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a b s t r a c t
In this study a new procedure using Synchrotron total re ection X-ray uorescence (SR-TXRF) to characterize
elemental amounts in atmospheric aerosols down to particle sizes of 0.015 um is presented. The procedure was
thoroughly evaluated regarding bounce off effects and blank values. Additionally the potential of total
re ection X-ray uorescence–X-ray absorption near edge structure (SR-TXRF-XANES) for speciation of FeII/III
down to amounts of 34 pg in aerosols which were collected for 1 h is shown. The aerosols were collected in the
city of Hamburg with a low pressure Berner impactor on Si carriers covered with silicone over time periods of
60 and 20 min each. The particles were collected in four and ten size fractions of 10.0–8.0 m, 8.0–2.0 m, 2.0–
0.13 m 0.13–0.015 m (aerodynamic particle size) and 15–30 nm, 30–60 nm, 60–130 nm, 130–250 nm, 250–
500 nm, 0.5–1 m, 1–2 m, 2–4 m, 4–8 m, 8–16 m. Prior to the sampling “bounce off” effects on Silicone and
Vaseline coated Si carriers were studied with total re ection X-ray uorescence. According to the results
silicone coated carriers were chosen for the analysis. Additionally, blank levels originating from the sampling
device and the calibration procedure were studied. Blank levels of Fe corresponded to 1–10% of Fe in the aerosol
samples. Blank levels stemming from the internal standard were found to be negligible.
The results from the Synchroton radiation total re ection X-ray uorescence analysis of the aerosols showed
that 20 min of sampling time gave still enough sample material for elemental determination of most elements.
For the determination of the oxidation state of Fe in the aerosols different Fe salts were prepared as a reference
from suspensions in isopropanol. The results from the Fe K-edge Synchroton radiation total re ection X-ray
uorescence-X-ray absorption near-edge structure analysis of the aerosol samples showed that mainly Fe(III)
was present in all particle size fractions.
© 2008 Elsevier B.V. All rights reserved.

