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ABSTRACT

Differential optical absorption spectroscopy has been applied in atmospheric
ammonia monitoring. The absorption of gaseous ammonia in the UV region between
190 nm and 230 nm has been examined and compared with spectra of interfering
species and atmospheric transmission. A wavelength region around 210 nm was
utilized in measurements of atmos h._gric ammonia over a 265 m path in a rural
area with a detection limit of 1 pug/m".

1. INTRODUCTION

The distribution and fluxes of gaseous ammonia in the atmosphere are important
in the study of the chemistry of acid rain, as well as the photochemistry of
the atmosphere. Ammonia is the primary basic gas in the atmosphere. The
significant sources of ammonia are animal waste, ammonification of humus
followed by emission f{om soil, loss of ammonia-based fertilizers from soil,
and industrial emissions.” Atmospheric ammonia detection and measurement are
important since the concentration of ammonia is a critical parameter in the
rates of formation, transport, transformation, and removal of aerosol sulphur
and nitrogen compounds. Consequently, accurate monitoring methods are needed
for ambient concentrations, but new measurement techniques might also find
applications in areas where ammonia is being used or %enerated and would pose
a health hazard at elevated levels. Measurements of ammonia are normally
performed with wet-chemical techniques, which require the collection of
atmospheric samples. Optical techniques based on long-path absorption are, in
this context, an attractive method, capable of in situ real-time measurements.

Optical absorption in the IR region has been applied in atmospheric ammonia
monitoring both passively, using absorption features in solar spectra obtained
from the ground, and with active techniques, using IRZ lamps and lasers. Solar
spectra have been used to measure column abundances,” and altitude information
has been 3obtained from high-resolution spectra obtained using a heterodyne
radiometer.” Pollutant concentrations close to the ground have Pgen monitored
by active Fourier Transform Infrared Spectroscopy (FT-IR).”” CO2 lidar
systems have been used in Differential Absorption Lidar (DIAIL) measurements of
ammonia using backscattered radiation from topographic targets.”

The Differential Optical Absorption Spectroscopy (DOAS) technique is 89
powerful method for absorption measurements in the UV and visible regions.™
In the DOAS approach, a powerful broadband lamp is mounted in a reflector

14 / SPIE Vol. 1269 Environment and Pollution Measurement Sensors and Systems (1990)

Downloaded from SPIE Digital Library on 12 Jul 2011 to 130.235.188.104. Terms of Use: http://spiedl.org/terms



arrangement at a distance of normally a few kilometres from an optical
receiver system. Repetitive fast scanning of a dispersive spectrometer is
carried out over a small spectral region at a rate that leaves even minute
atmospheric absorption features unatfected by air turbulence. The DOAS
technique has been used to monitor a wide variety of atmospheric trace gases.
In the present work we have investigated the possibility of utilizing the UV
spectral region in ammonia monit%iﬂg. Gaseous ammonia has a strong absorption
band in the 170-220 nm region.” "~ Preliminary studies of DOAS applications
to ammoni'g measurements in a part of this spectral region have been performed
previously. In the present study the absorption of ammonia has been examined
and compared with spectra of interfering species and atmospheric transmission.
A field study of ammonia employing UV-DOAS in a rural area will also be
discussed.

