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Comparison of Sampling Methods for Determining
Airborne Mixture of Organic Solvents

Mee Hye Chun and Nam Won Paik

School of Public Health,
Seoul Nationgl University, Seoul, Korea

A study on comparison of standard charcoal tube method, infrared gas analyzer, and
detector tube method were conducted. Measurements were performed simultaneously at
same sampling points in an air chamber containing benzene, toluene and xylene vapors.
Charcoal tube samles were collected at sampling flowrates of 0.05, 0.2, 0.5, and 1.0
lpm,

Results are as follows:

1. Coefficients of variation of results with charcoal tube method for bezene, toluene
and xylene mixture vapor were 14.34 % in benzene(0.28-11.12 ppm). 9.20 % in toluene
(2.68-135.09 ppm) and 10.21 % in xylene (2.56-82.64 ppm), respectively.

2. Results of infrared gas analyzer in mixture air were non-specific on benzene and
toluene.

Ratio of results of infrared gas analyzer to those of charcoal tube on benzene,
toluene and xylene were 6964 % , 30.3 % and 36.6 %, respectively.

3. Ratio of responses of detector tubes to those of charcoal tube were 494 % in
benzene , 22.1 % in toluene and 223.9 % in xylene, Xylene detector tube were interfer-
ed by toluene greately.

4. Collection efficiencies of charcoal tubes at low concentraton(benzene:1 ppm,
toluene : 10 ppm, xylene:10 ppm) were stable on various flowrate from 0.05 to 1.0
ipm, but at high concentrations the efficiency decreased at high flowrate above 0.5
1pm.

5. Within the saturation capacity of charcoal, collection effiency decreased at 0.5-1.0
1pm. Smpling feowrates of 0.05-0.20 1pm were appropriate for sampling organic vapors
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of Governmental Industrial Hygienists, ACGIH)<l
A @iisHz 87| F(Threshold Limit Values,
TLVs)el f2lud x=FRdA HAF 347
= WA 10 ppm EFA 100 ppm ©]1318] F=
W NEF/E Az

(2) &394y

ZAANTLE 7 TR 120802 d%en
a2 P4t Ad g FAAEENL
OSH Method, No. 1501)%) E4d a3, FHeA
(Infrared rays, IR) H55 o] 4¢ 239 9 4=
#HE T4 F LU SAAH o2 25
E 7194 2RAH el BHEE WA 15 em
oly=z 3tych

(1) &Hed 237 9§ HHNIOSH Meth-
od No. 1501).

Z A& #(charcoal) FTANAHE HE(Gilian
Model HFS £t HFS)E dZ% ¥ ANRE A
FHatdvh 1271 B 57FA F20.05, 0.1,
0.2, 05, 10 Ipm)e.® Z1Z} 334 w8 HFHg
18070 AEF 173708 EAsich Hz9 &%
2 ¥ FAEY(Scap Bubble Method)& ©}-8-3l4
HAS F 23 on AE £A4L2 o3dsigds
(CS2) 1 mIE 48 stsle S84 {7184
E 23(desorption) AFF A2aZelEF
(Hewlett PackardAl HP 5890A)% vk g4aly
AdARAATY FAAAYL A BHo £
Aatack. AREL GilianAt AFL2N F3
Y 150mge] FHAHHE 100 mg, 5 50 mg)
o2 FAH rh

(i) 3894 F5E o1 &3 44

ol 7}A—4(gas cell)?] FZ(optical path)s}
EA 332 o] f3d 4 Yoz HIE
718 x| old] FUE EEITVIS AEF7IY
FEFAY A& d7F Az 2 FPsl T2
g AEsAl dd.®

MIRAN 1B2(Foxbro Ab #F)& o]&8te] 30
& ouhel g Al Zgsigen] #4342 MIRAN
1B2o] Wad A5 o] &38R 0 £H 2 cartri-
dge 937 (American Optial Cprp. #¥F R 53A)
g AHg-Ete] A gL

(i) 2A& ¥

AATELS FHF Yol FAHUE 1A 3
EAH AAE HEE YFE A g87hATF kS
3l AZ& HAHE Y22 ol&% Aok o
o &g qH 7R 7E o WA, 234
2 A4 B9 87 (sulfuric acid)®) EA
3ol A 1,Os(iodine pentoxide)$t ¥hgdle] 0=
7t frelseo] dalo s HAE ] Mg F3lA 9
dojzAN F=E =334 ¥k

