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Rhenium measurements on North Atlantic seaweed samples by ID-ICP-MS:
An observation on the Re concentration factors
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The estimation of the Re concentration factor (CF) has been carried out to provide additional field information on the biochemical similarities
between Re and Tc. Re concentration in brown seaweed samples from the North Atlantic Coast were measured using ID-ICP-MS. The chemical
yields were quantitative, and the concentrations were distributed within a narrow range of 65–80 ng/g d.w. CF of Re was approximately 1.2.104 on
average, i.e., one order of magnitude less than that found for 99Tc.

Introduction

Rhenium is a very interesting element from a
geochemical viewpoint due to its sensitivity to redox
potentials. However, Re is one of the most scarce natural
elements on the earth’s surface, and its determination in
geological and environmentally relevant samples has
been extremely difficult. The determination traditionally
required the use of neutron activation analysis (NAA)
technique,1,2 and many analyzed concentrations were
near the detection limits. The recent development of
accurate mass spectrometry techniques such as ICP-MS,
has allowed researchers to expand the knowledge about
the geochemical behavior of this element.3,4

Attention has been put on Re during the last few
decades, because it is expected to show a high similarity
between its environmental behavior and that of the
fission product 99Tc based on its Eh–pH diagram.5
Additionally, it is expected that 99Tc will become a very
important contributor to the doses received by the future
general population based on its long half-life
(T1/2 = 2.1.105 y) and its high mobility under oxic
environment. However, the environmental
concentrations of 99Tc are usually very small, and its
low energy beta-emission (Eavg = 242 keV) makes the
quantification difficult in environmental samples using
radiometric techniques.

The chemical similarities between the behavior of Re
and Tc have been proved by laboratory tests. Rhenium
has been proposed as a Tc chemical analogue a tracer for
Tc in radiochemical recovery calculations, using both
radiometric6 and non-radiometric7 methods. Thus, it was
suggested that predictions on the Tc environmental
geochemistry could be done using the results found for
Re.3 This strategy would offer researchers the following
advantages: (1) Re is a natural element with well defined
isotopic ratios, unlike Tc which is a radioactive artificial
element and (2) Re concentrations in the nature are
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significantly larger than those of Tc. Both circumstances
seem to indicate Re can be studied easier than Tc in the
natural environment.

However, there is a certain lack of knowledge
regarding the behavior of Re in the nature. For example,
transfer factors (TF) or concentration factors (CF) of Tc
for different vegetable species have been calculated
using both laboratory experiments8 and field
measurements,9 but there are no systematic calculations
for Re CFs in the literature. Strong efforts are being
made to address this lack.

Any hypothesis on differences and similarities
between the respective geochemistries of Re and Tc
must be supported using field data. From this viewpoint,
brown seaweeds are among the most interesting
vegetable species to be checked. It is well known that Tc
is highly concentrated by brown seaweeds.10 Due to the
very conservative behavior of Tc as TcO4– ion in the
environment, brown seaweed can be used (and they
actually are being used)10 as bioindicators for Tc
concentration in seawater. Therefore, checking the
rhenium concentration capacity of brown seaweeds
could support or negate the possibility of using Re as a
stable analogue for Tc in order to understand the
chemical behavior of Tc in the environment.

In this work, we describe a preliminary estimation of
the concentration factor of Re in brown seaweed
samples taken from the North Atlantic Ocean. They
were analyzed for Re contents using isotope dilution
(ID) – inductively coupled plasma mass spectrometry
(ICP-MS) after a chemical separation scheme designed
in order to remove impurities from the sample which
could produce severe interferences in the spectra.
Unfortunately, there were no seawater samples
available, and therefore, the direct measurement of Re in
seawater was not possible. However, Re concentration
in seawater is fairly uniform11 so that we used a
published value for seawater in our analysis. We
compared our Re CFs to the reported Tc CFs.
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Experimental

Samples and chemicals

Five samples of brown algae (Fucus vesiculosus)
were taken on the coast of Utsira, southwest of Norway,
in the year 2000 on a monthly basis. Dates of collection
are provided in Table 1. Samples were periodically
taken in the framework of an evaluation program of
environmental radioactivity in Nordic waters.12 Five
replicates of every sample were analyzed to compare the
results obtained in this work for Re and Tc chemical
yields.

