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Abstract: The optimization of analytical method for the thermal desorption of seven VOCs (volatile organic
compounds) by TD-GC/MS (thermal desorption-gas chromatograph-mass spectrometer) with solid phase sorbent
tube, and comparative analysis for the determination of VOCs plotted by standard sorbent tubes prepared using
both gas phase and liquid phase materials were investigated. The result of paired t-test showed that a liquid
phase standard sorbent tube method was in agreement with a gas phase standard sorbent tube method for six
species of VOCs including benzene, toluene, ethylbenzene, o-, m-, and p-xylene except for styrene at the
significance level (¢=0.01), while the 15.6% of difference in response factor between both of gas phase and
liquid phase standard plotting for the determination of styrene showed that both methods were significantly
different at the significance level. Therefore, the liquid phase standard plotting method was employed to reduce
erroneous data for the determination of styrene including BTEX. Under the optimized analytical method by
liquid phase standard sorbent tube, recovery was between 100+5% for 7 species of VOCs, reproducibility ranged
from 0.3 to 7.7%, and method detection limit (MDL) ranged from 0.01 pg/m? for o-xylene to 0.27 pg/m? for
toluene. The optimized standard method was applied to determine VOCs VOCs from indoor air of of dormitory,
one bedroom apartment, and a new car.
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Table 1. Comparison of standard preparation methods between gas phase standard and liquid phase standard

Methods

Gas phase standards

Liquid phase standards

Gas sampling volume (GSV) loop

GC Injector (Packed Column)

TO-172 + Volume : 0.5~5 mL

- Purge : He (at least ten times the loop vol-

ume)

+ Volume : 0.1 ~ 10 pL

- Temp. : Unheated or 50 °C (analytes less vol-
atile than n-C,)

+ Purge : 100 mL/min(He)

Sampling pump

GC Injector

- Volume : 0.1 L~4 L, 10 L (standard atmo-
spheres equivalent to 100 pg/m®)
- Purge : Standard atmosphere (ISO 1641 and

1SO 16000-6

ISO 6145)

+ Volume : 1 ~5 pL
- Temp. : No conditions
+ Purge : 100 mL/min (He, Ar, N,), 5 min

No conditions

Korean Standard method for

GC Injector or ATIS®

the Examination of Indoor - Volume : No conditions

Air Quality + Purge : 100 mL/min (He, Ar, N,)

* Volume : 1~5 pL
- Temp. : Vaporization at 200 °C
- Purge : 100 mL/min (He, Ar, N2), 5 min

Gas diluter

ATIS

Korean Standard method for

the Examination of odor + Volume : No conditions

- Purge : N, or He

* Volume : No conditions
- Temp. : Vaporization at 70 °C
+ Purge : 50~100 mL/min (N,, He)

*TO-17 : Determination of Volatile Organic Compounds in Ambient Air Using Active sampling onto Sorbent Tubes, U.S. EPA, 1997.
°ISO 16000-6 : Determination of volatile organic compounds in indoor and test chamber air by active sampling on TenaxTA sorbent, thermal

desorption and gas chromatography using MS/FID, 2004
°ATIS : Absorption tube injection system
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* Vaporization at room temp.(23.9 C)

Fig. 1. Photograph of standard injection system for standard sorbent tube.
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Fig. 2. Optimization of Tube desorption conditions for
analyzing VOCs using thermal desorption unit with
TenaxTA sorbent tube.; (A) Tube desorption time,
(B) Tube desorption flow, (C) Tube desorption
temperature.
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Fig. 3. Optimization of cryogenic trap desorption conditions
for analyzing VOCs using thermal desorption unit
with Tenax TA sorbent tube.; (A) Cryogenic refocusing
temperature, (B) Trap desorption temperature, (C)
Trap desorption time.
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Table 2. Analytical conditions of TDU and GC/MS

Automated Thermal Desorber:
TD-20 (Shimazdu, Japan)

Gas Chromatograph / Mass Stpectometer:
GC2010/GCMS-QP2010plus (Shimazdu, Japan)

Parameters Conditions Parameters Conditions
Tube desorption temp. 330 °C Injection mode Splitless
. . . . Sampling time 1 min
T fl 1 L .
ube desorption flow and time 00 mL/min, 5.min Col fow 1.1 mL/min

