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Analytical Instrument Performance Criteria

Field-Portable Spectroscopy

Kevin Ashley, Column Editor

Field-portable methods for monitor- In this report, field-portable spectromet- Most portable infrared gas analyz-
ing airborne contaminants and toxins irric techniques are covered, and somers are non-dispersive IR instruments
the workplace have received increasingpplications are described. Due to limthat ordinarily require a plug-in power
attention in recent years. A number ofited space here, a general overview isource?36 Some dispersive instru-
portable monitors for airborne contami-presented; more specific information isments have also been introdudéd.
nants have been available commerciallpvailable by consulting the literature ref-Battery-powered instruments have been
for many years. However, new devel-erenced herein. produced, but these are generally
opments may provide for on-site com- species-specific; for instance, an IR pho-
pliance monitoring, which has hereto-Portable Gas and Vapor Analyzers tometer for monitoring carbon dioxide
fore been more the exception than the While many commonly used portable(CO,) over a wide concentration range
rule. The ability to conduct measure-gas and vapor analyzers are based aelies on nickel-cadmium (Ni-Cd) batter-
ments on-site in the occupational setelectrochemical or electrical measureies as an optional power source. Portable
ting offers significant advantages. Fieldment®~2 some rely on spectrometricmulti-gas IR analyzers are becoming
portable methods are often desired smeans. Direct-reading instruments thamore popular, as their applicability is
that decisions regarding worker protecfely on the use of infrared (IR), fluo- enhanced through interfacing of the in-
tion, engineering controls, etc., can baescence, luminescence, or colorimetrgtrument with spectral libraries via com-
made quickly. The capability for rapid have proven to be most popular® puter. A wide variety of organic and
decision making offered by on-site mon-Other spectrometries have also beeimorganic gases can be monitored semi-
itoring can help save costs, and alswsed for on-site real-time gas andjuantitatively or, in some cases, quanti-
offers a means to assess, and therelwapor monitoring. Some portable in-tatively. For example, portable IR mon-
prevent, worker overexposures to toxistruments (e.g., IR) allow for multi- itors for CO are able to quantitatively
substances in a timely manner. Fieldgas detection, while others are demeasure this dangerous compound inthe
based monitoring is especially useful forsigned for the measurement of singlgarts per million (ppm) range, where
applications in the construction indus-species of interest such as carbon monosuch concentration levels are potentially
try, in agriculture, and in other indus-ide (CO) or ozone (g). Table | sum- hazardous to life and/or health.
tries where jobs may be short-term ananarizes direct-reading spectrometric de- Field-portable Fourier transform in-
the workforce is transient. On-site techvices that are commonly used in therared (FTIR) instruments are now
niques can also be beneficial in instancesdustrial hygiene field for monitoring available(”-® and a national voluntary

where short-term monitoring is desiredgases and vapors. consensus standard has been published
TABLE |
Portable spectrometric techniques for monitoring gases and vapors
Instrumental technique Applicable analyte(s) Comments

Infrared photometers CO, GONOy, N2O, SQ, 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, Ch, H,S, SQ, NGO, etc. specific for certain target analytes

UV/visible photometers Hg vapor,£0S0O,, NOy, NHg, Sub-ppm to ppm detection limits; analyte-specific
organic vapors, etc.

Chemiluminescent detectors 3NO, Highly sensitive and selective; detection limits:

