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Executive Smnnary. This paper discusses state-of-the-art in remot
spectroscopic deteciion and identification of tracz effluents in
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spvironment. The succass of remote sensing fac nwaues depends strongiy on the
impiementation scenaric and on evaluating what species are present ang 2t what
concentrations and with what optical signatures. A number oT spectrosceoic
technigues have been successfTully aoplied to the detection of small, isolated
gas phase chemical moiecules at trace levels in effiuents. The detection and
jdentification of bioiogical materials emitied from a Jac11 ty is a much more
difficult undertaking than chemical molecules given the size and complexity of

these materiais and the nature 0; the processes and facilities associated with
the handiing of hazardous organisms. Ultraviolst fluorescence Jaser
identification and ranging {lidar) is one technology that has been
succasstully demonsirated for the detection of proteins associaied with
bioiogical substances in the environment. This ifechnique is based on
detecting the flucrescence signatures of amino acids in the proteins on th
membrane surftace of the organism. Whiie this ifechnique is capacle of
detecting the presence of these amino acids in the na+ar:ai, it cannct
determine the identity of the overzll biolocicz] material carrving Ih
protein. In addition, fluorescence fechniques must compeis with the
fluorescance of materials occurring naturaliy in the anvironme!

1t and with
attempts ai intentionai masking of the target signature By the monitored
party.
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Introduction

The focus of this report is on the remote optical spectroscopy of gaseous and
aerosol airberne effiuent piumes in the environment. There are many different
remote sensing technologies and numercus variations in how they are
implemented to achieve high sensitivity for various target signatures. This
report is intended to provide a survey of some of the relevant technologies
for detecting chemical and/or biclogical 'substances and does not pretend to be
a comprehensive survey of the entire field of remote optical sensing. Many
fine monograpns and treatises have been published and are available for
further inguiry into details that are beyond the scope of this report.’

Most of the effort to date has been applied to chemical _
species in the plumes, either for envirconmental monitoring or Zfor

chemical weapons verification purposes. Some success has been
achieved for specific chemical weapons related scenarios. There

are extensive information gaps when attempting to apply those
technoclogies To biclogical materials. A comprehensive efiluent
signatures study for biolog;ca1 warfare agent production or use
has not been conducted. This has a ma]o* impact in evaluwating
these remote sensing technigues for aoolﬂc tion to BW. It is
necessary ¢ Xnow what i1s present (both ia terms c¢f bio
substances and related chemicals) ana at what expecTed
determine the effectiveness and applicability ¢f these
techniques. Iz addition, it will be necessary to identify a
su;:e oZ signatures, 1f present, To provide unamdliguous
indication of the activitles and processes occurring inside the
faciiizty. Jntil this is done, and the optical cross-sections oz
the signature compounds have been measured experimentalily, iz is
remature tc judge the eificacy of optical remote monitoring
tecnnolocles to BWC verification.
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I. Basic Concepts of Remote Sensing

There are both Ge:efﬁl anc cnem_caily—specific remote sensinc
technicques. Examples of non-chemicalily speciiic techniques are
radar {including syathetic aperture radar or SAR), photograpry,

:*_a

and thermal imaging. Iz contrast, remote optical spectrosconic
sensing Technicues are those that provide information about the
chemical identity oI the compounds. Spectral iaformation is

provicded elther by scanning the Ireguency of the excitation
source, analyzing the frequency components o‘ the return signal,
or both, to provide a recognizable pattern that is characteristic
of and urniguely identifiable as belonging to a particular target
speclies. In addition, broadband frequency multiplexing
techniques can be used at either the source or the detec
improve the sens_b*v1ty of the technigue through parzllie
processing of multiple Zregquency components.

The electromacnetic spectrum is continuous Irom the radio and



microwave bands through the infrared, visible, and ultraviolet
regions, Lo X-ray and gamma ray wavelengths. More pertinent to
‘the discussion of remote sensing are the various wavelength
regions in which the atmosphere is transparent to electromagnetic

radiation. These atmospheric windows are the wavelength reglons
in which remote sensing over useful distances i1s possible (see
Figure 1). Qutside these windows, the atmospheric constituents.

