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Abstract The 234U/238U isotope ratio has been widely
used as a tracer for geochemical processes in underground
aquifers. Quadrupole-based inductively coupled plasma
mass spectrometry (ICP-MS) equipped with a high-
efficiency nebulizer and a membrane desolvator was
employed for the determination of 234U/238U isotope ratios
in natural water samples. The instrumental limit of
detection for 234U was at the low pg L−1 level with very
low sample consumption. Measurement precision
(234U/238U) was 3–5% for bottled mineral water with
elevated uranium concentration (>1 μg L−1). For the
analysis of groundwater samples from the Almonte-
Marisma underground aquifer (Huelva, Spain), uranium
was stripped from stainless steel planchets that had
previously been used as radiometric counting sources for
alpha-particle spectrometry. Potential spectral interferences
from other metals introduced during the dissolution were
investigated. Matrix-matched blank solutions were needed
to subtract the background on 234U due to the formation of
platinum argides, and to allow for mass bias correction and
background correction. The Pt appears to be an impurity
present in the stainless steel, either as a minor component

by itself or after extraction from the anode and a
subsequent uranium electrodeposition. The 234U/238U
isotope ratio data were in very good agreement with
those of alpha spectrometry, while precision was improved
by a factor of up to 10 and counting time was reduced down
to ~20 min (10 replicate measurements).
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Introduction

There are natural systems where secular equilibrium
between 234U and 238U (t1/2,U-234=244.5 kyears; t1/2,U-238=
4,468 Myears) can be broken. Among these systems,
underground aquifers are especially representative. Uranium
atoms in the rock substrate are leached into water. The alpha
emission from 238U provokes a recoil of the daughter
product (234Th, which decays to 234U following beta decay
through 234Pa). This is the process for preferential leaching
of 234U over 238U, affecting the isotope ratio in the
groundwater; the isotope ratio deviates from that corre-
sponding to the secular equilibrium condition [1]. The
magnitude of these deviations can be slight or very large,
depending on factors such as uranium content in the rock
substrate and environmental conditions [2, 3].

This fact has been successfully applied in the environ-
mental sciences for geological tracing, geochemical
processes characterisation, etc [4, 5]. In the same way,
the 235U/238U isotope ratio (natural value 7.25×10−3, [6])
has been used for the identification of anthropogenic
pollution scenarios [7]. 235U is a key isotope in nuclear fuel
manufacture and reprocessing, and any deviation from the
expected isotope ratio in environmental samples is an
indication of contamination from nuclear activity. In the
same way, large increases in the 236U/238U isotopic ratio
represent a clear indicator of the presence of irradiated
uranium [8].

Compared with alpha-particle spectrometry, mass spec-
trometric determination of these isotope ratios offers
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several advantages, including that of requiring short
counting times, despite the very large differences in their
respective isotope abundances.

Thermal ionisation mass spectrometry (TIMS) has
traditionally been used for the analysis of uranium isotope
ratios. New advances in this technique have allowed the
determination of both 234U/238U and 235U/238U isotope
ratios with uncertainty in the range of 0.1–0.2% [9].
However, this technique is now in competition with
inductively coupled plasma mass spectrometry (ICP-MS).

Quadrupole ICP-MS (ICP-QMS) instruments became an
alternative analytical tool for isotope ratio determination
from the very beginning, when the first commercial
instruments were available, despite the difficulties created
by the extremely different isotope relative abundances.
This translates to a very large difference in their absolute
concentrations. Early works reported uncertainties as low
as 0.5% for 235U/238U isotope ratio and within the range
4–12% for 234U/238U for solutions containing uranium
concentrations in the range of 0.5–4.6 μg mL−1 [10]. These
performances can be improved using instruments operating
collision cells [11]. However, the analytical limitations of
quadrupole-based ICP-QMS for isotope ratio determina-
tions prompted the use of sector-field ICP-MS systems,
coupled with both single- and multiple-ion collectors
[12–14], which can provide relative uncertainties similar to
those of TIMS.

During the last two decades, many improvements have
been developed in isotope-ratio determination using ICP-
QMS, including a full characterisation of background
sources, analytical signal fluctuations and sources affecting
counting precision and mass bias [15]. Analytical precon-
centration methods including both on-line [16] and off-line
[17] setups were established for isotope ratio determina-
tions in environmental samples. A recent characterisation
of the analytical quality of results as a function of the
nebulizer system has been described in the literature [18].
A high-efficiency sample introduction system can improve
signal stability by minimising signal fluctuations while
enhancing sensitivity.

