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— Abstract—

Effects of temperature and relative humidity on the sampling efficiencies
of mixed organic vapors measured by diffusion monitors

Jin gu Han ¢« Young Man Roh « Hyun Wook Kim

Department of Occupational Hygiene, Graduate School of
Occupational Health, Catholic University, Seoul, Korea

This study was designed to evaluate the effects of temperature and humidity on the sampling

efficiency of mixed organic vapors of 1,2-DCE, benzene, and MIBK by 3 different types of diffu-
sion monitors.

Independent variables used for the study were temperatures (250C, 350C), humidities (30%, 80%),
and vapor concentrations (low, medium, and high). In addition, vapor concentrations measured by
the traditional charcoal tube method were used as reference values and were compared with those of
by diffusion monitors.

The results were as follows:

1. The desorption efficiencies(DE) of 1,2-DCE and benzene from charcoal tubes and from diffu-
sion monitors ranged from 98% to 105%. In contrast, the DEs of MIBK from charcoal tubes and dif-
fusion monitors except DM 1 ranged from 71% to 85%. The DE of MIBK from DM1 was 98%.

2. No statistically significant differences of 1,2-DCE concentrations and the sampling efficiencies
regardless of temperatures and humidities studied between charcoal tube and 3 diffusion monitors
were found.

3. At 80% humidity, increasing frequencies of 1,2-DCE breakthrough at higher temperature and
higher vapor concentration measured by charcoal tubes were observed.

4. No statistically significant difference of benzene concentrations were found between charcoal
tube and diffusion monitors except DM3. The sampling efficiencies of DM3 were statistically signifi-
cantly lower at all experimental conditions except the 350C and 30% humidity condition.
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5. No statistically significant difference of MIBK concentrations were found between charcoal tube
and diffusion monitors except DM3. The sampling efficiencies of DM3 were statistically significant-
ly higher at higher humidity conditions regardiess of temperature. Although statistically not signifi-
cant, sampling efficiency of MIBK showed positive correlation with humidity while negative correla-
tion with concentration was observed.

6. For sampling 1,2-DCE and benzene, no significant variations of concentrations among three dif-
fusion monitors regardless of temperature and humidity conditions were found, For MIBK sampling,
however, wide variations with increasing humidity among diffusion monitors were obtained.

In conclusion, this study suggests that diffusion monitors will be a reasonable spbstitute for the tra-
ditional charcoal tubes for sampling non-polar organic vapors at temperature and humidity conditions
studied. For polar organic vapors, use of an alternative desorption solution other than CS2 is recom-
mended because of its low desorption efficiency. In addition, since variable results among diffusion
monitors for polar organic vapors particularly at higher humidity conditions were observed, further

study is recommended of the effects of humidity on the performance of diffusion monitors.
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Fig. 1. Exposure chambr.
Fig. 2. Dynamic exposure chamber system.
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* G.C condition

Column;Neutrabond-1, 60m 0.53mn 2, Oum

H. pressure; 1kef/cn®

Air pressure;0. 8kef /cr?

He pressure; 1. 8kef/ar flow rate;30ml/min

Temperature;column;70C isothermal

injector;200C

detector;250%C

Range;10

Detector;Flame ionization detector (FID)
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Table 1. Comparison of concentrations between charcoal tube and diffusion monitors at 25%¢.

(Mean + SD, ppm)