2. EXPERIMENTAL ARRANGEMENT

In order to find the best spectral region for ammonia monitoring in the
atmosphere, the absorption spectra of ammonia and interfering species, such as
oxygen, sulphur dioxide, nitric oxide and nitrogen dioxide, were studied in
the UV wavelength region. A 150 W xenon arc lamp (Hamamatsu 1.2273), which
gives a broad emission spectrum in the UV and visible regions, was used as the
light source. After passage through a 10 cm long quartz cell a portion of the
light was focused onto the entrance slit of a SPEX S00M spectrometer
(0.5 metre, f/4 Czerny-Turner). The grating used has 1200 grooves/mm and blaze
at 300 nm. The normal exit slit was replaced by a rotating slotted disk to
facilitate rapid scanning of a small wavelength region. The spectrum was
masked in the focal plane to cover approximately 40 nm. The distance between
the slits along the rim of the disk is slightly greater than the aperture of
the mask, so that at any time no more than one slit is irradiated. e width
of the entrance slit of the spectrometer could be varied, while the slits on
the rotating disk were fixed at 100 um. The best resolution was 0.23 nm in the
central part of the spectrum and decreased to 0.53 nm at both ends of the
spectrum, due to slightly tilted slits in these parts of the scan. The 23 cm
diameter disk has 20 slits near the rim and rotates with a speed of
300 r.p.m.,, thus giving a scan repetition frequency of 100 Hz. After passage
through the moving slit the light was detected in an EMI 9558 QA PMT. After
amplification the signal was sent to an IBM-compatible AT computer and
digitized by a high-speed 12-bit A/D converter on a custom-made multi-channel
analyser card. As the exit slit sweeps over the spectral region, 1000
digitized signal samples are taken during the scan period of 10 ms. Several
scans can be averaged to increase the signal-to-noise ratio. The wavelength
scale of individual scans is synchronized by using the trigger signal obtained
when the slit passes an infrared light barrier close to the edge of the mask.

The atmospheric spectra were recorded with the same equipment, with the lamp
placed at the focus of a parabolic mirror (20 cm diameter, f = 80 ¢cm) to
achieve a collimated beam over a long atmospheric path. The light was
collected at the other end of the path with a similar telescope, and focused
directly onto the entrance slit of the spectrometer. All telescope mirrors
were coated with magnesium fluoride to enhance the UV reflectance.
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3. MEASUREMENTS

During most of the measurements, the grating of the spectrometer was fixed to
give a central wavelength of 210 nm, and thus a rapid scan in the 190-230 nm
region was achieved with the slotted disk device. The wavelength scale and
resolution were calibrated with spectral lamps. Stray light from the much more
intense wavelength regions of the xenon lamp was found to be a problem,
especially at shorter wavelengths in the spectrum. The remedy for this was to
place an interference filter, centre wavelength 201.5 nm and bandwidth (FWHM)
18.5 nm, directly in front of the PMT. An easy way of checking that there was
no background interference was to record the absorption spectrum from an
absorbing species with high concentration. The transmission at the line
centres should then be zero. The absorption spectra of ammonia, sulphur
dioxide, nitric oxide and nitrogen dioxide were recorded with different
resolutions and stored for later comparison with atmospheric spectra. The
quartz cell was filled with known amounts of calibration gases for these
species, except ammonia, for which no calibration gas was available at the
time of the measurement. The ammonia calibration sample was prepared by
diluting pure ammonia in nitrogen until a suitable absorption was obtained.
Due to the uncertainty in the measurement of the small partial pressure of
ammonia, the concentration in the fin% sample was inferred by using earlier
absorption cross-section determinations. For each species measurement a
reference spectrum was recorded with an empty cell which was used to calculate
the optical transmission. Fig. 1  displays the results from  various
concentrations gf ammonia, , sulphur dioxide and nitric oxide in the 10 cm long
cell; 140 mg/m”, 395 mg/m~ and 1240 mg/m”, respectively. As can be seen from
the figure, there will always be some interference from sulphur dioxide in
ammonia monitoring. Nitrogen dioxide was also studied, but was found to have
essentially continuous absorption in this spectral region with only slight
differential structure, which should be negligible in normal atmospheric
conditions.