In this work, we show the results for 234U/238U isotope
ratios in underground and drinking-water samples. Under-
ground water samples coming from an aquifer located in
southwestern Spain were selected to test the performances
of the instrumental setup. To do that, a conventional ICP-
QMS system coupled to a new high efficiency nebulizer
was used. The samples had previously been analysed using
alpha-particle spectrometry; following that, uranium atoms
were stripped from the radiometric counting sources in
order to get solutions compatible with the sample
introduction system. The application of this methodology
was a consequence of the lack of statistical significance of
results previously achieved by alpha-particle spectrometry.
Due to the low uranium concentrations obtained, poor
alpha counting (and thus, poor counting statistics) resulted
in large analytical uncertainties. Those uncertainties were
in turn translated into a lack of statistical significance of the
geochemical interpretation of results. Thus, this methodol-
ogy could offer the possibility of testing and evaluating a

second time, if required, the very large inventory of U
sources prepared for alpha-particle spectrometry at many
radiochemical laboratories. Analytical performances of the
instrumental setup are shown. The role of possible
interferences is experimentally determined, both in terms
of the effect on limits of detection and accurateness of
isotope ratios.

Experimental

Instrumentation

Quadrupole-based ICP-MS was an Agilent 4500 c. Instru-
mental conditions are provided in Table 1. They were
selected after successive approximations: (1) a conven-
tional instrumental tuning was performed in order to
maximise the signal-to-background ratio using a solution
containing 10 ng mL−1 of 209Bi, (2) for uranium isotope
ratio measurements, counting times for each mass were
determined according to the experiment described below.
An automatic mass bias-correction routine was performed
via the instrument software. First, a standard solution
containing a known/certified isotope ratio was analysed.
The calculated isotope ratio was normalised by the true
isotope ratio (i.e., a linear correction factor was deter-
mined). This correction factor was subsequently applied to
any isotope ratio calculated from that moment. Background
subtraction was also possible.

A conventional Babington nebulizer with a double-pass
spray chamber was used for total uranium concentration
measurements. Uranium isotope ratios were determined
using the high efficiency nebulizer ESI Apex-Q (ESI,
Omaha, NE, USA), which provides both a chilling and a
heating stage. The introduced sample was carried to a
cyclonic spray chamber heated to 100 °C (heating temper-
ature could also have been established at 140 °C for high
sample intake rates). The vaporised stream traveled
thereafter to a condenser loop, then to a Peltier-cooled

Table 1 Operating conditions of Agilent 4500 and ESI Apex-Q

Part/area considered Value/condition

RF power (W) 1,369
Depth (mm) 6.9
Sampler and skimmer cones Ni
Carrier gas (L min−1) 1.05
Nebulizer Microconcentric, PFA
Sample uptake (μL min−1) 50
Heating stage (°C) 100
Chilling stage (°C) 2
CeO+/Ce+ (%) <0.06
Ba++/Ba+ (%) <0.2
PtAr+/Pt+ (%) ∼10−3

N2 supply pressure (kPa) 300
Counting mode Isotope ratio (peak hopping)
No. of points per peak 3
238U counting time (s) 1.5
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multipass condenser, where temperature could be selected
as −5 or 2 °C, depending on the organic or inorganic nature
of the solution. An additional N2 stream was added within
the last loop of the condenser in order to improve the signal
stability and reduce oxide formation.

Different concentric PFA nebulizers could be coupled to
the Apex system. In this work, we used a factory-made
PFA microconcentric nebulizer, with a flow intake of about
50 μl/min working under free aspiration.

Model Q of the Apex nebulizer also provided an
additional membrane desolvation system, the so-called
ACM (actively coupled membrane) module. The sample
passed inside Peltier-cooled nafion membrane wall, which
can be crossed by the solvent water molecules, but not by
the analyte droplets. Thereafter, solvent molecules were
removed by a sweep gas stream. Previous works developed
by the manufacturer have shown the independence of
analyte signals on the sweep gas flow [19].

Radiometric analyses were performed using an eight-
detector ensemble Ortec SOLOIST (Ortec, Oak Ridge, TN,
USA). Each detector works as an ion-implanted barrier
silicon spectrometer, with eight independent vacuum
systems. The spectrometric efficiency and accurateness of
extracted results were tested in different intercomparison
experiments [20].

Standards, reagents and samples

Underground water samples were collected in the year
2000 from different points along the underground aquifer
of Almonte-Marisma (Huelva, SW Spain; Fig. 1), which
consists of a confined aquifer with a sandy substrate and
with a free zone, which is exposed to weathering.

The experimental setup (i.e., HP 4500 c coupled with the
Apex nebulizer) had previously been tested using six
brands of commercially available drinking-water samples.
These samples were acidified with high-purity (Aristar)

nitric acid and diluted 1:10 v/v without further uranium
preconcentration.

