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This is the twenty-sixth 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 2009 and August 2010 and
continues the series of Atomic Spectrometry Updates in Environmental Analysis' that
should be read in conjunction with other related reviews in the series . In the
analysis of air, work is ongoing in developing new and existing air sampler devices
with an increasing focus on sampling nanoparticles. Determination of mercury in the
atmosphere remains a focus for many research groups and this year has seen a
renewed interest in sampling and analysis of respirable silica. There is a growing
interest in measuring emissions from transport sources such as aviation and shipping.
In the field of water analysis, as in previous years, the main areas of activity are the
development of preconcentration and extraction procedures and elemental speciation
protocols. In the field of soil, plant and related material analysis, the past year has
seen a marked increase in publications featuring LIBS. The technique now appears
well established for screening purposes but has not yet convinced detractors of its
suitability for use in quantitative multi-element analysis. There is a growing body of
literature examining species stability during sample pre-treatment and extraction.
Slurry sampling has experienced renewed interest this year. In the field of geological
analysis, as in previous years, considerable effort is being spent not only on the
production, characterization and certification of new geological reference materials,
but also on enhancing the certification of existing reference materials and the
development of reference materials with assigned elemental isotopic ratios. Laser

ablation continues to go from strength to strength in being adopted as a solid sampling



tool within the geochemical community with a growing interest in coupling laser

ablation systems to multicollector ICP-MS systems for in-situ isotopic analysis.

Feedback on this review is most welcome and the lead author can be contacted using

the email address provided.
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1 Air analysis

This section highlights noteworthy areas of research and development in the analysis
of aerosols, particulates and inorganic gases by atomic spectrometric and
complementary analytical techniques of interest to JAAS readership published since
the last Update'. Initially, developments in air sampling and sample preparation are
discussed. Advances in analytical instrumentation and methodologies are then
reviewed. The Update then looks at specific applications that have caught the eye of
this reviewer with respect to particular elemental species and to measurement

activities in certain sectors.

1.1  Sampling techniques

Monitoring workers’ exposure to airborne particles in the workplace through
the use of personal air samplers is an ongoing activity in many countries as is the
development and evaluation of sampler designs. French researchers have re-evaluated
five, widely used sampler designs that conform to the ACGIH-EN-ISO inhalable
sampling convention’: the IOM sampler, widely used in the UK; two versions of the
CIP 10 sampler, widely used in France; the 37-mm closed face cassette sampler
(CFC), widely used in the USA; a modified version of the 37-mm sampler employing
an ACCU-CAP insert; and the Button sampler. The performance of such samplers is
strongly dependent on particle size and ambient air velocity. The current focus is on
evaluating their performance in near calm air conditions, i.e. low wind speeds of less
than 1 ms™” that predominate in many workplaces. The IOM sampler and CIP 10
(version 2) sampler faired best when benchmarked against the inhalable sampling
criterion. The Button sampler and the CIP 10 (version 1) showed lower sampling
efficiencies. The 37-mm closed faced cassette sampler produced the poorest
performance but this could be improved by using the modified version employing the
ACCU-CAP, an insert that prevents particles losses to the internal walls of the
sampler. Particles that enter samplers but fail to deposit on the filter can be considered
to be transport loss according to Harper and co-workers®. Many measurement

procedures only analyse the filter sample. These workers investigated the size



distribution of 0.5 — 20 um Pb-containing particles collected from the walls and filters
mounted in the CFC and IOM samplers, as part of ongoing work into investigating the
extent of such transport losses. Problems can also arise in the analysis of filter
samples by direct-on-filter methods such as X-ray techniques. As mentioned in
previous Updates, X-ray techniques, because of their small beam size, generally do
not interrogate the whole filter and hence the uniformity of particles on a filter
becomes somewhat critical for unbiased results. Taiwanese researchers’, in a very
useful publication, studied the effects of uniformity of deposition on filters of
respirable particles on the determination of their quartz content using XRD. In a
foundry plant, they evaluated the performance of three respirable aerosol samplers: a
25-mm aluminium cyclone, a nylon cyclone and a cyclone developed by the Institute
of Occupational Safety and Health in Taiwan. Filter samples were analysed for their
crystalline silica content by the direct on-filter XRD approach and subsequently by
the NIOSH 7500 method that involves an ashing or dissolution step in which
recovered silica is re-filtered onto a silver filter for analysis. The three sampler
designs gave fairly equivalent results when measured using the direct-on-filter
approach. However, somewhat disconcertingly, this approach gave results that were
1.15 — 2.89 times higher than the refiltering procedure. Factors at play here can
include variable particle deposition uniformity between air sampler designs, particle
deposition uniformity effects arising from laboratory filtration procedures and actual
sample loss during ashing or dissolution steps. This work compliments ongoing work
in this reviewer’s laboratory in evaluating sampling and analytical procedures for the
determination of crystalline silica in air.

Increasing challenges in developing procedures to measure smaller
concentrations of species in workplace air have led researchers to evaluate sampler
designs operating at higher flow rates than those currently used. Anthony and co-
workers' have developed a new inlet design for the above mentioned CFC sampler to
meet the inhalable sample criterion at a revised flow rate of 10 L min™ compared to
the nominal 2 L min™ currently used. Zhou and Cheng'', on the other hand, simply
investigated the performance of the IOM sampler running at an enhanced flow rate of
10.6 L min" and found that it performed fairly comparably when operated at its
nominal 2 L min”', suggesting that with the advent of lighter more powerful sampling
pumps, this widely used sampler could be operated at higher flow rates than

previously thought. Lee and co-workers'? have evaluated the performance of three



high flow rate samplers for respirable particle collection — the CIP 10R sampler, the
GK.2.69 cyclone sampler and the FSP10 sampler — against the ACGIH-EN-ISO
respirable sampling criterion.

Sampling nanoparticles, typically particles below 100 nm in size, is another
fruitful area of research. Morawska and Australian coworkers’ have reviewed
instrumental methods for sampling and analysis of airborne nanoparticles (207
references). Methods to measure physical attributes such as particle number,
concentration, size distribution and surface area are initially reviewed. This is
followed by a review of methods to characterise the elemental composition of
nanoparticles and concludes with a brief summary of sampling considerations related
to nanoparticle monitoring. In all, a highly recommended paper for those wishing to
learn more about airborne nanoparticle measurements! Wei et al.'* evaluated the
particle collection efficiency of a midget impinger sampler for nanoparticles in the
range 3 — 100 nm and found that collection efficiency reached a minimum of 3 — 10%
at a size range of 40 — 57 nm. Collection efficiency for nominal 10 nm particles was
approximately 20%, increasing to 80% for smaller particles. Researchers at NIOSH '°
have developed a handheld electrostatic precipitator (ESP) for sampling airborne
nanoparticles onto a grid, which can subsequently be examined using electron
microscopic techniques. Gross sampler collection efficiencies were 76 — 94% for
particles in the range 30 — 400 nm. The authors note that not all aerosols may be
amenable to sampling with an ESP — explosive atmospheres for one! Semi-volatile
and liquid aerosols droplets may undergo transformation during sampling and after
collection on the sampling grid. Hence they suggest that prior knowledge of the
source aerosol would be advantageous in the effective use of this new sampler. Plans
are afoot to license this ESP sampler for commercial manufacture. Li and co-
workers'® report the development of a prototype of a miniature disk electrostatic
aerosol classifer based on electric mobility and intended for personal exposure
monitoring. Satisfactory performance was obtained for particles in the size range 10 —
120 nm.

Similar research is being carried out by researchers evaluating the
performance of ambient air sampler systems. Swiss researchers'’ have evaluated the
particle deposition uniformity and particle size distribution of ambient aerosol
collected with a rotating drum impactor. Aerodynamic particle sizers in conjunction

with micro-scanning SRXRF and TEM techniques were used in this evaluation.



