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Comparison of Passive Diffusional Organic Vapor Samplers with Charcoal Tubes for
the Measurement of Mixed Organic Solvents

Kyu-Dong Ahn, You-Yong Yeon and Byung-Kook Lee
Institute of Industrial Medicine, Soonchunhyang University

Diffusional sampling devices offer many advantages for measuring concentration levels of
industrial contaminants than the conventional pump and charcoal tubes because they are
lightweight, require no power, pump or tubing. This study designed to evaluate and compare the
sampling performance of passive sampler to charcoal tube from mixed organic solvent work-
place with 181 organic solvent using workers working in different concentration of organic sol-
vents. All study workers kept both devices in their breathing zone simultaneuosly in the work-
places, and the sampling analytical results were compared with those of charcoal tube.

The results obtained are as follows:

1. The concentrations of toluene and xylene measured by passive sampler were slightly higher
than those of charcoal tube, but there were no significant statistical differences between two
methods.

2. The concentrations of MEK and cyclo-hexanone measured by passive sampler in low expo-
sure workplace (below 0.20 of MEK TLV levels and 0.1 of cyclo-hexanone TLV levels) were
about 2 times higher than that of charcoal tube sampling. While, absorption efficiency of pas-
sive sampler was reduced according to increasing concentration measurements of MEK and
cyclo-hexanone in air.

3. The ratios of concentrations of toluene, xylene, MEK and cyclo-hexanone measured by
passive sampler over those measured by charcoal tube were 1.11, 1.07, 1.63 and 3.65 respec-
tively

4. The percentages ot concentration of passive samplers within 0.75 and 1.25 of charcoal tube
value as a reference value of 1.0 were 57% in 1oluene, 74% in xylene, 34% in MEK and 32% in
cyclo-hexanone respectively.
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5. The correlation coefficients of toluene, xylene, MEK and cyclo-hexanone between passive
sampler and charcoal tube sampler were 0.963, 0.957, 0.943 and 0.562 with statistical signifi-

cance.
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vated charcoal 8%110mm, sorbent 400/200me,
cat #10240% AHgslen, B ARIH7|E
n]= 3MA}S} organic vapor monitor #3500 Al
astgny, gdudel ARAHE BZe GilianAt
9 Gil Air-3& AH-ETh

3 AMEAHLY

gAeRe 3 29 200mE 2T AEA
#e Hzo] AFste] WAL £ Qe R
3, w2 I ge e AaxvE Hz}a}gio
"Mx}o 2] A arsat 3715 FEol weka] A
MH A 7H1-6A1ZH & A3k

, B onEe Bl gz RAE
teflon cap tube"ﬂ 23 FEARA olFsiEs
(CS,) 3mE shsted 0¥ HPHLRE EHo F
Z GOEM)AAM column 80/100 mesh chro
mosorb W(AW-DMCS),
C, detector temp 200°C, injector temp 100"
C. carrier gas N, 20mi8] 2xo 2 FA3515.oH
(NIOSH, 1987), #4ra Alaxizle] Ay &
A 1.5mE rhsle} 3083 oFshA 2w ¥ g
B oA wet B9 mAdAM BASACH3IM
Organic Vapor Monitor #3500 Analysis
(Chuide, 1982).

column temp 60-150°

b, mEe AL

ek BAdA ¢, § 25Ee] EARA H
BAR| 7 HREe) 20%°1% 2FAHE A
Aoz Fstel AIM A HsHA2H,
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¢ thH(3M Organic Vapor Monitor Sampling
Guide for Organic Monitor #3500/3510,

1982).

C(concentration;ppm) =

W{ug of analyte)
rxt (minutes)

1000 % 24. 45
X 8.RxM.W

r:recovery coefficient toluene = 1.05
xylene = 1.07
MEK = 1.00

i}

c-hexanone= 0.97

S.R:sampling rate toluene = 31.4%0.6
xylene = 27.3%0.5

MEK 36.3+0.9

c-hexanone = 28.9%+0.3
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Table 1. Dcsorb&on efficiency of between OVM and

charcoal tube by organic solvents
solvents desosption efficiency (%)

