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In this paper, we present a comparison of different light-emitting diodes (LEDs) as the light source for long path
differential optical absorption spectroscopy (LP-DOAS) atmospheric trace gas measurements. In our study, we use a
fiberoptic design, where high power LEDs used as the light source are coupled into the telescope using a Y shape fiber
bundle. Two blue and one ultraviolet (UV) LEDs with different emission wavelength ranges are tested for NO2 and
SO2 measurements. The detailed description of the instrumental setup, the NO2 and SO2 retrieval procedure, the
error analysis, and the preliminary results from the measurements carried out in Science Island, Hefei, Anhui, China
are presented. Our first measurement results show that atmospheric NO2 and SO have strong temporal variations in
that area and that the measurement accuracy is strongly dependent on the visibility conditions. The measured NOg2
and SOz data are compared to the Ozone Monitoring Instrument (OMI) satellite observations. The results show that
the OMI NO2 product underestimates the ground level NO2 by 45%, while the OMI SOz data are highly influenced
by clouds and aerosols, which can lead to large biases in the ground level concentrations. During the experiment, the
mixing ratios of the atmospheric NO2 and SOz vary from 8 ppbv to 36 ppbv and from 3 ppbv to 18 ppbv, respectively.

Keywords: light-emitting diode, fiber optic designed telescope, NOy measurement, SO, measure-

ment
PACS: 93.90.+y

1. Introduction

Differential
(DOAS) is a powerful remote sensing technique used

optical absorption spectroscopy
for atmospheric trace gas measurements.!*! The DOAS
allows the quantitative detection of a broad variety
of atmospheric trace gases by the distinctive narrow
band absorption structures of different trace gases.
Active long path differential optical absorption spec-
troscopy (LP-DOAS) instruments are used to realize
long optical paths in the atmosphere from several
hundreds of meters to more than 20 km. Such long
paths are essential for the detection of atmospheric
trace gases with mixing ratios in the ppbv to pptv
range by the DOAS.

The conventional LP-DOAS instrumental setup
combines the emitting and the receiving telescopes
into one single instrument sharing the same main

DOI: 10.1088/1674-1056/21/11/119301

(23] Operating such an instrument requires

mirror.
very accurate alignment of the optical components.
A 100 pum displacement of the light source, which can
easily be caused by mechanical instability and ther-
mal expansion,!¥ may lead to an intensity loss of up
to one third of the total light. Moreover, the positions
and the sizes of the plane mirrors are critical to the
potential efficiency of the setup, since they shade the
central part of the main mirror. A fiberoptic designed
LP-DOAS telescope avoids the problems of the con-
ventional telescope setup and provides a higher light

performance throughput. [

This novel telescope de-
sign allows the use of weaker light sources like light-
emitting diodes (LEDs).

Artificial light sources for the LP-DOAS do not
only show a broad-band thermal spectrum defined by

Planck’s law, but can also have spectral structures
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similar to those of the trace gas absorption. In particu-
lar xenon arc lamps, which are most commonly used in
active DOAS measurements, show characteristic emis-
sion lines that change both in intensity and spectral
shape during the lamp lifetime. The wide spectral
emission range of the xenon arc lamps is also known to
cause the stray light problem in the spectrometer.!®!
LEDs offer alternate options for the light sources in
the active DOAS measurements. Compared to xenon
arc lamps, modern LEDs have high power efficiencies
and longer lifetimes, some of them even give higher
intensities in the emitting spectral range. However,
some LEDs show characteristic structures like the
Etalon effect, which is known to interfere with the
trace gas absorption structures.l>% Long term DOAS
measurements of NOs using an LED as the light source
have already been demonstrated by Chan et al.,[”!
some cavity enhanced DOAS instruments(®! also used
the LED as the light source.[®~'Y However, the ultra-
violet (UV) LEDs for atmospheric trace gas measure-
ments are still under investigation.