Phares and Collier'® have characterised the performance of an aerosol inlet that
collects particles having a narrow range of electric mobility directly onto a heated
filament for subsequent thermal desorption. Semi-volatile particles, such as
ammonium nitrate, can be lost from filter samples thus introducing a sampling bias.
The extent of such evaporative losses can depend significantly on the velocity of the
incoming air arriving at the filter face. McDade and co-workers'’ have determined the
effective filter face velocities for a number of sampler systems commonly used in
ambient air studies in the United States.

Generation of stable atmospheres of particles in a laboratory setting is an
ongoing requirement for testing the performance characteristics of new sampler
designs and to produce near realistic test samples for proficiency testing schemes.
Korean researchers®® have designed and characterised an improved screw-assisted
rotary feeding system for the precise aerosolization of ultra-small quantities of particle
solids. Researchers at INRS in France have published results of a study into the
homogeneity of replicate filters produced from two atmosphere generation systems®'.
The variability of material (asbestos fibres or silica-containing dusts) collected on
filters, expressed as a coefficient of variation, was in the range 4 — 10%.

Passive air samplers, i.e. devices that collect gases from air by a diffusion
process, are attractive given that they do not require costly pumping systems and
hence can be easily deployed. Nash and Leith®” present an overview of their use for
sampling of some inorganic gases found in the atmosphere namely CO, H,S and SO,.
Ambient NO, levels are a concern in many urban environments and where diffusive
sampling is often deployed. Swedish researchers™ have undertaken a field validation
of the Ogawa diffusive sampler design in a cold climate. By using field-calculated
diffusion uptake rates, estimated airborne concentrations compared favourably with
results obtained with a real-time chemiluminescence monitor. Lin and co-workersM,
have field tested a new flow-through directional passive air sampler for NO,. By
means of a wind vane, this design is able to directionally discriminate between air
pollutant signals. Fairly reasonable quantitative NO, data were obtained — usually
within a factor of two of results obtained from a co-located real-time gas analyser.
Garnett and Hartley” have developed a passive sampling method for the radiocarbon
analysis of atmospheric CO, using a molecular sieve sorbent. The resultant '*C
measurements were within the measurement uncertainties obtained on samples

collected with a pump-based sampling system. However, fractionation during the



passive sampling trapping meant that 8"°C values had to be adjusted as all passively
collected molecular sieve samples were depleted in '>C compared to pumped samples.
American researchers” report the development of a passive sampler for collection of
ambient concentrations of gaseous oxidised mercury. Results from field trials
compared favourably with those from a co-located real time Hg analyser (r* = 0.71, p
<0.01, n= 100 for a one-week sampler deployment and r* = 0.89, p < 0.01, n = 22 for
a two-week sampler deployment). Sampler uptake rate was not significantly affected
by changes in temperature, humidity or ozone concentrations, but was somewhat
dependent on wind speeds, which is not unusual for passive air samplers. The
detection limit for a two-week sampler deployment was determined to be 5 pg m™.
Papers that consider uncertainties in air sampling, arising from spatial and
temporal factors, have not received the same level of attention as that given to
laboratory-based analysis. Therefore it is good to see work addressing such issues.
Hyslop and White®’ examined sampling precision by assessing data from duplicate
co-located air samplers. American®™ and Spanish® research groups describe their

approaches to locating air samplers in order to optimise spatial distribution.

1.2 Reference materials

In a thought provoking paper, Epstein® examines two specific cases in the literature
where analysts using spectroscopic instrumentation report elemental concentrations
that agree with information values reported in reference material certificates that are
subsequently found to be incorrect. One example involves the determination of Mn in
NIST SRM 1648 Urban particulate matter, a widely used reference material in the air
measurement field. Stone and co-workers®' have reported on deliberations from a
workshop organised by an EU funded network —NanolmpactNet — on how
nanomaterials should be classified in discrete categories, what test materials should be
developed as reference materials for use in studies such as ecotoxicological testing,
and what physiochemical characterisation information is required on such materials
for environmental impact testing. Reseachers at IAEA in Vienna®® describe work
undertaken to prepare and characterise a new set of reference air filter samples for use
in their proficiency testing scheme. Target values and their standard deviations were
established using INAA and PIXE techniques. A Japanese-Chinese consortium™ has
characterised the Pu concentration and its isotopic composition in a reference fallout

material. It was prepared by the Japanese Meteorological Research Institute from



deposition samples collected at 14 air-monitoring stations throughout Japan between
the period 1963 and 1979 and characterised by isotope dilution SF-ICP-MS. The
Japanese Society for Analytical Chemistry®* has announced the availability of two
new coal fly ash CRMs, JSAC 0521 and JSAC 0522, certified for a wide range of

elements.

1.3 Sample preparation

The risk of sample contamination during air sampling, handling of filters and their
subsequent analysis is a recurring theme. Researchers in Sweden® have published an
informative overview on the sources of contamination and remedial strategies for
laboratories undertaking multi-element trace analysis. This is particularly useful for
researchers analysing ambient air particles where concentrations are often in the pg —
ng m” range, equating to filter samples containing ng quantities of metallic species.

New, improved and quicker sample dissolution procedures are always
welcome. American researchers®® have evaluated sample dissolution procedures for
the determination of metal impurities in single and multi-walled carbon nanotubes
(CNT). They found that microwave-assisted digestion employing a nitric acid-
hydrogen peroxide mixture, heated to 185 °C gave recoveries comparable to those
obtained by INAA analysis, which was used to determine total metal values.
Ultrasonic extraction using water or 1 % (v/v) nitric acid on the other hand released
little, suggesting that the role of CNT metals in cytotoxicity may be limited owing to
this suggested low bioavailability. The authors used both ICP-AES and ICP-MS
techniques and, not surprisingly, encountered matrix intereferences from carbon.
Hungarian researchers’ have developed a rapid sample preparation for the
determination by SF-ICP-MS of Pu and U and their isotopes in nuclear forensic swab
samples. A microwave digestion procedure was found to be 2 — 3 times quicker than
the commonly used ashing method.

Studies of airborne particles involving sequential extraction procedures
continue to attract interest. French researchers® examined the speciation of Cd and Pb
in dusts emitted from sinter plants. They concluded that highly soluble CdCl, and
PbCOs; species were generated. Supporting data were obtained by EXAFS. Workers at
NIOSH* found that welding fumes from stainless steel gas metal arc processes
contain multiple Mn species. In a review paper (94 references), French researchers™®

present an overview of methods for Cr speciation in solid matrices and their relevance



to legislative requirements. The NaOH-NaCOs leach procedure is widely used in an
attempt to selectively leach Cr"' from materials that may contain Cr'", as is the case in
welding fume and aerosol emissions from chrome-plating workshops. The authors
suggest that species interconversion can occur during this leach step and that SIDMS
protocols could be suitable for correcting these interconversions. Professor Furuta’s
group in Japan®' has developed a procedure for the determination of S in size-
classified airborne particulate matter. This involved a water leach, followed by an acid
leach for the insoluble remainder. Using ion chromatography, they found that 99% of
S in particles smaller than 2 pm was soluble ammonium sulfate. Brazilan
researchers’, in a study evaluating the occupational risk due to dust particle
inhalation, determined the solubility of Ta, Th and U oxide species contained in
pyrochlore (a niobium mineral) dust particles when subjected to a simulant lung fluid
(Gamble solution). These experimentally derived dissolution factors were in broad
agreement with calculated dissolution factors from worker exposure studies involving
air monitoring and subsequent biomonitoring using faecal and urine samples.
Preparatory procedures continue to be developed to preconcentrate analytes,
reduce interferences and to automate labour intensive steps. The determination of Pd
in airborne particulate matter by ICP-MS remains challenging owing to isobaric
interferences. Alsenz and co-workers” investigated the use of reductive co-
precipitation involving either tellurium or mercury, in association with He collision
gas and ID techniques, in an attempt to determine ultra-trace levels of Pd. Mercury
co-precipitation was deemed to be better than tellurium co-precipitation in reducing
interfering matrix constituents. Levels of Pd in air ranged from 0.5 pg m™ at a rural
site to 15 pg m™ at urban sampling sites in the city of Frankfurt am Main. Canadian
researchers™ have developed a novel, rapid and automated procedure for the
determination of ultra-trace long-lived actinides — Am, Pu and U — collected on air
filters. Analytes were preconcentrated and separated using ion chromatography
coupled to ICP-MS. Detection limits of 0.006 (***U), 0.006 (**Pu), 0.041 (**°Pu) and
0.062 (**'Am) uBq m” were obtained on filter samples from a total air volume of
3000 m™. Spike recoveries were typically better than 90% and the total analysis time

was 18 minutes per sample.

