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Determination of VOCs in Indoor Air Using Passive Sampling—Thermal Desorption—GC/MS

and Simultaneous Survey of Indoor VOCs in Sapporo City in Winter
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We investigated a passive sampling-thermal desorption-GC/MS system, which is a simple
sampling method and a highly sensitive analytical method, for the determination of volatile or-
ganic compounds (VOCs) in indoor air. Diffusive uptake rates of 9 compounds, carbon tetra-
chloride, trichloroethylene, toluene, tetrachloroethylene, ethylbenzene, m, p-xylene, o-xylene,
styrene and p-dichlorobenzene, were calculated on the basis of the results of simultaneous mea-
surement by passive and active sampler indoors and outdoors. Relative standard deviation (RSD)
of diffusive uptake rates for these compounds were under 20% except ethylbenzene, whose RSD
was 27.7%. These results showed the passive sampling-thermal desorption-GC/MS system can
be applied to the determination of VOCs in indoor air.

This method was applied to investigate the indoor VOC levels in Sapporo city in winter. Nine
kinds of VOCs in indoor air were measured at 34 houses in Sapporo at the same time (February
14, 1996). Indoor concentrations of VOCs except carbon tetrachloride were higher than those of
outdoor air, which suggested that the emission source was in the house. The concentrations of
toluene, ethylbenzene, o-xylene and m, p-xylene were significantly higher in newly built house
and renovated house. These compounds were used as solvent in paints and adhesives for build-
ing materials.
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Table 1 Analycal Conditions for Thermal Desorber and GC/MS

Thermal desorber : ATD400 (Perkin Elmer)
Operating conditions on desorption of sampling tube (Tenax TA)

Desorption temperature : 230°C

Flow rate : 50 mL/min
Desorption time : 10 min

Operating conditions on desorption of trapping tube (Tenax TA)

Trap temperature : —30°C

Desorption temperature : 200°C

Flow rate : 10 mL/min

Desorption time : 10 min

GC/MS : Autosystem/Q-Mass910 (Perkin Elmer)
Column : Aquatic (0.25mmX60m, 1.0 xm)
Oven temperature : 50°C ( 5min) — 5 °C/min—200°C ( 3 min)

Carrier gas : Helium, 120 kPa
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Fig.1 Total lon Chromatogram of VOCs in a Indoor
Air Sample
Peak : 1. 1,1 1-Trichloroethane, 2. Carbon tetrachloride,
3. Benzene, 4. Toluene, 5. Ethylbenzene,
6. m, p-Xylene 7,8. o-Xylene and Styrene,
9. p-Dichlorobenzene
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Fig. 2 Variation of Toluene and p-Dichlorobenzene
Concentrations in Indoor Air of One House



Table 2 VOC Concentrations by Active Sampling

Concentration ( x g/nt)

Compound

Housel HouseZ2 House3 House4 Houseb5 Outdoorl Laboratoryl Laboratory 2
Carbon tetrachloride 1.0 14 11 12 0.6 1.2 0.4 0.6
Trichloroethylene 1.7 2.1 1.7 5.2 0.2 0.9 0.6 14
Toluene 18.2 19.8 31.8 - - 22.0 79 12.8
Tetrachloroethylene 35 14 14 14 2.0 0.4 0.3 0.3
Ethylbenzene 31 45 3.0 - - 2.3 3.4 1.8
m, p-Xylene 49 4.7 49 56.3 63.3 4.3 3.6 2.7
o-Xylene 21 2.7 2.6 34.3 22.3 24 1.8 1.2
Styrene 1.6 2.7 3.8 28.3 7.8 18 0.6 0.9
p-Dichlorobenzene - 285 - — 2.8 - 2.0 13.2

Table 3 Amounts of VOCs Collected by Passive Sampling
Amounts of VOCs (ng ; 24h collection)
Compound

Housel House2 House3 House4 Houseb5 Outdoor1l Laboratoryl Laboratory 2
Carbon tetrachloride 0.6 0.8 0.6 0.7 0.3 0.6 0.2 0.4
Trichloroethylene 0.9 0.9 1.7 2.6 0.1 0.3 0.3 0.8
Toluene 119 11.8 19.5 — — 15.5 3.8 6.5
Tetrachloroethylene 1.6 0.6 0.7 0.7 1.3 0.2 0.2 0.1
Ethylbenzene 2.0 31 2.7 - - 2.3 15 1.0
m, p-Xylene 3.2 3.4 3.8 36.7 39.0 3.5 1.6 1.3
o0-Xylene 1.3 14 1.6 20.3 14.2 1.6 0.9 0.6
Styrene 0.9 1.6 18 16.8 55 1.3 1.5 0.7
p-Dichlorobenzene - 15.5 - - 15 - 11 8.1

Table 4 Comparison of Diffusive Uptake Rates for Various Exposure Periods

Exposure period and uptake rate (mL/min)

Compound 8h"¥ 24h* 29days"
(mean) (mean * SD) (RSD : %) (mean)
Carbon tetrachloride 039 = 0.04 9.9
Trichloroethylene 031 = 0.06 18.0
Toluene 0.44 041 =+ 0.06 14.3 0.32
Tetrachloroethylene 0.41 0.34 = 0.06 17.7
Ethylbenzene 0.46 049 =+ 0.14 217
m, p-Xylene 0.48 045 = 0.09 19.7 0.44
o-Xylene 0.48 041 = 0.04 9.5 0.45
Styrene 0.47 0.46 = 0.09 19.3
p-Dichlorobenzene 039 =+ 0.02 6.1

*this study
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Table 5 VOC Concentrations Determined in 34 Houses and One Outdoor

Indoor air ( u g/m’)

Outdoor air*

Compound - -
Max Mean  Median Min (ug/m)
Carbon tetrachloride 2.5 0.8 0.7 0.3 0.8
Trichloroethylene 4.3 0.3 0.2 n.d.** 0.1
Toluene >300 329 25.0 5.4 22.0
Tetrachloroethylene 41.1 3.1 09 n.d. 0.6
Ethylbenzene 48.6 7.6 54 0.2 0.3
m, p-Xylene 136.5 17.7 12.2 0.9 1.1
o-Xylene 93.2 10.3 6.3 04 0.5
Styrene 35.8 3.5 2.0 04 n.d.
p-Dichlorobenzene 172.2 378 16.6 n.d. 1.6

*measure at a porch of an apartment house

*n.d.<0.1 g/t

Table 6 Comparison of Mean VOC Concentrations with Four Types of House Structures

House structure Wooden/Siding Wooden/Mortar RC Other*

Number of houses 19 6 8 1

Average year

after construction 6.9 19.3 T 12.0
(Compound) Concentration ( x g/m)
Carbon tetrachloride 0.8 0.7 0.7 0.6
Trichloroethylene 0.4 0.1 0.2 0.1
Toluene 50.3 31.3 37.6 23.1
Tetrachloroethylene 3.1 2.6 4.0 0.5
Ethylbenzene 7.0 3.6 11.6 11.3
m, p-Xylene 16.2 9.5 25.7 32.0
o-Xylene 9.2 53 15.6 17.6
Styrene 4.1 1.5 3.6 2.6
p-Dichlorobenzene 28.5 62.7 43.2 22.8

*Steal prefabricated
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