Nitrogen dioxide (NO3) is an atmospheric pol-
lutant, which plays an important role in both tro-
pospheric and stratospheric chemistry. NOs is an
important ozone (O3) precursor in the troposphere,
while being a catalyst for Osz destruction in the
stratosphere.l'? Solomon et al.'® found that NO,
also significantly contributed in radiatively heating
the earth’s atmosphere. NO; causes acid rain, which is
known to have adverse effects on soil, forest, and wa-
ter resources. Moreover, NOs in high concentration
Atmospheric NOy is mainly
About 50%
of the global NOy emission is contributed by fossil

is harmful to humans.
produced by anthropogenic processes.

fuel combustion.™ Sulphur dioxide (SOs) is an at-
mospheric pollutant emitted from both natural and
anthropogenic sources, which leads to aerosol forma-
tion and acid deposition in the atmosphere. SOs in
high concentration can have adverse effects on human
health. Anthropogenic SO5 emission in China con-
tributed about 25% of global emissions and more than
90% of East Asian emissions since the 1990s.!15—19l
The total SO, emission was increased by about 53%
from 2000 to 2006.2°) Power plant emissions are the
major sources of SOy in China.l?’) The concentrations
of atmospheric NOy and SOs usually vary rapidly in
most urban areas, hence it is necessary to measure
NO5 and SO, concentrations with a high temporal
resolution for air quality management and control.
The application of LEDs as a light source and the

new fiberoptic designed telescope are both relatively
new techniques for DOAS measurements, and here we
combine both techniques together to perform atmo-
spheric NO; and SO, measurements. In this paper,
we present the experimental setup and the first at-
mospheric NO; and SO5 measurement results of the
LED based fiberoptic design LP-DOAS instrument in
Hefei. Two different blue LEDs and one UV LED
were tested for NO; and SO, measurements respec-
tively. A detailed description of the instrument setup,
the data retrieval procedure, and the error analysis
are presented.

The experiment was conducted on Science Island,
Hefei, Anhui, China, a remote site about 12 km south-
west of the city center hosting a number of research fa-
cilities belonging to the Chinese Academy of Sciences
and few residential buildings. The telescope and the
retro reflector were located on the sixth floor of two
buildings separated by a distance of 340 m, and were
about 20 m above ground level, resulting in a total
absorption path of 680 m. The measurement path
crossed the main road of the island.

2. Differential optical absorption

spectroscopy

The classical absorption spectroscopy describes
the loss of intensity of the light passing through a vol-
ume of absorbing matter by the Lambert—Beer law.
For atmospheric radiative transfer, it takes the form

I(\) = Io(\) exp (LZJZ-()\)CZ- +enm + eR> , (1)

where I represents the light intensity of the light beam
after passing through an atmospheric layer of thick-
ness L, Iy represents the initial light intensity of the
light beam emitted by the light source, o; denotes the
absorption cross section of trace gas i, and ¢; is its
mean concentration along the light path. The €\ and
er denote the Mie and the Rayleigh extinction coeffi-
cients, respectively. In practice, equation (1) cannot
be used for trace gas measurements, if the initial in-
tensity or the other extinction processes cannot be
quantified precisely.

To overcome this problem, the DOAS[! separates
the narrow band trace gas absorptions from the broad
band parts that are caused mainly by broad band
absorption and atmospheric scattering. The narrow
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band absorptions are then used for the quantitative
detection of the different trace gases

a(A) = o(A) +0'(N), (2)

where oy, represents the broad band scattering and
absorption, while o’ represents the narrow band ab-
sorption structures of the individual trace gases, which
vary rapidly with wavelength A\. The trace gas analysis
then focuses on the differential absorption structures,
and the Lambert-Beer law can be written as

I(A) = Io(A) exp (—LZUZ()\)Q) A(N)

= I)(A) exp (L Z ag(A)cz) ; (3)

where A summarizes all the broad-band effects, in-
cluding the instrument effect, the Mie and the
Rayleigh scatterings, and the broad-band absorptions
of the trace gases, and I, represents the intensity with-
out the differential absorption component. Thus, the
differential optical density D’ can be defined as the
logarithm of the ratio of 1)) to I

D' =In (II(’((;D = LZ:J;(A)CZ-. (4)

The broad-band structures from the absorptions and

the scatterings are removed by dividing the spectrum
by a fit polynomial of appropriate degree and/or ap-
plying a high-pass filter, which further removes the

broad-band structures.2!