FEvtate A BHAEA AMREE Y4B 7t
AL A EL AMSSH oy o 30Evid) 23 wE
2A3%le FAFAE AE3Ed. 4 AA#/
AL o 2

oAl (YR Gastec A AE No. 1211 &3
M2l 012560 ppm)

O EFM(YE Gastec A AF No. 1221 &3
A9 1-50 ppm)

(YE Gastec A AF No. 122 483 5600
ppm)

O IR (Y Gastec A} AF No. 123 &7
¥4 5500 ppm)

1. ghdelgol ez

WA, BF4d 2 A4 EFF7EAE
= AEe A el Al g A%
2% WolE By 93 F 180719 AEE £
Mg dx= ® 1, 2 9 38 gon nAHdy
(break through)o] geoivta] &L e EFHE 4
sggor Tada FAHFol dod e
A & x| 7 ok
a9 1614 R upebzle] WAl A§- 0.28—
11.12 ppmol| A HF ¥ oA 4 (Coeflicient of Va-
ration, CV)7} 14.34% 2 V= ZHAIGARd
A7 13—51.8 ppme] FEAAA A7 #
o] A9 5.9 % R} A Wgter} 5 ppm ©}
g9l oMz 5.68 %= Hlxg A4#E Ho|
3 3ok
2 239 @A Fxrt AyRolr] W
o7l A# Aoz nroth 1y AAA R F



SErdA 498 =
Tt adHe] H$- Z}Z’r A o] A7} 9.
20 % , 10.21 %= vl5 FEHLGHERAAT Y
oA APF 6.0 %(13—51.8 ppm)dmi¥s} 5.2
%(145.5—582ppm)d WV 2 o} ok EokTh E

FA-& 44.38—135.09 ppmTE
AN Y& 32.38—82. 64 ppmT
A4de A3E AA/E Holn

= 4.63 %,
Tl A e 6.38 %=

a9 2, 1% 32 I7@ 45 4 EFE= %E

°ﬂ o2 HolAs FES EAAY =7t &
£ dolA 7t Yeld S-S & 5+ Utk

E]'EV“I 2 A e gdHRg o83 A
HAE uZ FPAYAARAATI FHAEH
(NIOSH Method)sl &3 0.2 Ipm®] FHLE &
A Axe FFAZ BEF T F7EA9 4
As=s 23 MIRAN 1B2 H)d F3E4Y
(Infrared gas analyzer)® HATPE Fonla
At

Table 1. Results Measured by Standard Charcoal Tube Method for Benzene Mixed with Toluene and Xylene

¥ o Gaples Benzene Conentration,ppm CV.
Mean+S.D. Range %

13 0.28+0.08 0.22—-0.55 28.57

13 1.1240.42 0.71—2.52 37.50

15 1.51+0.23 1.26—2.06 15,23

6 1.7510, 25 1.48—2.09 2.3

i 1.9710.42 1.45—2.81 21.32

15 2.324+0.40 2.09—2.58 6.03

14 2.65+0.40 2.06—2.99 15.09

15 3.04+0.19 2.86—3.54 6. 25

9 3.96+0.38 3.26—4.44 9.60

12 5.14+0.28 4,33—5.69 5.45

11 5.89£0.48 4,71—6.62 8.15

9 11.12+0.33 10.43—11. 40 2.97
Average (n=140) 14.34

Table 2. Results Measured by Standard Charcoal Tube Method for Toluene Mixed with Benzene and Xylene

i Siples Toluene Concentration, ppm CV
' Mean +SD. Range %

14 2.6810.20 2.14—2.92 7.46

15 5.70+0.41 5.09—6, 68 7.19

13 7.45%+1.15 4.72-8.85 15, 44

15 10.49+1.02 8.56—12. 14 9.72

15 12.64+1,54 9.76—14. 24 12.18

8 15.93£0.26 15.53—-16. 31 1.63

15 16.21+1.76 11.31-18.17 10. 86

14 18.08+2.16 13.63—20.78 11.95

11 26.65+3.77 19.35—31. 00 14,15

12 44 38+2.17 41.30—46. 34 4.89

9 51.02+1.48 48.36—53,45 2.90

9 135.09+8.12 127.3—147, 67 6.02

Average {n=150) 9.20




Table 3. Results Measured by Standard Charceal Tube Method for Xylene Mixed with Benzene and Toluene