Conc. Cnarcoal Diffusion monitor

RH(%) level tube DM1 DM2 DM3
Low 3 3.50 + 0.93 298 +0.34 2.78 £ 0.50 3.16 + 0.47
30 Medium 3 8.32 £ 043 7.31 + 042 8.59 + 1.90 8.07 £ 0.57
| 2-DCE High 3 1292 + 5.35 13.16 + 4.04 13.55 + 3.90 1431 + 4.31
’ Low 3 278 £0.54 273 £ 0.82 267 + 0.15 2.86 + 0.20
80 Medium 3 6.83 + 0.97 6.60 + 0.38 6.84 +0.32 6.74 + 0.24
High 3 17.15 + 0.27 15.50 + 1.45 18.28 +£ 1.18 16.81 = 1.29
Low 3 3.90 + 0.96 3.28 + 0.43 3.17 £ 0.54 3.14 + 0.47
30 Medium 3 9.32 + 0.56 843 + 0.52 8.62 + 0.90 8.06 + 0.52
Benzene High 3 15.12 + 592 15.65 + 4.98 15.39 + 4.61 14.85 + 4.49
Low 3 318 +£0.35 312 £ 0.10 316 £ 0.12 2.86 +0.20
80 Medium 3 7.92 + 0.68 7.75 + 047 792 £0.25 790 + 0.32
High 3 20.87 + 1.96 18.93 + 1.92 2099 + 1.54 18.17 + 0.51
Low 3 15.08 + 1.43 16.19 + 2.56 15.27 + 1.28 17.85 = 3.00
30 Medium 3 17.46 + 4.01 13.24 + 7.47 13.83 + 4.69 14.42 + 8.73
MIBK High 3 28.82 +3.17 24.59 + 0.85 23.18 + 1.16 27.38 + 232
Low 3 15.08 + 0.90 15.85 + 0.39 15.34 = 1.25 17.77 + 0.80
80 Medium 3 21.82 + 1.34 21.75 + 1.44 19.58 + 0.96 24.72 + 0.87
High 3 2699 +2.26 23.19 + 2.30 25.26 + 1.38 25.60 + 2.41

RH : Relative humidity

Conc. level : concentration level
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Table 2. Comparison of concentrations between charcoal tube and diffusion monitors at 35¢.
(Mean + SD, ppm)

Conc. Cnarcoal Diffusion monitor

RH(%) level tube DM1 DM2 DM3
Low 3 277+ 0.79 2.47 + 0.38 2.67 £ 043 2.62 + 0.33
30 Medium 3 6.37 + 0.59 5.50 + 0.38 6.29 + 0.59 6.05 + 0.40
| 2.DCE High 3 13.31 + 3.20 12.58 + 3.30 13.49 + 3.20 14.17 + 4.14
’ Low 3 2.14 + 0.59 1.98 + 0.54 1.90 + 0.43 2.20 + 0.61
80 Medium 3 4.62 + 1.47 434 + 1.54 4.65 + 1.04 497 + 1.66
High 3 12.03 + 2.14 1299 + 1.28 14.59 + 0.85 1291 + 1.50
Low 3 3.00 + 0.71 291 + 040 3.09 + 0.44 277 + 0.38
30 Medium 3 6.84 + 0.31 6.61 +0.39 7.22 = 0.59 6.42 + 0.30
Benzene High 3 15.95 + 3.85 15.19 + 3.84 15.69 + 3.86 14.82 + 4.02
Low 3 2.27 + 0.68 223+ 074 239 + 0.58 222 + 064
80 Medium 3 5.25 + 1.68 517+ 192 5.18 + 1.57 500+ 1.80
High 3 16.32 + 1.94 16.09 = 1.25 17.29 + 1.11 1468 + 141
Low 3 14.70 + 1.90 15.34 + 1.96 15.18 + 1.93 17.78 = 2.18
30 Medium 3 17.81 + 1.83 19.46 + 1.37 18.24 + 4.34 2178 + 1.44
MIBK High 3 21.23 + 2.54 20.37 + 3.93 16.91 + 4.15 2298 + 447
Low 3 11.87 + 1.72 11.72 + 1.60 1070 + 1.04 13.16 + 1.71
80 Medium 3 15.14 + 1.33 17.58 + 1.28 1522 + 1.40 19.66 + 1.59
High 3 19.08 + 0.18 18.67 + 1.94 18.20 £ 0.51 2191 + 1.08

RH : Relative humidity

Conc. level : concentration level

Table 3. Comparison of sampling efficiencies among diffusion monitors in reference to charcoal tube concentrations.
(Mean + SD, ppm)

