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Abstract

This study was carried out o evaluate the performance of a sampling and analyitcal methodology for the
measurement of selected volatile organic compounds {VOCs) in the ambient air. VOCs were determined by the
adsorbent (ube sampling and automatic thermal desorption coupled with GC/FID and GC/MSD analysis. Target
analyles were aromatic VOCs, including BTEX. 1.3,5- and 1. 2. 4-trimethylbenzenes (TMBs). and naphthalene.
The methodology was investigated with a wide range of performance criternia such as repeatability, linearity, lower
detection limiis, collection efficiency, thermal condizoning, breakthrough volume and calibration methods using
internal and external standards. Stability of samples collected on adsorbent tubes during storage was also
investigated. In addition, the sampling and analytical method developed during this study was appled to real
samples duplicately collected in vartous indoor and outdoor environments. Precisions {or the duphcate sanples apd
distributed velume samples appeared to be well comparable with the performance criterra recommended by
USEPA TO-17. The audit accuracy was cstimaled by mter—lab comparisen of both duplicate samples and
standard materials between the two independent Iabs. The overall precision and accuracy of the methed were
estimated to be writhin 30% for major aromatic VOCs such as BTEX. This study demonstrated that the adsorbent
sampling and thermal desorption method can be reliably applied for the measurement of BTEX in ppb levels
frequently occwrred in common indoor and ambienl environments.
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[nstrumentations and operating conditions for thermal desorption and GG analysis.

Parameter YNU Lab

KRISS Lab

Thermal desorption Apparatus

Maodel ATD 400 (Perkin Elmer, UK) ATDA400 (Perkin Elmer, UK}
Desorly Tamp 320°C 250°C

Desorb Time 10 min 10 min

Valve Temp 200°C 190°C

Cold Trap Hold 3min 3 min

Cold Trap High 350°C 250°C

Cold Trap Low —30°C -30°C

Transfer Line Temp 200°C 200°C

Desork Flow 80 ml/min 40 ml/min

Min Pressurc 12ps1 10ps1

Inlet Split Splitless Splitless

QOutlet Spht 12 ml/min 14 ml/min

Cold Trap Carbotrap (20/40) Tenax TA (60/80}

Gas chromatographic system

Model Autosysternt GC (Perkan Elmer. USA) GCC GC/MSD (Finnugan, USA)
Celumn J&W DB~1(60m. 0.32 min, 1 lm) Suvpelce SPB~-1(60m, 0.32 mm, 1pm)
Initial Temp 30°C lor 10 min 35°C lor 6 min

Final Temp. 200°C for 6 min 250°C for 2 min

Ramp Ratc 5°C/mm 5°C/mun to 180°C, 10°C/mun o 250°C
Column Flow 1~2ml/min 1 ml/min

Detector FID al 300°C MSD (ion trap)

- Tuansfer line 200°C
- lon source 190°C
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Fig. 1. Typical GC/FID chromatograms for a liquid
standard mixture {top) and a field sample
collected in ambient air {bottom).
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Fig. 2. Typical chromatograms of GGC/FID {above)
and GC/MSD (bottom).
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Table 2. Precision and and lincarty of themmal de-
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MTEBE" 8350 03% O08% 38% 12.5% 0.9%
Benzepe 12605 04% 09% 34% %1% 0.093
Toluena 18.650 04% 09% 3353% 7.7% 098%
Ethylbenzene 23707 04% 09% 34% 6.8% 0989
m-Xylene 24233 04% 08% X% 64% 0990
p-Xylene 24280 05% 0.8% 43% 72% 0990
o-Xylene 25314 04% O8% 48% 62% 0.989
1,3,5-TMB 28849 03% 08% 41% 63% 00818
1.2,4-TMB 30068 (3% 07% 4.3% 63% 0989
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Table 3. Estimation of lower detection limits for target VOCs.

Method Detection Lirmt

Stked® Measuied (ng) RSD 1DLS .
vocC ]:Eng) TMentSD. (%) (g) Mass Concentration®

fng) }Lg/1n3 ppb'n
Benzene 5 61402 49 15 09 009 0.028
Toluene 5 39403 59 1.2 09 009 0026
Ethylbenzene 5 47402 43 [.2 0.6 0.06 0.014
m—-Xylene 5 51402 39 15 (5] 0.06 0.oL4
P-X¥ylene 5 52402 38 13 0.6 006 0014
o-Xylene 5 50402 4.0 iz 0.6 0.06 0008
1,3,5-TMRB 5 5.1%02 39 12 66 G o6 0.012
1,2,4-TMB 3 53104 75 1.2 12 0.12 0,025
Naphthalene 3 4.9+006 122 1.8 1.8 0.18 0.035

a) 10 1eplicate analysis; b) Instrumental deicction limit based on the signal-to-notse 1aug ol 3,
c) Method detecuon lunit (or concentranon unil was estunated on the ausumption of 10 L of sar samphme,
d} The ppb unit was converted [rom pg/m® at a condition of 25°C, 1 alm
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Table 4. Comparison of YOC concentration data calibrated by external and intemal standard methods—Case |
(one internal standard).

vOoC Bxternal (Y) Internal (X) MPD® Regression, Y=0 X+b

(ppb) ! Mean+8.D. Mean +3.D. a b R
Benzene 70 37423 3.7£22 4.3% 1018! 0.006¢ (99g
Toluene 76 46.1+43.6 4494421 4.53% 1033+ —0.272¢ 0.993
Ethylbenzene 76 294772 29468 1.4% 1067+ =0.100* 0.599
m--p-Xylens 76 744148 T1l+13.6 42% 1.086 —0.366" 0.999
o-Xylene 76 39+89 3.8x£80 7.9% 1118 -0.274* 0990
L.3.5-TMB 76 0.8£05 0805 8 8% 1.050 —-0.056 0,996
1,2.4-TMB ) 1713 1.741.3 8.0% 10397 -0079 0.997
Naphthalene 76 13+12 1211 4.3% 1 034* ~0.022% 0996

ay mean of peicent dellerences, where the percent difference [or sach pauris detined as 1% -3 x 100+ (mean of X and Y)
< indicates that slope and mlercept does not differ lom 1 and O at 4 sigmificance level of 0 05
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Table 5. Comparison of VOG conceniration data calibrated by external and intemal standard methods—-Case I

(three internal standard).
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and measured by calibration curves for liquid
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