~10 ppb
Photometric analyzers (includes CO, $6ulfur 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.
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that describes a portable FTIR methodnents offer continuous monitoring ca-the analyte species, which give rise to
for determining gaseous compouridls. pability, with response times of approx-sufficient fluorescence intensity so that
IR and FTIR monitoring allow for real- imately one second for measurements idetection limits in the few ppb range
time or near real-time measurement ofthe ppm range. can be achieved) Photomultiplier tubes
numerous toxic gases and vapors, and Direct-reading chemiluminescent de-are used for detection. Like photomet-
have applications in many occupationatectors offer a means for measuringic analyzers, there is a need for high
settings. An advantage of IR or FTIRozone (Q)and oxides of nitrogen (N, power in order to facilitate source exci-
monitoring is that sample preparation iswith excellent specificity and high se-tation and operation of photomultiplier
minimal, and gases and vapors may bkectivity. The operation of chemilumi- detectors; therefore, an external power
monitored following sampling by using nescent detection involves excitation okource is required. The performance of
a suitable sampler; alternatively, no sam©3; molecules via chemical reaction, andhe portable fluorimetric SPanalyzer
ples may need to be obtained at all (dethe subsequent detection of photon emidias been shown to be equivalentto that of
pending on the application). Open-pattsion from the excited state species, whicla colorimetric reference method promul-
FTIR for real-time in situ monitoring of may be either an intermediate or a prodgated by the U.S. Environmental Protec-
airborne gaseous pollutants has becomeet of the reactiof:® Ozone may func- tion Agency (EPAY®)
popular for remote sensing, and also oftion as a reagent for NQanalysis or, Other types of photometric analyz-
fers promise for applications in occu-of course, as the analyte of inter€8t. ers are commercially available, whereby
pational setting§®'!) A new IR spec- Luminol has also been used for field-alternative chemical strategies may be
tral database standard, National Institutportable monitoring of nitrogen diox- used to produce a spectral signal or color
of Standards and Technology (NIST)ide (NG,),*®) and ethylene (gH,) has change? Spectral intensity analyzers,
SRD 79, has been made availaBfé. been employed as a reactant for fieldfor example, can be used for general,
This NIST IR database contains absorpportable monitoring of ozon¢”) Due to nonspecific monitoring of halogenated
tion coefficient data for 21 hazardous aihigh power needs, field chemilumineshydrocarbons. Other types of photome-
pollutants and provides for quality as-cence instruments generally require aters allow for automated sampling by use
surance for quantitative FTIR open-pattexternal power sourcé® of media that undergo a color change
in situ measurements of these species. Photometric analyzers are widelyupon reaction with target analytes (e.g.,
Colorimetric and ultraviolet (UV)/ used in the industrial hygiene field forsuch as that already mentioned for moni-
visible spectrophotometric monitors forthe on-site real-time monitoring of nu-toring SQ). Reflectance may be used for
gases and vapors are widely used imerous gas and vapor species. The déhe measurement of a variety of species
the industrial hygiene field. Most of tector is operated via measurement oduch as ammonia, phosgene, HCN, and
these monitoring devices (e.qg., forozondjght emission from a high-temperaturearsine, with detection limits in the ppm
mercury vapor, oxides of nitrogen, am-H, flame*® Flame photometric detec- range. Inafew cases, field portability and
monia, and sulfur dioxide) function by tors are useful for selective measuremertn-site monitoring applications are en-
means of UV absorptiof}:® Colori- of gaseous sulfur or phosphorus comhanced by the use of battery power rather
metric monitors ordinarily employ a re- pounds, with detection limits in the partsthan an external power source.
action between a selective reagent anger billion (ppb) range for these species. New developments in spectrometric
the analyte of interest in order to formThe high power required for operation ofgas and vapor monitors have provided
a colored complex that can be meathese devices necessitates the use of &r better detection limits and other at-
sured in the visible spectral range. Mosexternal power source. tributes. Fiber-optic chemical sensors
commercially available colorimetricand Portable photoionization detectorsfor continuous monitoring have recently
UV/visible photometers require an ex-(PIDs) for organic vapors are commerbeen a topic of wide intere&) and ap-
ternal power source for their opera<ially available® These require less plications in the measurement of gases
tion. However, there are portable depowerthandothe aforementioned photoand vapors are widespread. Fiber optics
vices that can be operated using battemnetric analyzers, and simple hand-heldhave proven to be useful for the design of
power (e.g., some mercury [Hg] and sulbattery-powered devices can be usefield-portable devices for optic&%2%)
fur dioxide [SQ] monitors). Portable, to monitor volatile organic compoundsfluorimetric®® and infrare&® monitor-
battery-powered devices are useful fofVOCSs) in real time. However, for en-ing of species such as VOCs, Hg, and
personal monitoring, while monitors re-hanced performance (e.g., minimizing oexplosive agents. The use of optical sen-
quiring an external power source arénterferences from more abundant hysor arrays for multi-species monitoring
limited to use as area (static) monitorsdrocarbons), PIDs can be used as dés also an area of significant promi&€®.
UV/visible and colorimetric instruments tectors for portable gas chromatographiiniaturization of time-of-flight mass
are able to detect most species of intere$GC) instrument$2%) spectrometric devices has allowed for
inthe ppm range, and many are equipped Fluorescence analyzers are availablthe on-site monitoring of gaseous an-
with alarms if readings are high. Manyfor monitoring CO and S@ A xenon alytes, with excellent prospects for
of the UV/visible direct-reading instru- (Xe) or Hg arc lamp is used to excitemulti-species monitoriné’” Hand-held
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ion-mobility spectrometric (IMS) instru- photodiodes are generally used for deever, some have been claimed to give
ments have found use in industrial hytection of the scattered light. Smalleraccurate aerosol concentration measure-
giene and military applicatiorf8®) In scattering angles are best for the deteenents over the range of 0.01 to 100 mg/
recent work, a hand-held IMS devicetion of large particles, while a scatteringm® for aerosols of 0.1 to 2Qum in
was used to monitor VOCs on-site inangle of 90 offers maximum sensitivity diametef?)
the workplacé?® The performance of for small particles®) Many factors con- For measurement of very small
IMS instruments is enhanced when usettibute to the light scattering profile, e.g.,aerosols, condensation nuclear coun-
as a detection scheme following GCwavelength of the incident light beam,ters (CNCs) are usually employed. The
separatior3®31) size and shape of the particles, refrac€NC functions by actually enlarging the
tive index of the particle, density andaerosol particles to a size that can be
concentration of the aerosol, and size disneasured photometrical§3? This is
Portable Aerosol Monitors tribution of the aerosdB® Thus, it can usually accomplished by subjecting the
Direct-reading portable aerosol monpe seen that these devices may suffertrafine aerosol to a vapor, and then
itors that are used for industrial hy-from numerous limitations that can re-cooling the mixture to cause super-
giene purposes are often based on lighstrict their applicability for quantitative saturation. In this manner, the aerosol
scattering or light-attenuation propertiesnonitoring; therefore, they are generparticles operate as condensation nuclei
(see Table IlI). The most widely usedally not used for compliance monitor-upon which the super-saturated vapor
are light-scattering devices known asng purposes. Nevertheless, they are vergan nucleate and cause the aerosol parti-
aerosol photometers or nephelometérs. useful as on-site screening instrumentssles to grow in diameter. The intensity of
Light-attenuating photometers are als@and for semiquantitative measurement aécattered light can then be used to mea-
available, as are other real-time aerosaerosol concentrations. sure the concentration of the enlarged
monitors that are not based on opti- Several popular instruments for esparticles. CNCs are widely used for test-
cal technique&®? Portable instruments timation of aerosol concentrations ining high-efficiency particulate air filters
have been developed that are applicaeal-time are based on light-scatteringn respirator fit-testing®®
ble over different aerosol size rangesmethods, and a variety of techniques With some exceptions, real-time
and each device has its own benefits angave been employed to improve theimerosol monitors are survey instruments
limitations. performancé®34 Techniques for sam- that can only be used to measure to-
Aerosol photometers operate by dipling and analysis have been develtal concentrations of airborne particu-
recting polychromatic light toward an oped for both “extracted” samples andates. Furthermore, the size ranges of
aerosol as it is passed through an optin situ analysi$®? Several devices uti- aerosols that real-time aerosol moni-
cal chamber, and by measuring the lighfize monochromatic IR or near-IR radia-tors can measure tend to be limit&8l.
that is scattered at a chosen scatteringon to illuminate the sample, and someDirect-reading, real-time aerosol moni-
angle with respect to the incident lightemploy size-selective devices to isolatéoring instruments generally cannot give
beam. Optical aerosol particle countershe aerosol range of interest. These deany information on the identities of air-
use a monochromatic light source such agices are generally applicable for monforne contaminants that may be present
a laser, photodiode, or tungsten filamenitoring aerosols that are about I in the test aerosol. However, in re-
lamp to illuminate the aerosol sampleaerodynamic-diameter or greater, andent instrument developments, efforts
For both photometers and optical parare, therefore, not useful for the detechave been made to obtain more species-
ticle counters, photomultiplier tubes ortion of small-diameter aerosols. How-specific information using real-time opti-
cal monitoring. For example, a real-time