A uranium standard solution (Sigma Aldrich ALPHA)
with a nominal concentration of 960±50 μg mL−1 was
successively diluted to the required concentrations. Isotope
ratios were determined by measuring five aliquots of this
solution at different concentration levels over an order of
magnitude using alpha-particle spectrometry following a
chemical scheme based on electrodeposition of uranium
isotopes onto stainless steel disks [21]. Determined isotope
ratios were (5.325±0.029)×10−5 (234U/238U) and (5.882±
0.069)×10−3 (235U/238U), showing a certain deviation from
the natural IUPAC isotope ratios [6]. 236U relative isotope
abundance was not determined due to spectral overlap by
several of the 235U alpha emissions. With a long counting
time (~1 month) and high activities, the uncertainties
associated with individual aliquots due to counting statis-
tics can be drastically reduced to less than 0.5% for 238U
and 234U (~2% for 235U).

Methods

The isolation of U isotopes before alpha-particle spec-
trometry was carried out according to a chemical extraction
method developed by Holm and Fukai [21], conveniently
adapted to our operational requirements (Fig. 2). A full
characterisation of this method has been previously
developed, hence only a basic description will be given
here. First, water samples (0.5–2 L each) were evaporated
to almost dryness following filtration through a Whatman
A glass fibre filter, and about 40 mBq of 232U (~48 fg) was
spiked to the sample for chemical yield calculation. The
residue was dissolved in HCl, and then U isotopes were
extracted by liquid-liquid extraction using trybutyl phos-
phate (TBP). Po isotopes remained concentrated in the
aqueous phase for subsequent chemical isolation. Two
back-extraction steps were applied, using first xylene in
order to remove the Th isotopes and then deionised water,
where uranium isotopes remained concentrated. This
solution was adjusted to a basic NH4OH matrix, which
was finally submitted to electrodeposition of U isotopes
onto a stainless steel disk using a Pt wire as the anode. The
disks were then analysed by alpha-particle spectrometry.
Chemical yields are usually in the range of 50–70% for
uranium isotopes. The analysis of blank samples allowed
the determination of the contribution of 232U impurities to
234U and 238U background levels. The different tests
carried out showed a negligible contribution to these levels.

As previously explained, these disks have been used as a
convenient tool for storing and transporting the samples, as
the major goal of this work is the determination of uranium
isotope ratios using ICP-QMS instead of the determination
of uranium concentrations themselves. A new determina-
tion of uranium concentrations would require the use of a
new chemical yield tracer for the calculation of the
chemical yields associated with the stripping step, increas-
ing the uncertainties of the whole process.

Fig. 1 Location of the sampling points in southwestern Spain
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Hence, the disks were submitted to a stripping process in
order to extract the uranium atoms. To do that, the disks
were leached in 20 mL of concentrated nitric acid within a
Teflon beaker for 90 min at 80–90 °C. After cooling to
room temperature, the solutions were filtered and evapo-
rated to almost dryness at 140 °C on a hot plate. Finally,
uranium atoms were recovered in 10 mL of 2% HNO3.

The efficiency of this stripping method was checked by
submitting stainless steel disks containing known amounts
of electrodeposited U isotopes to stripping, and comparing
the corresponding activities before and after the stripping.
More than 85–90% of previously electrodeposited uranium
was removed from each disk. Thus, this method would
produce enough uranium as to measure the isotope ratios,
especially bearing in mind that this chemical scheme would
introduce no isotope fractionation. Unfortunately, this
stripping method would be not specific to uranium, hence
different interferences could appear in the mass spectra. An
example can be found in Fig. 3, where the total mass
amount of several elements extracted from one of these
disks (in this case, a true sample) is shown.

The major interferences in the masses under study are Sn
dimers, Th hydrides, Pt/Hg argides and Au/Hg chlorides.
Gold, mercury and thorium could eventually be rejected as
sources of important interferences as their corresponding
count rates in true samples were no different from
background count rates in the analysed solutions. In
contrast, the concentrations of Pt and Sn were relatively
high. The effect caused by these interfering elements will
be detailed below.

Drinking-water samples contained variable amounts of
dissolved solids, as much as nearly 1,000 μg mL−1. In
order to keep the same treatment for all of them, the most
conservative option was chosen. Hence, all the samples
were directly analysed after a 1:9 v/v dilution in 2% HNO3.

Blanks and determination of isotope ratios

Instrumental conditions can affect both accuracy and
reproducibility of results, so several experiments were
carried out in order to optimise the procedure. They are
detailed in the following section. Furthermore, ICP-MS
determination of isotope ratios requires the introduction of
mass bias correction. However, as we will show below, our
measurements for stripped samples will be affected in a
very important way by the presence of Pt argides within the
plasma.