3. Experimental setup

Figure 1 shows the schematic diagram of the LED
based fiber optic design LP-DOAS instrument. A
blue/UV LED is used as the light source, a telescope
with 220 mm diameter and 650 mm focal length acts
as the transmitting and receiving component, and an
array of retro reflectors are placed at the other side
of the measurement path. This setup is very sim-
ilar to the ones described in Refs. [4] and [7]. Six
transmitting fibers and one receiving fiber all 200 pm
in diameter and 0.22 in numerical aperture are con-
nected in a 4 m Y shape bundle directing light from
the LED into the telescope and from the telescope
into the spectrometer. A quartz glass lens with a
focal length of 17.5 mm is used to couple the light
from the LED to the transmitting fibers. The com-
bined end of the Y shape fiber bundle is placed near

the focal point of the main mirror of the telescope.
The light reflected back by the retro reflector array is
collected by the same telescope and redirected to the
spectrograph by the receiving fiber for spectral analy-
sis. As the strongest differential absorption structures
of NO2 and SO» locate at different wavelength regions,
two different spectrometers are used for NOs and SO,
measurements. In this study, an Ocean Optic Maya
2000 Pro spectrometer with a Hamamatsu S10420
charge-coupled device (CCD) detector was used for
the NO; measurements. The spectral resolution of
this spectrometer was 0.291 nm in the wavelength
range from 368.10 nm to 582.62 nm. For the SO,
measurements, an Ocean Optic QE65000 spectrom-
eter with a Hamamatsu S7031-1006 CCD detector
was used. The spectral wavelength range was from
249.78 nm to 369.24 nm with a spectral resolution of
0.726 nm.

mirror
-
X
5
&
)
retro reflector array

light source

<>

Fig. 1. (colour online) Setup of the LED based fiber optic
design fiber LP-DOAS instrument.

spectrograph

The wavelength calibration of the spectrometer
was carried out by using the emission lines of a Mer-
cury lamp, and the recorded emission line of the Mer-
cury lamp within the fitting wavelength region was
treated as the instrument function of the spectrome-
ter. In order to obtain the literature reference spectra
with the instrument resolution, the high resolution lit-
erature reference spectra were convolved with the in-
strument function.

In this study, three setups with different blue and
UV LEDs were used for atmospheric NOy and SO»
measurements. Setup 1 used a CREE XR-E 7090 blue
LED (455-485 nm, FWHM) as the light source and
was installed from 26 October 2011 15:00 to 27 Oc-
tober 2011 07:00 (local time), setup 2 used a CREE
XP-E 7090 royal blue LED (435-465 nm, FWHM) as
the light source and was installed from 19 November
2011 15:00 to 21 November 2011 09:00 (local time).
Both setups 1 and 2 were used for NOs; measure-
ments. During the experiment, the currents of both
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blue LEDs were set at 500 mA, resulting in approxi-
mately 500 mW optical output power. Setup 3 used
a UV TOP 280 FW UV LED (270-290 nm, FWHM)
as the light source for SOs measurement and was in-
stalled from 06 January 2012 11:00 to 08 January 2012
16:00 (local time). During the experiment, the current
of the UV LED was set at 20 mA, resulting in approx-
imately 800 uW optical output power. The emission
spectra of those LEDs are shown in Fig. 2. All setups
used the same telescope, fiber bundle, and retro re-
flectors, and measured along the same measurement
path.
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Fig. 2. (colour online) Emission spectra of the LEDs used
in the experiment. (a) The blue curve shows the emis-
sion spectrum of the CREE XR-E 7090 blue LED used
in setup 1, the cyan curve shows the emission spectrum
of the CREE XP-E 7090 royal blue LED used in setup
2. Both LEDs are used for NOs measurements. The
red curves show the differential absorption cross section
of NO2. The hatched regions indicate the DOAS fitting
range for setups 1 and 2. (b) The violet curve shows the
emission spectrum of the UV TOP 280 FW UV LED used
for SO2 measurements in setup 3. The red curve shows the
differential absorption cross section of SO2. The hatched
regions indicate the DOAS fitting range.

