEAE AHY o L@ wsa) A
Ao} 31, 1LY W& JYLFAE A S
A%, B {fU18AE XTYE B A5 &
HhAle] REJU ZAlgAe] 2@ mexe] Algs}
¥olAl =& okt

o8 XFE AEe AR dojxw &
A& 2¥%n, IHEF A 53 o)Ho] 4
& ojde de ATENM Baustded, £ @
TAME YAsh= AR 2Ah MEKS cyclo-
hexanone& A737|7te] Hojo wa} 43 A
B9 &4¥ ¥oled Wl MIBKE A3zHEet
BREEo] FasAT Fie] FEE 08 5 2y
&3 MEK$ cyclohexanoned] &43% xrc}
B o) 34 EAQ toluenedt Bl%gt kAo
2 @e FU9 Ao gHeITh @A)
XHE NEE AFE o dojue AEd&de 27}
A Fg 94U Aol ¥ Age R
383 § 3 (chemisorption)e|th. MIBK7} thg
F 448U MEKS cyclohexanoneo] H}2)
AR71%EY P olde FXHos weA o
#2 carbonyl”l7} @8ELE Alolo] x5 B
ded Wy @9 wew sheAo] Fol sl
it kA Fato] A Yojupr] wjFo)th(Rudl-
ing, 1986). SAHEMEA, 53 MEKS cyclhex-
anone®] A-$& AR BN ol AFLEo
Gt E EAAE S Ao|& Bolm YEH), o
fre 2571 2oll4E F4Eds} FaY 8 &
Alole] whg £ Fag EAE 2 wgsms)
F7137] d e g XA @RELo] o}z
€ Z°|(NIOSH, 1984). E§ ¥ 2xdAe
F718A €9 F71%%0) Eold EMEAEC] gV
oM WdEBRe] FTr2 o)Fsld wrEAH AF
AP & AXNAY 4712 ®AUsA] SHol &40
dolgd 4= 31§ Fol}

AREEe AR7|d @@ &4o| cyclohex-
anone’lA 71 e ole AWM ketone
#, B3] cyclic ketones®] 4% £4o] Yojndr}
€ °de RnEd dXdte Aot Jan
Rudling (1986) 5& cyclohexanone®] 34 sam-
pleslX E# 2F Fo| 10%H =9 A8E(2-
hydroxycyclone, 1,2-cyclohexanedione)©] A4
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€€ 2ada glel g4 EWAM9 st
cyclohexanone MAAl AlE&4de F8 Q499§
AA g, sleEsiol o @ Ak ketone®l enol
W2 EAE 9 encle] ©|FATE T Yol
ved 333ddM MEKE 0.12%, cyclohex-
anoned 1,2%7} enol¥¥2 &A% cyclohex-
anone®] AFA] &4do] MEKET Bl & & Ag o]
Aoz 49% 4 A% (Rudlin-g, 1986). Al8x3
¥ BE A o] ksl BNste Aol JR
AA{A 2P T E Adshed askn wef oA
o] #7Fe ¥ A% ARE YHRENE Ao AR
EAWAE Aol WA o)),

Jan Rudling¥€ ¥#71% 4d&=71 20%,
60%, 80%YU™ RGN 2 24, 104, 204 3
%9 £o] FAErkn Hri(Rudling, 1986). ¥
Ao 430 2}8 GARg YU VW AFE
Jan Rudlings] +¥#¢| 283 o] 7lado
AYsaT. §49¥e] FA4E 4L vFHAEHY
toluene®] @& E&ole YP& vIXNA gbed vt
8 MEK$} MIBK, cyclohexanone® %7} #o}
A™A A gRAEo] FaHAn 21 BEE
MEKAIA d& Fe2ifd. 10% DMF# €3§
2 ALg3-§& de MEKE A Yyojx By
28] Y ol 98] 99dA g3ict §
et E&EHE £#9 9o IV e 4
&2] micropores®] EM#-3-% (capillary conden-
sation) §4& 9Lz A& ANBEHA A
"pore-blocking” R3HE epdc} CS# Alg3o
ad o gy F3E +¥e #EY 9u §
deo] viMg H9EE YA CSst $8EA
%3 Fejde] EAEA €. $HEHL Cw/Colt
W& (Cw:idd EAths ¥k, Co:CHo EAldle
F2)ol wet EWEFd CSzol XA Ha
(Anderson, 1984) &% & Edste = Cwe
e 44 A= vl AR,