This fact is clearly reflected in Fig. 4, where the
spectrum corresponding to a standard solution containing
1 μg mL−1 of both Pt and Sn was analysed. It is easy to see
large peaks two orders of magnitude above the background
level for masses 234, 235 and 236. These peaks do not

Fig. 2 Summary of the
radiochemical method used
in this work

Fig. 3 Extracted elements from a test stainless steel disk
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correspond to relative abundances of U, and they are only
one order of magnitude less than that of 238U. This
demonstrates the increase in count rates due to the presence
of overlapping interfering ions.

Pt argides (bearing in mind only the major Ar isotope)
could be produced at m/z values 230, 232, 234, 235, 236
and 238. Regarding Sn dimers, different combinations can
appear. The relative appearance rate is dependent on the
relative isotope abundances. Let us focus on m/z ratios 233
and 234. For m/z=233, the possible combinations are
119Sn-114Sn (8.6%, 0.7%), 118Sn-115Sn (24.2%, 0.3%) and
117Sn-116Sn (7.8%, 14.5%). The superposition of these
possible sources produces a relative probability of 0.012.
That probability, after multiplying by the dimer formation
rate, should produce the relative magnitude of tin dimers at
m/z=233. Applying the same reasoning for m/z=234, the
possible combinations are 112Sn-122Sn (0.97%, 4.63%),
114Sn-120Sn (0.65%, 32.6%), 115Sn-119Sn (0.34%, 8.59%)
and 116Sn-118Sn (14.5%, 24.2%). That produces a relative
probability of 0.038, i.e., the coupled probability of tin
dimers at m/z ratio 234 is only three times higher than the
corresponding probability for m/z ratio 233. However,
during the Pt/Sn standard analysis (at 1 mg L−1 level), the
gross count rate increase over background for m/z 234 was
a factor of almost 500, while the increase in gross count
rate for m/z 233 was within the counting uncertainty. This
lack of correspondence between response increase and
relative probability of dimer formation showed that the
contribution of tin dimers to interference counting is
negligible when compared to that of the Pt argides, which
constitute the source of count rate increases at m/z 234 in
the absence of U isotopes.

Theoretically, this issue could be solved by introducing an
interference correction equation for gross count rate at
m/z=234. To do that, an estimation of the PtAr contribution
at m/z 234 must be evaluated. Among the different
possibilities to be considered for the count rate correction,

the count rates measured at m/z ratios 230 and 232 were
associated with low abundance Pt isotopes combined with
Ar, but they were overlapped by natural Th isotopes. 234
was the target m/z ratio; m/z 235 and 238 were overlapped
by natural 235U and 238U isotopes (in more detail, within the
concentration ranges used in this work, the count rates
associated with U isotopes at m/z ratios 235 and 238 were at
least two orders of magnitude higher than the count rates
arising from Pt argides). Hence, it seems that m/z=236 is a
good choice for controlling the Pt argide instrumental
response, especially bearing in mind that the relative isotope
abundances of the argide generators 196Pt and 194Pt are quite
similar to each other (32.3 and 25.9% respectively).

However, 235U also generates hydrides at m/z 236. This
additional contribution to the gross count rate at m/z 236
should be accounted for in the previously mentioned
interference correction equation. The U hydride generation
rate could be estimated by control of the instrumental
response at m/z=239, which corresponds to 238U1H.
Therefore, the interference correction equation should be
given by:

NU�234 ¼ N234 � IPt�194

IPt�194
N236 � IU�235

IU�238
N239

� �

where N234, N236 and N239 are the gross count rates at
m/z=234, 236 and 239 respectively, NU-234 is the net count
rate at m/z=234 that is due to 234U, and Ik is the natural relative
isotope abundance of isotope k (k=194Pt , 196Pt , 235U or 238U ).

Once the uncertainties are propagated, it is possible to
see that the absolute uncertainties associated with the first,
second and third terms are similar to each other. That
means that the net count rate is reduced from the gross
count rate, while the resulting uncertainty is about three to
six times higher than the gross uncertainty. Under these
conditions, we’ve found that the relative uncertainties
obtained in such a way are higher than when the method
detailed in this work is applied.

It is not easy to locate accurately the origin of these
interferences. The scarce Pt arising from the environmental
waters should be not concentrated during the preparation of
the radiometric counting source. Thus, it could arise either
from the Pt wire used during the electroplating or as an
impurity in the stainless steel disks. The effect of these
interferences was translated into the following analytical
consequences: first, the true instrumental limit of detection
should be affected, i.e., it should increase. Second, that
would produce an increase in gross count rate at m/z 234.
The mass bias correction should be applied to net count
rates; therefore if this correction is not taken into account, a
systematic deviation of the calculated isotope ratio from the
true isotope ratio could occur (see below for details).

