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Analytical Instrument Performance Criteria

Field-Portable Spectroscopy
Kevin Ashley, Column Editor

Field-portable methods for monitor-
ing airborne contaminants and toxins in
the workplace have received increasing
attention in recent years. A number of
portable monitors for airborne contami-
nants have been available commercially
for many years. However, new devel-
opments may provide for on-site com-
pliance monitoring, which has hereto-
fore been more the exception than the
rule. The ability to conduct measure-
ments on-site in the occupational set-
ting offers significant advantages. Field-
portable methods are often desired so
that decisions regarding worker protec-
tion, engineering controls, etc., can be
made quickly. The capability for rapid
decision making offered by on-site mon-
itoring can help save costs, and also
offers a means to assess, and thereby
prevent, worker overexposures to toxic
substances in a timely manner. Field-
based monitoring is especially useful for
applications in the construction indus-
try, in agriculture, and in other indus-
tries where jobs may be short-term and
the workforce is transient. On-site tech-
niques can also be beneficial in instances
where short-term monitoring is desired.

TABLE I
Portable spectrometric techniques for monitoring gases and vapors

Instrumental technique Applicable analyte(s) Comments

Infrared photometers CO, CO2, NOx, N2O, SO2, Detection limits: sub-ppm to few percent range;
hydrocarbons, fluorocarbons, etc. single-species or multi-gas devices

Colorimetric detection Formaldehyde, toluene diisocyanate, Sub-ppm detection limits for most species;
HCN, Cl2, H2S, SO2, NOx, etc. specific for certain target analytes

UV/visible photometers Hg vapor, O3, SO2, NOx, NH3, Sub-ppm to ppm detection limits; analyte-specific
organic vapors, etc.

Chemiluminescent detectors O3, NOx Highly sensitive and selective; detection limits:
∼10 ppb

Photometric analyzers (includes CO, SO2, sulfur compounds, Measurement in ppb to ppm range, depending on
devices based on flame halogenated hydrocarbons, type; single- and multi-species devices
photometry, fluorescence, other) phosphorus compounds, etc.

In this report, field-portable spectromet-
ric techniques are covered, and some
applications are described. Due to lim-
ited space here, a general overview is
presented; more specific information is
available by consulting the literature ref-
erenced herein.

Portable Gas and Vapor Analyzers
While many commonly used portable

gas and vapor analyzers are based on
electrochemical or electrical measure-
ment,(1−3) some rely on spectrometric
means. Direct-reading instruments that
rely on the use of infrared (IR), fluo-
rescence, luminescence, or colorimetry
have proven to be most popular.(2−5)

Other spectrometries have also been
used for on-site real-time gas and
vapor monitoring. Some portable in-
struments (e.g., IR) allow for multi-
gas detection, while others are de-
signed for the measurement of single
species of interest such as carbon monox-
ide (CO) or ozone (O3). Table I sum-
marizes direct-reading spectrometric de-
vices that are commonly used in the
industrial hygiene field for monitoring
gases and vapors.

Most portable infrared gas analyz-
ers are non-dispersive IR instruments
that ordinarily require a plug-in power
source.(2,3,6) Some dispersive instru-
ments have also been introduced.(2)

Battery-powered instruments have been
produced, but these are generally
species-specific; for instance, an IR pho-
tometer for monitoring carbon dioxide
(CO2) over a wide concentration range
relies on nickel-cadmium (Ni-Cd) batter-
ies as an optional power source. Portable
multi-gas IR analyzers are becoming
more popular, as their applicability is
enhanced through interfacing of the in-
strument with spectral libraries via com-
puter. A wide variety of organic and
inorganic gases can be monitored semi-
quantitatively or, in some cases, quanti-
tatively. For example, portable IR mon-
itors for CO are able to quantitatively
measure this dangerous compound in the
parts per million (ppm) range, where
such concentration levels are potentially
hazardous to life and/or health.

Field-portable Fourier transform in-
frared (FTIR) instruments are now
available,(7,8) and a national voluntary
consensus standard has been published
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that describes a portable FTIR method
for determining gaseous compounds.(9)

IR and FTIR monitoring allow for real-
time or near real-time measurement of
numerous toxic gases and vapors, and
have applications in many occupational
settings. An advantage of IR or FTIR
monitoring is that sample preparation is
minimal, and gases and vapors may be
monitored following sampling by using
a suitable sampler; alternatively, no sam-
ples may need to be obtained at all (de-
pending on the application). Open-path
FTIR for real-time in situ monitoring of
airborne gaseous pollutants has become
popular for remote sensing, and also of-
fers promise for applications in occu-
pational settings.(10,11) A new IR spec-
tral database standard, National Institute
of Standards and Technology (NIST)
SRD 79, has been made available.(12)

This NIST IR database contains absorp-
tion coefficient data for 21 hazardous air
pollutants and provides for quality as-
surance for quantitative FTIR open-path
in situ measurements of these species.

