{: SCISPACE

formerly Typeset

@ Open access « Journal Article = DOI:10.1524/RACT.2001.89.11-12.815
On the origin of 1291 in rain water near Ziirich — Source link [

C. Schnabel, J. M. Lépez-Gutiérrez, Sonke Szidat, M. Sprenger ...+3 more authors

Published on: 01 Nov 2001 - Radiochimica Acta (Oldenbourg)

Topics: Precipitation

Related papers:
+ lodine-129 in rainfall over Germany
« 1291 from the nuclear reprocessing facilities traced in precipitation and runoff in northern Europe.

« lodine-129: Sample preparation, quality control and analyses of pre-nuclear materials and of natural waters from
Lower Saxony, Germany

« 1291 from nuclear fuel reprocessing facilities at Sellafield (U.K.) and La Hague (France); potential as an
oceanographie tracer

» Atmospheric Dispersal of 129lodine from Nuclear Fuel Reprocessing Facilities

Share thispaper: @ ¥ M ™

View more about this paper here: https:/typeset.io/papers/on-the-origin-of-129i-in-rain-water-near-zurich-
5f9ncpvbbm


https://typeset.io/
https://www.doi.org/10.1524/RACT.2001.89.11-12.815
https://typeset.io/papers/on-the-origin-of-129i-in-rain-water-near-zurich-5f9ncpvb6m
https://typeset.io/authors/c-schnabel-5dopnhands
https://typeset.io/authors/j-m-lopez-gutierrez-3h5c1ce5c0
https://typeset.io/authors/sonke-szidat-2m0sqlsygg
https://typeset.io/authors/m-sprenger-2kuec2lezr
https://typeset.io/journals/radiochimica-acta-32bvoif3
https://typeset.io/topics/precipitation-2mv2f3la
https://typeset.io/papers/iodine-129-in-rainfall-over-germany-c87jh478rn
https://typeset.io/papers/129i-from-the-nuclear-reprocessing-facilities-traced-in-26186udabe
https://typeset.io/papers/iodine-129-sample-preparation-quality-control-and-analyses-15pj0fqf1t
https://typeset.io/papers/129i-from-nuclear-fuel-reprocessing-facilities-at-sellafield-zklefx4ljl
https://typeset.io/papers/atmospheric-dispersal-of-129iodine-from-nuclear-fuel-4y1jj7l9tl
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/on-the-origin-of-129i-in-rain-water-near-zurich-5f9ncpvb6m
https://twitter.com/intent/tweet?text=On%20the%20origin%20of%20129I%20in%20rain%20water%20near%20Z%C3%BCrich&url=https://typeset.io/papers/on-the-origin-of-129i-in-rain-water-near-zurich-5f9ncpvb6m
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/on-the-origin-of-129i-in-rain-water-near-zurich-5f9ncpvb6m
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/on-the-origin-of-129i-in-rain-water-near-zurich-5f9ncpvb6m
https://typeset.io/papers/on-the-origin-of-129i-in-rain-water-near-zurich-5f9ncpvb6m

3122

(Received March 8, 2001; accepted in revised form May 15, 2001)

1-129 / Sellafield / La Hague / '®1 / Atmospheric transport

* Author for correspondence
(E-mail: schnabel @particle.phys.ethz.ch).

' Present address: Depto. de Fisica Aplicada 1. Escuela Universi-
taria Politecnica, Universidad de Sevilla, Spain.