Xylene Concentration, ppm Cv.
Ho; o Samples Mean % SD. Range %
15 2,56 +0.33 1.84-2.82 12.89
15 6.09 £ 0.41 5.52—6. 86 6.73
13 6,13 = 0.96 5.14—7.49 15. 66
15 7.55 £ 0.66 6. 06—8. 69 8.74
15 1110+ 1.24 9.31—15.40 1117
15 12.29 + 1.86 8.96—14. 14 15.13
8 15.49 + 0. 33 14,87—15. 8% 2.13
14 17.95 £ 2.43 14.05—21.65 13.54
9 21.53 £ 2.29 16.36—24.51 10.64
12 3238+ 211 29.64—36.14 6,52
9 34.66 = 3.21 29.03—39.41 9.26
8 82.64 £ 2.43 79. 4085, 21 2.94
Average(n=148) <t 10.21
40r _ i 20
5 30 ¢ p3 ®e
= 5107 o°
8 E o
5201 2 .. .
E . g 0 °, ¢ ' y } ' —
g 20 40 60 8 100 120 140
g 10 Toluene Concentration, ppm
o Fig. 3. Vanation of Results Using Charcoal Tube
0 N L 1 Methods by Toluene Concentration.
Benzene Toluene Xylene

Fig. 1. Variation of Results Using Charcoal Tube
Methods for Benzene, Toluere and Xylene.
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Fig. 2, Variation of Results Using Charcoal Tube
Methods for Benzene, Concentration.

2 SEWHE
WA,

EFFd

H|

2zl E3EHA e 8

Soo tistd 37kR) Wil ez Zzle) BuE &

2

2 151 -

A .

g .

& 10, .

s | ‘

T |- .

S 5

=

3

o - L]
0 20 60 80 100

40
Xylene Concentration, ppm

Fig. 4. Variation of Results Using Charcoal Tube

Methods by Xylene Concentration.
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Table 4. Comparison of Results by MIOSH Method with Results by Direct Keading Instruments at Various Benzene
and Interference Concentrations

Benzene Concentration by Methods, ppm (\mcérﬁ%gfneégn%% -
Characoal Tube Infrared Detector Tube

ppm ppm(error %) ppm(error %) Toluene Xylene

0. 26 ND 0.58(123.1) 2077, 2.69

1.03 ND 1.50( 45. 6) 8.16 515

1:31 ND 2.24( 71.0) 5.34 5. 80

2.22 19.43(775) 2.15(—32 ) 11::31 7.79

2.88 13.50(369) 1.76(—38.9) 13.76 11.28

4.29 39.27(815) 5.85( 36.4) 52.13 38.21

5:32 . 44.06(728) 8.32( 56.4) 44.55 30.95

11.03 98.70(795) 8.75(—20.7) 145. 30) 84.16

Relative Error = Results by Sp%}lfalfci/ﬁt};z(éf}giﬁolal Tube Result —

Nd : Below detection limit

Table 5. Comparison of Results by NIOSH Method with Results by Direct Reading Instruments at Various
Toluene and Interference Concentrations

Toluene Concentration by Methods, ppm Interference
Concentration, ppm
Charcoal Tube Infrared Detector Tube
ppm ppm(error %) ppm(error %) Benzene Xylene
277 ND 3.75(35.4) 0.26 2.69
5.34 ND 7.20(34.8) 1.31 5.80
13.76 21.40(55.5) 15.67(13.9) 2.88 11.28
15.99 17.00( 6.3) 13.38(—16.3) 1.60 15. 68
28.69 47.99(67.3) 29.10( 1.4) 6.03 22755
4.5 46.00( 3.3) 60. 70(36. 3) 5.32 30.95
5115 38.99(—25.2) 41.76(—19.9) 4.29 38.21
145. 30 109.79(—24.4) 172.50(18.7) 11.03 84.16




Table 6. Comparison of Results by NIOSH Method with Results by Direct Reading Instruments at Various Xylene

and Interference Concentrations

Xylene Concentration by Methods,ppm

Interference

Concentration,ppm

Charcoal Tube Infrared Detector Tube

ppm ppmierroe %} ppm(error %) Benzene Toluene
2.69 7.73(187.4) ND 0.26 2.77
5.80 5.28(—9.0) 9.59(65.3} 1.31 5.3
7.79 12.43( 59.6) 30. 88(296.4) 2,22 11.31

