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ABSTRACT

Objective: This study is intended to design a commercially available passive sampler and conduct
performance test on its use as a media for evaluating a working environment.

Methods: This study was conducted to select adsorbents, design models, and evaluate storage stability and
sampling rates for the development of new types of passive samplers.

Results: The impurity detection, adsorbent capacity and breakthrough volume of five types of activated
carbon were tested for selection of an adsorbent. One product was selected in consideration of the efficiency
of purchase. A number of passive samplers were designed in a radial style and a badge style using plastic as
a material. The final two prototypes were made using molds or 3D printing. For the storage stability
evaluation, samples were stored at different temperature for 1~21 days and then analyzed. Most of the
chemicals had excellent storage stability when refrigerated. However, some chemicals such as
dichloromethane and methyl ethyl ketone need to be analyzed as soon as possible after sampling.

Conclusion: In this study, new types of passive samplers for 66 chemical compounds were developed. The
evaluation of storage stability and sampling rates showed different results depending on the properties of the
chemical substance. For some chemicals such as methyl ethyl ketone and dimethylformamide, activated
carbon is inappropriate as an absorbent. In future studies, additional experiments are required on chemicals

that are difficult to collect with activated carbon.
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Figure 1. The schematic diagram of test chamber
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Table 1. Chemical compounds for storage test

No. Compound CAS number
1 Benzene 71-43-2
2 Toluene 108-88-3
3 Styrene 100-42-5
4 o—Xylene 95-47-6
5 Dichloromethane 75-09-2
6 Trichloromethane 67-66-3
7 Perchloroethylene 127-18-4
8 Ethyl acetate 141-78-6
9 2—-Ethoxyethyl acetate 111-15-9
10 Isopropyl alcohol 67-63-0
11 Methyl isobutyl ketone 108-10-1
12 Methyl ethyl ketone 78-93-3
13 Cyclohexanone 108-94-1
14 Diethyl ether 60-29-7
15 Tetrahydrofuran 109-99-9

£, 1208, 180%, 240%, 360802 xo] o]FolH
th. AZAFEL ol T4l o]&sto] APYSAT:.

W, < PrR 1000
— X
W,

c

Sampling Rate (cc/min) =

W, = contaminant weight in passive sampler,
ug or mg

W. = contaminant weight in charcoal tube, ug
or mg

PFR = flow rate of personal air sampler, liter
per minute(lpm)
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Table 2. Breakthrough volume of chemicals by activated carbon type

Breakthrough volume( ()

Compound Con((:entration AC"_A AC"_B
ppm)

0% 10%7 0%" 10%"
1,2-Dchloropropane 120 15 23 26 36
Toluene 100 50 67 68 83
Dichloromethane 160 3 7 8 13
Methyl ethyl ketone 80 57 58 44 63
n—-Hexane 200 97 129 122 146
n-Butyl acetate 157 23 34 39 45

" AC : Activated Carbon
" The starting point of breakthrough
T Over 10% point of breakthrough

Table 3. The result of adsorption of chemicals by activated
carbon type

Activated Average of peak

Compeund carbon b area(pA*s)
A 4 1,838
1,2-Dchloropropane
B 4 1,767
A 4 1,437
Toluene
B 4 1,414
. A 4 1,021
Dichloromethane
B 4 934
Methyl ethyl ket A 4 1,407
n
ey ethyl ketone g 4 913
A 4 1,414
n—Hexane
B 4 1,329
n-Butyl acetate A 4 4810
“y B 4 3,562
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Figure 2. Passive sampler model A and B, and filling tube
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Figure 3. Graphical representation of refrigerated and ambient storage test data (1)
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Figure 4. Graphical representation of refrigerated and ambient storage test data (2)
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Table 4. Comparison of sampling rate for hydrocarbon compounds