anthropogenic emissions primarily from nuclear fuel repro-
cessing plants, which are discussed in detail below. A review
of modern '*I/'”'] ratios in the environment is given by
Schmidt et al. [2]. Here, only the nearly continuous increase
of I concentrations in an ice core from the Swiss Alps
from 1950 to 1986 is mentioned [3,4]. A calculated mean
'] /"1 ratio for the years 1983 to 1986 for that ice core is as
high as 5 x 10~® assuming an iodine content of 1.75 ug/kg,
a mean concentration calculated for precipitation in southern
Germany (see below). When these data from a high alti-
tude sampling site are compared to data from Bachhuber
and Bunzl [5] for rain in Bavaria/Germany 1988/89 with
18] /'Y ratios from 6.2 x 1077 to 9.6 x 1077, a further dra-
matic increase can be seen. Then, the environmental '*1/'?]
ratios in central Europe seem to have remained stable in the
early 1990s [6, 7]. In spite of the fact that all these 'I abun-
dances far away from the emission sources are not seen as
radiologically hazardous to people, a detailed observation of
the trends of '#I concentrations in Europe is considered ne-
cessary. This necessity has become even more important due
to the fact that one of the main sources of '*[ releases into
the environment in the 1980s — the nuclear fuel reprocess-
ing facility in La Hague — has increased its liquid discharges
of "*I into the English Channel drastically after 1988 (8]
whereas the liquid releases from Sellafield were increased
much less from 1988 to 1996 [9, 10]. Moreover, as shown
in detail below, both reprocessing plants continue with their
'Z] discharges at a very high level.

The equilibrium mass of naturally produced mobile '®1
in the compartments atmosphere, biosphere, and hydro-
sphere was estimated at 260 kg [11]. This reservoir was
enlarged by atmospheric nuclear weapons tests. For these re-
leases, '*I masses of 50 kg [12], 80 kg ([13, 14]) or 150kg
([13,15]) are published. Eisenbud and Gesell [13] give
1.9 GBq "I emissions per megaton atmospheric bombs. For
the yields of atmospheric bomb tests, the estimates vary
from 276 megatons [14] to 547 megatons [15]. The Cher-
nobyl accident gave only rise to an atmospheric emission
of 1.3kg '®I [16]. In contrast, Hanford (nuclear fuel re-
processing plant in the north-western USA) emitted from
1944 to 1972 around 260 kg '®I into the atmosphere [17]
with high peak emissions in the mid 1940s to early 1950s,
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Fig. 1. Schematic illustration of some '*1 emission and immission data
as annual averages from 1991 to 1996.

3. Results and discussion

The radionuclide concentrations of '*I determined in the
rain water samples are shown in Table 1.

A large scatter in monthly data is observed. Similar vari-
ations have also been measured by Krupp and Aumann for
rainfall in Germany [22] and at a shorter time resolution by
Lopez-Gutierrez et al. for rain in southern Spain [24]. A pos-
sible reason for this scatter will be discussed in connection
with the application of a meteorological transport model be-
low. The mass-weighted annual mean concentrations of I
are compared to literature data for central Europe in the
1980s and 1990s in Table 2.

Mass-weighted average relative standard deviations (one
sigma) for the annual ' concentrations at Diibendorf range
from 3.7% to 4.3%. Because the original '”’I concentration
of the rain was not analyzed, an estimate of the inherent
] /'] ratio of the samples should be based on an as-
sumption of the '“’I concentration. The compilation of Fuge
and Johnson [25] gives a range from 0.5 to 10 pg/kg 1 in
rain, whereas from the data from Krupp and Aumann [22]
an average concentration of 2pg/kg can be calculated
for southern Germany, compared to about 1.5 ug/kg for
a site in Bavaria calculated from the data of Bachhuber and
Bunzl [5]. Consequently we choose 1.75 ng/kg I as basis
to estimate the inherent '®1/'%'I ratio of the samples ana-
lyzed. Moran et al. [26] determined 1.7 pg/kg as median
iodine concentration of precipitation samples in the US. The
mass-weighted means for the inherent '®1/'¥'I ratios are:
3.8 x 1077 for 1994, 3.2 x 10~7 for 1995 and 4.0 x 10”7 for
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Table 1. '®1 atom concentrations in water

samples from Diibendorf/Ziirich, Switzer- Date e

land.
June 1995 26.1£1.3
Tuly 1995 16.3+0.7
August 1995 26.9+1.1
September 1995 10.1+0.4
August 1996 5.35+0.3
September 1996 14.9+0.5
October 1996 52.0=x2.0
November 1996 39.8+0.8
December 1996 7.45+0.20
January 1997 70.4+3.0
February 1997 25.4+2.7
March 1997 92.8+4.4
May 1997 445413
June 1997 222104
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RS R 26.3
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SR 60.7-88.7
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1996/97, with relative standard deviations of about 4% for
each ratio.