1. I n t ro d uct i o n
The importance of aerosols not only for human health but also for
the cloud formation and the albedo of the earth have become
apparent in recent years [1,2]. The particle size and their chemical load
are two signi cant characteristics to determine their toxic potentials
and give information to their origin and their geo potential. Until now
characterization of aerosols representative for short time scales (1 h
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and less) remains a challenging analytical aim. Size-resolved determination of major particulate matter components using conventional
bulk analytical techniques typically fall short with time resolutions of
6–24 h. Fast bulk on-line methods are so far limited to non-metal
components. Single particle on-line or off-line mass spectrometric
methods can also detect metals [3]. Since only recently, these methods
do allow for quanti cation on a mass per sampled air volume [4].
Recent studies on aerosol characterization showed that X-ray
uorescence using synchrotron radiation (SR) as excitation source – in
total re ection geometry or using thin polymer foils as sample carriers
to minimize background radiation – with its high sensitivity is an ideal
method for this task [5–7]. The attribute of being non-destructive
allows for further analysis of the same sample. Therefore in addition to
the elemental amounts other characteristics like the species (chemical
state, bonding etc.) can be determined.
Only a few techniques are capable to determine the species of
metals present in absolute amounts of e.g. 34–920 pg which are the
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amounts of Fe found in aerosol samples in this study. Nonetheless
speciation is important. The oxidation state of an element gives
further important information towards toxicity e.g. Cr(III)/Cr(VI) and
As(III)/As(V) or environmental activity e.g. N(III)/N(− III), Fe(II)/Fe(III).
As total re ection geometry offers very high sensitivities for elemental
determination in X-ray uorescence analysis, this characteristics can be
used to apply this set up for the speciation of minute amounts of metals in
X-ray absorption experiments in the uorescence mode [8].
X-ray absorption near edge structure in total re ection geometry
(TXRF-XANES) studies on As in cucumber xylem sap [9] have shown that
the oxidation state of As could be determined down to concentrations of
30 ng/mL. In aerosol science it was possible to distinguish between NH+4
and NO3− in aerosol particulates of different size fractions by means of
this method [10]. As elemental determination using SR-TXRF and
speciation using TXRF-XANES need essentially the same experimental
set up, both analyses can be performed at the same beamline with the
same experimental con guration. In this study elements in atmospheric
aerosols were determined with TXRF and the oxidation state of Fe was
studied with XANES using the same SR-TXRF set up.
Iron is the most abundant transition metal in atmospheric aerosols.
It is transported from the great landmasses into the ocean. This
transport is of utmost importance because Fe as a micro nutrient is
essential for phytoplankton, the basis of marine life. As plankton is
responsible for the Dimethyl sulphide (DMS) production in the oceans
and DMS is known to drive cloud formation over the oceans [11] it is
also relevant to geo climate. The Fe oxides from the earth crust contain
mainly Fe(III). Many studies on redox cycles in the atmosphere
indicate that the oxidation state of Fe differs by photo reduction in the
atmosphere. Several studies on the oxidation state of Fe in rain water
reported that Fe(II) was present in the samples in concentrations from
up to 70% [12]. Additionally it has been proposed that it is reduced by
sulphur or organic compounds [13].
As the uptake of Fe(II) is easy for marine organisms in contrast to
the uptake of Fe(III) a change in the oxidation state is important.
As it is proven that Fe undergoes reactions in the atmosphere [14], it
is likely that the oxidation state changes also between the particle size
fractions. Several studies deal with speciation of Fe in aerosol
particulates [15–19]. Major concern for all speciation procedures is
the alteration of the species during sampling and analysis. Oxidation of
Fe(II) to Fe(III) is the most likely alteration process during sampling of
the aerosols. Long storage on the lters in a continuous air stream can
cause changes in the oxidation state. Although the use of online
speciation techniques, like DOAS and aerosol mass spectrometry can
prevent for unreasonable speciation results not all elemental species
can be addressed using this methods by now. Online aerosol mass
spectrometry has been used to determine oxidation state of Cr and S
distinguishing between the mass spectra of their oxides [20,21]. Fe
forms numerous different oxides some easily converted into each other
[22] and rearrangements in the mass spectrometer itself can't be
excluded [23]. Therefore most studies on speciation of Fe oxidation
state uses methods like: wet extraction and photometric methods
[15,24] or electrochemical methods [25], Moessbauer spectroscopy,
which needs very high sample amounts (mg range) [26] or XANES
where less sample amounts are needed [15–19].
The direct analysing techniques described above are not capable
for analysing the small amounts analyzed in this study using SR-TXRFXANES. In consequence the sampling time used in those studies is
minimum 24 h. Reduction of the sampling time to 1 h using SR-TXRFXANES therefore is a great advantage.
Hoffmann et al. [15] and Zhang [17] collected aerosols over a
very long time period of 5 months and 24 h respectively. In the
study performed by Hoffman et al. [15] aerosols were collected on
lters from a ventilation system without size fractionation. Electron
micro probe analysis (EMPA) with energy dispersive detection was
applied in addition to the X-ray absorption studies. The results give
information about the chemical composition of single particles but