1.4 Instrumental analysis
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1.4.1. Atomic absorption, atomic emission and atomic fluorescence
spectrometry

Atomic spectrometry techniques such as AAS, AFS, ICP-AES and ICP-MS are now

well established for the determination of trace metal species in airborne particulate

matter. Thus there is not a great deal to report in instrumental developments.

Mukhtar and Limbeck® report a method for the determination of Si in
airborne particulates by ETAAS. Following a wet ashing step, the remaining in-soluble
material is presented for analysis as a homogeneous suspension. A Zr-coated graphite
tube was used to minimise the formation of stable SiC species. A cobalt matrix
modifier was used in association with a low pyrolysis temperature to minimise the
loss of volatile Si species and to minimise charring of residue organic material in the
test aliquot. NIST SRM 2907, a soil standard, was used during method development
and results obtained on split air filter samples compared favourably with those
obtained following a total microwave assisted digestion.

There seems to be renewed interest in measuring metalloid elements in the
atmosphere where hydride generation can be used to increase instrumental
sensitivities. Savio and co-workers*® have optimised a method for the determination
of As, Bi, Sb and Se in airborne particulate matter by FI-HG-ICP-AES. Initially, filter
samples were ultrasonically digested using an HCI/HF acid mixture. As reported in
many previous hydride generation applications, a pre-reduction with KI was required
to ensure that As and Sb were in optimal oxidation states for hydride formation. It was
also noted that boric acid was required to complex free fluoride ions arising from the
digestion step and which could form unwanted complexes with As and Sb.
Quantitative recoveries were obtained for As, Sb and Se following analysis of NIST
SRM 1648 urban particulate matter. In this SRM, where no data for Bi is included in
the certification sheet, these researchers report a value of 34.1 + 2.2 mg/kg. Assuming
that an air volume of 1440 m’ was used, the limits of detection (3 ) were calculated
to be 0.3 ng m™ for As, 0.09 ng m™ for Bi and 0.1 ng m™ for Sb and Se. In a similar
fashion but using a more sensitive ICP-MS detector, an American research group®’
used this HG approach thus enabling Se and Te to be determined in cloud droplets and
aerosol particles at sub ng/L or pg/m’ levels.

Researchers based in the UK*® describe the origins of and present supporting
validation data for the Dumaery equation which is used in calibration systems for Hg

analysers. This equation is used to calculate the concentration of Hg vapour in the
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headspace above a sealed pool of Hg held at a constant temperature. In an extension
to this work, the same researchers® describe a new automated calibration system for
Hg analyers. Here, diluent air, metered using mass flow controllers, is passed over a
sealed pool of Hg held at constant temperature, to generate a known Hg in air
concentration standard.

Instrumental reviews are welcome publications. In a wide ranging article (147
references), Stockwell and coworkers®® extol the virtues of AFS as a suitable detection
technique for the determination of As, Hg, Sb and Se in a range of environmental
matrices, including air, biological material and food. They explain and comment on
chromatographic and non-chromatographic separation protocols for speciation
analysis, as well as considering sample preparation steps. Hahn’', an exponent of
LIBS, has reviewed (73 references) the current status of the technique for aerosol
analysis and provides an useful insight into future research directions. Fiddler and
coworkers® present an overview of laser techniques for atmospheric and

environmental sensing (407 references).

1.4.2 Inductively coupled plasma mass spectrometry

ICP-MS remains at the forefront as a routine means of detemining trace levels of
metals captured on air filter samples. Hence this section of the review now focusses
on more ‘exotic’ applications of this technique.

Naoki Furuta’s research group™ in Japan has provided a progress report on the
development of their ICP-MS based system for the determination of metals,
particularly Pb, in single nanoparticles. Ambient air particles are directly aspirated
into the plasma following selective particle sampling using a differential mobility
analyser and an aerosol particle mass analyser. A recently developed gas exchange
system allows the sampled air to be exchanged for argon. Instrument calibration was
achieved by introducing desolvated Pb standards via an ultrasonic nebuliser. To
determine the transport efficiency of this USN approach, the introduction of
desolvated Cr standards was compared with the introduction of a Cr carbonyl gas
standard. The concentration of the Cr gas standard had been previouslydetermined
off-line by passing it at a set flow rate through three impinger samplers containing
MIBK solutions for a set time period. The Cr content in these solutions was then
determined by ICP-MS in order to derive a concentration value for the gas standard. It

was then possible to convert Pb concentrations (pg ml™) in the standard solutions to
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Pb mass flow rates (ag ms'). An instrumental detection limit of 2.8 ag ms™ was
calculated, allowing the Pb concentration in single nanoparticles with a nominal
diameter of 90 nm and a mass of 0.46 fg to be determined! However, the authors
suggest that increased instrumental sensitivities of a factor of 100 or more will be
needed to enable elements such as Cd and Sb to determined in similar nanoparticles.
Likewise a TOF instrument or a system employing a Mattauch-Herzog detector
system would be required to undertake simultaneous multi-elemental analysis.

Brown and co-workers™* used LA-ICP-MS as a means to examine the spatial
distribution of metals in airborne particulate matter collected on air filters.
Inhomogeneity in the distribution of dust on the filters was noted and thus sub-
sampling of filters has to be carefully considered if, as often happens in air monitoring
studies, assays are performed on separate test aliquots taken from a filter. A second
aim of the study was to assess LA as a means of providing quantitative data from air
filter samples. Whilst the absence of sample dissolution may be an attractive attribute
of this approach, calibration issues and the lack of automation count against the use of
LA for this particular analysis.

Feldmann and coworkers® studied the atmospheric stability of arsines and
their oxidative products in PM10 airborne particles. The atmospheric half-life of the
arsines ranged from 19 weeks for AsHs to two days for trimethylarsine for samples
stored in the dark at 20 °C. Samples stored in simulated daylight were found to be
much less stable. The total As content of airborne particles was below 1 ng m™.
Arsenic species, namely MA, DMA and TMAO were determined using an HPLC-
ICP-MS/ES-MS methodology and were detected in 90 % of the air samples collected.
The predominant species was TMAO and was found at concentrations of between 4
and 60 pg m™. Maximum concentrations of DMA and MA determined were 16 and 6

pg m™ respectively.

1.4.3 X-ray spectrometry

Characterisation of airborne particulate matter using x-ray techniques continues to be
a fertile area for research. XRF instruments using polarised optics, reported in
previous Updates, are now being used for routine air monitoring applications.
Japanese researchers’’, undertaking measurements in Osaka, report calculated
detection limits of 3.6, 3.5 and 1.0 ng cm™ for S, Pb and Zn respectively. Calibrant

filters were prepared by spiking mixed muiltielement standard solutions onto
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polycarbonate filters. Determination of light elements in atmospheric particles, typical
of a soil or geochemical origin, by x-ray techniques, can be problematic due to self-
attenuation artefacts. Such effects and their magnitude have been studied by Formenti
and coworkers’’. Italian researchers™® describe preliminary work using TXRF for the
direct analysis of aerosol particles. Subsamples, ~ 5 mm square, were cut from air
filters and fixed onto quartz sample carriers with a thin film of vacuum grease. The
authors suggest that this simple approach is potentially very useful for source
identification studies where simple elemental ratios and patterns can be effectively
used. For quantification work, an internal standard would be required and, ideally, a
sample dissolution step should be employed.