O, N, Nx0O, O3, COp, H;0, and CH, are major absorbers of
eiectromagnetic radiation making remote sensing more difficuls
Various computer databases have been compiled for calculating
atmospheric transmission. Most notably are the HITRAN and
LOWTRAN databases from the Alr Force Geophysical Laboratory
(AFGL). The decree of scattering by aerosols (dust, fog, clouds,
precipitation, and particulates) also affects the transmission of
the atmosphere. The ciameters of these aerosols rance from less
than a micron up to 100 microms. Scattering from aerosols
increases the turbidity of the atmosphere and decreases the
visibilizy, both to the human eye and tTo sensor systems.
Scattering from molecules and particles in the atmosphere is &
function of wavelengtn of the light, becomiag more pronounced at
shorter wavelengtls.

The interactions between photons and Isclated, gaseocus
molecules f£all into three maior categories. Photons may scatter
elastlically (with no energy exchanged, 21so Xnown as Rayleigh
scattering), they may scatter Inelasticaelly (e.g. Raman
scatoering), or they may De rescnantly abscrbed and possilkly
re-emitted (absorption, fluorescence, and phosphorescence).
Scattering is a nonresonant process and occurs via a virtual

excited state with an essentlally zero lifetime. Rerosols can
elso elastically scatter pnotons (termecd Mie scattering) 1f thelr

Clameters are signiZicantly greater than the wavelength ol the
incident radiation. All remote sensinc technigues make use of
one or more o these bdasic interaction mechanisms.

The nature of the interaction that electromagnetic radiation
takes with matter varles witlh wavelengzth. At long wavelengtnls
{such as radio waves), in which the photon energles are Too 1ow
uo he absorbed by isclated molecules, the interaction 1s eatirely

due =0 elastic scattering. As tThe wavelengtihs Dbecome shorter and
the correspondlng paoton energy becomes greater, additional

molecular interactions are DOSS’b In the microwave region,
the photon energies are sazzlc;en* to resonantly excite the
molecule between two rotational energy levels. As the photon

energy increases to The infrared regioxz, interactions can take
plece wi:h moiecular vibrations, and in the visible and
vltravioclet regions, molecules can be excited between electronic
states. S;uce eacn electronlic state can have vibrational levels
and each vibrational state can have rotational levels, molecular
spectra become increasingly complex at shorter wavelengziis. The



complexity of a molecule, which influences the number of
accessible energy levels, and a set of optical selection rules
also affect the number of observable transitions. Thus, large
molecules can have very dense or congested spectra as a result of
the large number ©of transitions, especially in the visible and
ultraviolet regions. In addition, the linewidths of the
transitions and the freguency resoclution of the sensor system
will affect the appearance of the 'spectrum for a particular
chemical. At low rescolution, a spectrum may show unresolved
bands, whereas at higher resolution, individual, isolated lines
may be discerned. The chance of finding a significant number of
resolvable features is more likely in the microwave and infrared
regions and the locations and intensities of these transitions
can form a molecular IZingerprint capable of uniquely identifying
& compound.

Remote sensing ¢f effluent plumes is done relatively near
the earth’s surface where the pressure and density of tre
atmosphere (1 atm = 2.35 x 10" molecules/ecm®) are highest (see

Appendix). This hich density near the surface means that the
rate of collisions between molecules is greater than iz the upper
atmosphere. These collisions pertur> the energy levels of the

moiecule and iancrease linewidth of a transition. This is
important I1n spectrally resolving transitions due te other
moiecular species and in optimizing the overlap between the
pandwidth of the source and linewidth of the molecule.
Collisions also affect the excited state lifetimes since ernergy
transier by collision 1s one of severzl nonradiative means of
de-exciting & stace, iIn competition witl the more useful (Zor
remote sensing purposes) radiative emission.
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If. Remote Spectroscopy Hardware

A generalized sensor system is composed of the following
components: an illumination source, transmission optics,
collection optics, a wavelength analyzer, the detector(s), and a
data acgulsition and reduction electrenics/soitware package. The
freguency dependence oI the interaction provides the
soectroscoo‘c information necessary for chemical species
identification. The spectral resclution for scome active
techniques is provided by the illuminator rather fthan the
detector. A passive senseor system will not have a source, unless
it is foxr calibration purposes, and transmission optics.

