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Fig. 1. SCAN LIGHT ONE presentation.

Deviceisintended for measurement of trace gases and pollutants (such asnitrogen dioxide, sulfur dioxide, ozone, ni-

tric oxide, formaldehyde, ammonia, toluene, benzene and many others) in the atmosphere at alevel of milliard

volumetric portions, at real time, without air sampling. Time interval for one measurement of one (or several) gas con-

centration isfrom 30 s and up to 3 min.

COAXIAL TELESCOPEof asmall dimensions has been used for the first time that has been allowed to design the
most light at peace DOAS spectrometer (mass of SCAN LIGHT ONEis not exceeded 32 kg), which is easy in func-

tioning, foolproof, convenient for mobile system for environmental monitoring and, finally, low-cost.

A new developed MONOCHROMATOR allows measuring concentration of 37 GASESAT ONCE in broad spec-
tral range (up to 143 nm) without additional alignment. The measurements are carried out AUTOMATICALLY dur-

ing long time period (up to 2 months).



1.

DOAS BENEFITS, ADVANTAGES AND APPLICATION

SCAN LIGHT ONE spectrometer s benefits and advantages:

gas concentration averaged on all atmospheric path is measured that is allowed to cal cul ate mass of pollutants carried by
wind through the air path;

precise measurements of gas pollutants concentrations— at alevel of milliard volumetric portions;

fast measur ements — time of unitary measurement is not more than 3 minutes,

continuous measur ements in automatic mode - duration of continuous measurements without of additional adjusting of
deviceisnot less one week and up to 2 months);

ability of smultaneous measurements of 37 gases without of additional alignment;

no air sampling and consequent analyses; no disturbancesof environment;

deviceis compact and mobile— total weight of SCAN LIGHT ONEis not exceeded 32 kg; it may be used for gas concen-
tration measurements in smoke bonnets and other hard-to-reach volumes,

deviceissimplein operation and demands minimum maintenance;

deviceiseasy in calibration — gas calibration mixtures are not required. A calibration is carried out with help of asubjoin
device unlike other similar spectrometers for which this procedureis at all impossible;

ability of long-term measurements for research of dynamics of an air pollutant level.

low-cost as compared with other similar spectrometers.

SCAN LIGHT ONE instruments may be used for:

control of gas pollutants in urban territories, highways, cement industry; at fertilizer plants, sulfuric acid plants; at wood-
working industry; at incineration plants and smokestacks;

determination of pollutant transfer from plantsto theresidential districts;

measurements of background pollutants.

Flexible block structure of the devices, simplicity of the process of installation and maintenance and comparatively low
price make our systems especially convenient for laboratory study and using in educational process in research Institute, labo-
ratories and University for research of atmospheric gaseous pollution, ultraviolet atmospheric spectroscopy and for tutorial

ams.

SCAN LIGHT ONE spectrometers may beddivered in a variouskit:

for indication of the current pollutants;
for long-term monitoring of pollutants: in special stationary container or asamobile module.

2.

SPECIFICATIONS

Light path and Measured Gases

- Open-air two-fold pass arrangement and coaxial optical setup is used. Coaxial (transmitting - receiving)

telescope with ultraviolet light source, measurement instrumentation unit and data processing system are

placed at one end of atmospheric path, and retroreflector is placed at the opposite one. Retroreflector re-
flectsthe light to the receiver.

- Atmosphere path length (Iight Path).......c..ccre s 200—750m

- Note: Term path length means a doubl e distance between the telescope and retroreflector.

- Thelist of the pollutant gases measured by SCAN LIGHT ONE spectrometer is presented in Appen-
dix 1.

Temporal parameters of measurements

Light Source

- Timeinterval for one measurement of one (or several) gas concentration...........cccoeeeeeveevrenen. not more than 3 min

- Duration of continuous automatic measurements
(it is depended from operating time of alamp)........cccevvererreneerncce s

- Emitter of UV radiation.......ccocveeuveoeineenennesseseeereeeneeenes
- POWES SUPPIY UNIt ..ottt

- Electrical capaCity Of CONSUMPLION .......c.ccviucieiiiicicieece et se bbbt s et en s bns
- Operation voltage of alamp ...