TABLE Il monitor for respirable particles based on
Direct-reading optical aerosol monitors laser light scattering was said to be capa-
: : ble of detecting 0.1 fiber/ctrwith very
. Applicable aerosol size range short sampling time§”) The instrument
Type of monitor (aerodynamic diameter) Comments uses adiode array to sense scattered light,
Aerosol photometer 0.1to 1/0m Integral light scattering; zlr;(i;h:; ?asnsdl?nnsjnﬁ?srtézlzt:gr?npacrﬂglrjrixir-
or nephelometer aerosols with same size 255 9€P gon g !
distribution teristics. In mo;t direct-reading instru-
Optical particle ~0.1to>10um Monochromatic or tmhental ?f?plrfali'ons’ fk;lowle?ge I"’:Jb?gt
counter polychromatic source; € Specilic makeup ot In€ aerosol being
light scattering _monltored is necessary before a survey
Condensation nucleus <0.01t0 1.0um Particles enlarged for msgg:aebnlgs ﬁqﬁﬂgﬁid'for measurin
counter photometric measurement . o urng
chemical species in captured aerosols
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ordinarily require that an aerosol samfrom construction sites where lead painsolubilize Cr(VI) in test samples. Sub-
ple be prepared and analyzed on-site iremoval activities were undertaké®). sequently, solid-phase extraction using
the field. In some cases, sample prepaFhe lead loading range of the data sestrong anion exchange was used to
ration may be minimal, while in other was 0.1 to 1500ug of lead per sam- separate Cr(VI), which is anionic un-
instances, considerable sample treatmepte. Portable XRF measurements werder basic conditions, from Cr(lll) and
may be needed prior to on-site analysisconducted on the filter samples usingther metal cations. Following elution
The option to use a field-portable anaa protocol that accounted for the vari-of the isolated Cr(VI), trace concentra-
lytical method depends on the needs adbility in the density of the aerosoltions of this species were measured us-
the user. If it is desired to have an anthat was deposited on the filters. A Naing the diphenylcarbazide methH&tP?)
alytical result quickly, then it may be tional Institute for Occupational Safetyby means of a field-portable, battery-
necessary to perform on-site analysisand Health (NIOSH) reference techspowered spectrophotometer. The field-
Another possible reason for conductingrique, graphite furnace atomic absorpportable method performed equivalently
analysis on-site has to do with the reaction spectrometry (GFAAS), was usedto fixed-site reference laboratory meth-
tivity of target analytes that can exist infor confirmatory analysis and methodods used to determine Cr(VB It is
the sampled aeros6f) Reactive com- evaluation purpose€é? For the portable expected that additional field-portable
pounds may need to be analyzed quickl)XRF method, a lower detection limit spectrometric measurement methods for
in the field using field-portable instru- of ~6 ug Pb/filter was determined, andmore analytes will become more widely