Illumination sources: Both active and passive technigues are
employed in remcte sensing. Passive technigues rely on natural
illumination of the target by its environment, while active
technigues reguire an user-supplied source of illumination,
typically a2 microwave or laser source. Natural illumination can
be sunliight or the ambient thermal background. Lasers are often
the source of choice for active optical technigues due to their
narrow bandwidth, hilgh iztensity, and the nich degree of
iirectlionality associated with their output.

Lasers can ne either single f*e"'encv, narxow band or
broacband. Zye safety, which 1s determined by both laser
Irequency and i“te:si:v, is a consiceration for remote sensing
lasers. Both gas discharge (e.g. carbon c;oxide) exciner f{rF,

XeCl) and flesh_am_ pumnec solid state lasers (Nd:YRG) have Deen
used. All-sclid-state lasers are beling developed for increased
rugoedness and higher wall-piug efficiency (the conversion of
electrical power to laser output power). While fixed freguency
outpuT i1s sufficient for some remote sen _“g technigues,
wavelencth Zunability is reguired for species _aen—;:lcation in
others.

The wavelength analysis seczion can be passband, gas cell,
dispersive or interfercmetric. Passband tecknigues use
absorption or Ipterference fIilters to isolate a part;c la
wavelength region of lnterest. These iIilters are oiten moun

noa “Ouatl: filter wheel in front of the detecteor. Gas c
technicues use a reference cell with the target gas inside
discriminaticn. Wavelencth dispersive technigues use a grating
or prism to spatial by separate wavelengths. Such spectIometers
are composed of either a single detector and wavelength scanning
mechanism or & multi-element array of detectors in a fixed
configuration on the focal plane and ¢ scanning mechanism.
Examples of the latter tvpe are the multiispectral analyzers Zlown

on various satellite platfiorms. Interferometric methods comzine

-

a sing y ector and a temporal (or spatial)
muliti plex technigue. Michelson interferometer 1s a common
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multiplexing device and mathematical technigues such as the
Fourier Transform (FT) are used to derive the freguency
information from the interferometer output.

Detectors are classified as photoelectric, photoconductive, and
photoemissive. These different devices have different
responsivities for different wavelength regions. Detectors are
typically cooled to below ambient -temperature to reduce internal
thermally generated electronic nolse.

The system architecture of active systems can be either
monostatic (detector and source together on the same side of the
target) or bistatic (detector and source on opposite sides of the
target). Monostatic configurations are more amenable to fielding
from an airborne Dlatfo*m In addition, the system can be
non~-imaging (fixed peint) or lmag¢ng (2-dimensional). A
photograph is an example of a passive two-dimensional imeging
technicue. A non-imaging Lechn;que can be turned into an imaging
tecanique by physically rastering the source and/or detectcer
field of view across the area of laterest To create an lmace.

Spectral ilnfiormation is recorded for each imace element in

secuence. Multispecztral scanning systems (MSS), thematic mappers
T

(TM), and nyperspectral scanning systems (HSS) are examplies of
such scanning lmagers.

Deployment platforms: Optical technigues, by necessity,
regulre line-of-sight operation. Ground-based sensors Can oe
emploved as perimeter or polnt mealtors at a facility. Alrborne
Sensors may pe mounted on unmanned zutonomous vehicles (URVs) or
remote.y piloted drones (RPVs), aircraZt (0-20 km altitude), the
Space Shuttle (100-300 km), or satellites (100-36000 km). See
The Appencix Ior & comparison of operational aititudes IZor these
piatforms.

