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Effect of Relative Humidity on the Breakthrough of Charcoal Tubes
during Mixed Organic Vapor Sampling

Hyeok Syng Yang and Hyunweok Kim

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

This study was designed to investigate effects of relative humidity on the breakthrough of charcoal
tubes at a fixed vapor concentration and sampling time during mixed organic vapor sampling. A
vapor generator was used to generate three different concentrations of mixed organic vapor and a
stainless steel chamber was fabricated and utilized to maintain three different percentages of relative
humidity while maintaining a constant temperature.

The results were as follows;

1. At high relative humidity, breakthrough of mixed organic vapor occurred quickly at low vapor
concentration than at high vapor concentration because of the reduced adsorption volume of char-
coal tube due to humidity.

2. Breakthrough by competitive adsorption of vapors onto charcoal tube was observed at first from n-
hexane having the lowest boiling point and highest vapor pressure among the three organic vapors
investigated, followed by TCE. No breakthrough was observed from toluene under all experimen-
tal conditions.

3. For n-hexane, breakthrough was observed after 2 hours of sampling and breakthrough rates were
increased as relative humidity increased. For TCE, breakthrough was found after 3 hours of sam-
pling and breakthrough rates by sampling time were increased as vapor concentration increased.

4. The adsorbed amount of mixed organic vapor at breakthrough was shown to have statistically sig
nificant correlations with sampling time, relative humidity, and vapor concentration in descending
order of correlation. Relative humidity and sampling time for n-hexane and sampling time and
concentration for TCE were both statistically significantly correlated.

5. Relative humidity was found to affect the amount of breakthrough of mixed organic vapor and n-
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hexane. Among three percentages of relative humidity investigated, the amount of breakthrough at

85 % relative humidity was significantly larger than those of at Jower percentages of relfative hum-

idity. No statistically significant difference was found between 25 % and 55 % relative humidity.

6. The results of multiple regression analysis between breakthrough and relative humidity, vapor con-
centrations showed that the coefficient of determination of mixed organic vapor was 0.263
and those of n-hexane and TCE were 0.275 and 0.189, respectively.

7. Flow rates of sampling pumps used were found to be affected by relative humidity present. At 25
%, 55 %, and 85 % relative humidity, the relative errors of sampling purp were 1.4 %, 134 %,
and 18.6 %, respectively.

In conclusion, the results of this study showed that high relative humidity could reduce the adsorp-
tion volume of charcoal tubes and subsequently increase breakthrough rates. Therefore, to prevent
breakthrough when sampling mixed organic vapors, it is suggested that either sampling volume be

reduced or the flow rate be lowered so as to minimize breakthrough of the most volatile organic
vapor in the mixture. In addition, since the flow rates of a sampling pump can be adversely affected
by high relative humidity, it is recommended to use a constant flow mode pump when sampling in

the highly humid environment.
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Fig. 1. Schematic digram of experimental system.
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Fig. 2. Exposure chamber system for determining
breakthrough.
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Table 1. Operating conditions of gas chromatography

Variance Conditions

Column HP-5(50mx0.2 mx0.33 m)
Detector FID{Flame lonization Detector)
Nitrogen carrier gas flow rzte 30 mV/min

Hydrogen gas flow rate 30 ml/min

Air flow rate 300 ml/min

Injector temperature 210 ¢

Detector temperature 250 ¢
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Fig. 3. Breakthrough curves of mixed organic vapors
by relative humidity, concentration and sam-
pling time.
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Table 2. Adsorbed amounit and breakthrough of mixed organic vapors by relative humidity, concentration and sam-

