) SHIMADZU

Excellence in Science

Nexis™ GC-2060 Gas Chromatography

Determination of 16 Volatile Organic Compounds
and TVOC in Indoor Air by Thermal Desorption-Gas
Chromatography

Chen Shen',Tianming Yao'
1 Shimadzu (China) Co., Ltd

User Benefits

@ Using the thermal desorption/extraction injection mode of the Nexis GC-2060 MMI (multi-mode injection unit), the sampling
tube is directly installed in the inlet to complete the thermal desorption injection process.

@ All compounds meet the testing requirements of the standard GB 50325-2020 'Code for Indoor Environmental Pollution
Control of Civil Building Engineering', with good sensitivity and stability.

H Introduction

To effectively control indoor environmental pollution, the
Chinese government issued the mandatory national standard
GB 50325-2020 'Code for Indoor Environmental Pollution
Control of Civil Building Engineering', which uses Thermal
Desorption-Gas Chromatography (TD-GC) for analysis and came
into force on August 1, 2020. In this work, a method for the
determination of 16 VOCs and TVOC" in indoor air was
established using the thermal desorption/extraction injection
mode of the Nexis GC-2060 gas chromatograph with MMI
(Fig.1). The MMI inlet supports not only conventional
split/splitless injection, but also multiple injection modes
including large-volume injection (LVI), programmed
temperature vaporization (PTV), thermal desorption and
extraction. In the thermal desorption/extraction mode,
operators only need to place the TD sampling tube into the
inlet to complete thermal desorption injection. No dedicated
thermal desorption device is required, resulting in cost and
space saving.

*1 VOCs: Volatile Organic Compounds
TVOC: Total Volatile Organic Compounds

Fig. 1 Thermal Desorption Mode for MMI

B Sample Preparation

Air samples were collected using a gas sampling pump and
Tenax TA sampling tube at a flow rate of 500 mL/min for 5 L. The
sampling tube was then analyzed under the following analytical
conditions.

M Analysis Conditions

The analytical condition for GC is shown in Table 1. Figure 2
shows the parameter settings for the TD injection mode in the
software.

Table 1 Analysis Conditions of Nexis GC-2060

Instrument: Nexis GC-2060

Column: RTX-1, 50 mX0.25 mm X 0.25 um
MMI Injection Mode: Thermal Desorption/Extraction (TD/TE)
Injection Mode: Split (10:1)

Injection Temp.: 35 °C—900 °C/min—260 °C

Carrier: He

Flow Control Mode: Linear Velocity (22 cm/sec)

Column Oven Temp.: 50 °C (10 min)—6 °C/min—260 °C (5 min)

Detector: FID
Detector Temp.: 280°C
Make up (He) 30 mL/min

Detector Gas: H, 40 mL/min

Air 170 mL/min
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Fig. 2 Parameter Settings for the TD Injection Mode

B Chromatograms and Calibration Curves

Sixteen VOC standard compounds were weighed and dissolved
in methanol to prepare mixed standard solutions with
concentrations of 50, 100, 400, 800, 1200, 2000 pg/mL.
The chromatogram of the 16 VOCs is shown in Figure 3.

Under a nitrogen flow rate of 100 mL/min, 1 pL of each standard
solution was injected into a Tenax TA sampling tubes and then
the tubes were purged for 3 minutes, resulting in component
masses of 50, 100, 400, 800, 1200, 2000 ng standard tubes.
Perform the analysis according to the conditions in Table 1 and
make external calibration curves. The linearity is shown in
Figure 4 and Table 2.
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Fig. 3 Chromatogram of 16 VOCs Standard Tube
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H Repeatability and LODs

Inject 1 pL of 50 pg/mL standard solution into Tenax TA tubes
under 100 mL/min nitrogen flow to make 50 ng per component
standard tubes. Six tubes were prepared and analyzed with the
repeatability results shown in Table 3.

LODs were calculated as three times the baseline noise based
on 50 ng standard tubes and are listed in Table 3.
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Table 3 Repeatability and LODs of VOCs

n-Hexane Trichloroethylene Toluene
. -, B No. Compounds RSD(%) LODs (ug/m3)
10000009 00000 1 n-Hexane 2.66 1.47
s0o000 10000007 couooo 2 Benzene 3.47 1.16
00y oy 3 Trichloroethylene 410 4.72
o . ) 4 Toluene 4.48 0.75
o A 5 Octene 5.07 0.64
oo i oy 6 Butyl acetate 5.04 0.83
:z:i o] ::::i 7 Ethylbenzene 4.86 0.45
100000] Lo0000] 8 p-/m-Xylene 470 0.46
ey 9 o-Xylene 448 0.36
o B EE 10 Styrene 469 0.41
Octene Styrene 2-Ethylhexanol 11 n-Nonane 5.36 0.35
Fig. 4 Representative Calibration Curves for VOCs 12 2-Ethylhexanol 4.89 0.40
13 n-Undecane 4.60 0.25
14 n-Tetradecane 4,03 0.25
Table 2 Compound Information and Linearity of VOCs 15 n-Hexadecane 7.36 0.26
No. Compounds RT(min R .
1 n—H:xane 1(2.77) 0.9992 W Actual Sample AnaIYSIS
2 Benzene 14.341 0.9987 Collect 5 L indoor air sample with a Tenax-TA tube at 500
3 Trichloroethylene 15.622 0.9985 mL/min and analyze it with the developed method. The
4 Toluene 18.446 0.9995 concentration (ug/m3) of target compounds and TVOC in
5 Octene 19.814 0.9995 sample are listed in Table 4. The chromatogram is shown in
6 Butyl acetate 20236 0.9992 Figure 5.
7 Ethylbenzene 22.678 0.9998
2 Z ))(();IZTZ 23.068" 0.9996 i
10 o-Xylene 23.833 0.9996
1" Styrene 24.061 0.9998
12 n-Nonane 24.728 0.9997
13 2-Ethylhexanol 29.125 0.9998
14 n-Undecane 31.838 0.9998
15 n-Tetradecane 39.669 0.9994 Fig.5 Chromatogram of Actual Sample
16 n-Hexadecane 43.968 0.999

*Note: p-Xylene co-elutes with m-Xylene and the integration is combined.



Table 4 Concentrations of VOCs in Actual Samples (ug/m?3)

No. Compounds Conc.
1 n-Hexane 1340
2 Benzene 1.7
3 Trichloroethylene N.D.*
4 Toluene 2.6
5 Octene N.D.
6 Butyl acetate 1.4
7 Ethylbenzene 1.7
8 p-/m-Xylene 23
9 o-Xylene 1.6

10 Styrene 1.2

1 n-Nonane N.D.

12 2-Ethylhexanol 2.0

13 n-Undecane N.D.

14 n-Tetradecane N.D.

15 n-Hexadecane N.D.

16 Unidentified Compounds 123

17 TVOC* 1360

* N.D. stands for “Not Detected”. TVOC is the sum of the measured
contents of 16 VOCs and the contents of the unidentified compounds.
The concentration of unidentified compounds are calculated using

the toluene correction factor.

B Conclusion

A method for TVOC determination in indoor air using Tenax TA
sampling tubes was established by thermal desorption/
extraction injection with MMI multi-functional inlet. All 16 VOCs
showed good linearity in the range of 50 ng-2000 ng (R > 0.998).
RSDs of six parallel 50 ng tests were 2.66%-7.36%. At 5 L
sampling volume, MDLs were 0.25-4.72 pg/m?, which meet the
requirements of TVOC testing in Appendix E of GB 50325-2020.
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