Sampling rate, cc/min

Compound Prototype A Prototype B 3M° skct
Pentane 448 24.6 10.8 14.9
n—Hexane 40.9 22.0 9.88 14.3
Heptane 36.0 19.5 8.54 13.9
Octane 335 18.9 8.58 12.7
Nonane 33.1 16.5 8.09 -
Cyclohexane 39.3 21.6 8.82 15.6
Cyclohexene 43.0 22.8 - 15.4
Methylcyclohexane 38.8 20.4 9.32 14.2
Benzene 46.5 24.2 9.69 16.0
Toluene 41.2 22.5 9.48 14.5
Ethyl benzene 39.8 215 8.91 12.9
m-Xylene 37.6 211 7.54 12.5
o0-Xylene 32.0 21.2 7.54 11.9
p—Xylene 38.1 21.0 7.54 12.8
Styrene 37.7 21.0 9.21 -
a—-Methyl styrene 24.2 28.8 8.08 -
Cumene 37.1 20.0 8.36 12.8

" 3M 3500%, T SKC 575 series

57 7 cc/min, AAIE Boﬂfﬂ 21.0 cc/ming AZAH

&2 Y 3M AlEZ 9.21 CC/min94 A2 H
&2 AAlst o SKCC’ﬂ/ﬂL A BEAFHES AAIGHA
=

2) 22U
gAsRtES 1252 ﬂw_i Al Aokl
AL ATt 11E9] AEFLS AF5Het. g3t

(‘_

Table 5. Comparison of sampling rate for halogen compounds

FollAe

A9 A9 54 AN A@Ho] Hol 7]

F AgE2 &8o] EVIEsth EgEERREdS

AIAIE A9lA 40. 4 cc/mino = SM AE(8.60 cc/min)
of Hlg 5Hi =2 AEAFHES HolH AlAE Be
22.3 cc/mln_i 2.58] =2 7§J—]~— B3 SKC Al
EfZE=0 g tigt ARHES AA
shx] okoith. HEE=dEr2 A|AIE BolA 41.9
cc/min, AAIE BolA 24.3 cc/min?] AlEAHFES

Sampling rate, cc/min

Compound Prototype A Prototype B M’ SKCT
Dichloromethane 41.9 24.3 9.54 14.7
Bromoform 31.0 25.3 - 15.2
Trichloromethane 40.6 24.8 8.39 13.0
Carbon tetrachloride 42.7 20.9 7.38 14.1
Trichloroethylene 40.4 22.3 8.60 -
1,2-Dichloropropane 39.3 21.0 7.98 14.3
Epichlorohydrin 26.4 15.2 9.54 -
Chlorobenzene 42.6 23.1 8.64 14.4
o-Dichlorobenzene 28.2 43.2 7.55 12.5
Perchloroethylene 36.6 19.6 7.10 -
Methyl chloroform 39.0 21.3 7.93 14.1

" 3M 3500%, T SKC 575 series
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3) OIAEIZSIEE

AE|ZSFE2 12F0 ek AEfFHES TE0t
RowH Table 6ol HeFHIT. AlAIES] A& F &
AAIE A9 BolA ZEAL ool 22t 24.9 cc/min,
16.6 cc/minS® 7FF Wtow ZA4bddgo] Zpzp

Table 6. Comparison of sampling rate for ester compounds
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39.1 cc/min, 29.0 cc/minZ 7 =%t} 3MALS]
A5 ZE4E odH 2-o|SA | HotAH O] ELQ] A=A
FHE&2 AAE] A gor 10 cc/min W9l A&
A& Holn SKCO A =4 5 57K &2
of isfA Tt AlEAFHEo] Aol lon HE A
FEO W2 AEARHES 7HI

4) L¢3 LU S0 EHES =

d7g 4 SFYIHEIRER ERHE 24 F
Table 73 o] 8Fol sl A& &S APttt
AUYGEE 5 HoNELT S 4% A= Ad
A BAG $54 AEAFH719 ZHEH} Pot A&
AHES AT 5= AT AAF A9l H$- o]iopd
L FEI} 2-HEAOgREo] 2+ 19.9 cc/mint 18.9
cc/mino& A|ZAFEo] W2 ol o|ARYAT

o

Sampling rate, cc/min

Compound

Prototype A Prototype B 3 skct

Ethyl formate 24.9 16.6 - 17.8
Methyl acetate 39.1 29.0 10.3 -
Ethyl acetate 3356 215 8.98 13.1
Isopropyl acetate 36.1 19.5 9.08 14.2
n-Butyl acetate 33.1 20.0 7.94 12.3
Isobutyl acetate 33.2 18.6 8.50 -
n—-Amyl acetate 29.1 20.8 8.03 1.7
Ethyl acrylate 29.6 211 9.16 -
n—-Butyl acrylate 29.2 224 8.10 -
2-Methoxyethy! acetate 31.3 21.3 8.00 -
2-Ethoxyethyl acetate 28.3 18.7 - -
Vinyl acetate 36.2 18.6 9.89 -