) OVM charcoal
toluene 100.9+1.7 97.8+0.5
xylene 96.6+8.2 92.9+£7.7
MEK 85.5616.9 63.1+5.7
c-hexanone 91. 6+0 4 47.6=%1.1
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Table 2. Mean values of the organic vapor concentrations(ppm) between OVM and charcoal tube sampling by

work type
OvM charcoal
work type solvents N mean=+SD N mean+SD
Gravure toluene 50 79.1 + 80.6 50 81.2 + 89.9
print xylene 4 1.0 =+ 0.9 8 1.1 + 1.4
MEK 6 44,8 + 37.2* 6 73.3 + 78.8
c-hexanone 2 4.2 + 0.2 -
Offset toluene 9 2.2+ 0.6 9 2.3+ 1.1
print xylene 3 1.5 = 0.6 5 2.6 £ 3.2
MEK 3 11.3 + 4.5 3 10.5 = 5.3
Magnetic toluene 48 14.8 + 17.5 47 15.4 £ 14.1
coating xylene 6 50+ 2.1 6 5.6 £ 2.8
MEK 41 87.4 £136.9 42 82.3 £149.2
c-hexanone 39 3.2 + 3.4* 37 .5 = 1.3
Winding & toluene 13 80.7 + 97.6” 13 95.2 +117.6
packing xylene 8 56 £ 6.6 11 3.9 + 5.4
Solvent toluene 15 5.4 & 6.2 15 6.4 + 8.7
mixing xylene 6 5.2 + 2.6 9 3.1+ 2.9
MEK 9 23.4 + 12.7 10 20.6 + 22.2
c-hexanone 8 1.4 =+ 0.9 8 2.4 + 1.9
Plate shop toluene 31 14.7 & 24,6 31 12.4 + 13.6
& calender MEK 19 16.5 + 32.6 23 18.8 + 55.6
¢-hexanone 27 0.4 = 0.2 14 1.5 = 0.7
MEK : methyl ethyl ketone OVM : organic vapor monitor
*: p<0.01

Table 3. Number of paired samples between OVM and charcoal by organic solvents

Variable N OVM(A) charcoal (B) A/B

toluene 165 38.0 =+ 62.% 39.5 £ 69.1 1.11 = 0.60

xylene 27 4,2 + 4.1 4,2 £ 3.9 1.07 = 0.40

MEK 77 57.3 + 106.3 58.9 £ 119.1 1.63 £ 1.68

¢c-hexanone 59 2.4 = 3.0* 3.7 £ 11.6 3.65 = 11.61
* 1 p<0.05

Table 4. Comparison of toluene concentrations(ppm) between OVM and charcoal tube by TLV-levels

TLV-levels N OVM(A) charcoal (B) A/B
-0.25 108 8.6 =+ 6.9 8.7 6.7 1.17 = 0.70

0.26-0.50 25 32.9 + 13.0 33.4 =+ 5.8 0.98 + 0.32

0.51-1.00 15 73.6 + 32.3" 66.9 + 12.1 1.08 + 0.41

1.00-2.00 7 151.7 + 44.1 145.5 = 38.0 1.10 £+ 0.46

2.01- 10 233.9 + 48.1* 271.4 + 64.6 0.87 = 0.10
*: p<0.01

AN, gaeddxe 4TAReH ol89 FadsEr 24 £4& Aole ok <lolAole #atdol
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Table 5. Comparison of xylene concentrations(ppm) between OVM and charcoal tube by TLV-levels
TLV-levels N OVM (A) charcoal (B) A/B
-0.05 19 20 £ 1.5 1.9 + 1.3 1.09 = 0.48
0.06-0.10 4 6.7 = 1.9 6.7 + 1.9 1.00 = 0.10
0.11- 4 12.2 + 2.7 11,9 + 1.2 1.02 = Q.15
Table 6. Comparison of MEK concentrations(ppm) between OVM and charcoal tube by TLV-levels
TLV-levels N OVM(A) charcoal (B) A/B
-0.125 39 13.3 = 13.8*" 8.5 &£ 6.4 2.22 + 2,18
0.126-0.25 15 37.9 + 16.5** 32.6 & 5.5 1.14 = 0.45
0.26-0.50 11 76.2 + 46 5* 70.1 = 10.3 1.06 = 0.56
0.50-1. 00 6 143.0 + 480 139.7 =+ 35.9 .01 + 0.20
1.01- 6 270.7 + 287.4 351.0 = 285.5 0.73 + 0.42
*x 1 p<0.01 *: P<0.05
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Table 7. Comparison of c-hexanone concentrations(ppm) between OVM and charcoal tube by TLV-leveis