Solid-state speciation analysis of airborne particles using XAFS is a powerful
tool. British researchers®® describe the use of this technique to study the oxidation
state of As in cigarette mainstream smoke, cut tobacco and cigarette ash. Results
revealed that the cut tobacco powder and the cigarette ash contained almost
exclusively As'. On the other hand, the smoke particulate samples showed a mixture
of both As" and As" species, this latter species however reduced upon aging to As" .
The study of nanoscale ferrite materials is an emerging field, given that such materials
are being used in applications ranging from magnetic media and memory storage
cores to catalysis and gas sensors. In an interesting and ‘greening’ article, US
researchers® studied the growth of nanoscale nickel ferrite on a carbonaceous matrix
isolated from particle emission byproducts arising from the combustion of residual
oil. A selective leaching procedure involving water and dilute HCI was used to isolate
the nickel ferrite material and the selectivity and the completeness of this procedure
was evaluated using Fe, Ni and S K-edge XAFS.

Data interrogation and processing with x-ray techniques can be challenging.
Kellogg and Willis®' have published an optimised protocol for the spectral
deconvolution of overlapping elemental spectral lines typically found in the analysis
of air filter samples. They state that fitting with many library reference spectra has an
unwanted effect of raising the analytical uncertainity. By carefully choosing the order
of elemental processing, one can reduce the number of reference spectra required for
spectrum fitting, hence reducing this analytical uncertainity. Ceccato® describes
developments with the MAPPIX software, a package for the off-line analysis of data
obtained from the analysis of single airborne particles using a u-PIXE technique.

American researchers® describe a standardised approach to estimating analytical
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uncertainities for the XRF analysis of PM, s filter samples and which has been
successful applied to data generated by three laboratories involved in analysing filters
samples from US air monitoring programs.

Readers are directed to our companion Update for further information on X-

ray developments and applications’.

1.4.4 Intercomparison studies

Papers that compare the performance of different methods and techniques or different
laboratories are always most welcome. Ayrault and co-workers® have evaluated ICP-
MS, INAA, PIXE and SEM-EDXRF for air pollution biomonitoring studies,
highlighting the complementary nature of these techniques. Ashley and co-workers®
report data from an interlaboratory comparison exercise conducted to generate method
precision data for a new ASTM ICP-MS method for the determination of Be in air
filter samples. Canadian researchers®® evaluated the quality of elemental data obtained
following analysis of air filter samples. Duplicate filter samples were initially
analysed by ED-XRF, then digested and the resultant solutions analysed at one of two
laboratories employing ICP-MS. The authors conclude that rigorous filter handling
operations are required to minimise possible metallic contamination. They also note
that inter-laboratory and inter-method comparisons using duplicate sampling
protocols can help to evaluate the reliability of elemental data and assist in the
identification and quantification of possible sources of variation during sampling,
handling and processing. An international consortium®’ has published the findings of
a field inter-comparison exercise in which eleven instruments, involving eight
different methods of measurement, were evaluated for the continuous determination
of atmospheric ammonia gas. Good agreement between the instruments was found
where the airborne ammonia levels were above 10 ppbv but below this value it was
worse. The authors conclude that, despite recent instrumental advances, continuous

measurement of atmospheric NH; remains a challenging and costly exercise.

1.5  Applications

1.5.1 Specific elements
Mercury is recognised as a global pollutant and remains the focus of much research.

Pirrone et al.®® present an informative overview of global mercury emissions to the

15



atmosphere from both anthropogenic and natural sources. These emission budgets can
be subject to errors arising from variability in feedstock and uncertainties in sampling
and measurements. Papers studying such uncertainties are therefore welcome, such as
that by Wu et al.”” on the uncertainties in estimating mercury emissions from Chinese
coal-fired power plants. Papers that present new emission data from point sources are
also most welcome. Japanese researchers have undertaken a study of emissions from
crematoria’’. Chinese researchers have studied emissions of Hg from five municipal
solid waste landfills’' where they found that the total gaseous mercury in landfill gas
ranged from 2 — 1400 ng m”, that organic forms accounted for less than 2 %, and that
total yearly emissions ranged from 17 — 3300 g yr'. In two informative papers,
Dommergue and co-workers’> and Sprovieri and coworkers’ present overviews of
mercury measurements carried out in the prestine Antarctic troposphere and in the
wider world.

Respirable crystalline silica is classified as a human carcinogen and has been
studied in the working environment. However, few measurements have been reported
from the wider ambient environment. Richards and co-workers™ report emission
factors and ambient air concentrations at three sand and gravel plants. They estimate
that the emission factor could be up to 0.00011 Ibs of silica per ton of processed stone
and that the resultant silica release made up 3 — 8 % of the measured PM; release.
Ambient respirable concentrations of crystalline silica in air, measured upwind and
downwind, at such facilities ranged from 0.3 — 2.8 ug m™. British researchers
questioned whether crystalline slica can be formed and released from sugarcane
burning ”°. The limited data they collected suggested that no crystalline silica was
detected in airborne smoke particles but that the sugarcane trash ash formed after pre-
harvest burning contained between 10 and 25 % (m/m) SiO,, mostly in an amorphous
form, but containing up to 3.5 % (m/m) quartz. Likewise, both quartz and cristobalite
were identified at levels of 5 — 15 % (m/m) and 1 — 3 % (m/m) respectively in the
sugarcane bagasse ash formed in the processing factory. The authors recommend that
adequate protection should be given to workers exposed to such dusts and that
appropriate disposal routes for the ash material should be sought in order to prevent
secondary exposure.

Carbonaceous particles from combustion sources are of continuing interest
owing to their impact on health and atmospheric chemistry. Current understanding of

their sources, their variability and their subsequent fate in the atmosphere remains
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incomplete and requires further measurement and data interrogation. A European
research consortium has determined the particulate carbon content in precipitation
samples collected at five background sites over a west-east European transect, from
the Azores to Hungary’®. Tumolva and co-workers’’ used TEM/EDS to examine the
morphological and elemental properties of soot particles generated in a laboratory
setting using a variety of fuel stocks. They subsequently used this information to
classify the sources of carbonaceous particles collected at three sampling sites —

urban, industrial and coastal — and to apportion their relative contributions.

1.5.2 Specific research topics

Advanced materials made from engineered nanoparticles continue to be developed.
However, quantitative risk assessments on the impacts of such particles, if released
into the atmosphere, on workers, end users and the wider environment are currently
lacking, in part because of limited published emission data and exposure studies.
Guidance is most welcome in this emerging field and here NIOSH'® have published a
useful survey strategy for assessing nanoparticle emissions within workplaces. Similar
blueprints are being developed in other countries.

Emissions from traffic sources continue to attract attention with emerging
focus on particle emissions from aviation and shipping. Kinsey and researchers from
the US EPA” report findings from the US Aircraft Particle Emissions Experiment
(APEX) in which emissions from the exhaust plumes of nine models of commercial
aircraft engine were monitored carefully on a ground test bed. Measurements were
made for particle mass and numbers, particle size distributions and total volatile
matter using both time-integrated and continuous sampling techniques. Winnes and
Fridell*® have studied the particle emissions from ships in relation to fuel type. Irish
researchers® have characterised single particles from in-port ship emissions using
ATOFMS, in association with other air quality monitoring equipment, as a means of
determining the relative contribution of shipping traffic to air quality in port cities.

Emissions from road transport sources continue to be researched. A US group
compared different measurement strategies for emissions from modern diesel engines
that emit low levels of particulate matter®’. They evaluated two gravimetric methods,
a chemically reconstructed mass measurement method that measured the chemical
constituents of particles, and an integrated particle size distribution (IPSD) method

where the measured particle number data were converted to mass data using a particle
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density function. They concluded that, whilst gravimetric methods are traceable to
primary standards, the alternative chemical speciation and the IPSD approaches might
better characterise ultra low emissions typical from modern engines.

Despite greater efforts to recycle, much waste is still sent to landfill and
research continues in evaluating the releases of particles and gases to the atmosphere
from such sites. Fowler and fellow UK researchers™ have undertaken a quantitative
assessment of dust propagation at a hazardous waste landfill where solid residues
from incineration are dumped. In summary, they investigated the use of low cost wind
directional passive sampling onto sticky pads to obtain airborne samples. Elemental
fingerprinting analysis employing ICP-AES was then carried out in association with
chemometric analysis to quantify the extent of these fugitive dust emissions from this
waste site.

