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Abstract

The excellent response characteristics and detection sensitivity with much lower operational cost and the capability to discriminate
between the isomer of some monoaromatic hydrocarbons (MAHCs) make differential optical absorption spectroscopy (DOAS) a
powerful tool to trace concentration variation of MAHCs. But due to the similarity in chemical structure, those MAHCs have the similar
overlapped characteristic absorption structures, which make the selection of instrumental parameter critical to the accurate detection
of MAHC:s. Firstly, the spectral resolution used in DOAS system determines the nonlinear absorption of O, and the mass dependence
of characteristic absorption structure; thereby it determines the effect of elimination error of O, absorption in the atmospheric spectra
for the detection of MAHCs. Secondly, spectral resolution determines the differential absorption characteristics of twelve MAHCs
representing major constituents in technical solvents used in the automobile industry and the interference of spectral overlapping.
Thirdly, the spectral resolution determines the sensitivity, time resolution and linear range. So the spectral resolution range with the
best ratio of signal to noise is used to determine the most suitable spectral resolution range, as well as the spectral resolution range that
ensure the characteristic absorption structure of MAHCs and the minimization of O, absorption interference. Finally, 0.15-0.16 nm
(FWHM: full width at half maximum) is assumed to be closest to the optimum spectral resolution and it is confirmed by the results of
practical measurement of MAHCs by DOAS.

Key words: differential optical absorption spectroscopy (DOAS); monoaromatic hydrocarbons (MAHCs); spectral resolution;
characteristic absorption structure

Introduction subgroup of light aromatic hydrocarbons (Lee et al., 2005;

Sandroni et al., 1994). In addition, the isomers of xylene

Today, people pay increased attention to monoaromatic
hydrocarbons (MAHCs) due to the growing awareness
of their carcinogenic and mutagenic effects on living
organisms and human health and their key roles in re-
actions promoting photochemical smog (Volkamer et al.,
1998; Etzkorn et al., 1999; Kourtidis et al., 2002). In
order to comply with new regulations and scan pollutants
in a large area giving instantaneous measurements of
background pollution, the selective and continuous mea-
surement techniques for these species in ambient air are
needed. Fourier transform spectroscopy has been used to
detect hydrocarbons in the infrared spectral region (Sander
et al., 1992), but continuous refinements may extend the
practical use of this method into the ultraviolet region
where the absorption cross sections are larger. Long-path
DOAS (differential optical absorption spectroscopy) in the
ultraviolet region has been shown to be applicable for the
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and trimethyl-benzene that could not be separated by
traditional methods can be identified and quantified indi-
vidually by DOAS. However, the application of the DOAS
technique for this group of compounds is associated with
some problems. One of the most important problems is
the similarity and overlapping of characteristic absorption
structure of different aromatics, which result in not only
large quantitative error, but also incorrect identification of
different MAHCs. The similar absorption features of light
aromatic hydrocarbons in ultraviolet region originate from
excitation of the electrons in the unlocalized 5t bonds in the
benzene ring. It makes the selection of detecting conditions
of instrument critical to the accuracy
In addition, MAHCs usually exist in tHe atmosphere with
trace amounts, which make high sensitjvity of instrument
necessary.

The effect of spectral resolution [Iy), indicated as
full width at half maximum (FWHM, nm) used/in
DOAS system on the magnitude of inferference of over-
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lapped characteristic absorption structures of MAHCs and
accurate detection of MAHCs concentrations was stud-
ied. Firstly, the relationships among spectral resolution
and the mass dependence nonlinear absorption of O,
was studied. Secondly, differential absorption features of
twelve MAHCs between 250-280 nm were examined and
the spectral overlapping between them was investigated.
The dependence of the magnitude of interference for
spectral overlapping between different species on spectral
resolution was studied. Thirdly, the relationships among
spectral resolutions and the sensitivity, time resolution and
linear range for MACHs measurements by DOAS were
all determined. All the results were used to determine the
most suitable spectral resolution range combined with the
spectral resolution range with the best S/N (the ratio of
signal to noise).