£ A7 $4Ede] g Y SHzd A
W MEKE 27.5%, cyclohexanone® ¢F 9,2%,
MIBKE 1.91%°l% toluene® <] A2 &5
2 et CSpst 4ol g &gl Holle
24830 e ERAEE F2AE el
o 840 71F & MEK7F 84 2% 9348
713 ol W RE 49 & Uk CSeef #71s

o] A F4E€ 4 8rle F4 B o= A
T 8341 & Wl wio] Sl o ENng
o] gugo] J#HMA} (Rudling, 1986). §¥-& E@
ketone®2] keto-enol equilibrium& enole]l ¢
Bol 471 Ygo2 olFAH FHEs] BN §
A3 Flie &8 FAY] GE RS
€ 224 4 A

FHAEEE Yoz gAY IPE Aa9
%ol vzt @EiRled FHEHS] A o ey
=7 AR ot §3 wWa oyl A AR
& URAEE d@c Wiwsd FHEFAY
loading®] #4319 @A A& =@ Fased oA
& $EEW o= Axe) FAFAL $4 7}
4o AYso Un S¥NA 7] goir}
(Saalwaechter, 1977). 3¢ Ade FRE 2
PRSP & AM e YT vie 29 F
E2 4dvse] 74 eRadE APNE 2
oF & AlAMgic}

NIOSH #4A¥ldde ¥MEde] g%t 7}
F &£¥Eo 34 sHol o, Awelv &) $4
o FaE ¥AEde dasvze $X& %Y
AF1EA] dold AYPAM 10% DMFPR ©2H8vi=2
AH4-9& o cyclohexanoneo] @&AIZHQ 1413}
¢ 23] fAFo2M GRAE] A
o v #7bE 3017t oF 3% EFe eRR
& 2A N el

FAARII 442 B2 SHAEE FHI A
FAA ] AM-E A=W QT8 AT, <1
st Avde] Y5 PSE A9 e
methylene chlorides] ¥°}3l= benzyl chloride
Efdoz MY dME & S48 o
# daAd vAE 99 AWE AQY, A
 20% benzyl chlorideZ AMa¥ Bfofjr] F7]
¥ 93nd& 9¢ & IUNG (Rudling, 1990).
£ dPNMe FYH71842 A= silica gel
€+ NE3le] B, AR silica gelel P&
v)isted NP FAEL silica gel e} AH{Y 7
Av7} dj$ A e FAEE /X3 Y3, EW9
W3- gilica gelo] WAdeel e o} (NIOSH,
1984) . olei® Hgduj ol silica gele] sul-g-Fe
Ze g4 Y g4 2o Zel Baprt g Gol
vyAgl, FHgEtel ¢hgAol Fol FAFAS ¥
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I3 A7l e vimdd fa¢ + Utk
(Table 914 RP&L FAE §AS] Yo] o=
FEAE F7HUFE QXA AXNE v,
silica gel® ¥& ¥xpPdr & SAL&E 2
ol ¥E7F ®ORITHR 233 HA§o] ol
o ol silica gelsl #3¥#Ho] fgdng 2
ol %7} 0.5 TLV(4.64) °l4te] HE F3AM7)
E=AY w5E7] (82U A A s 23
Aol R e AAEE 2P0 ddde 2
717} & silica gel tubel® AHESEAY AL sili-
ca gel H3AE AR AME ¢ Uk Aolth
Charcoal-C8; systeme] 7Fa Y& B2 ¥% &
oM ERERO] Fe A& RE) AN WY
W edi#de] w2 3§ W S4¥Es 23
#4o] gilica gel-methanokk 4% A& 32
€+ Ua ol@ A% o AT A7V Yasith
4999 F3E 482 OH-714 9484 ketone
7 enol¥dlE ] Be] EA%A 3tz RYee
Y afd 2% sl fYa 3 458
Z7IH VRLEE F2AUC. B¢ ¥FYR7)
442 9% FaE $4EdE AU o o
€A aRe] AolAl gol #dkel B4 &
g FARHEEe] $3Ndo]l Yoldn, wdd
(Table 11>& silica gel-methancl'# g2 4¥
2 o £ 23] FHEYS] QARL§o] FiH
A S%E& HoPed 1 olfE silica gel® ¥
- A€ B Bde wheye] Fo} siEis) B
#F3o] & 47 S|4 @3, ¢ReHE Adse
4471484 (el methano) & #3% &g Fol
CS & $3A2 AR o el s} 4
B A @40 deiiA @7 die] fd &
2ge] Ve FYRAEE Fol ¢AREE PO
=2 Rdhe Ao B,

a8y, 4" £ silica geldl WMEFE
37 gol=2Eg Wk, silica gelZ2 UPAEE
AHY A 57 we Rol2p silica gel®] 3
F4%0] & A& DBt gampling timed =
ARAY FE& AA%H7 A0 F4-MESR
(Sodium Sulfate Anhydrous) @& HeMu-&
silica gel® W¥-¥off Ayt o AP N34
el P g Aol ¢ Aok