Studies into emissions from agricultural activities and composting have been
reported, in particular, where there is a need to derive industry or sector specific
emission rates. Spanish researchers have developed a methodology for the
determination of ammonia and total VOC in a composting plant. The novel part was
to devise a normalisation function relating such emissions to efficiency of the
composting process using a biological respiration index®*. It is hoped that, by using
such an approach, emissions from differing composting plants can be presented in a
more comparative format.

Source apportionment studies attempt to elucidate the origins of airborne
pollutants and ascertain the relative contributions from source emitters. Chemical
markers are commonly used in such studies, but often these markers are not unique to
any one specific emission source. Korean researchers have determined the Nd and Sr
isotopic composition of airborne particles and were able to trace dust events back to
specific arid locations in China®. Weinbruch and co-workers®®, using SEM and
EDAX microanalysis, characterised the size, morphology and chemical composition
of airborne particles collected on moss samples, a substrate often used as a dust
deposition sampler. Their study suggests that analysis of individual particles can
provide source-specific information that cannot be derived from bulk chemical
analysis. In particular, fly ash particles from combustion sources can sometimes be
incorrectly adjudged to be derived from geochemical weathering process, given that
particles can have similar bulk chemical compositions but where there are differences

at an individual particle level.
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Numerous atmospheric pollutant surveys continue to be published and, for
brevity, it is probably useful just to mention one important paper. A pan-European
group®’ has distilled data on the physical and chemical characteristics of aerosols
obtained over the past decade in research and monitoring programmes conducted at
more than 60 locations in Europe, ranging from natural background sampling sites to
kerbside sites in urban environments.

Estimating future atmospheric concentrations using projections based upon
current data occupies a number of researchers. In an interesting paper, Brown™
compared the estimated UK annual emissions of metals with the measured average
ambient air concentrations for the same metals over the period 1980-2007 using a
generalised least squares regression technique. Elemental sensitivity factors were
calculated, as were ‘predicted’ elemental airborne concentrations in the absence of
any future emission sources. For example, it was calculated that ambient airborne
levels of Pb could drop to ~ 10 ng m™ in the absence of any future anthropogenic
emissions. This value is broadly in agreement with current airborne measurements
made at a remote Scotish sampling location deemed to be free from current man-made

emission sources.

2 Water Analysis

This section highlights new developments and improved analytical methods that use
atomic spectrometry for the determination of trace metal(loids) and their associated

elemental species in environmental water samples since the last Update '.

2.1  Sample preparation

For laboratories about to embark on multi-elemental trace and ultra trace analysis for
the first time two papers highlight the importance of sample preparation. That by
Rodushkin and co-workers™ is full of useful information and sound advice on how to

handle samples and reagents to reduce contamination sources. Particularly important
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in this author’s opinion is their advice that, “the targeted purity levels should be fit for
purpose to be cost-efficient”, the analyst “should limit the number of steps and
general manipulations of the sample” as well as “make sure that available reagents are
of sufficient purity”. The determination of Pu isotopes in waters and environmental
solids has been reviewed®” (135 references) and includes a summary of related sample
preparation procedures such as filtration, acidification, and valence adjustment prior

to the preconcentration and analysis of environmental water samples

2.2 Preconcentration, extraction and separation procedures

A driver for the development of analytical methods for water analysis continues to be
the preconcentration of the analytes to above the limit of detection of the instrumental
techniques to be used. The methodologies are mostly based upon solid phase
extraction, liquid-liquid extraction or co-precipitation. Variations on these themes are
fertile ground for publications, and the novelty of some of the articles push the
definition of analytical novelty to its limit. The aim of this Update is to highlight some
of the more interesting papers and new methods for problematic elements.

Amongst the truly novel stationary phases for solid phase extraction and
specific affinity chromatography that have emerged are imprinted polymers. These are
“bio-inspired” materials capable of recognizing a family of compounds. Their
production and evaluation for the determination of organotin compounds in seawater
has been described by Gallego-Gallegos and co-workers”, who reported that when
used for the SPE of TBT, a breakthrough volume of over 1 L was found for seawater
spiked with 50 ng L' of TBT resulting in a preconcentration factor of 150, with a
spike recovery of 93 + 12%. Another Spanish research group has reported the use of
polymers imprinted with 8-hydroxyquinoline for the on-line SPE of Ni and Pb from
seawater with subsequent ICP-AES detection’. The static adsorption capacities for
the metals were found to be 0.023 mmol g for Ni and 0.0015 mmol g for Pb.
Standard solutions (50 pg L") adjusted to pH 8.5 and passed through a 300 mg bed of
molecularly imprinted polymer (MIP), were found to have breakthrough volumes in
excess of 200 mL resulting in enrichment factors of 14.8 for Ni and 5 for Pb.

Dispersive  liquid-liquid  micro-extraction (DLLME) together with
homogeneous liquid- liquid extraction in the determination of inorganic elements has

been reviewed” (65 references) covering 1970 to 2009, although the majority of
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articles are from after 2000. In DLLME a ternary component solvent system is used,
which consists of an appropriate mixture of an extractor solvent, such as
tetrachloroethene, and a disperser solvent such as acetone that must be highly miscible
in the aqueous sample and the extraction solvent. On addition of this mixture, a
cloudy solution is produced by the dispersion of the organic solvent in the aqueous
phase. The analytes are subsequently extracted into the organic phase after complex
formation, and the two phases are separated by centrifugation. The advantages of this
method are that it uses micro-volumes of organic solvents, and the extraction surface
is extremely large, so that vigorous mixing or shaking is not required. A disadvantage
is that the analytes are extracted into an organic solvent making the technique more
suitable for FAAS or ETAAS than for ICP-AES or ICP-MS. Another review of
DLLME that includes a section on inorganic analysis was published in 2009”* (129
references). This will be of interest to researchers who do not just carry out inorganic
analysis. Moreover, the widespread use of DLLME in organic analysis suggests that it
may well work for organometallic compounds. Ligandless DLLME has also been
proposed using 1,2-dichlorobenzene as the extraction solvent and ethanol as the
dispersive solvent for the micro-extraction of Cu" ions™, although this has opened the
door for a series of “novel” methods where the same authors change the extraction

I .
95. We are curious to see what other

solvent to extract another ion, in this case Ag
elements they manage to extract next year.

Another growing technique is the use of ionic liquids (IL) to carry out liquid-
liquid extractions. In the extraction of Cd*® the IL is the hydrophobic liquid, 1-hexyl-
3-methylimidazolium hexafluorophosphate, that can be used to carry out DLLME
without the need for a disperser solvent, as the IL is dispersed using ultrasound. The
analyte is complexed with DDTC and extracted into the IL, which is then separated
from the aqueous phase by centrifugation. The authors report an enrichment factor of
67 and a LOD of 7.4 ng L' with ETAAS determination. These IL lend themselves to
the various micro-extraction methods such as SDME’’ that already exist in the
literature.

Liquid phase micro-extraction for the determination of trace elements has
been reviewed”™ (104 references), covering the methodologies of SDME, HE-LPME,
DLLME and SFODME. The last of these proved popular this year for the

determination of Co and Ni99, Hgloo, Pd'" as well as Pb and Cd'®.
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The use of cloud point extraction (CPE) with atomic spectrometric methods
has been reviewed'” (91 references, in Slovak with an English abstract). An
interesting application was the use of CPE followed by ICP-MS detection of

- - : 104
radionuclides in aqueous samples

. The trivalent lanthanides are complexed with
APDC and then extracted into Triton X-114". Extraction efficiencies of up to 90%
were achieved with corresponding concentration factors of up to 6.3 for Eu. Meeravali
and Jiang'® used CPE for the selective preconcentration of Cr species prior to ICP-
MS detection in DRC mode. Hexavalent Cr was selectively extracted from the sample
using Aliquat-336® while total Cr (after conversion to Cr'') was extracted using
APDC. In both cases the cloud point surfactant was Triton X-114%. The Cr'"
concentration was estimated by difference. Preconcentration factors of 10 resulted in
LODs of 0.01 ng mL™ for Cr"" and 0.025 ng mL™" for Cr'"". A Chinese group has
reported the development of an online flow injection CPE method that does not
require a chelating agent for the determination of trace metals in sea water by ICP-
AES'.