1 Experimental and analysis

1.1 Basic principle

The analysis of DOAS spectra is based on the Lambert-
Beer’s law (Platt, 1994), which can be expressed as:
i[m@&wmm—

L1 ex(h) - en(MIL

10 = Io(x)exp{ } +BMWI (1)

where, I()) is the light intensity after passing through the
atmosphere; Ip(L) is the intensity of the light source; A
is the wavelength; eg()) is the Rayleigh-scattering coef-
ficient; ep (M) is the Mie-scattering coefficient; o;’(A) is the
differential absorption cross section of absorber i; o;()) is
the broadband absorption of absorber i; N; is the molecule
number of absorber i; B()) is the other noise; L is the total
light path length. Numerical filters and special algorithms
remove broadband variation of the cross section as well as
the wavelength dependency of the measured spectra due
to Rayleigh- and Mie-scattering and the lamp. Therefore,
molecules that show narrow-band absorption structures
can be measured using this method. Thus, we can define a
quantity Iy’ (M) as the intensity in the absence of differential
absorption (Si et al., 2006; Xie et al.,2004):

10) = I'(h) exp(~Lo’ (W) 2)

Likewise, a differential optical density D’ can be defined
as:

D' = log(I,(M/10) = L ) (0}(h)cy) 3)
SO

D/
9T L &

The species concentration can then be calculated accord-
ing to Eq.(4) with the differential optical density D" and
differential absorption cross section of o;’(\) substituted
for the total quantities D and absorption cross section,
respectively. So the most important “signal” in the DOAS
spectra is the differential optical density D’.

1.2 Experimental setup

DOAS system: a Cassegrain telescope with a high
pressure Xenon short-arc lamp (150 W, Osram, Germany)
as light source and a main mirror (220 mm diameter and
645 mm focal length); twelve retro reflectors 375 m away
were used to reflect the light back into the telescope,
where the light was sent to a spectrometer (Acton500,
grating: 1800, 1200 and 600 L/mm blazed at 300, 300
and 500 nm, respectively) via a fiber bundle. Then the
light was detected by 1024 pixels photo diode array (PDA)
(Hoffman Messtechnik GmbH, Germany) kept at —30°C.
A UV band-pass was used to reduce the influence of
stray light in the spectrograph on the measurements. The
data produced by the detector was digitized by a 16-bit
analog-to-digital converter (ADC) and then transmitted to
the Hoffman controller. After being processed, the signals
were transferred to the computer by RS232.

Three different types of spectra were required: an ab-
sorption spectrum of the gaseous species, a lamp spectrum
without the absorption of the gaseous species and a
spectrum of the background light. The DOAS evaluation
algorithm is well described in other articles (Platt, 1994),
therefore, and will, only be summarized here. It starts with
the subtraction of the “electrical” background, i.e., dark
current and offset, from the “raw-spectrum”. A polynomial
is fit to a part of the spectrum and the differential structure
is obtained by dividing the spectrum by the polynomial.
Calibration spectra are stored together with information of
the optical depth (concentration, path length). Each mea-
surement spectrum is then correlated with the calibration
spectra according to classical least-squares fit theory, and
the corresponding gas concentrations are calculated. The
quality of the data can be estimated from the variance
and correlations between the calibration and measurement
spectra (Xie et al., 2004).

1.3 Analysis of characteristic absorption structure of
MAHCs

All MAHCs (monoaromatic hydrocarbons) have similar
chemical structure (benzene ring), where one or more
hydrogen atoms in the benzene ring are substituted (in
this aricle MAHCs refer to twelve familiar aromatics in
the atmosphere: benzene, toluene, three isomers of xylene,
ethyl-benzene, phenol, three isomers of cresol, 1,2,4-
trimethyl-benzene, 1,3,5-trimethyl-benzene). The similar
absorption features of MAHC:s in ultraviolet region (250—
280 nm) originate from excitation of the electrons in the
unlocalized m bonds in the benzene ring. This band has
a characteristic shape with a considerable amount of fine
structures due to vibrational transitions. So the difference
among the absorption spectra for MAHCs originates only
from the effect of substituents the benzene ring and fine

structures due to vibrational transitionsW
atoms closest to the benzene ring have the major influence

on the electron structure of the m bpnds. Adding one
more alkyl group to the far end of the substituent (i.e.,
propyl-benzene to form isobutyl-benzeme) has virtually-no
effect at all on the & bonds and, thys, on the spectral
signature. This similarity is obviously a disadvantage when
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a spectroscopic method is used to identify and quantify
the different species. Although the benzene derivatives
show spectral similarities, substitution of hydrogen atoms
in benzene with smaller alkyl groups (e.g., methyl or
ethyl) changes the spectrum primarily in two ways: (1) a
smoothing of the fine structure; (2) a dislocation of the
absorption maximum, often towards longer wavelengths.