pling time
Conc  Samp- Relative humidity (%)
ling
level time 250+1.3 55.0+3.2 85.014.3
(TLV) (hn) N Front. Back Brkth Fromt Back Brkth Front - Back Brkth -
(mg) (mg) (%) (ng)  (mg) (%) (ng (mg) (%)
0.1 1 3 056 ND ND 0.53 ND ND 047 ND ND
2 3 102 ND ND - 0.87 ND ND 081 ND ND
3 3 1.50 ND ND 102 - ND ND 1.25 ND ND
4 3 202 ND ND 1.74 ND ND 149 ND ND
0.5 1 3 215 ND ND 205 ND ND 1.88 ND ND
2 K] 435 ND ND - 3.70 ND  ND 325 006 19
3 3 643 ND ND 6.32 ND ND 530 031 59
4 3 895 ND ND 794 ND ND 674 063 94
1.0 1 3 481 ND ND 454 ND ND 435 ND ND
2 3 920 ND ND 861 ND ND 8.12 005 06 .
3 3 1347 ND ND 1166 ND ND 13.06 1.09 84
4 3 1824 ND ND 17.02 ND ND 1538 186 121
2.0 1 3 7.81 ND ND 7.61 ND ND 815 ND ND
2 3 1559 ND ND 15000 007 05 1668 029 17
3 3 2378 ND ND 217 0.06 03 1762 138 178
4 3 2972 135 45 2985 3.63 122 3295 632 192
F:494 P<0.05

Cone. : concentration Brkth : breakthrough

0.5-TLV s%oXE 85 % €%cl4 1.03 mg A
2 AHAA 6.2 %9 s97t Jebdmn, Faako)
1.57 mg# 1.90 mge® ZF/1¢ 42 mage
18.9 %, 29.3 %= 37Fel 10 %2 233

LO-TLV $&dAME 0.5-TLV $5 4334
< AYoR 25 %9 55 % S% FRANE Hur)
BEHA g9t 85 % FE T2 HHge 1
AlZE B9t 1.36 mg AE AFHA e S
#gkov, 2, 3, 4Xz B9 42 2.49 mg, 3.83
mg, 4.27 mg N& AHA 2.1 %, 26.0 %, 36.0
%% {FAF] F71E £5 st FH3 FolkEe
ZEE By

2.0-TLV &% F2dAMe 0.1, 0.5 1.0-TLV
% €8 25 % KE FFoA 443 F9 8.68 mg
A2 AFA 6.0 %9 A3} BAHAAT, 55 % &

ND : not detected

& 50X 6.22 mg AR AFHA) 0.8 %)
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7 figiet, 85 %ee freld Aolst Ut

¥ 4% 39 5= AAF F3d <3 TCEY &
Ao Mg A4S Jehd A2 2 n-hexaned 2
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Table 3. Adsorbed amount of n-hexane by competitive adsorption of trichloroethylene and toluene

(Mean +SD, mg)

Conc.  Samp- Relative humidity (%)
ling
level time 25.0+1.3 551032 85.0+£4.3
(TLV) (hr) N Front Back Front Back Front Back
0.1 1 3 0.15 £0.00 ND 0.14 +£0.00 ND 0.13 +0.01 ND
2 3 0.26 +0.00 ND 0.23 +£0.01 ND 0.22 +£0.02 ND
3 3 0.37 +0.01 ND 0.38 £0.01 ND 0.33 £0.02 ND
4 3 0.51 £0.04 ND 0.45+0.02 ND 0.39 +0.05 ND
0.5 1 3 0.63 +0.01 ND 0.59 £0.07 ND 0.56 +£0.00 ND
2 3 1.26 +0.03 ND 1.09 +0.06 ND 0.97 +£0.04 0.06 +0.04
3 3 1.88 +0.05 ND 1.84 +£0.07 ND 1.32 £0.05 0.25+0.05
4 3 2.61 +0.06 ND 2.3140.31 ND 1.47 £0.11 0.43+0.10
1.0 1 3 1.45 £0.04 ND 1.39+0.04 ND 1.36 +0.08 ND
2 3 2.79 +0.23 ND 2.59 £0.15 ND 244 +0.11 0.05+0.04
3 3 4.05 £0.20 ND 3.52 +£0.29 ND 3.04 £0.03 0.79+£0.24
4 3 5.48 £0.27 ND 5.17.£0.55 ND 3.14 +0.20 1.13+0.22
2.0 1 3 2.32 £0.08 ND 2.30+0.14 ND 2.25 +£0.40 ND
2 3 4.52 +0.73 ND 4.35+0.07 0.03 £0.04 442 +0.41 0.29+0.39
3 3 6.86 +£0.15 ND 6.17+£0.04 0.05 +0.09 4.66 £0.31 0.99+0.10
4 3 8.19 +0.66  0.49 +0.59 6.66+0.61 1.68 +1.09 5.38 £0.62 2.68 +0.49
F:6.86 P <0.01

