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Abstract: The aim of this study was to evaluate and establish of emission test method for liquid phase building
materials such as paint, adhesive, sealant by emission cell. A small-scale emission chamber and emission cell
were used to evaluate emission of TVOC from paint, adhesive, sealant. The quantity of TVOC emission were
measured by a gas chromatography/mass spectrometry (GC/MS). Background concentration of TVOC was below
10 pg/m? in the emission chamber and cell. Air tightness and recovery in chamber and cell showed good results.
The recovery of thermal desorber for toluene and n-dodecane were about 120%. The repeatability of response
factor and retention time in GC/MS below 30%. The method detection limit of VOCs ranged 0.04~8.82 ng.
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The concentration of TVOC emission using emission cell was 1.35~1.41 times higher than emission chamber.

The correlation of TVOC emission using chamber and cell method was significantly high (r=0.91~0.97).

Key words : liquid phase building materials, TVOC, small-scale emission chamber, emission cell, correlation
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Fig 1. Schematic diagram of emission chamber system.
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Air controller
Dry

Table 1. Operating conditions of emission chamber and emission
cell system

Condition
Parameter
Emission chamber Emission cell
Volume 20L 35cem’
Material Stainless-steel Stainless-steel
(E.P) (acid-resistant, E.P.)

Temperature & 25%1°C, 25%1°C,

humidity 50£5% 50+5%
Specimen area 82 cm’ 177 em?
Loading factor 0.4 m*m® (+10%) 510 m*m?
Air exchange rate 0.5+£0.05/h 514 /h
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Table 2. Analytical condition of thermal desorber(TD) and GC/MS
Thermal desorber GC/MS
(STD 1000, DANI, Italy) (GC-2010, Shimadzu, Japan)

Parameter Condition Parameter Condition
Purge temperature and time 40 °C, 1.0 min GC column VB-1ms (60 mx0.25 mmx 1.0 gm)
Desorption temperature 300 °C Initial temperature 40 °C (6 min)
Desorption time 15 min Oven ramp rate 1 4 °C/min (40~180)
Desorption flow 100 mL/min Oven ramp rate 2 20 °C/min (180~250)
Cold trap -10°C Final temperature 250 °C (10 min)
low temperature
Cold trap 320°C Column flow 1.5 mL/min

high temperature

Cold trap holding time 15 min
Cold trap packing Tenax-TA
Valve temperature 210°C
Transfer line temperature 240 °C
Split No

MS source temperature 200 °C

Detector type El (Quadropole)
Mass range 35~350 amu
Electron energy 70 eV

Split 10:1
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Fig 3. Chromatogram of volatile organic compounds standard.
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Fig 4. Calibration curve of major volatile organic compounds.
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Table 3. Background concentration of emission chamber and

emission cell (n=18, unit: ug/m°)
Chamber No.  Emission chamber ~ Emission cell
1 7.92 2.16
2 9.59 0.97
3 5.62 0.50
Average 7.56 1.20

Table 4. Recovery tests of emission chamber and emission

cell (n=3)
Compounds Recovery(%)

Chamber Cell
Benzene 130.0 107.0
Toluene 103.7 122.5
Ethylbenzene 95.6 128.4
Styrene 89.6 107.5
n-Dodecane 86.8 81.3