" 3M 3500%, T SKC 575 series

Table 7. Comparison of sampling rate for alcohol and glycol ether compounds

Compound Sampling rate, cc/min
Prototype A Prototype B M’ SKCT

Isopropy! alcohol 241 16.2 11.8 -
n-Butyl alcohol 31.4 16.0 10.7 15.5
Isobutyl alcohol 36.0 16.7 10.7 -
Isoamy! alcohol 19.9 16.3 9.77 -
Methyl amylalcohol 219 16.4 9.08 -
2-Ethoxyethanol 34.2 8.6 9.66 14.4
2-Butoxyethanol 18.9 6.1 8.43 -
Cyclohexanol 30.5 16.1 9.16 135

" 3M 3500%, T SKC 575 series
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Table 8. Comparison of sampling rate for ketone compounds

o 2 AL EPSAES WAL Slo Iy
PR AGIAOP] FF 7Y YL A8l
NEAHES 43T B Uk

6) OHIZ3tetE
oHEZSRIES 53-& o= AES Pstge
Table 92} o] 4—‘—°ﬂ sl AEAFHES APk
tEZ22odoH 29 S4g8s 5%} —ni’“ AN=AH
]91 sk W2 2GS Boj ARfFES AP

At HEZS|EEFT2 ABfHES =21
]"} Fgo] AA Al8ZE HolZF IA yepgor oF
50 ppm2] Lol &% malrt Yehd 2 0E Hot
oA 53 Al 554 ARAFTHES $54] Al
FAFE] Agdeicta IdE. 24 ARAHES
toEoH29] H$ AAIE A7F 41.2 cc/minE 7V
=0 AAIE B 22.1 cc/min, SKC 16.4 cc/min,
3MA}F 11.3 cc/min 0]t} SKCOAE Yoz &4
o et AEAHES xﬂ/\]o}x] dom AJAEo] 3MAL]
NEAFERT 2~48) =2 235 HRlth

Sampling rate, cc/min

Compound Prototype A Prototype B 3M° skCt
Acetone 34.2 19.5 12.9 -
Methyl ethyl ketone 26.6 19.9 11.2 -
Methyl propyl ketone 314 20.2 9.89
Diethyl ketone 32.3 20.6 9.47 14.8
Methyl n-butylketone 28.9 18.7 9.16 -
Ethyl butyl ketone 28.2 21.6 - 12.2
Diisobutyl ketone 32.8 18.6 7.69
Methyl isobutyl ketone 30.0 20.5 9.16 -
Methyl n—amylketone 29.6 18.6 8.58 -
Ethyl amyl ketone 30.1 22.0 - 11.4
Cyclohexanone 22.7 14.9 9.37 -

" 3M 3500%, T SKC 575 series

Table 9. Comparison of sampling rate for ether compounds

Sampling rate, cc/min

Compound Prototype A Prototype B M SKCT
Diethyl ether 41.2 221 11.3 16.4
1,4-Dioxane 35.6 214 9.77 -
Tetrahydrofuran 33.9 22.4 10.8 -
n—-Butyl glycidyl ether 29.7 27.9 7.7 -

" 3M 3500%, T SKC 575 series
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Table 10. Comparison of sampling rate for miscellaneous compounds

Sampling rate, cc/min

Compound Prototype A Prototype B 3M° skct
Acetonitrile 30.4 18.6 13.9 22.4
Acrylonitrile 38.9 25.0 12.9 -
Dimethylformamide 14.3 57 10.7 -

" 3M 3500%, T SKC 575 series
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