- Voltage of triggering iMpPUISE.......cccoovreerrereceererese s

- Operating time of alamp up to itSreplacement ...........cocceeveeecnrescse s

Coaxial Telescope

Biaxial mounting

- Telescopeisused as acollimator of light source radiation and areceiver of the radiation, passed the atmo s-
phere path, simultaneously.

- Maindirection of optical axis of atelescope

- Diameter of main spherical Mirror ...
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- Range of elevation angles POSItiONING........coceremerereneserreserneeessesessessesessesessesenns



- Range of azimuth angles POSItIONING........ccovueuiermirreiireerreeeee e sseenaes from -15° up to +15°
Retroreflector

- afused silicacorner cube reflector with an accuracy of reflection of radiation......................... not lessthan 15 ang. s
The measurement instrumentation unit
Number of the signal registration ChaNNEIS ... 1

M onochromator-spectrograph and a diode array with 14 bit anal og-to-digital converter are used for analysis
and registration of radiation spectrum.
Main monochromator’ s features:

usable wavelength range (4000 EfF.) ... 190—-560 nm
WAVEIENGEN BCCUIACY .....vuverrieiieeiriee ettt e e e R bbb + 0,18 nm
Number of image photosensitive elements of adiOdE ATAY ........cocverrererrercrrecricr e 1024
Transmission of radiation from the telescope to amonochromator is carried out by afused silicafiber optical
guide. Diameter of an optical guide SINGIE FIDEN ... e 200 micrometers
Spectral range of SCAN LIGHT ONE measurements

Number of gases measured SIMUITANEOUSIY ..o ses s
System data processing
Specia dedicated DOAS Software is intended for device control, for conduct measurements and for visualiz-
ing and processing of measurement data.
M easurements can be done as in automatic as manual modes (serial and single regimes).
M easurement’ s results are displayed on the PC monitor and saved in PC memory.

Minimal demandsto a computer:
Pentium 11-500 with RAM 128 Mb and hard disk volume of 10 Gb

(@] o= (0] 4 ISV 0 TR Windows 95/98, Windows NT
Outlinedimensions (LxWxH)
Telescope with the biaxial mounting, the light source and its power supply .......cooeveenieeeeenen. 750%x370%350 mm
Monochromator with a diode array ....320%x230%165 mm
L (0 1= 1 =" () SRR 135%x67x72 mm
Weight
Telescope with the biaxial mounting, the light source and itS POWEr SUPPLY «..cucveeecrerereerieneneeseeeeee e 20.6 kg
M onochromator-spectrograph with a diode array
RELTOTEflECION ...
T OBl WEIGNT ...ttt
Site
The telescope with the light source, control and processing electronics are to be at laboratory condition at
BN TEMPEIGIUIE ...ttt sttt se e s st ee s st s e s et s s n st s e e snt s es s snsesnnnnsnsesnsnans from +10 up to +35°?
Retroreflector isto be at open air condition at temMPErature ...........ccocceveveevesvercesesersesesennns from -40 up to +45°?
In aworking room also the system of air conditioning must be stipulated for avoiding high ozone concentra-
tion produced by the working xenon lamp.
Power
POWEr SUPPIY NEIWOIK .....ceveeiireireeer e (220£22) V, (50? 1) Hz, single phase AC
POWEE CONSUMPLION ..ottt not high than 0.3 kW



3. STRUCTURE

SCAN LIGHT ONE appearance is demonstrated in Fig. 1, schematic diagraph is shown inFig. 2.

__________________________ 1
I- TRANSMITTING AND RECEIVING UNIT I
| supply source I
| |
| Telescope W—  Raroreflector I
| I—— |
| |
guide . |

| mounting
ke e e |
5 2 1
Diode |
™ rower | vonoctromator array MEASUREMENT I
| supply INSTRUMENTATION
| ‘ ADC UNIT I
. N ]

RS 232 USB

T 1
| DATA PROCESSING I
| Computer B — UNIT |
I |
Ty i

Fig. 2. The function chart of SCAN LIGHT ONE spectrometers.

