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— Abstract—

Desorption Efficiency of Various Cosolvents for Organic Solvent Mixtures
Collected on Activated Charcoal Tube

Kang Yoon Kim, In Bong Ro, Hyun Wook Kim*

Occupational Medical Center, Sung Nam General Hospital, Sung Nam, Korea
Graduate Schoo! of Occupational Health, Catholic University, Seoul, Korea*

The purpose of this study was to find a suitable cosolvent to CS, so that desorption efficiency can
be improved for both polar and non-polar organic solvent mixtures collected on an activated charcoal
tube. Cosolvents added to CS, include: DMF(N,N-dimethylformamide): CS, (v/v 1:99),
DMF:CS,(v/v 3:97), BC (butyl carbitol, 2-(2-butoxy ethoxy) ethanol):CS,(v/v 1:99), and BC:CS,(v/v
3:97)). '

The results obtained were as follows :

1. Comparing the desorption efficiency of CS, with those of CS, with 1,3,5% DMF and 1, 3 %
BC cosolvents for two different groups of charcoal tubes each containing 8 different polar and
non-polar organic solvents with 3 different concentration levels, the desorption efficiencies of
the cosolvent-added CS, increased significantly for all polar organic solvents regardless of con-
centration levels tested. For non-polar organic solvents, no noticeable improvement was detect-
ed except xylene and trichloroethylene. The desorption efficiency of xylene increased signifi-
cantly while that of trichloroethylene increased significantly at the lowest concentration level
tested. :

2. Either 5 % DMF or 3 % BC was the most suitable cosolvent because the desorption efficiency
for non-polar organic solvent mixtures was similar or slightly improved compared with that of
C8,, while those of for polar organic solvent mixtures were above 75 % except for cyclohexa-
none.

3. The smallest variations in desorption efficiency represented by the ratio calculated from the
maximum to minimum desorption efficiency for all concentration levels tested were found when
3 % BC was used as a cosolvent.
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The above results indicate that the desorption efficiency of CS, particularly for polar organic sol-
vent mixtures collected on a charcoal tube can be significantly improved by the use of cosolvents .
such as 5 % DMF or 3 % BC. A caution, however, is in order for selecting a cosolvent whenever the
cosolvent itself is being used in the workplace or the impurities contained in the cosolvent may inter-
fere with the analytical resolts. In addition, to improve desorption efficiencies for such organic sol-
vents as cyclohexanone or ketones, it is recommended to use suitable collection and desorption
media other than the traditional method of charcoal tube collection/CS, desorption.

Key Words : Activated charcoal tube, Adsorbent, Desorption efficiency, Desorbing solution,
Cosolvent, Polar organic solvent, Non-polar organic solvent.
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AQZNA Bol AHHL e f718Ae AW
Z, NRE 2 23] d8l4d 5o WS &
718A o]t z2eht AT o ol #1849 =
A BA wE BdFez B4 Az A
34 F718A49 Agel I/ e FAH
(Harper et al., 1993), Se1&59 22 45 3
A #7184 2% BAdE EFstn 47184 A
H o] {84 Wil gl AFER = Fo o)
A} o] fu Bl APFNM SEASANA =E2HT
de 24 349 HF4 A8 EAH
B Fo] 22 AAon}. ol o] F4 H H|F4
71847 £ e S FEUA R
24 ¥FL 32 GRS M-S den o33
ga(c)3} 0S) 5 AHeste] 234g £ B43a 3l
o 2y CSell o3 SEie 2 AYeA
Zo] H|3A f718AY FSole o 100 %o 23
EL Ho|AT FEFHF(alcohols), AEF (ke-
tones), dlAH|2 (esters) T 5 34 AV8A= &

3go] s i AL ¢49A glen &

3 W FEAME 2 A B& A des &

27 AU (White et al, 1970; Saalwaechter et
al., 1977; Dommer & Melcher, 1978; Johan-
sen & Wendelboe, 1981; Rudling, 1988;
Beck et al., 1990),

24 /7184 B+E 2 5 wE CSdl 9
T gate) A9 40-50 % FE I olFA FaH
= %% glo] olSd digt d3gefe] Hgel of
3 a7 ggstA AgsEm glor] FWeMR o
of g Q77 AYPHs] ARAPS. e el

A o)l A AER @Y ABlA €38
of #F ATHADI W3, 1995)vte] HPH o]
AT dAoth ol AYAAA ARgEE EF
g FEF FE) 31E de AR 2heg goly,
T 34 (NEE dskean, 94A asein, A
ER, €98F cI2H2R)9 #7184 9 TF
d A8 A7 olFHE we A% g 23}
AolE ARESt BHde Aol 7 2 Yo
o, v sS4, HS4 #718A7 A9 93
I AES g4 & ¢ fold B2 g9 g
ABAF 7 B7FeT EEe A3 77 8AE
shte] ST ¥ o AS, CSel o
el 2oz FNANE Hudtedle T
g, v FHAGAARAA T (National
Institute for Occupational Safety and
Health, NIOSH, 1994)2 ZA84F {71849
2HELZT T5 % odem Axstn Yol EF &
7184 B8 08,00 23 g2 EAYE &g Al
Aketa gl : .. :

oA el g3e AJBF T EA%e= RE T
A9 w34 33EE § aAd zejan 244 3l
jA 9] o' 7HAR glo] AFE 4 e Aol &
% Sich(Beck et al., 1990). WatA B A4
= AYAeA F2 e Y 7184 (S
galead, 924 45T, d2HaR, AR
5, UEF ) TEH P - PHE A+ A
2402 0134 f718A g AMgs ol CSel
o gPy-e AP s FYR7IEAL
H34 {71445 B4l BA3EA 2REE ¥
AN 5 Y BxgAadE Ay A8 A7
3lgich
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Mz U
1 AR =H

2 dA3e ARAAA ZEASAA FE =25
= 77184 F 16 7 HIS d3l5as, 94
A B3raR, 427, AER, JdH=2R/=E 22
F A3t olE f718AE EAGF v A
718, & AT HF4 7187 2% £
=5 WA 8 FH Fo 2 TR Uyo] ¥iIE
AR digk Ahe AAEE ol BERIAYe
AR S 7t=I2rtE T (o]3t GC) Z A
o] £ foldH stm BHAE BgHoR &
o]7] H5td A=At