III. Passive Remote Sensing Technigues

Passive remote sensing technicues range Irom photographic
imacing (vanchromatic to color IZilm witlh three wavelengtlr bands)
+0 muliispectral, hvperspectiral, and rourier Transiorm (FT)

methods.

m defined &s the preclse

Radiometry is the ter
T inte electromagnetic energy emmissions.

measurement of int

hermal imac*ng
ctive (apparen
cn wave*ength

Ted ilmaging techni_ue To derive th

2 perature from the thermal emissions (8-12
by y of & target. The wavelengtl dependent
issivity relates the measured thermal energy radiated bv &

get at a temperature to that emitted by a black body radiator
the same temperature. Current radiomeTtric technigues are
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capable of measuring apparent temperature differences of .01 to
0.1 deg K (relative). In order to distinguish & target compound
from its background, the emissivity difference anc/or the
temperature dififerential against the background must combine to
vield an effective temperature greater than this level oI
resolution. Under some conditions, it may be able to spectrally
resolve molecular absorptions with sufficient resclution in
regions not saturated by other absorbers/emitters to make
chemical identification possible. 7The Navy‘s AN/RKAS-1 1s an
example of an imacging filter radiometer

Fourier Transform Infrared (FTIR). The Army XMZ1 Remote Sensing
Chemical RAlarm is a passive FTIR spectrometer operating in the
8-13 micron band optimized to detect the use of chemical weapons
or a battlefield. It is capable of detecting a warm effluent
against a cold sky, but it cannot detect a plune against terrain
with the same efifective temperature of the targe: molecules.
Midec Corporation (Costa Mesa, CA) manufactures &z rugced zed FTIR
spectrometer Zor field use (in elther passive or active moodes).

Passive microwave detection is used to measure the
characteristic absorption and emission of r—ectational energy from -
molecules iz the atmosphere. This technigues can penetrate
clouds and rain and can cperate uncder day or nicht condiflomns.

It also provides hichly chemical-specific identification. It is
capable oI weasu:;:ﬂ temperature differences cdown Tto 0.0 K. In
an upward looking configuration against a cold sky, the passive
nicrowave technigue has cdemonstrated ppb level detection at up <o
40 xm. In the cown—_oo.inc copfiguration, contrasting the target

=
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plume acgainst the terrestrial background is much more diflicult.
Multispectral and hyperspectral analyzers: Satellite imacgin

systenm 1ike the familiar LANDSAT imacers, are considerec

m : ral scanner systems with multiplie wavelencth channels

=

F
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centered on a Zew well-defined freguencies witz narrow passbands.
These Irecuenclies and passban* widths are chosen specifically to
provide the most useful information toward che mission oI T2
satellite. Due to constraints of flying onboard a satellice,
incliuding size, welightT, power consu rp:ion, and data rate, only &
rimited number of vae'enct 1S (6 to 10) ¢ De coverec by these
imacers. nybe*soec:ra qnc_yzers nave hevd ceveloped Icr
satellihe applications of many more spectral channels (over 100).
A passive, hypersoec ral spectrometer operating in the near
infrared hes been designed and built by researchers at Lawrence
Livermore National 4aDoraboLy.5 The speczrome*e* measures

absorption oI c*ou:'—“e$lec*ed sunliuht by the target plume. An
echelle ¢rating and cross di soe*s;ve element are used To generate
a wavelength spectTum across the face of & two-dimensional
infrared detecTor. The SpecTIomeTer COVers the entire z-5 micron
atmospheric transmission window at the pressure limited



resclution of 0.1 cm'. The spectrometer has high throughput and
no moving parts, and, unlike FTIR, is not as subject to noise
generated by & moving background when fielided from an eairborne
platform.

IV. Active Remote Sensing Technigues

In addition to the technigues listed below, sensors developed
for passive use can usually be emploved in conjunction with an
active illumination source as well for increased sensitivity or
day/night operation. Thus, by addinc a broadband infrared glow
bar source and a retroreflector, a passive FTIR system can be
turned inte a active systen.

