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This is the twenty-forth annual review published in JAAS of the application of atomic
spectrometry to the chemical analysis of environmental samples. This Update refers to papers
published approximately between September 2007 and August 2008. In the analysis of air, work
is focused on the need to collect and characterise ultrafines, i.e. particles below 100 nm in size,
and such research is being facilitated through the development of air sampler technologies for
subsequent off-line analysis of particles and aerosol mass spectrometric techniques for real-time
measurements. In the analysis of water elemental speciation and development of vapour
generation techniques for metalloid species continue to attach attention. Data quality and
metrological issues are receiving renewed interest in part due to an increase in water quality
regulations. In the field of soil and plant analysis, elemental fraction and speciation protocols
based upon sequential extraction procedures, chromatographic separation procedures and
synchrotron radiation x-ray techniques continue to be utilized and developed. As noted in
previous Updates, laser ablation continues to go from strength to strength in being adopted as a
solid sampling tool in geochemical analysis. Work continues to be focused on the production,
characterization and certification of new geological reference materials. Feedback on this review
is most welcome and the lead author can be contacted using the email address provided.
Alternatively, readers are welcome to complete the on-line questionnaire at

http://www.asureviews.org.
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1 Air analysis

This section highlights noteworthy areas of research and development in the analysis of aerosols,
particulates and gases by atomic spectrometric techniques that have been published since the last
Update'. It has been reorganized this year with measurement techniques being amalgamated into
two sections: laboratory measurements where field samples are collected and returned to the
laboratory for analysis and field and on-line measurements where both sampling and
measurement are carried out in the field. Sample preparation and workup procedures associated
with laboratory measurements are included in the relevant subsection. Preceding this laboratory
measurement section is a section on sampling techniques describing advances and innovations in

sampler design, performance testing and intercomparison of sampler designs.

1.1 Review papers
Chow and co-workers” at the Desert Research Institute in the US provided an excellent

and comprehensive review (323 references) on advances in integrated and continuous
measurement of particle chemical composition, which is strongly recommended for those new to
this field. They suggest that a key future topic will be the speciation of organic polar and non-
polar components in aerosol samples. Maenhaut® from Ghent University in Belgium in an article
(4 references) which considers future needs for global monitoring and research of aerosol
chemical composition confirmed that measurements should focus on the organic component in
aerosols. He advocates that air monitoring networks should be expanded to cover land masses in
Africa, South America and Asia and that measurements above oceans are required. In addition,
further tropospheric measurements are needed to understand the formation, sources and fate of
aerosol components and their distribution in time and space over land masses and the oceans.
Turning to the metallic components of airborne particles, Wen and Carignan® have
reviewed (85 references) the emissions, the speciation and the fate of atmospheric Se.
Smichowski’ summarizes (92 references) analytical methodologies for the determination of Sb
in atmospheric aerosols and Shotyk and Le Roux® provide an insight into biogeochemistry and
cycling of Pb (209 references). European researchers present a review (13 references) on the

current and future emissions of selected heavy metals to the atmosphere from anthropogenic



sources in Europe showing the continuous reduction in heavy metals due to progress in
developing efficient emission control equipment coupled with a more focused regulatory effort’.
Several papers have been published on monitoring of emissions from engines including a
comprehensive article (259 references) by Maricq® on the chemical characterisation of particle
emissions from diesel engines. Complementary reading to this review is a paper by Brazilian
researchers on atomic spectrometric methods for the determination of metals and metalloids in
automotive fuels’. Determination of PGEs in airborne particulates can be analytically
challenging and two reviews'® '' provide up to date summaries of the performance and
applicability of methods and instrumental techniques (101 and 91 references). In a review (182
references) of the determination of Pu and other transuranic elements by ICP-MS, Ketterer and
Szechenyi'? extol the advantages of SF-ICP-MS for the rapid and highly sensitive determination
of these elements in environmental matrices. They reviewed work, which examined global
fallout versus localised sources, e.g. Chernobyl and accidental nuclear weapon releases such as
those that occurred in Palomares in Spain and Thule in Greenland, through measurement, in
particular, of **°Pu/**’Pu ratios in deposited/suspended particles.