Table 1. The grouping of organic solvents used in the study

1 2% 2 T2 E7E 718419 F/e X 1
I 23 £ Ao A48 f7]8A EFERL |
Al (benzene), o-ZA# (o-xylene), EEE 20|
g3l (trichloroethylene), 1,1,1-Ez|Z=2=d&
(1,1,1- trichloroethane), HE=Z=Zd|€ (per-
chloroethylene), °©]AZ=2HLZ (isopropyl alco-
hol), 2-9EAlo&-E (2-ethoxy ethanol), 2-F%
Al &L (2-butoxy ethanol), A|ZF2ZHAl=
(cyclohexanone), *® o}Al € o] E (butyl
acetate), clgcolAHEl°]E (ethyl acetate) (Sigma-
Aldrich, U.S.A. LC grade), &%l (toluene),
HE A E (methyl ethyl ketone), mldo]ik
YA E (methyl isobutyl ketone), 2-(2-FEA]|
EA]) ol &2 (2- (2-butoxyethoxy) ethanol, °]&}

Group Organic solvents
Group 1  benzene, o-xylene, 2-butanol, 2-ethoxy ethanol, 2-butoxy ethanol, cyclohexanone, acetone, butyl acetate
Group 2  toluene, trichloroethylene, 111-trichloroethane, perchloroethylene, isopropyl alcohol, methyl ethyl

ketone, methyl isobutyl ketone, ethyl acetate

Table 2. Spiked amount of organic solvents by concentration (Unit: mg)
Compound KPEL"(ppm) Level [? Level [ Level I
Group 1
benzene 10 0.0409 0.0818 0.1635
o-xylene 100 0.1637 0.3274 0.6549
2-butanol 100 0.1503 0.3007 0.6013
2-ethoxy ethanol 5 0.0217 0.0433 0.0866
2-butoxy ethanol 25 0.0839 0.1678 0.3356
cyclohexanone 25 0.0881 0.1762 0.3524
acetone 750 0.1472 0.2943 0.5887
butyl acetate 150 0.1643 0.3286 0.6571
Group 2
toluene 100 0.1300 0.2601 0.5419
trichloroethylene 50 0.2190 0.4380 0.9125
111-trichloroethane 350 0.1988 0.3975 0.8281
perchloroethylene 50 0.2438 0.4875 1.0156
isopropyl alcohol 400 0.1178 0.2355 0.4906
methy] ethyl ketone 200 0.1208 0.2415 0.5031
methyl isobutyl ketone 50 0.1200 0.2400 0.5000
ethyl acetate 400 0.1352 0.2703 0.5631

1) KPEL: Korean permissible exposure limit (the Ministry of Labor, 1991)
2) Level [:0.5XKPEL, Level [:1.0xKPEL, Level [[: 2.0 X KPEL
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BC) (Merck, Germany, LC grade), 2-3&&
(2-butanol) (Waco  pure chemical industries
LTD, Japan, GR grade), otMl=(acetone),
N, N-g €& £&olu = (N, N-dimethyl for-
mamide, °13 DMF), &3kt (carbon disul-
fide, CSp) (Junsei chemical co. LTD Japan,
GR grade) o]},

Y #7184 d3ged] g g}sL 2F
7] flste] Z 282 §718A8 SR (acti-

vated charcoal(100 me/50 mg), SKC, U.S.A.)

o 4 Je2 A T=sELS UE0 4 BEF
&7 208 ©ZFFA7 (10 4, Hamilton,
U.S A)E o83t Flsigdh. =33 39
FAA ZH 1, 2982 §7HA /1 8A7E EfE 4
U2 43¢ AP /AR | £F 1%
Ae F=wr &gl wet o 0.5-2.0 vl §
EETEo] HAES(=FH, 1991) dHon, 4
A AR ed BT F 4 3, @340
2 28] BEAHEe datge FFEg

A FU8 Zpe] {1849 %2 ® 29
2, & 294 f7]| 84 e 4 1, 2 Fol @}
= Y #7847 EFE A=z ZYRedA
2RETR S W 0.1 /ming] oz o
60-90 £ Z3AE H9] Fxoln ol 24, |
4 F718A7F ERE dA g9 3’%—]-%
2 melste] Aaka Ao}

2 AN 24

AR EHE BYBES 4 H3E el g
08 vialdl B ¥ 29AguEE 1 w4 ¥ol 30
¥ old EEo] Fo](Agitator, Supeleco,

U.S.A.) 2as9icH(NIOSH, 1994). & ATIA

ARE g gde 4 A7E5 (Pracchia et al.,
1977, Johansen & Wendelboe; 1981; Beck le't
al,, 1990)¢4 R7¥ DMF, dichloromethane,

DMF/CS,, BC/CS,; methanol/CS,, isopropyl.

alcohol/CS,;, ethanol/CS,, acetone/CS, 5& #
¢ ¥ HEe e254L 2y B
DMF/CS,% BC/CS, & EXelMe] 3dad 2
a3 AP WEE EFPs] ARgEgg. B
AFelA AR EFfrd dF B2EELde

H &2 CS, &%, DMF/CS, (1/99, v/v, °|3 1
% DMF), DMF/CS, (3/97, v/v, °ls 3 %
DMF), DMF/CS,(5/95, v/v, ©1& 5 % DMP),
BC/CS,(1/99, v/v. ¢85t 1 % BC), BC/CS,
8/97, v/v, <18+ 3 % Bc)i dlgon ofd gg
‘é_}i‘r%f

giE (%) ='Ei'x- 1002 %@ﬁ-ﬁ‘:}.
"r‘ﬂi'é‘
€ 482 8% 943 7d27)(flame ionization

detector(FID))?]— Fag 7lx FzulEgg=
(Varian star 3400 CX, U.S.A., rangell, "
injection” volume; 1 #, capillary column;
Rtx-502.2(30 m X 0.32 mm LD:, Group 1),
HP-20M{E0 m X (.32 m LD., Group 2))& A}
85t @ NBT 334 AFNERFY
{Autosampler, Varian 8200 CX, U.S. A)E ]
43l RISk n oo diF PFZE A&

3 xzEs

E Afda BAEHE SAS T23d8 o4
o B= ¢F9, 49 FTHY 289 w2
EZHAE TINL =9, $9 THYE 2350
A7 EA goliy] H3le] ANOVA 24& A
Al 2)n chpuln ARE doluy) fEog
Student-Newman-Keuls(°]3} SNK)& 281y
.