SCAN LIGHT ONE instruments consist of the following main units:

Ultraviolet radiation source of the projector type which coincides with atelescope (arc xenon lamp with its power supply
unit).

Coaxial telescope (which serves as projector and receiver of radiation simultaneously) installed on the biaxial mounting
for tilting in ahorizontal and vertical planes.

Retrorerflector (corner cube reflector) - for reflection of radiation from the air path remote end to the telescope.

Fused silica fiber optic guide (FSFOG) — for transmission of radiation from the telescope to a monochrometor.
Monochromator-Spectrograph - for decomposition of radiation, incoming from the atmospheric path, in spectrum.
Photodetector (diode array) with an Analog-to-digital converter (ADC) - for registration of spectrum.

IBM ?? computer and the dedicated DOAS Software, used for control the instrument and conduct measurements, and also
for visualizing and to processing the measurement data.

Equipment for device alignment and calibration.

4. OPERATION PRINCIPLE

4.1. Differential optical absorption spectroscopy technique

Operation principle of DOAS spectrometers developed on the basis of differential optical absorption spectroscopy
(DOAS) technique is based on measurement of absorption by polluting gases in UV spectral range. Spectral device (one of
units of DOAS system) allows fixing alterations in spectral distribution of registered radiation, which are caused by absorption
of radiation by gas components of atmosphere at passing through the air path between the source and receiver of radiation.

The absorption cross section on the given wavelength is a characteristic property of any species serving by a basis for cal-
culation of the content of gases in investigated environment. This value can be measured in the laboratory and registered inthe
database of agear.

Note, that DOAS procedure can be applied only to those species the absorption spectrum of which contains reasonably nar-
row absorption structures as bands and absorption lines.

In Appendix 1 the list of gases which has remarkable absorption spectrum and are measured by SCAN LIGHT ONE are
presented. List of gases may be easily extended. Besides the concentration detection limits (of level 3s) calculated for the
SCAN LIGHT ONE instrument along with the average daily Maximum Concentration Limits (MCL).

At producing measurements one of some spectral ranges is chosen from the overall spectral region and spectrum is regis-

tered in this range. The least square method provides for simultaneous determination of concentration of all gases having ab-
sorption in the selected spectral range.



4.2. Operation principle of DOAS Scan Light One

Optical radiation generated by the light source (a xenon arc lamp) and collimated by a telescope is transmitted to the a-
mosphere path (Fig. 3). On the remote end of the path a retroreflector is installed, which intercepts a part of radiation and re-
flects it back. The part of radiation, passed backward, comes in the aperture of the receiving channel of a telescope and is fo-
cused on an input window 4 of FSFOG.
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1 — main spherical mirror 4 — alignment assemblage of FSFOG entrance window
2 —round flat mirror 5 — shutter with a subsidiary retroreflector
3 —turning flat mirror 6 — protective glass

Fig. 3. Experimental setup for SCAN LIGHT ONE spectrometer.

The target end of FSFOG is interfaced directly to an entrance port of the monochromator - spectrograph where light radia-
tion is decomposed in a spectrum. In a plane of the output port of the monochromator a diode array is mounted whose signal is
digitized with the help of an analog-to-digital converter (ADC). A digitized signal is transmitted to the computer for further
processing.

During processing the spectral distribution of radiation, passed the atmosphere path, is compared to a spectrum of alight
source and the variations, stipulated by absorption of radiation by atmospheric gas components, are revealed. Since every gas
component hasitsindividual characteristic absorption spectrum, the analysis of spectral changes gives opportunity to identify
the absorbing gases and determine its concentration.



5. DESCRIPTION AND OPERATION OF THE MAIN UNITS

Here a function and design of the main units of DOAS spectrometers are described briefly. Their main specifications are
listed in Section 2.

5.1. Source of radiation

Asan of UV radiation the xenon lamp of high pressure is used which is located in afocal point of an
f external ring of amain mirror of atelescope.

4 To insure the safety of operation the xenon lamp is located in a protective box with a special XYZ
i fine stage (for alignment of a lamp) and a ventilator (for cooling of the working lamp). Box with a xe-
non lamp is fastened at the telescope’s tube side (see Fig. 1). The light of a lamp passes inside of the

telescope through a hole of its tube.