mentation, since the chemical form(s) othe portable XRF method accuracy wasised in the future for industrial hygiene
the analyte(s) of interest may change if£16.4 percent. The performance of thanonitoring.

samples are stored for too long atime peportable XRF instrument indicated that
riod (e.g., for subsequent fixed-site labthe device can be used for the quanti-
oratory analysis).

Various field-portable spectrometricover a wide concentration range. The 1.
techniques for on-site determination ofpracticing industrial hygienist can use
heavy metals in collected aerosol samportable XRF to produce a rapid, on-site
ples have been evaluated recently. Fatetermination of lead exposure that can
instance, portable X-ray fluorescencémmediately be communicated to work- =
(XRF) has been used to measure metalrs and help identify appropriate levels
species in air filter samplé®4% In one of personal protection.
study, portable XRF was used to deter- Some other techniques that offer
mine metals in filters that were preparegromise for on-site multi-metals spectro-
from aerosolized metal oxidé¥) Excel- chemical analysis include laser-induced
lent quantitative results for up to 18 met-breakdown spectroscopy (LIB&Y and
als were obtained, although detectiorspark-induced breakdown spectroscopy3-
limits for lead (Pb) and cadmium (Cd) (SIBS)“* While the LIBS instrument
were somewhat high compared to thénas recently been commercialized, its
action levels of interest. Very good corre-cost remains prohibitive. Prototypes of
lations were achieved between portablboth LIBS and SIBS have been eval-
XRF data and results obtained usingiated for their ability to determine a
a laboratory XRF instrument. Thus,number of heavy metals in air sam- 4
portable XRF offers the potential for on-ples. For metals such as lead, LIBS may
site multi-element monitoring of aerosoloffer lower detection limits than portable
filter samples collected in the field. Be-XRF devices* Efforts to make LIBS
cause the method is non-destructive, thdevices more easily field-portable have
samples can be analyzed subsequentigcused on the use of fiber opti¢8-4"
for metals content using a confirmatory ~Spectrometric methods for the on-site °-
technique such as inductively coupledanalysis of species present in aerosols
plasma (ICP) spectrometry. following a sample dissolution step

In related studies, modern portablehave been published. For example, a
XRF devices have been used to defield-portable method for the determi- ¢
termine lead in filter samples, with anation of airborne hexavalent chromium
view toward obtaining lower detection[Cr(VI)] was recently developed and
limits for this metal. In one investiga- evaluated?® The procedure employed 7.
tion, air filter samples were collectedultrasonic extractidf®>® in order to
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