B 4 24 F9I8 7718A19 3= ngt
Saeue] FHAE Wol7) drhd HEA] gopr
7] 3o g8z s g2 Jg g8
A A& E3Fe) v E A2dged A 238
of g A4 2259 ¥ (Beck et al., 1990)

kik 10 N
U Sreamey TUETH

R

X #7184 (54 2 N {718A)E B8
gdo TPF & o5 K714 dE SHELL
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T3 A ¥ 3, 49 2ok

¥ 3 eI £ fV18AE CS, ¥
oz, a#lm CS,W DMF 552 1, 3, 5 %= 2
zeratgnle] TN &S ulo] sEA SRS
o] g2&S Rl Zojth

CS,E dEo = AMg3le 3 2352 75 %
F718A9 FF wet Aole AT WIS @3}
S50 A% 91.93~105.96 %, 94A ©@3lei
Fo A$E 99.67~103.15 %, LZF AL
LOD(limit of detection) °l3l~76.74 %, AE
Fo] A% 39.89~88.63 %, S=HE=7 A$
81.69~101.97 %Ath. WIHE w@3fFife g4
A g3lEaie A%l & 100 % 77 2
£ HIAT B oA gz AL ¢FF%
AEFNA NIOSHAA A 75 % olste] &3
A3E 2yt £ EE=2O A HIE=2
de#l e A BE {7 EA NN & FEIL Eot
AFE 35 fos FVEE 2AFS EiE
o 53 4 #718Ae ASole #E FEH
Z718Aeh(P€0.01). = HIFA f718A1F e
WAz FHAe) A F=rF F7HEC @ w$
FrolsiAl (P0.01), EFK7 111-EEZ 20| &
Ae fostA S7FstATHPO0. 05).

1 % DMFZ 2339 < 4%, 932 WIS
Eal4afe] A9 98.25~104.09 %, F4A &3t
FaFol AS 95.47~104.23 %, LEFe B¢
54.68~95.44 %, AEFS 7% 48.41~101.21
%Rom JxH=2%/9 7% 100.33~104.31 %<
2 Yehd, CS,@5es g33s BAung 4EF
o} AEF AS TR " AT /18
< Hol7|x stgou} 2-cEA|EE, 2-F5A|d
gey A ZF2HAEe Ao 75 BEG RS &
ZEg Btk UdA IS d3leafiy daA
a3leaF 9 JaH 2R e CS, 9522
23S g9} tERle oF 100 %0l 7 g3E
< HolAY Izte] FUHEAAS EAoh ¥FA #
7184419 EFAoME =7t 71 we &3
Eo] ul$ f5A (P0.01), EZ=2ddAL
folatA E7FATHP0.05). 34 71849 73
° WEYqEAE, WdolARHAE, ANEF2HARE,
olAE, ddotAlEclES] A4 ulS feldtA St
ATHPL0.01). =3 CS,ol 23T vmdiMz

AZ2HA =S AT iR 4 {7184 <A
gEEo] v Fo3HAl SR THPK0.01).

T 3 % DMFZ 2339< 4%, 9382 g
£ B3 AFY AF 98.15~103.73 %, G&2A
eeleafe] 2 99.39~102.15 %, ¢E79 72
 75.12~97.15 %, AEFS 7% 61.43~99.62
%Rom o|xHZRe 7% 100.71~103.23 %2
2 Yeht, CS, 9522 233 E Z¢ut) mj$ &
oA 7R (P0.001). EF A|ZF23Al=
< A BE R718AS 2380l 75 % ol &
ot F7FE BEow uHA WIS g@3lsaiy
daA B3trai 2 JzH 2R Az CS,
9502 g3hmel thEgle] 100 %l 77 &3
ES Bt 13y AIZREAR=e B dle 3 %
DMFAAX = 382 fzte] FF F o 1¥
NIOSHOIA AAIZE 75 % @FEolle vXRA] 23}
Atk 3 % DMFE 938v2 AMSS A% &
T Fo g A B f7]8AE itk

E 5 % DMFZ 233 o, 2382 43I
3l fo] A9 95.86~104.13 %, E2A &3}
FAaFe A$ 98.50~103.28 %, ¥EF A%
82.79~100.30 %, AEFS 7% 50.60~103.08
%[om o|xHZF 7% 101.98~107.45 %2
2 Yehy, AZF2YA=S A3 ZE {7849
g3H8o] 75 % oo EIAES Bt AERY
AFeel Zfole 5 % DMFOAME &2Ee 34
PIEHA F%S ¥ o 3 % DMFE 233S
guo e A7E ey 23|28 CS, 9502 &
ZPe el 1 % DMFZ 23S uje} ofe|m
A3 Zol7t gl Ao YEigth HFA4 /7184
A AL WA EFE2EdAL 57} ZolA
F2 ol F3HA (P0.01), EFAI IAAL
Fro 34 (P0. 05) BZHEe] F71skith S4 /71
SAFME 2-AFANES, 2-FFAdT®E, Al
2= oES AS FEIF FUHE ot
& F-o5kAl S7FE ATHPL0.01).

Beck et al. (1990) ©] Atet £ f718A &
Zguj 23 2-(2-butoxyethoxy) ethanol (butyl
carbitol, BC)& CS,oll T3l T8 1, 3 %<&
2 3o ged £ f718A9 23ES 43
3 A3 F 49 2o

1 % BCZ 23s19e o, 2as2 WIs a3
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A5 AL 96.25~104.41 %, FaA ©3Fi
o A% 99.38~102.76 %, LEFY A¥
67.96~93.67 %, AETFS A¥ 67.72~101.24
%Pom oxE|l2Fe 7% 100.57~103.27 %=
2 Y} CS,@5e 2 2agS mud FdolAg
OEZ AQF BE IFA fV]|8AAN TAHE
)¢ o stA Z7HEATH(PC0.01). 2BV 2-9%
Alolgt-e3 A|ZF28Al=e] 79 NIOSHeA #]A]
75 % FHEL A FINT = A4 {7
A9 3% CS,2 3L Hrtt vl folg 5
7F2 JeEliev (P<0.01), 1 % DMF} ¥ugl&
m olAZ2IAF, 2-FEg, WEJEAE, of
E, oeolAHolE, RHolMHES] FSlE &
AR fo3t AE HolA] Yttt 3 % DMF2
2398 mole A H&F A9E B tdFHn
A 2-BEA S, 2-Feg, WEqEAE, v
Ho|ARYAE, AIZdrE, ofAE, odotH]
olE, REolEPIESY A$ Aol7t fUTh EF
FEze] A2 AWE A ¥FA fU1EAle =
7F ETobgel wet =A™ (P0.01), WA, E7,
111-EgE22dg (P0.05)°] F3tA Z718HA
. 34 f1EAZSdE AEFRYA =Y AS
=zt v felsiA (P€0.01) FEolAH | EL]
7% frelsiAl Z71EATHPO. 05).