BAGI (Backscatter Abscorption Gas Imager) is an imaging
technique based on the absorption of the source laser wavelength
by the target gas in front of a reflective background, such as a
building.®

DOAS (Differential Optical Absorption Spectrometer) 1s a

long-path absorption technigue using a broadband (300-700 nm) arc
lamp source. The broadband source does provide spectral
identification anc chemical anelysis. The setup reguires two
point access on either side of target for source and the recsiver
or rectroreflector. Thus, it is more appropriate as a ground
based perimeter monitor. In addition, this technigue regulires
The accurate neasurement o small differences between two large
signals {tvpically to at least 1 part in 10%). Thus, it has a

Iimited role for trace chemical species detection.

Radar is the nonspecies-specific, elastlc scattering oi radi
and microwaves Irom atmospheric &eroscls. Raylelgh scattering
occurs 1f the source wavelengtl 1s greater than the particle

ciameter, otherwise Mie scatitering occurs. The backscatter Cross
section is dependent on the complex index of refractien and on
The physical cross section of the material. Rance informaticn s

derived Irom the round trip time of single radar pulses.

Lidar iz general 1s a chemically nonspecilfic technigue similar
<o radar which measures the elastic backscatter of laser pulses
from the target. Elgh power laser sources such as CO;

T

{line-tunable between $-11 microns) or Nd:YAG (1064 nmm) lasers
have been used,

DISC (Differential Scattering LIDAR) is an attempt to make
licdar more indicative of the chemical species that i1s back
scattering the laser beam by scanning the excitatlon freguency o
measure tThe varlation 1n backscatter cross sectlion with
wavelength, particularlily near & molecular absorption for the
Targer compound. This technicue is limited by fluctuations thart
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occur during the time *eculfed to complete a scan of the
frecuency.

DIAL (Differential Absorption LIDAR) is an elastic laser
scatter technigue employing two (or more) closely spaced laser
frequencies. Cne frequency is tuned to the peak of an absorption
feature of the target compound and the other is tunecd off .
resonance. The difference in the backscattiered intensities due
to the difference in absorption for tke two frequencies :is
measured, usually with a heterodyne technicgue in which the two
frequencies are combined to create a beat freguency. The
frequencies are closely spaced so that both signal pulses are
affected equally by the broader absorptions and fluctuations (on
timescales greater than 100 microseconds) in the atmosphere. The
two wavelengths can be generated from multiple liasers or with a
singie tunable laser by generating sidebands with an
acousto-optic modulator

Broadband lidar. The DIAL technicue can be extended to a

continuum of fregquencies by using & broadband leser pulse. The
proadband pulses can be generated using ultrafast (femtosecond)
laser technigues. A system based on this technicue has vet to be

cdemonstrated.

Raman lidar. 2mong the advantages oI Ramén speciroscopy are
its generallity, since nearly &1l molecuies have Raman actlive
transiticns. In addéiticn, the return signal simultaneously

carries all the freguency components of the Raman-active

e

vibrationel: modes characteristic of the target compound. It uses
a fixed laser frecguency that, in ordinary Raman, can be chosen at
any convenient Ireguency. The major disadvantage oIf Raman
spectrescony is that the Raman scatlering cross sectlons are
inherently very low. Shorter excitation frequencies can be
selected tTo take advantage cf the improvement in the signail with
the Zourth peower of the laser IZregquency. Several orders oI

magnitude improvement 1S poss‘b7e 1T O! n resconance enhancement

throug
by selecting &n exclitatlon wave¢engz near an electroni
absorptlion of the target mo.ecule (typ fcally in the wvisible and
ultraviolet region). Zven with this strong resonzent eniancement,
the low sicnal levels severely limit the range o this technicue

in renmote sensing applications.