4. Retrieval procedure

The recorded spectra are analyzed using the
DOAS retrieval software DOASIS.[?2l All measure-
ment spectra are corrected for offset and dark cur-

rents before dividing by the spectrum of the LED.
A high pass
filter is applied to the spectrum by subtracting a bi-

Subsequently, the logarithm is taken.

nomial smoothing filter in the order of 1000 to elim-
inate the broad-band effects in the spectrum. In or-
der to remove the remaining broad-band effects in the
spectrum, a fifth-order polynomial is included in the
DOAS fitting procedure. Five trace gases are included
in the DOAS fit for NO, measurements: NOo,[23]
H,0,24 glyoxal (CHOCHO),?%! 03,1261 and 0.7
Three trace gases are included in the DOAS fit for
SO, measurements: SO5,[28 03.26] and HCHO.[29 In
order to correct for small uncertainties, the squeeze
and shift of the literature reference spectra are al-
lowed during the wavelength mapping procedure. The
trace gas mixing ratios are retrieved by dividing the
retrieved slant column densities by the measurement
path length and the air density.

5. Results

5.1. NO, measurements

Two blue LEDs with different emission wave-
length ranges were used for NOy measurements. The
spectral fitting ranges for setups 1 and 2 were from
453.2 nm to 485.4 nm and from 434.6 nm to 455.9 nm,
respectively (see Fig. 2(a)). Figure 3 shows the DOAS
fit example of a spectrum measured with setup 1 on
26 October 2011 at 15:04 (local time) with a slant
column density of NOg of (2.48 +0.17) x 106 cm™2
corresponding to (14.3 £+ 1.0) ppbv in the volume
mixing ratio. Figure 4 shows the DOAS fit example
of a spectrum measured with setup 2 on 19 Novem-
ber 2011 at 15:12 (local time) with NOg slant column
density of (1.46 £ 0.07) x 10*® cm~2 corresponding to
(8.4£0.4) ppbv in the volume mixing ratio. The mea-
surement error is estimated using the residuum of the
fit.[2!] The temporal resolutions of the two setups are
different because of the different visibility conditions.
Setup 1 measured an atmospheric spectrum with an
exposure time of 50 ms and 3000 scans, resulting in
a temporal resolution of 2.5 min, while setup 2 mea-
sured an exposure time of 10 ms and 6000 scans, re-
sulting in a temporal resolution of 1 min. Both setups
were measured at a different time with different atmo-
spheric conditions, therefore, a detailed error analysis
is presented to analyse the discrepancy between the
two setups.
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Fig. 3. (colour online) The DOAS fit from a spectrum taken on 26 October 2011 at 15:04 (local time) with (2.48 £+
0.17) x 10 ¢cm~2 NOg3 slant column density corresponding to (14.3 + 1.0) ppbv in the volume mixing ratio. The

differential absorption cross sections (red curves) and the sum of the fit residual and the differential absorption cross
sections (blue curves) of (a) NO3, (b) H20O, (c) CHOCHO, (d) O3, and (e) O4 are shown. Panel (f) shows the residual.