T 3 % BCE Zase o, @& WIS
el fol A9 98.37~103.69 %, AAA €3}
a8 A 100.52~103.06 %, LEF9] A¢
85.39~98.27 %, AEFS 7% 70.81~107.15
%Rem dxH=%e A% 101.54~104.67 %<
2 Jehgth 1 % BCS ¥uge olaz=dy

o 4

120

Z, 2-9SA S, 2-FEAEE, ofAEdA
W] folEA FriskRe™ (P€0.01) NIOSHelA
2% 75 % BEAEEG FUkEE AYE B HAA
3 g3en|d Aoz #AHAN 1y AFRE
A=l 739 NIOSHOIA AAR 75 % E3Eol
n|X)A] 23Hth 5 % DMF} vlafle o A|E=
al=s) oA ES A3t BE RV EAT] &3
£ Aol7t gle AR Yeyith sxo] wE Ao
7F JeA golE AFoxe EFAY ZA-oAut
Fx wE w$ felg TV BAE $(PK0.0D),
ez 157k1] B4 Afde s Fo3 3t
£ HolA| gsith

a3 12 EF /71849 gEuEA CS, @
Eo0=, CSyol 2xgEguj2# DMFE 1, 3, 5
% A71PE e BCS 1, 3 % FA7/FS o U3
& "3lea®, 944 B35aR®, ¢FF, AS
7, d2H=2F5 7Y 9FES 19z e
Rolth, BT /71EAA WIES a3rafit 4
27 g3lgrafe ZAfole 238 FRel A
#glol 43 <F 100 % 2HES AR 3
AL dFF AER, dzHEFANE CS,@5S
2 2233 & o Hg) 2xgAgujEA DMFu
BCE A7IE o folF S718 Holx 3leS &
T 3t

E 5t AHSE 28] TR WE v @
Z+E wWo] (ranges of desorption efficiency) &
Uehd Ree2X K 3, 491X & F URe] 4¥ ¥
4 #7184 2 I 718 AE gl
Bate ool et 2EE] Apolzt o] AdEHE
o g HagFES |7t A deide AL E

100
80
60
40

Desorption efficiency(%)

20

Type of organic solvents

CJCS2 only
1% DMF
3% DMF
5% DMF
m1% BC
m3% BC

Fig. 1. The desorption efficiency(%)
for the type of organic sol-
vents by desorbing solution.
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Table 3. Desorption efficiency(%) for organic solvent mixtures by CS, and DMF(N,N-dimethyl- formamide)

Conc. Desorption Efficiency by Desorbing Solution, %
Type Compounds  § avel - - - - - -
CS, only DMF:CS,(1:99) DMF:CS,{3:9T) DMF:CS,(5:95)
Aromadc benzene 12 99754237 o5 IOLIBELSL g g9 MOBTIESA2  gp500 95861108 454
Hydro- : 12 102042080 4 ygpe 10264150 4 o M2Z3I2049  57gy  H02804116 4, 472,.
carbon E® 10596080 ~ 101.84+2.05 ' 100791356 ’ 10243+1.10 i
wliene [ 98662239 o062 IBI5ELSE gngz  WASE2SS 4000 9TETEISS  pp5o
1 M093EESS ;g 10006ZLT3 oosis 1002342216 5545 101023196 o) cos
K 102274062 1064.09+0.85 10197054 103.53+167
@ 9878180 5goex 9960045 Ligein 102314049 yaoc 103412090 g 4gs
EY  103.87+0.40 99.10+1.68 100794256 104.1342.66
sub-total 100.48+4.11 100.70£232 100.724+3.03 101.2443.21
Chlorinated wichio- 1% 10L22+072 1050 99194260 g 100051154  gngy  98350E162 g4 )9
Hydro- roethylene T 10098:+057 g5 100262030 4poge 100902105 4pyy  10L78B£222 g gpew
“ecarbon E 101.10:+0.38 103.22+075 101343034 7 103.08£081.
U 1-rich- | 00761109 jgo17 103702402 0338 99.78£252 o119 100922269 o183
loroethane I 103052112 4 5« 102224094 agg 101L64£269 ~ 437 101282240 407
| 10261130 104.23£2.52 102.15+1.68 103.28+3.09
perchio- [ V67499 0957 95471440 o912 99391249 o987 99411054 (gpad
roethylene I 101.22£236 430 99001148 090 9996E118 453 10041180 462
|1 100.81£0.96 99.49+3.87 100.27:£0.65 101.51+1.77
sub-total 101.28+2.03 101.13£3.11 10062 1.79 101.1342.33
Alcohols  isopropyl 1% 59652204 415 38294306 gnq,  9258£233 g4, 0 94TILILE oo
alechdl 1% 59432077 pagees 0O5EL2Y a0 9418238 .0 96T2434 L,
: E®  6638+2.70 9179451 9568+232 T 98.97+3.70 :
2-ethoxy |2 -a 500 S499E1023 ghoe 75124424 gy 8279084 goge
etharol I % - 753 S468E628° [gon  TII0KAS2  Lgn9  B464EI36 sga7ee
I?  1528+064 67412581 80.38::2.71 87714123 7
2buoxy [ ? - 1066 TAN0E5R 4557  B3STHAM  gegy 9667109  g747
“ethano] ] BO3£138 1043+ 79772418 4593  B7T88RLISI 4450 9693E129 o oges
. | 23.97+0.41 80.14+4.99 8857+1.74 10030+ 1.53
2butanol [% 5396266 6420 9031E365 ¢33 9411358 gepy  9BI2E1D22 gpes
I? 6191120 49980 94.10%259 436 91152066 4035 92B2E0T2 14
E® 76.74+0.75 95.44+3.00 96954296 97.514£2.22
sub-total 35.44+29.09 80.57+13.41 83.6248.07 94.681.6.18
Ketones  methyl [®  6253+130 8043£1.59 83.86+537 85154604  gg0
ethyl I®  6540%301 :Tfot* 83.06:+2.92 i?a’;;, 86124522 . 18:6&7:0 BL.39+375 4477
ketone '  7LI1E2S5T T 8340213 ~ 88294409 - 91741 1.67
methyl  [? 83142074 goon 95762208  grqc 9U2EL06 o509 9BTEELTT 0006
isobutyl P 8523%247 S onn. 9692167 i ng. 9BTBELSS L hg  99BLELAD 4 gg)
w L « g B =
ketone I 8B63£144 10121082 99.62:£0.61 103.08£0.81
cyclohe- [P 3080%110 5212 48412439 g5 61A2E5ED gogs 54854264  s400
xanone ~ 1% 40.46+0.67 IL76** S468E6.28 gonas 65.57E66 45,4 060X09% 13j3e
E®  6701+064  » 617128 T 6837483 56.60£160
acetone [ ® 61934147 s053 ORSSELIB e 9434£390 g9  S128k189  ggey
I® 66904528 - 96521189 L gy ILIGEL2E G40 MEBELE  jegpxx
@ £ 10.17+* + 4.
o 1 8367166 9953216 9147:£7.16 89.67+0.82
sab-total 68741446 832741797 86.51113.88 82.69+17.90
Esters ethyl I?  8812z109 100.68+1.98 10071102 - 102.32:£2.00
acete  F® 90114268 i"g“.ﬁ, 100.33£0:94 :‘ggﬂ, 102.19+0.63 1;}23 ol 0
2 93041152 ) 104311152 103.05+1.71 ) 104174093 -~
buzyl I®  8169%274 102.92:1.90 103.39:£4.94 101.9811.14
aee [2  OLOTE1N L on. WBIEELN o0 103233089 oo 1074sz101 000,
|| 10197084 — 102893223 T 10305367 T 107.07+1.28
sub-total 91.00£6.41 102.39£2.15 10261 +£255 10431 %2.57