TLV-levels N OVM{A) charcoal (B) A/B
-0.10 42 1.3 =+ 0.9* 0.8 = 0.6 1.91 = 1.45
0.11-0.20 9 32 1.0 3.2 + 0.5 0.95 = 0.18
0.21-0.40 6 49 £ 2.4 57 £ 0.6 0.86 = 0.41
0.41- 2 14.4 + 8.8* 58.1 + 38.6 0.38 + 0.40
*: P<0.05
Table 8. Frequencies of OVM/charcoal ratio by toluene TLV-levels
QVM/charcoal ratio
TLV-levels -0.50 0.51-0.75 0.76-1.00 1.01-1.25 1.26-1.50 1.51- Total
-0. 50 7 19 33 19 6 24 108
6.48 17.59 30.56 17.59 5.56 22.22
0.51-1.00 - 5 10 8 - 2 25
20.00 40. 00 32.00 8.00
1.01-1.50 1 1 6 4 - 3 15
6.67 6.67 40.00 26.67 20.00
1.51-2,00 - 1 2 3 - 1 7
14.29 28.57 42.86 14.29
2.01- - 1 8 1 - - 10
10.00 80.00 10.00
Total 8 27 59 35 6 30 165
4,85 16. 36 35.76 21.21 3.64 18.18  100.00
Table 9. Frequencies of OVM/charcoal ratio by xylene TLV-levels
OVM/charcoal ratio
TLV-levels -0. 50 0.51-0.75 0.76-1.00 1.01-1.25 1.26-1.50 1.51- Total
-0.05 1 1 8 4 3 2 19
5,26 5.26 42,11 21.05 15.79 10.53
0.06-0. 10 - : 3 1 - - 4
75.00 25.00
1.01- 1 3 - 4
25,00 75,00
Total 1 1 12 8 3 2 27
3.70 3.70 44,44 29.63 1111 7.41 100. 00
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Table 10. Frequencies of OVM/charcoal ratio by MEK TLV-levels

OVM/charcoal ratio

TLV-levels 0.50 0.51-0.75 0.76-1.00 1.01-1.25 1.26-1.50 1.51- Total
-0.125 3 4 5 5 4 18 39
7.69 10. 26 12.82 12.82 10. 26 46.15
0.126-0.25 1 1 4 4 2 3 15
6.67 6.67 26.67 26,67 13.33 20. 00
0.26-0.50 2 3 1 3 2 11
18.18 27.27 9.09 27.27 18.18
0.51-1.00 : 3 2 1 6
50,00 33.33 16.67
1.01 3 2 - 1 6
50.00 33.33 16.67
Total 9 3 14 12 11 23 77
11.69 10.39 18.18 15.58 14.29 29,87 100.00
Table 11. Frequencies of OVM/charcoal ratio by c-hexanone TLV-levels
OVM/charcoal ratio
TLV-levels 0.50 0.51-0.75 0.76-1.00 1.01-1.25 1.26-1.50 1.51- Total
0.10 1 2 4 4 10 21 42
2.38 4,76 9.52 9.52 23.81 50, 00
0.110.20 1 4 4 - 9
11,11 44.44 44,44
0.21-0.40 1 1 1 2 1 6
16.67 16.67 16.67 33.33 16.67
0.41 1 1 : - 2
50.00 50. 00
Total 3 5 9 10 11 21 59
5.08 8,47 15.25 16.95 18.64 35.59 100. 00
Table 12. Correlation coefficients and regression equations by two sampling methods
solvents correlation {r) regression equation F p-value
toluene 0.963 CH = -0.884+1. 0640VM 2089.1 0.0001
xylene 0.957 CH = 0.340+0.9030VM 274.2 0.0001
MEK 0.943 CH = -1.526+1.0560VM 24.5 0.0001
¢ hexanone 26,3 0. 0001

0.562 CH = -1.501+2. 1330VM

CH : charcoal tube's value
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€ OE #fV1802 e 48 siAldnh 2
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H59 9% F /A Bebxse o] w@ol
AAZ ANBAHE k= WIYPAEL o] AR
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v md HZ GAERoE AR AY¥she WA
28-S 93] 98 A2E fEd 218 )17t
TR 013 7Y 7kast 84 (diffusion)
3} A ¥ (permeation) she AL ol &3ty fElB
AL 3 v ¥ £ e mediad] T
Aoz HEL #48 A2AH7) (diffusive or
passive monitor) 2t FEU}, o] 7l Ae
< PIS{OSHA, 1990)olut 7] A= A
A dFdAae durstslo] Jeoy syt 2y
BAZYY (¥R, 199]) e Ad=e] o 2
A2 FUeA X ARIEAZ AL A ALE
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A BEEAe] FV1E EYsks ol ATy
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1987).
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FNE 520t woldel webd gAdvwe xR
&ol Eolle Aog et F, o A/ &
4R (EF, @olAe], ANAzH=) e G4y
EFYAM e 371F w27t BolW @AEH v
stod FaHgo] ZhashE Alo] obdrt AztEn)
ubolzl (1994) & #4H ¥37) 3F5F9 e
AHE-5la] A8-8 chamber WollX 8A17F AR E
3 A3 gAade] FIAE 100,022 3%
& o e 7MY BFd &P e 14
46% A A0 n Aaslged, ol ik
ol A7 E HAty BaARZAdNPE 13-
36%, 4-30% wA &FAEdn HudHo
Tompkins$ Goldsmith(1977)-& Walden GAS-
BADGE dosimeterg& AHg-sle] <fo]#o], of3lo}
Mejol g, A2, WAl o §7]18A &H g
AgolA] gjolAle)t AL 7S WsF &
% Jehidxn, HWAg daopdeelErs Y
ol tih A HFFHAdan Y. AE F
(1992) & #7]4A4 #3ge EFd g ez
ANz NEAHE & 29 10ppm vl FEd
M #ade] g4 2AHY Rt oW &
Aerste] 24371 Bolxle A& APt o
g A AR B o R, FIANA Fo WEkE
A & Aol7t gl et ApE: eslead] ¢
olAlo], AlABHAR= B AFEoM 2u} olitel
R 235 go® u Y ¥Prld B
A7ge] Wasitian AJzhdr),