Conc. : concentration

ND : not detected
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Fig. 4. Breakthrough curves of n-hexane by competitive
adsorption of trichloroethylene and toluene.
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Table 4. Adsorbed amount of trichioroetheylene by competitive adsorption of n-hexane and toluene

(Mean + 5D, mg)

Conc.

Samp- Relative humidity (%)
ling
level time 250113 55.0+£3.2 85.0+4.3
(TLV) (hr) N Front Back Front Back Front Back
0.1 1 3 0.24+001 ND 0.23+0.01 ND 0.20£0.01 ND
2 3 044 +0.02 ND (.37 £0.01 ND 0.35+0.03 ND
3 3 0.66 +0.03 ND 0.63 +0.02 ND 0.35+0.04 ND
4 3 0.88 +0.06 ND 0.76 +£0.02 ND 0.65+0.08 ND
0.5 1 3 0.84 £0.02 ND 0.78+0.19 ND 0.73 +0.12 ND
2 3 1.70 £0.02 ND 1.45+0.08 ND 1.19 +0.11 ND
3 3 2.50+0.07 ND 2471009 ND 2001007 0.06 £0.10
4 3 3.49 £0.070 ND 3.10+0.20 ND 243 +0.03 0.20 £0.21
1.0 1 3 1.86+0.06  ND 1.74 £0.05 ND 1.60+0.17  ND
2 3 3.551+0.28 ND 3324020 ND 3.1510.09 ND
3 3 5.22+0.23 ND 447+033 . ND 481 +0.30 0.3020.53
4 3 7.07 £0.31 ND 6.52+0.68 ND 540+0.14 0.73 10.41
2.0 1 3 3.39+0.02 ND 3251022 ND 3.55+045 ND
2 3 6.68 £1.10 ND 6.39+007 0.0410.08 7.19+1.18 ND
3 3 10.17 £0.18 ND 935+0.34 0.0110.01 8.03 1066 0.39 +0.16
4 3 1233 +0.70 0.86+0.91 1086+1.01 1951067 1082+1.12 3.64 £1.96
F:191 P>0.05 -
Counc. : concentration  IND : not detected
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Fig. 5. Breakthrough curves of trichloroethylene by
competitive adsorption of n-hexane and toluene.
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LRk o A=

a3y, 22 d7A e EAES o83 ¥R B
oA Aeo] H|FA4 EZo)7] wE] dusgx
o 93 dFgFE LA Fevdn EHuFIAT
(Otterson & Guy, 1964; Reid & Halpin,
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Table 5. Adsorbed amount of toluene by competitive adsorption of n-hexane and trichloroethylene

{Mean+SD, mg)

Conc

Relative humidity (%}

Samp-
ling
level time 25.0+1.3 55.0+3.2 85.0+43
(TLV) (hn) N Front Back Front Back Front Back
0.1 1 3 0.17+0.01 ND 0.16 +0.01 ND 0.1440.01 ND
2 3 0.32+0.01 ND 0.27+0.01 ND 0.24+0.01 ND
3 3 0.47+0.04 ND 0.44+0.07 ND 0.37+0.03 ND
4 3 0.63+0.13 ND 0.53+0.01 ND 0.45+0.05 ND
0.5 1 3 0.68+0.02 ND 0.68+0.09 ND 0.59+0.10 ND
2 3 1.39+0.02 ND 1.16+0.05 ND 1.03+0.03 ND
3 3 2.05+0.07 ND 2.01+0.06 ND 1.67+0.04 ND
4 3 2.85+0.05 ND 2.53+0.35 ND 2.21+0.17 ND
1.0 1 3 1.50+0.05 ND 1.41+£0.03 ND 1.39+0.04 ND
2 3 2.86+0.21 ND 2.70+0.15 ND 248+0.13 ND
3 3 4.204+0.17 ND 3.61+0.25 ND 4.124+0.36 ND
4 3 5.69+0.24 ND 5.33+042 ND 4.98+0.50 ND
2.0 1 3 2.106+0.04 ND 2.06+0.17 ND 2.35+£0.31 ND
2 3 4.39+0.76 ND 4.19+40.00 ND 4.78+0.86 ND
3 3 6.75+0.14 ND 6.2140.23 ND 6.59+0.66 ND
4 3 7.85+1.44 ND 8.67+0.55 ND