Colorimetric and ultraviolet (UV)/
visible spectrophotometric monitors for
gases and vapors are widely used in
the industrial hygiene field. Most of
these monitoring devices (e.g., for ozone,
mercury vapor, oxides of nitrogen, am-
monia, and sulfur dioxide) function by
means of UV absorption.(2,13) Colori-
metric monitors ordinarily employ a re-
action between a selective reagent and
the analyte of interest in order to form
a colored complex that can be mea-
sured in the visible spectral range. Most
commercially available colorimetric and
UV/visible photometers require an ex-
ternal power source for their opera-
tion. However, there are portable de-
vices that can be operated using battery
power (e.g., some mercury [Hg] and sul-
fur dioxide [SO2] monitors). Portable,
battery-powered devices are useful for
personal monitoring, while monitors re-
quiring an external power source are
limited to use as area (static) monitors.
UV/visible and colorimetric instruments
are able to detect most species of interest
in the ppm range, and many are equipped
with alarms if readings are high. Many
of the UV/visible direct-reading instru-

ments offer continuous monitoring ca-
pability, with response times of approx-
imately one second for measurements in
the ppm range.

Direct-reading chemiluminescent de-
tectors offer a means for measuring
ozone (O3) and oxides of nitrogen (NOx),
with excellent specificity and high se-
lectivity. The operation of chemilumi-
nescent detection involves excitation of
O3 molecules via chemical reaction, and
the subsequent detection of photon emis-
sion from the excited state species, which
may be either an intermediate or a prod-
uct of the reaction.(14) Ozone may func-
tion as a reagent for NOx analysis or,
of course, as the analyte of interest.(15)

Luminol has also been used for field-
portable monitoring of nitrogen diox-
ide (NO2),(16) and ethylene (C2H4) has
been employed as a reactant for field-
portable monitoring of ozone.(17) Due to
high power needs, field chemilumines-
cence instruments generally require an
external power source.(2,8)

Photometric analyzers are widely
used in the industrial hygiene field for
the on-site real-time monitoring of nu-
merous gas and vapor species. The de-
tector is operated via measurement of
light emission from a high-temperature
H2 flame.(18) Flame photometric detec-
tors are useful for selective measurement
of gaseous sulfur or phosphorus com-
pounds, with detection limits in the parts
per billion (ppb) range for these species.
The high power required for operation of
these devices necessitates the use of an
external power source.

Portable photoionization detectors
(PIDs) for organic vapors are commer-
cially available.(19) These require less
power than do the aforementioned photo-
metric analyzers, and simple hand-held,
battery-powered devices can be used
to monitor volatile organic compounds
(VOCs) in real time. However, for en-
hanced performance (e.g., minimizing of
interferences from more abundant hy-
drocarbons), PIDs can be used as de-
tectors for portable gas chromatography
(GC) instruments.(20)

Fluorescence analyzers are available
for monitoring CO and SO2. A xenon
(Xe) or Hg arc lamp is used to excite

the analyte species, which give rise to
sufficient fluorescence intensity so that
detection limits in the few ppb range
can be achieved.(2) Photomultiplier tubes
are used for detection. Like photomet-
ric analyzers, there is a need for high
power in order to facilitate source exci-
tation and operation of photomultiplier
detectors; therefore, an external power
source is required. The performance of
the portable fluorimetric SO2 analyzer
has been shown to be equivalent to that of
a colorimetric reference method promul-
gated by the U.S. Environmental Protec-
tion Agency (EPA).(8)

Other types of photometric analyz-
ers are commercially available, whereby
alternative chemical strategies may be
used to produce a spectral signal or color
change.(2) Spectral intensity analyzers,
for example, can be used for general,
nonspecific monitoring of halogenated
hydrocarbons. Other types of photome-
ters allow for automated sampling by use
of media that undergo a color change
upon reaction with target analytes (e.g.,
such as that already mentioned for moni-
toring SO2). Reflectance may be used for
the measurement of a variety of species
such as ammonia, phosgene, HCN, and
arsine, with detection limits in the ppm
range. In a few cases, field portability and
on-site monitoring applications are en-
hanced by the use of battery power rather
than an external power source.