do not provide information about the bulk aerosol or the oxidation
state of Fe. In the study from Hirabayashi et al. [16] no information
towards sampling time are given and the statistic for the XANES
analyses was very poor. All the same, the three studies found
predominantly Fe(III) in the aerosol particulates and as well did A.
Ohta et al. and B. J. Majestic et al. [18,19] using sampling time of
24 h.
Liquid extraction followed by photometric or electrochemical
analysis addresses only the species of a small fraction of the aerosol 0–
20% and inconsistencies occurring when results obtained from
different methods are compared indicate that redox reaction in uence
the results from the wet analysis [19].
Beside Fe as micro nutrient the results for Pb will be discussed
more detailed according to its ecotoxicity and human toxic potential
as described in Ref. [27]. In the EU a limit value for Pb of 2 g/m3 (24 h
mean) was de ned. Since the 1970s, abatement measures for Pb as
additive in fuel, led to reduced levels in the atmospheric environment
[28]. Nonetheless Pb is again object of public discussions according to
its concentrations in electronic units and toys.
As ne dust (PM10, Particulate matter b 10 m, aerodynamic
particle size) und ultra ne dust (PM 2.5) have been related to severe
health damage [29] this study focuses on elemental determination
according to the particle size with special interest in small aerosol
particles. Additionally a good size resolution was desired to enable the
detection of Fe(II) which was expected to be enriched in speci c
particle size fractions according to its generation. A 12-stage round
nozzle low pressure Berner impactor which enables sampling of
particles down to 15 nm in aerodynamic particle size was used to
collect aerosol particulates over sampling times up to 1 h. Other
Berner type impactors have been used for aerosol analysis with TXRF
[30–32], but none of these achieved comparable size resolution and a
low particle cut off performance.
The sampling time for the aerosols was kept as short as possible to
avoid oxidation of Fe during sampling and to enable the detection of
changes that may occur due to day and night time and different
meteorological condition in the future. To achieve very low detection
limits a direct analysis of the aerosols without digestion prior to the
SR-TXRF analysis as described by Fittschen et al. [6] was applied.
2. E x p e r i m e n t al
2.1. Chemicals
Standard solutions containing 1 g/L of cobalt (Merck, Darmstadt,
Germany), subboiled HNO3 prepared from HNO3 (65%) from Merck
and bi-distilled water were used in this work. As reference for the Fe
SR-TXRF-XANES experiments following substances were used: Fe2O3,
Fe3O4, Fe(II)oxalate, Fe(II)sulphide, Fe(II)chloride, Fe(II)sulphate, Fe
(III)sulphate, Fe(II)ammonium sulphate and Fe(III)ammonium sulphate (Merck). These reference compounds were suspended in
isopropanol (Merck) and pipetted on the re ectors.
2.2. Instruments
For aerosol sampling a modi ed 12-stage low-pressure Berner
impactor covering the size range from 16 to 0.015 m (aerodynamic
particle diameter, Haucke KG, Gmunden, Austria) was used at a ow
rate of 1.5 m3/h. The impactor ow was controlled several times using
a calibrated owmeter (Gilibrator, Gilian) [33]. The ring-shaped steel
impaction plates (with outer and inner diameter 70 and 30 mm
respectively) were modi ed such that Si-wafer supports could be
inserted on the plate. The supports were embedded in cavities in such
a way that the level of the impaction side of the plate remained
unchanged. The cut off were not recalibrated. The cut offs given here
rely on those given by the manufacturer and may be changed slightly
by the modi cation. Nonetheless, Particle sizes determined by SEM
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analysis, which are not presented here, indicate that mean particle
sizes collected on the different stages remained mainly unchanged
(estimated deviation 20%). Due to the construction of this type of
impactor, the particulate matter is deposited in small spots on ringshaped targets being placed on stagnation plates. The impactor was
cleaned after and before each sampling with pure water in an ultra
sonic bath for 1 h. Silicon wafers were chosen as material for the
impaction plates, because they show very good performance in TXRF
in comparison with quartz and glassy carbon carriers as a result of
their low surface roughness [34]. The silicon carriers were cut in
pieces of 24.7 × 15.0 mm from a silicon wafer (diameter 200 mm) with
the aid of a diamond saw. To make sure that the aerosols were
collected exclusively in the middle of the silicone carriers, the other
parts were protected by cellulose nitrate lters from Sartorius (pore
diameter: 3 m, lter diameter: 40 mm) that were removed after the
sampling. To study “bounce off” effects during sampling on the silicon
re ectors these were covered with medical Vaseline or with a silicone
layer. Therefore every re ector was treated with 10 L of 10% silicone
solution in isopropanol from SERVA (Heidelberg, Germany).
For calibration one droplet containing 160 pg of cobalt was spotted
with an HP DeskJet 500C onto the aerosol as described in Ref. [6].
2.3. Measurements
Particles were collected with a Berner impactor on silicon carriers
on a university building in 10 m height in Hamburg twice for 1 h and
once for 20 min. The particles on the silicon carriers from stages
containing particles with aerodynamic particle diameter from 16–
8 m, 8–2 m, 2 –0.130 m and 0.130–0.015 m were analysed with
both Fe K-edge TXRF-XANES and SR-TXRF. In a second experiment
particles were collected as described above but in ten size fractions
with aerodynamic particle diameter from 16–8 m, 8–4 m, 4–2 m,
2–1 m, 1–0.5 m, 0.5–0.25 m, 0.25–0.130 m, 0.130–0.060 m,
0.060–0.030 m, 0.030–0.015 m. The samples were kept under Argon
atmosphere and analysed by Fe K-edge TXRF-XANES.
The TXRF measurements for the study off “bounce off” effects and
blank levels were performed on an EXTRAII TXRF device (Seifert,
Ahrensburg). The SR-TXRF measurements were performed at the setup for TXRF comprising a vacuum chamber at HASYLAB bending
magnet beamline L [7], recently equipped with a sample changer
capable to carry eight samples. A peltier-cooled silicon drift detector
with an active area of 50 mm2 (VORTEX, SII NanoTechnology,
Northridge, USA) was used. Aerosol samples were excited with
synchrotron-radiation monochromized to 18.5 keV with the aid of a
multilayer monochromator and an integration time of 100 s was
used. The sample was mounted vertical in front of the side-looking
detector and the beam dimensions were set to 200 m × 1400 m
(height × width). Vertical line scans with 200 m step width have
been performed in order to localize the collected aerosol and the
applied picodroplet containing the Co standard. To assure an
accurate quanti cation the single spectra of each line scan have
been summed to make sure that the total amounts of aerosol and
standard were measured respectively.
The K -lines were used for the determination of all elements
investigated, except for Pb, for which L-lines were used. The amounts
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Fig. 1. Lateral distribution of elements on a “clean” Si-wafer that was imprinted with one
drop of a Co standard solution obtained by means of a SR-TXRF line scan (50 um beam
heights, 50 um step width). The constant amounts of Fe and Cu indicate that these blank
values are not from the printed solution.

