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Abstract — The objective of this study is to assess feasibility of simultaneous analysis for trace multi-components
odorous and volatile organic compounds using a Triple-bed adsorbent tube with a thermal desorber and GC-MS. Triple-
bed adsorbent tube is 3 bed packed Tenax-TA with small amount of Carbopack B and Carbosieve SIII in order of
adsorption strength in a tube. The operating conditions of GC-MS was possibly able to and effectively detect high vol-
atile and low molecular weight compounds at the mass range of 20~350 m/z using a below impurity 1ppm of Helium
carrier gas, of which quantitatively analyzed by target ion extracts. According to the experiment, C,~Cs of 14 compo-
nents; sulfur containing compounds(2), ketones(2), alcohols(4) and aldehydes(6) were simultaneously analyzed with
recoveries of 99%, and good repeatability and linearity. High volatile and low molecular weight compounds such as
methyl alcohol and acetaldehyde can be safely quantified with high recovery at a condition of 50mL/min of flow rate,
below 2L of adsorption volume, and 45% of relative humidity. Target ion extract can also simultaneously quantify multi-
components with odorous and volatile organic compounds in an occasion of piled up two peaks.
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Table 1. Guidelines for adsorbent selection in VOCs analyses|3,17]
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Sample Tube Approx, Analyte  Max. Temp, Specific Surface
s:rbent Vg};tili‘;y Ran}ge (°C) > pArea, (m*g) Example Analyses
Tenax TA bp 100 °C~400 °C 350 35 Aromatics except benzene, Apolar components(bp>100 °C) and less volatile polar
n-Cn-Cyq components(bp>150 °C)

CarbopackB (n-Cyn-Cs~n-C, >400 100 Wide range of VOCs inc, ketones, alcohols, and aldehydes(bp>75 °C) and all polar
compounds within the volatility range specified. Plus perfluorocarbon tracer gases.

Spherocarb* -30~150 >400 1,200 Good for very volatile compounds such as VCM, ethyene oxide, CS, and CH,Cl,

C3n-Cy Also good for volatile polars e.g. MeOH, EtOH and acetone.
Carboseive S* —60~80 400 800 Good for ultra volatile compounds such as C, or C; and C, hydrocarbons, volatile

haloforms and freons.

*These sorbents exhibit some water retention. Safe sampling volumes should be reduced by a factor of 10 if sampling a high(<90%) relative humidity.
Carbopack B and Carboseive SIII are all trademarks of Supelco, Inc., USA; Tenax is a trademark of Enka Pesearch Institute.
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2-1. Triple-Bed Adsorption Tube

Fig. 1= F4°] 90 mm<! Z~H|Q Eﬂ**% %% $FH (Perkin Elmer,
UK)oll 7128 60 mm 77t 35572 SHAE thdo g Sx3t
Triple-bed S2RAEUE el 9t ,_xl— A= Awta o 7 AF2-5)
Hol I3l A= Supelcorl2] AES 0] €31 2™ Tenax-TA
(60/80 mesh) 150 mge A 75l F25 o] 40 mm=z 7|
3k, YA 20 mme] ikl Carbopack™ B(60/80 mesh)2h
Carbosieve™ SITI(60/80 mesh)E ZH2F 2= <=0 2 71 9kS A
Alsle] 3o 2 ujgsIict.
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Fig. 1. Triple-bed adsorbent tube used in this experiment.
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el o] g FAAFE SR EE Q2R T flste]
8201 2 AeH2R] (ATD400, perkin elmer, USA)2 GC-MS
(QP-2010A, Shimadzu)E ©]€313 0, Al 225 Table 200

Table 2. Analytical conditions

ATD400(Perkin Elmer, UK)

Cold trap type Tenax-TA 20 mg
Ist Desorption 350 °C-4 min
2nd Cryo temp. -30°C

2nd Desorption 350 °C-1min
Desorb flow 50.2 mL/min
Inlet split No

Outlet split 11.5 mL/min
GC-MS(Shimadzu, Japan)

Column AT1-60 mx0.32 mm
Interface temp. 230 °C

Mass range 20~350 m/z
Column pressure 15.9 psi

MS Det. temp. 250°C

Carrier gas He(99.9999%)
Mass filter type Quadrupole

sl5kgst M48H M2E 201041 43

HERASITE 2 ATFelM= v AR B8 2
aHF o7 3] §I8t] BE 1 ppm ©3! A AES A
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fragmented ions KT} @o| HES 4 Q=S Slrh

sk B3k voCs 9 oFEZ ] A 9 A7) QlolA WA A
AEA-E GC-MS full scan modeol| A 3= o, AL A
o] ¢E ¥ MS AFEY AR oA H2 0] 255 (TIE, target ion
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Table 3. Concentrations of mixed gaseous standard with target ions
for quantitative analysis