Power supply of axenon lamp is produced by help of an own supply unit (see Fig. 1), which isasource of adirect current
ensuring ignition (triggering) of a lamp and maintaining of given stable operating current of a lamp in case of current oscilla-
tions voltage from 180 up to 250 V.

5.2. Coaxial telescope
Design and an optical layout of the telescope are shown inFig. 3.

5.2.1. Design

Telescope case is made from special aluminum aloy. The internal surface of the telescopeis covered with a light-absorbing
paint.

Main detail of the telescope — a precision spherical mirror 1 is mounted in a back end of a telescope frame. A main spheri-
cd mirror and also the round flat mirror 2 and the turning flat mirror 3 are covered by enhanced aluminum. For protection of
the telescope’ s mirror surfaces against pollution and moisture the fused silicaflat 6 is used which is fastened at the telescope’'s
entrance end.

Compartment 4 for a FSFOG’ s input is installed on the back end of the telescope’s case and allows for establishing careful
alignment for light focusing on the reception aperture of the FSFOG. Moreover a toolbar with changeable filter (for spectral
range selection) is mounted at this compartment.

A positioner intended for signal lamp measurement (or an inner calibration) isinstalled at the telescope tube front part. It is
a cylinder attachment with a round shutter 5, which is turned with help of a twist handle. An additional retroreflector is
mounted on the shultter.

By means of pivot bolts the telescope is fastened to biaxial rotary mounting whose four mechanisms provide for as coarse
as fine aiming of the telescope on the retroreflector.

5.2.2. Optical scheme of the telescope - transmitting and receiving channels

The main spherical mirror of the telescope is used both in the transmitting and receiving parts of the device.

The transmitting part (projector). As a collimating device necessary for collecting of lamp radiation and forming from it a
narrowly directed light beam, the turning flat mirror 3 and the external part of a main spherical mirror 1 of atelescope are used.
The collimated hollow beam of arc xenon lamp radiation is transmitted to the atmosphere in the line of the retroreflector lo-
cated on the remote end of air path.

The receiving part. The inner ring of the main mirror 1 focuses optical radiation reflected by the retroreflector back to the
aperture of atelescope. A round flat mirror 2 is used for reflection of light focused to a FSFOG' sinput 4.

During measurements at an air path the shutter 5 of the positioner isturned in position not preventing to output of a xenon
lamp’slight to path (that is parallel to the telescope’ s optical axis).

5.2.3. Optical layout of the xenon lamp signal measurement

Spectral signal lamp measurements give reference signal for further mathematical treatment of air path measurements data,
namely, for calculation of the optical absorption thickness of a pollutant gas and determination of its concentration. With that
end in view an inner calibration (signal lamp measurement) is carried out with help of the shutter of the positioner. At that the
shutter plane is installed perpendicular to the optical axis (Fig. 4) owing to a part of the lamp’s light is directed to FSFOG not
passing an air path.

FSFOG dlass Fig. 4. Optical layout of the lamp signal
----- . Twist handle measurement mode (top view).

Turning
flat mirror — Shutter

Main spherical
mirror Attachment



*5.3. Retroreflector

The basis of the retroreflector is represented by a fused silica corner cube reflector, which reflects radiation falling on it in
the direction of alight source. The angle reflector in the mounting is fastened on any support on the remote end of air path.

5.4. Fused silica fiber optical guide

Fused silica fiber optical guide (FSFOG) is used for transmission of radiation from the telescope to a monochromator. The
guideisasilicasinglefiber in protective polymer envelope with brass caps on end-walls.

5.5. Monochromator

Monochromator-Spectrograph is intended for separation of monochromatic radiation during SCAN LIGHT ONE spec-
trometer functioning. It is constructed according to the asymmetrical Czerny-Turner optic configuration.
Alignment assemblage intended for joining of the fiber optic guide to the monochromator and combined aljustment of

FSFOG and the monochromator is mounted on the monochromator’s entrance slit holder. The lateral exit dlit is supplied by an
adapter for attachment of the photoreceiver (diode array).