Cryogenic refocussing temp. -20 °C
Trap desorption temp. 320 °C
Trap desorption time 20 min

GC column
Initial temperature
Ist. Temp. ramp rate

7B-624 (60 mx0.25 mmx1.4 um)
40 °C (6 min)

4 °C/min (40~180 °C)

20 °C/min (180~250 °C)

250 °C (10 min)

2nd Temp. ramp rate
Final temperature

Trap packed material 50 mg Tenax TA Interface temperature 250 °C
Ionizati thod EI dropl
Valve temperature 280 °C onization metho (Quadrople)
lonsource temperature 200 °C
Transfer line ¢ 280 °C lonization energy 70 eV
ranster me tem. Mass range 35~350 amu
12.0 8.0

Table 3. Validation of optimized thermal desorption condition
for analyzing VOCs in this study

Recovery RSD MDL
VoS (%) Cr (ugmy

Benzene 95.8 6.9 0.17
Toluene 102.0 7.7 0.27
Ethylbenzene 101.9 1.4 0.05
m, p-Xylene 103.2 0.6 0.02
0-Xylene 105.5 0.3 0.01
Styrene 102.2 1.1 0.04

RSD (relative standard deviation) : reproducibility (n=4)
"MDL (method detection limit) : MDL = SD x t-value (n=4,
a=0.01)

ok,
3
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Fig. 5. Comparison of calibration curve between gas phase and liquid phase standard materials.
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Table 4. Comparison of standard sorbent tube using gas phase and liquid phase standard materials
Gas phase standard Liquid phase standard 5 b
Compounds P amep Difference(%) p Yalue
Mean of RF*  RSD(%) Mean of R.F RSD(%) (a=0.01)
Benzene 180,278 3.7 178,151 2.8 1.3 0.60
Toluene 204,989 3.7 218,946 45 -6.8 0.06
Ethylbenzene 180,860 1.8 182,813 29 -1.1 0.61
m,p-Xylene 144,814 49 142,912 5.8 1.3 0.76
0-Xylene 137,377 4.0 127,783 45 7.0 0.08
Styrene 114,599 3.1 132,523 23 -15.6 0.0003

“Mean of R.F (Response factor, n=4) : peak area / amount of each compounds(ng)

®p-Value (n=4, 0=0.01) : result calculated by SPSS(ver. 12) program

(61,000,000
T

o 1A - Il
50 100 150 200 250 300 350 400 450 500

500

(b) TO-14 gas standard

(x10000,000)

2

2

" ) i nmﬂlr;)h} ‘f 1 l
20 o

50 100 150 350 400

(¢) Indoor air Liquid standard

Fig. 6. Total ion chromatogram of VOCs thermal-desorbed
from blank and solid sorbent tube by usin TD-GC/
MS. (A) blank (B) TO-14 gas standard: 10, benzene;
15, toluene; 21, ethylbenzene; 22, m,p-xylene; 23, o-
xylene; 24, styrene (C) Indoor air liquid standard: 7,
benzene; 15, toluene; 20, ethylbenzene, 22, m,p-xylene;
23, o-xylene; 24, styrene.
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Table 5. Temperature and relative humidity for sampling sites

Temperature R. Humidity

Site °C) %)

Floor

B-1 6
B-2
C-1 18
C-2
D
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Table 6. Concentrations of TVOCs and individual VOCs for several sites in indoor air (pg/m?, 25°C)

Sites B C . S
D Vehicle Guideline®
Compounds 18%floor 34floor 6"floor 1**floor

Benzene N.D 0.81 N.D 0.47 N.D N.D 30
Toluene 106.01 63.83 117.68 76.08 179.88 32.01 1000
Ethylbenzene 22.92 2.50 12.17 593 47.44 3.01 360
m,p-Xylene 9.91 1.53 10.56 5.00 2.15 3.57 700
o0-Xylene 7.34 1.08 8.52 4.57 1.95 3.37 700
Styrene 103.76 26.89 110.59 15.17 39.77 2.79 300
TVOCs s 437.9 209.4 411.6 187.6 604.2 586.3 400°

IAQ regulation for multidwelling buildings over 100 units established on January 1, 2006 in Korea
°TAQ regulation for TVOCs s in public use facilities such as medical and day care center etc.
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