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Abstract

During the last two decades, indoor air quality and volatile organic compounds (VOCs) have been of concern in
Korean society due to their nature of potential health impacts. In order to investigate the pollution levels of VOCss in
indoor environments, establishment of a solid test method for monitoring the airborne VOCss is essential. In Korea,
a method based on adsorbent sampling and GC analysis coupled with thermal desorption was proclaimed as the
Korea Standard Method for Indoor Air Quality Test. This study was carried out to examine some inherent problems
of the VOCs measurement method. The VOCs method does not describe in detail preparing the standard samples.
The standard samples may be prepared by impregnation of either liquid standard solutions or a mixture of standard
gases. In this study, we investigated the optimal temperature condition for transferring the liquid standards onto a
standard adsorbent tube. As a result, keeping the impregnation temperature at 250°C will be recommended in regard
of the boiling points of multiple target analytes and the thermal stability of the adsorbent. We also demonstrated
some problems associated with handling of a syringe used for transferring the standard solutions onto the adsorbent
tubes, and a best way to get rid of the syringe problems was suggested. Finally, a number of field works were con-
ducted to evaluate the performance of adsorbent sampling methods. Comparison of different adsorbent tubes, i.e.
tube packed with single sorbent (Tenax) and double sorbents (Tenax with Carbotrap), revealed that 30 to 40% dif-
ferences between the two groups, implying that sampling efficiency is depending on the volatility and the strength
of adsorbents. However, duplicate precisions for VOCs sampling with a same type of adsorbent and at same flow
rates appeared to be satisfactory to be all within 20%, which is a quality control guideline. Distributed volume pre-

cisions were also found to be within a guideline value, 25%, although the precision was in general inferior to the
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duplicate precision. The Korea indoor VOCs test method should be more refined and improved in many aspects,

particularly procedure and instrumentation for preparing the standard samples and specification of quality control

assessment.
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Fig. 1. Schematic diagram of a single and a double sorbent tube used in this study.

Table 1. Characteristics of Carbotrap and Tenax TA adsorbents for VOCs sampling media.

Sorbents Mesh size Range of adsortion Max. temp. (°C6) Surface area (m%/g) Strength
Carbotrap 20/40 (n-Cy) n-Cston-C, 400 100 Medium
Tenax TA 60/80 n-C; to n-Cyq 350 35 Weak
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Table 2. Japan’s indoor air quality standards for 52 mixed compounds.

No. Compound CAS No. MW B.P(°C) No. Compound CAS No. M.W B.P(°C)
1 Ethanol 64-17-5 46.1 78 27  Ethyl Benzene 100-41-4  106.2 136
2 Acetone 67-64-1 58.1 56 28  m-Xylene 108-38-3  106.2 138
3 2-Propanol 67-63-0  60.1 81 29  p-Xylene 106-42-3  106.2 138
4 Dichloromethane 75-09-2 84.9 40 30  Styrene 100-42-5 104.1 146
5  1-Propanol 71-23-8 60.1 97 31  o-Xylene 95-47-6  106.2 144
6  2-Butanone 78-93-3 72.1 80 32 Nonane 111-84-2  128.3 151
7  Ethyl Acetate 141-78-6 88.1 77 33  (—)-o-Pinene 80-56-8 136.2 155
8  Hexane 110-54-3 86.2 69 34 3-Ethyltoluene 620-14-4  120.2 158
9  Chloroform 67-66-3 119.4 62 35  4-Ethyltoluene 622-96-8  120.2 162

10 2,4-Dimethylpentane 108-08-7  100.2 81 36 1,3,5-Trimethylbenzene 108-67-8  120.2 165

11 1,2-Dichloroethane 107-06-2 99.0 84 37  2-Ethyltoluene 611-14-3  120.2 165

12 1,1,1-Trichloroethane 71-55-6  133.4 74 38  (—)-p-Pinene 127-91-3  136.2 166

13 1-Butanol 71-36-3 74.1 118 39  Decane 124-18-5 142.3 174

14  Benzene 71-43-2 78.1 80 40  1,2,4-Trimethylbenzene 95-63-6 120.2 169

15  Carbon Tetrachloride 56-23-5 153.8 77 41 1,4-Dichlorobenzene 106-46-7 147.0 174

16  1,2-Dichloropropane 78-87-5 113.0 96 42 1,2,3-Trimethylbenzene 526-73-8  120.2 175