The use of nanoparticles as adsorbents for the solid phase extraction of
environmental pollutants including metal ions has been reviewed'”’ (176 references).
Unmodified TiO, nanoparticles have been employed to extract dissolved Fe from

® and it has been demonstrated that the same material, modified with a

seawater'’
calixarene compound, is capable of preconcentrating Cr, Cu, Pb and V from
environmental water samples'®’.

Thanks to a special issue of the Journal of Chromatography A, volume 1217
(16), there have been a large number of review articles recently, including one on

carbon nanotubes''®

(180 references). Their use has been extensively reported over the
last few years and this year is no exception. In their oxidized form they are able to
extract Cu, Co and Pb'"" and Cu, Mn, Pb and Zn''%, They have also been shown to

11 . . 111 s gl . 114
3 and selectively retain Cr'"" for speciation studies''*, as well

retain complexes of Rh
as quantitatively adsorb Au and Pd from solutions in the pH range from 2.0 to 5.0'"".
The precious metals retained were eluted with a 3% m/v thiourea solution in 0.5 M
HCI with a recovery of up to 103%. The LODs were 0.23 ng mL™' for Au and 0.06 ng

mL for Pd, when using ICP-MS.
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2.3  Speciation

Feldmann and co-workers''® critically reviewed (91 references) elemental speciation
analysis, covering three main analytical methodologies: electrochemical, X-ray
absorption spectroscopy and chromatography coupled to mass spectrometric
detection. Researchers from the University of Vienna provided a more specific
review (141 references) of the environmental applications of HPLC or GC coupled to
ICP-Ms'".

Non-chromatographic speciation methods continue to dominate the literature.

11 11
|18 |10

Reviews by Vieira et a (176 references) and Gonzalvez et a (43 references)
both note that, although atomic spectroscopy coupled to chromatographic separation
gives the most complete information, non-chromatographic techniques are
competitive as they are less time consuming and more cost effective.

The fractionation of trace elements in water samples is now being studied
more closely. Puls and Limbeck'?® have described a flow injection system for the
identification of the neutral, anionic and cationic fractions of Al, Ca, Cd, Co, Cr, Cu,
Mg, Mn, Pb and Zn in urban snow samples. Three different SPE cartridges were
employed in sequence, followed by ICP-AES detection. Turkish researchers'”'
determined the distribution of P in seawater between Al-bound, Fe-bound, Ca-bound
and loosely bound P forms with ICP-AES detection. Studies of this kind are important
for understanding the bioavailability of this marine nutrient.

Chromatographic and non-chromatographic methods for arsenic speciation
continue to be investigated. The use of the SFODME preconcentration technique to
obtain a 1000-fold enhancement factor, followed by ETAAS detection of the As
1

species (As" and total As after reduction of As" to As

researchers' 2. They achieved a LOD of 9.2 pg mL" with an RSD of < 8.6%. A

) has been reported by Iranian

method for the speciation analysis of arsenic and antimony using DLLME and
ETAAS has been developed in a Spanish laboratory'>. Samples were acidified to pH
1, the As™ and Sb"™ complexes with APDC were extracted into carbon tetrachloride
and determined by ETAAS. Total As and Sb were obtained after the reduction of the
sample with sodium thiosulfate and the As" and Sb" concentrations obtained by
difference. A narrow bore HPLC SF-ICP-MS method for the determination of Asm,
Asv, MMA, DMA and AsB has been developedm. A NH4NO; buffer allowed high
salt gradients to be run. Separation was achieved in less than 9 minutes using the

Dionex ASI1 and AS7 columns. Column deposits that could cause reversible
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adsorption of As" were eliminated by having the samples in an excess of phosphate

{5 AsY ratios. Retention times were stable

buffer that prevented artefacts in the As
and LODs were in the low ng L' range.

A multi-elemental speciation method for the determination of As™, As”,
MMA, Cr'", Cr¥', Se' and Se"" has been reported'®. Chromatographic separation
was achieved within 11 minutes using a Hamilton PRP-X100 column and a binary
mobile phase mixture of 0.5 mM NHsH,PO4/ 10 mM NH4NO; at pH 6 and 30 mM
NH4NOs at pH 6. An ICP-MS instrument equipped with a dynamic reaction cell was
used to detect the analytes, resulting in LODs of between 0.12 to 0.44 pg L™ for the
individual species. A method for the analysis of waste waters for As"™, MMA, DMA,
AsY, Se', Se¥! and SeCN™ has been developed by a Brazilian research team'*® using a
binary gradient elution of H,O and 100mM NH4NO; at pH 8.5 and a Metrosep A
Supp10 (250%4.0 mm) analytical separation column. Using ICP-MS detection, LODs
of between 56 and 81 ng L' were reported for the Se species and 16 to 25 ng L™ for
the As species.

The speciation of chromium continues to be of interest. Brazilian

12
researchers'?’

have developed a non-chromatographic method based on CPE and
preconcentration to determine Cr'" and Cr"' species ,by difference, in river waters
contaminated with leather effluents. Trivalent Cr is complexed and trapped in a
TritonX-114" surfactant solution after being brought to the cloud point temperature
by microwave-assisted heating. Under optimized conditions, an enrichment factor of
48 was achieved for a 50 mL sample. Detection of Cr was by ETAAS calibrated over
a linear range of 2.5 to 80 pg L™, giving a LOD of 0.7 pug L. Method repeatability

was 2.0% for 10 replicates of a 50 pg L™ Cr'™

solution. Micro-extraction techniques
seem to be much in vogue in Iran, so it was no surprise that Iranian workers had
developed a method for the speciation analysis of chromium based on DLLME
followed by FAAS detection'>®. Enrichment factors of up to 275 were achieved
resulting in a LOD of 0.07 pg L™ for Cr"’, a linear working range of 0.3 to 20 ug L™
and precision of 2.0% (n=7)]. These figures of merit are comparable to those achieved
by ETAAS'?. Xing and Beauchemin'* have described an HPLC-ICP-MS method for
chromium speciation at trace levels in potable water using cell-based ICP-MS for

interference elimination. Chromium species were separated on an IonPac AG-7

column using a gradient elution of 0.1 M NH4NO; and 0.8 M HNOj. Accuracy was
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verified against the NRCC river water CRM SLRS-2 and detection limits of 0.02 pg
L' for Cr"" and 0.04 pg L™ for Cr'™" were attained.

Methods for the determination and speciation of mercury in natural waters
have been reviewed'* (120 references). The ability of sodium diethyldithiocarbamate
(NaDDC) to form complexes with mercury species has been exploited, either by
immobilizing it on polyurethane foam'"' or by extracting the complexes using CPE"**.
Alternatively, the use of a dithiazone functionalized C;s column for SPE of Hg2+,
MeHg" and EtHg" has been reported'™.

Inorganic selenium speciation in environmental samples has been carried out

S"*. In this technique, Se'" and

using selective electrodeposition coupled to ETAA
selenocystine are selectively electrodeposited onto a mercury electrode before
removal and detection by ETAAS. Spike recoveries of between 91 and 99% are
achieved with a selenium LOD of 1.0 pg L™ and an RSD of 3.5 % (n=6) at a level of
100 pg L.

A method for the speciation analysis of tellurium by electrodeposition
followed by ETAAS detection has been described'”. Trace amounts of Te'" were
preconcentrated using DLLME prior to detection. The Te"" concentration was found
by difference after reduction to Te' '*°. The enrichment factor of 125 meant that a
LOD of 0.004 ng mL™" and a precision of 3.6 % RSD (n=6) for a 0.5 ng mL"' standard
were achieved.