These phenomena are clearly illustrated in Fig.1 (Et-
zkorn et al., 1999; Trost, 1997). Especially, the difference
between chemical structures for toluene and ethyl-benzene
is the length of the hydrocarbon chain, so the location of
absorption maximum is almost unchanged, and only the
fine structure becomes smooth. Almost complete overlap-
ping of their characteristic absorption structures makes the
interference serious.

As mentioned earlier, the evaluation of DOAS data is
based on the curve fitting by means of a non linear least
squares fitting algorithm. The overlapping signal band pass
filtered measured spectrum is fitted by a linear combination
of the band pass filtered absorption spectra of two or
more trace gases with the minimized sum of the square
of the standard deviation. Some corrections are usually
used in the evaluation of DOAS data (Platt, 1994): (1) a
polynomial baseline correction. This correction procedure
might, however, introduce systematic errors at high ab-
sorbance values, especially for poor spectral resolution; (2)
wavelength correction procedure. It is normally used in the
DOAS application to correct dislocation of the wavelength
scale due to thermal effects and mechanical thrusts, and
achieve the best match of the absorption features in the
measured spectra. The concentration is then evaluated at
the position of best correlation. The correlation between
the measured spectrum and the reference spectra is repet-
itively evaluated, as the reference spectra are shifted one
step within a small interval around the zero position. The
improper selection of initial value of parameter would lead
to an inexplicit result or nonconvergent solution. Thus any
little error from data (e.g., noise and distortion of baseline)
or assumption of initial value would lead to wrong fitting

Absorption (relative unit)

Wavelength (nm)

result. The large enough dissimilarity in absorption spectra
is critical to the deconvolution of overlapping signal by
the least squares fitting algorithm. When the similarity
existed among these overlapped absorption structures be-
come large enough, the curve-fitting method would not be
used successfully. The accurate detection of trace MAHCs
in the atmosphere by DOAS requires not only the high
sensitivity, but also the large enough dissimilarity among
the absorption features of MAHCs.

2 Results and discussion

2.1 Effect of spectral resolution on the measurement of
MAHCs

2.1.1 Effect of spectral resolution on the optical density
of MAHCs

To study the effect of spectral resolution on the optical
density of toluene, white cell with certain amount of
toluene was placed in the light path of DOAS and was
detected. Then the differential absorption spectra of single
toluene molecule at different I'y were calculated. All the
MAHCs were tested in the same way as toluene and the
results are shown in Figs.2 and 3.

The band widths of absorption features of MAHCs were
normally two or three times narrower than that of SO, and
O3, as shown in Fig.2, so their differential cross section
o’ (A) with some fine structures were more susceptible to
I'y. For all MAHCs, when Iy was small, the slight increase
of Ty would lead to sharp decrease of o’(\); when Iy
increased from 0.15 to 0.3 nm, o’ (A) of some species such
as o-xylene, toluene, etc. decreased almost 50%. With the
increase of I'y, the effect of I'j on o”/(\) became weaker.
When I'y was larger than 1.5 nm, o~ () decreased to a level
two magnitudes less than that when Iy was small. Then
with the increase of Iy, o’(A) was almost unchanged. In
another hand, for each MAHCs, the effect of Iy on their
o’ () was different from each other. The () of o-xylene
and toluene with much narrower band width was the most

CH;
CH3 CH3 CH3
OH CH3
a b c
CH,CH;

CH;
H;C CHj3 CH3
d e

sile

Fig. 1 Absorption cross sections and chemical structures of simple mono-aromatic hydrocarbons. (a) m-methyl-phenol; (b) o-njethyl-phenol; (c) 1{2.4-

trimethyl-benzene; (d) 1,3,5-trimethyl-benzene; (e) o-xylene; (f) ethyl-benzene; (g) toluene; (h) benzene.
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Fig. 2 Differential cross section at different spectral resolutions. (a) toluene; (b) o-xylene.
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Fig. 3 Absorption optical density of main monoaromatic hydrocarbons
(MAHCS) at different spectral resolutions. Full width at half maximum
(FWHM): Iy the spectral resolution.

sensitive to Iy and the o’ (A) of ethyl-benzene with wider
band width was least sensitive to I'y. When I'y was small,
the largest difference could be seen among the effect of
Iy on o’ (M) of different species. With the increase of T,
this difference became much less. When Iy > 1.5 nm, this
difference became almost negligible.