a: less than limit of deeecﬁun(tlic LOD of 2-ethoxy ethanoi is 0.0021 mg. and of 2-butoxy ethanol is 0.0062 =g)
S i Sgﬂlfgmt difference among concentration levels(P<0.05); **: Significant difference among concentration levels(P<0.01)
g

Significant

gnificam difference
difference

among desorbing solutions within a concentration level(P<(.05)
among desorbiag solutions within 2 concentration level(P<0.01)
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Table 4. Desorption efficiency(%) for organic solvent mixtures by CS, and BC(butyl carbitol® )

Type oo Eg\r’l:i Desorption Efficiency by Desorbing Solution, %
BC":CS,(1:99) BC:CS,(3:97)
Aromatic benzene I 104.41£3.56 101.44£2.14
Hydro- I 99361098 10> 10080055 978
carbon il 101.00£1.73 . 100.09£2.07 S
toluene I 100.88+0.55 99.291+1.43
I 0133037 0% oLas1az 9L
il 103.70£1.09 T & 103.69+1.16 Sk
o-xylene I 97.96+1.41 99.84+3.21
I 96.25+0.09 +917 ’58:** 99.19+1.28 _?_93 1338
i 99.36£0.45 — 98.37+5.34 Sl
sub-total 100.52+2.83 100.46+2.65
Chlorinated trichloroethylene I 102.76 +0.62 102.25 101.56+0.84 102.22
Hydro- I 101.31£1.30 + 1'49 102.02+1.90 +1.31
carbon I 102.69+2.06 i 103.06+0.66
111-trichloroethane I 99.38+£2.39 101.24 100.52£0.67 101.43
I 101.93+1.01 +1.94% 101.37+£1.68 +1.99
I 102.4110.21 - 102.40+2.99
perchloroethylene I 101.52+£6.30 101.91 101.8942.36 101.60
I 102.19£6.10 +4.64 100.80+1.40 +1.56
I 102.03£1.35 = 102.11+0.35
sub-total 101.80+2.97 101.75+1.64
Alcohols isopropyl alcohol I 88.24+3.83 89.52 91.19+3.12 93.69
I 89.00+1.81 +2.64 93.48+2.22 +339
il 91.321+0.82 = 96.39+3.05 i
2-ethoxy ethanol I 67.96+4.78 71.39 87.95+4.40 86.44
I 73.10£3.15 +4.54 85.3943.90 +3.64
I 73.09+£4.39 = 85.98+3.06 T
2-butoxy ethanol I 85.84+2.07 8571 94.851+6.48 93.46
I 85.09+0.16 +1.62 93.57+4.11 +5.61
I 86.19+2.12 91.97£7.14
2-Butanol I 93.85+5.54 93.71 97.861+4.60 98.06
I 93.62+0.91 +3.49 98.04+2.18 +2.79
I 93.67+3.61 98.27+1.58
sub-total 85.08+9.05 92.91+5.72
Ketones methyl ethyl ketone I 85.11+2.63 86.40 84.97+4.43 87.47
I 85.48+3.09 +3; 21 86.93+3.39 +3,' 84
I 88.62+3.39 - 90.50+1.42 B
methyl isobutyl ketone I 100.14£0.89 10021 99.49+0.90 100.37
I 99.24+1.12 +1.42 99.81+1.50 +1.43
I 101.24£1.62 1 O 101.80+0.53 .
cyclohexanone I 69.47+0.05 70.04 71.921£6.49 71.67
I 67.72+1.16 40 .44%* 70.81+3.89 +4.14
I 72.92+1.32 - 72.28+£2.03 "
acetone [ 88.90+11.60 91.54 104.19+4.66 105.80
I 93.82+0.41 +6.76 106.05+4.72 +8.09
I 91.90+4.06 107.15+13.78 )
sub-total 87.05+11.76 91.33x14.14
Esters ethyl acetate I 101.44+1.25 101.54£2.211
? 102.19
I 100.57+1.41 :(_)i g‘; 101.77£1.79 _?_1 9
I 102.33+2.03 XL 103.27£1.71 T
butyl acetate I 101.31£1.59 101.82 104.67+2.35 103.93
I 100.87+0.31 +1'39 103.98 +1.49 +3'12
I 103.27+0.35 s 103.12£5.13 PR
sub-total 101.63+1.49 103.06+2.68

b: BC : butyl carbitol , [2-(2-butoxy ethoxy) ethanol]

*: Significant difference among concentration levels(P<0.05)