After collection, the seaweed samples were
thoroughly dried, and sediment particles were removed
by shaking. The samples were homogenized using a
mechanical sample homogenizer. Then, they were
transferred to cylindrical PEEK beakers, and sealed for
transport to the laboratory.

Nitric acid used was ultrapure-analytical grade
(Tama AA-100; Tama Chemicals Co., Ltd, Kanagawa,
Japan). Deionized water (>18 MΩ) was obtained from a
Milli-Q water system (Nihon Millipore K.K, Tokyo,
Japan). Prepacked columns of Tc-selective
chromatographic resin (TEVA, Eichrom Industries, Inc.,
Sowa Trading Company, Inc., Tokyo, Japan) were used
for the separation of Tc and Re. The high selectivity of
this resin for ReO4– and TcO4– has already been
reported.13,14

Enriched 185Re (chemical form: ReO4–) was used as
chemical yield carrier for Re. The 185Re isotope
enriched solution was produced by dissolving a suitable
amount of the solid supplied by the Oak Ridge National
Laboratory, TN, USA (96.74±0.01% isotopic abundance
of 185Re) to 6M HNO3. In this way, the Re chemical
yield can be calculated using the ID method, as Re
natural abundances are 37.40% (185Re) and 62.60%
(187Re).

Method of the analysis
Both the sample pretreatment and the whole

separation method have been published elsewhere,15
and, therefore, only a short summary is described here.

A 0.5-g amount of each sample was spiked with
35 ng of 185Re-enriched solution. Then the samples
were subsequently reduced to ashes. The residues were
dissolved by leaching with 8M HNO3 and the filtrate
was conditioned to 0.1M HNO3. The TEVA·Spec
chromatographic resin was used to concentrate Re.
Interfering W was removed using 20 ml of 1M HNO3.
Re was stripped from the resin using 5 ml of 8M HNO3.
Previous studies14,15 have shown the high efficiency of
this stripping process. Finally, the solution was adjusted
using deionized water to get a 0.1M HNO3 solution.

Table 1. Collection dates of the seaweed samples
Sample Date of collection
3014 2000/01/11
3015 2000/02/11
3016 2000/03/13
3017 2000/04/13
3021 2000/08/16

Both the chemical yield and concentration for Re
were calculated using the isotope dilution method with
the ICP-MS (Agilent-7500 Yokogawa, Japan). The
calculations for Re recovery and concentration are based
on isotopic ratios, and therefore an internal standard is
not necessary.

It is possible to generate Re isobars by forming
hydrides with W isotopes at masses 185 and 187. The
developed method was checked for the potential to
generate isobars in each measurement. To do that, a
stable W isotope at mass 182 was monitored in each
sample replicate. The concentration of W in every
sample was in the range of 0.1–70 pg/ml. Hence, no
interference in the mass spectra of Re is expected.

Results and discussion

The chemical yield and rhenium concentration for
each sample replicate are listed in Table 2. These results
showed relatively good homogeneity for every sample,
although, there were some exceptions. The fourth
replicate of sample 3021 produced a chemical yield
larger than 100%, however, this result should be actually
covering a chemical yield of 100% within a 1σ
uncertainty interval. Both the anomalous result and very
large uncertainty were due to plasma condition
fluctuations during the ICP-MS analysis. The chemical
yields were quantitative (i.e., >80%) showing the high
efficiency of the separation method.

All the concentrations were in a very narrow range
(65–85 ng/g). An average value could be easily
calculated after minimizing the resulted χ2 distribution:
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where xe is the estimated value of the Re concentration,
xi are the values obtained for each of the sample aliquots
and σi are their respective uncertainties. By minimizing
this expression it is easy to see that:
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and its corresponding uncertainty is:
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In this way, an average concentration of
74.5±0.9 ng/g d.w. was obtained. Comparisons were
made with published concentrations. Different species of
brown seaweed from the American Pacific Ocean were
analyzed for Re,16 and the concentrations were within a
range 7–22 times less than the values reported here. Our
values for the green algae Bryopsis maxima were 72
times less than the concentrations reported by ISHII et
al.17 As expected, this meant that only a comparison for
the same species of seaweed could be representative,
and, possibly, similar age populations must be
compared.