In order to fix this problem, an immediate solution
should consist of data correction by a background, Pt-
spiked blank sample. However, due to the characteristics of
this software-driven data correction, that background
subtraction would also affect the U standard count rate.
U standard does not contain any Pt; hence the application

Fig. 4 Spectrum of a standard solution containing 1 μg mL−1 of Pt
and Sn
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of such a correction would result in the subtraction of a
certain count rate proportion which, in fact, would
correspond to actual uranium atoms. That would produce
a systematic deviation of the calculated isotope ratio from
the true isotope ratio.

An alternative solution would consist of spiking both a
blank sample and a certified standard with known Pt
concentrations. In this way, the final calculated result
would consider only the net count rates for each mass
because the same correction should be established for all
the solutions involved in the determination: blanks,
standards and unknown samples. Although this methodo-
logical approach of double spiking introduces higher
uncertainties and more sources of instrumental instability
than the usual method (i.e., chemical off-line separation), it
could be a reasonable method for performing calculations
while avoiding the use of further radiochemical methods
for a greater purification of uranium in the solutions.
Hence, every analysis of an unknown sample set requires
the analysis of a sequence consisting of (1) a fortified blank
solution containing an adequate concentration of Pt, (2) a
uranium standard solution containing a similar concentra-
tion of Pt, which is used to calculate the mass bias
correction factor, and (3) the unknown sample.

Results

Counting conditions and concentration lower limit

Several parameters are crucial for achieving sufficient
measurement precision, including counting times, particu-
larly for low-abundance isotopes and concentration levels.

Different counting times were tested for mass 234 once a
counting time of 1.5 s was fixed for mass 238 (and 9 s for
mass 235). Both reproducibility and relative deviation were
evaluated as a function of mass 234 counting time. Results
are shown in Fig. 5, with reference to a uranium standard
solution of 1.0 ng mL−1. The mass bias-corrected isotope
ratios were the same within the uncertainty intervals.

Furthermore, the relative uncertainties drastically decreased
when increasing the counting time for mass 234, as
expected. Thus, 120-s counting time was selected for 234U.

It is interesting to test the dependence of results on the
overall uranium concentrations within the expected range
of concentration. In this way, we could determine the range
of uranium concentrations that could be analysed.

Several solutions of different uranium concentrations, at
the same isotope ratio level, were analysed using the
previously established counting times. Results are depicted
in Fig. 6. Dashed lines show the 99.5% uncertainty interval
for the standard. Regarding the lower concentration range,
a larger deviation occurred because of the proximity to the
limit of detection for mass 234 (approx. 2 pg L−1). Hence,
analysis of solutions containing less than 0.5–0.6 ppb U
was avoided. Regarding the 238U/235U isotope ratio
measurements, our results show that they are not affected
by the U-concentration level within this range. In our
previous works using a different high-efficiency nebulizer
and the same quadrupole ICP-MS instrument, a lower cut-
off level was established for uranium concentrations near
10 pg mL−1 for analysing 235U/238U ratio, which is usually
about two orders of magnitude higher than the 234U/238U
isotope ratio.

It is interesting to note that during the experiments
described here, the relative uncertainties of 234U/238U and
235U/238U isotope ratios were quite similar to each other.
This fact is probably due to the lack of an ad hoc
optimisation of the counting conditions for the 235U/238U
isotope ratio, as this was not the major goal of this work.

Effect of Pt concentration on the limit of detection
and the 234U/238U isotope ratio

Different Pt concentrations in a blank solution were
analysed for m/z ratio 234. The expected increase in the
counting rates for 234 should be reflected in an increase in
the calculated limit of detection, which is calculated as the

Fig. 5 Dependence of 238U/234U isotope ratio precision and
accurateness on 234U counting time

Fig. 6 Dependence of calculated 238U/234U and 238U/235U isotope
ratios on the overall U concentration. Dashed lines indicate the
99.5% confidence interval for the used standard. Please note the
double scale
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concentration corresponding to three times the standard
deviation of these “spiked blank” solutions. Results for
limit of detection are shown in Table 2, while the deviation
of the calculated isotope ratio from the true isotope ratio is
shown in Fig. 7. When Pt concentration is zero, the IUPAC
expression for the limit of detection is obtained. A severe
increase in the limit of detection for 234U was reflected
once the Pt concentration became larger than 20 ng mL−1.
This fact establishes a very important restriction compared
to the performances achieved using “ideal” standard
solutions.

Furthermore, the effect of the Pt concentration on the
calculated uranium isotope ratio can be seen in Fig. 7.
Different aliquots of a certified standard solution contain-
ing 1 μg L−1 of uranium were spiked with increasing
masses of Pt until the Pt concentrations were within the
range 0–50 μg L−1. This is the corresponding expected
range of concentrations of platinum, according to the
previous tests. Pt concentration 0 corresponds to a 1 μg L−1

standard solution of uranium, with no Pt, which is used for
calculating the mass bias factor. The true uranium isotope
ratio was hence always the same throughout the experi-
ment. In the absence of interferences, the application of the
mass bias correction should produce the same calculated
isotope ratio. However, the figure shows that, as previously
explained, the calculated isotope ratio drastically deviates
from the true value as the Pt concentration increases.