These annual mean isotopic ratios are of the same order
of magnitude but slightly lower than those determined by

Year s Reference
1983-86 0.6-0.9 =
1988 4.0 [5]1
1989 6.6 5]
1995 5.8-10.6 [22)
1994 5.34 This work
naEE = This work
e 2.31 This work
1997 P
1998 3.9-6.6 ==
1999 (Jan—Jun) 1.9-34 ==

(calculated from
first 6 months)
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Fig.2. Areas of the English Channel and coastal areas of the North
Sea used as basis to estimate the area with an '®1/'?'] ratio of around
5x 1077 at the early 1990s. The '®1/'?'[ ratios taken for the different
zones are: 2.5 x 107¢ for zone I, 5 x 1077 for II, 3.1 x 10~7 for I, and
1.6 x 1077 for IV.

Europe. For the iodine flux from the sea to the atmosphere,
the publication of Rasmussen et al. [32] is used as basis.
These authors give a flux of 1 x 10** kgl/a from areas of
high biological activity that amount to only 10% of the
global sea surface, i.e. 3.5 x 107 km?. Using that flux dens-
ity of 28.6 kg I/km?, the affected sea surface of 96 000 km?
calculated above and an isotopic ratio of 5 x 10~7, 1.37kg
'] are estimated as an upper limit for the mass annually
transferred from the affected sea area. We would like to em-
phasize that we treated the whole area in Fig. 2 as well as
a region in the Irish Sea as regions of high biological ac-
tivity. For the precipitation in central Europe about 760 g
'] per year are needed, when an area of 10°km? and an
annual deposition rate of 5SmBqm~2a~' are used as basis.
For a more reliable estimate, the iodine transfer in the North
Sea and the English Channel itself has to be studied. Nev-
ertheless, about 6.5 kg '*I [9, 10, 18] emitted annually from
Sellafield and La Hague to the atmosphere from 1991 to
1996 (without 1993 for which we have no data for Sellafield)
can preliminarily be compared to this 1.37 kg. Based on this
comparison, it is very likely that the gaseous emissions do
contribute substantially to the precipitation in central Eu-
rope even when the large uncertainties of the comparison
are taken into account. It is emphasized again that a more
precise determination of the transfer factor for iodine from
the sea to the atmosphere at the location of interest itself
is needed to better estimate the relative contributions of li-
quid and gaseous discharges to the precipitation in central
Europe.

To answer the third question about the correlation of
the time dependences of gaseous and liquid '*°I emissions
with the '”I concentrations in precipitation in central Europe
since 1988 the respective data are plotted in Fig. 3. In that
figure, '*1 concentrations in precipitation as well as both
types of releases are normalized to their respective values
in 1988. The liquid discharges were enhanced by a factor
of 6.4 from 1988 to 1996. This increase has been observed,
as stated above, in seaweed samples at the coast of south-

-&- Liquid emissions [8].[18)] (1988=1)

7 | -e-Gaseous emissions [9),[10},{18)
{1988=1)
612 Bachhuber & Bunzl, Bavaria [5]

Diibendorf / Zirich [This work]

{F Krupp & Aumann, South. Germany

[22]
4 | -o-Szidat et al., Lower saxony, inland
[28]
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emn Norway [8]. In contrast to this the gaseous emissions
from Sellafield and La Hague remained approximately con-
stant during that period and exhibited only an increase by
a factor of 1.4 from 1988 to 1996 [9, 10, 18]. The '®I con-
centrations determined in central Europe since 1988 show
only a weak, if any, time dependence. Consequently, the 1
concentrations in precipitation are in much better agreement
with the time dependence of the gaseous emissions of the
two reprocessing plants than with their liquid releases.