To the best of our knowledge, the only recently
published data on this subject estimated the Re
concentration in a Fucus sample collected in the Ireland
Sea to be about 20 ng/g.18 This value was 3–4 times less
than our results, despite the facts that the seaweed
species were the same. Accordingly, the available
mechanisms for Re intake should be the same.
Furthermore, if the Re concentration in Atlantic
seawater could be assumed to be relatively uniform, the
Re concentration in the seaweed samples should be
approximately the same.

Table 2. Re chemical yields and concentration values for the samples
Sample and replicate Re recovery,

%
Re concentration,

ng/g d.w.
79.0 ± 3.3 84.9 ± 5.9
98.0 ± 3.3 82.6 ± 4.6
93.2 ± 3.6 79.6 ± 5.0
98.0 ± 3.9 84.4 ± 5.4

3014

 96 ± 11  79.7 ± 15.8
95.6 ± 3.6 78.6 ± 4.8
90.3 ± 3.2 73.4 ± 4.4
99.5 ± 2.7 67.7 ± 2.5
99.1 ± 3.8 72.8 ± 4.9

3015

93.3 ± 3.7 76.7 ± 5.4
80.2 ± 2.6 75.6 ± 3.9
98.3 ± 4.4 82.1 ± 6.1

102.6 ± 3.3 77.6 ± 3.8
96.3 ± 3.3 79.6 ± 4.5

3016

92.2 ± 3.2 76.3 ± 4.5
84.7 ± 2.4 77.1 ± 3.3
99.3 ± 3.3 80.0 ± 4.5
92.0 ± 3.3 78.1 ± 4.8
97.1 ± 2.9 79.5 ± 3.7

3017

91.5 ± 3.9 82.6 ± 5.6
100.2 ± 3.0 68.6 ± 3.2
95.6 ± 3.7 70.3 ± 4.6
95.1 ± 4.1 60.8 ± 4.4
110 ± 14  63.2 ± 14.8

3021

92.7 ± 3.6 62.7 ± 3.7

Unfortunately, Re concentration in seaweed samples
was not the major objective for MCCARTHY et al.,18
hence, no analytical details or further discussion on this
subject are available. We considered and rejected several
possible explanations for such concentration differences.

(1) Those differences could be related to the age of
the seaweed itself, i.e., the total time elapsed along the
seaweed life span to collection date. Fucus is a perennial
seaweed genre which has a life span of several years.19
If a very young seaweed specimen were collected, Re
accumulation could reasonably be different than that
found in an older specimen. Such differences should be
reflected in the Re concentrations. However, according
to the laboratory experiments of YANG,16 the Re intake
to brown seaweed seemed to be a very fast process,
taking less than two hours for its accumulation to reach
an equilibrium value. If these findings could be
extrapolated to our experiment, there would not be any
effect related to the seaweed age.

(2) Another consideration could be whether the Re
content of seawater are the same at different locations
(i.e., the Irish Sea and the southwestern coast of
Norway). The possibility of different concentrations
could not be easily understood. The Re concentrations in
Atlantic Ocean seawater have been reported as ranging
from 4.0 to 6.9 pg/g.11 However, those differences did
not seem to justify the differences between our results
and those in MCCARTNEY et al.18 Re concentration
factors in Fucus sp. should be the same at both
locations, therefore, a difference for Re concentrations
in seawater by a factor of 3–4 would be necessary.
However, it is expected that these concentrations were
homogeneous throughout North Atlantic Ocean.

(3) Another consideration would be whether the
concentration capacity of Fucus seaweed throughout the
year would remain constant or not. Seasonal variations
could be related to changes in seawater conditions, and,
therefore, the intake and excretion mechanisms could
eventually be enhanced or depressed according to
factors such as water depth (i.e., sunlight transference to
the seaweed location), salinity, etc. Indeed, there are
recent reports on variations of stable iodine
concentration through one order of magnitude in Fucus
vesiculosus samples collected from the same region as
our samples.20 Such variations are probably due to the
seasonal variation of seaweed and different growth parts
of seaweed.21

A possible explanation could be related to the
seawater conditions at both locations (i.e., the Irish Sea
and the Atlantic off Norway). Re is expected to appear
in the form of ReO4– under oxic conditions. However,
chemical availability for biota and sediment particles
could change according to the seawater conditions, as it
has been shown for Tc.22 It should be questioned if the
Re bioavailability could change accordingly. If seawater
conditions differ from one sampling location to another
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one, it could be said that Re bioavailability (and its
corresponding seaweed concentration) differed, but in a
similar way.