were calculated from fundamental parameters [35].The same set up
was utilized to carry out K-edge XANES measurements for Fe in the
uorescence mode. The exciting energy was tuned with a Si(111)
double crystal monochromator from 6950 eV to 7600 eV in varying
steps (10 eV far above the edge to 0.5 eV at the absorption edge) across
the iron K-edge at 7111 eV. The uorescence spectra were recorded
using the silicon drift detector described above. The acquisition time
for the spectra of a scan was set from 2 to 10 s depending on the
sample mass to get a reasonable signal to noise ratio. For each
specimen at least three repetitive scans were performed to improve
the measurement statistic. To check the energy calibration the
absorption by an elemental Fe foil was recorded in transmission
mode simultaneously for each scan. The rst in ection point (i.e. the
rst maximum of the derivative spectrum) of the Fe metal foil scan
was assumed to be 7111 eV (Fe–K edge). The energy scale of each
XANES scan (standards and samples) was corrected with respect to
the Fe–K edge.
3. Resu l ts a n d d iscussi o n
Prior to the aerosol analysis blank values originating from the
internal standard and originating from the sampling device were
studied. Additionally the loss of aerosol particles according to the
“bounce off” effect was investigated.

Ta b le 1
Elemental amount of Fe in aerosol particulates collected for 1 h under class ISO 5 clean
bench with an low pressure berner impactor on Si-wafer plates coated with silicone
Fraction size

Fe pg/m3

Fe pg

16–8 m
8–2 m
2–0.13 m
0.13–0.015 m

415
283
410
n. d.