B Ao B AA 165702 AEF F4
H3l ggdadelre] FAX w7k nE NIOSHe
A BHEshe +25% a3 TFEEHE AR 947,
57% Ax=Rew, 71AAL 270 A8 2070,

A

o 2 P.!§O

it

Hov AFE A8rt BF AFEelr] Wi 7
AlRle)] BE Fre] Wd FAol oY Jols
ol¥ o HEHWe =& ol 34%el B2
o, A5 gRE &g Asst ¥ e %
A Hl 1,608 2Asld gAGH Boe w4 3%
& & 5 Aotk AEsdAke QA qelAol%
Hl&g F-E delln silch

A AAY I EIRVIEA VS BN

714 @G Te % ABAFE st 2 =
& vag 947 A9 gt ot d¥Fes i
Z(1994) ©] o3 ¥ Y& § A3 FAEHE] R
2% TAVIEFR Y AEAH 9 BN x84
st Hatel A$ +13.48-43.67%, EdI=
ZAXAL +9.06-16.26%, BFA +9. 59-
19.71%9] A7 A=Yty Basigch g
HAES 9ed 51993 % d¥How sl
AR BRAI ethyl acetate F7H&] &AE
AMgEte] F7bA] GAH AEA#VE A ERe)
2329 vud v EZAPYEI} F+14%0M
+19%2 95% ABAFTAA £25% FEcl vl A
o2 B3t a8y kA §A8 Al8she
e #AE didez 3 2429 ve EFA
1.20, ethyl acetater 0,942 & Apois £
o] 432 H 11180 & & AR Budy
th o]/l mabolA ¥ m gAEFe 233
Hae 484 4840 =3 E 3439 Mg
EHE FHE o AT EF K71 8AE AR
2AR0AE dder &8 g AHdstede o7k
AgEel ot §4A a7t s 8AE ¥l
T Aol dashy, uetA iy 79 A48
HE AstAME F71F9] 7R EF g8
of g vxEY ATE I 1 AEAPS ¥Us)
ojof & ot}

e o

FHAERHE o83 AYJP/E FE F718A 9
A8 A27HA] o8l Hel oyt iy A
83¥Vle ol2d FE Redshe A2 XH70)
ot webA ® A $34E AEXH 2 &
NEAE AR RIS ddeE B3y 13
718} GAERE ol g, g ZEalol] sl FA)d

ZF 18y, F 181708 A28 s gHeT o

Mg Aolrt sl JHE ERlE, A A%
# AEAHEE A8 F de 7HE gls] 4
gt A% vh @riR]e] ARE Aol Bmshe ul
o]t}

1. BT AEEH7 ) vgte el AR
X371 7 (toluene), 7143 (xylene) &2
Wk gL td %2 ¥EE JeEhy Awns
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2. dolFAol (methyl ethyl ketone) 8} A2z
A& (c-hexanone) ol thated #44y ¥ 7= Ao
L As=@eExe 1/8 % 1/10 °l3ksE)dA
ggdadel nisi) < 2w A® A 2FHJUD
(p<0.01). 28 F71%F <SdolAlolet N A2HAe
9 =0t F7Hge wEl 8Age) ¥y EL &
Ae® Bt} H& Aoz Yelyr
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2HAR=L 3,659 9t

4. BATUI 4% UM 23A b7}
0.75-1.25 B (£25%)° =+ A& EF4 57%,
FINA 74%R2H, ddolFAle] 34%, NARHA=
& °F 32% E33sisict,

5 gAda3 Y TdAMe 23a] 3Hy
Z f18A d Awe EFA 0.963, NAA
0.957, ddo|Ale]l 0.943, A|ZRHYAR=& (.5628
A BE BAFoR Hosic)

FnEd
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