The most important restriction in the wavelength choice for atmospheric
ammonia monitoring arises from oxygen absorption. The Schumann-Runge bands
make the atmosphere nearly opaque below 200 nm over moderate distances, but
even in the region 200-230 nm thelrje is strong attenuation, due mainly to a
dissociation continuum of oxygen. The optimum pathlength for DOAS
measurements of atmospheric ammonia will thus be shorter than that for other
species. The oxygen absorption spectrum could not be measured in the
laboratory due to insufficient reflectance of the mirrors in a White
‘multi-pass cell used to achieve long optical paths. The structure in the
oxygen spectrum was instead studied in measurements over open atmospheric
aths. Two different paths were used; one 350 m long, close to the department
inside the city of Lund, and one 265 m long, in a rural area 30 km outside
Lund. A spectrum from the latter site is shown in Fig. 2. This shows only the
differential structure in the absorption spectrum, which was obtained by
dividing the raw spectrum by a fitted Sth order polynomial. This is a normal
procedure in DOAS measurements used in order to remove the underlying feature
due to the spectral profile of the lamp, atmospheric broadband attenuation,
spectrometer  transmission, detector- sensitivityy, etc. The narrow features
caused by gas absorption are not significantly affected by this procedure. The
absorption bands in the lower part of the spectrum in Fig. 2 are due to

16 / SPIE Vol. 1269 Environment and Pollution Measurement Sensors and Systems (1990)

Downloaded from SPIE Digital Library on 12 Jul 2011 to 130.235.188.104. Terms of Use: http://spiedl.org/terms



oxygen, whereas the wavelength region 208-218 nm seems to be free from
stronger absorption lines. The smaller features in the upper part of the
spectrum are, in this case, due to ammonia absorption. These wavelengths were
not affected by strong interference, except sulphur dioxide and nitric oxide,
even for the urban path.

The rural path was used to study the ammonia concentration during one week in
June. The path passed 2 m above a meadow. The ammonia content could be
affected by a chicken farm, located about 1 km from the measurement site,
during certain wind conditions. Fig. 3 shows an example of a spectrum used for
the determination of the ammonia concentration. This is derived from the same
raw spectrum as that shown in Fig. 2, but with a polynomial fit only over the
interesting region. The atmospheric spectrum is compared with an ammonia
absorption spectrum from the laboratory studies (dotted curve) with the same
resolution and the same type of polynomial fit. The concentration is extracted
by performing a least-squares fit of the observed absorption spectrum §nd a
scaled reference spectrum, yielding an ammonia concentration of 6.7 pg/m”. An
even better fit can be achieved by simultaneously fitting reference spectra of
sulphur dioxide and nitric oxidez The inferred 3concentrations of these species
in this example were 1.0 pg/m” and 0.3 pg/m”, respectively, with an overall
correlation coefficient for all three species of 0.99. The degree of
correlation for the individual species can be used to deduce the standard
deviation in the concentration measurements. The concentration of ammonia
during the week ranged from below the detection limit up to 22 pg/m”. The
detection limit for 15 minutes integration timg, which was used throughout the
measurement, was normally around 1 pg/m”, depending on the atmospheric
conditions and the degree of interference.

4. CONCLUSIONS

DOAS measurements in the UV region have been shown to be useful in atmospheric
ammonia monitoring. A wavelength region around 210 nm was found to be suitable
in terms of interference problems and atmospheric transmission for pathlengths
of 200-400 m. The main sources of interference are absorption by sulphur
dioxide and nitric oxide, which can be removed by deconvolution in the data
processing for most atmospheric conditions. ;[’he detection limit for ammonia in
the present study was found to be 1 pg/m’. It should be possible to improve
this limit by using a better optimized system. The detected light intensity
(or the atmospheric path) could be increased by using a lamp with a higher
luminance, a better blazed grating and an optimized interference filter. If
the spectral profile of pure oxygen is known in detail it might be possible to
extract ammonia concentration data from some of the stronger bands at shorter
wavelengths. Further studies of this kind are in progress, including field
campaigns involving comparative measurements with other techniques.

The authors gratefully acknowledge support from H. Axelsson, B. Galle and
M. Ferm at the Swedish Environmental Research Institute (IVL). This work was
financially supported by the Swedish Environmental Protection Board, within
the EUROTRAC subproject TOPAS.

SPIE Vol. 1269 Environment and Pollution Measurement Sensors and Systems (1990) /17

Downloaded from SPIE Digital Library on 12 Jul 2011 to 130.235.188.104. Terms of Use: http://spiedl.org/terms



10.

11.

12.

13.