5±1
17 ± 4
14 ± 3
n.d.

Elemental amounts of lead were below the detection limits.
n. d.: not detected.

Fig. 2. Low pressure Berner impactor with a modi ed impaction plate carrying four Siwafer plates which were directly used as sample carrier in SR-TXRF analysis.
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Ta b le 2
Elemental amounts of S, Fe and Zn in aerosol particulates (2–0.060 m aerodynamic
diameter) collected for 2 h on Si-wafer plates coated with Vaseline and coated with
silicone

S
Fe
Zn

Silicone coated ng

Vaseline coated ng

5±1
0.10 ± 0.01
0.037 ± 0.009

1.1 ± 0.51
0.053 ± 0.009
0.033 ± 0.008

3.1. Blank values
Some studies report severe blank values of Fe, Cr, Ni and Mn
stemming from a slightly different impactor itself [31,32]. To estimate
contamination arising from this source aerosol were collected in a
clean bench (class ISO 5) for 1 h. The results are given in Table 1.
Chromium, Mn, Pb and Ni could not be detected. Iron was present in
absolute amounts from “not detected” to 17 pg depending on the
particle size fraction. That corresponds to 1–10% of the concentrations
of Fe found in atmospheric aerosol samples collected under similar
conditions.
For calibration one droplet of a cobalt standard solution (1 g/L)
containing 160 pg cobalt was spotted as reference onto the aerosol
particulates with an ink-jet printer [6,36]. Blank values stemming
from this procedure were determined prior by spotting one droplet of
cobalt solution (1 g/L) with a printer on a “clean” re ector followed by
a line scan with SR-TXRF (50um beam heights, 50um step width). The
results show that the blank values are of the same order of magnitude
as the blank values for non-spotted areas on the re ectors themselves
(Fig. 1).
3.2. Bounce off
“Bounce off” effects were monitored by collecting aerosols on Siwafer plates with different surface coatings. For this experiment an
impaction plate was constructed which can carry four Si-wafer plates

simultaneously (Fig. 2). For the aerosol sampling less modi ed
impaction plates having a cavity to carry one Si-wafer were used.
The coating of the surface with Vaseline is said to prevent “bounce off”
to a high extent [32]. A few other authors report that silicon coating
was used to prevent “bounce off” effects [37,38] but didn't examine its
performance. Because the Vaseline was sometimes contaminated
with Ca or Fe and the preparation of thin and homogeneous layers of
Vaseline was not always satisfactory silicone layers were tested to
prevent “bounce off” effects. As silicone solutions are commonly used
to generate smooth hydrophobic surfaces in TXRF, the preparation is a
routine and contamination known to be negligible. The coatings form
thin elastic layers and seemed therefore suitable to prevent for
“bounce off” effects during aerosol impaction. The loss of aerosols
depending on the surface coating was studied using Si-wafer plates
covered with Vaseline as well as coatings with silicone. The results are
given in Table 2. For S and Fe the amounts collected on Silicone coated
surface are higher than on Vaseline. This can be explained by the high
background in the spectra taken from samples collected on Vaseline.
Amounts of Zn were more or less the same.
The same set up was used to determine the error of the results
when different sample spots from the same particle size fraction are
analyzed and found to be between 5 and 18%. For this experiment only
Si-wafer plates covered with silicone were used.
3.3. Aerosol analysis
During the rst campaign atmospheric aerosols were collected for
20 and 60 min in the city centre of Hamburg. Fe K-edge TXRF-XANES
on Fe were performed prior to the TXRF analysis, because the addition
of the reference element necessary for quanti cation in SR-TXRF could
change the Fe species.
The results from the SR-TXRF analysis of the collected aerosols are
presented in Fig. 3. A spectrum of the aerosols collected on stage 4,
size fraction 2–0.130 m, is shown in Fig. 4. It can be seen that 20 min
of sampling time gave still enough sample material for elemental