A Dowex Monosphere 550A (OH) anion exchange resin has been used to
successfully retain and separate thallium species in waters'®’. The species TI' and
TI" were eluted using thiourea followed by ICP-MS detection. The use of the column
resulted in a 100-fold enrichment factor for the analytes.

Given their toxicity, even at low concentrations, the analysis of water for
organotin compounds continues to attract research interest. A liquid-liquid extraction
followed by HPLC separation and ICP-MS detection was used by Chinese

researchers'®

to quantify organotin compounds in seawater; LODs were better than 3
ng L. They found that the only compound present was TPhT at a concentration of 53
ng L. Although an atomic spectrometric detector has not been used in the following
methods, it will of interest that two research groups from Spain have demonstrated
that HS-SPME after in situ ethylation improved method sensitivity with GC-FID'*
with LODs (n=9) of 0.17 ug L' for MBT, 0.012 ug L' for DBT and 0.009 ug L™ for

TBT. Using a more sensitive GC-MS technique'*, the same researchers obtained
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LODs between 0.025 and 1 ng L' for the target tin species. A Japanese research
group has succeeded in quantifying TPhT and TBT using HILIC-ESI-MS'!.
Following preconcentration of a 500 mL water sample using mixed mode reversed
phase and weak anion-exchange SPE cartridges, they determined a method LOD of 3
ng L™ for TBT and 6 ng L™ for TPhT.

The speciation of vanadium in water samples has been studied by Chinese
researchers'*? using on-line separation and preconcentration. A silica column
modified with CTAB retains V" in a pH range between 2.0 and 7.0, while V'V is
retained between pH 5.0 and 7.0. Hence, V" was retained at pH 2.5 and total V at pH
6.0 and the V'Y concentration was obtained by difference. With ICP-AES detection,
the LOD of 0.03 pg L™ for V¥ was obtained after preconcentration of a 3 mL sample
with an enrichment factor of 27.9; the RSD for a 5 ug L™ standard (n=9) was 4.3%.

2.4 Instrumental analysis

2.4.1 Atomic absorption spectrometry

Russian researchers'*® have developed an ETAAS instrument with two vaporization
zones for the simultaneous determination of Cd, Hg and Pb in sea and river waters.
Silver nanoparticles, prepared by the reduction of silver nitrate with sodium citrate,
have been proposed as a new modifier for the elimination of interferences when
determining As and Sb in seawater'**. Pyrolysis temperatures of at least 1100 °C for
As and 900 °C for Sb were achievable, reducing interferences. Detection limits were
0.022 ng for As and 0.046 ng for Sb. Blank values were negligible and this modifier is

said to be cheaper than alternatives.

2.4.2 Atomic emission and fluorescence spectrometry
In this review period papers advocating the use of tungsten coil atomic emission

spectrometry have been published. Donati and co-workers'*’

developed a double coil
instrument to improve the detection of refractory elements in water. They report
improvements of 40-fold for V and 5-fold for Ti. The use of two coils and the

consequent extra energy added to the system facilitated the detection of elements with
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transition energies higher than 350 kJ mol”' such as Ag, Cu and Sn. The same research

group also report the simultaneous detection of Cr, Ga, In and V in water and soils

146 147
.

using a single coil instrument ™, and the indirect determination of

®  have instead used tungsten coil electrothermal

Chinese researchers'*
vaporization atomic fluorescence spectrometry to detect trace Cd in water after CPE.
They report an enrichment factor of 152 and a LOD of 0.01 ug L™

An ICP-AES method'” for the indirect determination of F in aqueous
samples following precipitation of CeFs has been reported. The excess Ce' remaining
after precipitation is used indirectly to determine the F~ concentration. The method has
been shown to work well for F in the range 0 — 20 mg L™ in solution giving a LOD of
14mgL™".

A review of atomic fluorescence spectrometry as a suitable detection technique

in speciation studies for As, Hg, Sb, Se™” (147 references) has been published.

2.4.3 Vapour generation methods
Vapour generation remains an important method for boosting the sensitivity of atomic

spectrometric methods for the hydride forming elements. However, it suffers from a

number of interferences. To address these an Australian research group'’

developed
an in-line anion-exchange separation for the removal of Co”", Cu*", Fe’", Mn*", Ni*",
Pb>" and Zn*"in the determination of Cd. Under optimum conditions, with a sample
loading of 9.6 mL, a LOD of 3 ng L™ was achieved.

Mercury in river water'”' was detected using a FAPES low power atmospheric
pressure He plasma source directly coupled to either a conventional vapour generation
system, using Sn"Cl, as a reductant, or a UV photochemical system for the generation
of elemental mercury vapour. The concentration of mercury was monitored using the
characteristic 253.7 nm resonance line, and the 70 W plasma was found to be tolerant
of the water vapour generated by the gas-liquid separator. With the furnace at 400 °C,
a measurement precision of 2.4 % RSD at the 1 ng mL" concentration level was
achieved. With chemical reduction a LOD of 240 pg mL" was obtained, and with
photochemical reduction the LOD was 250 pg mL™’. The addition of a gold
amalgamation system improved the LODs 5-fold. Chemical vapour generation using

NaBH4 cannot be coupled to this emission source since the large quantity of Hj

generated extinguishes the He FAPES source!
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The determination of Bi by tungsten trap hydride generation AAS has been
extensively investigated'>>. Bismuth hydride is generated and trapped on a tungsten
coil held at 289 °C. After preconcentration, the coil is heated to 1348 °C to release the
trapped Bi species, which are subsequently transported to a flame heated quartz atom
cell for detection. Interferences from As, Au, Ca, Cd, Cu, Fe, Mg, Mn, Na, Ni, Pb, Se
and Zn, as well as CI', SO+, and PO4> were examined. The calibration was found to
be linear between 0.1 and 10.0 pg L™ for an 8 mL sample giving a LOD of 25 ng L™".
The tungsten trap gave an enhancement factor of 21.

Work on the development of vapour generation methods for non-traditional
elements continues. Sturgeon and co-workers'>® have developed a UV photochemical
vapour generation method for Ni with ETAAS detection. This is based on the
photochemical generation of highly toxic Ni(CO), and its trapping on the surface of a
graphite furnace. With a Ni" solution containing formic acid, the vapour generation
efficiency was 35%. A 2 mL sample gave a LOD of 8 pg mL™ and the measurement
precision was better than 3% RSD at the 1 ng mL™" level. The method was validated
using the NRCC CRM SLRS-4 River water. The same researchers'>* have developed
a high yield photochemical vapour generation method for Fe with ICP-AES detection.
In this approach, Fe*" and Fe’" in solutions containing low molecular weight acids
such as formic, acetic or propionic acids are exposed for 250 s to a UV source, in this
case a 17 W low pressure mercury lamp. Optimum vapour generation efficiency (60 £
2%) was obtained when the sample solution contained 50% v/v formic acid at pH 2.5.
Compared to conventional solution nebulisation, the sensitivity was improved 80-fold
and the LOD 100-fold when monitoring the 238.204 nm Fe line. An analytical
precision of 0.75 % RSD was obtained at the 100 ng mL™" level and the method was
validated against the NRCC CRM SLRS-5 River water. This research team'> also
developed a thin film HG method with ETAAS detection for the determination of
trace Cu. Using tetrahydroborate as the reductant, the overall efficiency was 8-12%. A
solution LOD of 100 pg mL™" was achieved with a measurement precision of 4% RSD
for a 1 mL sample spiked at 1 ng mL™. A Czech research group'® has developed a
method for the determination of sulfide in water samples by vapour generation ICP-
AES. Hydrogen sulfide and acid volatile sulfides are transformed into a vapour by
acidification. The method gave results comparable to those from iodometric titration

over a linear range of 0.06 to 22.0 mg L™ and a LOD of 0.03 mg L™ for H,S.
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2.4.4 X-ray fluorescence spectrometry
Total reflection X-ray fluorescence is of growing interest for the determination of

trace elements in waters. Selenium has been determined in waters, including seawater,
following reduction of Se'¥ with ascorbic acid and collection of colloidal Se on TXRF
reflectors'’; the LOD was 0.8 ng mL™". Juvonen et al."*® have evaluated TXRF for the
determination of As, Co, Cr, Cu, Mn, Ni, Pb, V and Zn in waters affected by acid
mine tailings. They compared results with those obtained by accredited ICP-AES
methods and found differences varying from 12 to 20%. They concluded that TXRF
could only be recommended as a preliminary screening technique. Carbon in natural
fresh water biofilms has been determined'”® using a TXRF instrument fitted with a Cr-
anode X-ray tube, a multilayer monochromator, a vacuum chamber and a Si(L1)
detector with an ultra thin window. The accuracy was checked against total C
measurements carried out with a combustion carbon analyzer. A bench top TXRF
instrument has been evaluated'® for the determination of As, Ba, Cd, Cr, Cu, Fe, Mn,
Ni, Pb, Se, Sn and Zn in industrial waste water. Data obtained by direct TXRF
compared favourably with values from ICP-AES and ICP-MS detection after
microwave digestion.