It is very interesting to note that all the 3021 sample
replicates resulted in Re concentrations systematically
lower than those found for the rest of the sample set
(approximately by 10–15%). We cannot provide an
explanation for this finding. Possibly, the previous
discussion regarding the differences of Re
concentrations in brown seaweed could be applied here.

There is another point to be established as a base for
further research. The average Re concentration in
Atlantic seawater has been estimated as approximately
6.5 pg/g.11 This result allows a rough calculation for the
Re concentration factor of the Fucus vesiculosus
seaweed. Taking the average Re concentration
calculated from Table 2, we find an average CF value of
approximately 1.2.104. It is interesting to see that this
value is 10 times less than the CF calculated for Tc10 for
this seaweed species, despite geochemical similarities
between both elements.

The explanation for this result could be related to the
previously suggested facts on influences for the uptake
and excretion of Re by the seaweed. It is known that Tc
arrives in the seaweed environment in successive tides
according to the release rate from the major nuclear fuel
reprocessing plants at Cap La Hague (France) and,
especially, Sellafield (UK), with a well defined
residence time. By contrast, it would be expected that Re
would be available in a continuous way, and not arriving
with successive tides. As a consequence, reaching
equilibrium between the different compartments (i.e.,
seawater and seaweed) could follow different regimes,
affecting the corresponding concentration capacities.

A comparison could be established among our
results and several seaweed field CF values for Tc and
Re published in the literature,1,16,17,23,24 a summary can
be found in Table 3. Only Re values were included, and
then Tc CF values only when available for the same

Table 3. A summary of literature CF values for Re and Tc in several
seaweed species and the present results

Seaweed species Tc CF, l/kg d.w. Re CF, ml/g d.w.
Bryopsis Maxima 7.4.105
Chaetomorfa sp. 66
Codium fragile 121
Enteromorpha 428 66
Fucus disticus 1.1.10 1.1.103

Fucus vesiculosus 7.1.104–1.8.105 1.2.104
Fucus serrata 5.0.104–1.2.105

Laminaria digitata 2.4.105
Laminaria sinclarii 4.5.102

Pachydictyon coriaceum 4.4.102
Pelvetia carnaliculata 7.6.104–1.1.105

Pelvetia fastigiata 1.2.103
Ulva sp. 1.5.103–2.2.103

species or another one from the same genre. This is the
case for Laminaria sp., for Laminaria digitata, Tc CF
was evaluated, but Re CF was not, and Re CF has been
evaluated for Laminaria sinclarii, but not Tc CF.

There are only two species in which accumulation
capacities for Re and Tc have been previously evaluated,
Enteromorpha and Fucus Disticus; they are a green and
a brown algae, respectively. It is easy to see that for both
of them the CF values for Re are less than those for Tc
by approximately 1 up to 2 orders of magnitude. This
fact agreed well with our results. Indeed, the value
estimated here is within the range of CF values
previously determined, and it is within the larger values.
It is interesting to see that, besides the differences in 1–2
orders of magnitude, the qualitative nature of our results
is in agreement with previous observations done for Tc,
i.e., Fucus sp. has one of the highest CF values (for both
Tc and Re) in brown seaweed.

These interesting results should encourage research
be continued on these topics. Systematic studies on the
Re distribution over different ecosystems must be done
in order to allow comparison of its geochemical
behavior with that of its artificial analogue, Tc.

*

The authors are deeply grateful to Professor Dr. Elis HOLM,
Department of Radiation Physics, Lund University, Sweden, for
supplying seaweed samples. One of us (JLM) gratefully acknowledges
the financial support of the Ministry of Education, Culture, Sports,
Science and Technology of Japan for a scientific visit to the NIRS at
Chiba.