T() RH(%) DMI DM2 DM3
25 30 0.89 + 0.10 091 + 0.14 0.99 + 0.12
1, 2-DCE 80 0.89 + 0.11 094 + 0.12 094 + 0.11
35 30 0.94 + 0.03 095 + 0.08 1.07 = 0.04
80 0.90 + 0.16 099 + 0.16 094 + 0.13
25 30 091 + 0.09 090 + 0.10 0.89 = 0.10*
Benzene 80 0.93 + 0.05%* 0.96 + 0.07 0.87 + 0.04
: 30 097 + 0.04 098 + 0.07 097 + 0.04
33 80 0.94 + 0.07 1.00 + 0.08 0.89 + 0.06**
25 30 092 + 0.19 0.86 + 0.15 1.01 + 0.22
MIBK 80 1.03 + 0.12 0.96 + 0.08 1.14 £ 0.13**
30 1.02 + 0.12 0.89 + 0.11 1.15 + 0.14
35 80 1.08 + 0.07 097 + 0.10 1.22 + 0.05**
T : Temperature

* p<0.05 between charcoal tube and diffusion monitors
** p<(.0]1 between charcoal tube and diffusion monitors
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Table 4. Regression values between diffusion monitors and charcoal tube at 25¢

N RH(%) DM1 bDM2 DM3
b 14123 £ 0.2258 1.1699 + 0.0632 1.1203 = 0.0536
9 30 a -0.7138 £ 0.4564 -0.4021 + 0.1277 -0.2184 + 0.1083
I 2-DCE ¥ 0.9416 0.9928 0.9943
’ b 0.9523 + 0.0201 1.0536 + 0.0265 0.9838 + 0.0292
9 80 a 0.0408 + 0.0416 -0.0948 + 0.0547 0.0215 + 0.0604
r 0.9984 0.9978 0.9969
b 1.1112 + 0.0578 1.1241 + 0.0604 1.1076 + 0.0583
9 30 a -0.2875 + 0.1240 -0.3315 + 0.1295 -0.3190 + 0.1251
Benzene r 0.9933 0.9929 0.9931
b 0.9578 + 0.0138 1.0068 + 0.0156 0.9828 + 0.0176
9 80 a 0.0421 + 0.0297 -0.0150 + 0.0347 0.0831 + 0.0392
r 0.9993 0.9991 0.9989
b 0.7603 £ 0.2314 0.7047 + 0.1591 0.7865 + 0.2348
9 30 a 0.5893 £+ 0.6921 0.7328 + 04759 0.6085 + 0.7021
MIBK r 0.7788 0.8584 0.7848
b 0.6717 + 0.0748 0.8159 + 0.0991 0.6427 + 0.0960
9 80 a 0.9596 + 0.2275 0.5051 + 0.3012 1.1613 + 0.2918
r 0.9592 0.9521 0.9300
log diffusion monitor concentration = b log charcoal tube concentration + a
r: Correlation coefficient
Table 5. Regression values between diffusion monitors and charcoal tube at 35
N RH(%) DM1 DM2 DM3
b 1.0141 + 0.0098 1.0670 + 0.0232 1.0185 £ 0.0124
9 30 a -0.0896 + 0.0176 -0.1417 = 0.0415 0.0243 + 0.0222
| 2-DCE r 0.9996 0.9983 0.9995
’ b 1.1136 + 0.0650 1.1443 + 0.0400 1.0755 £ 0.0365
9 80 a -0.2636 + 0.1224 -0.2075 £ 0.0755 -0.1458 + 0.0688
r 0.9883 0.9957 0.9960
b 0.9837 + 0.0067 0.9642 + 0.0146 0.9734 + 0.0078
9 30 a 0.0013 = 0.0130 0.0713 + 0.0280 -0.0012 + 0.0151
Benzene T 0.9993 0.9992 0.9997
b 1.0062 + 0.0177 1.0133 £ 0.0101 0.9818 + 0.0099
9 80 a -0.0372 + 0.0363 0.0222 £ 0.0209 -0.0469 + 0.0204
r 0.9989 0.9996 0.9996
b 0.7770 + 0.1940 0.5549 + 0.1763 0.7674 + 0.1949
9 30 a 0.5988 + 0.5214 1.0609 + 0.4738 0.7471 + 0.5239
MIBK r 0.8344 0.7655 0.8300
b 0.8354 + 0.1377 0.8046 + 0.0858 0.8677 + 0.0773
9 80 a 0.5040 + 0.3910 0.5570 £ 0.2437 0.5520 + 0.2195
T