Laser Induced Fluorescence lidar. Fluorescence &t a molecular
level is characterized by the absorption o“ a ohoton Zollowed by
a short cdelay and the subsecuent re-emission of a phoTton at tle
same or lower Ireguencv. TFor an ensemdl e of molecules, the
_L“orescence emission aecavs exponentially ard is characterized

bv a molecule depencent flucrescence .ifetime. In addi<ion, this

liferime is strongly inflvenced by the immediate environment of
the molecule. At standard atmosvheric pressure, collisions can
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be a major nonradiative (occurring without emission of a photon)
pathway competing with fluorescent emission. Unfortunately, not
all molecular species fluoresce and of those that do fluoresce,
not all those fluoresce strongly. Large organic molecules cften
have surong electronic absorptions due to conjugation and
aromatic rings in the molecular structure and more are likely %o
show 1’luorea-sc:enc:e, Laser induced fluorescence has been used
success*uWiy in lidar remote sensing scenarios.’ Despite the
lack of characteristic fine structure, a spectrometri
fingerprint can be obtalned though the combination of the scanned
excitation freguency and the dlsoe*sea fluorescence at each
excitation frequency. The resulting two-dimensional plot can be
used to distinguish one compound from among others in a mixture.

V. Specificity, Sensitivity and Range Considerations

Detectability is related to the signal-to-noise ratic of the
measurement, and depending on the statistical correlation of the
rnoise with the signal, the pericd of time over which the

observation 1s made. t i1s important to distinguish between the
range or stancoff distance from the sensor to the target and the
inzeraction vatiilength or zomne. The target is likely to be a
spatially well-defizecd plume located at some distance from tlhe
detector. TFor example, & system may De desired tTeo monitor the
output Irom & smokestack from the Zacllity fence line, The

standoi?f distance could be on the order of 2 kilometer, bu:t the
actual region of interaction of the source with the effluent
plume mav be only 0.5 meter at the stack opening where the
efiluent concentratlion 1s greatest.

U]

The cetectec signal strength cdepends oxn:

- the rance between the itarget and senscor system

- the source intensity and directionality

- atmospheric transmission at the source wavelength

- spectral overliap with the tTarcet mo L iecunles or chrormophere

- geometric overlap with plume, including the interaction
vathleng:th

- <the concentration oI the target sy

- absorptiocn, scattering, or emission Cross sec:tlons

- emission or scattering directionality

- atmospheric transmission of the returnz signal

- the field-of-view and area of collection optics

-~ +the transmission efficliency of ba:dcass, dispersive, or
;“:er‘e*ome-e* optics for providing waveliengtl
digcrimination

- the guantum efficiercy oi the detector{s) at the reguisite
vaeLeng:hs
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Sources of noise include:

- source amplitude and frequency fluctuations

- solar background or terrestrial scatter

- atmospheric fluctuations, turbulence, and scattering

- contaminants, masks, or spect*al interferant molecules
- detector/amplifier electronic or thermal noise

‘A1l of these factors go into evaluating a particular technigue
for a specific scenario.

VI. Possible Application to BWC Verification

The technigues described above could possibly be applied to the

o detection of the chemicals associated with the production of

bioclogical weapons 1f:
~ there are actual chemicals assoclated with the
procuction blological weapons production

- stch chemicals are released into the environment

R

-~ the chemicals appear in suificient guentities in
eZZiluents

- L“e chemicals :-one represent 4
indicating thet bioleogical weapon
occurring inside the faclilizy.

In contrast To velatile chemical species, the bilological
materials are not small, isoiated molecules, but are phyvsically
much larger and complex entities. Obtical technigues are
typically not capable of interacting with such large struciures.
Instead, & por:;on of +the structure can be responsible for
apsorption (and emission) and act &s an optical tag (chromophore)
for the much larger molecule/structure. In biOiOg_Ca_ svs;ems,
toxins, cells and spores all have proteins imbedded In the cell
membrane surface. Protelins are composed of amino acids. O0f the

twenty most common amino acids, three have aromatic rings as part
of their molecular structure. As a result, “he amino acids

tryptophan, phenylalanine, and tyrosine are :;uorescenb. These
molecu_es can act as observable tags for biological materials
which can be detected with remote sensing technicues.