Ortner"”, a leading exponent in his field, presents a comprehensive overview (54
references) of instrumental techniques for the speciation of elements in particulate samples. The
relative merits of operationally defined sequential extractions, i.e. metal fractionation studies as
applied to environmental matrices, including atmospheric-derived particles, are discussed by two

research groups active in this arena'* ' (547 and 303 references).

1.2 Sampling techniques

The need to collect sufficient sample for analysis has led to developments in high volume
air sampling techniques, as noted previously'. Returning to this theme, researchers in California
have developed an in vitro electrostatic collector to collect ambient particles for toxicological
studies'®. This design is a tandem of two technologies: a patented versatile acrosol concentration
enrichment system (VACES) and a newly developed electrostatic precipitator (ESP). Sample air
is drawn over a pool of warm distilled water, to achieve saturation of the particles, and then
subsequently passed through a condenser that allows the fine/ultrafine particles to grow to about
~ 3 um. The particles are then passed through two virtual impactors to increase particle
concentration, i.e. particles are concentrated from a 200 | min™ air stream into a 1.8 1 min™ air

stream. Particles are then drawn through a diffusion drier that removes the excess water and



returns the particles to their original sizes. The concentrated particles are passed through an
electrostatic precipitator at this nominal 1.8 1 min™'. For sampling particles, in excess of 1.5 pum,
only the virtual impactor segment of this system is used in conjunction with the ESP. Samples
are collected onto petri dishes containing cell cultures. The optimised system was shown to
collect particles with efficiency in excess of 95% across the range 18 nm to 3.0 um and particle
losses within the ESP were found to be negligible (<1%). The design of the ESP using twin
metal needles to facilitate a corona discharge resulted in a high particle charging efficiency with
little ozone production. The advantages of the preconcentration unit are that sampling durations
can be reduced, not only to examine short-term exposure incidences but also to assist in
maintaining the viability of the cell culture substrate during the sampling period.
Electric-mobility particle analyzers are commonly used to meet a growing need to study
spatial and temporal variation of particles, especially sub-micron ones, not only in the ambient
environment but in the workplace, where there is growing potential for exposure to engineered
nanoparticles. Such systems consist of three sections: a particle charger, an electrical mobility
separator to size particles and a detection system to measure the concentration of the sized
particles. Commercially available systems tend to be large, complex and relatively expensive
and are often most suited for research projects operating under laboratory conditions. Hence
research into compact, robust and more portable particle-sizing equipment is being undertaken.
American researchers describe the development of their prototype miniature electrical mobility
aerosol spectrometer so-called MEAS'”. With this system, electrostatic precipitation is used for
both generation of sheath flow and subsequent classification of particles based upon their
electrical mobility. Initial laboratory work focused on testing the ESP and classifier sections; the
measurements were seen to closely match theoretical models. Size distribution measurements of
laboratory generated aerosols and field sampling conducted at an engine emissions test bed
compared favourably with results from larger, commercial sizing instruments such as a scanning
mobility particle sizer (SMPS). Although further work is required, e.g. the current system does
not possess an upstream impactor to remove larger particles, nevertheless the authors see
potential for a compact device that could be used for personal and large scale monitoring
campaigns. Another American research group have developed their own version of a low cost
miniature disk-type electrostatic precipitator for a personal nanoparticle sizer'®. They focused on

the laboratory evaluation of the precipitator’s performance as an electrostatic aerosol classifier; a



commercially available ultrafine condensation particle counter was used to count particle
numbers.