New developments in spectrometric
gas and vapor monitors have provided
for better detection limits and other at-
tributes. Fiber-optic chemical sensors
for continuous monitoring have recently
been a topic of wide interest,(21) and ap-
plications in the measurement of gases
and vapors are widespread. Fiber optics
have proven to be useful for the design of
field-portable devices for optical,(22,23)

fluorimetric,(24) and infrared(25) monitor-
ing of species such as VOCs, Hg, and
explosive agents. The use of optical sen-
sor arrays for multi-species monitoring
is also an area of significant promise.(26)

Miniaturization of time-of-flight mass
spectrometric devices has allowed for
the on-site monitoring of gaseous an-
alytes, with excellent prospects for
multi-species monitoring.(27) Hand-held
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ion-mobility spectrometric (IMS) instru-
ments have found use in industrial hy-
giene and military applications.(28) In
recent work, a hand-held IMS device
was used to monitor VOCs on-site in
the workplace.(29) The performance of
IMS instruments is enhanced when used
as a detection scheme following GC
separation.(30,31)

Portable Aerosol Monitors
Direct-reading portable aerosol mon-

itors that are used for industrial hy-
giene purposes are often based on light-
scattering or light-attenuation properties
(see Table II). The most widely used
are light-scattering devices known as
aerosol photometers or nephelometers.(3)

Light-attenuating photometers are also
available, as are other real-time aerosol
monitors that are not based on opti-
cal techniques.(32) Portable instruments
have been developed that are applica-
ble over different aerosol size ranges,
and each device has its own benefits and
limitations.

Aerosol photometers operate by di-
recting polychromatic light toward an
aerosol as it is passed through an opti-
cal chamber, and by measuring the light
that is scattered at a chosen scattering
angle with respect to the incident light
beam. Optical aerosol particle counters
use a monochromatic light source such as
a laser, photodiode, or tungsten filament
lamp to illuminate the aerosol sample.
For both photometers and optical par-
ticle counters, photomultiplier tubes or

TABLE II
Direct-reading optical aerosol monitors

Applicable aerosol size range
Type of monitor (aerodynamic diameter) Comments

Aerosol photometer 0.1 to 1.0µm Integral light scattering;
or nephelometer aerosols with same size

distribution
Optical particle ∼0.1 to>10µm Monochromatic or

counter polychromatic source;
light scattering

Condensation nucleus <0.01 to 1.0µm Particles enlarged for
counter photometric measurement

photodiodes are generally used for de-
tection of the scattered light. Smaller
scattering angles are best for the detec-
tion of large particles, while a scattering
angle of 90◦ offers maximum sensitivity
for small particles.(3) Many factors con-
tribute to the light scattering profile, e.g.,
wavelength of the incident light beam,
size and shape of the particles, refrac-
tive index of the particle, density and
concentration of the aerosol, and size dis-
tribution of the aerosol.(33) Thus, it can
be seen that these devices may suffer
from numerous limitations that can re-
strict their applicability for quantitative
monitoring; therefore, they are gener-
ally not used for compliance monitor-
ing purposes. Nevertheless, they are very
useful as on-site screening instruments,
and for semiquantitative measurement of
aerosol concentrations.

Several popular instruments for es-
timation of aerosol concentrations in
real-time are based on light-scattering
methods, and a variety of techniques
have been employed to improve their
performance.(3,34) Techniques for sam-
pling and analysis have been devel-
oped for both “extracted” samples and
in situ analysis.(32) Several devices uti-
lize monochromatic IR or near-IR radia-
tion to illuminate the sample, and some
employ size-selective devices to isolate
the aerosol range of interest. These de-
vices are generally applicable for mon-
itoring aerosols that are about 1.0-µm
aerodynamic-diameter or greater, and
are, therefore, not useful for the detec-
tion of small-diameter aerosols. How-

ever, some have been claimed to give
accurate aerosol concentration measure-
ments over the range of 0.01 to 100 mg/
m3 for aerosols of 0.1 to 20µm in
diameter.(3)

For measurement of very small
aerosols, condensation nuclear coun-
ters (CNCs) are usually employed. The
CNC functions by actually enlarging the
aerosol particles to a size that can be
measured photometrically.(3,32) This is
usually accomplished by subjecting the
ultrafine aerosol to a vapor, and then
cooling the mixture to cause super-
saturation. In this manner, the aerosol
particles operate as condensation nuclei
upon which the super-saturated vapor
can nucleate and cause the aerosol parti-
cles to grow in diameter. The intensity of
scattered light can then be used to mea-
sure the concentration of the enlarged
particles. CNCs are widely used for test-
ing high-efficiency particulate air filters
in respirator fit-testing.(35)

With some exceptions, real-time
aerosol monitors are survey instruments
that can only be used to measure to-
tal concentrations of airborne particu-
lates. Furthermore, the size ranges of
aerosols that real-time aerosol moni-
tors can measure tend to be limited.(36)

Direct-reading, real-time aerosol moni-
toring instruments generally cannot give
any information on the identities of air-
borne contaminants that may be present
in the test aerosol. However, in re-
cent instrument developments, efforts
have been made to obtain more species-
specific information using real-time opti-
cal monitoring. For example, a real-time
monitor for respirable particles based on
laser light scattering was said to be capa-
ble of detecting 0.1 fiber/cm3 with very
short sampling times.(37) The instrument
uses a diode array to sense scattered light,
and then assigns a particle to a particular
class depending on its scattering charac-
teristics. In most direct-reading instru-
mental applications, knowledge about
the specific makeup of the aerosol being
monitored is necessary before a survey
instrument is employed.