**. Significant difference among concentration levels(P<0.01)
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Table 5. The ratio of maximum to minimum desorption efficiency by CS, only, and DMF and butyl carbitol® (BC)

in CS,.
Ratio by Desorbing Solution
Compounds
CS, only 1% DMF 3% DMF 5% DMF 1% BC 3% BC

benzene 1.06 1.01 1.03 1.07 1.05 1.01
toluene 1.04 1.03 1.01 1.02 1.01 1.00
o-xylene 1213 1.01 1.02 1.04 1.03 1.01
trichloroethylene 1.03 1.03 1.01 1.03 1.01 1.02
111-trichloroethane 1.05 1.00 1.02 1.02 1.06 1.02
perchloroethylene 1.04 1.04 1.01 1.01 1.04 1.02
isopropyl alcohol 1.16 1.03 1.03 1.03 1.06 1.04
2-ethoxy ethanol - 1.23 1.07 1.06 1.08 1.03
2-butoxy ethanol - 1.07 1.06 1.04 1.01 1.03
2-butanol 1.42 1.06 1.03 1.02 1.00 1.00
methyl ethyl ketone 1.18 1.09 1.02 1.06 1.05 1.01
methyl isobutyl ketone 1.10 1.05 1.00 1.01 1.02 1.00
cyclohexanone 1.68 1.28 1.1:]. 1.12 1.08 1.02
acetone 1.35 1.08 1.04 1.17 1.03 1.03
ethyl acetate 1.09 1.03 1.02 1.01 1.03 1.03
butyl acetate 1525 1.00 1.00 1.05 1.02 1.02
Mean 1.1842 1.0650 1.0300 1.0475 1.0362 1.0181
+ Stk ganic adsorbents) & A <¢FulE AHEHA (acti-

2L 22X CS, T BEO R ALESHS o 1
Hol7l Hdi2 SR 8AS] A9 1.687HA 7t
d A¢= o Bxeagulg A/S o &
2" 232 2 CS, gd5e= 233le 3¢
2 )7t 1.68019E AE2HAk=9] 4% 3 % BC
< AMEE o 10274 ESEAT AERHAl=
ggog Frd wE €39 At AL ofAlEe]
U 2-Ferge] Afodz ZZt 1,35, 1.42°04
1.03, 1.007FA] =L u|7} A=Ak F4 7718
AW oplz} H|FA F718A9 A= S8
o wet & Aole oMMUAT 4zt JiHE AIH}E
Bk

o &

7tag F7) dHe £2& TPsted AMSHe
EZA e A F71EFA (inorganic adsor-
bents), 7H2& 24 (adsorbents on the basis of
carbon), 233 TFA TEAEFEA (porous
polymer) 37HA2 vE & Utk F71FFA (inor-

vated aluminum oxides), Az|7}dz} A Q2}o]
E (zeolite, molecular sieve)7} 13, 7HEEFZHA
ole A, carbosievelt carbopack®} &2 &
A7t ged, Y nEAFAA Y= Tenax
GC, Porapack N, P, Q, R, S, T¢} Amberlite
XAD synthetic resin(XAD-1, 2, 4, 7, 8),
Chromosorb 101, 102, 103, 104, 105, 106,
107, 108°] ©°]o E#E T (Crisp, 1980;
Henschler & Kettrup, 1993). °l F &84
Z9| 7kay F7149 EAS A o F=2 AL
Ho g3 FiAe e Aol ¥4
Be A1 Fo F718AE TR g o
253 glon I AME MY = didd] Yok
gere 2AA ¥4 (graphite like surface) 3
FH A3E (surface oxide) 2 FAH Utk o
ad AWE @3lFire AAFAA (electron
donor) Y AA48-A] (electron acceptor) 7t S22
2 Z3A gWo FARAHAR AEFY ¢EFHRS 2
< ARmo] 7bed EFL TAAY FWHIY ¥W
A3HE FZol| FaEh olFA FAE fUEAle
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CS;9 22 E3hgvldl ols £3 EHo=RE ¥
o] veA HedH S ¥4 4AsEds a3
A 7] W& o] &4 FFE IHRIEAE
a2 gl A Ak ol# ol fE A4 /7]8A
o] SFAAEES CSoll o% g3t o5 wolAn
3t {Rudling, 1986; Beck et al., 1990),
ggerdyel o) Y {7)-8Ae v
E F=2 C87l AHEE0IA 8 ole EF Ad=2
EAEE #7842 AL 34 #7840 €F
o W4 38l E Ao EHd A F3F
{competitive adsorption)¢] YeIUTF e A
o]t} (Fracchia et al., 1977; Musller & Miller,
1979). g4 TFHE #7184 B9 &
Zrgo)o] A8 3 (phase equilibrium) <l 2lsf 23
B eE {71847 @A FAoRM &
=, & F5, €3 &0, €80 & 2
<=, €343 F GH7A QA o8 9FE 2

= Aoz &dd A (Dommer & Melcher,
1978),
2 ST vF4d f718As 549 /7184

7t EFE FPEEANN BAHEDE ol &5 AHI
AE8E BxegdE FE3 EF ALEsd Hi
75 %ol &3o] 7had g8 E AR stnA s
At '

CS, 9Eez g3PE o] Johansen? Wen-
delboe(1981)7F 1% FE(MSA /7]8A:
93.69~101.77 %, 54 #718Al: 37.82~103.92
%) BT FA §{718A9 Ay AE3] R 2AFAE
HAR vIFA §718A9 Aede v 235
Bt Bumnett(1976) 2 A¥d] AlLEd {7184
o] $771 B A= 234 g2A7 ¥=24 &
718A2 A% 95~105 %, F4 K718AY S
44~94 %9 ZAFHE B, F714AF S /718
Ao 7% £ 40 § ¥e €AEAE Byt
T Beck et al (1990)2 WS4 {7849 A
93~107 %, <4 #7184 A4 713 2
EA7E A 2-d A e 14~T1 %& EH3H
103 %7A19] 2} L Hudr), vz
Posners Okenfuss{1981) & 2-¥5Ald24 4
5 14~T77 %9 e32AE Hasige, £ 499
A7} o8} o] gM BRIEHT ¥ B BIF
< 129 olfrE, BAARF FUF RI1EA) F

o] M H¥EH o BE FEF ditez )
HEes Hert 53 IS4 {71849 AL FL
ol {71847 BB ¥ARAL o QA
gatEo] AdEYrtE Posner® Okenfuss
(1981), Rudling# Bjorkholm(1986), Ballesta
et al (1995)°] A FUF BAAE HoAFes A
olt}. Saalwaechter et al. (1977} 467184
o ¥=vt GEE BAASEHA ko] BMER
L Y7 FE s i A} glo] BFER @)
f&ol olze ARE Yedciz %t =
Burnett(1976} 2] 2% ZA¢te] 252 MSAA
o] BARHE AHEA7) dEo B AP A
SKCrte] f4eda HAL IFE 2918, 5
32 Hde] z+ Az} O 5 A s g
A 9¥E Fr 242 AERHAT(Rudling,
1986).