M onochromator-Spectrograph is a fully computer-aided device. The inner controller, managed by a computer via RS 232
Interface cable, isused for turning difraction grating and control of the monochromator’ s shutter.
Universal network adapter with an exit voltage of direct current of 24V is used for the monochromator feeding.

5.6. Diode array

Diode array with the electronic unit is used for detection of optical radiation across a broad spectral range. It is mounted on
the lateral output port of the monochromator via adapter (see Fig. 1).

The electronic unit of the diode array includes 14 bit analog-to-digital converter (ADC), which digitizes signals from the
diode array. PC controls diode array functioning with help of DOAS Softwar e through an USB Interface Cable.

5.7. System of data processing

System of data processing is intended for processing of signals from the photodetector, visual control of measurements and
saving results of processing. This system represents a special dedicated DOAS Software with comfortable and evident inter-
face. The operator controls the system of data processing in an interactive mode of operation.

DOAS Software provides the following opportunities:

to set parameters for producing measurements; to start and to stop the measurements and to control the system of registra-
tion during work; to process signals and to save the initial data of measurements;

to processtheinitial data of measurements with help of special numerical methods (namely to calcul ate concentrations and
of optical depths of gases measured); to present the data of processing as a graphic chart at the PC display; to print the data
asagraphic chart; to storeresults as atext file.

5.8. Equipment for device alignment and calibration

Equipment for device alignment and calibration consists of a mercury lamp (for calibration of the monochromator’s wave-
length scale), an eye-piece (for preliminary aiming of the telescope to the retroreflector) and some other accessories.



Appendix 1.
List of 42 gases, defined with the help of SCAN LIGHT ONE

Detection MCL aver age
Formula Gasname limit, daily,
ppb ppb
NH3 ammonia 0.8 50
NO nitric oxide 1.8 45
NO2 nitrogen dioxide 1.0 20
NOHO nitrous oxide 0.9 -
SO2 sulfur dioxide 0.2 20
o3 ozone 3.0 14
CH20 formaldehyde 1.0 2
C6H6 benzene 0.9 30
C7H8 toluene 15 150
C6H60 phenaol 0.1 0.7
C7H60 benzaldehyde 0.4 8*
C8H10 ethylbenzene 20 4
styrene 0.4
o-xylene 0.6 40
C8H10 m-xylene 12 40
p-xylene 2.7 40
o-cresol (o-hydroxymethylbenzene) 0.6 6**
C7H80 m-cr esol (m-hydroxymethylbenzene) 05 4**
p-cresol (p-hydroxymethylbenzene) 0.2 4 **
2,3-dimethylphenal 0.6 >
2,4-dimethylphenal 0.9 =
C8H100 2,5-d?methylpheno| 0.3 4
2,6-dimethylphenal 0.3 2
3,4-dimethylphenal 0.3 >
3,5-dimethylphenal 0.2 >
C9H130 2,4,6-trimethylphenal 1.8 -
COH12 1,2,4-tr?methyl benzene 13 3
1,3,5-trimethylbenzene 24 20**
o-tolyladehyde (2-methylbenzaldehyde) 18 -
C8H80 m-tolyladehyde (3-methylbenzaldehyde) 18 -
p-tolyladehyde (4-methylbenzaldehyde) 0.6
CSs2 carbon disulfide 22 2
Cl2 chlorine 10
OCIO chlorinedioxide -
10 iodine oxide .
BrO bromine oxide >
C2H5CHO propanaldehyde 4*
CH3COH acetaldehyde 5
CH3COCHO methylglyoxal -
CH3COCHCH2 metylvinylketon -
CH2C(CH3)CHO methacrolein -
CH2CHCHCH2 1,3-butadien 400
Notes:

1. MCL - Maximum Concentration Limit.

2. * is denoted MCL p.v. — disposable peak value of MCL. ** is denoted ASLE - approximate secure level of eqosure.
Thesevalues arereferred, if MCL daily average values are not specified.

3. Actual noise level for DOAS instrument is accounted at estimates of detection limits. Noise value varies from 2:10"* up
to 10" 2 depending on wavel ength range.

4. The open air path length is taken 450 m.