Tolokonnikov et al.'®! considered the application of EDXRF to the analysis of
potable water. They discuss the use of thin layer samples and X-ray optics with total
internal reflection. They report that, when compared to thick layer optic geometries,
LODs can be lowered 1000-fold, making the instrument suitable for the analysis of
potable waters.

Preconcentration methods for the analysis of liquid samples by XRF
techniques have been reviewed'® (118 references) with emphasis on new efficient
variations that extend the possibilities of XRF for liquid sample analysis. To the same
end, powdered silica'® has been used to preconcentrate trace elements before
WDXREF detection, and the ion-exchange resin Amberlite IRC748 to preconcentrate
Cu, Fe, Ni, Pb and Zn from surface waters before detection with transportable

EDXRF '*,

2.4.5 Inductively coupled plasma mass spectrometry
The application of collision/reaction cell instruments continues to increase. The

quantification of major and trace elements in water samples by ICP-MS using a

collision cell to attenuate interferences derived from Ar and Cl has been described'®.
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A collision cell pressurized with a mixture of 7 % H, in He can improve the
background equivalent concentrations for As, Cr, Cu, Fe, Se and V by two orders of
magnitude. A ICP-MS instrument fitted with a collision/reaction interface was

capable of measuring elevated levels of '*I in environmental samples'®

. However,
interferences from '*'I were so high that their quadrupole ICP-MS instrument was
unsuitable for the measurement of the '*’I/ '*'I ratio in uncontaminated environments.

Although cell-based instruments eliminate many of the inherent interference
problems in ICP-MS, chromatographic separations for interference removal are
sometimes necessary. An in-line chromatographic separation of Ba from Cs for the
measurement of *°Cs and *'Cs at trace levels in ground waters has been reported'®’.
A Dionex CG3 IonPac guard column is used to reduce the blank Ba levels and
preconcentrate Cs. To improve instrument sensitivity, the in-line chromatographic
system was used in conjunction with a high efficiency desolvating nebulizer.
Detection limits were 2 fg mL™' for '*>Cs and 0.9 fg mL™' for "*'Cs.

Sector field high resolution ICP-MS is sometimes the only alternative to
matrix separation/removal techniques. When measuring trace element profiles in high
altitude ice cores'®, sample manipulation can be reduced to a minimum, thus
reducing any contamination risk. A Lithuanian research group'® determined As in
seawater by SE-ICP-MS at medium resolution where "As is resolved from **Ar*>Cl.
In contrast, where interferences are less of an issue, a low-resolution mode is often
used to maximize ion transmission and take advantage of the low background signals.
To further boost sensitivities, microconcentric nebulizers and high efficiency
nebulization/ desolvation units can be used. Two such sample introduction systems
have been compared for the determination of REE in surface and subsurface waters'".
The authors report that, for spiked (1 pg L) NRCC water CRMs, REE recoveries
were about 100% and that, overall, LODs were of the order of 0.05 - 0.2 ng L' and
not significantly different between either system.

Isotope dilution as a calibration strategy has been investigated for the

171 111

determination of total Cr in seawater . All the Cr present was reduced to Cr™ with

hydroxylamine hydrochloride, before the sample pH was adjusted to 9.3. The Cr' was
retained on silica immobilized diphenylcarbazone and subsequently eluted with 1.5 M
HNO;. A throughput of ten 7.5 mL samples per hour and a LOD of 0.005 ng g were
obtained. Results were in agreement with the certified values for the NRCC seawater

CRMs NASS-5 and CASS-4. The validated method provided results of 0.1132 +
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0.0047 ng g for the candidate CRM NASS-6 and 0.0942 + 0.0040 ng g for the
candidate CRM CASS-5. The same research group reported the use of ID-ICP-MS for
the determination of Mo in seawater' ' after matrix separation on an immobilized 8-
hydroxyquinoline microcolumn. A concentration of 9.42 + 0.22 ng g was obtained
for the NRCC NASS-5 CRM, which was in good agreement with the certified value
0f 9.4+ 1.0 ng g'l. Milne et al.'” determined Co, Cd, Cu, Fe, Mn, Ni, Pb and Zn in
seawater using ID-SF-ICP-MS and applying standard additions after a
preconcentration step on a microcolumn containing Toyopearl AF-Chelate-650M
resin. The samples were irradiated with a UV lamp to destroy any organic ligands
before preconcentration and extraction. The results were in good agreement with
those of the NASS-5 CRM and consensus values from inter-comparison exercises.
The method was used to produce vertical profiles of the target elements at the
Bermuda Atlantic Time Series station. Tagami and Uchida'’* have used ID-ICP-MS
to survey Re concentrations in 45 Japanese rivers. After a 20-fold preconcentration,
ID-ICP-MS gave a recovery of almost 100%. A geometric mean Re value of 0.81 ng
L' was found and the values had a high correlation with SO4> concentrations. Isotope
dilution ICP-MS has also been used to determine the vertical profile of dissolved Pb
in Lake Baikal'”. The results were validated against the river water reference material
JSAC 0302. Concentrations in the profile ranged from 6.39 to 14.5 pg mL™ with the
exception of surface water, which had a value of 194 pg mL™'. This was attributed to a
surface input source. The mean concentration was approximately 9.6 pg mL™, which
was much lower than the results found by other researchers.

Isotope ratio measurements are becoming more important for identifying
sources of pollutants. Lead concentrations and isotope ratios have been measured on

rainfall collected in Central Tokyo'"

. A sequential rain sampler was used to collect 1
mm precipitation intervals. Lead concentrations decreased rapidly during a rainfall
event and the isotope ratios clearly changed. This was explained with an atmospheric
mixing model that involved four possible sources: diesel vehicle emissions, natural
soil components, airborne particulate matter and fly ash from a local incinerator.
Lithium isotope ratios in seawater and natural carbonates have been determined by
quadrupole ICP-MS'”’. A single step ion chromatographic method was used to
recover and separate Li from matrix elements, involving on a 2 mL column packed

with AG 50W-X8 resin. High column yields (> 99.98%) were obtained with low
procedural blanks (< 500 fg mL™). The precision was < £ 0.8%o (2 o) for L-SVEC Li
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standards and better than + 1.5%o (2 o) for natural samples. Seawater 8'Li values of
30.75 £ 0.41%o (2 o) were similar to those reported by other workers (31 £ 0.5%o).
Lithium isotope ratios have also been determined using a MC-ICP-MS coupled with a
low memory APEX IR high efficiency nebuliser'’®. A simple one-step column
separation was used to isolate Li from the matrix elements. The long-term precision of
8'Li values was = 0.12%o (2 o, n=46). Using this method, 8'Li values for the
following seawater RMs were determined: TAPSO, 30.84%., NASS-5, 30.72%o,
CASS-4, 30.69%0 and SLEW-3, 30.45%0. A value of 9.36%0 was found for NIST

SRM 1640 River water. Results are also reported for two silicate rock standards.

2.4.6 Thermal lonisation-Mass Spectrometry

Thermal Ionisation-Mass Spectrometry is recognized as the most precise instrumental
technique for isotope ratio analyses. High precision measurements of Os

179
. Water