5. REFERENCES

J.H. Seinfeld, Atmospheric Chemistry and Physics of Air Pollution, John
Wiley & Sons, New York,1986.

F.J. Murcray, A. Matthews, A. Goldman, P. Johnston, and C. Rinsland, "NH3
Column Abundances over Lauder, New Zealand," J. Geophys. Res. 94,
2235-2238, 1989.

JM. Hoell, CN. Harward, and B.S. Williams, "Remote Infrared Heterodyne
Radiometer Measurements of Atmospheric Ammonia Profiles," Geophys. Res.
Lett. 7, 313-316, 1980.

E.C. Tuazon, A.M. Winer, and J.N. Pitts, Jr., "Trace Pollutant
Concentrations in a Multiday Smog Episode in the California South Coast
Air Basin by Long Path Length Fourier Transform Infrared Spectroscopy,"
Environ. Sci. Technol. 15, 1232-1237, 1981.

W.F. Herget, "Remote and Cross-Stack Measurement of Stack Gas
Concentrations Using a Mobile FT-IR System," Appl. Opt. 21, 635-641,
1982.

A.P. Force, D.K. Killinger, W.E. DeFeo, and N. Menyuk, "Laser Remote
Sensing of Atmospheric Ammonia Using a CO2 Lidar System," Appl. Opt. 24,
2837-2841, 1985.

V.V. Berezovskii, A.L. Gandurin, E.A. Igumnov, S.T. Kornilov,
V.A. Petrishchev, E.D. Protsenko,  Yu.V. Splavnik, and S.N. Chirikov,
"Laser Diagnostics of the Ammonia Pollutant in the Atmosphere from an
Aircraft," Sov. J. Quantum Electron. 17, 1224-1226, 1987.

U. Platt and D. Perner, "Measurements of Atmospheric Trace Gases by Long
Path Differential UV/Visible Absorption Spectroscopy,” in Optical and
Laser  Remote  Sensing, Eds. D.K Killinger and A. Mooradian,
Springer-Verlag, Berlin, 1983.

H. Edner, A. Sunesson, S. Svanberg, L. Unéus, and S. Wallin,
"Differential Optical Absorption Spectroscopy System Used for Atmospheric
Mercury Monitoring," Appl. Opt. 25, 403-409, 1986.

E. Tannenbaum, E.M. Coffin, and AJ. Harrison, "The Far Ultraviolet
xi‘xgl?ss:;orption Spectra of Simple Alkyl Amines," J. Chem. Phys. 21, 311-318,

M. Suto and L.C. Lee, "Photodissociation of NH3 at 106-200 nm," J. Chem.
Phys. 78, 4515-4522, 1983.

D. Perner,  Max-Planck-Institut  fiir Chemie, Mainz, FRG, private
communication.

E.M. Patterson and J.B. Gillespie, "Simplified Ultraviolet and Visible
Wavelength Atmospheric Propagation Model," Appl. Opt. 28, 425-429, 1989.

18 / SPIE Vol. 1269 Environment and Pollution Measurement Sensors and Systems (1990)

Downloaded from SPIE Digital Library on 12 Jul 2011 to 130.235.188.104. Terms of Use: http://spiedl.org/terms



1.000—2 [ : . ~

0.750

1
1

0.500 Ny

TRANSMISS 10N

0.250

0.000 . : . L
200 210 220 230

1.000 1 T

0.750 -

TRANSMISSION
o
<
o
T
1

0.250

I 1 L 1
0.000 200 210 220 230

1.000 < ey l .

0.750F .

TRANSMISSION
o
()
S
1

0.250 .

1 | I |
0.000 200 210 220 230
WAVELENGTH (nm)

Fig. 1. UV absorption spectra of a) ammonia, b) sulphur dioxide, and
c¢) nitric oxide. - :
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Fig. 2. Differential absorption spectrum of a 265 m atmospheric path.
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Fig. 3. Differential absorption spectrum used for the determination of the

atmospheric  ammonia  concentration  (ammonia  reference  spectrum
inserted as a dotted curve).
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