10.43+1.37 ND

Conc : Concentration ND : not detected

1968}, Werner (1985)1‘:— TCEE 4% A=

QPN BEA & A FE A8 YL 7
AR 4 dod, sEot wess sEd 8 9%

o] AAM mhul: Fuigtin sisidh _

£ AReAE EF 21849 FaAEd o 5
= 0.5-TLV, 85 % F&4 74 1A et
7] Al1#sEld, 1.0-TLV, 85 %, 2. O-TLV 85 %
FE o2 5ol &% 571 25 A 55
o] eyl & 8RS FHAAA I 58 ¥
A BHol @ FrdA #@e] dojga, & %
dAe Syl dojvke Al AAHNT ot F
=7t B EFE =0 AT 3] AA e S
Fohe Werner(1985) 9] A} AA|3HAth

ARA F3L F 7RG 2 ol ERES X
9L o Yehie Aog §dd ddzos ¥
AT U3 EFEo] 4 EHEL ARNAH &

Agte] JFE AYeE=H 2YH I (Ness,
1991}, °l4E<l A & EARH 5L ¥
T4 FAEL B2 A% B B BE Q B
A F349 ™ (Grubner & Burgess, 1979), &4
o] uigdo| F7Hdel wel HFd =gdhe Al
44303 AdsHs FFE Ut (Nelson &
Harder, 1974; Goller, 1985) 32 3t}
Fraust® Hermann(1966)2 o tigt A=

A i ART, BAY, WP, ol3AYE I
ate] ekl oigk EAle] ABHo] FFE Ak

il 891, Saalwaechter 5(1977) & @4aL &
vt} toluened] thall o AL AR ol &
o] toluened X@AFo= Qe TZE F7AAE
e ] szl g sl

B AF4dM n-hexane2 TCES} toluene ET}
27190l #1 HEAH0] YonZ Qg Hid =g
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Fig. 6. Breakthrough curves of n-hexane by sampling
time, concentration and humidity.

50

40
20-TIN, 857 RH
A

;
/

T
!

2.0-1LV, 55 K

@
o

kd
".-K’_J.mﬂ.\’. 857

Breakthrough(”)

Sampling time(hr)

Fig. 7. Breakthrough curves of trichloroethylene by
sampling time, concentration and humidity.

Table 6. Correlation coefficients between breakthrough and humidity, threshold limit value and sampling time

Adsorbed amount Humidity TLV Sampling time
Mixed organic vapor 0.391%* 0.332* 0.434%*
n-hexane 0.441%* 0.282 0.416%*
TCE 0.266 0.343* 0.406**
*P<0.05 **P<0.01
Table 7. Multiple regression analysis for breakthrough
Adsorbed Variables Parameter Standard F P-value R?
amount estimated error
Mixed organic Intercept - 3.530% 1.442 8.024 0.001 0.263
vapor Humidity 0.065** 0.021
TLV 1.900* 0.734
n-hexane Intercept - 10.059%* 3.852 8.547 0.001 0.257
Humidity 0.198** 0.057
TLV 4.372% 1.960
TCE Intercept -4.084 2.165 5.234 0.01 0.189
Humidity 0.064* 0.032
TLV 2.787* 1.102
* P.<0.05% “**%P'< 0.01