11.28 11.27(~0.1) 21, 90(94,1) 2.88 13.76

16.15 15.00(—7.1) 48.00(197. 2) 2.69 17.84

30. 95 29.00{-6.3) 127.85(313.1) 5.32 44, 55

38.21 31, 73(—=17.0) 90.89(137. 9} 4.29 52.13

84.16 78.87(—6.3) 474, 33(463.6) 11.03 145.30

Yo S84A gAY Aol vls A o] kY AWML e BddEA =43

34 veidew FErt 4o 2 ppmFRAA
= A A7tz ey ARH ez dAE
= BEoE 23y 2L g ngvh wEd) A
A g ade) L 99 v AAH
o Ha] W Ede o] ME £ Rz Ye
gk AAlz 249 AXEL B 4P PP
Aoz FAsAE Eagot ERqdo} WA
o 2% 9hgdh= AL gsigen ey
EF4d9 EAA add AT ¢g§ =2
A EBrbgdivha Rodzch

23 sl e WA, EF4d 2 addE=s B
Zr 2o 9§ WIS P RoF
I o

AABY L A=A Wyoe 7iHs FAAH
olB & AME3L7]7} Rolsle] A AREHAYN &
APAE A g So| 7} APgErt Y 3

10007
sults
1wol I f ‘{ Infrared Re:

i 4
5
5 } Detector Tube
o 10 Results
=
=
7]
c 1

0.1 \ ; : ; :

Benzene Toluene Xylene

Fig. 5. Relative Emor of Results by Measurement
Methods in Benzene, Toluene and Xylene
Mixture.
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B} Brlsad A%AV7lzE 276 B}
w3,
3. BMEMOIN 271 Ra o2 2
.Q.E

v SEAYAARAATYE (NIOSH)AAN =
24983 £ A8 AEAAA FAHFE o
2 0.2 Ipm )32 & AL FH}L jloH
WA, 259 2 34dd% 0.2 Ipm ol3e £
L2 ARE EJNESE FASA e, o
21t 42 Sibata Abl M= 0.5 Ipm & FFo=
#7188 £ E d03T glon I8 ¢
7ol 93t dAF =AM 0.5 lpm o TRFol
A 3 $ & (Recovery rate)e] EtheE Rk 9]
P,

FEYTdAAE YL FIIAHALYZE ol &7
A3 &40 H2 =9 HA2 0.2 Ipm ©)
e FAY 7 e AFHF vl 9 1FF
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Table 7. Relative Collection Efficiency of Charcoal Tube by Benzene Concentration and Flowrate

CO%C%%I 1. Relative Collefetion Efficiency by Flowrate, lpm

ppm 0.05 0.1 0.2 0.5 1.0
0.26 1. 37 0.92 1.00 0.96 1.00
1.03 1.77 0.89 1.00 1.04 0.9
1.31 1.33 1.3 1.00 0. 98 1.15
1.55 1.55 1.17 1.00 0.89 0.71
2.22 0.82 0.81 1.00 0.54 0 54
2.25 1,03 1.09 1.00 1,00 1.05
2.69 0.81 0.90 1.00 0.99 1.01
2.88 1.14 1.02 1.00 1.04 1.08
4,29 0.83 0.93 1.00 1.09 0.69
5.32 1.02 0.93 1.00 0,92 0.29
6,03 1.01 0.98 1.00 0.89 1.02
11.03 1,01 1.02 1.0 .04 0.01




Table 8. Relative Collection Efficiency of Charcoal Tube by Toluene Concentration and Flowrate