Fig. 3. Amount of elements determined in atmospheric aerosol from three different samplings: 60 min day time (a) 20 min day time (b) and 60 min night time (c) in four size fractions
10.0–8.0 m, 8.0–2.0 m, 2.0–0.13 m and 0.13–0.015 m.
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Fig. 4. SR-TXRF spectrum obtained from aerosol particulates size fraction 2–0.130 m at 18.5 keV excitation energy and a life time of 100 s.

determination of most elements for the size fraction 16–8 m, 8–2 m
and 2–0.130 m, but not enough for the determination of elements in
the smallest size fraction. For the rst three stages the TXRF results
show signi cant differences between the elemental compositions, as
could be expected according to the studies of Ref. [5]. The results from
the rst and the last 60 min sampling vary in the composition which
indicates a variation of aerosol composition in the atmosphere
between the two sample periods. As the quanti cation is based on
single measurements overall uncertainty of the determination was
estimated from the errors of the single methods and regarding the
representativeness of the taken sample to be 20%.
3.4. Iron and lead in aerosols
The concentration of Fe and Pb in the particles varied depending on
the particle size from 3–24 ng/m3 and 0.045–4 ng/m3, respectively
(Table 3). The highest amounts were found in the 8 to 2 m particle
size fraction for Fe and in the 2 to 0.130 m fraction for Pb. The lowest
amounts for both elements were found in the smallest particles.
Summation of Pb concentrations over all stages gives bulk elemental
concentration of 5 ng/m3 for sampling period “a” and 2 ng/m3 for the
sampling period “c”. These concentrations are in the same order of
magnitude as the concentrations (1.6–90 ng/m3) determined during a
large-scale campaign on post-abatement Pb-levels in several urban
and rural sites in Germany. In this campaign the aerosols were
collected over a time period of 24 h [39].
Absolute amounts from 34–920 pg of Fe and 3–260 pg of Pb per
sample were found. Detection limits for Fe were 100–400 fg (100 s life
time). To estimate detectable levels of Fe in the aerosol particulates,

blank values stemming from the impactor have to be taken into
account. Those were below the detection limits for the smallest
particles but 5–17 pg for the other size fractions (Table 1). Therefore
detectable levels of Fe in the aerosol correspond to ca. 0.8–3.2 pg/m3
(hourly sampling) for the smallest size fraction and to 283–415 pg/m3
(hourly sampling) for the other size fractions. Detection limits for Pb
were found to vary from 200–500 fg depending on the individual
sample. These values correspond to detectable levels of approx. 1.5–
8 pg/m3 (hourly sampling).
The detection limits found here would allow for an hourly
monitoring of Pb in the four mentioned size fractions. If a better
fractionation of the particles is necessary the sampling time would
have to be elongated approximately to 2 or 3 h.
To learn more about the redox characteristics of Fe present in
atmospheric particulate matter the oxidation state of Fe was analysed
by Fe K-edge TXRF-XANES with respect to the particle size. As several
studies reported, Fe is photo chemically reduced in the atmosphere it
seemed possible that Fe(II) was enriched in speci c particle size
fractions according to its generation.

Ta b le 3
Elemental amounts of lead in atmospheric aerosols in four size fractions: 16–8 m, 8–
2 m, 2–0.130 m and 0.130–0.015 m from three sampling for a (60 min), b (20 min)
and c (60 min) in the city of Hamburg
16–8 m
Iron a
Iron b
Iron c
Lead a
Lead b
Lead c

8–2 m

2–0.13 m

0.13–0.015 m

pg/m3

pg

pg/m3

pg

pg/m3

pg

pg/m3

pg

7000
12,000
4000
80
n. d.
50

800
400
500
11
n. d.
6

24,000
19,000
22,000
300
n. d.
200

800
200
700
10
n. d.
7

15,000
5000
3000
4300
200
1600

900
70
200
300
3
100

n. d.
n. d.
3000
n. d.
n. d.
200

n. d.
n. d.
30
n. d.
n. d.
3

n. d.: not detected.