American researchers coupled a VACES system, described above, to a nanoMOUDI
(Nano-Micro Orifice Uniform Deposit Impactor) fo collect and enrich size-segregated ambient
aerosol samples at a roadside location for subsequent elemental analysis by ICP-MS'® The
VACES system concentrated particles from an inlet flow of 200 1 min™" into a flow stream of
11.5 1 min". Ten litres per minute was passed through the nanoMOUDI which classified
particles, via impaction, into the following size ranges: 2.5 — 0.18 pm; 0.18 — 0.10 pm; 0.10 —
0.056 pum; 0.056 — 0.032 pm and 0.032 — 0.018 pum. The remaining 1.5 | min" airflow was
passed through a SMPS to obtain real-time particle sizing information. Data obtained from this
tandem system compared well with data from individually collocated SMPS and MOUDI
samplers. As the concentration of metals in air is often in the low ng m> range or below, it can be
assumed that concentrator systems will be used increasingly to provide sufficient particle mass
for analysis for short duration sampling campaigns where highly time-resolved data are required.

Personal samplers for micron-sized particles are being developed, based upon impaction
theory. An international consortium has described the laboratory and field testing of a novel
three-stage personal dust sampler for sampling three dust fractions simultaneously™. These dust
fractions, familiar to occupational hygienists, are those proposed jointly by ISO/CEN/ACGIH,
namely: the inhalable fraction (IF: 0 — 100 um); the thoracic fraction (TF: 0 — 30 um) and the
respirable fraction (RF: 0 — 10 um). In layman’s terms IF equates to the fraction of dust that
enters the nose and mouth, TF equates to the fraction that reaches the thorax or chest and RF
equates to the fraction that reaches the lungs and the gaseous exchange regions. This sampler
design showed that, at a nominal 3.2 | min™”, the sampling efficiency curves matched the
ISO/CEN/ACGIH thoracic and respirable sampling criteria. Three polyurethane foam (PUF)
impaction stages and an after-filter were used for size selection. For the IF, the sampler showed a
reasonable agreement with the inhalable convention but it was noted that the sampler
increasingly under sampled for particles greater than 15 um. Improvements to design a better
inlet to reduce this discrepancy are in progress. As PUF materials can readily absorb water,
gravimetric analysis must be conducted under controlled conditions with closely defined
temperature and humidity. Precision of weighing was estimated to be 5 pg. Future initiatives

using PUF substrates will require the development of robust sample preparation procedures for



subsequent chemical analysis as there is a growing need to measure chemical constituents in
particles rather than just relying on measurements of mass.

In a similar vein, American researchers have developed a personal sampler to evaluate an
individual’s exposure to ambient coarse particle matter, the so-called PMjo,s fraction®'.
Historically such material has been defined as particles smaller than 10 um but greater than 2.5
um. Little is known about personal exposure to this range of particle sizes, in part due to the lack
of commercially available portable samplers with the ability to sample concurrently both this
particle size range and the < PM, s fraction. This new sampler operates at a nominal 5 1 min™', a
flow rate that is compatible with available portable pump and battery technologies. Polyurethane
foam, with defined pore sizes, is used in the impactions stages to sample the PM: and PM;¢. s
particle fractions, whilst a 0.2 um filter is used to collect the PM; s fraction. The weighing
precisions, under controlled conditions, were similar to those mentioned in the previous study™.
The performance of this sampler was evaluated by co-location studies in the field involving an
US EPA approved reference sampler; the mass agreement between the two samplers was found
to be better than 20%.

The Interagency Monitoring of Protected Visual Environments (IMPROVE) is a
cooperative measurement study in the US designed to characterise current visibility and aerosol
conditions in National Parks and Forests and to identify chemical species and emissions that
impair visibility. In 2003, this network began operating co-located samplers at several sites to
assess the precision of aerosol measurements. Hyslop and White? present precision data
calculated using US EPA guidelines. They found that only 6 of the 41 measurands on the co-
located filter samples had precisions < 10%. These were PM;y and PM, s content (by gravimetric
analysis), hydrogen content (by PESA analysis), S and Br content (by XRF analysis) and
sulphate content (by IC). Co-located precision, not surprisingly, tended to improve with
increasing frequency of analyte concentration determined above analytical detection limits and
where the analyte species was predominately in smaller particle size fractions. Precision tended
to improve where the analysis was performed on the whole filter rather than on a fraction of the
filter, suggesting that the spatial distribution of analytes on the filter may be an issue.
Interestingly, for most of the analytes studied, the precisions measured were inferior to the
precisions calculated using a ‘bottom up’ measurement uncertainty budget. This suggests that

some sources of uncertainty were not being accounted for or that they have been underestimated.