Toluene Relative Collection Efficiency by Flowrate, Ipm
S nsenitation 0.05 0.1 0.2 0.5 1.0
2.7 0.95 0.93 1.00 0.91 1,02
5.3 1.09 1.07 1.00 0.99 1.14
8.2 0.93 0.78 1.00 1.01 0.86
11.3 0.88 0.95 1.00 0.98 0. 82
13.8 1.00 0.99 1.00 0.87 0.74
16.0 1.00 0.9% 1.00 (.88 0.83
16.5 0.97 1.05 1.00 1.03 0.88
17.8 1.03 1.00 1.00 1.08 0.91
28.7 0.93 0.96 1.00 0.76 0.66
4.6 1.05 0.95 1.00 0.93 0. 56
52.1 0.94 0. 96 1.00 1.06 0.83
145.3 0.92 0.87 L00 0.60 0.10
Table 9. Relative Collection Efficiency of charcoal Tube by Xylene Concentration and Flowrate
Xylene Relative Collection Efficiency by flowrate lpm
Concentration
ppm 0.05 0.1 0.2 0.5 1.0
2.7 0.91 0.97 1.00 0. 81 1.03
5.2 1.29 1.08 1.00 1.30 1.27
5.8 1.05 1.06 1.00 0.99 1.15
7.8 0.87 0.9 1.00 0.97 1.04
11.3 1.07 1.00 1.00 0.93 0.93
11.6 1.4 1.12 1.00 1.00 0.93
15,7 1,00 0.98 1.00 0.85 0.81
16.2 1,18 1.06 1.00 1.24 1.05
22.6 0.99 0.94 1.00 0.85 0.93
33.9 1% 0.89 1.00 0.91 0.51
38.2 0. 83 0.87 1.00 1.02 0.83
84.16 0,97 0.98 1.00 1.04 0.78
TALAYHEZIH 2 3 (ACGIH)AN A 1% 3 9 =R %.7?3 -’}"-:?*C’]E’i"’

&7E (TLVs)—J 1710 E9 e A
Fo A THE L & Wl gidde
B 53] 1 lpmeiM e EIE Lo FAsH @t
o} v 3 Ard 9 A A B2 S(ACGIHAN M 33
& HE7IEVHTLV)S A 10 ppm, EFA
100 ppm ¥ ZAA 100 ppm ©)}.

a4 & EriE 172 gd dAgste A4
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Fig. 8. Collection Efficiency for Xylene by Flowrate.
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Table 10. Overall Collection Effictency by Sampling Flowrate from Mixture Sample (Benzene : 1.55 ppm, Tolu-

ene : 1599 ppm, Xylene : 15.57 ppm)

Air Flowrate  Air Volume Expected Relative  Collection Efficiency Mass Overall
Ipm 1 Amount in Collected Collection
Each Tube Benzene Toluene Xylene  in Each Tube efficiency
mg g
0.048 5.76 0.78 1.28 1.00 1.00 0.79 1.01
0.097 11.64 1.57 0.97 0,99 0.98 1.54 0.98
0.202 24.24 3.27 0. 96 1.00 1.00 3.25 0.99
0.501 60.12 8.13 0.73 0.88 0.85 6.99 0. 86
1.028 123. 36 16.65 0,59 0.83 0.83 13.79 0.83
Table 11. Overall Collection Efficiency by Sampling Flowrate from Mixture Sample (Benzene : 5.32 ppm, Tolu-
ene : 44.55 ppm, Xylene : 33.90 ppm)
Air Flowrate  Air Volume Expected Relative  Collection Efficiency Mass Overall
lpm l Amount in Collected Collection
Each Tube Benzene Toluene Xylene in Each Tube efficiency
mg mg
0.044 5.28 1.78 1.02 1.05 1.00 1.84 1.03
0.110 13.20 4.45 0.93 0.95 0.91 4,14 0.93
0.203 24, 36 8.22 1.00 1.00 1.00 8.23 1.00
0.512 61. 44 20.74 0.92 0.98 0.91 19.25 0.93
1.020 122. 40 41.32 0. 66 0.56 0.72 26.10 0.63

Table 12. Overall Collection Efficiency by Sampling Flowrate from Mixture Sample(Benzene : 11.03 ppm, Toluene
: 145.30 ppm, Xylene : 84.16 ppm)

Air Flowrate  Air Volume Expected Relative  Collection  Efficiency Mass Overall
lpm 1 Amount in Collected  Collection
Each Tube Benzene Toluene Xylene  in Each Tube efficiency
mg mg
0. 048 5.76 5.85 1.03 0.87 0.92 4,97 0.09
0.102 12.24 11.80 1.04 0.87 0,97 10.79 0.91
0.208 24.96 24.06 1.02 1.00 1. 00 24.09 1.00
0.529 63.48 61.19 0.04 0,60 1.04 45,85 0.75
1.027 123.24 118.79 0.07 0.11 0.7 42.19 0.36
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