Two LEDs were tested for NOs measurements
on 26 October 2011 and 19 November 2011 respec-
tively. The time series of the measured atmospheric
NOs mixing ratios of setups 1 and 2 are shown in
Fig. 5. Due to the different visibility conditions, the
temporal resolutions of the two setups are slightly dif-
ferent. The temporal resolutions of setups 1 and 2 are
2.5 min and 1 min, respectively. The NOy measure-
ment results from both setups show strong temporal
variations with maximum values in the evening. The
maxima of NOg in the morning and evening rush hours

are commonly observed in cities. During the day, NO2
is photolytically destroyed. The mean NOy mixing ra-
tio over the entire measurement period of setup 1 is
22.3 ppbv, and the mean error of the measurements
is 1.5 ppbv. The maximum and the minimum mix-
ing ratios of NOg recorded with setup 1 are 35.7 ppbv
and 11.0 ppbv, respectively. The mean NOs mixing
ratio over the entire measurement period of setup 2 is
16.5 ppbv with a mean error of 0.7 ppbv. The maxi-
mum and the minimum mixing ratios of NOy recorded
with setup 2 are 25.9 ppbv and 7.9 ppbv, respectively.
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Fig. 4. (colour online) The DOAS fit from a spectrum taken on 19 November 2011 at 15:12 (local time) with (1.46 +
0.07) x 10'® cm~2 NOj slant column density corresponding to (8.4 & 0.4) ppbv in the volume mixing ratio. The

differential absorption cross sections (red curves) and the sum of the fit residual and the differential absorption cross
sections (blue curves) of (a) NO2, (b) H20, (c) CHOCHO, (d) O3, and (e) O4 are shown. Panel (f) shows the residual.
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Fig. 5. (colour online) (a) Mixing ratio of atmospheric NO2 measured using the fiber LP-DOAS with the CREE XR-E
7090 blue LED as the light source (setup 1) from 26 October 2011 15:00 to 27 October 2011 07:00 (local time). (b) The
blue curve shows the mixing ratio of atmospheric NOg measured using the fiber LP-DOAS with the CREE XP-E 7090
royal blue LED as the light source (setup 2) from 19 November 2011 15:00 to 21 November 2011 09:00 (local time),
while the red dots indicate the OMI measurement values.
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A further error analysis of the LP-DOAS mea-
surements is done by comparing the estimated errors
derived from the DOAS fit to the one gained from
analyzing the high frequency variation of the mea-
sured time series. The high frequency variation in
the time series is assumed to be dominated by the in-
strument noise, as the concentration of the trace gases
integrated through a long measuring path should vary
on a larger time scale. A high pass filter is applied to
the time series by subtracting a low pass smoothing
filter with a window of an hour. The results show that
the 1o standard deviations of the high frequency vari-
ation of the time series of setups 1 and 2 are 1.5 ppbv
and 0.9 ppbv, respectively. The results agree well with
the mean estimated errors of the time series, which are
1.5 ppbv and 0.7 ppbv for setups 1 and 2, respectively.
In order to estimate the effect of the stray light on
the measurement accuracy, we compare day and night
time data. The results show that the mean measure-
ment error of the night time data is about 33% smaller
than that of the day time data, so the stray light seems
to contribute about one third of the total error.

The measurement error of setup 1 is about 2.14
times higher than that of setup 2. There are mainly
two reasons. Firstly, the visibility is lower during the
measurement period of setup 1; secondly, the differ-
ential absorption structures of NOs in the wavelength
range of the LED of setup 1 are weaker than those of
setup 2. According to the received light intensity, the
visibility during the measurement period of setup 2 is
about 5 times better than that of setup 1, since both
setups are set to the same initial intensity. In order
to achieve the same exposure, the integration time of
setup 1 has to be 5 times longer than that of setup 2,
hence the temporal resolution is 5 times lower. How-
ever, we only increased the integration time of setup
1 by a factor of 2.5 in order to achieve a certain time
resolution. Using the standard error propagation anal-
ysis, we find that this effect leads to about 40% larger
errors in setup 1. The strength of the trace gas absorp-
tion in the wavelength range also affects the signal-
to-noise ratio and the error, as well as the detection
limit. The differential absorption structures of NO,
in the fitting wavelength range of setup 2 are about
80% stronger than those in setup 1 (see Fig. 2), and
the error caused by this effect in setup 1 is estimated
to be about 80% larger than that in setup 2. Thus,
choosing a LED with a suitable emission wavelength
range is very important. These two effects explain
about 95% of the discrepancy, the remaining discrep-