A US research consortium has investigated variability in results obtained between
different measurement systems where different sampler designs were used®® They compared the
performance of three widely used samplers: the MetOne Speciation Air Sampler; the Thermo
Reference Ambient Air Sampler and the Desert Research Institute (DRI) Sequential Air
Sampling System. All three systems allow multiple samples to be collected in parallel, thus
facilitating the measurement of a wide range of inorganic and organic components in ambient
air. As in the paper by Hyslop and White?, there was good correlation between the results
obtained for PM, s mass, ammonium ion, sulphate ion, organic carbon and total carbon submitted
from the two test houses that analysed the resultant filters. Both laboratories are accredited for
such analysis and possess considerable experience in the analysis of air samples. The results for
elemental carbon however did not compare well, but this was attributed to the different
operationally defined analytical protocols used in the two laboratories to measure this species.
Despite being highly correlated, it was found that the DRI sampler reported PM; s masses that
were lower by 13 — 18% compared to masses sampled using the other two samplers. It was
suggested that this bias may be due to loss of volatile species from filter samples arising from
differences in sampler air flow velocities across filters and differences in duration that filters
remained in the samplers in the field after sampling and before collection.

Researchers at the University of Iowa have revisited a method of passive sampling to
collect ambient PM10_2.524. It involves the deposition of particles onto precleaned glass cover
slips mounted on an SEM stub assembly. Light microscopy combined with digital imagery is
then used to determine particle surface loadings by size and, through a number of computations,
back to the original airborne concentrations. Laboratory tests, within a wind tunnel, and field
tests were carried out to validate the computational model. Sampling was conducted using a co-
located pumped reference PM;(, s air sampler. Coarse (PMo.25) particles measured with the
passive sampler were biased positive to the results from the reference air sampler by some 28%
although regression analysis showed that the two data sets were highly correlated, suggesting
that this bias is systematic. The authors suggest that this bias may be attributable to assumptions
made in calculating mass concentrations from the passive sampler, such as those arising from
estimations of particle size densities or dynamic shape factors. Improved estimates for particle
densities could be derived from chemical speciation information or the use of site-specific
correction factors obtained using co-location studies, to adjust the results from passive samplers.

The limit of detection was calculated to be 2.3 pg m™ for a 5-day sample. A bootstrap statistical



analysis suggests that at least 300 particles need to be imaged by the microscopic technique to
stabilise the analytical variability of the method.

British workers employed filter pack samplers, using alkali-impregnated filters, to
investigate the S and O isotope systematics of SO, and sulphate particles emitted from volcanic
vents for the first time®. Field data suggest that fractionation of S isotopes occurs during the
collection of SO, from concentrated volcanic gas plumes. The co-collection of hydrochloric acid
vapour on the same filters may play a role in this fractionation through the revolatilisation of the
weaker acid by the absorption of the stronger acid on the filter. This fractionation only became
significant when elevated filter loadings occurred. Minimising the filter loading, i.e. shortening
the sampling duration, reduced this effect but there is a requirement to collect sufficient sample
mass for the highly precise isotopic analysis. Despite the ease of use of such filter packs in such
remote and harsh environments, this fractionation effect limits their use for the determination of
5°*S for SO, in volcanic gases. It was possible to obtain some meaningful data by determining
5°*S values via extrapolation back to zero loading on a filter through the analysis of filter
samples with different mass loadings. A companion paper describes in detail the work carried
out on sulphate particle species where it was found that the O isotopic composition varied but
that the isotopic composition of S did not*®. Artefact sulphate formation from oxidation of SO, is
suggested as a plausible explanation for this. The authors suggest that studies under laboratory
conditions will be needed to elucidate possible mechanisms for such fractionation processes.