The applied mass bias factor (k) under these conditions
was always the same (approximately 1.13). k must be
applied to net count rates. However, due to the effect of
interferences, additional corrections should be established,
as previously explained in order to avoid this deviation
from the true isotope ratio.

A radiochemical separation method could be applied
[17] in order to remove the Pt present in the solutions;
however, we preferred to use the double-spiking method as
a contingency, even establishing further limitations on
instrumental performances. It is interesting, anyway, to see
that once again, no important effect was detected when
attempting to calculate the 235U/238U isotope ratio with Pt
present in the solution. This fact is in agreement with the
greater isotope abundance of 235U (compared with that of
234U), hence a certain insensitivity of the method to the
presence of Pt atoms in the solution has been demonstrated
(at least within this range of Pt concentrations).

Thus, mass bias factors have been independently
determined for isotope ratios 235U/238U and 234U/238U.

For the first one, only a traditional correction was applied.
No further correction has been introduced in the presence
of Pt, as the effect of this element on the corresponding
mass bias ratio has been shown to be negligible. On the
contrary, when Pt is present, both a blank solution and a
uranium reference standard were spiked with an adequate
mass of Pt, and mass bias correction and background
subtraction algorithms were applied as detailed above.

Application: isotope ratios in drinking water
and underground water samples

Results for drinking-water samples are shown in Table 3.
Due to the tested absence of remarkable Pt contents, only
typical mass bias factors were calculated. Total uranium
concentrations lie within a range of 0.3–7.6 ng mL−1,
which is quite typical for natural waters. Buxton and
Rapido waters are from regions known to be geologically
rich in uranium. Several of the water samples were not
analysed for uranium isotope ratios due to the low U
content. It is interesting to note that all the measured
234U/238U isotope ratios were well below that of the secular
equilibrium condition. In addition, all of them were very
different from the seawater average value (~6.25×10−5).
For both 235U/238U and 234U/238U ratio measurements,
precision was better than 5%.

Results for underground water samples using both ICP-
QMS and alpha-particle spectrometry are shown in Table 4.

Fig. 7 Dependence of the calculated 238U/234U isotope ratio on the
Pt concentration in a 1 ng mL−1 U standard solution

Table 2 Background enhance-
ment factor and 234U instru-
mental limits of detection
depending on the Pt concentra-
tion in the analysed sample

Pt (ng mL−1) Enhancement factor
at m/z 234

Enhancement factor
at m/z 235

Enhancement factor
at m/z 238

234U LOD
(pg L−1)

0 1.0 1.0 1.0 1.5
5 1.9 1.1 0.8 2.7
10 3.5 1.2 1.1 2.6
15 4.1 0.9 1.3 2.8
20 6.3 1.2 1.2 3.4
31 7.6 1.1 1.0 5.8
39 8.8 1.3 1.2 13.0
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All the results show a good agreement with the results
collected using radiometric methods within the uncertainty
intervals corresponding to ICP-QMS measurements, de-
spite the higher uncertainties introduced with the correction
algorithm. Of course, the same could be said when
considering the uncertainty intervals related to alpha-
particle spectrometry, as the corresponding uncertainties
are quite higher than those collected using our experi-
mental setup. Indeed, the average uncertainty has
decreased drastically by a factor of four, from 17%
(alpha-particle spectrometry) to about 4% (ICP-QMS +
Apex Q nebulizer), showing the advantages of this
approach. Reducing uncertainties would require an initial
radiochemical separation of uranium from Pt isotopes.

It can be seen that the range of variation in the isotope
ratios is quite narrow (5.24–8.93)×10−5. Much higher values
have been described in the literature [1, 12, 16], although it is
well established that the degree of the variation range is
dependent on the nature of the aquifer substrate and the water

charge rate. In the shallow oxidised zone (in this case, the
recharge area), the uranium concentration increased along
the flow line, and so, 234U/238U activity ratio will be depleted
as a consequence of the preferential leaching effects. In case
there is a redox front, a high fraction of U precipitates, a fact
that is reflected in a great decrease in U concentration in
dissolution. However, under near chemical equilibrium
conditions at the redox front, preferential leaching of 234U
from previously precipitated material could occur. In this
way, the 234U/238U isotope ratio could quickly decrease [12].

