This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

AR TN Ml ciainary lsumsl
L NN A L= A
SRCGEHOSCO DA
| 3
PTattarc
L4” 1.\.\_ 8

Exbir: Mok C. Mkl

Molecular Air Pollution Monitoring by Pulsed CO, Laser-Based Long-Path
Technique

P. Vujkovi¢ Cvijin® N. Konjevic¢?
* Institute of Applied Physics, Beograd, Yugoslavia

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Cvijin, P. Vujkovi¢ and Konjevi¢, N.(1980) 'Molecular Air Pollution Monitoring by Pulsed CO, Laser-
Based Long-Path Technique', Spectroscopy Letters, 13: 12, 861 — 871

To link to this Article: DOI: 10.1080/00387018008064073
URL: http://dx.doi.org/10.1080/00387018008064073

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018008064073
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04:18 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 13(12), 861-871 (1980)

MOLECULAR AIR POLLUTION MONITORING BY PULSED

CO2 LASER-BASED LONG-PATH TECHNIQUE
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Abstract

Double-ended experimental arrangement using a small tunable TEA
CO» laser and a retroreflector was employed for differential absorption
measurements of ethylene, freon 12 and ammonia concentrations in the
atmospheric air in the distant sample chamber. Telescope collected return
radiation was detected with a pyroelectric detector. Good agreement
between remotely and in-situ measured concentrations was obtained. The
system sensitivity to investigated gases was found to be of the order of
several ppb-kilometers.

INTRODUCTION

The differential absorption method is considered as being one of
the most powerfull lidar (optical radar) techniques for remote measurement
of atmospheric poliution (see e.g. Ref. (1)-(3)). The method is spectrosco-
pic in its nature and it relies on the use of selected laser wavelengths in

coincidence with absorption features of gaseous atmospheric pollutants.

Copyright © 1981 by Marcel Dekker, Inc.
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Existing practical systems for differential absorption air pollution
measurements can be divided in three groups which make use of cooperative
reflectors, solid scattering surfaces or atmospheric aerosols to provide
a return signal (see e.g. Refs. (4)-(7)).

Systems belonging to the first group are double-ended and based
on the use of cooperative reflectors (retroreflectors). They are capable
of measuring the average concentration of air pollutant between the laser
transmitter/receiver and a remotely located retroreflector. These systems
have the advantage of using a Tow-powered laser and a small receiving
telescope, or a less sensitive photodetector. Systems from the second
group use back-scattering from topographic targets to provide the return
signal and also measure the average concentration between the transmitter/
receiver and an arbitrary solid scattering surface. Lidar systems which
use backscattering from naturally occuring aerosols in the atmosphere
belong to the third group. Such systems are trully single-ended and are
capable of range resolved measurements. Of all three groups they require
the most powerfull lasers, the largest receiving telescopes and the most
sensitive photodetectors.

The aim of this paper is to report results of differential absor-
ption measurements of small concentrations of ethylene, freon 12 and ammonia
in atmospheric air. The experimental setup is based on the use of a small
tunable pulsed CO2 laser. Pyroelectric detector is emnloyed to detect return

infrared radiation.

THEORY

Differential absorption technique uses at least two wavelengths.
One is coincident with the absorption maximum of the pollutant gas and
hence it is strongly absorbed (resonant wavelength), while the other is
outside the absorption maximum (non-resonant wavelength). The non-reso-

nant wavelength is used essentially to calibrate the reflectivity of the
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target, atmospheric propagation Tosses, and characteristics of the receiver
system. It should be pointed out that the emitted lTaser wavelengths must

be closely spaced if contributions other than from the species of interest
are to be eliminated. The difference between the received signals at reso-
nant and non-resonant wavelength is a measure of the degree of absorption
by the gaseous pollutant and it is used to determine the concentration of
the absorbing species present in the atmosphere.

Systems using retroreflectors or topographic scatterers can be
used only to perform path-integrated differential absorption measurements.
Starting from the well known absorption law, the following expression
containing integrated concentrations of all the absorbing species along the

laser beam path can be written

k

I(» »
=2 -y‘1{[ci()\R)_ci()‘N)] f Ni(l")dr‘} (1)
i= o

n)
I(0p)

&n

where I(AR), I(xN) are received radiation intensities at resonant (AR) and
non-resonant (AN) wavelength respectively; ci(AR), oi(AN) i species absorpt-
ion cross sections at two wavelengths; Ni(r) 7 - species number density at
distance r from the measuring device; 2 beam pathlength through the
medium containing absorbing species <; k number of different absorbing
species along the path of the laser beam. In eq. (1) it is assumed that
transmitted intensities at two probing wavelengths are equal.