Korean researchers determined mercury emissions from automobiles using gasoline,
diesel and LPG fuel.?’. An in-situ sampling system was constructed based upon the Ontario
Hydro impinger sampler originally developed for Hg emissions from coal-fired power stations.
A vehicle battery provided power to the system using an invertor to convert direct current to
alternating current. Emissions from the tailpipe were fed via a heated probe through a heated
filter, to collect particulate Hg (Hg"), then through a series of eight chilled impingers. Divalent
Hg (Hg") is collected in the first three impingers which contain an aqueous KCI solution.
Elemental Hg (Hg’) is then collected in the next four impingers which contain  H,O»/HNO; or
KMnO4/H,SO4 trapping solutions. Samples were subsequently analysed in the laboratory using
CVAAS. The mercury detected in exhaust gases was found to be essentially Hg". At idling
modes, Hg concentrations in the exhaust gases of petrol, diesel and LPG vehicles were 1.5 - 9.1,
1.6 - 3.5 and 10.2 - 18.6 ng m™ respectively. At driving modes, these concentrations rose to 3.8 —

16.8, 2.8 — 8.5 and 20.0 — 26.9 ng m” respectively. Corresponding emissions rates calculated for
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idling conditions were 0.07 — 0.4 pg hr'', 0.1 — 0.2 ug hr' and 0.7 - 1.3 pg hr™' for petrol, diesel
and LPG respectively. At driving modes the values were calculated to be 0.6 — 2.5 pg hr'', 0.7 —
1.9 pghr' and 4.5 - 6.1 pg hr'".

Sampling harsh environments can be difficult. Agrawal et al.”® present the first on-wing
investigation of the chemical characterisation of commercial aircraft jet engine emissions. Their
sampling system allows air samples to be collected from the plume of a turbofan engine exhaust
through a probe and directed to the sampling system. The heated transfer lines used were
constructed from stainless steel and a PM, s impactor was used to remove potential large
particles. The sampling system consisted of a manifold, operating with solenoid valves under
computer control, which directed sample flow, in sequence, to an appropriate sampling medium,
be it a filter, sorbent tube, PUF cartridge or a SUMMA™ canister. In conjunction with a high-
volume flow rate, this fast switching system allowed a wide range of both inorganic and organic
analytes to be sampled in the limited period of time allocated for each engine test run. Analysis
showed that emission rates are highly dependant on power output. Hydrocarbon emissions are
most significant at idling conditions whereas particulate matter emissions are found to be most
significant at higher power outputs associated with take-off and landing. Sheya ez al.”’
investigated the performance of two stack sampling methodologies for fine metal particle
characterisation from hot ferrous metal casting processes. The widely used hot filter/cold
impinger train, based upon US EPA methods 201A and 202, was compared with results obtained
using a dilution sampling similar to that described in US EPA conditional method 039. The
filter/impinger sampling system uses cyclonic samplers to sample PM;o and PM; s particles and
the filter assembly is heated to prevent sample condensation. Gaseous species that pass through
the filter are subsequently collected in a series of four impingers that contain chilled water. The
dilution sampler system, on the other hand, draws 20-25 1 min™' of sample from the stack effluent
through a venturi flow meter and mixes this sample stream with a stream of ambient air
previously scrubbed by passing through a HEPA filter and an activated carbon bed trap. This
diluted and mixed gas stream is subsequently drawn into an ‘aging’ chamber from whence
samples are collected using cyclonic samplers/filter packs for off-line chemical characterisation.
It was found that PM, 5 emissions for the entire casting process examined ranged from 3.4 — 4.7
Ib/t of metal processed when using the filter/impinger sampling system but 0.8 — 1.8 1b/t when

using the dilution chamber sampling approach. As the filter/impinger sampling approach is used
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worldwide for regulatory compliance monitoring, further work is clearly required to reconcile

such differences.