T CS°l DMFE 22 1, 3, 5 % 37FAY
BCE 4% 1, 3 % 371 & EF #718AE &
AP B A7dde 5 % DMFE A2284ile9
GEEe] 75 % °1¢ /XY AHRE 29 FA#}
el (1995) Edeh= €3t ole AFud 24
o] AT WIW(1995) 9 A4 AEH 471
A BAd AVHUA ¥4, B A7dge A9
oA ZEAANA =&E 70l e EF #71%
A7) GE A F2 == GO A
o7} e Aeg Bed

=3 g9 /7184 FsiEk] v gi3E
o] BEAl& WeolE & e 2iE9 At F
252 G350 od ARE Hda E 5 g
H(Beck et al., 1990). 2H =z S&Ee] 75 %
oAl ANE JEMI Bxd wE gFEe] AVt
e g3idE 2] JAsid AUSHES ol
F Hagdtge WE 42¥ 33, CS,8 dxo
AHERE AL dREe S fr1 AT Aerp 2
Helgiz HIFA #718Al9 Az o T2
A7 Qe Aeg veiyn oy Exgagde]
Ao 2 Fhof wE A7} Ao 3 % BCE At
£8< o 714 I 7l FHol " REEEi)
2 B o]l& Beck et al (1990) 2 A=s}
H282L v CS,E A4S Ase B34 wet gzt
g ol YAT A9 ¥£g AJE: Bt
Beck et al. (1990)2 717 H2AH €802 5 %
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BCE #AxdRey 5 % BCe 2-d5AC&tE9]

< ®olz} 1110194 ®hd, E AFolA 3 %
BCe Z¥e 1.03224 © UL 43S B3 e
2 Jebsich

T f718AE 23 glo] AHsE 2Ee)
E 48 EnEd g3 AAE s Beck et
al. (1990) 2 W&t&S CS,oll & Wy BCE
CSyoll EF AH8ozx EF 718419 23&ES
AAsRSS Badgch o] dFolA Beck et
al. (1990)2 5 % BCE AH83e o 713 £2 2
#}2 2gga ¥ Johansen® Wendelboe
(1981) = DMFE 1 ml 713k 233t a3 CS,=
AHege weoke HhiE 24 /71849 gREe
A=A oy B3 {71849 €8S FaHe
ZA3}Z B33l Fracchia et al. (1977)2 34
f718A9 eRELS A= 7] ¢35k DMFY
gEzzdgy 2 FAALME ARt 2E3HA
Y 1% Ee5 %9 Ags, ol2Z2dRZ, o
g0y} ol ES CSpoll EF AT 2H B3E0
Z74sdcin stk AR @I 939 (1995) 2
DMF, methanol 2281 BC2 vEZ CSoll 43
ZH ZI7AFIHEA A8 23 10 % DMFE CS,
ol EFg AR AEFS] 2EELC] s H
e 232 dydzn Raosigch a8y B A7)
e 5 %9 DMF$ 3 % BCRte 2% A|ZZ2EA}
=2 A7 AA /71849 g8 A= 2
IE 4& F Uik

5 % DMF4Y 3 % BCY H|=3 232 AU
Y, 3% BC7 2289 Z3e A" F31d &
7189 Foll @ Wolrt 7HF Ho] HAEY Bz
2802 Fris

£ d7247 CS, @523 EAHL 2-95A]
gy} 2-REA gL g FE o] FHA E
oJA A NIOSHOA AAIZE 75 %0]de] 235 B
olx] gko} &EE HEo| YA Txo wWE FE
2 ZUAe Aol e ¥ oplzt v &
71847 FFE ASole e BxgaenE A}
£ A% 383 H4E2E 7 e ¥ NEE CS,
oz gagy] g HEA RI A AVA
Hale 3% 4 ¢ vke Aelth

DMFE 2zgzenz AS 49, 838
2 XS] Fou DMF7E A4l wwz A}

|53 e A7IEAIFY] Rl Holoh wehA
ZAF A AMgE = 771845 DMF7F 23
o] 1< 7 DMFo| o3 &3to] &Adete] Fatd
DMFe] 7oz 3] A2 AHE 5 3ok

ol FAE FEHE F e oA BCE Ex
a2 AS-S AT 4§ Ut a2y BCY
AHEAYe] BRI 5 % BCE AHS3S o 238
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spectrometer SATURN 2000, Varian,
U.S.A)E AHE o83t B4 &A1 FQlsle
5, ATZ2AE oMAE, 2-FE23 2-FEA &L
o] I HrtEAt wEA AFB|E T 2-Feh2o]
v 2-FEAEE Fo] EFH U B GC T
o] FHo wetHe AEE BT o Igse
7FeAe] 3lem, 53] ¥ Fxo Afde ¥
a 7FsAe] '3 Stk EJE AlFEHAk=e]
7S BCE A3l NIOSHOIA Hxg 75
% °1’de ZHES HolA] o} Bz xHH
o & d3oA 5 % BCS 238245 A&}
%2 olfre ok FHHIte] 7FsAol U7
g Zolith. EZ BCel 93] DMFE AHEsHAY
CSiHe @502 AMSYS wioh £4A|7te] 5~
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ota yZHEct

DMFY BCE EZga8v|2 ALL¥ o Hxg
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2 ARGAE dol Aoz Bt E S
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1987), Carbosieve S-1l (OSHA, 1988},
Chromosorb 106(OSHA, 1979 5 #3t o)
At =3 AEF T I R71EA BE- AT
& B3 AlgAFHA A 247 2 § e 33
g a2t ARAHEES AYE s e
£ 3 AAMEA el Hold Anasorb 747, CMS
5% o435y £ HAAE d& FAE U9
(Harper et al., 1993).

o]l A2 E o A EAQE sle /7
|AF B9 TIE AL CoHE 9EoR A}
|3te] g3sly] dele 5 % DMFY 3 % BCE
Zasle Zo] F£ AoE AREY v o] A
+ B4 Aol 23guid 2% e {784l
o] AR d@devt THEY 58 neisd adnig
245 G2 Agxes Al8se ol Fil
3, AZEHAEE HER dECEAE, oMHE
7 AERe AL e ofd g HAd
FAAE el w2 ¥FE 3 HAE 233
AL BAgchA 24 $2 HAAE d4E £ 5L A
o2 Zzdch