ancy may result from different stray light conditions
and temperature instabilities of the spectrograph.

We compare the LP-DOAS NOs measurements
to the Ozone Monitoring Instrument (OMI) satellite
NO; observations. In this study, NASA’s OMI tro-
pospheric NO, data product is used.39) The tropo-
spheric NOg vertical column density measured by the
OMI is converted to the ground level concentration
by using the a-priori NOy profile used in the OMI re-
trieval. The OMI NOy data are shown in Fig. 5(b).
Generally, higher NOs levels can be observed over
cities. The measurement site is located on the edge
of the main NOg plume from the city. During the
measuring period, there is only one coinciding OMI
NO; measurement with LP-DOAS setup 2. The er-
ror bars of the LP-DOAS and the OMI measurements
do not overlap with each other, which indicates that
the NOy measurements of OMI are significantly lower
than the LP-DOAS measurements. The comparison
result shows that the OMI measurement is about 45%
lower than the LP-DOAS measurement result, which
indicates that the OMI satellite underestimates the
ground NOs level. This observation agrees with a sim-
ilar study in Hong Kong.!”!

5.2. SO, measurements

Atmospheric SO; measurements were performed
using a UV LED with an emission wavelength range
from 270 nm to 290 nm (FWHM) as the light source.
The spectral fitting range for the SOs measurements
was from 286.6 nm to 300.9 nm (see Fig. 2(b)). Fig-
ure 6 shows the DOAS fit example of a spectrum mea-
sured by setup 3 on 06 January 2012 at 13:28 (local
time) with a slant column density of SOz of (2.95 £
0.12) x 10*® cm~2 corresponding to (17.4 +0.7) ppbv
in volume mixing ratio. The measurement error is
estimated using the same method as that in the NOy
measurements. Since the intensity of the UV LED was
much lower than that of the blue LED and the mea-
surements were very sensitive to the visibility condi-
tion, we adapted a slightly different procedure for the
SO2 measurements. For the SO, measurements, we
measured an atmospheric spectrum with a maximum
of 10 scans. Omne scan was a spectrum with a peak
intensity about two thirds of the saturation of the de-
tector, and typically took 40 s to 60 s depending on
the visibility. In order to achieve a certain temporal
resolution, the total sampling time for 1 measurement
(10 scans) was limited to 10 min, if a longer exposure
was required, the number of scans was reduced.
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Fig. 6. (colour online) The DOAS fit from a spectrum taken on 06 January 2012 at 13:28 (local time) with (2.95 +
0.12) x 10'® cm™2 SO; slant column density corresponding to (17.4 4 0.7) ppbv in the volume mixing ratio. The

differential absorption cross sections (red curves) and the sum of the fit residual and the differential absorption cross
sections (blue curves) of (a) SO2, (b) Oz, and (c) HCHO are shown. Panel (d) shows the residual.