1.3  Laboratory based measurements
1.3.1 Sample preparation

Closed vessel microwave-assisted digestion procedures have become widely accepted for
the dissolution of air particulates due to their efficiency of attack and the ability to prepare
samples under clean conditions. American researchers have developed a procedure for the
determination of trace elements, including REEs, in atmospheric fine particulate matter’. A
HNOs/HF acid mixture was employed, and H;BO; was subsequently added to complex excess
fluoride and to redissolve fluoride-containing precipitates. Recoveries were adjudged to be
quantitative for some 30 elements based on the analysis of NIST SRMs 1648 and 2783. Italian
researchers developed a high throughput microwave-assisted digestion protocol for a range of
environmental matrices’'. Screw cap disposable polystyrene test tubes were used as digestion
vessels. This paper will be of interest to researchers using biomonitoring samples such as leaves
and lichens to assess levels of particulate fallout from the atmosphere, as they included CRMs
such as BCR 62 (olive leaves), BCR 100 (beech leaves) and BCR 482 (lichen) in their study.
Good agreement was noted against certified values for many elements but significant deviations
were noted for Ca, Cr, Fe and Hg. The authors suggest that this procedure offers a low
contamination, low cost and high throughput approach to preparing large quantities of samples
often associated with typical biomonitoring surveys.

Risk of contamination during air sampling, handling of filters and their subsequent
analysis is a theme addressed by Rasmussen ef al.”>. They concluded that, depending upon the
element, the contribution from contamination commonly exceeds the content of airborne
particles being sampled. This is exacerbated when a low volume of air has been sampled, e.g. by
personal air monitors, or when the airborne concentrations of metals are generally low. They
suggest that personal air samplers should be assembled within the confines of a clean air bench
to reduce field blank values. It was suggested that at least 10% of the total number of filter
analysed should be field blank filters so that a robust estimation of blank levels can be made.
Alternatively, if possible, the sample volume should be increased to minimise the effect of any

blanks.
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New certified reference materials prepared by NMI over the last couple of years have
now been released. NIST have blended, bottled and certified a new batch of SRM 1648 Urban
particulate matter and it is currently available as SRM 1648a (see www.nist.gov). It is certified
for 24 elements, provides reference values for a further 8 elements and includes indicative values
for 6 more elements. SRM 1648a has been prepared from the same dust material used to prepare
SRM 1648 so most of the values are statistically similar to those supplied with the original
certification. Homogeneity testing shows that this material can now be used at a nominal 5 mg
aliquot reflecting more closely typical masses collected on air filter samples. The original NIST
SRM 1648 material was certified at a nominal 100 mg. A disadvantage is that, as a result of
using feedstock material dating from the seventies, the concentrations of certain elements such as
Pb are atypical of those found today. Nevertheless this new material is most welcome in a
measurement field where few reference materials exist. In a similar vein, researchers at NIES in
Japan, alongside Chinese co-workers, have produced CRM 28 Urban aerosols, a particulate
material collected between 1995 and 2005 from the ventilation system in a building in Beijing®”.
The recommended minimum sample aliquot for analysis is 20 mg. This material is certified for
18 elements and reference values are supplied for a further 14 elements. For those interested in
monitoring Be exposure in workplaces, NIST 1877, a BeO material, has been released (see
ww.nist.gov). At IRMM, researchers are developing procedures for the preparation of U-
containing reference material particles using certified UF4 precursors™*. Their aim is to prepare U
particles with certified isotopic abundances that are representative of those found in U
enrichment facilities and thus assist in the quality assurance of environmental measurements
carried out as part of future international nuclear inspection programmes.

Fraction studies involving sequential extraction procedures continue to attract interest.
Canadian researchers have suggested improvements to the well-known Zatka sequential leaching
procedure for the fractionation of nickel-containing particles found in the workplace air within
nickel refining plants®®. Noel et al.’® evaluated a six-stage leach procedure for determining Hg
binding mechanisms to coal combustion byproducts. Czech researchers applied a modified BCR
three-step sequential extraction procedure to urban dust samples to determine fractionation
profiles for As, Cd, Cr, Mn, Ni and Pb>’. A similar procedure was used by researchers from
Argentina 38 to determine fractionation profiles in ambient PM;, particles collected on filter

samples. Extraction procedures on airborne particulate matter involving organic solvents within a
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pressurised solvent extraction system™ and bioavailability testing involving synthetic gastric
juices™ have also been reported.