T3 B AF04 248 {1847 E¥E 2

HolMs] SAE2A {71847 £} L o
de #7847 gdEoR g& W 2 e
3Ee EAe] 2 EF7] w & (Posner &
Okenfuss, 1981), #7184 Ztzdl g 23ES
dza & dele Z7e #7184 Bl 4
& ¥ vz 938 7138 ANt € Ae= 47}
g,

WS P

B ATE g4 IYE EF 40184 2F
A BzgRguE AHgek SAELS Adsing
R, FPVANN EF #7184 Pz ¥YPE
Na $44 A2 2RedE ANt A
ek,

2 d7e AAe ged g

1 167 % #718428 CS,2 ¢39g 4s
0,0l RzeReuj2 1, 8, 5 % DMFS 1,
3 % BCZ AHE3l] Wz A, 34 471
e BE BFolA F2d RAgel AR
o8 foi% Z/ARS HAm WZAY f718
Az E 2ddBe] BAHoR FoldA
Zoleldon ElSzzddde) A ye
E29 o 0.5 HEFEFFANT Sgn)]
o g folg =71 By,

2.5 % DMF® 3 % BCE rzeEhgd=z A}
g2, M3 §718A2 ALE CS, 9=
o= e wur} 33 S7HAY Had
A3 By, T4 71849 A%E N
2= Agslne 75 % olde] eRES
B sl & BEEu 2 e

3. 5o wE A 2EA B 9T P& 9IE
o ug wmstel FPHE W A 3 %
BCE AH3< 1 743 43E ARE e
o},

ol4s ARE FFA B W AYVAT| EAlE)
e TH FUIEAE B deiMe CSute R
@3l ARDE 5 % DMFY 3 % BCE CS,°l
Yol galgtd BN slo] ¥4 £& AFHE o
< % g Aoz AP TE FYA4e)A o
2 471445 97 DMF7} AL8slz gk o) 7
$dlE BOE Hzgagrz AbRale] 7L HA

— 220 —



—_— T

3 #oF @ Aeg 44dEY. oy <] 34= BC
e EAske £ TAHULE n2iddol @),
= e AgERA ReolY AERE AHdhe
‘AE BA4R0] ofd T A9 4] B F
AF FAAE AGHLE ASSloiol BREL ¥
AAE § J& Aoz AzHE.

guzd

4AFE, WIH(1995): YR XIE S9H7184
o g%uagd I 7. FIWAAAUAY 1995; 5(1)
104118

=E(1994): f2AEAe] HLFE(=FR 24 A 91-
21%). 1991. |

Ballesta PP, Ferradas EG, Aznar AM: Desorption
isotherms of volatile organic compounds adsorbed on
activated charcoal. Am Ind Hyg Assoc J 1995; 56: 171-
177

Beck SW, Stock TH, Whitehead LW: Improved effi-

ciency of desorption of oxygenated solvents from acti-
vated charcoal using a new polar additive to carbon
disulfide. Appl Occup Environ Hyg 1990; 5(3): 171-177

Crisp, $: Solid sorbent gas sampler. Ann Occup Hyg
1980; 23: 47-76

Dommer RA, Melcher RG: Phase ethbnum method
for determination of desorption efficiencies. Am Ind
Hyg Assoc J 1978; 39: 240-246

Elskamp CJ, Schuitz GR: An alternate samphng and
analytical method for 2-butanone. Am Ind Hyg Assoc J
1983; 44(3): 201-204

Fracchia ML, Pierce L, Graul R, Stanley R
Desorption of solvents from charcoal collection tubes.
Am Ind Hyg Assoc J 1977; 38: 144-146

Harper M, Kimberland ML, Orr RJ, Guild LV An
evaluation of sorbents for sampling ketones in work-
place air. Appl Occup Environ Hyg 1993; 8(4): 293-304

Henschler D, Kettrup A: Analyses of Hazardous
Substances in Air. Vol. 2, New York, VCH publishers
Inc. 1993, 3-12

Johansen I, Wendelboe JF: Dimethylformamide and
carbon disulfide desorption efficiencies for organic
vapours on gas-sampling charcoal tube analyses with a

gas chromatographic backﬂus}: technique. J Chromatogr
1981; 217: 317-326

Levin JO, Carleborg L: Evaluation of solid sorbents
for sampling ketones in work-room air. Ann Occup Hyg
1987; 31(1): 31-38

Melcher RG, Langner RR, Kagel RO: Criteria for the
evaluation of methods for the collection of organic pol-
Iutants in air using solid sorbents. Am Ind Hyg Assoc J
1978; 39(5): 349-361

Mueller FX, Miller JA: Determination of airborne
organic vapor mixtures using charcoal mbes. Am Ind
Hyg Assoc J 1979; 40: 380-386

NIOSH: NIOSH Manual of Analytical Methods. 4th
ed. 1003, 1300, 1022, 1400, 1401, 1403, 1301, U.5.
Department of Health and Human Services, 1994

OSHA: OSHA Analytical Methods Manua! 2nd ed.
part I, method no. 01, 07 16, 69, U. S Department of
Labor, 1990 '

Posner JC, Okenfuss JR: Desorption of organic ana-
Iytes from activated carbon. . Factors affecting the

- process. Am Ind Hyg Assoc J 1981; 42(9): 643-646

Rudling J: Simple model based on solubility parame-
ters for liquid desorption of organic solvents adsorbed
on activated carbon. J Chromatogr 1986; 362: 175-185

Rudling J, Bjotkholm E: Effect of adsorbed water on
solvent desorption of organic vapors collected on acti-
vated carbon. Am Ind Hyg Assoc J 1986; 47: 615-620

Rudling J, Bjorkholm E, Lundmark BO: Storage sta-
bility of organic solvents adsorbed on activated carbon.
Ann Occup Hyg 1986; 30(3): 319-327

Rudiing J: Multicomponent Adsorption isotherms for
determination of recoveries in liquid desorption of mix-
tures of polar solvents adsorbed on activated carbon.
Am Ind Hyg Assoc J 1988; 49(3): 95-100

Saalwaechter AT, McCammon CS, Roper CP,
Carlberg KS: Performance testing of the NIOSH char-
coal tabe technique for the determination of air concen-
trations of organic vapors. Am Ind Hyg Assoc J 1977;
38: 476-486

White LD, Taylor DG, Mauer PA, Kupel RE: A
Convenient optimized method for the analysis of select-
ed solvent vapors in the industrial atmosphere. Am Ind
Hyg Assoc J 1970; 31: 225-232

— 221 —