In principle, in the DOAS system, the concentration of
the absorbing species is determined according to Eq.(4),
so the detection limit for a particular substance can be
calculated according to:

2] . — DO

Cmin = o (nTo) L (5)
So:

Cmin o< 1/07 () (6)

where, Dy is the minimum detectable optical density; o’ (A,
I'yp) is the differential absorption cross section of gases at
certain wavelength range and I'y. It means that when Dy
and L are known, the detection limit would increase as

Iy increases. So Iy should be as small as possible for the
accurate measurements of MAHCs by DOAS.

2.1.2 Effect of spectral resolution on the linear range of
MAHCs

To study the effect of 'y on the linear range of MAHC:s,
standard gases of toluene with different concentrations
were detected at different I'g. The selection of standard
gas concentrations and cell lengths corresponded to the
1, 5, 50, 100, 150, 200 and 500 ppbv at 700 m light
path (standard atmosphere). The detected concentrations
of toluene at different Iy were retrieved using reference
spectra and the results are shown in Fig.4. In the same way,
twelve MAHCs were detected separately.

It is shown that the effect of I'y on the detection error
depended on the different species and the concentration.
The detected results of toluene and p-xylene could be
taken as classical samples, as shown in Fig.4. For all the
MAHCSs, the same characteristic existed as follows: the
variation of I'y had very little effect on detection error at
low gas concentration. For example, when toluene was
about 100 ppbv, the relative error was just several in
a thousand. And with the increase of concentration, the
effect of ') on detection error became larger. Especially
when Iy was larger than 0.8 nm (Figs.4b and 4d), the
relative error increased linearly and the slope increased as
Iy increased. For higher concentration conditions, the de-
tected concentration values deviated from standard values
at high I'y. It can be seen that, as I'y increased, the linear
ranges of DOAS for the detection of MAHCs became
highly narrower. Assuming 1% was the tolerable upper
limit of relative error, the linear range for p-xylene at [’y =
0.15 nm was 0-500 ppbv (L = 700 m). When I'y increased
from 0.15 nm to 1.5 nm, the linear range of p-xylene
reduced to about 0—100 ppbv.

On the other hand, even at the same concentration,
the effects of T’y on different MAHCs were different. p-

Xylene and toluene were the most §md—tcast Sensitive
compounds to 'y, respectively. For tolugne, its linear range
was much less sensitive to Iy than p-kylene. Besides p-
xylene, the relative errors of detected mf-xylene, 1,2,4- and
1,3,5-trimethylbenzene were more sensjitive to I'g, and the
detected concentration values were leps than the actual
values. The effect of Iy on the other compounds,was
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Fig. 4 Effect of spectral resolution on the response intensity of MAHCs with different concentrations. (a) and (b): toulene; (c) and (d): p-xylene.

between these two compounds.

2.1.3 Effect of spectral resolution on the characteristic
absorption structure

As shown in Fig.5, with the increase of I'y, the shape
of differential structure and absorption line position of
toluene and o-xylene changed continuously. In this man-
ner, some spectral features would be lost and, as a
consequence, DOAS selectivity would be reduced. The
difference existed at low I'y (< 0.15 nm) between the
strongest absorption bands of toluene and ethyl-benzene
disappeared with the increase of I'). As a result, when
they coexisted in the atmosphere, ethyl-benzene could
not be identified at high Iy because system could not
reveal any specific signature and the retrieved toluene
concentration would be higher than the actual value. In the
same manner, the difference existed at low I'y between the
strongest absorption bands of 1,3,5-trimethylbenzene and
m-xylene disappeared with the increase of Iy and 1,3,5-
trimethylbenzene could not be identified at high I'y.

To test the interference effects of spectral overlapping
on the DOAS application, the white cell filled with the
mixture of twelve MAHCs with known amounts (corre-

sponding to the concentration of 5 ppbv at 700 m light
path) was detected by DOAS at different I'g. Then the
detected concentrations at different I'j) were retrieved. As
a result, when I'j < 0.16 nm, the relative error of ethyl-
benzene was less than 1%; when I'g > 0.17 nm, the relative
error increased sharply; when I'y was in the range of 0.19—
0.2 nm, ethyl-benzene would not be identified. At the
same time, when I'y > 0.2 nm, the relative error of 1,3,5-
trimethylbenzene was more than 1% and when I'j = 0.3
nm, 1,3,5-trimethylbenzene could not be identified.