In atmospheric pollution measurements we are concerned with evaluat-
ion of the concentration of specific pollutant and contributions of other
constituents of the atmosphere to the total absorption are treated as an
interference. Assuming that concentrations of all the absorbing species <
are homogeneously distributed with average concentrations ¥ the concentrat-

jon of the specific pollutant Nb can be easily derived from eq. (1)

I(x
N - ! [en U Ko, (2)
P ZL[op(AR)—ap(AN)] I(0g)
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where L is the distance from the transmitter/receiver to the reflector. The
differential absorption correction term K due to interferent absorbing

species present in the atmosphere is given by the following expression

k-1 .
K=2 '21[01.(AR)-0£(AN)] N (3)

One should notice that in the sum of eq. (3) terms with nedgative sign can

also appear, reflecting the fact that ci(AN) can be greater tran oi(xR).

EXPERIMENTAL APPARATUS AND PROCEDURE

A block diagram of our long-path atmospheric monitoring apparatus
is shown in Fig. 1. A small-scale grating tuned TEA CO2 laser was used as
the source of radiation. A variable aperture was incorporated in the laser
resonator cavity and it was used for transverse-mode selection. The laser
beam was transmitted coaxially to the receiving telescope and directed to a
sample chamber located 1.2 km from the transmitter/receiver facility. The
length of the cylindrically shaped sample chamber along its optical axis was
1.15 m and its diameter was 0.85 m. The front aperture of the chamber was
closed with 0.05 mm thick polyethylene window mounted at angle od 159 from
the plane of retroreflector to minimize surface reflections. The back wall
of the sample chamber was entirely covered with a large number of 4 mm
diameter cube corner retroreflectors. For this purpose back side of
commercially produced plastic retroreflectors (used for truck back-lights)
was used. In order to achieve high reflectivity at 002 laser wavelengths
aluminum was vacurm deposited on plastic. Ouick change of gas mixtures in
the sample chamber was attained with the aid of an exhaust fan. This fan
was also used for mixing the pollutant gas with atmospheric air, so that
homogeneous distribution in the chamber was obtained.

Radiation reflected back from the retroreflector was collected by

a Newtonian telescope with 20.3 cm (8 inches) aperture. ZnSe lense provided
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Fig. 1. Block diagram of the laser differential absorption
long-path pollution monitoring apparatus.

additional focusing of received radiation onto the lithium-tantalate
pyroelectric detector (New England Research Center LT0-B100/0PF-100) with
circular sensing element of 1,25 mm diameter.

As depicted in Fig. 1, a fraction of the CO2 Jaser beam was direc-
ted towards a joulemeter and a spectrum analyzer. The receiver electronics
consisted of pyroelectric detector preamplifier, sample intearator and a
chart recorder with a temporary use of an oscilloscope.Parameters of the
whole system are given in Table I.

At Teast 140 return pulses at each wavelength were averaged using
sample integrator and displayed at chart recorder. It took 2-3 minutes to
complete measurements at one wavelength. The laser output energy at diffe-
rent emitting wavelenaths was held constant. Special care was taken to make
sure that the sequentially transmitted laser beams at different wavelengths
are collinear and of similar cross-section patterns as close as possible to

TEM00 mode.
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Table 1. Experimental parameters

CO2 Jaser transmitter:
energy 100-350 mJ/pulse
pulsewidth 100 nS
pulse repetition frequency 1.2 Hz
beam divergence 3 mrad (TEMOO)
receiver:
telescope diameter 20.3 cm
pyroelectric detector D*;0(1000,10,1) 1.1-108 em H2 /2!
(Tow frequency value)

Calibrated gas syringe was used to prepare samples of polluted air.
Known volume of the gas was injected in the sample chamber, so that pollutant
concentrations can be directly calculated and compared with remote measure-

ments.

EXPERIMENTAL RESULTS

Long-path pollution monitoring apparatus described in the previous
section was used to measure the concentration of ethylene (C2H4), freon 12
(CC]ZFZ) and ammonia (NH3) in atmospheric air of the remotely located sample
chamber. On the basis of known absorption coefficients of these gases at
C0, laser wave]engths(g) resonant and non-resonant CO2 laser lines were
chosen (Table II). The ratio of non-resonant to resonant line received in-
tensities I(XN)/I(XR)(eq. (2)) was determined from average values displayed

on the chart recorder.
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Table II. CO2 laser wavelengths used for pollutant

monitoring

Pollutant C0201aseg line Havelength ﬁg;???g;gzt
gas (00”1-1070) band [um) @mr%m4]
ethylene (C2H4) resonant P(14 10.532 32.17
non-resonant P(22) 10.611 1.42
freon 12(CC12F2) resonant P(34) 10.741 44 .68
non-resonant P(22) 10.611 0.60
ammonia (NHj) resonant R(8) 10.334 25.83
non-resonant R{12) 10.303 0.07 J