Fig. 5. Fe K-edge XANES spectra from different Fe species: Fe-metal, Fe(II)sulphide, Fe(II)
oxalate, Fe(II)sulphate, Fe(II)chloride, Fe(II+III)oxide, AmmoniumFe(II)sulfate, AmmoniumFe(III)sulfate and Fe(III)oxide.
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veri cation of these results is necessary. In future studies LA-ICPTOFMS will be used to determine Pb in aerosols for comparison.
The TXRF-XANES of Fe in the aerosol samples gave the result that
Fe was present in the oxidation state of three and very likely in form of
Fe(III)oxide in all collected aerosols. This corresponds to other studies
on the oxidation state of Fe in aerosols particulates [15–19] though in
rain and cloud samples high amounts of Fe(II) are reported [12]. As
oxidation of Fe(II) by air ow should be drastically reduced due to the
short sampling times (1 h) the fact, that the aerosols analyzed here
were composed of Fe(III) may be due to the location, especially the
height, where the aerosols were collected. Nonetheless, it can't be
excluded that Fe(II) present in the aerosols is oxidized during
sampling.
Ack n o w ledge m e n ts

Fig. 6. Fe-XANES spectra from different aerosol particle size fractions: particles size
from 15–30 nm, 30–60 nm, 60–130 nm, 130–250 nm, 250–500n, 0.5–1 m, 1–2 m, 2–
4 m, 4–8 m, 8–16 m, in addition to the aerosols one Fe-XANES curve from Fe(II)
sulfate and one from Fe(III)oxide are shown.

Different Fe salts were analyzed as reference (Fig. 5). The
references were prepared on silicon re ectors from low concentrated
suspension of different Fe salts in isopropanol to avoid oxidation
which more easily occurs in aqueous solutions. The curves were
energy calibrated using the absorption edge of metallic Fe as
reference. The curves were tted using IFFEFIT Athena software [40–
42]. The shape of the XANES-curves matches very well with those that
can be found in literature [43]. This shows that the procedure used
here is suitable to prepare reference samples from the different Fe
species for TXRF-XANES analysis.
According to the XANES analysis of the aerosol collected during the
rst campaign, Fe was present in the oxidation state (III) in all four
particle size fractions. Nonetheless it could not be excluded that small
amounts of Fe(II) were present but could not be detected because of
the dominance of the Fe(III) species. Therefore in a second campaign
aerosol particles were collected from ten size fractions. The samples
were kept under Ar atmosphere to prevent oxidation and determined
by Fe K-edge TXRF-XANES (Fig. 6). It can be seen from the curves, that
all fraction contain Fe predominantly in the oxidation state of three.
Because the amounts of Fe on the collection plates were very low
around 500–900 pg all repetitive energy scans of the same sample
were merged to improve statistics. Repetitive scans of the same
sample showed no changes of the XAFS con rming that no oxidation
of the samples took place during the measurements (which were all
performed in vacuum).
4. Co ncl usi o ns
Using SR-TXRF elemental amounts in atmospheric aerosols were
determined down to particle sizes of 15 nm aerodynamic particle
diameter and sampling times of 20 min. The blank values for Fe
stemming from the impactor were 10–100 times lower then the
amounts found in the aerosols. Nonetheless this subject has to be
studied more detailed in the future.
To address the sources of post-abatement levels of Pb in West
Europe, information about the variation of Pb in the atmosphere on
short time scales and information on Pb concentration according to
the particle sizes are necessary. The detection limits found here will
allow for a large-scale study of Pb in the atmosphere and offer the
possibility of further speciation e.g. by Pb L-edge XANES.
The Pb level found here 2–5 ng/m3 in particles from 10–0.015 m
are similar to those found in other studies [39]. Nonetheless a
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