Rainwater is the main water source for the aquifer [22].
The aquifer’s substrate is sandy and homogeneous, so that
the properties of the substrate should not be the origin
of the variations. The recharge area of the aquifer is located
at its northern sector (samples 17–20). Therefore, that
sector should be associated with environmental oxic
conditions where uranium remains dissolved as the quite
stable UO2(CO3)2

2− or UO2
2+ ions. As preferential leach-

ing occurs for 234U, the 234U/238U isotope ratio should
increase from the secular equilibrium value. In contrast, if
the water leaching efficiency throughout the sandy top
layer of the aquifer were not important, the contribution of
rain water could drastically affect the isotope ratio.
According to Martínez-Aguirre et al. [23], uranium isotope
ratios in rainwater samples collected close to this area
during the second half of the 1980s were in the range of

Table 3 Uranium concentrations and uranium isotope ratios determined in drinking-water samples

Sample [U](ng mL−1) RSD (%) 235U/238U (×10−3) RSD (%) 234U/238U (×10−5) RSD (%)

Volcano 0.29 2.2 7.179 2.0 NM –
Vittel 0.47 1.0 7.457 1.7 NM –
Badout 0.58 0.2 7.283 2.8 NM –
Evian 1.86 1.9 7.215 3.8 6.543 3.3
Buxton 3.23 0.4 7.294 3.5 9.533 3.0
Rapido 7.58 1.2 7.042 4.1 7.559 4.6

Table 4 Uranium isotope ratios as determined using ICP-QMS and
alpha-particle spectrometry in underground water samples

Sample T
(°C)

pH Conductivity
(mSm/cm)

234U/238U
(×10−5, ICP-
QMS)

234U/238U (×10−5,
α-spectrometry)

1 19.8 9.2 0.7 6.13±0.23 5.71±0.95
2 19.3 7.5 0.4 6.25±0.16 5.49±1.33
3 19.9 9.1 0.4 6.80±0.14 7.30±2.29
4 18.6 7.4 0.5 6.21±0.23 6.21±1.27
5 18.2 6.8 0.7 6.76±0.18 6.58±0.82
6 21.9 8.7 0.8 5.85±0.34 5.71±1.21
7 20.8 8.9 0.8 5.95±0.18 5.81±1.05
8 16.1 6.3 0.1 5.59±0.25 5.49±0.72
9 16.8 7.2 3.6 7.09±0.20 7.46±1.11
10 18.8 7.6 0.3 5.24±0.19 5.49±1.00
11 17.3 4.7 0.6 5.75±0.40 5.85±0.55
12 16.5 5.4 0.7 NM 5.49±0.78
13 18.3 7.7 5.4 6.17±0.27 6.29±0.83
14 15.8 6.1 0.2 6.25±0.23 5.99±0.72
15 16.8 7.4 0.5 5.56±0.19 5.49±1.21
16 17.6 8.0 0.2 8.93±0.48 7.75±1.26
17 17.3 8.5 1.2 7.69±0.36 7.46±1.62
18 22.3 7.9 0.6 5.68±0.39 5.81±0.78
19 20.3 6.3 0.2 5.68±0.39 5.85±0.55
20 19.6 7.5 0.5 6.25±0.23 6.37±0.97
21 15.8 7.9 1.2 7.19±0.36 6.94±1.01 Fig. 8 Box and whisker plot of 234Ue values for the dissolved

fraction of underground water samples described in the text
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5.92×10−5. Interestingly, the isotope ratios measured at the
recharge zone (samples 17 and 18) showed either similar or
slightly lower isotope ratios than those of rainwater.
Therefore, the actual isotope ratio seems to be the result
of the competition between both trends: values only
slightly higher than secular equilibrium condition describe
the sectors where rain water is recharging the underground
aquifer.

The southern sector of the aquifer is not a recharge area;
hence, no additional supply of 234U-enriched water occurs.
For the samples taken in this sector, the isotope ratio
decreased to values close to the secular equilibrium
condition. It has been established that a drastic decrease
in the isotope ratio (coupled to a decrease in the uranium
concentration) should demonstrate the existence of a
reducing (i.e., anoxic) environment. The uranium concen-
tration decreased due to precipitation processes, which
does not affect the isotope composition, but if leached 234U
atoms rapidly precipitate, no 234U excess occurs, affecting
the overall isotope ratio due to a lack of “excess” supply.
As an additional tool, 234U in excess (234Ue) has been
calculated for the collected samples. 234U in excess is
defined as:

Ue ¼ U½ � a234
a238

� 1

� �

where ai is the concentration activity of radionuclide i and
[U] is the uranium concentration (μg L−1). This magnitude
was introduced as a useful marker of water masses having
similar geochemical properties [1]. The term in brackets
indicates the relative magnitude of deviation of uranium in
the sample from radioactive equilibrium. The summary of
the calculated 234U in excess can be seen in Fig. 8, and at
least two value groups can easily be distinguished. The
Guadiamar group samples come from the recharge sector,
producing clearly large 234Ue values. It can be deduced that
this fact is more related to relatively large uranium
concentrations than to large isotope ratios. In contrast,
both the Atlantic and Doñana sectors are characterised by
relatively homogeneous 234Ue distributions, which could
be associated with a certain loss of the uranium conserva-
tive behaviour. This fact could demonstrate the presence of
a reducing environment, hence the transition zone from
high 234Ue values (oxic environment) to low 234Ue values
(reducing environment) could be defined as a redox front.
This preliminary hypothesis should be tested after addi-
tional sampling campaigns by the analysis of both
dissolved and suspended matter, which could be used as
a useful marker of uranium capacity for adsorption onto
scavenging particles.

