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Abstract

This study was carried out to evaluate the temporal (daily, weekly, and seasonal) variations of volatile organic
compounds (VOCs) concentrations at a road-side site in a heavy-traffic central area of Metropolitan Taegu.
Ambient air sampling was undertaken continuously for 14 consecutive days in each of four seasons from the spring
of 1999 to the winter of 2000. The VOC samples were collected using adsorbent tubes, and were determined by
thermal desorption coupled with GC/MS analysis. A total of 10 aromatic VOCs of environmental concern were
determined, including benzene, toluene, ethylbenzene, m+p-xylenes, styrene, o-xylene, 1,3, 5-trimethylbenzene,
1,2,4-trimethylbenzene, and naphthalene. Among 10 target VOCs, the most abundant compounds appeared to be
toluene (1.5~ 102 ppb) and xylenes (0.1~ 114 ppb), while benzene levels were in the range of 0.3~ 6 ppb. It was
found that the general trends of VOC levels were significantly dependent on traffic conditions at the sampling site
since VOC concentrations were at their maximum during rush hours (AM 7~9 and PM 7~9). However, some
VOCs such as toluene, xylenes, and ethylbenzene were likely to be affected by a number of unknown sources other
than vehicle exhaust, being attributed to the use of paints, and/or the evaporation of solvents used nearby the
sampling site. In some instances, extremely high concentrations were found for these compounds, which can not be
explained solely by the impact of vehicle exhaust. The results of this study may be useful for estimating the relative
importance of different emission sources in large urban areas. Finally, it was suggested that the median value might
be more desirable than the arithmetic mean as a representative value for the VOC data group, since the cumulative
probability distribution (n=658) does not follow the normal distribution pattern.
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Table 1. Operating conditions for the automatic thermal desorption and GC/MSD analysis.

ATD 400 (Perkin elmer, UK)

GC/MSD (Hewlett Packard 6890/5973, USA)

Parameter Value Parameter Value
Oven temp. 320°C Initial temp. 30°C
Desorb time 10 min Final temp. 230°C
Valve temp. 200°C Initial time 10 min
Trap hold 3 min Final time 10 min
Trap high 350°C Oven ramp rate 5°C/min
Trap low -30°C Column flow 2 ml/min
Line temp. 200°C Transfer line temp. 200°C
Desorb flow 80 ml/min Detector type Quadropole
Min. pressure 15 psi Q-pole temp. 150°C
Inlet split No MS source temp. 230°C
Outlet split 18 ml/min Mass range 50~ 300 amu
Cold trap Carbotrap (20/40) 30 mg Electron energy 70eV
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Fig. 1. Cumulative probability distributions of benzene and toluene concentrations.
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Fig. 3. Seasonal variations of hourly average concentrations of VOCs - part I.
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Table 3. Correlation coefficients between VOCs and other affecting variables. (n=600)

B T EB mpX Str oX 135T 124T Naph

Benzene (B) 1.00

Toluene (T) 047* 1.00

Ethylbenzene (EB) 0.33* 0.29* 1.00

m+p-Xylenes (mpX) 0.37* 0.33* 0.93* 1.00

Styrene (Str) 0.45% 0.33* 0.31* 0.29* 1.00

o-Xylene (0X) 0.39* 0.32% 0.93* 0.98* 0.30* 1.00

135TMB (134T) 0.55* 0.30* 0.53* 0.40% 0.38* 0.44% 1.00

124TMB (124T) 0.65* 0.38* 0.57* 0.46* 0.43* 0.49* 0.94* 1.00

Naphthalene (Naph) 0.15% 0.00 0.54% 0.33* 0.25% 0.35* 0.63* 0.62* 1.00

SO, 0.53* 0.45% 0.10% 0.13 0.30* 0.13* 0.27* 0.34* —0.00

03 —028* —027¢* —-027* —-0.28* -0.14*  —-0.29* —023* —-025*% —-0.22%

NO; 0.42* 0.45%* 0.03 0.12%* 0.11% 0.10* 0.04 0.14*  —0.22%

NO 0.69* 0.41* 0.25% 0.28* 0.34* 0.29* 0.38* 047* 0.13%

CO 0.51* 0.36* 0.08* 0.13* 0.21%* 0.14* 0.19* 025  —0.10*%

Wind speed —042* —043* —021* —0.23* -026* —0.25% —-0.28* —-032*% —0.15%

Temperature —-0.08 -0.11 0.31* 0.20* 0.05 0.20* 0.35% 0.34* 0.44*

Relative humidity 0.11* 0.07 0.26* 0.23* 0.14* 0.25* 0.22% 0.22* 0.33%*

Pressure 0.12* 0.16*  —0.15% -0.05 -0.05 -0.04 —-0.34%  -031* —035%

Rain -0.06 —0.09* 0.04 0.03 —0.00 0.02 0.01 0.01 0.04

Cloud 0.02 -0.09* 0.18* 0.11* 0.14* 0.13* 0.24% 0.20* 0.21*

Radiation —0.03 —-0.09* ~0.09 —0.10* —-0.06 —0.11* -0.07 ~0.03 -0.08

Radiation time -0.06 —-0.10*  —0.14 —0.13% ~0.08 —0.14* -0.11*  —-0.08 —-0.07

Traffics 0.20* 0.01 0.03 0.05 0.03 0.06 0.15* 0.15%*  —0.09*

* coefficents of correlation are significant at a level of 0.05.
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