The month-to-month variations in ®I concentrations
(cf. Table 1) might be related to differences in the source re-
gions and atmospheric transport conditions of the air masses
that lead to the sampled precipitation close to Ziirich. For
instance, large monthly '®I concentrations might be a con-
sequence of many rain events during the months with ad-
vection directly from La Hague or from Sellafield and with
no or only a few rain events with transport from a dif-
ferent source region which would dilute the measured 21
precipitation concentrations. Additionally for the air masses
advected from the La Hague/Sellafield region it is import-
ant that no (or little) precipitation occurs before they reach
the measurement site. On the other hand, low monthly '¥1
concentrations can be expected when the air mass advection
is not from the La Hague/Sellafield region on rainy days in
Ziirich, or when the air parcels have lost their 1T atoms due
to wet scavenging on their way to central Europe, or when
significant dilution occurs from rain events with other source
regions.

In order to test the influence of atmospheric trans-
port, three-dimensional assimilated wind fields from the
European Center for Medium-Range Weather Forecast
(ECMWF) are used to calculate backward trajectories [34]
for two high '*I months May 1994 (9405) and May 1997
(9705), and two low '®I months November 1994 (9411)
and December 1996 (9612). The wind fields are globally
available every 6 hours on a latitude/longitude grid with
a horizontal resolution of 1 degree and on 31 vertical lev-
els (therefrom about 14 in the lowest S km). Note that
assimilated data constitute a “sophisticated combination”
of a short-range numerical model forecast and all glob-
ally available surface and upper-air observations. A set of
19 trajectories is started between 950 hPa and 400 hPa at
Diibendorf every 6 hours during a selected month, and then
calculated 72 hours backward in time. Daily precipitation
data for Diibendorf was provided by the ANETZ measure-
ment station of the Swiss Meteorological Institute in Ziirich,
which is situated about 10km from Diibendorf. The total
amount of precipitation for the selected four months are:
234.2 mm in 9405, 54.3 mm in 9705, 43.0 mm in 9411, and
78.5mm in 9612.

Fig. 4 shows an example for atmospheric transport from
the La Hague/Sellafield region to the measurement site on
8 May 1997. Furthermore, two regions around each of the
source regions La Hague and Sellafield are marked, which
we considered for liquid and gaseous emissions.

The results of the trajectory calculations are summarized
in Table 4a and 4b, which are based upon those trajectories
that satisfy the following two criteria: The backward trajec-
tory started at Diibendorf hits at least one of the four source
regions marked in Fig. 4, and the precipitation in Ziirich ex-
ceeds 1 mm on the starting day of the trajectory. Table 4a

b

SR R R e s
La Hague munne fa 2 3
La Hague atmospheric 6 ) 2
Sellufield marine I 2 1
1 2 1

Sellafield atmospheric

Table4b. The percentage of monthly precipitation in Ziirich which is
associated with condensation in air masses coming from one of the
four source regions. The analysis is based upon the same trajectories
as the ones used in Table 4a.