Table 5. Recovery of thermal desorber for VOCs (n=4)
Direct Thermal

Compounds Injection (ng) Desorption (ng) Recovery (%)
n-Hexane 129.5 119.6 92.4
Benzene 106.3 120.4 1133
Toluene 118.0 141.9 120.2
Ethylbenzene 126.7 133.2 105.2
m,p-Xylenes 246.0 259.1 105.3
Styrene 106.5 1183 111.1
o-Xylenes 122.9 127.9 104.1
n-Dodecane 97.7 121.0 123.8
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Table 6. Repeatability of GC/MS analysis (n=15, unit=RSD¥*, %)
Compounds R.T.** R.F**%* Compounds R.T. R.F.
Hexane <0.1 2.17 o0-Xylene <0.1 2.35
Chloroform <0.1 2.15 n-Nonane <0.1 2.23
1,2-dichloroethane <0.1 1.70 alpha-Pinene <0.1 2.68
2,4-dimethyl-pentane <0.1 8.16 p-Ethyltoluene <0.1 221
1,1,1-trichloroethane <0.1 4.15 m-Ethyltoluene < 0.1 2.36
n-Butanol <0.1 2.98 1,2,3-trimethylbenzene < 0.1 2.15
Benzene <0.1 1.96 o-Ethyltoluene <0.1 2.34
Carbon tetrachloride <0.1 3.66 beta-Pinene <0.1 2.48
1,2-dichloropropane <0.1 2.38 1,2,4-trimethylbenzene <0.1 2.20
Bromodichloro-methane <0.1 1.92 1,4-dichlorobenzene < 0.1 2.01
Trichloroethylene <0.1 2.38 n-Decane < 0.1 2.27
Isooctane <0.1 12.02 1,3,5-trimethylbenzene <0.1 2.01
n-Heptane <0.1 231 D-Limonene < 0.1 2.17
Methyl isobutyl ketone <0.1 2.13 Nonanal < 0.1 1.90
Toluene <0.1 2.67 n-Undecane <0.1 1.68
Dibromochloromethane <0.1 2.32 1,2,4,5-tetramethylbenzene <0.1 1.99
Butyl acetate <0.1 2.14 Decanal <0.1 2.18
n-Octane <0.1 2.22 n-Dodecane <0.1 3.31
Tetrachloroethylene <0.1 2.18 n-Tridecane <0.1 1.80
Ethylbenzene <0.1 2.07 n-Tetradecane <0.1 1.79
m,p-Xylene <0.1 2.18 n-Pentadecane <0.1 1.58
Styrene <0.1 2.79 n-Hexadecane <0.1 2.03
*: Relative Standard Deviation, **: Retention Time, ***: Response Factor
Table 7. Estimation of MDL for VOCs (n=9)
No. Compounds ng No. Compounds ng
1 Hexane 0.44 23 o-Xylene 1.14
2 Chloroform 0.19 24 n-Nonane 1.50
3 1,2-dichloroethane 0.12 25 alpha-Pinene 0.18
4 2,4-dimethyl-pentane 1.22 26 p-Ethyltoluene 0.49
5 1,1,1-trichloroethane 0.92 27 m-Ethyltoluene 0.31
6 n-Butanol 1.30 28 1,2,3-trimethylbenzene 0.23
7 Benzene 0.12 29 o-Ethyltoluene 0.23
8 Carbon tetrachloride 0.68 30 beta-Pinene 0.18
9 1,2-dichloropropane 0.12 31 1,2,4-trimethylbenzene 0.75
10 Bromodichloro-methane 0.25 32 1,4-dichlorobenzene 0.04
11 Trichloroethylene 0.20 33 n-Decane 2.15
12 Isooctane 1.18 34 1,3,5-trimethylbenzene 0.15
13 n-Heptane 0.13 35 D-Limonene 0.24
14 Methyl isobutyl ketone 0.23 36 Nonanal 7.44
15 Toluene 8.82 37 n-Undecane 0.72
16 Dibromochloromethane 0.16 38 1,2,4,5-tetramethylbenzene 0.20
17 Butyl acetate 0.35 39 Decanal 2.84
18 n-Octane 0.33 40 n-Dodecane 2.44
19 Tetrachloroethylene 0.34 41 n-Tridecane 3.56
20  Ethylbenzene 2.36 42 n-Tetradecane 0.31
21 m,p-Xylene 3.93 43 n-Pentadecane 2.15
22 Styrene 3.81 44 n-Hexadecane 0.80

Vol. 22, No. 3, 2009
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Fig. 5. Distribution of TVOC emission from liquid building materials.

Table 8. TVOC emission from liquid building materials

Chamber Cell
Building materials N
Mean* S.D.** Mean S.D.
Paint 20 4.487 4,282 6.309 5.567
Adhesive 12 1.179 0.887 1.595 1.432
Sealant 8 3.151 2.957 4.250 3.162
Total 40 3.048 3.428 4.161 4401

*: Arithmetic mean (mg/m?-h), **: Standard deviation
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