The UV LED was tested for SO, measurements
on the island from 06 January 2012 11:00 to 08 Jan-
uary 2012 16:00 (local time). The time series of the
measured atmospheric SO mixing ratios are shown
in Fig. 7. During the measuring period, strong haze
and fog arose at night, worsening the visibility condi-
tions. Hence, the system could not measure at night.
The temporal resolution of the SOs measurements is
about 10 min depending on the visibility conditions.
The SOy measurement results show strong temporal
variations with peak values at noon. The mean SOq
mixing ratio over the entire measurement period is
8.4 ppbv, and the mean error of the measurements is
0.9 ppbv. The maximum and the minimum SOs mix-
ing ratios recorded by the system are 17.4 ppbv and
2.5 ppbv, respectively. A further error analysis is done
by using the same method as that in the NOg mea-
surements. The 1o standard deviation of the high fre-
quency variation of the SOq time series is 0.80 ppbv,
which also agrees well with the mean estimated er-
ror derived from the DOAS analysis. Due to the bad
weather at night during the measurement period, the
estimation of the error caused by stray light is not

possible.
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Fig. 7. (colour online) Mixing ratio of atmospheric SO2
measured using the LED fiber LP-DOAS with the UV
TOP 280 FW ultraviolet LED as the light source (setup
3) from 06 January 2012 11:00 to 08 January 2012 16:00
(local time). Error bars of the OMI measurements are
not shown, since they are not included in the OMI SO
product. OMI data on 7 and 8 of January 2012 are cloud
contaminated with cloud fractions of 0.30 and 0.37, re-
spectively.

We compare the LP-DOAS SO; measurements
with NASA’s OMI SO, data product.l®!] The air mass
factors used for the retrieval are corrected for ground
albedo and stratospheric ozone.32 The SO, vertical
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column density measured by the OMI is converted to
the ground level concentration by assuming that SO,
is evenly distributed within a 3 km height planetary
boundary layer.3!l The SO, OMI data are shown in
Fig. 7. Error bars of the OMI data are not provided
here, since they are not included in the OMI data
product. Generally, the OMI observations show higher
SOy values over cities, the SOy values over Hefei are
relatively low compared to those of other cities nearby.
The comparison results show that the LP-DOAS SO4
measurements do not agree well with the OMI ob-
servations. In general, the OMI gives SO4 values 66%
lower than those obtained by the LP-DOAS. The OMI
SO, data product has been reported to have quite
large random errors, 32! the error of annually averaged
SO, vertical column density over polluted regions is
about 45%-80%.133] The SO, measurement accuracy
of the OMI is highly influenced by clouds and aerosols,
which can lead to a large bias in the ground level con-
centrations.

6. Conclusions

In this paper, we described the experimental
setup, the data retrieval procedure and an error anal-
ysis of the LED based fiberoptics LP-DOAS for both
NOs and SOy measurements. Atmospheric measure-
ments of NOy and SO; were performed in Hefei, An-
hui, China with a total absorption path of 680 m at
about 20 m above ground level. The system used high
power LEDs as the light source to measure NOs and
SO5 absorptions in the atmosphere. Two blue LEDs
and one UV LED with different emission wavelength
ranges were tested for NOy and SO5 measurements,
respectively. The measurement results showed that
the atmospheric NOs and SO5 had strong variations.
The measurement accuracy was strongly dependent
on the visibility. The stray light was estimated to
contribute about 33% to the total measurement er-
rors for the NOs measurements. The comparison of
the LP-DOAS measurements with the OMI satellite
observations showed that the OMI NOy product un-
derestimated the ground level NOs by 45% when us-
ing the a-priori profile from the OMI retrieval for the
conversion of vertical column densities to ground con-
centrations. The OMI SO5 data are highly influenced
by clouds and aerosols, which can lead to a large bias
in the ground level concentrations. During the ex-
periment, the mixing ratio of atmospheric NOy varied
from 8 ppbv to 36 ppbv. The mean mixing ratios of

NOs over the entire measurement period of the two se-
tups were 22.3 ppbv and 14.1 ppbv, respectively. The
mixing ratio of atmospheric SOs varied from 3 ppbv
to 18 ppbv during the entire measuring period. The
mean mixing ratio of SOy during the experiment was
8.4 ppbv. Our first results showed that the LED fiber
LP-DOAS is feasible and suitable for monitoring NOq
and SO5 in the ambient air.
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