0405 G BT
La Hague marine 22 27 19 33
Lu Hague atmospheric 23 33 15 19
Sellafield marine 2 15 7 10
Sellafield atmaspheric 2 n 7 10

gives the number of days per month where these two cri-
teria are fulfilled. During the high '*I months May 1994
and May 1997, the La Hague source region is more often
“connected” to the measurement site than during the low
"I months Nov. 1994 and Dec. 1996. On the other hand,
this is not true for Sellafield, for where no significant differ-
ences can be discerned. Further information can be gained
from Table 4b which answers the question how much of the
monthly precipitation can be potentially loaded with '%1. For
instance, 22% of the precipitation which was measured in
May 1994 in Ziirich, was due to condensation in air masses
coming from the La Hague marine region. If differences
in the source regions and atmospheric transport conditions
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alone were able to explain the large month-to-month varia-
tions, we would expect to see similar variations in Table 4b
as for I concentrations in Table 1. However, the variabil-
ity which can be attributed to atmospheric transport is much
smaller than what has been observed for I concentrations
in precipitation, when constancy of the gaseous emissions
with time is assumed.

Two possible explanations for this discrepancy relate to
the atmospheric transport from the source regions to the
measurement site itself, and to the variability of the gaseous
release of '”’I. These two issues will be briefly discussed. We
assumed that the emitted ' (for instance from La Hague)
will be rained out in Ziirich if the trajectory “connects” the
source with the measurement site. But wet scavenging of an
air parcel before its arrival at the measurement site might, in
fact, considerably reduce the amount of '*’I rained out later
in Ziirich. The consideration of this effect is, however, very
difficult given the coarse temporal resolution (24 hours) of
the precipitation measurements over Europe. For the second
issue, additional qualitative information can be gained from
weekly ¥Kr measurements in Freiburg im Breisgau [35],
which is located about 120 km from Ziirich. High ¥Kr
concentrations may indicate high gaseous 'I emissions,
whereas low ®Kr concentrations point to low gaseous '*I
discharges. It must however be emphasized that Kr unlike
"I is not washed out by precipitation, and that the distance
between Freiburg and Ziirich allows only qualitative infer-
ences. In the high '*I months, precipitation associated with
transport from La Hague/Sellafield occurs during the weeks
with high ¥*Kr concentrations (for instance, the precipita-
tion event on 22 May 1997 goes along with a weekly Kr
value of 2.73 mBq/m?, and the one on 28/29 May 1994 with
1.97 mBq/m’). On the other hand, lower ¥Kr concentra-
tions (mostly below 1.4 mBq/m?) are typical for the low ']
months.

To summarize, the trajectory-based analysis cannot ac-
count for the large month-to-month variations of the ]
of two orders of magnitude, and suggests that they could
be due to variable gaseous emissions or due to wet scav-
enging between the source regions and Zurich. More de-
tailed investigations would be highly desirable, if possible
based upon weekly '”I samples and upon the now pub-
lished monthly data of gaseous halogen emissions [36], that
are available on the internet. These new release data for
La Hague indicate that the gaseous '*I discharges have been
decreased by about a factor of 6 from 1996 to 2000. Unless
a similar reduction was achieved at Sellafield, the British re-
processing plant should dominate the gaseous '?I releases
in 2000.

A last attempt to distinguish between marine or atmo-
spheric '*1 is to look at the seasonal variation in our data.
Whereas four of the five highest monthly '*I concentra-
tions were found in spring, Rasmussen et al. [32] found
a maximum in methyl iodide transfer from the sea to the
atmosphere during summer. Consequently, we tend to as-
sume that high ' concentrations in spring do not reflect
an increase in biological activity in the North Sea, but may
be more likely due to high gaseous discharges during the
respective months as indicated by **Kr measurements in
Freiburg im Breisgau [35] and by monthly *Kr emission
data from La Hague [36].

4. Conclusions

References

1. Snyder, G., Fehn,U.: "I in volcanic fluids: Testing for the
presence of marine sediments in the Central American vol-
canic arc. Nucl. Instrum. Methods Phys. Res.B 172, 568
(2000).



C. Schnabel et al.

19.

20.

21.

22,
23.

26.

27.

28.

29.

30.

31.

32

33.

35.
36.

Schink, D. R., Santschi,P.H., Corapcioglu, 0., Sharma, P,
Fehn, U.: "I in Gulf of Mexico waters. Earth Planetary Sci. Lett.
135, 131 (1995).