2.1.4 Effect of spectral resolution on the nonlinear ab-
sorption of O,
Oxygen (O;) constituting 21% of the atmosphere by
volume shows weak absorption in three Herzberg bands,
which covers the ultraviolet region below 300 nm together

with the additional diffuse absorptionrbands—duwe—te—O7
isomer (Trankovsky et al., 1989). All these bands overlap
with the absorption of MAHCs and myst always be taken
into account as a severe interferent. At low resolving pow-
er, the apparent optical density will nqt increase linearly.
with the O, concentration or the lengtH of light path."The
shape of the spectral features will depenfl on the Oz column
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Fig. 5 Effect of spectral resolution on the characteristic absorption structure of MAHCs. (a) toulene and ethylbenzene; (b) 1,3,5-trimethylbenzene and

m-xylene.

density. To study the influence of 'y on the nonlinearity of
O, absorption, model calculation based on the Herzberg I
band system was carried out to calculate absorption spectra
for different column densities of oxygen. The Herzberg I
band system contributed the most to O, absorption and
was more than one order of magnitude stronger than the
Herzberg II and Herzberg III systems. Cross sections for
ro-vibronic transitions were calculated using the integrated
absorption cross sections (Yoshino er al., 1995, 1999,
2000). The resulting cross section spectrum was used to
calculate absorption spectra for three column densities of
oxygen. The column densities were chosen to differ by a
constant value and equivalent to a ground level path length
in the atmosphere of 400, 800 and 1200 m. Subsequently,
these spectra were convoluted with a Gaussian shaped
instrument function of 0.05, 0.10, 0.13, 0.15, 0.20 and
0.30 nm (FWHM) to adjust them to a resolution com-
parable to atmospheric DOAS measurements. As shown
in Fig.6, the individual ro-vibronic transitions were not
resolved and appeared as Q-branches in the spectrum.
When I'y was small (<1 pm), the vertical spacing between
three spectra with arithmetical path length should be the
same, namely xa=ab=Dbc, (xa, ab and bc were the vertical
spacing between x axis with a, a with b, and b with c,
respectively.). However, it could be clearly seen that O,
absorption apparently deviated from Lambert-Beer’s law
and the observed optical density of a particular absorption
band no longer depended linearly on the column density
of oxygen, namely xa#ab#bc. The difference between ab
and bc depended on the spectral wavelength. Assuming
m=ab/xa, n=bc/xa, m and n at different wavelengths were
different and their trends were different with the increase of
Iy, as shown in Fig.7; it also indicated that the shape of O,
absorption depended on the column density of O, and this
dependence varied with the change of I'y or wavelength
range. This nonlinear absorption led to the high residual
noise (the difference between the maximum and minimum
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Fig. 6 Absorption spectra of the 5-0 vibronic band of the Herzberg I
band system of O, at different spectral resolutions. (A) and (B): integrated
cross sections of lines of the Herzberg I band system of O, at two
wavelength ranges; (C), (D), (E), and (F): the Herzberg I band system
of O, at the spectral resolution of 0.05, 0.10, 0.15, and 0.30 nm. aj, b;, c;:
the absorption spectra of O, at different spectral resolutions when L=400,
800 and 1200 m, respectively.

of the spectrum within the current wave,
several percent (I'p»=0.05 nm) to sevgral in a thousand
(T'o=0.5 nm) when 400 and 1200 m jbsorption spectra
were used to correct the absorption features of the 800
m spectrum. However, when 400 and |200 m absorption
spectra were simultaneously used to cofrect the absorption
features of the 800 m spectrum, the ponlinearity-of. O,
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Fig. 7 Effect of spectral resolution on the nonlinearity of O, absorption.
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absorption features was not affected greatly by I'y, but the
residual noise could be reduced to a negligible level.

2.1.5 Effect of spectral resolution on the time resolution

For a given (grating) spectrometer, the light throughput
(1;) varied in proportion to the square of Iy, so the detected
light intensity (/) became (Platt, 1994):

I~[«T} (7)

For a given species, wavelength, light path and the
differential optical density varied in proportion to the
concentration, D’ « c. In the case of shot noise limitation,
the minimum detectable optical density Dy in the spectrum
was inversely proportional to the square root of I:

Dy o [71/? (8)

Thus, to increase S/N and decrease the detection limit,
higher light intensity was required. However, with the
decrease of Iy, especially when I’y was at a low level,
I decreased sharply. In general, the light intensity varied
in proportion to the exposure time / o f (¢: exposure
time), so with the decrease of I'y, f should be increased to
recuperate light intensity. As a result, the time resolution of
DOAS was decreased, so the time resolution was inversely
proportional to the square root of T'y.