Conclusions

These results show that stripping the uranium from
radiometric counting sources prior to analysis by ICP-
QMS allowed the researchers to compare measurements

and test the reproducibility of results, improving the
precision of the analysis. This procedure provides several
advantages involving ease of storage and transportation of
the samples. However, special attention must be paid to the
presence of interferences, which are related to formation of
Pt argides in the plasma. However, it would be quite
strange to find this kind of interference in natural samples
directly analysed by ICP-MS.

The effect of these argides on calculated uranium isotope
ratios has been shown, and the limitations that they pose on
limits of detection, precision and accuracy of results. This
effect was negligible when attempting the calculation of
235U/238U isotope ratios due to the higher isotope
abundances of 235U. Results obtained using the developed
instrumental setup have been in good agreement with those
obtained using radiometric counting, improving the preci-
sion of results. These results seem to confirm the existence
of a change in redox conditions within the underground
aquifer.

Acknowledgement One of the authors (Jose Luis Mas) gratefully
acknowledges the Regional Government of Andalusia (Junta de
Andalucia) for the financial support for his stay at the University of
Sheffield.

References

1. Osmond JK, Cowart JB (1992) Ground water. In: Ivanovich M,
Harmon RS (eds) Uranium-series disequilibrium. Applications
to earth, marine and environmental sciences, 2nd edn. Oxford
Science Publications, Oxford

2. Suksi J, Rasilainen K, Casanova J, Ruskeeniemi T, Blomqvist
R, Smellie JAT (2001) J Contam Hidrol 47:187–196

3. Dabous AA, Osmond JK (2001) J Hidrol 243:242–253
4. Rasilainen K, Suksi J, Ruskeeniemi T, Pitkänen P, Poteri A

(2003) J Contam Hidrol 61:235–246
5. Cowart JB, Kaufman MI, Osmond JK (1978) J Hydrol 36:

161–172
6. Rosman KJR, Taylor PDP (1998) J Phys Chem Ref Data

27:1275–1287
7. Bellis D, Ma R, Bramall N, McLeod CW (2001) Sci Tot

Environ 114:283–286
8. Zoriy MV, Halicz L, Ketterer ME, Pickhartd C, Ostapczuk P,

Becker JS (2004) J Anal Atom Spectrom 19:362–367
9. Delanghe D, Bard E, Hamelin B (2002) Mar Geochem 80:79–93
10. Price Russ G III, Bazan JM (1986) SpectrochimActa 42B:49–62
11. Becker JS, Dietze HJ (2000) Fresenius J Anal Chem 368:23–30
12. Halicz L, Becker JS, Pickhardt C, Gavrieli I, Burg A, Nishri A,

Platzner IT (2006) Int J Mass Spectrom 249–250:296–302
13. Becker JS (2005) J Anal Atom Spectrom 20:1173–1184
14. Boulyga SF, Becker JS (2001) Fresenius JAnal Chem370:612–617
15. Begley IS, Sharp BL (1997) J Anal At Spectrom 12:395–402
16. Halicz L, Segal I, Gavrieli I, Sorber A, Karpas Z (2000) Anal

Chim Acta 422:203–208
17. Tagami K, Uchida S (2004) Appl Radiat Isot 61:255–259
18. Becker JS, Dítese HJ (1999) J Anal Atom Spectrom 14:

1493–1500
19. ESI (2003) Technical note
20. Bolívar JP, García-Tenorio R, García-León M (1995) Sci Tot

Environ 173:125–136
21. Holm E, Fukai R (1997) Talanta 24:659–664
22. González Labajo J, Bolívar JP, García-Tenorio R (2006)

Submitted to Water Research
23. Martínez Aguirre A, Morón MC, García-León M (1991) J

Radioanal Nucl Chem 152:37–46

160


	Determination of 234U/238U isotope ratios in environmental waters by quadrupole ICP-MS after U stripping from alpha-spectrometry counting sources
	Abstract
	Introduction
	Experimental
	Instrumentation
	Standards, reagents and samples
	Methods
	Blanks and determination of isotope ratios

	Results
	Counting conditions and concentration lower limit
	Effect of Pt concentration on the limit of detection and the 234U/238U isotope ratio
	Application: isotope ratios in drinking water and underground water samples

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