Whitehead, D. C.: The distribution and transformations of iodine
in the environment. Environment International 10, 321 (1984).
Dean, G. A.: The iodine content of some New Zealand drinking
waters with a note on the contribution from sea spray to the iodine
in rain. New Zealand J. Sci. 6, 208 (1963).

Krupp, G., Aumann, D. C.: lodine-129 in rainfall over Germany.
J. Environmental Radioactivity 46, 287 (1999),

Lopez-Gutierrez, J. M., Synal, H.-A., Suter, M., Schnabel, Ch.,
Garcia-Leon, M., Accelerator mass spectrometry as a powerful
tool for the determination of "I in rainwater. Appl. Radiat. Isot.
53, 81 (2000).

- Lopez-Gutierrez, ]. M., Garcia-Leon, M., Garcia-Tenorio, R.,

Schnabel, Ch., Suter, M., Synal, H.-A., Szidat, S.: "®I/'7[ ratios
and "I concentrations in a recent sea-sediment core and in rain-
water from Seville (Spain) by AMS. Nucl. Instrum. Methods
Phys. Res. B 172, 574 (2000).

Fuge, R., Johnson, C. C., The geochemistry of iodine — a review.
Environ, Geochem. Health 8, 31 (1986).

Moran, J. E., Oktay, 8. D., Santschi, P. H., Schink, D. R.: Atmo-
spheric dispersal of '*I from European nuclear fuel reprocessing
facilities. Environ. Sci. Technol. 33, 2536 (1999).

Yiou, F,, Raisbeck, G. M., Zhou, Z. Q., Kilius, L. R.: '®I from nu-
clear reprocessing: potential as an oceanographic tracer. Nucl.
Instrum. Methods Phys. Res. B 92, 436 (1994).

Szidat, S.: Iod-129: Probenvorbereitung, Qualititssicherung und
Analyse von Umweltmaterialien. Ph. D, thesis, University of Han-
nover (2000) (in German).

Rucklidge, J., Kilius, L., Fuge, R.: "I in moss down-wind from
the Sellafield nuclear fuel reprocessing plant. Nucl. Instrum.
Methods Phys. Res. B 92, 417 (1994).

Moran, J. E., Oktay, S., Santschi, P. H., Schink, D. R.: Surface
"®iodine/'?iodine ratios: marine vs. terrestrial, AIP Conference
Proceedings. In: Applications of Accelerators in Research and
Industry. (Duggan, J. L., Morgan,I. L. eds.) New York (1997)
Vol. 392, pp. 807-810.

Reifenhduser, W., Heumann, K. G.: Determinations of methyl io-
dide in the Antarctic atmosphere and the south Polar Sea. Atmos.
Environ. 26A, 2905 (1992).

Rasmussen, R. A., Khalil, M. A, K., Gunawardena, R., Hoyt, S. T.:
Atmospheric methyl iodide (CH;I). J. Geophys. Res. 87, 3086
(1982).

Ali, S.M., Beaumont, H. M., Dutton, L. M. C., Handy, B.J..
Hosty, M., Parsons, A. F,, Nielsen S. P, Sivintsev, Y., Lystsov, V..
Yefimov, E. I, Sazykina, T., Zheleznyak, M., Maderich, V., Marg-
velashvili, N.: Evolution of the radiological situation around the
nuclear reactors with spent fuel which have been scuttled in the
Kara Sea. European Commission, Report EUR 17634 EN (1997).

. Wemli, H., Davies, H. C.: A Lagrangian-based analysis of extra-

tropical cyclones. I: The method and some applications. Quart.
J. Roy. Meteor. Soc. 123, 467 (1997).

Sartorius, H.: Bundesamt fiir Strahlenschutz Jahresbericht 1998.
ISSN 0940-7650, p. 67.

Cogema, La Hague: htip://www.cogemalahague.com,