Portable methods for measuring
chemical species in captured aerosols
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ordinarily require that an aerosol sam-
ple be prepared and analyzed on-site in
the field. In some cases, sample prepa-
ration may be minimal, while in other
instances, considerable sample treatment
may be needed prior to on-site analysis.
The option to use a field-portable ana-
lytical method depends on the needs of
the user. If it is desired to have an an-
alytical result quickly, then it may be
necessary to perform on-site analysis.
Another possible reason for conducting
analysis on-site has to do with the reac-
tivity of target analytes that can exist in
the sampled aerosol.(38) Reactive com-
pounds may need to be analyzed quickly
in the field using field-portable instru-
mentation, since the chemical form(s) of
the analyte(s) of interest may change if
samples are stored for too long a time pe-
riod (e.g., for subsequent fixed-site lab-
oratory analysis).

Various field-portable spectrometric
techniques for on-site determination of
heavy metals in collected aerosol sam-
ples have been evaluated recently. For
instance, portable X-ray fluorescence
(XRF) has been used to measure metal
species in air filter samples.(39,40) In one
study, portable XRF was used to deter-
mine metals in filters that were prepared
from aerosolized metal oxides.(39) Excel-
lent quantitative results for up to 18 met-
als were obtained, although detection
limits for lead (Pb) and cadmium (Cd)
were somewhat high compared to the
action levels of interest. Very good corre-
lations were achieved between portable
XRF data and results obtained using
a laboratory XRF instrument. Thus,
portable XRF offers the potential for on-
site multi-element monitoring of aerosol
filter samples collected in the field. Be-
cause the method is non-destructive, the
samples can be analyzed subsequently
for metals content using a confirmatory
technique such as inductively coupled
plasma (ICP) spectrometry.

In related studies, modern portable
XRF devices have been used to de-
termine lead in filter samples, with a
view toward obtaining lower detection
limits for this metal. In one investiga-
tion, air filter samples were collected

from construction sites where lead paint
removal activities were undertaken.(41)

The lead loading range of the data set
was 0.1 to 1500µg of lead per sam-
ple. Portable XRF measurements were
conducted on the filter samples using
a protocol that accounted for the vari-
ability in the density of the aerosol
that was deposited on the filters. A Na-
tional Institute for Occupational Safety
and Health (NIOSH) reference tech-
nique, graphite furnace atomic absorp-
tion spectrometry (GFAAS), was used
for confirmatory analysis and method
evaluation purposes.(42) For the portable
XRF method, a lower detection limit
of ∼6 µg Pb/filter was determined, and
the portable XRF method accuracy was
±16.4 percent. The performance of the
portable XRF instrument indicated that
the device can be used for the quanti-
tative analysis of lead air filter samples
over a wide concentration range. The
practicing industrial hygienist can use
portable XRF to produce a rapid, on-site
determination of lead exposure that can
immediately be communicated to work-
ers and help identify appropriate levels
of personal protection.

Some other techniques that offer
promise for on-site multi-metals spectro-
chemical analysis include laser-induced
breakdown spectroscopy (LIBS)(43) and
spark-induced breakdown spectroscopy
(SIBS).(44) While the LIBS instrument
has recently been commercialized, its
cost remains prohibitive. Prototypes of
both LIBS and SIBS have been eval-
uated for their ability to determine a
number of heavy metals in air sam-
ples. For metals such as lead, LIBS may
offer lower detection limits than portable
XRF devices.(45) Efforts to make LIBS
devices more easily field-portable have
focused on the use of fiber optics.(45−47)

Spectrometric methods for the on-site
analysis of species present in aerosols
following a sample dissolution step
have been published. For example, a
field-portable method for the determi-
nation of airborne hexavalent chromium
[Cr(VI)] was recently developed and
evaluated.(48) The procedure employed
ultrasonic extraction(49,50) in order to

solubilize Cr(VI) in test samples. Sub-
sequently, solid-phase extraction using
strong anion exchange was used to
separate Cr(VI), which is anionic un-
der basic conditions, from Cr(III) and
other metal cations. Following elution
of the isolated Cr(VI), trace concentra-
tions of this species were measured us-
ing the diphenylcarbazide method(51,52)

by means of a field-portable, battery-
powered spectrophotometer. The field-
portable method performed equivalently
to fixed-site reference laboratory meth-
ods used to determine Cr(VI).(53) It is
expected that additional field-portable
spectrometric measurement methods for
more analytes will become more widely
used in the future for industrial hygiene
monitoring.
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