0.9167

0.9624

0.9733

log diffusion monitor concentration = b log charcoal tube concentration + a

r : Correlation coefficient
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Fig. 3. Comparison of 1, 2-Dichloroethane concentrations between diffusion monitors and
charcoal tube at 25¢, RH 30% and 35¢, RH 80%.
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Fig. 4. Comparison of benzene concentrations between diffusion monitors and charcoal tube

at 25¢, RH 30% and 35, RH 80%.
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Fig. 5. Comparison of methy! isobuty ketone concentrations between diffusion monitors and
charcoa! tube at 25¢, RH 30% and 35, RH 80%.
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MIBKE %7 371 &9 gdedys fix
719 AgaA e U AMHIE 5.

-

39 B3 €3 At BERAFL 2R
A% gFagL NIOSHOIME 75% ol4e] whi
& AH8EtEs gAsn U 2 A7oldE DM2
7} MIBK®l| &€3&8°] 71.45%2 DM294 MIBK
& 3, BAE] HsiNE o2 el ey A
o8 AzHEc, MIBKEe DM1& A% v ¥3
7ol 2e @agE Helm e ol e MIBK
7t F4¢ Wi 7] HEele gzt Beck $

(1990) & °o]&d IRV 8AY AEH, ¢ER,
2 EF, JdHZRFL CSE 23EW v EA
HjE gl ¥A Jedn Budtn ok wg
A RN B ollel BamsldMe F
AEHe YARLE ATH A} § Aoz 2.
2 Aol e 479 X771 X dyE €38
2 CS2 gishe Hd& adE At 13
& FAct. 289 AA FF /71EAE 2P
23719 BaA/E3ae Aolrt A& Aoz JAR
. 2 ol%e= AA XL WNF 3] ¥guE &
Fag Agdelde A AR FIRe
Aolgt FA o B 89, & 259 ¢
FEE wol F2to o] 2kl 4 Sk HE
Zebsled (Rodrigues et al., 1982 €#E&L F
3t 3o ulga & ez Aggdd,

VAo 2o 24, & 22331 25¢9 35
T, FE24 30%S 80%2 wA A A
B3} Ne] HAER V)] 95% 41E P9 AP
FAE AVE 43 1,2-DCES wide A%, 84
©ad AFFe HAEXZPNY Z2FFED EL
BAEBAE Jehdon, gARRR VevE 101
ratio linedt 79} ¥X3tdch. 1,2-DCEs} WAl <]
7% gdewys AAxA7] PPl o)zt
v Ae® Bt}

AHAHLR 1,2-DCES] 7%, DM1& 89~94%
2 ¥HUR DM2& 91~99%, DM3& 94~
107%9 EIIEL Bt WAL DMl 91~
97%, DM27t 90~100%, DM37} 87~97T%= ¥
AZREd olHE Anders $(1991)¢] DM1o=
WAE &8 27t 8BS 91%, 97%°1Act
€ dde gdayd. =% DM37) 35T, §%
30%%Y W& Agstie GAVRETA7IEG {8t
A @& FxE 2ok AEH gaxyriee
1,2-DCES} WifloflM A% +F (5ppm)olMe &
AXH7Y = A3t gASH B "oijxy
FEE FEANE A9 21 1¥ER 452 84
w@d A $dsiAe A% B 5 A AF
Tore] SR A AT HAERV|Y 29
Aol Gonzalez 5 (1986) ©] A& uie}l o] &
AXFY7 e AEE v DAZH(Short term expo-
sure limits, STEL) E2A] vlgo] AEHEZ @
A7 dolurl A& o2 EAE AHolst Az
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t}, Lautenberger % (1980)& DM32 4A¥% 2
3 §axH7e g 494 e Bz ¢4
oA BaE 9o A& vt GC HINY B8
3 #A%¥, blank correction FLE2 s
DM39 lower limit7} $70 EZ>1F 0.002~0.1
ngole} st & AdgelrMe GO¥Y Fur A%
= 4wl 0.03~0. 18 ES FHE %o] FéHol
UM g AT KA ARE B Re= 4
L2i=2