References

1. R. FUKAI, W. W. MEINKE, Limnol. Oceanogr., 7 (1962) 186.
2. E. M. SCADDEN, Geochim. Cosmochim. Acta, 33 (1969) 633.
3. S. UCHIDA, K. TAGAMI, M. SAITO, J. Radioanal. Nucl. Chem.,

255 (2003) 329.
4. J. THOMSON, S. NIXON, I. W. CROUDACE, T. F. PEDERSEN,

L. BROWN, G. T. COOK, A. B. MCKENZIE, Earth Planet. Sci. Lett.,
184 (2001) 535.

5. D. G. BROOKINS, in: Eh-pH Diagrams for Geochemistry,
Springer-Verlag, Berlin, 1988.

6. B. R. HARVEY, K. D. IBBETT, J. K. WILLIAMS, M. B. LOVETT,
The Determination of Technetium-99 in Environmental Materials.
Aquatic Environment Protection: Analytical Methods 8, 1991,
p. 1.

7. L. K. FIFIELD, R. S. CARLING, R. G. CRESSWELL,
P. A. HAUSLADEN, M. L. DI TADA, J. P. DAY, Nucl. Instr. Meth.
Phys. Res., B168 (2000) 427.

8. P. J. COUGHTREY, D. JACKSON, M. C. THORNE, in: Radionuclide
Distribution and Transport in Terrestrial and Aquatic Ecosystems,
Vol. 3, A.A. Balkema Publishers, Rotterdam, The Netherlands,
1983, p. 210.

9. S. UCHIDA, K. TAGAMI, W. RÜHM, M. STEINER, E. WIRTH, Appl.
Radiation Isotopes, 53 (2000) 69.

10. H. DAHLGAARD, T. D. S. BERGAN, G. C. CHRISTENSEN,
Radioprotection – Colloques, 32 (1997) 353.

11. A. D. ANBAR, R. A. CREASER, D. A. PAPANASTASSIOU,
G. J. WASSERBOURG, Geochim. Cosmochim. Acta, 56 (1992)
4099.



J. L. MAS et al.: RHENIUM MEASUREMENTS ON NORTH ATLANTIC SEAWEED SAMPLES BY ID-ICP-MS

365

12. F. YIOU, G. M. RAISBECK, G. C. CHRISTENSEN, E. HOLM,
J. Environ. Radioact., 60 (2002) 61.

13. S. UCHIDA, K. TAGAMI, J. Radioanal. Nucl. Chem., 221 (1997)
35.

14. K. TAGAMI, S. UCHIDA, Anal. Chim. Acta, 405 (2000) 227.
15. J. L. MAS, K. TAGAMI, S. UCHIDA, Anal. Chim. Acta, 509 (2004)

83.
16. J. S. YANG, Hydrobiologia, 211 (1991) 165.
17. T. ISHII, S. HIRANO, T. WATABE, in: Proc. Intern. Symp. on the

Transfer of Radionuclides in Biosphere: Prediction and
Assessment, H. AMANO and S. UCHIDA (Eds), Mito, Ibaraki-ken,
Japan, 2002, p. 187.

18. M. MCCARTNEY, V. OLIVE, E. M. SCOTT, J. Radioanal. Nucl.
Chem., 242 (1999) 413.

19. J. CABIOC’H, J.-Y. FLOC’H, A. LE TOQUIN, C.-F. BOUDERESQUE,
A. MEINESZ, M. VERLAQUE, Guide des algues des Mers
D’Europe, Delachaux et Niestlé, Nechâtel (Switzerland), 1992 (in
French).

20. X. L. HOU, H. DAHLGAARD, S. P. NIELSEN, Est. Coast. Shelf Sci.,
51 (2000) 571.

21. X. HOU, X. YAN, Sci. Total Environ., 222 (1998) 156.
22. M. J. KEITH-ROACH, K. MORRIS, H. DAHLGAARD, Mar. Chem.,

1967 (2003) 149.
23. M. MCCARTNEY, K. RAJENDRAN, Radioprotection–Colloques, 32

(1997) 359.
24. V. SMITH, R. W. RYAN, D. POLLARD, P. I. MITCHELL,

T. P. RYAN, Radioprotection–Colloques, 32 (1997) 71.