e A AuiEez #km, g & AY
< By

TCEE toluene Eth F7|¢e] ¥1 H]F5H] &
< FAZ WA ] =LA L, o5 &4 Alo]
ole 9% AR el FA'] tigt Bxpe] A3
o] Ao} 719l I LAl Wi FF FF

e 289 Il A FEF Aoz A,
White & (1970)3% Crisp(1980)€ °133 A&
AH zA3teA 7Hs 10 L AlgAdF 832 F
Hstz levt & Ao A8A e Az &
A 7FsAol e 10 % °l3t2 #ZHA.
Zt A AEAFH A B wE viate]
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Table 8. Relative errors of flow rate in personal air sampling pump

Concentration Relative humidity (%)
(TLV) N - 250113 55.0+3.2 85.0+4.3
0.1 3 + 09! + 18.8 + 19.4
0.5 3 + 1.6 + 1.49 + 127
1.0 3 + 14 + 12.5 + 17.9
2.0 3 + 1.6 + 73 + 244
Total average _ + 14 + 134 + 186
¥ : Relative error (%) = {{ X -x)/x } 100
X = flow rate before sampling
x = flow rate after sampling
FEE n-hexaneo] 243t AR AHA] St & F /71849 2L FFHE Q.

257l AFS, Ajte] ARErE A9 &3
32 Z2: R FHAA FFe] d¥ow Hige
F43 Zvlshe ¥IE Bolx Yon, 571 =
STF 2 9% tE 3

TCE® Alaaj3 Alte] 3A17 ZAAg £ vz
7t #E&H7 At et 1 ke vHEim, 44
ol A Fell= w1y} FA3) F7keioh

toluene2 n-hexaned® TCE Hrt} H|5Ho] &
I, F71¢el ¥e FAZ AEAH M) NS
A x RE FEA wt@rl Jehta) gisio

Nelson® Harder (1974} 2} £4je] BF4
H5H9 Frket F714e] A4 Alolele 45 #A4
7'r i dFstgon B AFn ?—J_Zlﬂ 23

£ 49

£ 71849 F32e] o AT AEAFH
AFH §x F T o foF FEAE
o otE A7} st FEFE wlAs Re o}
BHion, §z7t mae] 4%L nHer] 4
AN 59 s g2 25 % 55 %l A
o|7} gldle, 85 %ohe fel ¥ Alolr) ATk

°]& Saalwaechter 5(1977) 2] toluene® o]
T 55 Qg T Jdggels FAY F Fxe
FEETE & #Fo §57 I3 938
o]k e} g s

n-hexane?] Hte Fxd ARAH Al o
2 folg ABYL HPod, FEE fEA &
A el Fxet ARAFH Aldte] st o 9%
€ UlAEe Aes JEYR, §58 43 9% &

TCES| 3= A8AR At S get f2
& dede B, §5v f83A 94 JE
yugA fx2d ¢ FFguce ANEAH Azin

S EEe A% Il Aen EF AU18AIs n-

hexanew= 18 F4-& HYT)

s3] 4L N FE9 FEo W o
AARNN EF /71 8A2] Hae ¥ 49y
< 293, ¥5 ge) JdEr g5 5 B
o} o FFE PAL o}E QAT AE G| F
Al Jelste,

n-hexane®] H}A% & 49Yg B, WF
7t gaje] 7|9 FEE 57 ¥E ¥t o o
L ulxe Aoz Jehdort ol UAze 43
AL HA e

TCE¢] A3 E£F #7144 9 n-hexane Rt}
Wi, Wt g3 7gite IEE v=o &
=3 F¥e] gle Ao Yelgrh

NIOSHS] 4 “dolre /3 238 AY Al
B ¥ AANE ol4% AE AFA ARANH F=
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93 (Melcher et al, 1978; NIOSH, 1984), A&
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FHo g At 92 v|H FHEE 37 A
FAFE 2YBAE 222 AR, B APdA=
= FE oA AR AR BT v=E
7¥sled S FAS Aoz Add
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