£ A7 MIBKe A7 X704 1,2-
DCEY #WAde & 44 Rded 7170
H @A o} FA@HAAA 7% 2a4% Hn
devt AU FE FEdM SAEY7e) RYR
&0 "ojd AL ohjRion), YHUE ¥ax &
ZAxg Hid 25¢C, €% 30%9Nxet 80%4)A
A=y 9 (15ppm) 1A 5E=H4 (30ppm) 2 &
oMETE XARE] PolNE AYE Bk wat
A 15ppm o|dtellA AT 7|9 ¥% Ay} g
dedo] vis] & <ol xolF AA He RE d
Z8AY, 30ppm ol FEeAM BHAER|7}
gAEH TR Yol o] A3 Aee 43
5o], ¢o2 MIBKS ¥E4&d & $4x7|
o] FIAEL Y A7t 488 Aoz GAA
o} HFE §(1994) o] WiENEAEE AGER @
Ax, Aol BE XL FAEd v &
< ¥ZE HIoM WF FEIF moAEA 2
a7t gaste AYE Bol FNNF 57 Eobddl
upz} AT 7)) THEEOl fFaPtie A
Hlsg e BRIt MIBKE €7 80%¢Y o,
HFE 30%M 2k A@AS réke]l 10~25%7 &
sHHen, gAdRSe] 5% AW vaygy
DM1& 92~108%, DM2%: 86~97%, DM3&
101~122%2 DM37F 25 , &% 80%Ix % 351,
F 80%°01A gAvT B8 FY3A 5 B:
A3%E B,

£ a7 29 371 EFR7IEAC A 7 4t
3719 ge® U7 ¢ ving XPA&e 2
L 25 2PN =& g2/ P& F%
o7} glo] MAE F(1993) % ¥z (1994)2) &
o} Zolom, e F% ZydAM =g LEHE
qE Fo§ Atol& ez @ity a2y DM32
wid 244 35¢C, €% 30% ZJNAT TIARE

°] 0.972 FET ZAAE BJ& B Unx 2y
Me 0.87~0.89 F=9] vay P& EJA
By,

MIBK #&Alol DM37} 25¢, €& 30%xrc}
35T, €= 80%14 S4EF’IY] MIBK IR
#o] YU vl 7 Rl wA JEld
oH(P0.05). DM13% DM2% ¥Ax oz fo|#xr
€ %2y 25, &% 30%%9A 35T, = 80%¢l
AEt EHEE0] ol A¢E Bo FE 4
1% 49& Y AoE 4Z4sol A L%
7t BeHn AUE=o #obE #0150 A &
5718 B7H&o] A, 25C, &% 30%44 9]
A FF71% 6.93g/meld W 35C, €%
80%°lX & 31.68g/mo 2 & 2lo]7} glo] %7
9 ¥Pwd 4% v Ao 4ARAY. &
27§22 gAewe] ¥JFYd v
YL Ree] XYLFo A BAg IHER
9 EAl] dolve BAE FRHAM AZE £
1tk (Lautenberger et al,, 1980). ¥4dol] F2
2 F e TH LS HPH o] HEEA
of ZEdA HE oo Fi= % FAE)
o 25 ¥xd H¥E o|fA gm, TIUES
7} Bold A7} gt} o] AYEITAE 2
9 FFY A3, ddEE, e gdse] FAX
3, &% 79 99& weotn #oh

7t #€ W FYEBRAAM] EY_FLe v
o} WHE Aol Uk E A7RM 1,2-DCE7}
AERA gapl gAENEeY 2, 1EF, T
FEA sate] wANEs} ¥4 el OSHA
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/min2 2 YA HdEs 75% 49 1584, 4
ek 82%Yd 14.31, YUEE 85%Yw 11.9
tollx 5% Si7t dolyithe Aitsl B AFoA
9] 25, €% 80% 3ppm FFoIAM oF 241 %3
Al 2~5%7}, Tppm $FolA 7~10%, 17ppm &
FollMe 14~25%9] w37k doid Ar} w)4st
Atk oF&H 35T, F% 80%°1M¥E 3ppm FEol
A 10%, 6ppm F&A 15%, 17ppmelA 35~
50%2) stk dojut o g sy
& & 4 Jdfich a8iv fAEdelN satE $g
25 #3 wxot $AFHINMY FEIt R
A7 gt A agzdM, §3 2L, 1§
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