2.1.6 Determination of optimum resolution

As discussed above, in the MAHCs measurements by
DOAS, the accuracy of results was determined by I'y, but
the effect of I’y on the sensitivity, precise and linear range
was contrary with that on the elimination error of O, and
light intensity. It is necessary to select a most practical I'y.

The “signal” in the spectrum was the differential optical
density D’, which would vary in proportional to o’(\)
as a function of I'y. While ¢’(A) in principle could be
an arbitrary function of I'y (decreasing with the increase
of I'y), in the example of Fig.8, ¢’(A) could be simply
approximated as a linear function:

o’'(I'o) =f () = oo’ (1-al’p)
a was a constant

®

Thus in this case, it could be deduced from Eqs.(6) and
):

The ratio of signal to noise D’/N became:
D'/N = oy/(1-al )Ty o To—aly (11)

The optimum D’/N was thus obtained at the resolution:

d(D’/N)/dTy =1 —-2alh =0 (12)
namely
LCoopt = 1/2a (13)

As shown in Fig.8, the effect of Iy on ¢ varied with
different MAHCs, which resulted in different a. Here o-
xylene, ethyl-benzene and p-xylene were taken as the
examples, because 'y had little, medium and great effect on
them, respectively. Based on Fig.8, a could be calculated
for o-xylene, ethyl-benzene and p-xylene, separately, and
then the corresponding I'oop; could be determined as 0.13,
0.20 and 0.31 nm, respectively. So the ['gope With optimum
D’/N varied with different species based on the absorption
features. For all the MAHCs, I'gop; Was in the range of 0.13
< Tgopt < 0.31 nm.

LF O Ethylbenzene
10~ = -e---- LF @ p-Xylene
.......... o o0-Xylene
]
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g o5 AN SRR
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0 ] '
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Fig. 8 Relationship between optical density gnd spectral resolution.
LF: linear fitting. In this example, D(I'y) o« ¢’'(I'p), can be simply
approximated as a linear function o ([o)=f(I'o)~po’(1-al'p), where @is
3.79, 1.59 and 2.47 for o-xylene, ethylbenzene andl p-xylene, respectively.
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Obviously, for the determination of I'y, the optimum
D’/N as well as the loss of selectivity at high I'y and the
decrease of linear range should be considered. In addition,
when I'j<0.15 nm, the residual noise resulted from the
elimination error of O, absorption increased sharply. All
factors considered with respect to the recording of DOAS
spectra, 0.15-0.16 nm, therefore, was assumed to be close
to an optimum practical resolution, yielding high sensitivi-
ty, good selectivity and a reasonable time resolution for the
measurements of aromatic compounds by DOAS.

2.2 Practical application

In 2007, long-term continuous MAHCs measurements
were carried out by two DOAS systems with the same
performance and open light path (L = 713 m) in Hefei
City, China. The results from these two systems (A: T’y
= 0.15 nm and B: Iy = 0.5 nm) were compared. To
eliminate the interference of weather. The data detected
under sunny and stable conditions were analyzed and
representative results are shown in Fig.9. There is no
fixed large emission source near the measurement site, so
only toluene, benzene, ethyl-benzene, isomers of xylene
and phenol with relatively higher amount in the atmo-
sphere could be detected for a long time by system A
and 1,3,5-trimethylbenzene only be detected occasionally.
Ethyl-benzene and 1,3,5-trimethylbenzene could not be
identified by system B for all the time and toluene was
detected with higher concentration by system B than by
system A. For other compounds, at low concentrations, the
correlation was good between the two systems; at high
concentrations, system A showed lower concentrations
than system B. Higher I’y was used in system B, so system
B showed relatively higher detection limit and could not
detect species with lower concentrations, which could be
detected by system A. All these results agreed well with
the conclusions made above.

—o—A-benzene —o— A-toluene

3 B-benzene —o— B-toluene

10 o
a 5 8
Q N
2 o g
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Fig.9 Time series of benzene, toluene, p-xylene, m-xylene, phenol,
EB (ethyl-benzene) and 1,3,5-TMB (1,3,5-trimethylbenzene) detected by
system A and B.

3 Conclusions

The excellent response characteristics and detection
sensitivity with much lower operational cost and the
capability to discriminate between the isomer of some
MAHCSs makes DOAS a powerful tool to trace concentra-
tion variation of MAHCs. With respect to the recording of
DOAS spectra for the accurate measurements of aromatic
compounds, the proper selection of spectral resolution can
yield high sensitivity, good selectivity, wide linear range
and a reasonable time resolution and ensure minimum
elimination error for the nonlinear absorption of O,.
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