At €O, laser wavelengths most of the interferences come from the
absorption due to water vapor and carbon dioxide normally present in the
atmosphere. For our experimental apparatus additional source of interference
comes from the of the sample chamber polyethylene window. Therefore interfe-

rence correction term (eq. (3)) has the following form

K=K, + K +K (4)

H C w’

where Ky is the correction due to water vapor, Ko due to carbon dioxide
and Kw due to sample chamber window. Water vapor correction term was esti-

(9), and by

mated using absorption coefficients measured by Shumate et al.
taking into account the relative humidity (40%-50%) and temperature

(23°C - 27°C) of the air on the days of measurements. Correction due to
atmospheric carbon dioxide was calculated from the €0, line strengths data

10) and Devir and Oppenheim(11). For this calculation

of Young and Chapman(
the assumed amount of carbon dioxide in the atmospheric air was 330 ppm
The polyethylene window differential absorption correction term was evaluated
from the data obtained with high resolution infrared spectrophotometer. For

all Co, laser wavelengths used and in all experimental conditions, window

(1),(4)
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correction term Kw had a small value, never exceeding 25% of the total cor-
rection term. Total interference correction factor K (egs. (3) and (4)) was
calculated for each three pairs of wavelengths (see Table II). The absolute
value of the total correction expressed as equivalent ppb-km concentration-
-pathlength product for particular pollutant was 13.3 ppb-km for ethylene,
7,7 ppb-km for freon 12 and 57.23 ppb-km for ammonia. High value obtained for
ammonia is due to relatively strong water vapor interference on R(8) and
R(12) 1ines of 00°1-10%0 C0, Taser band.

Experimental results of the remote concentration measurements of
ethylene, freon 12 and ammonia-polluted air in the sample chamber are shown
in Fig. 2. The concentration determined by differential absarption is plotted
as a function of the value determined from the injected volume of pollutant
gas divided by the sample chamber volume. Solid 1ine in djagrams of Fig. 2
represents hypothetical perfect agreement of remote measured concentrations
with syringe injected data. The vertical axis on the right-hand side shows
the equivalent concentration-pathlength product in units of ppb-km. Error
bars in the diagrams represent uncertainties of measurements induced by the
random fluctuations of the return signal, which was not the same for all
measured points, since the random fluctuations varied somewhat from one
point to another. Sources of these fluctuations were: laser pulse-to-pulse
instability, occasional laser arcing, atmospheric turbulence and variations
in aerosol scattering. Laser pulse-to-pulse instability was not found to
be crucial for the measurements when 140 pulses were integrated. For most
of the measurements in Fig. 2 transmitted laser energy was 170 mJ in 100 ns
pulses, although 125 mJ was found to be sufficient.

In Tong-path concentration measurements the system sensitivity is
usually defined as the equivalent concentration - pathlength product for
which the measured average uncertainty equals concentration. When this
definition is applied to our system sensitivities to three investigated
gases are found to be 2.6 ppb-km for ethylene, 2.4 ppb-km for freon 12 and

3.1 ppb-km for ammonia.
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Fig. 2. Results of remote
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CONCLUSTONS

The investigation reported here explores the applicability of a
simple small~scale apparatus for remote air pollution monitoring. The
functioning of the apparatus is based on the double-ended long-path diffe-
rential absorption scheme. A pyroelectric detector was used for the detect-
ion of telescope-collected radiation. With this experimental setup concentra-
tions at the level of several ppb-kilometers of ethylene, freon 12 and ammo-
nia can be measured with minimal pulse energies of 125 mJ. General agreement
between differential-absorption measured and syringe injected concentrations
is indicative of low systematic error.

Here we should amphasize the advantage of long-path pollution
monitoring system which uses pyroelectric detector for detection of return
infrared radiation. These detectors possess some distinguished features among
infrared detectors e.g. ruggedness and reliability, ambient temperature
operation and low cost, although their sensitivity is considerably lower
than that of some other types. The use of pyroelectric detector and relati-
ve simplicity of the whole apparatus, enables the construction of a rugged,
compact, moderate-priced air pollution monitor. The double-ended arrangement
restricts the use of the apparatus to stationary pollution measurements only,
but with several retroreflectors a rather large area could be easily covered
with a single transmitter/ receiver unit. This arrangements seems to be
appropriate for urban and industrial pollution measurements. Due to its
operation around 10 um, the described system is favorable from the point of

view of eye and skin-safety. According to ANSI(12)

and British standards
(BS 4804)(13) the maximum permissible exposure level for the laser source
used in the experiment described here is 10 mJ cm'z. If our apparatus is
operated with 125 mJ of transmitted energy (sufficient for 1.2 km distance
to the retroreflector as reported here) it becomes safe at all distances

greater than 7 m from the transmitter. If the retroreflector is located at

somewhat shorter distances, or if larger receiving telescope is used,the
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monitoring apparatus could be easily made eye-and skin-safe even immediately

in front of the transmitter.
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