Conc. Target Reference
No Compounds (opby)  ion(nf)  ion(mi2)
1 Formaldehyde 50.0 29 29,30
2 Acetaldehyde 118.7 44 43,42
3 Methyl alcohol 537.6 31 32,29
4 Methyl mercapthan 164.0 47 48, 45
5 Trimethylamine 500 58 30,42
6 Ethanol 358.0 31 45, 46
7 Acetone 20.0 43 43, 36
8 Propionaldehyde 117.1 29 29,39
9 Isopropyl alcohol 160.0 45 43,41
10 Dimethyl sulfide 99.0 62 47,45
11 Isobutyraldehyde 95.6 43 41,72
12 Butyraldehyde 95.0 44 43,27
13 Methyl ethyl ketone 180 43 29,72
14 Isovaleraldehyde 95.6 44 43,41
15 n-Butanol 160.0 56 41,31
16 n-Valeraldehyde 97.4 44 41,29
17 Disulfide, dimethyl 66.0 94 79,45
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Fig. 2. Recovery test system by three tubes linked in series.
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Table 4. Quality assurance objectives

Parameters Objectives
Standard stability above 15 days
Sampling recovery > 80%

Flow check within 5%

Leak check Every sampling
Canister pressure check Every sampling
RPD* %(for all analytes) <20%
Laboratory blanks <MDLs
Repeatability(n=3 or more) %RSD <20%
Linearity Square r > 0.980

Total recovery range 80%-120%

*Relative precision duplicate

3. 4u ¥ nE
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wEe] A Tt
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time)ellA 3 VRt 7 B4 st WelE A 41 9aE
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s|o WgdoE, oeks 7 Egvdolyl 181 ofHER iy
28| =o] =7} 22 ARl AA pERsk o) ZF AR 7}
7}o] HAo| & 22 M peak areal 7510 FFRE-A0] 753Gl
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Fig. 3. Total ion chromatograph by three Triple-bed and Tenax-TA adsorbent tubes linked in series.
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(x1.000.000) g p (L0 (x1.000.000)
1257 Acetaldehyde "1 Ethanol Acetone
(target m/z 44) 80 (target m/z 45) 30 (target m/z 43)
2.00 :
175 0 25
6.0
150 20
125 50
15
100 40
075 0 10
0.50 e
05
0.25 10
325 350 375 375 4.00 425 425 450 475
(x1.000.000) %1,000,000 175 (31,606,060}
79] Methanol Trimethylamine Propionaldehyde
(target m/z 31) (target m/z 58) (target m/z 29)
1.25 A 150
6.0
125
50 1.00 -
ol 100 1
i 0.75 1
30 0.75
0.50 -
201 050
0.25 1
101 0.25
0.0 0.00
325 350 375 375 4.00 425 425 450 475
Fig. 4. Peak by target ion extracted from each compounds piled at the same retention time.
Table 5. Recovery percent with different sample volume, relative humidity(RH) and flow rate
C d R1 (Volume, L) R2 (RH, %) R3 (flow rate, mL/min)
mpoun
OmPpOUnEs 2 04 45 80 50 100 150 200
Formaldehyde 40.2 56.6 43.8 - 444 48.4 10.1 224
Acetaldehyde 95.9 100.0 91.7 - 100.0 95.3 89.3 75.1
Methyl alcohol 81.2 99.0 75.7 - 90.4 81.2 60.9 8.2
Methyl mercapthan 94.7 100.0 95.4 - 98.9 100.0 94.8 61.0
Trimethylamine 100.0 98.3 100.0 - 100.0 100.0 100.0 100.0
Ethanol 99.0 100.0 99.3 - 99.5 99.2 96.4 95.6
Acetone 98.3 100.0 98.5 - 98.6 98.5 98.2 97.9
Propionaldehyde 99.6 100.0 98.4 - 99.5 98.7 99.2 99.5
Isopropyl alcohol 99.9 100.0 99.9 - 99.9 99.9 99.9 99.9
Dimethyl sulfide 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0
Isobutyraldehyde 100.0 100.0 99.9 - 99.9 99.8 100.0 100.0
Butyraldehyde 100.0 97.5 95.7 - 99.4 98.9 99.9 994
MEK 100.0 99.9 99.5 - 99.8 99.8 99.8 99.8
Isovaleraldehyde 99.9 100.0 99.9 - 99.9 99.8 100.0 100.0
n-Butanol 99.7 100.0 94.1 - 99.6 99.5 99.7 99.6
n-Valeraldehyde 99.9 99.4 99.8 - 99.7 99.8 99.9 99.9
Disulfide, dimethyl 100.0 100.0 100.0 - 100.0 100.0 99.9 97.6

R1: Recovery percent in RH zero air 2L and 0.4L adsorption at flow rate 100 mL/min(25 °C)
R2: Recovery percent in RH 45% and 80% air 2L adsorption at flow rate 100 mL/min(25 °C)
R3: Recovery percent in RH zero air 2L adsorption at range of flow rate 50~200 mL/min(25 °C)
*Quadrupole-MS vacuum deterioration by over desorption gas in relative humidity 80%
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