Researchers at the University of Wisconsin have developed a Mn speciation method for
atmospheric aerosols’'. A PM, s sampler that could collect 8 filters simultaneously was used to
collect the test samples. Some of these filter samples were analysed for total Mn by SF-ICP-MS
following closed vessel microwave-assisted digestion. Two spectrophotometric methods were
optimised and used to determine total soluble Mn and soluble oxidised Mn, i.e. Mn'"" and Mn""
species leached from other selected filter samples. Four biologically and environmentally
relevant fluids were examined as potential leach solutions and it was found that an acetate-
buffered solution, mimicking rain water, gave the highest extraction values for soluble Mn.
Soluble Mn accounted for some 6 — 20 % of the total Mn determined in filter samples collected
in East St. Louis, Illinois, but oxidised Mn species were not detected. In contrast, some 40% of
total Mn in air particulate samples collected in Toronto was determined as soluble Mn of which
roughly a third was determined to be an oxidised Mn species. Total soluble Mn levels
nevertheless were similar in both cities. As oxidised Mn species were not found in the
corresponding PMy fraction in air samples collected in Toronto, it was felt that this ruled out
soil particles as a possible source of oxidised Mn species. The conclusion was that soluble Mn
found in PM; s fraction in air samples from Toronto was therefore combustion related. As no
significant Mn emission point source was identified in the greater Toronto region, it was
suggested that the source may be the combustion of the manganese-based fuel additive,

methylcyclopentadienyl manganese tricarbonyl.

1.3.2 AAS, AFS and ICP based measurement techniques
1.3.2.1 Elemental analysis

Atomic spectrometric methods such as AAS and ICP are now well established for the
measurement of elemental species in aerosols collected through filtration sampling. Whilst AAS
and ICP-AES continue to be used for the analysis of samples derived from the atmosphere, /CP-
MS is now starting to dominate this measurement arena and it is interesting to note the use of
DRC* and collision cell* instruments to remove polyatomic species that can cause isobaric
overlaps on key elements such as As, Cr and V.

As suggested by Rasmussen et al.*?, analysis by ICP-MS may become blank-limited in

the future. For this reason, direct filter analysis by XRF techniques and/or procedures involving
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little or no sample dissolution step are becoming increasingly attractive. Chinese researchers
have continued to develop their slurry sampling ETV-ICP-MS approach, described in detail in
last year’s Update', for the determination of REEs in coal fly ash and atmospheric particulates™.
Japanese researchers are developing a simple and rapid analytical method for monitoring the
enrichment of sub-micron particles in heavy metals emissions in flue gases from incinerators®.
An Electrical Low Pressure Impactor (ELPI) was used which, in addition to providing real-time
information on the size distribution of aerosol particles in the range 0.03 to 10 um, allows
sampled particles to be collected on impaction plates for subsequent off-line analysis. These
researchers are proposing to use LIBS as a direct analysis technique. Simulated calibration
standards were prepared by evaporating elemental solutions onto ELPI impaction plates similar
to those proposed for sampling flue gases. A similar system is in use in this author’s laboratory
to assist in the characterisation of workplace dusts. Here, in contrast, we employ off-line
microwave digestion and ICP-MS with a high efficiency nebuliser. Further developments are
awaited with interest and it would be useful to see research into other direct on filter
measurement techniques such as LA-ICP-MS or TXRF. Fundamental studies and applications
into the potential use of LIBS as an on-line technique are described below.

Whilst new developments have been scare, elemental analysis of airborne particles by
atomic spectrometric techniques remains popular. Deposition analysis has included the analysis

50, 51 tree bark48, 52-54

of ice/snow cores*® 47, 1ichens48, mosses49, rainwater and leaves™ as a means
of assessing current and historical metallic particulate loading in the atmosphere. Comparative or
complementary analysis using x-ray’® or nuclear techniques ***>*** have also been performed.
Klos et al.”’ issue a note of caution about the use of such media for monitoring deposition and
the potential for unidentified pollution sources nearby to confound deposition data.