17  Bromodichloromethane  75-27-4  163.8 90 43 (R)-(+)-Limonene 5989-27-5 136.2 176

18  2,2,4-Trimethylpentane 540-84-1 114.2 99 44 Nonanal 124-19-6  142.2 180

19  Trichloroethylene 79-01-6  131.4 87 45  Undecane 1120-21-4  156.3 196

20  Heptane 142-82-5 100.2 98 46  1,2,4,5-Tetramethylbenzene 95-93-2  134.2 197

21 4-Methyl-2-Pentaone 108-10-1  100.2 117 47  Decanal 112-31-2  156.3 208

22 Toluene 108-88-3 92.1 111 48  Dodecane 112-40-3 170.3 216

23 Dibromochloromethane 124-48-1  208.3 119 49  Tridecane 629-50-5 1844 235

24 Butyl acetate 123-86-4  116.2 126 50  Tetradecane 629-59-4  198.4 254

25  Octane 111-65-9 1142 126 51  Pentadecane 629-62-9 2124 271

26 Tetrachloroethylene 127-18-4  165.8 121 52 Hexadecane 544-76-3 2264 287

Table 3. Operating conditions of thermal desorption apparatus and GC/MS used for VOCs analysis.

UNITY/ULTRA (Markes, UK)

GC/MSD (HP6890/5973, Hewlett Packard, USA)

Oven temp. 300°C GC column Rtx-1(0.32mm, 105 m, 1.5 wm)

Desorb time 10 min Initial temp. 50°C (10 min)

Desorb flow 50 mL/min Oven ramp rate 5°C/min

Cold trap holding time 5 min Final temp. 250°C (20 min)

Cold trap high temp. 320°C Post run 250°C (5 min)

Cold trap low temp. —-10°C Column flow 1.13 mL/min at constant pressure

Cold trap packing Tenax TA/Carbopack B Detector type Quadropole

Min. pressure 15 psi Q-pole temp. 150°C

Inlet split No MS Source temp. 230°C

Outlet split 10 mL/min(ca. 9:1) Mass range 35~300 amu

Valve and line temp. 180°C Electron energy 70eV
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Table 4. Repeatability and MDL of VOCs analytical me-
thod used in this study.

Repeatability (%) MDL
VOCs Within-a- Between 2
day” days® ng  ppb

1,3-Butadiene 12.9 18.5 1.0 0.15
Trichlorofluoromethane 11.9 15.6 26 0.15
1,1-Dichloroethene 12.8 15.8 1.8 0.15
Methylene chloride 14.6 16.1 1.6 0.15
cis-1,2-Dichloroethylene 14.1 17.2 1.8 0.15
Chloroform 17.5 20.5 46 0.31
1,2-Dichloroethane 12.2 19.4 6.9 0.56
1,1,1-Trichloroethane 19.1 17.8 5.0 0.30
Benzene 15.4 20.4 1.5 0.15
Carbon tetrachloride 15.0 15.2 5.1 027
1,2-Dichloropropane 20.6 20.9 62 044
Trichloroethylene 17.1 21.9 13.6  0.83
Toluene 15.7 22.5 1.1 0.10
Tetrachloroethylene 17.5 27.7 2.1 0.10
Chlorobenzene 19.6 23.9 1.2 0.09
Ethylbenzene 14.5 21.0 0.7 0.05
m,p-Xylenes 14.1 20.3 0.9 0.07
Styrene 14.9 25.0 1.2 0.09
0-Xylene 14.6 20.1 0.9 0.07
1,3,5-Trimethylbenzene 20.8 20.7 09 0.06
1,2,4-Trimethylbenzene 24.5 20.4 0.9 0.06
1,2-Dichlorobenzene 22.7 24.0 2.8 0.15

“Estimated on the assumption that 3 L of air was sampled.
YRSD of 10 replicates analysis during a day.
9RSD of 7 samples and each was analyzed every 24 hr.
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Fig. 5. An example of calibration curves for the cases of syringe dead volume considered and not considered.
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Fig. 7. Comparison of concentrations of VOCss in indoor air sampled by single and double sorbent tubes.
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Fig. 8. Comparison of concentrations of BTEX by indoor air sampling at different flow rates for two hours.
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