The most promising work to date on the remote opitical
detection of pioiogical agents has been performed using a
cltraviolet fluorescence iidar system.’ Most biclogical matter
containing proteins will have one or more of the f_uo*esce“h
amino acids present to some degree. This technigue will 2ot De




- 12 -

NAMAN

RACHENTE (NTENSITY-s

able o esgstablish the

identity of the material,
only that it is some type
of organic or bioclogical
material that has the
target aminoe acid present
as part of its structure.
While there may be minor
variations in the overall
structure of the
flucorescence spectra due
to the local environment
of the chromophores, in
mest cases, there is not
enough information
extractable for the
spectra to unambliguously
determize the iderntity of
the remainder of the
entity teo which the
chromophores are attached.
The resclt is
Zlvorescence lider, at its

-

[P i W

[

FLUQHEBGENCE MTENSITY

.
M ikt

!

BQ YEQETATIVE CELLS
1 ¥ 10%mL

3 205 T )

WAYELEHQTH (MDD =~

present state of
aeve'oame“h, can defect
The presence of proTein,
and onlyvy if 1t is
oresent in suffiicient
guantities. Tt cannot
uniguelv identifvw
specific bioclogical
substances. In additiocn
to 1ts inabllity o
uniguely identily
bicological materials,
flvorescence can oe
easily masked Dy

olatile organic
compounds that mey be
naturally or
intentionally present in
the effluent stream &t
much higher
concentrations than wnat
can reasonably be

Figure 2.

Tyrosine Spectra. Ref 7.

es in

c facility effluents
high containment reguirements &ssocl ated with

expected for the
bioclegical substances
themselves. Detectlon
is extremely



- 1% -

the handling of hazardous biological materials.

Remote optical sensing is an area of active research for
envirenmental monitoring and for nuclear and chemical weapons
proliferation. Amcong passive remote-sensing techncoclogies, the
high spatial resolution multispectral and hyperspectral scanners
deployed on satellites are the techniques .of choice. For
example, the mapping of the seasonal and year-to-year variations

"in the Antarctic ozone hole is conducted from space using

5 =

satellite multispectral and hyperspectral imagers. Among active
remote sensing technigues providing chemical species
identification, DIAL and fluorescence lidar are the most commonly
used. These spectroscopic technigues, both passive and active,
can realistically be used for the detection and identification of
relatively small, gas-phase molecules only. While these
technologies can be employed for the detection of chemical
efflvents associated with blological weapons production, they are
of limited utility for identifying the agents, cells or toxins
themselves. There may be some limited scenarios in which these

echnigues have scome utility. These scenariocs are battlefield
assessments or accidental release tracking (such as from th
Chernobyl nuclear power plant fire and explosion) where the
identity of the compound is krnown, the concentratiocons are
relatively hich, and information on spatial distribution of the
release is oI prim&ry COnCern. :
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VIII. Appendix A Aerial Remote Sensing

‘The density of the atmosphere decays approximately exponentiall

with increasing altitude ocut to 150 km (Figure A-1). At an
altitude of 30 km, a satellite or balloon ig above 99% of the
Earth’s atmosphere. A nadir-(straight down) looking satellite
sensor views an air mass equivalent to only & 7 to 8 km
horizontal pathlength on the surface. It is possible that th
atmospheric attenuation may be less for a nadir-looking sensor on
a satellite than for & sensor mounted on the ground or under an
alrcraft restricted to large standofi distances. Low earth
orbits (80 to 105 minute periods) range from 200 to 1000 km above
the surface. The Space Shuttle operates at low earth orbit.
Geostatlionary earth orbit (24 hour period) occurs at an altitude
of 35,800 km above the Earth’s surface. While orbital height
doces not eifect the atmospheric attenuation of a nadir-locking
sensor once it is above 30 km, it does have an effect on the size
of the optical footprint of the sensor on the surface {at
constant source divergence or cetector field of view).
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Tigure A-1. International Standard Reference Atmosphere.
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