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Abstract

Optical remote sensing techniques are particularly advantageous over the conventional fixed point methods
because with these methods large—area monitoring can be possible and sample preparation difficulties are
avoidable. Instruments based on the differential optical absorption spectroscopy (DOAS) technique are widely used
for monitoring air pollutants in urban areas in recent years. In this study, O3, SOz, NO2, and VOCs (benzene,
toluene, xylene, and styrene) are measured continuously at Sihwa industrial area using a DOAS from February to
November, 1999. Intercomparison between the DOAS method and the conventional methods (fixed point samplers
for O3, NO2, and SO;, and adsorbent sampling methods and gas chromatography for VOCs) are performed
simultaneously at the same site. The time series of the DOAS data and that of fixed point method show good match
at the view point of the tendency, but the absolute concentration values of these two methods differ quite a lot from
each other; correlation coefficients shows 0.78 for O; and 0.97 for SO.. However, the results of VOCs
measurements are not quite satisfactory; the spectral interference with O; and O3 appears to be the major cause of
the errors for VOCs.

Key words : differential optical absorption spectroscopy (DOAS), conventional fixed point method, adsorbent
sampling methods
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Fig. 1. Basic spectra between 410 and 450 nm, illustrating
the variation of the background, NO: reference,
and measurement intensity.
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Fig. 2. The NO: reference spectrum and measurement
spectrum which are divided by the background
spectrum in Fig. 1.
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Fig. 3. Smoothed NO: reference spectrum of Fig. 2. (422.5
~437.8 nm) using a 4th degree polynomial function.
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Fig. 4. Differential absorption spectra of NO: reference
and measurement with logarithmic transformation.
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Table 1. Wavelengths (nm) used for DOAS measurement
for selected gas—phase pollutants.

Wavelength region (nm) Species
262 250.1~2770 03, BTX, Phenol
283 270.5~286.3 O3, Styrene
300 292.7~308.9 SOz
330 3243~3410 HCHO
345 3350~3570 HCHO
355 3425~368.0 HONO, NO»
430 4225~437.8 NO;

*Typical detection limit: about 1 ppb
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Table 2. Measurement results of air pollutants by DOAS system. (unit: ppb)
Month Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov.
) N 2058 643 1908 1019 444 647 3007 3846 4245 4677
Species

O3 24.57 2225 27.30 2243 21.00 . 2327 16.33 15.80 10.78
SO 8.67 5.99 9.64 3.67 5.08 . 4.65 4.59 590 592
NO; 4507 59.27 40.86 40.51 31.56 28.92 28.93 4230 40.90
Benzene 12.39 10.62 —425 —14.13 -9.82 . —431 -399 =370 -4.56
Toluene —-2462 2424 10.83 21.33 20.55 . 436 9.67 9.10 5.69
P-xylene 11.18 11.35 4.84 -0.12 032 . 3.75 146 3.60 4.63
M-xylene 21.10 21.99 26.26 2345 21.31 28.21 24.77 32.50 34.84
O-xylene 3.81 —0.10 -221 -1790 -13.00 . -927 -17.33 —2.40 —4.88
Phenol 026 047 -041 -0.76 -0.8 . -0.62 -062 —050 -047
Styrene 1.12 1.36 0.77 040 0.58 . 1.33 1.53 1.10 0.87

* Number of measurements
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Table 3. Comparison of criteria poliutant concentrations
measured by DOAS and fixed point sampler from
October 13 to 20, 1999. (unit: ppb)

DOAS Point Sampler
0; SO: NO O; S0,  NO;
Mean 1740 630 48.60 35.00 7.80
Median  14.18 4.28 46.89 3370  5.50
Min. 130 088 1355 300 050
Max. 54.81 50.76 13038 99.70  65.00
SD 12.11 646  20.77 18.93 8.17
N 1249 1249 1247 1152 1152
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Table 4. Comparison of VOCs measured by DOAS and adsorption sampling methods. (unit: ppb)
Samp!ing June 5, 1999 November 24, 1999
time 13:50~14:05 15:44~15:54 16:20~16:35 11:54~12:54 12:58~13:59
Species D" A? D A D A D A D A
Benzene —-13.0 BDL? —-20.0 BDL -150 BDL -47 0.8 -59 0.2
Toluene 36.0 290 33.0 220 36.0 28.0 30.2 70 i1.8 57
P-xylene 34 5.6 43 44 59
M-xylene 26.5 BDL 9.0 BDL 14.3 BDL 29.8 08 315 03
O-xylene 8.0 BDL —-6.0 BDL -20 BDL -23.6 04 -58 0.2
Styrene 0.0 BDL 0.0 BDL 0.0 BDL -0.5 03 0.7 0.1
DOAS method  ? Adsorption sampling methods ¥ Below detection limit
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normalization with a 4th degree polynomial function and logarithmic transformation in the 250.1~-277.0 nm
region. The strong spectral overlap of O; and O absorption with aromatic absorption bands is clearly visible.
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