£ AP A A BE ZE B+ W4 g

A7) 8ol & celle] AlBS7} Ho] BAINe9) ¢
wale] F2l7t AL R AIR® Adtae A8
UL BEUAL Ho] olHo] 2FL HYW S
Jeelet JztEc), 489 99 Ee 4¥e Jan
Rudling(1986) ¥°] #¢ AYAHMNY $dd)
FHTE AA FUNNEe W S8 WMo o]
1% FAHNeAe BT ¢ 21, 9 e B
E& o[l FAEA gdtehd ol2i @ Wil AAl
2 33 EA%%e v 999 U8 WA
#x= %4 + 2ok

ol AF Zo] 43 848l FYRFAY €A
Bdol VA E 9%EE FPHoE § 9 APYA
23 SRV EAR HY B3] SHME
tha e FE& asisicl ¥ AgYey a4
Alge AHE JHE ¢ HE A uisiyg
BMgtm ANagdu &, #4449 28 2|
@HA YER ghob 30, BA o aygte 2
& EUE THoE2Y e FESFRoE U €
BE&2 U=A BAsor @t 4471 EE &3
§ o, B3] F715o] 18 ¥HY UFo] AAY &
gl BAEE) ¥E g DMFS 2 F4H
714vRE CSol Arieled ALER & Utk olnjel
Fo g & JbA AZoETMT AN EHEZE
+ 3 #A% 4 sl FHYR18E Aqeor @
te Aotk ARF Fr1ee BNEES} B2 2
HEHol ) 2e FEFZ EAL WE silica gel
& F¥A42 AT 5 A 2Y ol ¥ &%
g€ gilica gelol F HAfEche AMHIE D5l
Folof ¥, ol A i WX g flHMe 2
FRIVIERE 59 FRAANR silica gel =
o 4% 4 ok

V ekl dE

B dyoMe 373 I4/718A49 33A @
AH &) ¥R UA e A9 24EE HrieA 3
AzA€ =#AG. BN A48 §de
Methyl ethyl ketone(MEK), Methyl isobuthyl
ketone (MIBK), cyclohexanone, tolueneo|™ ¥
AHbEe “NIOSH method 1300°& 7122 4¥s}
At

1. Dimethylformamide, methanol, 2-(2-
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butoxyethoxy)ethanol®& @44 1 %, 5 % % 10
%& CSeol 71 E4E AH-3E 9 CS;
g AlgEEE WEg FHEAA MEK,
MIBK, cyclohexanone®] @3A&& ZF71¥%x
H| 2§ toluenes] RAA&E W7 gifich
FHEAY SRXEER°] M} w2 &ve 10%
DMF2A CS:tHe W38z ALg39iE s
MEKE 15.08%, MIBK¥ 8.28% 9 cyclohex-
anone 15,88% 71591t

2. H]FAHEAQ toluenes] BAAE dsiAe
A7 ALt Y& XA gsted F
g dide ARl A5E, AFLexst
EFEFE A Ado] BUT(p<0.05).

3. g FAE ¥l FA4RVIEAY @3
g viXe %8 4B AN, 10% DMF
B B34 A3 E of CS: 8@ U95es Al
& iR} gan o] gk

4, @9Ee] ZJHE BAEA] o] SHAE
il Y% AWE F3 10% DMFE& €38+
2 AN E wW CS 8 AME AfHT) g
g o] AUt

5. 10% DMF& €38 o €289 o F71
7t ENEES BAAEE FUMMFIA R

6. CS:2 3¢ B M 7le B A%
olvt 2E9rl FARVIEEY BHE F/HAA
ke, 10% DMFE B340z A83dE o
£ %8917} cyclohexanone2| @3& ot F7HA
At

7. EAAZE silica geld AME3tn €iedize
methanol® AHEHE& ], B24EP9] =7t ¥
A% 948 SRELEE B, silica geldl F
H £ g EE A2AA sttt
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